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Abstract: Different cortical regions processing distinct information, such as the hippocampus
and the neocortex, share common cellular components and circuit motifs but form unique
networks by modifying these cardinal units. Cortical circuits include diverse types of
GABAergic interneurons (INs) that shape activity of excitatory principal neurons (PNs).
Canonical IN types conserved across distinct cortical regions have been defined by their
morphological, electrophysiological, and neurochemical properties. However, it remains largely
unknown whether canonical IN types undergo specific modifications in distinct cortical regions
and display “regional variants”. It is also poorly understood whether such phenotypic variations
are shaped by early specification or regional cellular environment. The chandelier cell (ChC) is a
highly stereotyped IN type, which innervates axon initial segments of PNs, and thus serves as a
good model to address this issue. Here we show that Cadherin-6 (Cdh6), a homophilic cell
adhesion molecule, is a reliable marker of ChCs and Cdh6-CreER mice provide genetic access to
hippocampal ChCs (h-ChCs). We demonstrate that compared to neocortical ChCs (nc-ChCs), h-
ChCs cover twice as much area and innervate twice as many PNs. Interestingly, a subclass of h-
ChCs exhibits calretinin (CR) expression, which is not found in nc-ChCs. Furthermore, we find
that h-ChCs appear to be born earlier than nc-ChCs. Surprisingly, despite the difference in
temporal origins, ChCs display host region-dependent axonal/synaptic organization and CR
expression when heterotopically transplanted. These results suggest that local cellular
environment plays a critical role in shaping terminal phenotypes of regional IN variants in the
hippocampus and the neocortex.

Disclosures: H. Taniguchi: None. Y. Ishino: None. M.J. Yetman: None. S.M. Sossi:
None. A. Steinecke: None. Y. Hayano: None.



Poster

282. Fate Specification and Generation of Neuronal Diversity
Location: Halls A-C

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 282.02/A2

Topic: A.01. Neurogenesis and Gliogenesis

Support: CAPES

Title: Cell lineage progression in the adult hippocampus revisited: Evidence of progenitor
transdifferentiation

Authors: *D. S. MOURA?, C. M. QUEIROZ?, M. R. COSTA?
1Brain Institute-Ufrn, Natal, Brazil: ?Brain Inst., Univ. Federal do Rio Grande do Norte, Natal,
Brazil

Abstract: Cell lineage in the adult hippocampus comprises multipotent (Type 1 and 2a) and
neuron-determined (Type 2b and 3) progenitors. The current model assumes that multipotent
stem cells generate neuron-determined intermediate progenitors that become post-mitotic
neurons in a unidirectional way. In the present work, we fate-mapped neuronal progenitors using
Dcx-CreERT2 and CAG-CAT-EGFP double-transgenic mice, hereafter referred to as
cDCX/EGFP. We show that three days after tamoxifen-mediated recombination in cDCX/EGFP
adult mice, virtually all GFP+ cells in the dentate gyrus co-expresses DCX. However, within 30
days, about 15% of GFP+ cells become GFAP+ astrocytes. These data suggest that Type 2b/3
DCX+ progenitors either retain the capacity to generate astrocytes or can regress to more
primitive stages (Type 2a or 1). To evaluate these possibilities, we boosted neurogenesis in the
dentate gyrus by local administration of epileptogenic drugs. Intrahippocampal injection of
kainic acid (KA) led to a significant increase in the number of GFP+ cells in both ipsi and
contralateral dentate gyrus. Remarkably, in the ipsilateral dentate gyrus, most GFP+ cells
adopted glial morphologies and expressed the astrocytic protein GFAP. Conversely, on the
contralateral side, GFP+ cells differentiated mainly into granular neurons. Intriguingly, at early
time-points after recombination, we observed a small number of unexpected labeled cells
displaying radial-glia morphology, a hallmark of Type 1 multipotent progenitors, suggesting that
some type2b progenitors transdifferentiated. Intrahippocampal injection of pilocarpine also leads
to an important increase in the number of GFP+ cells in both ipsi and contralateral dentate gyrus,
but the vast majority of cells differentiate into neurons. Importantly, both drugs were able to
bilaterally elicit paroxysms, high-amplitude discharges and seizures. Altogether, these results
indicate that Type 2b/3 progenitors are not restricted to the generation of neurons, but rather
retain bi-potency and/or the ability to return to more primitive stages in the lineage and generate
astrocytes. Under basal conditions, generation of astrocytes represents a small fraction of newly
generated cells in the adult hippocampus, but under pathological conditions, this proportion can



be massively altered. Finally, these observations also suggest that the drug used to model
temporal lobe epilepsy differentially affects cell lineage progression in the adult hippocampus.
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Abstract: The dentate gyrus (DG) of the hippocampus is one of the very few restricted regions
in the adult mammalian brain, where neurogenesis persists lifelong. Here, radial glia-like neural
stem cells (NSCs) can enter cell division and give rise to fast-dividing progenitor cells, which in
turn generate new neurons. Once born, the new neurons undergo a step-wise maturation process
that lasts several weeks and during which they integrate into the pre-existing DG network.
Recent work suggests that along this lineage, and in particular from the moment NSCs become
activated, substantial changes in their energy metabolism take place, with genes involved in
mitochondrial function becoming increasingly up-regulated, once the cell divides and progresses
towards a post-mitotic (neuronal) stage. On the contrary, little is known on the physiological
relevance of mitochondrial dynamics during this lineage progression, and in particular, whether
changes in fusion and fission events (known to dynamically shape and maintain the
mitochondrial network in cells) may alter the fate of NSCs or development of new neurons.
Here, we utilized a set of Cre-inducible mouse lines to conditionally manipulate the proteins
Mfn1 or Mfn2, which are the main drivers of mitochondrial outer membrane fusion, specifically
in adult NSCs and their neuronal progeny in vivo. Genetic deletion of Mfn1 or Mfn2 disrupted
the structure of the mitochondrial network in adult NSCs, as revealed by crossings with a
mitoYFP reporter line. Analysis of proliferation in neural stem and progenitor cells revealed that
these genetic manipulations did not affect the early steps along the lineage, as similar numbers of
new neurons were generated in presence or absence of Mfnl and 2. To assess the maturation
process and survival of newly-born neurons upon loss of mitochondrial fusion, we used a mouse
line expressing the cytosolic marker tdTomato, allowing for a detailed analysis of cellular
morphology in labeled cells. In Mfn2 conditional knock-out mice we found a selective depletion
of new neurons, which became manifest from the moment they started to incorporate into the
hippocampal network, that is, when they switched from a DCX+ to a NeuN+ stage. This



indicates, that mitochondrial fusion is dispensable for earlier stages along the neurogenic lineage,
while it becomes essential for the survival of new DG neurons during a period critical for their
integration into the pre-existing circuit.
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Abstract: During embryonic development of the central nervous system (CNS), the expression
of the bHLH transcription factor Nato3 (Ferd3l) is unique and restricted to the floor plate of the
neural tube. In mice lacking Nato3 the floor plate cells of the spinal cord do not fully maturate,
whereas in the midbrain floor plate, progenitors lose some neurogenic activity, giving rise to a
reduced population of dopaminergic neurons. Since the floor plate is considered to be
disintegrated at the time of birth, Nato3 expression was never tested postnatally and in adult
mice. Here, we utilized a Nato3 knockout mouse model in which a LacZ reporter precisely
replaced the coding region under the endogenous regulatory elements, such as its expression
recapitulates the spatiotemporal pattern of Nato3 expression. Nato3 was found to be expressed in
the CNS throughout life in a highly-restricted manner along the medial cavities: in
subpopulations of cells in the third ventricle, the cerebral aqueduct, the fourth ventricle, the
central canal of the spinal cord, and the subcommissural organ, a gland located in the midbrain.
A few unifying themes are shared among all Nato3-positive cells: all are positioned in the
midline, are of an ependymal type, and contact the cerebrospinal fluid (CSF) similarly to the
embryonic position of the floor plate bordering the lumen of the neural tube. Taken together,
Nato3 defines an unrecognized subpopulation of medial cells positioned at only one side of
circular ependymal structures, and it may affect their regulatory activities and neuronal stem cell
function.
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Abstract: Cellular differentiation and cell type-specific gene expression are under the control of
distal regulatory elements in the genome. These elements, which include elements with enhancer
or repressor activities, can be located at some distance from the gene being regulated. Chromatin
conformation capture techniques provide information on genome organization by capturing
regions in the genome that are in close proximity to each other. Here we applied such an
approach to define the chromatin interactome of mouse cerebellar granule neuron progenitors
(GNPs). GNPs are transit amplifying, lineage committed neural progenitors that are responsible
for the postnatal growth and the formation of the characteristic foliated structure of the
cerebellum. Using a Capture Hi-C approach, we identified over 75,000 possible interactions with
over 20,000 gene promoters throughout the genome. The promoter-interacting regions were
characterized further by a combination of ATACseq and ChlP-seq analysis to identify putative
enhancer elements. The chromatin remodeling factor CHD7 (chromodomain helicase DNA
binding factor 7) that controls GNP proliferation and differentiation has been shown to primarily
localize to distal regulatory regions where it affects DNA accessibility. A comparison of DNA
accessibility at these putative distal regulatory elements in control and CHD7-deficient GNPs
defined the CHD7-regulated enhanceosome of GNps. These findings provide fundamental
insights into the long-range gene regulatory landscape of cerebellar GNPs and will form the basis
of future studies aimed at elucidating chromatin reorganization during GNP differentiation and
the regulation of cerebellar growth and development by factors that coordinate these interactions.
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Abstract: Tuberous Sclerosis Complex (TSC) is a neurodevelopmental disorder characterized by
hyperactivation of mechanistic target of rapamycin (mTOR) complex 1, causing abnormal cell
growth, proliferation, and differentiation in affected brains. We found that conditional knock out
of Tsc1 with hGFAP-Cre in mouse (designated as TSC1 cKO mice) resulted in hyperactivation
of mMTORC1 in postnatal neural stem cells (NSCs), which impaired self-renewal and
neurogenesis in the subventricular zone. Moreover, TSC1 cKO mice developed subependymal
nodules (SEN) with a mixed neuronal and glial lineage as found in human subependymal giant
astrocytoma. The mTORCL inhibitor rapamycin suppressed mTORC1 hyperactivation and
rescued the maintenance and differentiation defects in TSC1-null NSCs. The tumorigenesis of
SEN was also suppressed by rapamycin in mutant mice. Interestingly, although mTORC1
hyperactivation is known to inhibit autophagy through phosphorylating ULK1 in many cells, the
autophagy activity is not completely diminished in TSC1-deficient NSCs. To study the functions
and mechanisms of autophagy in regulating mTORC1 activation, we generated a double
conditional knockout mouse (designated as 2cKO) with deletion of TSC1 and FIP200 in
postnatal NSCs. We found that high mTORC1 activity in NSCs of TSC1 cKO mice was restored
in 2cKO mice to comparable level as in wild type mice. Moreover, the impaired self-renewal,
neurogenesis, and tumorigenesis of TSC1-null NSCs were also rescued in 2cKO mice. Metabolic
analysis of NSCs in various mice showed an increased glycolysis and mitochondrial oxidative
phosphorylation in TSC1-null NSCs. The rewired metabolism was driven by hyperactivated
mTORC1 and required intact autophagy in TSC1-deficient NSCs. Lastly, we found that the
combination of a glycolysis inhibitor 2-Deoxy-D-glucose and an autophagy inhibitor
chloroquine, but not either compound alone, significantly reduced high mTORCL1 activity and



pathological defects in TSC1-deficient NSCs. Together, these results suggest a novel metabolic
mechanism for autophagy to regulate mTORC1 activity in a neurodevelopmental disease model.
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Abstract: Motor control relies on the relay of muscle-derived sensory information to the central
nervous system. Proprioceptive sensory information is processed locally within spinal circuits
and is delivered to higher brain centers through spinal projection neurons. Spinocerebellar tract
neurons (SCTNs) relay proprioceptive sensory information to the cerebellum; the central cervical
nucleus (CCN), caudal cervical SCTNSs, and Clarke’s column neurons (CC) relay sensory
information from the neck, forelimb, and hindlimb muscles, respectively. Although the
anatomical organization of diverse SCTN populations has been well characterized, their
specification is poorly understood. To define the molecular profile of SCTNs, we performed
transcriptional profiling of retrogradely labeled SCTNs. RNA sequencing analysis identified
novel molecular markers for CC and CCN. We also found that during embryonic development,
expression of specific Hox transcription factors distinguish these and additional subsets of
SCTNs. By combining immunostaining with retrograde tracing from the cerebellum, we
determined the expression pattern of Hox genes in the SCTNs; Hox4-8 paralogous define
subtypes of cervical SCTNs, while Hox9 and Hox10 genes are specifically expressed in the
thoracic SCTNs. We tested whether Hox genes establish SCTNs identity and connectivity
through genetic manipulation of their activities. We found that Hoxc9 is required for the
development of thoracic SCTNs, including CC neurons. In Hoxc9 mutants, markers of CC
neurons were absent in thoracic segments of the spinal cord. Strikingly, in Hoxc9 mutants CC
neurons appear to be transformed to the identity of SCTN populations normally present at
cervical levels of the spinal cord; in Hoxc9 mutants thoracic SCTNs show caudal cervical
SCTNs characteristic cell body positions, Hox gene expression, and sensory input sources. In



contrast to caudal cervical SCTNs, CCN neurons in the rostral cervical region are not expanded
in Hoxc9 mutants, which is reminiscent of the Hoxc9 mutant phenotype in motor neurons.
Collectively these studies indicate that, similar to spinal motor neurons, the subtype diversity and
connectivity of spinal interneurons relies on Hox-dependent genetic programs.
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Abstract: The developing cerebellum requires intricately controlled expression of specific gene
regulatory networks across time. Due to advancement in genomic technology, the known
mechanisms responsible for the regulation of gene expression during development have
expanded to incorporate non-coding cis- and trans-acting elements. Among these elements are
enhancers, which are distal regions to transcript start sites (TSSs) that have previously been
known to selectively activate genes in a tissue-specific and temporal-specific manner under
various conditions. Recently, bi-directional transcription of non-coding RNAs at enhancer
domains, known as enhancer RNAs (eRNAS), has been positively correlated with the expression
of both nearby genes and their regulatory target genes. eRNA transcription has been defined as a
signal of active enhancers during various biological processes.

The identification of active enhancers during brain development, specifically for the cerebellum,
has yet to be elucidated. The goal of our work is to use eRNA expression to identify active
enhancers contributing to the fine control of gene expression throughout cerebellar development.
Transcriptomic data produced by the FANTOMS5 consortium through Cap Analysis Gene
Expression (CAGE) followed by high throughput sequencing were utilized to quantify eRNA



expression for a catalogue of predicted enhancers. This was performed for embryonic and early
postnatal stages of murine cerebellum development (from embryonic day 11 to postnatal day 9).
Previously defined enhancers were curated based on dynamic eRNA expression throughout the
time course. The analytical pipeline defined 238 eRNA-enhancers that are active during
cerebellum development. Comparison with other developing murine tissues was performed and
revealed that these eRNA-expressing enhancers are highly specific to cerebellar development.
Finally, co-expression networks including 10,316 expressed TSSs were defined to identify
predicted regulatory target genes. The identified co-expression modules revealed enhancer
elements activated at different stages in development. Validation by ChlIP-seq for enhancer
associated chromatin modifications and other experimental approaches will be conducted to
produce a set of robust active enhancers.
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Abstract: The development of the brain is a dynamic and complex process that requires precise
timing of neural precursor cell (NPC) behaviors. While many transcriptional and epigenetic
regulators of neurodevelopment are known, the roles that translational regulators play are poorly
understood. Lin28 is an RNA-binding protein that is highly expressed in NPCs at the early stage
of brain development. Two homologs for Lin28 exist in mammals (Lin28a/b). Our previously
published work showed that Lin28a single-knockout leads to reduced NPC self-renewal and
microcephaly (smaller brains) in mice (Yang et al., Development, 2015). Using Nestin-Cre, we
found that NPC-specific overexpression of Lin28a causes macrocephaly (enlarged brains) by
promoting NPC self-renewal. These studies show that Lin28a promotes NPC expansion and



brain development. Because there exists 76% homology between both homologs of Lin28, it is
likely that redundant function is shared between them. We found that double knockout mutants
of Lin28a/b exhibit an open neural tube defect (NTD) predominantly in the hindbrain. In vivo
NPC behavior analyses confirm a decrease in proliferation of hindbrain NPCs in Lin28a/b
double mutant mice both prior to neural tube closure and sustained after neural tube closure
failure. Precocious differentiation can also be observed immediately after neural tube closure
failure in the double mutant hindbrain region, while there is no notable change in apoptosis.
These results suggest that Lin28a/b are required for NPC fate and brain development. Lin28a has
been reported to promote or inhibit mMRNA translation in a cell type dependent manner. To
address the mechanism of action of Lin28 in the developing brain, we used the Rpl24 (encoding
a ribosomal subunit) hypomorphic allele mouse, a well-established genetic tool to reduce mMRNA
translation. Whereas Lin28a depletion alone results in smaller brains, Lin28a knockout in the
background of Rpl24 hypomorphic allele results in NTDs, which recapitulate the NTDs in
Lin28a/b double knockouts. Furthermore, Rpl248¥-mediated decrease of mRNA translation
completely rescued the macrocephaly defect from NPC-specific Lin28a overexpression.
Together, these results suggest that reduced mRNA translation in NPCs is sufficient to cause
microcephaly, Lin28 promotes mRNA translation in the developing brain, and Lin28-mediated
translation promotion is required for NPC cell fate control and brain development.
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Abstract: Dopamine (DA) is one of the main neurotransmitters in the brain and regulates a
variety of complex behaviors. Understanding the regulatory logic of DA terminal differentiation
is important for both basic as well as translational research. Using the model organism C.
elegans we found that a combination of three transcription factors (TFs) from three different
families (ETS, DLL and PBX) directly regulate terminal differentiation of DA cells (Doistsidou
et al. 2013).

The most ancestral mammalian dopaminergic population are the olfactory bulb (OB)
dopaminergic neurons. Interestingly mouse orthologs for both ETS (Etv1/Er81) and DLL (DIx2)
TFs are already known to be required for mouse OB DA differentiation. Pbx1 and Pbx2 have
been recently shown to control OB neurogenesis, however a specific role on dopaminergic
terminal differentiation has not been assessed.

Here we show that PBX1 and PBX2 are expressed in the adult OB DA neurons, however, only
specific DA lineage conditional Pbx1 mutant mice exhibit a dramatic decrease in the number of
DA neurons of the OB suggesting that PBX1 but not PBX2 is required for the correct DA
specification. Moreover, lineage tracing experiments indicate that Pbx1 mutant cells remain in
the OB but they are unable to properly differentiate. We find that Pbx1 is required for the
expression of other transcription factors that are known to be important for the DA
differentiation such as COUP-TF1 and MEIS2. In addition, overexpression of Pbx1 in the mouse
SVZ progenitors is sufficient to induce DA differentiation in the OB.

Considering the evolutionary conservation of PBX, ETS and DLX TF on dopaminergic neuron
differentiation we further analyzed to what extent the regulatory programs are homologous.
Surprisingly, we find that worm orthologs of COUP-TF1, MEIS2 and PAX6 are also required in
nematode DA specification. Our findings demonstrate a remarkable extent of homology in the
specification of a critically important neuronal cell type, conserved over a billion years of
evolution.
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Abstract: During neocortical development, neurons are produced by a diverse pool of neural
progenitors. A subset of these progenitors express the Cux2 gene and predominantly produce
late-born excitatory neurons, but the upstream pathways that specify this subset of progenitors
remain unknown. Elucidating how Cux2 expression is activated in forebrain progenitors could
provide insights into mechanisms of fate specification. To uncover the transcriptional network
that regulates Cux2 expression, we are characterizing an ultraconserved Cux2 enhancer that we
find recapitulates endogenous Cux2 expression in the developing forebrain. Using bioinformatic
analysis of this enhancer to identify putative transcription factor binding sites, we found several
potential binding sites for well-known forebrain patterning genes, including Emx1/2, Lhx2/6/8,
and DIx1/2. We are currently testing the role of these candidate transcription factors in regulating
expression from the Cux2 enhancer using a combination of in vitro cell culture and in vivo
studies. Additionally, as many putative Cux2 regulators identified in our analysis are directly
downstream of BMP signaling, we reasoned that BMPs could regulate Cux2 expression in the
developing forebrain, as has been reported in other embryonic tissues. We demonstrate that
BMP4 can upregulate Cux2 expression from both the Cux2 enhancer and the endogenous Cux2
locus in cell culture and in neocortical explants, respectively. While BMP signaling is known to
be important for patterning forebrain progenitor domains, our results suggest that BMPs may
also be an important contributing factor for activating the transcriptional network that directs
Cux2" progenitor fate.
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Abstract: Retinal ganglion cells (RGCs) are the sole conduits of light information to the brain
for both image and non-image forming functions. RGC differentiation occurs by retinal
progenitor cells expressing transcription factors in a developmentally temporal fashion, including
Math5 (Atoh7). Math5, a bHLH transcription factor, is thought to be necessary for RGC
specification; since Math5 null mice lack 95% of RGCs, lack an optic nerve, lack adult retinal
vasculature, yet contain an overgrown version of the developmental hyaloid vasculature. A
recent publication used lineage tracing to show that a subset of RGCs do not express Mathb.
Therefore, we re-examined the Math5 null mouse line on a background that prevents RGC death
by knocking out the proapoptotic gene, Bax. Surprisingly, we found that even in the absence of
Math5, substantial numbers of retinal progenitor cells differentiate into RGCs. These rescued
RGCs predominantly phenocopy wildtype RGCs gene expression (including Brn3a, Brn3b, &
Isl1). However, despite restoring a large numbers of RGCs, the optic nerve still failed to develop
in these animals, similar to the Math5 null mice. Since RGCs are classically defined as output
neurons, we wanted to investigate whether these rescued RGCs receive rod/cone light input.
Indeed, using multielectrode array recordings, RGCs from Math5/Bax double knockout animals
displayed ON, OFF and ON/OFF rod/cone light responses. These data show there are two
populations of RGCs, those that require Math5 for specification and those that do not, however
all RGCs require Math5 for survival. Surprisingly, even though RGCs are rescued, in the double
null retina, the hyaloid vasculature fails to regress, suggesting that communication between the
Math5 dependent RGCs and the hyaloid vasculature is required for regression. Overall, these
data suggest that Math5 is not required for proper specification of all RGCs, but that the RGCs
that require Math5 for specification, or downstream Math5 effectors, are required for the survival
of all RGCs, proper optic nerve development, and hyaloid vasculature regression.
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Abstract: Cortical GABAergic interneurons exhibit remarkable diversity in their intrinsic firing
properties, subtype marker expression, layer organization, synaptic connectivity and
morphology. The mechanisms underlying the generation of this diversity are largely unknown.
We have identified a rostral-caudal Wnt gradient within the medial ganglionic eminence (MGE)
that delineates the specification of the two main interneuron subtype classes. Caudally-situated
MGE progenitors receive high levels of Wnt signaling and give rise to somatostatin (SST)-
expressing cortical interneurons. Parvalbumin-expressing basket cells, by contrast, originate
mostly from the rostral MGE where Wnt signaling is attenuated. Interestingly, canonical Wnt
signaling through b-catenin is not required for this process. Wnt signals transmitted via nuclear
translocation of the intracellular domain of the non-canonical receptor Ryk, however, are
sufficient to drive interneuron progenitors to a SST fate. Inhibition of Ryk signaling by a
function blocking antibody conversely decreases the production of SST positive interneurons.
Graded Ryk gain of function experiments performed in mouse ES-derived cortical interneurons
reveal a dose-dependent effect, suggesting Ryk signaling acts in a gradient. These data, in
combination with in vivo genetic loss of Ryk signaling in MGE derived lineages reveal a
complex and important role for non-canonical Wnt signaling in establishing the correct ratios of
mature cortical interneuron subtypes.
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Title: Heterotypic transplantations reveal how the environment directs interneuron diversity and
maturation



Authors: *T. J. PETROS!, G. QUATTROCOLO?, G. FISHELL?
!Developmental Neurosci. Br., NIH/NICHD, Bethesda, MD; 2Neurosci., NYU, New York, NY

Abstract: Neural progenitors in the ganglionic eminences give rise to diverse GABAergic
interneuron subtypes that populate all forebrain regions. Medial ganglionic eminence-derived
progenitors are initially fated towards parvalbumin- or somatostatin-expressing classes during
embryogenesis, a process that is guided by spatial and temporal gradients, and the mode of
neurogenic division. The extent to which these cells are genetically predefined into specific
interneuron subtypes, or rather their mature characteristics are obtained upon interaction with
environmental cues, remains unknown. To address this question, we performed homo- and
heterotopic transplantation of early postnatal MGE-derived cortical and hippocampal
interneurons. Grafted cells migrated and displayed neurochemical, electrophysiological and
morphological profiles similar to endogenous interneurons. Our findings indicate that the
proportion of interneuron classes was largely determined by the host region. However, some
transplanted cells retained characteristics indicative of their donor region, indicating that they
may be more ‘hard-wired” and not influenced by environmental signals. Our approach enables us
to study how the environment regulates interneuron differentiation and maturation, which is
critical for understanding normal interneuron development and the burgeoning therapeutic
application of this transplantation approach.
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Abstract: DNA methylation is an epigenetic modification that is essential for gene regulation
and development in mammals. DNA methylation patterns are exerted by three distinct DNA
methyltransferase (DNMT) enzymes; DNMT1 is mainly responsible for genome wide
maintenance of methylation patterns during replication, while DNMT3A and DNMT3B establish
de novo DNA methylation. DNMT3A is known to be widely expressed in neural progenitors
along the central nervous system (CNS) and to be critical for cell fate choice. However, the
targets for de novo methylation mediated by DNMT3A, as well as the functional redundancy
with DNMT3B during CNS development, remain unclear. Here, we utilized a powerful human
embryonic stem cell (ESC) differentiation model for the generation of spinal motor neurons
(MNs) in combination with genetic mutations in the de novo DNA methyltransferase machinery
to assess the specific role of DNMT3A and 3B on: (1) neural lineage fate decisions and, (2) the
physiological properties of postmitotic neurons. Over the MN differentiation, the two de novo
DNMTs displayed opposite expression patterns. While the expression levels of DNMT3B
rapidly decreased in the initial stages of differentiation, DNMT3A exhibited a dynamic
expression pattern with sustained high levels at later stages. Systematic characterization of
DNMT3A and DNMT3B KO and wild type cell lines over the MN differentiation protocol by
different immunolabeling techniques showed that DNMT3A KO ESCs exhibited a reduced
capacity to generate neurons and MNs, compared to isogenic control cells. RNA-sequencing and
whole-genome bisulfite sequencing (WGBS) analysis demonstrated that this effect is in part due
to a modification in the expression pattern of an important group of transcription factors. During
MN differentiation, DNMT3A KO cultures displayed silenced expression of pro-neuronal
transcription factors and up-regulation of neural floor plate transcription factors compared to the
isogenic control cell line, while DNMT3B KO cultures remained unaffected. Strikingly, we also
discovered that DNMT3A KO MNs displayed abnormal morphological, biochemical and
electrophysiological properties. Our study underscores the importance of de novo DNA
methylation during human neurogenesis, dissecting the regulatory link between DNA
methylation dynamics and MN specification and functional maturation.
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Title: A role for TIx3 and Hipk2 in PrrxI1 phosphorylation during the development of
nociceptive neurons
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Abstract: Proper balance in the number of excitatory glutamatergic and inhibitory GABAergic
neurons in dorsal spinal cord is essential for the correct functioning of the neuronal circuitry
integrating sensory information from the periphery to the brain. It is known that the
homeodomain transcription factors TIx3 and PrrxI1 are essential for the determination of the
excitatory phenotype. Noteworthy, PrrxI1 phosphorylation appears to play an important role in
the spinal cord glutamatergic population development, changing from very high levels at early
stages, where neural fate commitment takes place, to progressively low levels from E15.5
onwards. Multiple phosphorylation sites were mapped in the PrrxI1 primary structure and four
correspond to conserved phospho-S/T-P sites, which suggest a role for the prolyl isomerase Pinl
in regulating PrrxI1 function. These S/T-P sites give rise to distinct phosphorylation profiles,
which are key determinants of Prrxl1 conformation and thereby protein functioning. The
phosphorylation states acquired by PrrxI1 during different developmental phases promote the
association of PrrxI1 with distinct molecular partners. We showed, by 2D electrophoresis and
reporter assays, that both TIx3 and Hipk2 (homeodomain-interacting protein kinase 2) modulate
PrrxI1 activity by controlling its phosphorylation status. In addition, Hipk2 is not
transcriptionally regulated by TIx3, as revealed by qPCR, which suggests that TIx3 promotes
PrrxI1 phosphorylation via Hipk2 recruitment to the transcriptional protein complex. Finally, we
also implicated the Hipk2/Pinl protein complex in the positive modulation of TIx3
transcriptional activity, further implicating phosphorylation events in the molecular interplay
between TIx3 and PrrxI1. The role of post-translational mechanisms in embryonic development
is now beginning to be explored, and ours are the first data pointing to their importance in the
differentiation of the nociceptive neurons.
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Abstract: Corticospinal motor neurons (CSMN), residing in layer V of the neocortex, are the
brain component of the multi-neuron circuitry controlling voluntary movement in mammals.
CSMN are closely related to deep layer callosal projection neurons (CPN) and have the same
birthdates, however very different projection targets and functions. CPN are similarly
glutamatergic cortical projection neurons, but are involved in associative cognitive function and
project to the contralateral cortex. While several transcription factors important for both CSMN
and CPN have been identified, much of the molecular regulation of this process remains
incompletely understood. MicroRNAs (miRNAS) are post-transcriptional gene regulators that act
by promoting degradation or repressing translation of target mMRNAs, including those encoding
transcription factors. miRNAs are ideally suited to control developmental programs, as multiple
miRNAs can converge on multiple targets to repress translation. While miRNAs have been
shown to play a role in the earliest stages of cortical development, their role in cortical projection
neuron development and diversity is unknown. A differential miRNA expression analysis of
CSMN vs. CPN revealed 20 miRNAs that are more highly expressed by CSMN vs. CPN at post-
natal day 1 (P1) mouse. Several of these miRNAs are encoded on a single genomic miRNA
cluster. One cluster-encoded miRNA, miR-CSMNL1, is enriched in CSMN compared to CPN at
P1 but not at P4. Predicted gene targets of miR-CSMNL1 include CITED2 and LMO4, two
transcription factors important for CPN and associative projection neuron development. Gain-
and loss-of function studies demonstrate that miR-CSMN1 can control cortical projection neuron
fate in embryonic cortical cultures. Similar functional studies on other cluster-encoded miRNAs
are ongoing. Characterizing cluster-encoded miRNA controls on CSMN development may



inform stem cell-based regenerative therapies for paralysis in clinically relevant conditions,
including spinal cord injury and ALS.
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Title: Mafb and c-Maf control the balanced neurogenesis of MGE-derived PV* and SST*
GABAergic cortical interneurons
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Abstract: GABAergic cortical interneurons (CINs), primarily generated by medial and caudal
ganglionic eminences (MGE & CGE), control circuit excitability by acting as a breaking system
in the brain. CIN malfunctions are implicated in neuropsychiatric diseases including autism
spectrum disorder, schizophrenia and epilepsy. Understanding CIN generation and maturation
are crucial in order to better understand interneuronopathy-related brain diseases.

MGE-derived CINs are composed of two broad subgroups: parvalbumin- (PV; late-born) and
somatostatin- (SST; early-born) expressing. While MGE interneuron progenitor fate is initially
determined by the Nkx2.1 and Lhx6 transcription factors (TFs), factors regulating the control
over CIN fate and generation are still being uncovered. Here, we characterized two TFs, Mafb
and c-Maf, which are genetically downstream of Nkx2.1, Lhx6 and DlIx, as critical for generating



the correct balance of early and late born MGE CIN progenitors.

Combined deletion of Mafb and c-Maf from MGE progenitors resulted in ~70% reduction of
MGE-derived CINs at P35, with preferential loss of the PV subgroup. Surviving CINs reside in
deeper cortical layers and are more likely to be early-born SST interneurons. At embryonic ages,
EdU birthdating experiments showed no change of MGE CIN progenitor numbers with deletion
of Mafb and c-Maf but an increase of precocious neurogenesis. Notably, we also found a robust
increase of SST CINs in the neocortex of these mutants. Together, these results suggest Mafb
and c-Maf control the balance of neurogenesis in late progenitors of the MGE, and these early
disruptions cause a shift in the balance of PV* and SST* CINs.
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Title: Transcriptome analysis of spinal excitatory neurons
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Abstract: For neuronal circuits in the spinal cord that control locomotion, developmentally
expressed transcription factors have served as entry points for functional assignment of left-right
and flexor-extensor coordination circuits, as well as for rhythm-generation circuits. It is clear
though that functions within each of these circuits most often are represented by molecularly
heterogeneous groups of neurons, where further specification by molecular markers is needed to
dissect the circuitries. In other cases, known groups of neurons already specified by distinct
markers may not completely capture the functionality of the circuits and alternative or
supplementary markers will be needed. For rhythm-generation several glutamatergic molecularly



defined groups of cells are thought to be involved without any of them being responsible
alone.creating the function alone. In order to capture new markers for this important groups of
neurons in the spinal cord we have performed FAC-sorting, RNA-sequencing and differential
expression analyses on glutamatergic neurons from the mouse ventral spinal cord. We compared
the postnatal transcriptional expression profile of all glutamatergic neurons in the SC, the
Vglut2-expressing neurons, to that of non-glutamatergic neurons as well as to one of the
glutamatergic subgroups so far linked to rhythm-generation, the Shox2 interneurons (Dougherty
et al. 2013). Amongst the transcripts up-regulated in the Vglut2-expressing neurons are well-
known glutamatergic developmental-markers such as Sim1, Evx2, Lhx3, Chx10, Shox2 and Lbx1.
The analysis also identified more then 200 receptors, transcription factors, ion-channels and
other neurotransmitters specifically

expressed in the entire population of VVglut2-positive neurons as compared to non-glutamatergic
neurons and Shox2-positive neurons. Our findings identify novel glutamatergic subgroups in the
spinal cord and provide tools for further specification of spinal cord functions. In addition, since
Vglut2 positive neurons are found in many regions of the nervous system, this work provide new
molecular entry points to reveal the diverse function of this group of transmitter-defined neurons.
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Title: Preferential expression of Foxp2 in striatonigral projection neurons in the striatum of adult
mouse brain
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Abstract: The striatum comprises GABAergic projection neurons which accounts for ~90% of
striatal neurons. There are two populations of striatal projection neurons (SPNs), striatonigral
SPNs of the direct pathway and striatopallidal SPNs of the indirect pathway. Striatonigral SPNs
express dopamine D1-class receptor, whereas striatopallidal SPNs express dopamine D2-class
receptor. It has been proposed that activation of striatonigral pathway facilitates movement,



whereas activation of striatopallidal pathway inhibits movement. The antagonistic but balanced
activity of these two pathways is important for motor control. Foxp2, a language-associated
gene, is expressed at high levels in the striatum. Our recent study suggests that Foxp2 plays an
important role in synaptogeneis of corticostriatal circuits and vocal communication (Chen et al.,
2016). It is of interest to characterize striatal cell types that express Foxp2. Here, we analyzed the
expression pattern of Foxp2 with respect to specific cell types of SPNs and interneurons in the
adult mouse striatum. Based on double in situ hybridization and immunostaining, we found that
Foxp2 was expressed in SPNs, but not in striatal interneurons. Moreover, Foxp2 was
preferentially expressed in striatonigral SPNs. This result is consistent with the previous BAC
transgenic mouse study showing that Foxp2 expression is primarily associated with Drd1-EGFP-
positive neurons in the striatum (Vernes et al., 2011). We also analyzed the expression pattern of
Foxpl, a member in Foxp family. In contrast to the preferential expression of Foxp2 in
striatonigral SPNs, Foxpl was expressed in both populations of striatonigral and striatopallidal
SPNs. Foxpl was not expressed by striatal interneurons, either. In summary, the cell-type
preference of Foxp2 expression in the striatum implicates a unique role of Foxp2 in regulation of
striatonigral SPNs in striatal circuits.
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Title: Distribution, morphology, and function of serotonergic neurons in the larval zebrafish
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Abstract: Vertebrates possess two distinct cellular sources of spinal serotonin. The first source is
the raphe nuclei, from which supraspinal projections descend to innervate the spinal cord. The
second source is a population of intraspinal serotonergic neurons (ISNs) that are intrinsic to the



spinal cord. ISNs in fish and amphibians are almost exclusively localized to the ventromedial
spinal cord, in close proximity to motor neurons and premotor interneurons. Thus, it is
hypothesized that the ISNs are involved in modulating locomotor output. Here, we use a
combination of in vivo optical imaging strategies to investigate the morphology and activity of
the ISNs. The tryptophan hydroxylase 2 and petl Ets-domain transcription factor promoters were
used to drive expression of fluorescent reporters in the ISNs. First, examination of EGFP
expression revealed that ISNs somas were ventrally-located and evenly distributed along the
rostrocaudal axis of the spinal cord. Next, we photoconverted Kaede in single ISNs between 3
and 10 days post fertilization to quantify and track cell morphology, such as projection distances,
neurite lengths, and arborization. Morphological characteristics exhibited the greatest changes
between 3 and 4 days post fertilization, which corresponds to the onset of mature beat-and-glide
swimming behavior. Finally, genetically-encoded calcium indicators were used to study the
relationship of ISN activity to fictive locomotor output. ISNs displayed a variety of activity
states: quiescence, tonic activity, and phasic with motor activity. All three of these activity states
were observed during both fictive swimming episodes and periods of rest. ISN activity not being
phasically coupled with locomotor activity is consistent with the ISNs having a modulatory
influence on locomotor output, rather than being an integral part of the pattern generating
network.
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Title: KAT3 proteins are crucial for the maintenance of neuronal identity
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Abstract: Studies in different organisms have demonstrated that neuronal identity needs to be
actively maintained throughout life by the combined action of transcription factors and
chromatin modifiers. The paralogue lysine acetyltransferases 3 (KAT3) CBP/KAT3A and
p300/KAT3B play an important role in the regulation of transcription and chromatin three-
dimensional structure. Although both proteins are essential for the normal development of the
nervous system, their specific functions in post-mitotic neurons remain unclear. In order to
investigate this matter, we produced inducible forebrain-specific knockout (ifKO) mice for either
one or for both KAT3 proteins. Interestingly, we observe that only when both proteins are
knocked out simultaneously, mice show severe neurological phenotypes and an increased
mortality. These deficits are accompanied by a rapid and progressive reduction in the dendritic
complexity of forebrain neurons and loss of normal electrophysiological properties. Remarkably,
these dramatic changes correlate with a strong and specific downregulation of neuron-specific
gene expression whereas housekeeping genes were mostly unaffected. We also observed that the
lack of KAT3 caused a robust decrease in histone acetylation at specific residues, such as H2B
panacetylation and H3K27ac. Overall, our experiments demonstrate that KAT3 proteins are
necessary for maintaining neuronal identity and function during adulthood, most probably
through the regulation of acetylation levels at neuronal enhancers and gene bodies.
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Abstract: Flexible, purposeful tool use requires action planning. Adults’ action plans keep both
the initial contact with the tool and the end goal in mind, even when the end goal stretches far
into the future. Children, however, show dramatic deficits in planning when the end goal is not
immediately accessible to perception. For example, participants of all ages normally reach for
the handle of a hammer using an overhand radial grip. But when the handle points away from the



dominant hand, an initially uncomfortable underhand grip is required to ensure the desired final
position of the tool. This phenomenon of sacrificing comfort in the initial grip to allow for a
comfortable end position is called “end-state comfort.” In contrast to adults, young children
frequently select a comfortable initial grip, as if planning for start-state comfort. As a
consequence, their hand is in an awkward end-state position when they use the tool. Indeed,
children do not show consistent planning for end-state comfort until 10 or 12 years of age. Here,
we examined the possible sources of differences in action planning between young children and
adults. We innovated a novel method for obtaining electroencephalography (EEG), head-
mounted eye tracking, motion tracking, and video simultaneously in an end-state comfort
hammering task. First, we replicated previous work showing deficits in 4-year-old children’s
action planning. Then we compared EEG and visual attention for each age group for trials
requiring planning for end-state comfort (handle pointing away from dominant hand) and trials
that required planning only for start-state comfort (handle pointing toward dominant hand). At
the neural level, we found differences in readiness potential over sensory-motor sites preceding
initial end-state comfort grips in adults compared with the readiness potential preceding similar
grips in young children. We used support vector machine (SVM) and random forest (RF)
algorithms to describe preparatory neural patterns underlying differences in planning between
the age groups. We also show that participants’ fixation location and motion kinematics are
correlated with their grip. These results indicate that young children’s deficits in planning for
end-state comfort stem from differences in neural activity and visual attention prior to moving
the hand.
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Abstract: Background: Prostaglandin E2 (PGE>) is an endogenous lipid-derived signalling
molecule produced by Cyclooxygenase-2 (COX2). PGE: is important in brain development and
function. We have previously shown that PGE: affects calcium regulation in growth cones,
migration, proliferation, and differentiation in neural stem cells in vitro. Moreover, PGE>/COX2
signalling can be disrupted through genetic changes along the pathway or exogenous factors,
such as diet and exposure to infections, inflammation, and chemicals; all which have been
associated with autism. Behavioural outcomes that manifest from abnormal PGE>/COX2
signalling during prenatal development in vivo remain unknown.

Objective: The major goal of this study is to determine if mice exposed to PGE; during the
critical time in prenatal development or mice lacking the PGE> producing enzyme (COX2)
exhibit behaviours typically seen in autism. We also aim to determine whether there are age or
sex differences in these animal models.

Methods: In this study, we examined offspring from a minimum of three independent litters for
PGE;-exposed and homozygous COX27 groups. In the PGE2-exposed model, a single
subcutaneous injection of 16,16-dimethyl-PGE: (0.2pug/g) was administered to pregnant C57bl/6
wildtype mice on embryonic day 11, corresponding to neurogenesis. 129S6 wildtype mice served
as the controls for the COX2”- mice. Subjects were split into young (4-6 weeks old) and adult (8-
12 weeks old) groups, and underwent the following behavioural tests on separate days: marble
test, 3-chamber test, open field test, and inverted screen test.

Results: We showed that PGE2-exposed and COX2”- mice buried more marbles than control
mice, indicating both models display greater repetitive and anxiety-related behaviour compared
to respective controls. In the 3-chamber test, PGE2-exposed and COX27 mice spent less time in
the novel mouse chamber and more time in the novel object chamber compared to controls,
demonstrating lower sociability in both groups. In the open field test, PGE,-exposed and COX2"-
mice travelled a greater pathlength than controls, suggesting increased hyperactivity in both
groups. In the inverted screen test, no differences in fall percentage were seen in PGE2-exposed
mice, while COX2”7- mice fell more than their controls. Age and sex differences were also
observed in both models for all behavioural tests.

Conclusions: Our findings determined that disruption in PGE2/COX2 signalling during prenatal
development can result in autism-like behaviours. We provide new evidence supporting the
usage of these novel model systems for studying neurodevelopmental disorders such as autism.

Disclosures: C.T. Wong: None. I. Bestard Lorigados: None. R. Rai-Bhogal: None. D.A.
Crawford: None.

Poster

283. Autism Genetic Models

Location: Halls A-C

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 283.02/B15

Topic: A.07. Developmental Disorders



Support: Hussman Foundation # HIAS15006
Title: Relationship between cadherin 11 and autism traits

Authors: *Y. WANG!, *Y. WANG!, C. WANG?, X. YUAN?
IHussman Inst. For Autism, Baltimore, MD: 2Hussman Inst. for Autism, Baltimore, MD

Abstract: Genome-wide association studies and whole exome sequencing have suggested that
genetic variants of type Il cadherins, including Cdh8, Cdh9, Cdh10, Cdh11, Cdh12, Cdh13, are
associated with autism. However, whether there is a causal relationship between cadherin
alterations and autism traits remains to be clarified. Based on genome-wide gene co-expression
analysis, we found that in the developing human brain, a group of well-established autism risk
genes exhibits convergent expression profiles. Interestingly, the expression of one type Il
cadherin family member Cdh11, but not Cdh9, is highly correlated with the expression of several
well-established autism risk genes, suggesting greater relevance of Cdh11 than Cdh9 in the
development and function of autism-related brain circuits. The functional linkage of Cdh11 and
Cdh9 with autism was further evaluated by behavioral analysis of Cdh11 and Cdh9 gene
knockout (KO) mice. Cdh11l KO mice exhibited behavioral abnormalities that are very similar to
core behavioral traits and comorbidities of people with autism, including higher explorative
activity, reduced anxiety level, increased repetitive behavior, reduced social interactions, and
impaired motor coordination. In contrast, Cdh9 KO mice only exhibited very mild abnormalities
in the same behavioral tests. In cerebellar tissues from Cdh9 and Cdh11 KO mice, activities of
the PI3K signaling pathway, a pathway implicated into autism pathology, were also affected
differently. These findings establish a potential relationship between Cdh11 rather that Cdh9 and
autism traits, and identified Cdh11 KO mice as an important animal model for autism. Our
findings also highlight the effectiveness of the genome-wide gene co-expression analysis in the
prediction of the functional impact of novel gene variants in autism studies.
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Abstract: Autism Spectrum Disorders (ASD) are a group of neurodevelopmental disorders with
early onset of symptoms, characterized by socio-communicative deficits and patterns of
stereotyped behaviours. Although the causes of ASD remain unclear, evidence strongly supports
the role of genetic factors in their aetiology, including mutations in Neurexin (NRXN) family
genes. Our study aimed the behavioural phenotyping of mice with deletion of Nrxnla gene
encoding for a neuronal presynaptic cell-adhesion molecule in order to identify autistic-like
features, as soon as possible during the early developmental period. We evaluated the ontogentic
profile of the vocal response during the first weeks of life through a detailed analysis of the
ultrasonic vocalizations. Ultrasonic vocalizations are emitted by mouse pups in response to
isolation from the mother and littermates and considered a suitable tool for the identification of
early communication deficits in autism mouse models. Moreover, since motor dysfunctions can
predict the onset of the other symptoms in ASD, we performed a fine-grain characterization of
spontaneous motor behaviours, recorded simultaneously with the ultrasonic vocalizations. This is
the first vocal and motor evaluation of Nrxnla mutant pups that allows identification of autistic-
like phenotypes at an early developmental stage. Our results indicate that an altered profile is
detectable in the emission of ultrasonic vocalizations and acquisition of specific motor patterns
in Nrxnlo mutant pups, in line with behavioural phenotypes of ASD children. Our findings
suggest that the Nrxnla gene has an important neurodevelopmental function and its deletion
causes specific early behavioural abnormalities.
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Abstract: Autism is associated with high levels of oxidative stress biomarkers, increased body
burdens of environmental toxicants that induce oxidative stress, and decreased levels of
antioxidants. The objective of the present study was to advance our model of autistic regression
using mice with a deletion of the NRF2 gene (nuclear factor E2-related factor 2), a master
regulator for downstream enzymes associated with management of toxicant-generated reactive
oxygen species. On postnatal day 14 KO and WT animals were exposed to sodium valproate
(VPA; 400 mg/kg; s.c.) or saline and evaluated on a behavioral battery assessing maturation of



normal social and motor skills to classify toxicant-induced deficits along a developmental
timeline. Prior studies revealed this treatment induces functional and pathological changes akin
to autistic regression. Results of mid air righting testing provide evidence of regression of normal
motor development in that saline-treated animals show similar development across genotypes but
animals exposed to VPA exhibited a loss of the recently acquired ability to mid-air right with the
NRF2 KO mice more affected than WT mice. We operationally define this loss of an acquired
skill as regression. Additionally, in the rotarod test, KO-treated animals spent significantly less
time than WT and saline-treated counterparts on the rotarod. These results indicate a critical
importance of NRF2 during development as it might relate to autism and, more generally, the
deleterious effects of oxidative stress during early development.
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Abstract: It is known that males have greater risk of developing neurodevelopmental disorders,
such as autism spectrum disorders (ASD), than females. Our previous proteomics study
identified collapsin response mediator protein (CRMP) 4 as a protein exhibiting sex-different
expression during sexual differentiation of the sexually dimorphic nucleus of the hypothalamus
(Iwakura et al., 2013). Recently, we found a de novo mutation of CRMP4 in a male patient with
ASD from whole exome sequencing. ASD is characterized by impaired social interaction, verbal
and non-verbal communication, restricted range of interest, and abnormal sensory perception.
The aim of the present study is to investigate the relationship between Crmp4-deficiency in mice
and ASD-like behaviors as well as sex different effects of Crmp4-deficiency by comparing social
interaction behaviors and sensory perception abilities between Crmp4-KO and wild type (WT)
mice of both sexes. Furthermore, in order to obtain the information for mechanisms underlying
Crmp4-deficiency-induced ASD-like behaviors, altered gene expressions in brain areas including
the cortex, hippocampus, and olfactory bulb were examined in Crmp4-KO and WT mice of both
sexes. In addition, we examined the effect of Crmp4-deficiency or de novo mutation of Crmp4
on dendritic morphology of cultured hippocampal neurons.First, eight types of behavioral tests
including social interaction test and three-chambered social approach task were performed in
young adult (4-11 weeks old) WT and Crmp4-KO mice of both sexes. Crmp4-KO mice
exhibited decreased social interaction activity, compared to WTs. It was more severely changed
in male Crmp4-KO mice than in females. Furthermore, altered thermal perception was observed
only in male Crmp4-KO mice, compared to male WTs. The expression levels of some genes
including AMPA receptors (GIuR1 and 2) and a dopamine receptor (D1R) were changed mostly
in a gender-dependent manner in the brain of Crmp4-KO mice, compared to WTs. Furthermore,
Crmp4-deficiency enhanced dendritic branching of cultured hippocampal neurons, compared to
WTs. Expression of mutated mouse Crmp4, which is homologous to human mutated CRMP4
found in ASD patient, in cultured hippocampal neurons derived from Crmp4-KO mice also
increased their dendritic branching, compared to those derived from Crmp4-KO mice and
transfected with WT Crmp4. These studies indicate the functional relevance of a case-specific
rare-variant of one molecule, Crmp4, to some symptoms of ASD and suggest its possible
mechanisms.
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Abstract: Mutations in the X-linked gene cyclin-dependent kinase-like 5 (CDKLJ5) have been
identified to induce CDKLJ5 disorder, a neurodevelopmental disease characterized by early-onset
seizures, severe intellectual disability, motor impairment, and autistic features. A few studies
showed that CDKL5 animal models recapitulate some of the CDKL5 symptoms including
cognitive deficits. Although long-term potentiation (LTP) serves as a neural substrate of learning
and memory, the synaptic plasticity in CDKL5 mutant mice has not been investigated. Here, we
assessed the hippocampus-dependent learning and memory function in a unique CDKL5
knockout mouse model with exon 6 deletion (B6.129(FVB)-CdkI5™13°¢%/3) " In fear conditioning
task, the male CDKLS5 knockout mice (Cdkl57) froze significantly less than wide type (WT,
CdkI5*™) littermates in both contextual and cued fear memory test, consistent with the previous
report. Importantly, we uncovered that the female heterozygous Cdkl5* mice were impaired in
contextual fear memory as well, compared to WT controls. In another hippocampus-dependent
task, passive avoidance, both male and female CDKL5 mutant mice had shorter latencies to enter
the dark compartment during memory retention test in comparison with WT littermates. Guided
by these behavioral data, we examined hippocampal LTP in awake, free moving CdkI5™ mice
vs. WT controls. Field recordings from the hilar region of the dentate were measured in response
to electrical stimulation in the medial part of the perforant path. The recording and stimulating
electrodes were implanted 2-3 weeks before the tests. Theta burst stimulation induced 174%
potentiation in mutant mice compared to 239% in WT controls 1 h after induction, indicating the
impairment of synaptic plasticity in Cdkl5” mice. These results demonstrate that CDKL5
mediates hippocampal learning and memory likely through the regulation of hippocampal
synaptic plasticity.
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Abstract: Autism is a complex developmental disorder characterized by numerous behavioral
impairments, such as communication, socialization and cognitive inflexibility. Valproic acid
(VPA) is an anti-epileptic drug with teratogenic activity that has been related to autism. In
rodents, exposure to VPA during the pregnancy induced symptoms similar to those found in the
human condition of that disorder. However, there are no effective treatments for autism.
Particularly, exposure to VPA may alter zinc metabolism resulting in a transient deficiency of
zinc. Therefore, we selected zinc as prenatal treatment to prevent VPA-induced deficiencies. In a
rat model of VPA-induced autism, we tested the treatment with zinc supplementation. Wistar
female rats received either saline solution or VPA (400 mg/ kg, i.p) on gestation day (GD) 12.5.
In order to test the zinc supplementation effect, after 1 h of treatment with saline or VPA, a dose
of zinc (2 mg / kg) was injected. The offspring was tested for abnormal communication behavior
by ultrasound vocalization task on post-natal day 11 (PND), repetitive behavior and cognitive
ability was tested by T-maze task on 29 PND and social interaction was tested by play behavior
task on 30 PND. We also evaluated tyrosine hydroxylase protein (TH) expression, in the
striatum. VPA treatment induced alterations in various behavioral parameters. VPA group
showed decreased ultrasonic vocalization, repetitive/restricted behavior, cognitive inflexibility,
impairment of socialization, characterized by decreased play behavior and reduction in striatal
TH levels as compared with saline control group. The zinc treatment reduced VPA-induced
autism-like behavioral changes. Zinc supplementation generated behavioral improvement in the
cognitive inflexibility, attenuated the VPA-induced deficit on social play behavior, and restored
the vocalization pattern. However, we found no evidence of zinc effect on the VPA-induced
reduction in the TH striatum levels. The persistence of low TH expression in VPA-Zn group
suggests that Zn-induced behavioral improvement in autistic rats may not depend on TH activity.



Disclosures: L.C. Cezar: None. T.B. Kirsten: None. C.C.N. Fonseca: None. A.P.N. Lima:
None. M.M. Bernardi: None. L.F. Felicio: None.

Poster
283. Autism Genetic Models
Location: Halls A-C
Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 283.08/B21
Topic: A.07. Developmental Disorders
Support: AMED Grant
Grant-in-Aid for Scientific Research on Innovative Areas Research
Title: Analysis of empathic neural circuits regulated by oxytocin

Authors: *S. YADA, K. HORIE, K. NISHIMORI
Tohoku Univ., Sendai-Shi, Japan

Abstract: Human has highly sociality. Social behavior is essential in human society, in
particular, compassionate and cooperative behaviors which help others without expecting
external compensation are important, It is said that motivation for causing such social behaviors
is "empathy" [Decety et al. 2016]. Empathy is impaired in many neuropsychiatric disorders
including autism spectrum disorder (ASD). Although ASD has a high prevalence rate (~1%), its
etiology and treatment are still unknown. ASD is a congenital neurodevelopmental disorder that
is impaired in sociality and communication skill. Patients show perseveration and avoid
interpersonal relationships. It is thought that neuroscientific analysis of empathy broadly lead to
the treatment of social disorders of many psychiatric disorders including ASD. In recent years,
Oxytocin (Oxt) and its receptor (Oxtr) are focused on ASD study because it has been reported
that administration of Oxt to ASD patients and model mice has restored social disorders [Brian et
al. 2015, Watanabe et al. 2015]. Oxt is a peptide synthesized in the paraventricular nucleus and
supraoptic nucleus in the brain and is known to be involved in social behaviors such as maternal
behavior and affinity. There are few reports on the association between empathy and Oxt / Oxtr
and it has not been comprehensively understood yet. In this study, we aim to clarify how the Oxt
/ Oxtr system controls empathy. We performed empathic behavioral tests using Oxt / Oxtr
knockout mice and prairie vole (Microtus ochrogaster) to identify brain regions involved in
empathy. Prairie voles are known to show strong monogamous system and used as a model
animal in social behavior research, since there is a report that wild-type prairie voles show
empathetic behavior between monogamous pair [Burkett et al. 2016]. In the behavioral test, after
pair bonding, we provide a fear stimulus to female mouse or prairie vole. We measured empathy
as allogrooming behavior from paired male to female which showed fear response. It resulted
that wild-type mice and prairie voles showed empathic behavior. However, empathic behaviors



were reduced in Oxt / Oxtr knockout mice compared with wild type ones. In addition,
immediately early gene activations were detected in anterior cingulate cortex and olfactory
nucleus during empathic behavior.
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Abstract: Hypothyroidism within a critical window of brain development leads to severe mental
retardation later in life associated with maldevelopment of the cortex and cerebellum. However,
a variety of sources of evidence suggest that transient hypothyroidism in early gestation, prior to
the critical window for “cretinism”, is associated with cognitive deficits in offspring in later life
including Autistic Spectrum Disorder. We have previously examined the affects of transient
depletion of thyroid hormone levels on the early development of the avian cerebellum. In chick,
early hypothyroidism disrupts the formation of the nuclei that comprise the output of the
cerebellum well before the thyroid hormone- dependent events in cortical and cerebellar
development. We therefore hypothesised that thyroid-dependent cerebellar disconnection may
underlie cognitive deficits in late life. Hence, transient early gestational hypothyroidism might
result in discrete cerebellar functional and anatomical consequences that are distinct from
cortical phenotypes associated with late embryonic and early postnatal hypothyroidism.

To test this, we used a mouse model and treated pregnant dams with either Methimazole (0.1%
in the drinking water ) or control treatment from 0 to 14 days gestation. ELISA analysis showed
that Methimazole (MMI) treatment results in a significant drop in T3 and T4 levels at 14 days
gestation. Litters (n = 16) were then raised through to P64 and challenged with a battery of
behavioural and motor tests (juvenile social play, adult social investigation, three chamber test ,
olfactory habituation/dishabituation test, open field, light/dark, elevated plus maze, grooming,
marble burying, Y maze spatial discrimination, rotarod, muscle grip).



The brains of adult offspring in experimental and control groups were analysed by X-ray micro-
CT scan following immersion in lohexol (150-200 mg/mL) for 14 days. Gross morphology of
both groups was broadly similar, suggesting that the behavioural phenotype result from relatively
subtle changes in cell number, physiology or connectivity.

The only significant differences in behaviour were detected in open-field test of anxiety and a
three-chamber test for sociability. These phenotypes are sex-specific. Male offspring show
heightened anxiety (open-field). Female mice show reduced social interaction (three-chamber
test). Both results are consistent with features of mouse models of human autistic spectrum
disorder. This suggests that the findings in clinical and epidemiological studies of human cohorts
can be simulated in a simple model of transient gestational hypothyroidism in mice.

Disclosures: M. Pitsiani: None. L.J. Wilson: None. A. Rajic: None. D. Bell: None. C.
Fernandes: None. R.J. Wingate: None.

Poster

283. Autism Genetic Models

Location: Halls A-C

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 283.10/B23

Topic: A.07. Developmental Disorders

Support: NIH 1P50MH096891

Title: Sociability development in w=mice with cell-specific deletion of the NMDA receptor
GIuN1 (NR1) subunit gene

Authors: *S. L. FERRI!, A. A. PALLATHRA?, H. KIM?, H. C. DOW?, W. B. BILKER?, T.
ABEL!, S.J. SIEGEL* E. S. BRODKIN?

Physiol., The Univ. of lowa, lowa City, IA; ?Psychiatry, 3Biostatistics, Univ. of Pennsylvania,
Philadelphia, PA; “Psychiatry, USC, Los Angeles, CA

Abstract: N-methyl-D-aspartate receptors (NMDARS) are important for brain development,
synaptic plasticity, and learning and memory. NMDAR dysfunction has been linked to a number
of neurodevelopmental disorders including autism and schizophrenia. While loss of NMDAR has
been previously associated with social deficits, age and sex specificity has been understudied.
We used the Cre-Lox system to ablate the the NMDAR subunit GIuN1 (NR1) specifically in
either excitatory or a subset of inhibitory neurons with a CaMKII or parvalbumin (PV) promoter,
respectively, and measured social approach behavior of 30-day-old and 70-day-old male and
female mice in a three-chambered apparatus. We found that deletion of GIuN1 in either cell type
had no effect on distance traveled in the arena. Mice lacking GIuN1 in PV neurons showed no
change in time spent sniffing the cylinder containing the social target compared to PV-Cre
littermate controls, regardless of age or sex. However, both male and female mice lacking GIuN1



in forebrain excitatory neurons showed a significant increase in time spent sniffing the cylinder
containing the social target mouse compared to CaMKII-Cre littermate controls, at both 30d and
70d of age. These findings may shed light upon cell types and brain areas involved in autism,
schizophrenia, and other disorders of sociability.
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Abstract: A signaling cascade that plays a crucial role in the development of an autistic-like
phenotype is the PI3BK/AKT/mTOR pathway. Mouse models that illustrate this connection
include Fmr1, Tscl, and Neuron-subset specific (NS)-Pten knockout mice. While numerous
studies have investigated ultrasonic vocalizations (USVs) in Fmrl and Tscl knockout mice, none
have investigated USVs in NS-Pten knockout mice using the Avisoft recording system. In light
of this, the present study utilized a maternal separation paradigm to characterize neonatal
vocalizations in NS-Pten knockout male and females on postnatal days 8 and 11. We found that
knockout pups emitted fewer vocalizations for both sexes (p < .05). Knockout males had calls of
a shorter duration and lower peak amplitude on day 8, while showing a shorter duration, lower
peak amplitude, and higher peak and fundamental frequency on day 11 (p <.001). Knockout
females vocalized at a lower peak amplitude and fundamental frequency, and a higher peak
frequency on day 8, while showing a shorter duration and higher peak and fundamental
frequency on day 11 (p < .001). Spectrographic analyses also revealed significant differences in
call type for both genotypes and sexes (p < .05). These findings demonstrate that deletion of NS-
Pten results in significant decreases in vocalizations across both sexes. Additionally, our findings
indicate that the aberrant vocalizations and increased call duration seen in other mTOR models
are also present in NS-Pten knockout mice. Our study provides evidence of a connection
between hyperactive mTOR signaling and ultrasonic vocalizations. The results may provide new
insights into the impact of mTOR signaling and an autistic-like phenotype.
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Title: Pathogenic role for kynurenine pathway in maternal immune activation-induced autism-
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Abstract: Prenatal inflammation is a risk factor for neurodevelopmental disorders. In rodent
models, maternal immune activation (MIA) causes phenotypes in offspring that resemble many
of the features of these human disorders, but the pathogenic mechanisms remain unclear.
Immune activation upregulates the tryptophan metabolizing enzyme indoleamine 2,3-
dioxygenase (IDO) which mediates many of the behavioral consequences of inflammation in
adults, and experimentally increasing kynurenine levels of pregnant dams causes developmental
consequences in the offspring. Therefore, we hypothesized that MIA-induced upregulation of
IDO during gestation is a pathogenic mechanism by which fetal neurodevelopment is disrupted
and autism-like phenotypes develop. Pregnant female IDO-/- mice or control C57BL/6J mice
were administered 20 kg/mg polyinosinic:polycytidylic acid (poly 1:C) or saline i.p. on
gestational day 12.5. At various ages, autism-like behaviors were measured. Repetitive self-
grooming behavior was significantly increased in WT-MIA male offspring compared to WT-
saline controls. Self-grooming behavior in IDO-/- mice was not affected by MIA. MIA reduced
preference for social novelty, measured in the 3-chamber test, in male offspring independent of
IDO, while it increased social novelty preference in WT female mice. In mice with targeted
deletion of kynurenine monooxygensase (KMQO), endogenous kynurenine levels are markedly
increased, and offspring of KMO KO dams exhibit several autism-like behaviors. Our data
suggest that IDO may play an important pathogenic role in the development of specific autism-
like behaviors caused by MIA.
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Abstract: Postpartum depression can affect up to 15% of women. Fluoxetine is a common
antidepressant prescribed to treat postpartum depression. Although the data are conflicting,
perhaps to do timing and nature of exposure, developmental exposure to selective serotonin
reuptake inhibitors (SSRIs), like fluoxetine, during the peri-partum and postpartum period may
increase the risk of Autism Spectrum Disorder in children. Oxytocin can enhance social
interactions in rodents, and intranasal oxytocin is currently being investigated in clinical trials as
a treatment for children with Autism Spectrum Disorder. The aim of this study is to investigate
the effects of maternal postpartum corticosterone (to induce depressive-like behavior in the dam)
and maternal fluoxetine administration on male and female offspring. Oxytocin is a peptide
hormone that does not readily cross the blood-brain barrier. Here we used a nanoparticle drug
delivery system Triozan™ to facilitate oxytocin entering the central nervous system in pre-
adolescent offspring. We hypothesized that the use of Fluoxetine during the postpartum period to
dams will decrease social behaviour in both male and female offspring. Administration of high
corticosterone to the dam increases maternal depressive-like behavior, reduces maternal care and
increases anxiety-like behavior in male, but not female, offspring. We expect that oxytocin,
given to preadolescent offspring, will reverse the adverse effect of maternal fluoxetine and
normalize social behaviour, microbiome composition, proinflammatory cytokines, and adult
neurogenesis compared to controls. Dams will be given corticosterone (40mg/kg) to simulate
postpartum depression and fluoxetine (10mg/kg) for 23 days. Administration of oxytocin
(0.5mg/kg) and Triozan™ (0.25mg/mL) in offspring will occur for 10 days from postnatal day
25 to day 34. Offspring will be tested for social, anxiety and locomotor behaviour during
adolescence (postnatal day 35-37) and again in adulthood (postnatal day 70-73). Preliminary



results indicated in adult rats showed that in both males and females, 0.5mg/kg of oxytocin
increased social investigation. The results of the current study will determine whether
preadolescent exposure to oxytocin mitigates any adverse effects of maternal corticosterone and
concurrently fluoxetine on offspring behavior, microbiome, and neuroinflammatory profile.
Funding from CIHR to LAMG (MOP-142308).
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Abstract: Altered brain development is associated with neuropsychiatric disorders like autism
spectrum disorder (ASD) and schizophrenia. Maternal infection during pregnancy has been
linked with an increased risk of offspring developing these disorders, implicating maternal
infection in abnormal neurodevelopment. Further epidemiological and preclinical research
identified the immune response as a major mediator of these detrimental effects on
neurodevelopment. To isolate effects of the innate maternal immune response on fetal brain
growth, the viral marker polyinosinic:polycytidylic acid (poly I:C) is commonly used to elicit a
pathogen-free immune response. Maternal injection of poly I:C during gestation produces
offspring with structural and behavioral changes relevant to core symptoms of ASD and
schizophrenia. We investigated the effect of early and mid-gestation (Gestation Days 9 and 14)
poly I:C treatment in rats on offspring social behaviour, spontaneous open field activity and
sensory processing. Sensory processing was measured through habituation and multisensory
prepulse inhibition of the acoustic startle response, while social behavior was investigated using
a 3-chamber apparatus measuring sociability and social recognition. All tests were done in
adolescence (6 weeks) and adulthood (4 months) to investigate the change in phenotype across
age in the offspring. Our results show that mid-gestation immune activation impaired visual but
not auditory prepulse inhibition (PPI) in both adolescence and adulthood, and this effect was sex-
dependent in adolescence. In contrast, spontaneous short and long-term habituation of startle as



well as spontaneous open field activity were unaffected. Additionally, adolescent GD-14 poly
I:.C offspring showed decreased sociability with familiar animals but normal social recognition.
Social behaviour in adulthood was unaffected. Preliminary results from GD-9 immune activation
show similar deficits in multisensory PPI with a decrease in visual PPl compared to the controls.
However, no effects of early immune activation were found in social behavior or spontaneous
open field activity. The observed visual PPI and sociability impairments can be linked to
neurodevelopmental disease phenotypes, particularly those involving sensory processing and
multisensory integration deficits. Future studies will attempt to study the association of these
phenotypes with anatomical and molecular findings, as well as whether they correlate with
higher order cognitive function.
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Title: Behavioural characterisation of a rat lacking the GAP domain of SynGAP
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Abstract: SYNGAP1 haploinsufficiency is one of the most common causes of nonsyndromic
intellectual disability and autism. De novo mutations in the SYNGAP1 gene lead to the loss of the
encoded protein SynGAP, one of the most abundant of postsynaptic proteins. SynGAP acts as a
regulator of signaling pathways linked to AMPA- and NMDA-receptor plasticity at the post
synaptic density. The Syngap heterozygous mouse model has been widely used to understand the
pathophysiology underlying abnormal SynGAP-mediated signaling. Recent advances in
techniques for genome manipulation allow for the generation of rat models of
neurodevelopmental disorders; enabling phenotypes to be validated across species and
addressing cognitive and social dysfunction, using paradigms that are more difficult to assess in
mice. In this study, we examine the pathophysiology associated with a heterozygous deletion of
the C2 and catalytic GAP domain of the protein, in rats (HET). Importantly, this smaller form of
SynGAP is produced and localises to synapses at the same levels as wild type SynGAP. As was
found with a homozygous null deletion of SynGAP in mice, homozygous loss of the C2 and
GAP domains results in perinatal death in rats. However, in contrast with HET mice, HET rats
do not present with hyperactivity and can be habituated to an open field environment. To
examine associative recognition memory, we tested the rats in five spontaneous exploration tasks
for short-term memory, object-recognition (OR), object-location (OL), object-place (OP), object-
context (OC) and object-place-context (OPC). We also tested long-term memory in OR and OL.
Both groups were able to perform short-term memory tasks, but only wild type rats performed
above chance in OL with a 24h delay, suggesting deficits in long-term spatial memory. We then
tested if partial loss of the GAP domain in SynGAP affects social behaviour in rats and we found
that HET rats exhibited impaired short-term social memory, with no signs of social isolation.
One consistent observation through all the tasks was decreased exploratory activity of the HET
rats which was due to increased immobility. To examine this further we tested rats in a cued-fear
conditioning paradigm, where we found that HET rats had generalised fear and abnormal fear
extinction. These findings do not fully recapitulate abnormalities reported in the mouse model of
Syngap haploinsufficiency, suggesting that some key behavioural phenotypes may be species-
specific. We are currently examining the effect of the full protein deletion in rats, to complement
existing data and provide greater insight into cognitive dysfunction associated with dysregulation
in SynGAP-mediated signaling.
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Abstract: Abnormalities in how reward shapes behavior are present in a number of
neuropsychiatric disorders including autism spectrum disorders and schizophrenia. While there
are extensive genetic resources available to study these disorders in mice, few goal-directed tasks
have been designed that reliably characterize how mice weigh differential reward benefits and
cost in their selection of actions. In this study, we designed a forced-choice two-alternative serial
reversal task in which each lever was associated with specific reward outcomes and required
operant contingencies. Furthermore, to simultaneously probe flexibility of choice, we used
instantaneous performance measures to trigger contingency switches over the course of a
session. We developed global and trial-by-trial measures to assess the choice patterns and
behavioral flexibility of mice in response to differing “choice benefits” (modeled as reward
magnitude ratios) and different types of “choice cost” (modeled as either increasing repetitive
motor effort or increased delay to reward delivery). We have made the following observations:
(1) mouse choice is highly sensitive to both relative reward ratio and the density of feedback
information; (2) choice costs are heavily discounted in environments with large disparities in
reward volume; (3) mice differentially altered their response pattern in response to the
introduction of delay and effort costs on the higher reward lever. Delay decreased the likelihood
that mice would choose the same alternative on subsequent trials (effectively decreasing the
positive reinforcing effects of that alternative), while increasing effort thresholds on high-reward
alternatives paradoxically increased the reinforcing effects of the non-modified alternative. We
are currently employing this behavioral paradigm in Neurexinl o mutants, a mouse genetic model
of neuropsychiatric disease, where preliminary data suggests deficits in both value-based
reinforcement and flexible adaptation of choice.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
impaired communication, difficulty in companionship, repetitive behaviors and restricted
interests. Recent studies have shown amelioration of ASD symptoms by intranasal
administration of oxytocin and demonstrated the association of polymorphisms in the oxytocin
receptor (Oxtr) gene with ASD patients. Deficient pruning of synapses by microglial cells in the
brain has been proposed as potential mechanism of ASD. Other researchers have shown specific
activation of microglial cells in brain regions related to sociality in patients with ASD. Although
the roles of Oxtr and microglia in ASD are in the spotlight, the relationship between them
remains to be elucidated. In this study, we found abnormal activation of microglial cells and a
reduction of postsynaptic density protein PSD95 expression in the Oxtr-deficient brain.
Moreover, pharmacological inhibition of microglia during development can alter the expression
of PSD95 and improve abnormal mother-infant communication in Oxtr-deficient mice. Our
results suggest that microglial abnormality is a potential mechanism of the development of ASD-
like phenotypes.
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Abstract: Digging behavior is often used to test anxiety and repetitive behaviors in mice.
However, digging is also a normal mouse behavior, that can be focused toward different goals,



i.e. foraging for food, burrowing for shelter, removing noxious stimulus, or even for recreation as
has been seen in animals like dogs and ferrets. The marble burying test, where digging is
measured as related to the number of marbles buried in deep bedding has become a popular assay
for anxiety, obsessive compulsive disorder and repetitive behaviors in autism spectrum disorder
(ASD) in mouse models. However, this test can have ambiguous results and does not
discriminate between anxiety due to presence of the novel objects, the marbles, and compulsivity
using intensity of digging.

We developed the Discriminatory Digging Behavior test a test to make clear determinations
between different types of digging behavior in mice based on the driving motivation,
distinguishing between foraging (food-seeking) and burrowing (shelter-seeking). Mice are given
a choice between emptying a tube filled with paper bedding (the burrow) and digging in deep
corncob bedding. By testing mice which were fed ad libitum and then food-deprived, we showed
that mice will increase foraging outside the burrow when hungry. To show that this difference
was not due to acclimatization to the new environment, we performed the test again on the food
deprived mice two weeks after their food intake returned to ad libitum showing that they revert
to the previous behavior. When comparing male and female mice, we also found that females do
not switch between burrowing and foraging when food deprived as males do. Females have
shown different physiological response to food-deprivation than males and they greatly reduce
energy expenditure. This sex difference appears to be captured by our test.

This novel test can be used to probe brain circuits involved in food seeking, shelter/safety
seeking and anxiety and to test animal models of neuropsychiatric disorders. We started by using
a mouse model of intellectual disability (ID) and ASD with reduced marble burying
performance, mice deficient for the ASD/ID gene Cc2dla. We found that in fact their burrowing
index and burrowing behavior in general was reduced in males, and not altered in females.
Because burrowing improves with experience and is also socially facilitated we are now
developing variants on this test for assessing learning and social deficits. This cooperative
burrowing test can provide a novel social test that is not focused on olfaction as a measure, using
mice that are already part of the subject's social structure.
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Abstract: The social motivation theory of autism posits that social interaction may be less
rewarding for individuals with autism spectrum disorders (ASD) than typically-developing
individuals. However, it has also been suggested that reward processing may be affected more
globally in ASD. Mouse models present a promising opportunity to explore these competing
hypotheses across a variety of ASD etiologies, such as ASD-associated genetic mutations;
however, standard sociality tasks do not directly quantify social motivation. Thus we developed
an operant conditioning task to measure the rewarding value of a social stimulus, which may be
compared with non-social stimuli to assess whether deficits in reward processing are global or
specific to the social domain. We modified a standard mouse operant chamber (Med Associates
Inc.) to house a stimulus animal accessible to the test mouse via a guillotine-style door. Bars in
the doorway prevent the test mouse from exiting the operant chamber, but allow visual, auditory,
olfactory, and tactile contact between mice when the door is raised. Thus the test mouse may be
rewarded with social interaction rather than the typical food or drug reward. A progressive ratio
(PR) schedule of reinforcement determines the breakpoint for the social reward, that is, how
much effort the mouse is willing to exert to obtain that social contact. When rewarded with
access to a novel age- and sex-matched conspecific, the majority of wildtype C57BI/6j mice
successfully condition within 5 days on a fixed ratio (FR)-1 schedule, and demonstrate a PR
breakpoint comparable to that of non-social rewards (i.e. sucrose pellets). Testing of several
ASD genetic mouse models is ongoing. This social operant task represents a valuable addition to
the repertoire of sociality tasks used to assess mouse models of ASD, and will help to elucidate
the role of social-specific vs. global reward processing deficits in this disorder.
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Abstract: Autism spectrum disorder (ASD) is a pervasive neurodevelopmental disorder with
prevalent psychiatric comorbidities including anxiety and depression. Monoamine
neurotransmitters, including norepinephrine (NE) and serotonin, play important roles in
modulating anxiety and mood. Significantly, the neural patterning transcription factor Engrailed-
2 (En2) is involved in the development of the embryonic mid-hindbrain region, where
monoamine neurons emerge, and our studies, as well as others, suggest EN2 is associated with
ASD. The present study tested the hypothesis that En2 knockout mice (En2-KO) would have
defects in regulating the hypothalamic-pituitary-adrenal (HPA) axis stress system, which is
controlled in part by innervating NE fibers and activity. The amygdala and ventral hippocampus
(VHipp) exert stimulatory and inhibitory inputs to the paraventricular nucleus of the
hypothalamus (PVN) to regulate glucocorticoid release. Multiple regions were characterized
structurally (NE fibers) and functionally (c-fos) before and after swim stress. The En2-KO
amygdala exhibited increased NE innervation, including increased TH (1.7-fold; p<0.02) and
NET (1.5-fold; p<0.0017) proteins and NET fibers (2.3-fold; p<0.0007) though CRF mRNA
levels were reduced by 85% (p<0.0019). Similarly, the PVN had increased NET fibers (1.7-fold;
p<0.016) yet reduced CRF (50%; p<0.004). Based on these results we speculated that altered NE
innervation may produce parallel changes in neural activity, which we assessed by defining
nuclear c-fos immunostaining. Swim stress is known to produce increased brain regional c-fos+
cells 2h later. Indeed, in amygdala swim stress induced 30% (p=0.03) greater increase in BLA c-
fos+ neurons in En2-KO vs WT, and 2-fold greater c-fos+ cells in PVN (p=0.001) suggesting
correlations between innervation and activation. As one source of NE neurons we examined



locus coeruleus and found swim stress induced a 6-fold increase in c-fos+ neurons in En2-KO
(p<0.0001) compared to only 2-fold increase in WT (p<0.0001), potentially identifying a
mechanism for increased NE fiber activity. On other hand, the En2-KO vHipp exhibited 30%
lower c-fos response to swim stress compared WT (p=0.0074). Our observations indicate that
NE fiber innervation in the En2-KO mice is markedly increased in the PVN and BLA, whereas it
is reduced in the hippocampus. These results support a model of NE fiber innervation regulating
neural activity. Moreover, this pattern of enhanced excitatory signaling (amygdala, PVN)
accompanied by reduced inhibitory activity (vHipp) will likely lead to excessive activation of the
HPA axis, an outcome under current investigation.
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Abstract: Autism Spectrum Disorder (ASD) is characterized by social communication deficits,
repetitive and restrictive behaviors. Genetic and environmental factors which interfere with the
early stages of neuronal development contribute to an increased risk for ASD. Valproic acid
(VPA) is a commonly used antiepileptic drug and mood stabilizer. Maternal exposure of VPA is
associated with a significant increase in the occurrence of ASD in humans as well as in rodent
models. Prenatal exposure of VPA interferes with the normal synaptic signaling pathways during
brain development which eventually contributes to behavioral abnormalities seen in ASD.

STEP (STriatal-Enriched Protein tyrosine phosphatase) is a CNS-specific enzyme, which
opposes the development of synaptic plasticity. STEP downregulates the surface expression of
glutamate receptors as well as several kinases involved in synaptic strengthening. High levels of
STEP activity is implicated in several neurological disorders where it contributes to synaptic and
cognitive deficits. In this context, reducing STEP activity by genetic ablation or pharmacologic
inhibition significantly attenuates the biochemical, behavioral and cognitive deficits in these
disorders.



Here, we investigated the role of STEP in a prenatal VPA model of autism. We have found that
STEP protein levels are upregulated in the prefrontal cortex of prenatal VPA-exposed mice,
which show characteristic autistic symptoms. The increase in STEP level is correlated with a
decrease in the phosphorylation status of its substrates (ERK, GIuN2B) suggesting a relationship
between STEP activity and behavioral abnormalities in these models. We hypothesize that
abnormal STEP expression and downregulation of its substrates during critical stages of
development contributes to synaptic and behavioral deficits, which could be attenuated by
pharmacological reduction of STEP activity. STEP Inhibitor, TC-2153 rescues the behavioral
abnormalities like hyperactivity, stereotypy and social deficits in the VPA exposed wildtype
offsprings. These pre-clinical experiments will serve as a proof of concept to understand the role
of STEP in an environmental model of autism.
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Abstract: Autism is a neurodevelopmental disorder that causes a spectrum of heterogeneous
behaviors, having as common denominator problems in social interaction and alterations in both
communication and movement. Also, another common denominator is the alteration of the
cerebellum, which presents a reduction in size and a significant decrease in the GABAergic



neurotransmission. Considering the central role of GABA in the functioning of the cerebellum,
in this project we were interested in analyzing the density of its receptors in an autistic rat model,
and the impact of the stimulation of the subjects by an enriched environment. Thus, we did an
immunohistochemical analysis of GABA receptors (rGABA) as a basis for the study of this
neurotransmitter in the spectrum. We used an autistic Wistar rat model obtained after postnatal
injection of a daily dose of 150 mg/kg of valproic acid to pups from day P6 to P12. Four groups
of males were used, Controls (Ct) in standard (SE) and enriched (EE) environment, and Autistic
(At) in SE and EE. Then, rGABA in the vermis of the cerebellum was quantified. The results
showed that At subjects presented a significant reduction of rGABA, whose density increased to
level Ct after being exposed to an enriched environment. The results show that no matter the
reduction of rGABA in autistic subjects, the enriched environment has an optimal impact in its
density. Therefore, data shows non-pharmacological benefits that can be applied to subjects
within the spectrum, possibly prompting appropriate modifications in their behavioral displays,
which will be analyzed in future studies.
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Abstract: Human chromosome 16p11.2 microdeletion (16p11.2 del), a genetic alteration
associated with impaired development and mild intellectual disability, is one of the most



common gene copy number variation in autism, accounting for approximately 0.5-1% of all
autism spectrum disorder (ASD) cases. Recent studies suggest that ASD symptoms may be
partly mediated by deficiencies in brain synchronization and connectivity arising during
development. This study tests the hypothesis that genetic vulnerability to ASD conferred by
16p11.2 might involve dysfunctional communication amongst brain regions. To this purpose, we
first analysed resting-state fMRI (rsfMRI) scans in 16p11.2 del and control subjects from the
Simons VIP repository. By using motion-related volume scrubbing we were able to retain a
sufficient number of control and 16p11.2 del subjects for inter-group statistical mapping (n=28
and n=19, respectively). Inter-group rsfMRI connectivity mapping revealed reduced global
connectivity in lateral temporal regions of 16p11.2 del carriers, plus a focal involvement of
medial prefrontal areas. To corroborate these findings, we probed prefrontal rsfMRI connectivity
in a mouse model of 16p11.2 deletion and found that 16p11.2* mice exhibit reduced prefrontal
connectivity within the default and salience networks. Importantly, retrograde axonal labelling in
16p11.2*" mutants revealed altered neuronal density in prefrontal-projecting thalamic-nuclei,
suggesting a contribution of thalamo-frontal miswiring to the observed connectivity impairment.
We also probed microstructural white matter integrity in 16p1.2*"- mice using diffusion tensor
imaging and show that 16p11.2 mutants exhibit widespread increase in fractional anisotropy, a
finding recapitulating previous observation in children with 16p11.2 deletion. By using electron
microscopy, we identified increased axonal diameter in callosal fibers as a possible cellular
correlate of these alterations. Taken together, our findings highlight convergent connectivity
aberrancies in human 16p11.2 del carriers and in a mouse model of human 16p11.2 deletion, and
suggest that ASD-associated 16p11.2 copy number variations can predispose to
neurodevelopmental disorders and cognitive disability through a dysregulation of prefrontal
functional connectivity.
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Abstract: Neuroligins (NLs) are postsynaptic cell adhesion molecules that are related with
autism spectrum disorders (ASDs). The neuroligin-3 (NL3) amino acid substitution (R451C)
mutation was found in two brothers with ASDs in a Swedish family, and caused social novelty
deficits in the specific mutation knock-in mice. The medial prefrontal cortex (mPFC), a brain
region that is closely associated with neuropsychiatric disorders including autism. However, little
is known about the roles of NL3 during the development of glutamatergic and GABAergic
circuitry in mPFC, particularly the roles of NL3 that associated with fast-spiking (FS)
interneurons. And gamma oscillation regulated by FS interneurons dysfunction exists in some
ASD mouse models. Thus, we hypothesized the gamma oscillation in the mPFC is involved in
autism. We found that gamma oscillation dysfunction, decreased Glutamate N-methyl-D-
aspartate receptors (NMDARS) function of pyramidal neurons and declined excitability of fast-
spiking (FS) interneurons. Together, our findings suggest that the mPFC microcircuit
dysfunction may contribute to the ASD-like phenotypes in NL3 R451C KI mice.
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Abstract: Copy number variation (CNV) is one of the most prevalent genomic abnormalities in
ASD. We previously generated a 15q11-13 duplication model mouse corresponding to the most
cytogenetically frequent CNV in ASD and showed that paternal duplication (15q dup) mice
displayed ASD-like behaviors including poor social communication and interaction, behavioral
inflexibility and abnormalities of cortical spines and cerebellar functions. We also found a
reduction in the level of serotonin (5-HT) and in the volume of the dorsal raphe nucleus (DRN),
which contains a large proportion of 5-HT neurons providing serotonergic projections to cortical
forebrain regions. In the central nervous system of ASD patients, a decreased rate of 5-HT
synthesis in developmental stages was reported, suggesting a hyposerotonergic state. The 5-HT
system also has abnormal modulatory effects on cognitive function in ASD, and behavioral
abnormalities are thought to result from 5-HT-impaired neural networks although direct evidence
is lacking. Excitation/inhibition (E/I) balance is suggested to be disrupted in ASD and
enhancement of the GABAergic system rescues physiological and behavioral deficits in ASD
model mice. However, the hyposerotonergic state and its physiological and behavioral
consequences, particularly for cortical E/I balance and social behavior, remain unexamined in
ASD model mice. Here, we show that normal 5-HT levels are essential for the proper
maintenance of neocortical E/I balance, correct sensory stimulus tuning, and social behavior.
Conversely, low 5-HT levels in 15q dup mice result in impairment of the same phenotypes.
Restoration of normal 5-HT levels by early 5-HT intervention with selective serotonin reuptake
inhibitor (SSRI) revealed the reversibility of the ASD-related symptoms of 15g dup mice. These
findings suggest that 5-HT enhancement may have therapeutic potential for discrete symptoms in
ASD.
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Abstract: Although the biological mechanisms underlying autism spectrum disorder (ASD) are
not fully understood, evidence suggests that dysregulation of serotonergic systems may play a
role in ASD psychopathology. Preclinical models using mice with altered serotonergic
neurotransmission may provide insight into the role of serotonin in behaviors relevant to clinical
features of ASD. For example, BALB/c mice carry a loss-of-function single nucleotide
polymorphism (SNP; C1473G) in Tph2, which encodes the rate-limiting enzyme for serotonin
synthesis, and frequently have been used to model symptoms of ASD. In this study, juvenile
male BALB/c and C57BL/6J mice, which carry the wild type variant of the C1473G SNP, were
exposed to two behavioral tests: first, the three chamber sociability test, and one week later to the
elevated plus-maze (EPM). Immediately following testing in the EPM, all mice received
injections of the aromatic amino acid decarboxylase (AADC)-inhibitor, NSD-1015. One hour
later, tissue was collected for quantification of concentrations of 5-hydroxytryptophan (5-HTP)
in subregions of the dorsal raphe nucleus (DR) as a measure of Tph2 activity. BALB/c mice
showed reduced social behavior and increased anxiety-like behavior, as well as decreased Tph2
activity in the rostral and mid-rostrocaudal DR. Tryptophan hydroxylase 2 activity in the mid-
rostrocaudal DR was correlated with anxiety-like behavior in the EPM. In a subsequent
experiment, supplementation of brain serotonin synthesis in BALB/c mice using peripheral
administration of 5-HTP combined with the AADC-inhibitor, carbidopa, increased the time spent
in the social chamber of the three-chamber sociability test compared with mice treated with
carbidopa alone. Finally, an experiment using acute or chronic administration of the selective
serotonin reuptake inhibitor fluoxetine in BALB/c mice demonstrated that acute administration
of fluoxetine decreased social behavior, while chronic administration of fluoxetine increased



social behavior compared with vehicle-treated controls. Taken together, these data are consistent
with the hypothesis that dysregulation of serotonergic systems is associated with mouse
behaviors that resemble some of the clinical features of ASD.
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Abstract: Prenatal and neonatal hyperserotonemia has been the most consistently documented
neurochemical finding in children with autism spectrum disorders. Furthermore, pregnant
women taking SSRIs prescribed for depression are more likely to give birth to children with
autism. A perinatal hyperserotonemia rat model has been developed using the serotonin agonist
5-methoxytryptamine (5-MT). Daily injections of 5-MT to pregnant dams beginning on
embryonic day 12 and then into pups upon birth until postnatal day 20 can induce autism-like
symptoms, such as social deficits, sensory hyper-responsiveness, and coordination deficits.
Corresponding changes in neural development have also been consistently found in this model.
Because alterations in dopaminergic networks can produce symptoms similar to those described
above, we examined the effects of perinatal hyperserotonemia on the number of dopamine
neurons in the midbrain of juvenile male and female rats. We injected 5-MT (1 mg/kg) or a
vehicle solution daily to dams (days 12-21 of gestation) and subsequently to their pups (first 20
postnatal days). On postnatal day 30-32, subjects were perfused and their brains were collected.
We processed their brains immunohistochemically for tyrosine hydroxylase, the rate-limiting
enzyme in dopamine synthesis. The number of tyrosine hydroxylase-immunoreactive neurons in
the substantia nigra and ventral tegmental area were quantified. We have focused on these
midbrain areas because of their importance in movement regulation and motivation. Our results
indicate that perinatal hyperserotonemia increases the number of dopaminergic neurons in the
substantia nigra, but only in males. In contrast, treatment has no effect on dopamine expression
in the ventral tegmental area. Increases in dopamine expression in the substantia nigra of juvenile



males could relate to the coordination and impulsivity deficits that are commonly observed with
this model and with children with autism. Similar sex differences have been reported in other
studies examining the effects of perinatal 5-MT on neurochemistry, such as alterations in
oxytocin and serotonin receptor expression. Furthermore, these sex differences in juvenile
dopamine expression could contribute to sex differences in behaviors, such as juvenile play
behavior, that have been observed in this model.

Disclosures: Z. Zeisler: None. S. Smith: None. K. Northcutt: None.
Poster

283. Autism Genetic Models

Location: Halls A-C

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 283.28/B41

Topic: A.07. Developmental Disorders

Title: Altered maturation of auditory system processing and sensory filtering deficits in the
CNTNAP2 knockout rat model of autism: Electrophysiology and behaviour

Authors: *K. SCOTT, B. L. ALLMAN, S. SCHMID
Anat. and Cell Biol., Univ. of Western Ontario, London, ON, Canada

Abstract: The mammalian auditory system undergoes considerable development and
experience-dependent plasticity in early life. However, this normal maturation is perturbed in
individuals with developmental disorders, such as autism spectrum disorder (ASD). These
maturational differences may lead to impairments in auditory processing, and ultimately underlie
the communication deficits and altered reactivity to sensory stimuli associated with ASD. For
example, individuals with mutations in the autism-linked gene, contactin-associated protein-like
2 (CNTNAP2), are known to experience language processing deficits, yet the contribution of
CNTNAP?2 to the maturation of auditory processing and sensory filtering remains unknown. We
addressed this question with a recently-developed rat model, by comparing the developmental
timeline of hearing thresholds and temporal processing using the auditory brainstem response
(ABR) and assessing sensory filtering via the acoustic startle response (ASR) in male and female
juvenile, adolescent, and adult CNTNAP2 homozygous knockout (cntnap2”), heterozygous
knockout (cntnap2*’), and wildtype Sprague Dawley rats. The ABR in response to click stimuli
(90 to 10 dB SPL in 5dB steps) was recorded at postnatal day 28, 42, and 70, and the hearing
threshold as well as the latency and magnitude of waves I-1V in response to the 90 dB click
stimulus were compared between genotypes and across age groups. Auditory sensitivity and
sensory filtering (habituation and sensorimotor gating) were assessed behaviourally at P44 and
P72 using the magnitude and latency of the ASR. Specifically, the level of startle reactivity to 65
dB - 105 dB noise pulses was used as an index of auditory sensitivity, and habituation of the
ASR was measured in response to the repeated presentation of a 105 dB noise pulse. Finally, to



assess sensorimotor gating, the level of prepulse inhibition was determined under a variety of
stimuli conditions (i.e., prepulses at 75 or 85 dB; 30ms or 100ms inter-stimulus interval).
Ultimately, we found that sound-induced neural activity was transmitted slower throughout the
early stages of the auditory pathway in juvenile cntnap2” rats compared to age-matched
wildtype controls; however, this CNTNAP2-related delay was no longer present in adulthood. In
contrast, although differences in auditory sensitivity and sensory filtering were also observed, the
significant sensorimotor gating deficit found in juvenile cntnap2” rats did not improve with age.
Overall, these results provide insight into the altered maturation of the auditory system in a
preclinical model of ASD and how it may lead to altered reactivity to acoustic stimuli.
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Abstract: There is consensus in the autism research community that autism spectrum disorder
(ASD) has a complex etiology, combining both genetic and environmental factors. The Animal
Model module of AutDB catalogues rodent ASD models, which can be models of genetic or
non-genetic factors. Although it is recognized that the environment plays an important role in
ASD etiology, most ASD research has focused on genetic factors. Here we want to focus on
animal models of non-genetic factors. In AutDB, we have annotated both mouse and rat models
of ASD from peer-reviewed publications. Our recent addition of rat data to the Animal Model
module of AutDB has highlighted ASD research focused on environmental factors. Together, our
animal model data compiles 185 ASD models from 70 non-genetic factors. The objective of our
analysis is to assess non-genetic rodent models with ASD-consistent phenotypes. Because ASD
is a neurodevelopmental disorder, we want to analyze the developmental time points that are
used in the induction of the environmental models. Our hypothesis is there is a correlation
between the development of ASD-consistent phenotypes with the trajectory of brain
development. Our data show that two developmental time points have an effect in the emergence
of ASD-consistent phenotypes: one is mid-gestational and the other early postnatal. We have
also classified the non-genetic factors based on environmental etiological models. This



classification allows us to compare different etiological models, which are based on human
studies, to the emergence of ASD-consistent phenotypes in rodents. By comparing the non-
genetic factors, based on both etiology and phenotypic data, we can score the importance of the
underlying pathways. Overall, our study demonstrates that ASD-consistent phenotypes in rodent
models are linked to specific neurodevelopmental time points and etiological pathways.
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Abstract: A major consequence of preterm birth is premature loss of the placenta and the
support it provides. The placenta is a critical neuroendocrine organ that supplies the developing
fetus with essential hormones, including neurosteroids such as allopregnanolone (ALLO). ALLO
is a metabolite of progesterone that is produced via a two-step enzymatic conversion process that
depends specifically on 3a-hydroxysteroid dehydrogenase (3aHSD; in mouse encoded by the
AKR1c14 gene). ALLO is a potent, positive allosteric modulator of GABAA receptors. High
levels of ALLO are provided by the placenta, at a time when synapses are predominantly
GABAergic and GABA is excitatory, rather than inhibitory. GABA excitation is critical for
maturation and integration of neurons into developing circuits. ALLO is implicated in regulation
of neurogenesis, neural outgrowth and survival, migration and synapse stabilization. To directly
test placental ALLO’s role in fetal cortical and hippocampal development, AKR1c14 floxed
mice designed by our laboratory were bred with CYP19-CRE mice to create a placental-specific
knockout of 3aHSD, confirmed by qPCR and in situ hybridization. Here, the long-term
consequences of placental AKR1c14 loss are described. Immunohistochemistry, gene expression
assays and progenitor labeling techniques were used to assess anatomical changes. Alterations in
GABAEergic interneurons (somatostatin and parvalbumin subtypes) were detected in
hippocampus and cortex. Adult mice underwent a behavioral test battery (open field, Y maze, 3-
chamber sociability, and novel object recognition). Adult mice not exposed to placental ALLO



exhibited higher anxiety, decreased sociability, and impaired cognitive function compared to
litter-mate controls. The behavioral deficits mirror those seen in human preterm survivors;
GABA loss has been implicated in these deficits. Placental ALLO may regulate GABAergic
interneuron development in key regions, including hippocampus and cortex. Our results suggest
that loss of placental ALLO can dysregulate early GABAergic signaling, resulting in long-lasting
neurological deficits. Our novel placental knockout model is now allowing direct testing of this
mechanism and will allow testing of neurological rescue based on ALLO and other placental
hormones.

Disclosures: J. O'Reilly: None. D. Bakalar: None. A.A. Penn: None.
Poster
284. Neurodevelopmental Disorders: Environmental Exposures
Location: Halls A-C
Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 284.02/B44
Topic: A.07. Developmental Disorders
Support: Research Foundation, Cerebral Palsy Alliance
Board of Visitors, Children's National Medical Center
Title: Long-term alteration of cerebellar white matter following prenatal allopregnanolone loss

Authors: J. SALZBANK!, C. VACHER?, *A. A. PENN?1
ICtr. for Neurosci. Res., 2CRI, Fetal Med., Children’s Natl. Med. Ctr., Washington, DC

Abstract: Prematurity is a risk factor for a wide array of neurodevelopmental disorders and CP
is no exception; nearly 50% of children who develop CP are born before 37 weeks gestation.
While CP is classically associated with cortical white matter injury (WMI), recent studies
suggest that cerebellar WMI may also contribute to the disease pathology. Peak growth and
maturation of the cerebellum, accelerating rapidly from 24 weeks gestation through postnatal life
leaves this region vulnerable to developmental abnormalities. Prematurity deprives the fetus of
high levels of placental neuroactive steroids, specifically the progesterone derivative,
allopregnanolone (ALLO), widely investigated for its neuroprotective properties, notably by
promoting myelination. This study focuses on the impact of early loss of placental ALLO on
cerebellar development and long-term function. To examine the cerebellum following loss of
placental ALLO, we bred a Cyp19-Cre driven transgenic mouse model to specifically knock out
AKR1C14, the gene encoding ALLQO’s synthetic enzyme, in trophoblast cells, providing a
targeted decrease of placental ALLO. Pups received EdU at E15.5 to analyze late-term cell
proliferation in the cerebellum. Immunohistochemical staining with Olig2/Ki67/NogoA and
Myelin Binding Protein was used to track oligodendrogenesis. Preliminary data indicated that



early loss of ALLO is associated with a decrease in cerebellar oligodendrocyte density. In
addition, RNA-seq analysis performed in P30 cerebella showed differential expression of genes
specific to myelination processes and axonal outgrowth. In parallel, a battery of cerebellar-
specific behavioral tests, including the Erasmus ladder, was used to characterize long-term motor
abnormalities. These results suggest long-term cerebellar WM and motor function deficits that
persist long after prenatal ALLO loss. Understanding the mechanisms underlying cerebellar
growth suppression and injury that follows preterm birth will allow for the development of new
interventions to protect this vulnerable region.
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Abstract: Allopregnanolone (ALLO), along with its precursor progesterone, is a neuroactive
steroid primarily synthesized prenatally by the placenta and postnatally by the brain. ALLO
exerts neurodevelopmental and neuroprotective actions through allosteric activation of GABA-A
receptor. In fetal brain, ALLO notably promotes neurogenesis and myelination, and protects
developing neurons and glial cells from damage. Preterm delivery is associated with premature
loss of placental ALLO, potentially contributing to the long-term consequences of prematurity,
including learning impairment, attention deficits and cerebral palsy. To test this hypothesis, we
generated a transgenic mouse model in which the gene encoding the synthetic enzyme for ALLO
(AKR1C14) is deleted in trophoblastic cells expressing Cyp19-Cre transgene to suppress
placental ALLO production specifically. We combined two unbiased approaches to assess this
prenatal ALLO loss on brain development: (1) 3D analysis of cell proliferation in the whole



brain (whole mount-CLICK) after EdU injection at late gestation, and (2) RNA sequencing in
adult brain to characterize the transcriptome of cerebral cortex, hippocampus, hypothalamus and
cerebellum, with our without prenatal placental ALLO exposure. RNA sequencing analysis
revealed long-term, sex-specific gene expression changes. Differentially expressed genes include
those involved in cell proliferation (in agreement with our cell proliferation analysis), survival
apoptosis, neurite outgrowth, neurotransmission, myelination and epigenetics, as well as region-
specific functions such as energy homeostasis and somatic growth. By providing new evidence
on the importance of placental hormones on shaping and programing the developing brain, our
data paves the way for further investigation in the emerging neuroplacentology field that can lead
to novel therapeutic approaches to prevent adverse neurological outcomes from preterm birth.
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Abstract: Prolonged administration of opioids and benzodiazepines used for pain and sedation
management in the youngest of patients is associated with a high incidence of drug tolerance and
dependence. The clinical impact of such treatment on the full-term infants is largely unknown.
We hypothesized that prolonged sedation with opioids and benzodiazepines in full-term infants
younger than 1 year is associated with (1) increased incidence of brain abnormalities as per brain
MRI scan, (2) increased CSF volumes, and (3) decreased brain volumes in comparison to healthy
controls. Subjects were compared between two groups as per IRB approval at the Boston
Children’s Hospital. Subjects underwent research scan at 3T MRI scanner for 3D T-1 and T2-
weighted anatomical images, while charts were reviewed for quantification of sedation. End-
point analyzes included: (1) length of sedation and weaning (days), (2) total treatment doses per



patient (mg/kg/day), (3) average daily doses during sedation and weaning (mg/kg/day + SD), (4)
number of anesthesia events, (5) number of incidental findings on brain MRI reports, and (6)
estimated normalized cerebrospinal and brain volumes using MANTIS segmentation. Pearson’s
correlation coefficient was used to measure the linear relations between the different variables
analyzed. Morphine and midazolam were the two drugs used the most frequently for prolonged
sedation and were administered at the highest doses. We report significant positive linear
relationships for the average daily dose of received morphine and midazolam with the number of
neuroradiological findings (e.g. abnormalities in extra-axial space, ventricular system,
parenchyma, and/or white matter structures) that were not present in any of the controls. There
was no significant relationship between the average daily dose of morphine or midazolam
despite the apparent positive trend with cerebrospinal fluid volume, and negative trend with
estimated brain volume. Given the current standard of care using these drugs for prolonged
sedation, future investigations of gray and white matter organization in at-risk full-term infants
can provide crucial information of how prolonged sedation can affect brain development and
potentially lead to long-term neurobehavioral sequelae.
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Title: Brain tissue oxygen regulation in neonates under anesthesia
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Abstract: Normal brain function depends on keeping the level of oxygen within a relatively
narrow range that is sufficiently high to prevent hypoxia and low enough to minimize generation
of toxic oxygen species. Stable blood flow is maintained throughout the brain by cerebrovascular
autoregulation, which regulates the response of cerebral arteries to fluctuations in arterial
pressure, ensuring sufficient oxygen for basal neuronal activity. It is known that anesthesia has a
significant effect on neuronal function and cerebral metabolism which can be different in adults
and children. The goal of this study was to compare brain tissue oxygen regulation in neonates in
the awake state and during anesthesia. Partial oxygen pressure (PO2) and single unit (SU)



recordings were performed in the somatosensory cortex of neonatal rabbits (9-12 days postnatal)
before, during and after anesthesia with 1 MAC of either isoflurane or sevoflurane delivered both
in air and in 80% oxygen. Each animal served as its own control. The same electrodes were used
for SU and PO- recording. The PO electrodes were polarized at -0.7 volts, and connected to an
ammeter (Keithley 614) to record a current that was typically 3 to 10 nA before anesthesia. The
current was converted to voltage, notch and low-pass filtered (30 or 50 Hz), and amplified. After
completion of PO experiments SU recordings were obtained from the same rabbits before,
during and after anesthesia. The multiple SU signals from the microwires were fed through a
miniature preamplifier to a multichannel differential amplifier system (Neuralynx Inc, Bozeman,
Montana, USA). The signals were amplified, band-pass-filtered (300Hz to 3 kHz), and digitized
(32 kHz/channel) using a Neuralynx data acquisition system. Unit discrimination was performed
offline using threshold detection followed by a cluster analysis of individual action potential
wave shapes using Neuralynx analysis software. Our results showed that when delivered in air,
only isoflurane increased brain PO». Sevoflurane did not significantly change brain PO likely
due to severe respiratory depression. During inspiration of 80% O, brain PO increased more
when the animals were anesthetized with isoflurane or sevoflurane than when they were awake.
This increase was large and varied considerably among the subjects. Single unit activity was
greatly suppressed by both isoflurane and sevoflurane, indicating lower consumption of tissue
oxygen.
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the Asian lineage and Dengue virus
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Abstract: Our group is interested in understanding mechanisms underlying neural tube defects
(NTDs) and microcephaly. Focusing on a microcephaly disease gene WDR62, we discovered a
novel disease mechanism, in which mitotic delay and cell death of neural progenitor cells
(NPCs) lead to microcephaly (Nat. Communication, 2014). Zika virus (ZIKV) infection has been
linked with fetal brain abnormalities. By developing the first postnatal mouse model associated
with ZIKV, we recently established the causative link between ZIKV and microcephaly.
Specifically we discovered that Zika virus infection disrupts neurovascular development and
results in postnatal microcephaly with brain damage (Development, 2016).

The Zika virus (ZIKV) has two lineages: the ZIKV-Asia and ZIKV-Africa isolates. There is no
scientific documentation of ZIKV-Africa related brain defects. Dengue virus (DENV), a close
family member of ZIKV, is also not linked with brain disorders. Here we performed the
intracerebral inoculation of embryonic mouse brains and found that DENV?2 is sufficient to cause
microcephaly due to increased cell death in neural progenitor cells (NPCs) and neurons.
Compared to ZIKV-Asia, DENV2 grows slower, causes less neuronal death, and fails to cause
postnatal animal death. Surprisingly, our side-by-side comparison uncovers that ZIKV-Africa is
more potent in causing brain damage and postnatal lethality than ZIKV-Asia. In comparison to
ZIKV-Asia, ZIKV-Africa grows faster in NPCs and in the developing brain, causes more
pronounced cell death in NPCs and neurons, resulting in more severe neuronal loss. Together,
these results reveal that DENV?2 is sufficient to cause microcephaly but in a less severe manner
than ZIKV-Asia. ZIKV-Africa is more virulent and causes more severe brain damage than
ZIKV-Asia, highlighting the need to better understand the neurological complications associated
with ZIKV-Africa.
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Abstract: Folic acid (FA) supplementation during the first trimester of pregnancy is
recommended to prevent neural tube closure defects. Our previous studies have demonstrated
that treatment with FA after a hypoxic-ischemic (HI) event has a dual effect. Considering this,
the aim of this study was to investigate the effect of different doses of FA supplementation
during pregnancy on the rat’s offspring submitted to neonatal HI. Male and Female Wistar rats
were obtained from a local breeding colony by Federal University of Rio Grande do Sul
(Approval n° 28136). After mating confirmation, female rats were divided into 3 groups,
according to FA supplementation: standard diet (SD), supplemented with 2 mg/kg of FA (FA2)
and supplemented with 20 mg/kg of FA (FA20). After birth, all animals returned to receive the
SD diet. At the 7° post-natal day (PND), puppies were submitted to Levine-Vanucci model of Hl
(permanent occlusion of the right carotid and hypoxia during 90 min), generating 6 groups: 1)
control with SD diet (CTSD), 2) HI with SD diet, 3) CT with FA2 (CTFA2), 4) HIFA2,5) CT
with FA20 (CTFA20) and 6) HIFA20. Starting at 60° PND, it was performed the novel object
recognition (NOR) and the inhibitory avoidance tasks (n=9-13/group). Another group of animals
were euthanized at 60° PND and had their hippocampi dissected to evaluate the BDNF
concentration (n=5-7/group). In NOR, no differences were observed in the exploration time of
the two similar objects in the first session. In the second session, HIPD group had lower novel-
object preference index than all control groups, indicating a memory deficit by the lesion. HIPD
was also different from HIFA20 and HIFA2 was similar to HIPD and control groups. Deficits
caused by HI injury were partially prevented by the lower dose of FA and completely prevented
by the higher dose of FA. In the second day of inhibitory avoidance task, HIPD had lower
latency to step down the platform when compared to CTPD. HI supplemented with FA groups
had no differences with CT and HIPD groups, showing that there was an aversive memory
deficit caused by the HI lesion and a partially recovery by FA supplementation. Considering the
BDNF concentration, no differences were found in the contralateral hippocampus (left
hemisphere). All HI groups had higher BDNF concentration in the ipsilateral side, indicating no
effect of FA supplementation. In conclusion, FA supplementation during pregnancy was able, at
least, to partially recovery memory deficits caused by HI lesion, indicating a fetal programming
effect. This recovery is not due to BDNF concentration.
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Title: Developmental effects of the pyrethroid insecticide deltamethrin on medium spiny
neurons of the nucleus accumbens
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Abstract: Deltamethrin (DM) is a commonly used pyrethroid insecticide that exerts its effect on
insect voltage-gated sodium (Nav) channels by delaying onset of Nav channel inactivation,
which is important for the initiation and propagation of action potentials mediating neuronal
excitability. Due to high evolutionary conservation of Nav channels and cross reactivity among
species, it is imperative to investigate the possible effects of DM in humans. New findings from
epidemiological studies correlate the presence of pyrethroid metabolites in urine to an increased
risk of attention deficit hyperactivity disorder (ADHD) diagnosis in children. Furthermore,
supporting evidence show that rats exposed to DM exhibited ADHD-like behavioral phenotypes,
which was attributed to the dopaminergic (DA) reward pathway in the nucleus accumbens
(NACc). Similar dysregulation of DA medium spiny neurons (MSNSs) has been implicated in
multiple neuropsychiatric disorders such as anxiety and depression. In the DA MSN, there is a
prevalence of Nav 1.6 channel isoform that is important in synaptic transmission. Nav1.6
heterologous cell studies have shown that prolonged DM exposure significantly potentiated Nav
1.6 mediated persistent and tail currents. Here, we investigate the mechanism of MSN
dysfunction due to developmental DM exposure. Pregnant female B6 mice were exposed to 3.0
mg/kg of DM throughout pregnancy and lactation. Then, male mice littermates from post-natal
day ~30 were used for subsequent experiments. We employed whole-cell patch-clamp
electrophysiology in coronal brain slices to monitor changes in NAc MSNs firing due to
developmental DM exposure. At 110 pA of injected current, DM exposure significantly
decreased the mean number of action potentials when compared to control (DM 6.8 +2, C 15+
2.4, n=7-12, p<0.05 with Student t-test). At 190 pA of injected current, DM exposure
significantly lowered the instantaneous firing frequency when compared to control (DM 18.4 +
4.2 Hz, C 34.7 £ 5.3 Hz, n=7-12, p<0.05 with Student t-test). These effects were observed over
a series of several current steps. No changes were observed in other active and passive electrical



properties. These studies will advance our knowledge of the toxic activity of DM in the
developing brain and help assess risk exposure in the human population.
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Abstract: Introduction

Acute lymphocytic leukemia (ALL) is the most common form of childhood cancer. Advances in
modern medicine have allowed a survival rate of up to 90%. However, children are often left
with late effects, which impair cognitive ability, cause cardiac dysfunction, and ultimately limit
the quality of life of leukemia survivors. It is widely believed that the combination chemotherapy
used in treatment for ALL is responsible for late effects. However, because many chemotherapy
agents are administered together in a complex, multi-phase treatment, it is not possible to
determine which agents are most toxic. In recent work, we have studied a mouse model of
chemotherapy treatment in which we systematically characterized the effects of the most
common chemotherapy agents individually. We found that when mice were treated with
vincristine at an infant equivalent age, they exhibited significant volume deficits in the brain at
early adulthood. In this work, we measured brain development in mice longitudinally to establish
how vincristine-induced changes in brain development emerge.

Description of Project

At an infant equivalent age, male and female mice were treated with vincristine intravenously.
Mice were imaged using in vivo MRI once before treatment, and three times after until they
reached nine weeks of age. Treated mice were compared to saline-treated littermates to assess
differences in volume across the brain as a function of age.

Results and Conclusion



Changes due to vincristine treatment were widespread, with prominent changes in white matter
regions, some areas in the cortex and the cerebellum. Changes began after treatment and
emerged progressively over time, with the deficit becoming most significant at the final imaging
time point. This work provides an important indication of the progressive—as opposed to
acute—impact of vincristine on brain development and implicates vincristine as a toxic
component of ALL treatment.
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Abstract: Bisphenol A (BPA) is an environmental endocrine disruptor that has been detected in
the vast majority of the United States population. Previous research from our lab has found an
increase in the number of neurons and glia in the medial prefrontal cortex (MPFC) of male rats
following perinatal exposure. The current study explores the effects of environmentally relevant
doses of BPA on the number of microglia and synapses in the mPFC. Pregnant dams consumed
doses of 0, 40, or 400 ug/kg/day of BPA from gestational day 2 through parturition. After birth,
the pups individually consumed the same dose of BPA from postnatal day 1 through 10. Brain
tissue was collected in adulthood (~P90) and, using immunohistochemistry, adjacent sections
were stained for IBA-1 (microglia) or synaptophysin (synapses). The density of microglia and
synapses in the mPFC was calculated using the optical disector in Stereolnvestigator.
Preliminary results do not show a long-term effect of BPA on the density of microglia or
synapses in the mPFC. However, the density may not indicate the actual number of cells or
synapses. The density will be multiplied by the volume of the mPFC in order to determine the
actual number of microglia and synapses. In addition, the morphology of microglia in the mPFC
was assessed. There is a trend towards a decrease in the percent of microglia in the ameboid
stage with perinatal BPA exposure. No differences were found in the other morphological stages.
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Title: Perinatal exposure to either bisphenol A or phthalates and a high-fat diet minimally affect
oxidative stress within the medial prefrontal cortex of both male and female pups
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Abstract: Since endocrine-disrupting chemicals (EDCs), like phthalates and bisphenol A (BPA),
are extensively used as plasticizers and chemical agents in a variety of consumer products,
humans are ubiquitously exposed. However, due to environmental contamination, diet is
presumed to be the main source of exposure to most of these EDCs, with fatty foods containing
the highest concentrations. Given this correspondence and that high-fat diets and these EDCs can
separately increase oxidative stress and inflammation systemically, it is important to study them
together to examine the potential for interactive effects. Furthermore, since these EDCs can
readily cross the placenta and disrupt the actions of hormones that drive the organizational
circuitry of the developing brain, the gestational period appears to be a particularly vulnerable
window to the effects of EDCs. Unsurprisingly, prenatal EDC exposure in humans is associated
with adverse neurodevelopmental and behavioral outcomes. Likewise in rodents, there are
perinatal EDC exposure studies corroborating the adverse effects on cognitive behavior;
however, these studies have not investigated whether these adverse effects are related to local
inflammation. Previously, we have shown that EDC exposure and a high-fat diet perinatally in
rats can lead to sex-specific behavioral and cognitive effects in adolescence and adulthood that
rely on the medial prefrontal cortex (mPFC).

Here, we examined the effects of perinatal high-fat diet and EDC exposure on oxidative stress
markers in the mPFC. Throughout gestation to postnatal day (P) 10, dams were provided a
control or high-fat diet. Dams were also orally dosed with either a phthalate mixture or BPA



throughout gestation, but only phthalates can be passed to pups through lactation, so that BPA
was directly administered to pups until P10, whereas phthalate consumption continued in dams.
Pups were sacrificed on P10 within hours of the last oral EDC administration and their brains
were harvested and processed for ELISA. Our results indicate that males may be more
vulnerable to brain-specific oxidative stress from perinatal environmental factors, but neither
treatment nor diet had consistent or systematic effects on oxidative stress markers within the
mPFC.
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Abstract: The perinatal period is crucial for brain development while at the same time, a period
where the brain is particularly prone to environmental insult. One such environmental concern is
exposure to phthalates, a class of endocrine-disrupting chemicals used as plasticizers, solvents,
and emulsifiers in a variety of products that are known to readily cross the placenta and can be
passed to offspring though lactation. Previously, we have shown perinatal phthalate exposure in
rats can lead to sex-specific behavioral and cognitive changes in adolescence and adulthood that
rely on the medial prefrontal cortex (mPFC). Due to these behavioral findings, in this study we
examine the effect of perinatal phthalate exposure on the number of synapses in the adult mPFC.
Dams were dosed orally with an environmentally relevant phthalate mixture composed of
35.35% DEP, 21.12% DEHP, 15.12% DiNP, 15.10% DBP, 8.16% DiBP, and 5.15% BBP at 0,
200, or 1000 pg/kg/day. Pups were sacrificed in adulthood and their brains harvested.
Immunohistochemistry was performed on coronal slices of the mPFC for synaptophysin, a



presynaptic vesicle marker, and then stereologically analyzed. Our preliminary results indicate
that increasing phthalate exposure generally decreases synaptic density, particularly in layer
V/V1, in both sexes. However, the addition of mPFC volume measurements will allow for the
calculation of total synapse number in the mPFC, which will provide a more complete picture of
the lasting impact of perinatal phthalate exposure on mPFC synaptic development.
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Title: Effects of a phthalate combination during perinatal development on apoptosis in the mPFC
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Abstract: Phthalates are endocrine disrupting compounds that can affect androgenic and
estrogenic systems, and are found ubiquitously throughout the environment in a variety of
consumer products. The developing fetus can exposed to phthalates through placental transfer
and lactation during critical periods of neural development. Previous work indicates that
exposure to the phthalate DEHP during prenatal development can decrease cell number and
increase apoptosis in the rodent neocortex. Here we examine the effects of exposure to a
combination of phthalates found in pregnant human females on the development of the medial
prefrontal cortex (mMPFC) in male and female rats. Pregnant and lactating rats were fed a cookie
with a dose of 0Omg/kg, 1mg/kg or 5mg/kg phthalate solution containing six different phthalates
(including DEHP and DBP, which have previously been shown to induce apoptosis) at
environmentally relevant levels. Dosing occurred from embryonic day 2 through postnatal day
(P)10. Brain and body weights were collected from male and female pups at P10 and P25. We
additionally examined markers for apoptosis in the medial mPFC at P10, and total mPFC volume



at P25. Both male and female pups dosed with 5mg/kg phthalates had a higher density of
TUNEL positive cells in the mPFC, indicating higher levels of cell death, while the 1mg/kg dose
caused a reduction in mPFC volume at P25 in both sexes. Additionally, there was a sex
difference in the amount of apoptosis in the 1mg/kg group at P10 with effects in males, but not
females. Collectively, these results imply that combinations of common phthalates found in the
environment can affect the development of the mPFC in a dose and a sex-dependent manner in a
brain region critical for executive function.
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Abstract: In many products, Bisphenol F (BPF) is being used as a substitute for Bisphenol A
(BPA). Traces have already been found in canned foods as well as in river sediments. Emerging
in vitro data show that BPF may not be a safe alternative to BPA, pointing to similar, or even
more potent endocrine disruptive abilities. BPF increases progesterone and upregulates the
expression of Cyp2d4 in the brain, the enzyme that converts progesterone to allopregnanolone, a
potent GABAa modulator. Given the potential of BPF to affect inhibitory signaling in the brain,
we used chronic BPF exposure and examined anxiety in adult CD1 male mice. We selected an
oral route of administration and doses that reflect likely human exposure to BPF (Omg, 0.5mg
5mg and 50mg BPF/kg food). After 7 weeks of exposure animals were tested in the Open field
and the Elevated plus maze test. Based on toxicity studies with much higher doses of BPF we
hypothesized that the chronic exposure to all 3 of the low doses of BPF would decrease activity
and increase anxiety-like behavior in male mice. Our initial data from the Open field test so far
show no differences in activity between the groups. Additionally, contrary to our expectations
the animals exposed to BPF are less anxious as reflected by a tendency to spend more time in the
center of the Open field and lower amount of defecation. We will discuss the results further in
relation to direct versus parental exposure to BPF.
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Abstract: One-carbon metabolism regulates the availability of methyl groups for the
methylation of DNA and histone proteins. Methionine can be taken exogenously from the diet
and is converted in the one-carbon metabolism cycle to the universal methyl donor responsible
for biological methylation. We have previously demonstrated that subchronic treatment with a
low dose of L-methionine (L-MET) in adult mice caused a number of behavioral changes (Wang
et al., 2015). We subsequently saw similar effects in the offspring of females given the same L-
MET treatment during pregnancy (manuscript in preparation). We wanted to determine the
contribution from the maternal environment to these behaviors, so we cross-fostered the
treatment groups (saline pups with L-MET mothers and L-MET pups with saline mothers) and
tested them alongside of control groups in adulthood. We examined locomotor activity, T-maze
performance, social interaction, prepulse inhibition and fear conditioning. The results suggest a
stronger correlation between direct or epigenetic factors and aberrant behavior, in comparison to
the maternal environment. This suggests that changes in dietary levels of methionine during
pregnancy may have profound behavioral results that are independent of the maternal
environment.

Wang L, Alachkar A, Sanathara N, Belluzzi JD, Wang Z, Civelli O. A Methionine-Induced
Animal Model of Schizophrenia: Face and Predictive Validity. Int J Neuropsychopharmacol.
2015. 18(12).
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Abstract: The one-carbon metabolism, which relies on the methionine-folate cycles, has been
implicated in the pathophysiology of a number of psychiatric disorders such as autism,
Alzheimer’s, and schizophrenia. Here we examined the effects on mouse development and
behavior of perturbation of one-carbon metabolism evoked by daily methionine administration to
dams in the last week of gestation. The dose of methionine is equivalent to double their normal
daily dietary intake. The resulting pups (MET mice) exhibited deficits in cognitive functions and
memory as shown in T-maze, social recognition, novel object recognition, novel location
recognition, and fear conditioning. MET mouse brains also exhibited decreased neurogenesis and
synaptic plasticity, increased gliogenesis, and abnormally reduced local excitatory synaptic
connections in CAL neurons. Strikingly, neural transcript expression of only one gene, encoding
the Npas4 transcription factor, was >2-fold altered (downregulated) by prenatal methionine
administration. Our data support a role for prenatal one-carbon pathway in memory, and suggest
methionine metabolism as a potential therapeutic target for psychiatric disorders associated with
cognitive deficits
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Abstract: The formation of the blood brain barrier (BBB) is key to brain development. Recently
it has been demonstrated that radial glial (RG) neural progenitor cells have a strong impact on
brain vessel development and BBB formation in the embryonic cortex through modulating
endothelial wnt signaling. Maternal brain reactive antibodies (Abs) can penetrate the fetal brain
before the embryonic BBB is established. Abs to the brain water channel protein Aquaporin-4
(AQP4) have been associated with fetal loss and may contribute to neurodevelopmental
impairment in the offspring of patients with Neuromyelitis optica (NMO), a neurological
autoimmune disease characterized by AQP4-1gG in the vast majority of patients. In NMO
patients, AQP4 Abs bind to AQP4 on astrocytic endfeet surrounding blood vessels. AQP4 is
expressed at the BBB interface and has probably an important role in BBB formation.

In order to study the effect of maternal AQP4 Abs we injected intravenously human monoclonal
AQP4-1gG or an isotype matched control antibody to pregnant mice at embryonic day E14.5.
Western blot and qPCR results show that AQP4 is expressed at a significantly higher level in the
fetal brain compared to the placenta throughout all gestational stages. Immunohistochemistry
staining shows that a single exposure to AQP4-1gG during embryogenesis alters the vasculature
and the number of GFAP positive astrocytes in the hippocampus and cortex of AQP4-1gG in
utero exposed male mice throughout adulthood, but did not affect the vasculature of the kidney,
where AQP4 is also expressed. We performed a PET study in these mice, which revealed BBB
impairment in the entorhinal cortex, which was accompanied by an increased blood flow. QPCR
analysis demonstrated differential expression of wnt signaling molecules and LEF1, a
transcription factor regulated by wnt signaling pathway, in the cortex of AQP4-1gG exposed
mice at postnatal day PO.

Currently we are studying if the altered vasculature and BBB impairment are caused by binding
of AQP4-1gG to RG cells. Our findings add to the understanding of BBB formation during
embryogenesis and include NMO to the list of potential conditions in which maternal Abs lead to
neurodevelopmental problems in the offspring.
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Abstract: Due to the marked increase in life expectancy following the advent of combination
antiretroviral therapy (CART), there is a critical need to examine the progression of HIV-1
associated neurocognitive disorders (HAND). Longitudinal experimental designs, in comparison
to cross-sectional studies, provide an opportunity to establish age-related disease progression in
HAND. The HIV-1 transgenic (Tg) rat, which has been promoted for investigating the effect of
long-term HIV-1 viral protein exposure in neurocognitive deficits, was used to examine two
interrelated goals. First, to establish the integrity of sensory and motor systems through the
majority of the animal’s functional lifespan. Strong evidence for intact sensory and motor system
function through advancing age in HIV-1 Tg and control animals, was observed in cross-modal
prepulse inhibition (PPI) and locomotor activity. The integrity of sensory and motor system
function suggests the utility of the HIVV-1 Tg rat in investigating the progression of HAND.
Second, to assess the progression of neurocognitive impairment, including temporal processing
and long-term episodic memory, in the HIV-1 Tg rat; the factor of biological sex was integral to
the experimental design. Cross-modal PPI revealed significant alterations in the development of
temporal processing in HIV-1 Tg animals relative to controls. Female HIV-1 Tg rats exhibited
more pronounced alterations in the progression of temporal processing relative to male HIV-1 Tg
animals. Locomotor activity revealed deficits in intrasession habituation, suggestive of a
disruption in long-term episodic memory, in HIV-1 Tg animals. Understanding the progression
of HAND heralds an opportunity for the development of an advantageous model of progressive
neurocognitive deficits in HIV-1 and establishes fundamental groundwork for the development
of neurorestorative treatments. Funded by NIH grants DA013137, HD043680, and MH106392
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Abstract: Background: Viral infection in pregnancy is suggested a risk for the development of
autistic spectrum disorder (ASD). Maternal immune activation (mIA), using the viral mimetic
poly (I:C), produces phenotypes relevant to ASD in mice when administered at gestational day
(GD)12.5. However, no studies have explored mIA at GD12.5 in rats. Our aim is to characterise
effects of mIA at GD12.5 on offspring neurobiology and behaviour in Wistar rats. Methods:
Pregnant female Wistar rats were injected (i.p.) with poly (1:C) (10mg/kg, n=15 dams) or saline
(n=18 dams) at GD12.5. All offspring were monitored for changes in morphometric parameters
at GD21 (n=36-51 pups/treatment), (body weight (BW), brain weight (BrwW) and placental
weight (PW). BW was measured regularly until postnatal day (PD)21 alongside BrW (n=22-30
pups/treatment). The open field test (OFT) was used to measure anxiety-like and repetitive
behaviour in adolescence (n=12-16 pups/treatment). Gene expression in frontal cortex (FC) of
GD and PD21 offspring was measured using qPCR for genes related to synaptic development
and stability alongside blood brain barrier (BBB) integrity. For data analysis between treatment
groups, a nested-ANOVA was used with litter as a random variable. Results: At GD21, no effect
of mIA was observed on BW or BrW. In male offspring a significant down regulation of Snap25
expression was found (p<0.05). A significant reduction was found in female PW (p<0.01) and at
PD1 in BW for both sexes from poly (I:C) dams vs. saline (p<0.001). Reduced BW was
maintained at PD12-21 (p<0.001). BrW from offspring at PD21 was decreased in male offspring
from poly (1:C) dams vs. saline (p<0.01). A significant increase in gene expression of structural
protein Shank3 was found in FC of male offspring only (p<0.05). In females, a significant
reduction in expression of BBB marker Mfsd2a was shown in the FC (p<0.05). Similarly, only
male offspring showed a significant increase in anxiety-like behaviour in the OFT (p<0.05). Both
male and female offspring from poly (I:C) dams showed increased grooming in the OFT that
failed to reach statistical significance. Conclusion: To our knowledge this is the first mIA study
investigating the effects of 10mg/kg poly (1:C) in Wistar rats at GD12.5. We provide an in depth
developmental analysis of both male and female offspring in this model. mIA resulted in sex



specific alterations in morphometric parameters and gene expression in the FC at GD and PD21.
A subtle behavioural phenotype relevant to ASD was shown in male offspring. We suggest that
this one-hit exposure to poly (I:C) provides a priming model, relevant for investigating
neurodevelopmental disorders at the preclinical level.
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Abstract: Introduction: We previously reported autistic-like behaviors in male - but not female -
offspring exposed to group B Streptococcus (GBS) placental infection and/or inflammation (live
and formaldehyde-killed GBS rat models). Female offspring exposed in utero to killed GBS
displayed increased social interaction time and forebrain injuries in the periventricular external
capsule were detected at postnatal day (P) 40, corresponding to young adulthood. Sex differences
have been reported in neurodevelopmental disorders including autism spectrum disorder and
attention deficit hyperactivity disorder (ADHD), which might affect differently male and female
subjects. We hypothesized that female rats exposed in utero to GBS may present
neurobehavioral impairments detectable only after the juvenile period, i.e. during adulthood.
Methods: Lewis dams were injected intraperitoneally on gestational day (G) 19 with either saline
(controls) or formaldehyde-killed serotype la GBS (10° CFU). Maternal weight gain from G19 to
G22, litter size and mean weight of pups following natural birth were measured. Spontaneous



motor activity, anxiety, grooming and rearing behaviors were assessed at P15, P20 and P25 using
the open field apparatus. Motor learning was investigated using the Rotarod test performed at
P30, P35 and P40. Anxiety and anxiety-related impulsivity behaviors were assessed using the
Elevated-plus-maze test on adult rats (P104-P110). Results: GBS had a negative impact on
maternal weight gain, but did not affect litter size. GBS-exposed males - but not females -
weighted less than male controls at P1, but no difference was observed from P2. Reduced time
and number of rearing episodes were detected at P20 and P25 in GBS-exposed vs control rats.
Increased average time of grooming episodes was observed in GBS-exposed vs control males -
but not females - at P15. At P40, the latency to fall in the Rotarod test was reduced in GBS-
exposed females - but not males - as compared to controls. Anxiety-related impulsive behavior -
associated with open-arm exploration - was observed in GBS-exposed versus control females -
but not males - during adulthood. Discussion: End-gestational GBS-induced inflammation
resulted in ADHD-like behaviors in female - but not male - offspring, which were noticed only
from the late juvenile/young adulthood period. Neurobehavioral impairments might be subtler in
female subjects before adulthood. Therefore, further neurobehavioral assessments during
adulthood would be of interest to better understand these sex differences.
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Abstract: Human studies have indicated a link between perinatal infection (PI) and the
development of autism-spectrum disorder (ASD) suggesting an epigenetic etiology. Previous
research has shown that mice exposed to Pl have an ASD-like phenotype, behaviourally and
molecularly. However, to date, the literature has primarily focused on the effects of Pl on adult
male mice; there are few reports describing the behavioural and molecular effects of Pl on
females, or mice in early development. In the current study, we injected pregnant C57BL/6 mice
with lipopolysaccharide (LPS) or polyinosinic:polycytidylic (PolyIC) acid to induce a bacterial
or viral response, respectively. Male and female offspring were tested during development and at
adulthood for the three core symptoms of ASD: social communication, social interaction, and



repetitive behaviours. Ultrasonic vocalizations to maternal separation, repetitive grooming, and
juvenile play between unfamiliar mice were measured during early development. Olfactory
habituation/dishabituation to social stimuli, marble burying, 3-chamber social preference, and
free-social interaction was measured during adulthood. Additionally, the expression of several
synaptic (Nlgn2/3, Shank3, Mdga2, Mtor) and regulatory epigenetic (Hdac2) genes was analyzed
in the hippocampus, cerebellum and frontal cortex of offspring at postnatal day zero (P0) and at
3 months of age to discriminate prenatal from postnatal effects. Changes in gene expression were
related to DNA methylation in the promotor regions of these genes. Ultimately, the Pl mice
displayed abnormal social behaviours, repetitive behaviours and gene expression compared to
control sham-injected mice. Moreover, exposure to bacterial infection had differing effects than
exposure to viral infection. Distinct sex effects which have not been previously reported were
also observed. Overall, this study identified novel mechanistic insights on Pl-induced ASD.
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Title: Porcine fetal microglial cells are transiently activated by maternal viral infection
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Abstract: Epidemiological studies have revealed that prenatal exposure to maternal infection
increases the risk of psychiatric disorders like autism and schizophrenia, though the mechanisms
remain to be elucidated. We have previously established a maternal immune activation (MIA)
swine model, which results in altered piglet social behaviors postnatally, in the absence of
microglia activation. Thus, we sought to identify microglia activity prenatally, immediately
following maternal infection. We hypothesized that MIA would elicit transient fetal microglia
activation concomitant to maternal symptoms of infection. Pregnant gilts were inoculated with
porcine reproductive and respiratory syndrome virus (PRRSV; 5 x 10° TCIDsy of live virus) on
gestational day (GD) 76 and cesarean sections were performed 7 and 21 days post-inoculation
(dpi). Primary microglia were isolated from fetal brains and assessed for activation status
through flow cytometry, phagocytosis and chemotaxis assays, and LPS and Poly I:C stimulation
in culture. Maternal PRRSV treatment did not affect fetal body weights at 7 or 21 dpi; however,



fetal brain weights were reduced (p < 0.0001) at 21 dpi, but not 7 dpi, due to maternal infection.
At 7 dpi, primary fetal microglia from PRRSV-infected litters expressed more MHCII (p <
0.0001), and tended to express more CD68 (p = 0.0534), compared to control litters.
Additionally, these fetal microglia displayed reduced phagocytic (p < 0.0001) and chemotactic (p
< 0.0001) activity compared to controls at 7 dpi. At 21 dpi, expression of MHCII was still
elevated (p < 0.05) in microglia from PRRSV-infected litters, though to a lesser extent, and
CD68 expression no longer differed. Interestingly, though chemotaxis remained reduced (p <
0.05), phagocytic activity returned to control levels. Intriguingly, TNFa production by primary
microglia stimulated with LPS and Poly I:C was not impacted by maternal infection, though
production of this pro-inflammatory cytokine was greatly reduced at GD 97 compared to GD 83
(p < 0.0001). Overall, these data suggest that the activity of fetal microglia are transiently altered
by maternal viral infection, indicating a potential mechanism through which MIA could
negatively impact prenatal neurodevelopment and cause altered behaviors postnatally.
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Abstract: Maternal autoantibodies reactive to fetal brain proteins have been described by
numerous researchers in a subset of mothers of children with autism spectrum disorder (ASD),
but not in mothers of typically developing children. While previous passive transfer animal
models in mice and nonhuman primates have yielded promising results, they did not reflect a
constant exposure to the salient autoantibodies throughout gestation, as would be the case in the



clinical setting. Our research group has recently developed a novel non-passive transfer mouse
model of maternal autoantibody related (MAR) ASD to directly assess the pathologic
significance of prenatal exposure to epitope-specific autoantibodies in generating ASD-relevant
behaviors in offspring. Here we expand this program of research from the mouse and into the
laboratory rat in order to evaluate the impact of maternal autoantibody exposure in a species that
exhibits complex, reciprocal play behavior. In order to generate epitope-specific autoantibodies
that mimic those found in the mothers of children with ASD, female Sprague Dawley rats
randomly assigned to MAR-ASD treatment received a series of immunizations containing the
immunodominant peptide epitope sequences of the four primary target proteins of MAR ASD
(lactate dehydrogenase A and B, collapsin response mediator protein 1, and stress-induced
phosphoprotein 1). Control females were injected with saline only. Following confirmation of
autoantibody production, females were paired with male breeders to produce the experimental
offspring of interest. Subsequent male and female offspring were tested in a sequence of autism-
relevant behaviors and developmental milestones from an early postnatal period through
adulthood. Our results indicate offspring prenatally exposed to ASD-specific maternal antibodies
emit fewer ultrasonic vocalizations as pups, display robust deficits in social interactions at
juvenile and young adult time points, and exhibit increased self-grooming behaviors as adults.
The developmental trajectory of social impairments and repetitive behaviors observed parallels
features of human autism. These findings contribute to the ongoing efforts towards identification
of biomarkers specific to subphenotypes of ASD and the establishment of a highly translatable
rat model of ASD.
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Abstract: While the etiology of autism spectrum disorders (ASD) is currently unknown,
immune dysregulation has been noted consistently in individuals with ASD and their families,
including the presence of immunoglobulin G (IgG) autoantibodies reactive to fetal brain proteins
in 23% of mothers of children with ASD versus less than 1% in mothers of typically developing
(TD) children. However, the mechanisms through which these maternal autoantibodies act to
influence neurodevelopment and subsequent behaviors in the offspring have yet to be elucidated.
Further, although maternal IgG is known to cross the placenta during gestation, it is important to
determine the extent to which the autoantibodies access the fetal brain. Therefore the objective of
this study was to establish the biodistribution of the circulating maternal autoantibodies during
gestation and early postnatal life, as well as the extent to which they enter the fetal compartment.
To accomplish this, maternal 1gG from either autoantibody positive mothers of children with
ASD or autoantibody negative TD mothers were conjugated with desferrioxamine for
radiolabeling with 89Zr (half-life 78.4 hours), using established methods. The radiolabeled
maternal 19G (approximately 200 uCi) in isotonic solution was then injected intravenously of
timed-pregnant C57BL/6J female mice on gestational day 15. Pregnant dams were then imaged
under anesthesia 2, 24, and 96 hours after injection using microPET emission scans to capture
biodistribution during gestation. Additionally, resulting male and female offspring were scanned
on postnatal days 0.5, 3.5, and 4.5. Each emission scan was immediately followed by a cobalt-57
transmission scan (400 s) for attenuation correction, and a magnetic resonance (MR) scan for
anatomical reference. Zirconium-89 filled capillaries attached to the animal bed were used for
alignment of the PET and MR scans during image co-registration. For image analysis, 3D-binned
listmode data from the emission scans was reconstructed using a MAP3D algorithm, attenuation
corrected and co-registered with the MR data. Regions of interest were drawn for selected
organs, as well as the fetal compartment and standardized uptake values calculated. Preliminary
results suggest that radiolabeled 1gG from mothers of children with ASD and from TD mothers
readily enters the fetal compartment beginning 24 hours post-injection. Further, radioactivity was
readily detected in the brains of offspring during gestation and persisting into the first week of
postnatal life.
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Abstract: Zika virus (ZIKV) is responsible for an ongoing and intensifying epidemic in the
Western Hemisphere. We previously reported a systems biology analysis of ZIKV utilizing
diverse strains (representing temporally diverse members of the African lineage, the Asian
lineage, and the current outbreak in the Americas) to explore the natural history of this
previously little-known virus. Our analysis highlighted a persistent change in the N-linked
glycome of all Asian and American strains examined: glycosylation of the envelope (E) protein
residue ASN1s4, @ modification proposed to mediate neurotropism in related flaviviruses. This
modification was absent from examined African strains. Structural analysis indicates that this
residue is modified by addition of N-acetylglucosamine (NAG) and falls within a disordered
region of the E protein, suggesting that it is part of a linear epitope in vivo. We synthesized short
(20-mer) peptides representing this region from strain HPF2013, which is conserved in all
sequenced Western Hemisphere isolates, the Nigerian strain IbH30656, and the type strain
MR_766(Uganda). A NAG-linked version of the HPF2013 peptide and an unglycosylated
version were generated to explore the contribution of this modification to interaction with
neuronal cells and fibroblasts, expecting interactions to be representative of ZIKV E protein/cell
interactions. Non-glycosylated peptides from HPF2013, 1IbH30656, and MR_766 bound MDCK
cells and primary dorsal root ganglia neurons significantly above a scrambled HPF2013 control
peptide at equivalent levels, implicating this motif in ZIKV-cell interactions. These peptides
significantly inhibited the ability of ZIKV strain MR_766 to adsorb to host cells, as measured by
TCID[50], indicating that we have positively identified the binding mechanism of ancestral
African ZIKV strains. Surprisingly, binding of the NAG-glycosylated (i.e., native) HPF2013
peptide to MDCK cells and DRG neurons was abolished, potentially indicating that HPF2013
and related strains target host cells with an alternative binding mechanism. Studies exploring a.)
alternative HPF2013 binding motifs and b.) trafficking of NAG-glycosylated and unglycosylated
peptides to the central nervous system and the placenta in vivo are ongoing.
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Abstract: Zika virus (ZIKV), a mosquito-borne flavivirus, has been associated with
microcephaly and other neurological disorders in infants born to infected mothers. Despite being
declared an international emergency by the World Health Organization, comparatively very little
is known about the pathogenesis, mechanisms, or behavioral consequences of maternal ZIKV
infection in the offspring. Our lab is interested in developing a working animal model to answer
some of these questions. Here, we use a rat model of prenatal ZIKV infection to measure the
level of infectivity, as well as the rate of viral clearance in both the mother and her pups. We use
quantitative PCR to measure the effect of ZIKV on inflammatory gene expression, and examine
various aspects of brain development in pups, including cortical thickness, microglia
morphology, and apoptosis. Given that pregnancy is also associated with significant
immunomodulation, we are also interested in the role that pregnancy has on the impact of ZIKV
infection, therefore we compare viral infectivity between both pregnant and non-pregnant female
rats. This model will allow us to 1) better understand the mechanisms underlying ZIKV infection
and transmission to the fetus, 2) determine the impact of ZIKV infection on the developing fetal
brain, and 3) in the future, measure potential behavioral deficits associated with fetal ZIKV
infection later in life.
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Abstract: Zika Virus (ZIKV), unlike other Flaviviruses, has an apparent selective tropism for
developing neural stem cells. As a result, the fetal brain is acutely more vulnerable to ZIKV
infection than the adult brain. ZIKV can cross the placental barrier to directly enter the fetal
brain. In the fetal brain, ZIKV appears to specifically target developing radial glia. In embryonic
mice, ZIKV infection of neural progenitor cells (NPCs) arrests the cell cycle and hinders



apoptotic cell death by 24 hours post-infection. However, by 3 days post-infection, ZIKV
induces apoptosis in NPCs and stimulates pro-inflammatory cytokine expression from microglial
cells - the resident immune cells of the brain. It is unclear whether neural progenitor cells are the
only cells targeted by ZIKV. It is also unclear what role microglia have in the mitigation or
exacerbation of cell death associated with ZIKV infection. We hypothesize that ZIKV infection
of NPCs will induce microglia to express high levels of pro-inflammatory cytokines (IL-1p and
IL-6), either mitigating or contributing to the resultant cell death of developing neural cells. To
test this hypothesis using a rat model, we collected hippocampal and cortical tissue from male
and female Sprague Dawley rat pups and generated three distinct cell populations for culture:
isolated neonatal microglia, all other developing neural cells, and a population of unsorted cells
containing both microglia and all other neural cells. The cells were infected with ZIKV at 0, 0.1,
1, or 10 MOl and collected for gPCR analysis of pro-inflammatory cytokine expression, markers
of microglial activation, and apoptotic cell death. A separate set of similarly-treated cell cultures
were fixed for analysis of cell type-specific ZIKV infection and apoptosis. This experimental
design is unique in its use of a rat animal model as well as its use of a primary cell culture model
over a complex in-vivo model. These infection studies will allow us to better characterize Zika
virus-host interactions in the developing brain, including how the developing neural immune
system responds to this emergent virus. Our preliminary data indicate that ZIKV replication can
be detected in rat neural cells following a 16-hour incubation at 1 MOI, an unprecedented result
in a rat animal model. Still, the infected cell type remains to be determined. We are currently
examining these samples for pro-inflammatory cytokine (IL-1p, IL-6, and TNF-a) and type I
interferon (IFN-a) expression. Ultimately, we predict that the microglial response to infection
will be exacerbated by the presence of other developing neural cells, infected and dying from the
infection.
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Title: Late stage spontaneous waves and their role in downstream visual areas In vivo
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Abstract: In the developing mammalian visual system, neighboring retinal ganglion cells
(RGC:s) fire in correlated bursts of action potentials that are observed as propagating waves
across the retina. These spontaneous waves of activity, which in mice begin around the time of
birth and last until eye opening, are thought to be crucial for normal formation of visual system
circuitry. The features of retinal waves have been described in detail in a number of species in
vitro, but little is known about their properties in the epoch just prior to eye opening (‘Stage I’
or P9-P13 in mice) in vivo. Using optical imaging techniques with genetically encoded Ca?
indicators, we report here on experiments examining the spatiotemporal and pharmacological
properties of Stage 11 retinal waves in RGCs, the superior colliculus, lateral geniculate nucleus
and visual cortex in mice in vivo. In comparison to Stage Il waves, Stage 111 waves are smaller,
faster, and of shorter duration, which is simultaneously observed in their downstream targets. We
also describe the results of novel dual wavelength and fluorophore (RCaMP, GCaMP)
experiments to simultaneously image presynaptic axons and postsynaptic neuronal activity. Both
Stage 11 and Stage 111 waves show faithful transfer to postsynaptic targets in the SC, however
Stage 111 wave transfer is less predictable, likely due to increased post-synaptic activity at older
ages. Our data also suggest that Stage I11 retinal waves propagate in a wave like fashion in both
the colliculus and thalamic afferents, but cortical activity is less tightly correlated to retinal
activity in Stage 111 waves than during Stage Il. We also examined the effects of pharmacological
manipulations in the eye on the propagation of retinal waves to the superior colliculus and higher
order visual circuits. These results demonstrate that Stage 111 waves have unique properties and
trans-synaptic propagation compared to earlier (Stage Il) spontaneous activity, which may be
essential in the patterning of circuits throughout the visual system in vivo.
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Title: Origin and function of directionality in spontaneous retinal waves
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Abstract: Before the onset of visual experience, spontaneous retinal waves are the main source
of activity in the developing superior colliculus (SC), thalamus and primary visual cortex in the
mammalian visual system. Genetic and pharmacological manipulations of this spontaneous
retinal activity suggest a causal link between retinal waves and circuit refinement. Previous
studies found that Stage Il (around the first week after birth in mice) spontaneous waves exhibit a
strong directional bias. However, it remains unclear how this bias emerges, whether it changes
over development and whether this spatiotemporal feature of spontaneous waves is critical for
circuit refinement and the development of functional circuit properties. Here, we describe
experiments that investigate the role and origin of spontaneous wave directionality during visual
system development. We used wide-field Ca?* imaging of retinal ganglion cell (RGC)
projections in the SC in vivo and optogenetic or light stimulation of the retina to examine
spontaneous and stimulus induced wave direction bias. We observe that the directional bias
emerges at the end of Stage Il (~P8) waves and vanishes around the time of eye opening (~P13).
The biased direction (temporal to nasal) is consistent between P8 and P13. The averaged wave
propagation direction distributes inhomogenously across the retina, suggesting a difference in
wave initiation and propagation in different parts of the retina. To understand the origin of wave
directional bias in vivo, we used selective optogenetic stimulation of starburst amacrine cells
(SACs), or light stimulation after the onset of light response (~P10), to initiate waves at various
locations in the retina. Our preliminary data suggests that starting from around P10, stimulated
retinal waves propagate in a direction consistent with intrinsic waves, regardless of their
nucleating sites. This suggests a biased retinal circuit that favors the propagation of waves in a
specific direction on the retina. These results suggest a specific developmental stage in which
spontaneous retinal waves exhibit a strong bias, which could potentially affect visual circuit
refinement in the retina and other parts of the developing visual system.
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Title: Ontogenetic course of the establishment of the thalamo-palio-intra pallial connectivity in
birds. The chick visual DVR as a study case
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Abstract: In spite its evident cytoarchitectonic differences, avian and mammalian pallial
territories are comparable in terms of the complexity of its neural processing capabilities. This
operational similarity has been attributed to a similar organization of the thalamic inputs to the
pallium, and also to a seemingly common pattern of organization of the intrapallial circuits. The
avian pallium contains a dorsal intraventricular protrusion known as dorsal ventricular ridge
(DVR), which is formed by a dorsal neuronal stratum, known as the mesopallium and a more
ventral stratum, the nidopallium. Of particular concern to us is the visual DVR, which can be
regarded as a complex composed of three main layers: an internal nidopallial one, the
entopallium (E), in receipt of afferents from the dorso-thalamic stage of the tecto-fugal visual
system, the nucleus rotundus (Rt); an overlaying nidopallial region, the intermediate nidopallium
(NI), lacking sensory inputs; and a more external mesopallial one, the ventral mesopallium
(MV). Interconnections between these layers follow a "columnar/ recurrent” arrangement that
features a striking resemblance with that of the interlaminar circuitry of the mammalian sensory
cortex. We prompted to ask whether the structural similarities between avian and mammalian
pallia arise from comparable ontogenetic trajectories. To that end, we study the ontogenetic
development of the Rt-E projection, along with that of the E-M reciprocal connectivity in chicks.
Minute deposits of biocytin crystals were placed in selected locations of vital slices of the brain
of chick embryos. These slices were then reacted with DAB/Ni and counterstained with giemsa.
Neurotracing experiments revealed the existence of a prospective Rt as early as E8. At this stage,
the visual DVR appear cytoarchitectonically composed by the three main layers described in
adults; axons from the prospective Rt were found reaching the nidopallium and delineating in it a
prospective entopallial region. Furthermore, columnarly organized axonal processes running
reciprocally and homotopically between the E and the MV were found from, at least, E12
onwards. These results suggest that the "cortical like™ arrangement proper of the adult visual
DVR is established in early embryonic stages, in conjunction with the arrival of the rotundal
axons to E, and prior to the (previously documented) date of arrival of the tecto-visual afferents
to the dorsal thalamus. This situation may be comparable to that of mammals, where the early
ingrowth of thalamic fibres and the maturation of the cortex take place in conjunction, and before
the arrival of sensory afferents to the dorsal thalamus.
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Title: Hedgehog interacting protein is a candidate regulator of visual circuit formation in the
superior colliculus
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Abstract: We are able experience and navigate through the world through the use of our highly
elaborate visual system. In this system, parallel circuits process information about various
aspects of the visual scene. For instance, there are multiple subtypes of retinal ganglion cells
(RGCs) that respond to specific stimuli, such as contrast or motion. The molecular components
that are essential in the formation of these sub-circuits have not been clearly elucidated.

In this study, we focus specifically on the sub-circuits of the retina’s projection to the superior
colliculus (SC). In Isl2-EphA3 knock-in mice (EA3X/K), the projections of different RGCs are
segregated into the rostral and caudal regions of the SC. Interestingly, the sublaminar targeting of
class-specific projections was unaffected, suggesting that the molecules that regulate this process
may also be differential expressed in the SC of EphA3%"< mice. We performed RNAseq analysis
of microdissected regions of the developing SC and identified the hedgehog-interacting protein
(hhip) was as a potential candidate regulator of class-specific circuit formation.

Using a combination of RNA in situ hybridization and immunohistochemistry, we found that
hhip is expressed specifically in neurons located in the retino-recipient layer of the SC.
Additionally, we found that expression of hhip was temporally regulated during development,
peaking at postnatal day 4 (P4), a time point that overlaps with the period of laminar targeting by
RGCs in the SC. Interestingly, we found that hhip was expressed in retinal neurons; however, the
specific subset of RGCs has not been clearly identified. Taken together these data suggest that
hhip is ideally positioned to mediate class-specific targeting of RGCs in the SC and raise the
possibility that hhip may be involved in trans-synaptic signaling between both RGCs and
neurons in the SC.
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Abstract: Integrating sensory information is a central task of the nervous system, which is
necessary to create a unified percept of the outside world. In the mammalian visual system,
distinct neuronal subtypes monitor different aspects of the visual scene, such as contrast or
motion, and this information needs to correctly converge in integrative centers to successfully
relay both qualitative and spatial information about stimuli. One such integrative center, the
superior colliculus (SC), receives converging input from retinal ganglion cells (RGCs) of the eye
through the retinocollicular pathway, and also from Layer 5 (L5) of the primary visual cortex
(V1) through the corticocollicular pathway. We previously demonstrated that retinal input
instructs the spatial alignment of V1 neurons in a process requiring the normal pattern of
spontaneous waves of activity. Based on this, we hypothesized that subtypes of RGCs instruct
both the spatial and functional alignment of matched L5-V1 inputs in the SC. Utilizing the
Islet2EPPAS/EPNAS knock-in mouse model in which distinct morphological and functional types of
RGC inputs are segregated into two independent subdomains of the SC, we are able to separate
neuronal projections from L5-V1 that align with these distinct retinal projections. To
retrogradely label corticocollicular neurons making monosynaptic connections in the SC of adult
mice, a Cre-based pseudotyped rabies viral tracing strategy is being used. Consistent with
previous data, we have found that corticocollicular L5-V1 neurons are pyramidal cells that have
complex apical and basal dendritic tufts. Current and future experiments using a combination of
anatomical tracing, in vivo electrophysiology, and optogenetics will determine the morphological
and functional differences of L5-V1 corticocollicular neurons aligning with distinct retinal inputs
in the SC.
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Title: Experience-regulated transcriptomic and imprintomic profilings during critical periods of
mouse visual system development
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Abstract: Visual system, part of the central nervous system, receives external visual cues and
transforms it into visual and non-visual signals, which enables organisms to react to
environment. However, the development of the visual system is influenced by light experience,
which implicates the involvement of epigenetic regulations. We focused on the role of one of the
epigenomic phenomenon, genomic imprinting, which is expressed in parent-of-origin-specific
manner, during critical periods of visual system development. By manipulating light experience
during critical periods of visual system development in the mice, we identified experience-
regulated, isoform-specific, and brain region-specific imprinted genes. We also found imprinted
microRNAs occurring in the clusters. Our results provide the first comprehensive profiling of
light-experience regulation of the transcriptome and imprintome during critical periods of visual
system development. Our work might provide a new insight into the regulation of visual system
development and potential therapeutic strategy for visual impairments and circadian rhythm
disorders.
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Title: Retinal origin of various functional maps in visual cortex

Authors: *M. SONG'?, J. JANG!, S.-B. PAIK!?
!Dept. of Bio and Brain Engin, KAIST, Daejeon, Korea, Republic of; 2Program of Brain and
Cognitive Engineering, KAIST, Daejeon, Korea, Republic of

Abstract: In higher mammals, the primary visual cortex (V1) is organized into various
functional maps such as an orientation map. The topographies of these maps in the same cortical
area are geometrically correlated with each other, but it remains unclear as to how such
systematic organization may have developed. Recent studies have reported that the structure of
each functional map is strongly correlated with the local organization of ON and OFF thalamic
inputs (Kremkow et al., 2016; Lee et al., 2016). It was also proposed that a quasi-periodic
orientation map can be seeded by the moiré interference of hexagonal lattices of ON and OFF
retinal ganglion cells (RGC) (Paik and Ringach, 2011). Here, expanding upon the previous
model, we propose that such a regular distribution of RGCs can also seed the spatial frequency,
direction and ocular dominance maps in a way that their topographies are systematically
correlated, as observed in experiments. First, we simulated multiple functional maps on a moiré
interference of RGC by estimating the individual selectivities of model V1 neurons. As the
preferred orientation is determined by the alignment of neighboring ON and OFF cells, the
preferred frequency depends on the spatial distribution of neighboring ON and OFF cells in the
moiré interference. Because the alignment and the local distribution changes in relation to the
other property in the orthogonal direction, we successfully reproduced the orthogonal
organization of the orientation map and the spatial frequency map (Nauhaus et al., 2012). Given
that this periodic change in the spatial distribution causes the preferred direction to flip at the
center of an iso-orientation domain, the iso-orientation domain was divided into two iso-
direction domains with opposite directions (Weliky et al., 1996). Next, we simulated the ocular
dominance while assuming that a V1 neuron receives input from two sets of moiré interference,
mimicking the contra- and ipsilateral retina. Because the early orientation map is dominated by



the contralateral eye (Crair et al., 1998), the contralateral input was assumed to be projected from
the retina to V1 by local wiring that can seed a clear orientation map (Paik and Ringach, 2011),
whereas more extensive wiring was assumed for the ipsilateral projection. In our simulation, the
ocular dominance peaks were located where the local density of the contra-RGC is relatively
high or low. This reproduced the previous observation of singularities in the orientation map
which are located at the center of an ocular dominance domain (Crair et al., 1997). Our results
suggest the retinal origin of multiple functional maps and their structural correlation.
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Title: Effects of congenital hypothyroidism on development and plasticity of the visual system

Authors: *W. S. RODRIGUES JUNIOR!?, N. S. PULIMOOD?, P. O. SILVAS3, P.
CAMPELLO-COSTAS3, P. PANDOLFO* A. E. MEDINA?, C. A. SERFATY*

!Neurophysiol., Rio de Janeiro State Univ. (UERJ), Niteroi, Brazil; 2Pediatrics, Univ. of
Maryland, Sch. of Med., Baltimore, MD; 3Neurobio., Federal Fluminense Univ., Niterdi, Brazil;
*Neurobio., Federal Fluminense Univ., Nlterdi, Brazil

Abstract: Thyroid hormones are crucial for the development and proper maturation of the CNS.
Severe changes in thyroid hormones levels during perinatal period can result in impaired brain
development since they regulate neurogenesis, neuronal growth and synaptogenesis (Zoeller,
Dowling et al. 2002; Plateroti Bernal et al. 2011). During the post natal development, the sensory
experience plays a key role in the refinament and maturation of of neural circuits, since it
regulates the development of intrinsic programs to modulate gene expression as both the
anatomical and functional properties of neuronal circuits through patterns of neuronal activity.
The objective of this study is to evaluate the role of thyroid hormones in the development of



neural circuits modeled the visual system that has topographical organization characteristics and
formation of eye-specific layers, properties that point to the formation of organized neuronal
circuits.
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Title: Targeted expression of GCaMP6 to map functional retinotopy in the optic tectum of
Xenopus tadpoles
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Abstract: The wiring of the developing Xenopus laevis retinotectal system has been well
described anatomically, but the functional organization of the retinotopic map has not been
thoroughly characterized. Here we report on the development of an optical approach to visualize
retinotopy in the tectal neuropil of albino Xenopus larvae, based on in vivo two-photon imaging
of calcium fluorescence changes in response to visual stimulation. By microinjecting messenger
RNA for the genetically-encoded calcium indicator GCaMP6 into one blastomer of two-cell
stage Xenopus embryos, expression of calcium indicator can be restricted to half of the
developing tadpole. Because the projection from the eye to the brain crosses the midline, this
approach permits the presynaptic terminals of retinal ganglion cell inputs and the postsynaptic
dendritic fields of tectal neurons to be observed independently. Drifting bar stimuli were
presented on a LED monitor placed adjacent to the animal under the microscope. Three-
dimensional stacks of calcium fluorescence images of the neuropil and tectal cell somata were
collected using resonance-scanning 2-photon excitation with piezo focus control, at acquisition
rates of up to 30 Hz. Correlation of fluorescence intensity changes to visual stimulus location
revealed smooth maps for both azimuth and elevation. This method can uncover continuous
retinotopic maps in most of the volume of the tectal neuropil, and can serve as a tool to examine
the influences of various developmental factors on map organization.
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Abstract: We have previously described a transcriptional combinatorial code of Pou domain
transcription factors regulating Retinal Ganglion Cell (RGC) diversity in the mouse. RGCs
expressing the Brn3c transcription factor constitute a small fraction of all mouse RGCs, and,
depending on the particular subtype, they can also express the transcription factors Brn3a and/or
Brn3b, as well as neurotrophin receptors such as cRet. We have recently described a sequential
Dre to Cre recombination strategy involving a Dre-dependent conditional Cre knock-in allele at
the Brn3c locus. In addition, we have described a unique cell type identified by the intersection
of the cRet and Brn3c expression domains. We are taking advantage of these unique tools to
characterize the dendritic arbor lamination, molecular profile and brain projections for RGCs
expressing Brn3c, hopefully leading to the characterization of the physiological and circuit
function of individual RGCs expressing Brn3c.
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Title: Thalamic contributions to the developmental acquisition of state-dependent cortical
activity
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Abstract: Two major checkpoints of cortical development are the acquisition of continuous
background (spontaneous) activity and the state-dependent modulation of this activity. In both
humans and rodents, cortical activity during early development is discontinuous, meaning it
contains long (>1 second) silent periods, and oscillatory activities are poorly modulated by
arousal state. Continuous background activity that is reliably modulated by state develops around
the term age in humans and at the end of second postnatal week in rodents. Abnormal
development of continuity is often a result of brain damage due to epileptic seizures or hypoxic-
ischemic encephalopathy. However, the underlying circuit changes that instruct continuity are
unknown. Thalamic lesions in adults can result in discontinuous activity and disrupt state-
dependent modulation in cortex, but the changing behavior and function of thalamus around the
time of continuous activity development has not been examined.

Here we use the rodent visual system as a model to examine the role of thalamus in cortical
activity development. We conducted simultaneous recordings in the lateral geniculate nucleus
(LGN) and visual cortex (VC) of awake head-fixed rats using linear multi-electrode arrays
throughout development. We find that between P5 and P11 spontaneous LGN activity is
discontinuous and not modulated by movement. By P13 activity in both VC and LGN becomes
continuous and movement causes increased multi-unit firing in both structures. To determine the
role of thalamus in this change, we pharmacologically silenced LGN. This treatment reduces
firing and continuity in VC at all ages. Furthermore silencing LGN causes movement to
suppress, rather than increase, VC activity. Thalamic single-units isolated with spike sorting
showed that the developmental acquisition of continuity and movement dependence occur at the
neuron level. Thalamic bursting only emerged on P16, a few days after thalamic acquisition of
movement-dependent modulation, suggesting that the mechanisms initiating the development of
movement modulation and bursting are different.

Together our results demonstrate that maturation of LGN circuitry, not intra-cortical or thalamo-
cortical connections, plays a determinative role in the developmental acquisition of continuity
and state-dependence observed in cortex. Our study has implications for understanding the
circuit basis of human EEG development, which could improve diagnosis and treatment of
preterm and neonatal infants.
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Abstract: In Long-Evans rats (He et al., Nat Neurosci 10:1134, 2007) and 3 month-old kittens
(Duffy & Mitchell Curr Biol 23:382, 2013), a 10 day period of total darkness has been shown to
precipitate fast improvement of the visual acuity of the deprived eye induced by a short early
period of monocular deprivation (MD). For rats, the period of darkness was imposed when the
animals were considered adult (at P70 — 100 days) and beyond the upper limit of the age
(~7weeks) of vulnerability of neural connections with the deprived eye in the rat visual cortex to
the effects of MD. On the other hand, 10 days of darkness when imposed on adult cats at 1 yr of
age promoted no recovery of vision in the deprived (amblyopic) eye (Holman et al., Soc
Neurosci 780.02, 2014), a result that implied that the benefits of darkness in felines were
confined to an early critical period.

To document the profile of the critical period for the benefits of darkness, the same 10 day period
of darkness was imposed on 15 kittens of progressively older ages each having received an
identical early one week period of MD from P30-37 days. Longitudinal measurements were
made by use of a jumping stand to assess the recovery of grating acuity of the two eyes at regular
intervals, as well as the extent and time course of any recovery that occurred in the period
following the period of darkness. Total darkness over 10 days was ensured by use of a custom-
built darkroom facility (Mitchell Clin Exp Optom 96: 363, 2013).

In terms of the grating acuity of the derived eye, the effects of 10 days of darkness appeared
quite uniform with respect to both the speed and the extent of the recovery of acuity when
darkness was applied at any age prior to P180. However, thereafter there was a precipitous
decline in the benefits of darkness such that no darkness-induced improvement in the acuity of
the deprived eye was evident at all after P195 days. It is known that darkness can influence the
levels of many putative molecules that serve to either facilitate or inhibit neural plasticity in the
visual system. The protracted period during which darkness is efficacious may represent a period



during which at least a subset of such molecules retain sufficient susceptibility to environmental
manipulation to promote significant recovery. The abrupt termination of the critical period for
darkness-induced recovery may reflect the age at which alteration of the slowest developing
plasticity mechanisms is no longer possible with darkness. From a clinical perspective, the
results imply that for darkness to be effective for treatment of human amblyopia it should be
applied only in childhood.
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Abstract: Prenatal hypoxia-ischemia (HI) is one of the main causes of neurodevelopmental
impairment in the newborn and is associated with cerebral palsy, attention problems,
hyperactivity, epilepsy, and sensory alterations, including visual processing problems. The retina
is widely recognized as a neural circuit model used in the study of the development and plasticity
of neuronal circuits. Thus, the investigation of the effects of prenatal HI on retinal development
offers great potential to elucidate mechanisms related to the effects of HI during pregnancy. Here
we studied the effects of prenatal HI on retinal morphology and function. Specifically, we
evaluated the number of retinal ganglion cells (RGCs) and the pupillary light reflex (PLR) after
prenatal HI of Wistar rats. Prenatal HI was induced by occlusion of uterine arteries for 45
minutes on the eighteenth gestational day (HI group, n = 23 rats from 6 litters). Control animals
were obtained from pregnant females submitted to the same surgical procedures except for the
occlusion of the uterine arteries (SH group, n = 24 rats from 6 litters). Histological procedures
were made at postnatal (P) day 2, 9, 23 and 30. Hematoxylin and eosin staining revealed a



significant reduction in retinal layer thickness of HI animals compared to controls for all ages
except P30. Immunohistochemical labeling of RGCs with Brn3-o showed a significant reduction
in the number of RGCs in the HI group compared to control. PLR was evaluated in a separate
group of animals at P30 (HI, n = 7; SH, n = 8) after two hours of dark adaptation. Both groups
showed equal pupil constriction times and sizes, but HI animals were not able to sustain
pupillary constriction under continuous illumination. Sustainability of the PLR is attributed to
the activation of intrinsically photosensitive RGCs (ipRGCs). Therefore, our results suggest that
prenatal HI could be preferentially eliminating ipRGCs.
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Abstract: Visual corticocortical connections in adult animals link cortical areas in the same
hemisphere (intrahemispheric) as well as in the opposite hemisphere (Interhemispheric or
callosal). The adult pattern of callosal connections between visual areas in both hemispheres in a
number of species is thought to emerge from an immature state during development through
refinement of some aspects of this circuit. We studied the postnatal refinement of callosal
connections projecting from multiple cortical areas to ferret (Mustela putorius furo) primary
visual cortex (area 17) during the period from just before eye opening (4 weeks) to 10 weeks of
age. Our goal was to determine (a) whether callosal projections from multiple visual cortical



areas to area 17 refine with a similar rate and (b) whether the developmental refinement of
callosal projections parallels that of intrahemispheric cortical circuits. To follow the development
of callosal connections we injected the bidirectional tracer CTb into area 17 of juvenile ferrets,
and visualized the distribution and pattern of callosal projecting cells in area 17, 18, 19, 21, and
Ssy of the contralateral hemisphere. We analyzed the refinement of retrogradely labeled callosal
cells in each source area by quantifying their areal and laminar distribution. Throughout
development, the greatest proportion of callosal projections arises from the infragranular layers
in most visual areas. At 4 weeks of age we find the greatest proportion of callosal inputs to area
17 arising from Ssy, with a lesser and comparable proportion arising from areas 17, 18, 19, and
21. From 5 to 6 weeks of age the proportion of callosal projections from Ssy to contralateral area
17 declines significantly, while the proportion from contralateral area 18 increases. From 6
weeks to 10 weeks of age there is minimal change in the proportion of callosal input to area 17
arising from areas 18 and Ssy. In contrast, we find no significant change in the proportion of
total callosal inputs to area 17 arising from contralateral areas 17, 19, and 21 during this
postnatal period. We observe the same trends in the postnatal refinement of intrahemispheric
feedback to areal7; around the time of eye opening the major ipsi- and contralateral
corticocortical input is provided by area Ssy, but within a week or two thereafter area 18
supplants Ssy as the major corticocortical input. This suggests that the refinement of both inter-
and intrahemispheric connections follows a broadly similar developmental trajectory during the
period just after eye opening.
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Abstract: Selectivity for stimulus orientation is a fundamental property of primary visual cortex
in primates and carnivores, where it is exquisitely organized into a smoothly varying columnar
map that emerges in an activity-dependent manner during early postnatal life. Recently, we
reported that the initial absence of orientation selectivity can be accounted by high trial-to-trial



variability at a columnar scale. Thus, response variability appears to be a limiting feature of the
developing cortex, and its reduction crucial for the emergence of feature-specific representations.
However, variability may also beneficially provide a flexible and dynamic mechanism for the
developing cortex to explore and select relevant feature-specific input.

To test whether response variability might be associated with a constructive role in forming
coherent cortical representations, we chose to investigate how binocular inputs for orientation
tuning become matched in ferret visual cortex. In rodents, this is an activity-dependent process
that begins around eye-opening as orientation selectivity emerges (Wang et al., Neuron, 2010),
but it is unclear if a similar process occurs in a species with cortical columns. Using functional
imaging of GCAMPG6s at both the columnar and cellular level, we show that the monocular
presentation of drifting gratings to either eye evokes robust and modular responses. Furthermore,
as in rodents, orientation-tuning is initially mismatched through the eyes, resulting in dissimilar
orientation maps. The initial mismatch in orientation preference is gradually eroded, and within
5-7 days of visual experience monocular orientation maps match at near adult-levels.

We next tested the idea whether a gradual reduction in trial-to-trial variability to responses
evoked by monocular stimuli precisely coincides with a developmental matching of orientation
tuning through the two eyes. Indeed, we find both processes occur simultaneously. Moreover,
because of the higher trial-to-trial variability, we observe with dimension reduction techniques
that stimuli presented to each eye evoke activity in overlapping neural populations. In principle,
Hebbian-based learning rules could then associate orientation-selective responses through the
two eyes to a common neural population. In summary, while early trial-to-trial variability is a
limiting factor for the emergence of orientation-selectivity in visual cortex, variability might also
serve as an important framework to align binocular inputs for forming a coherent percept of the
visual scene through both eyes.
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Abstract: The calyx of Held (CH) is a giant nerve terminal that monoinnervates the medial
nucleus of the trapezoid body (MNTB) within the brainstem and is critical for relaying interaural
timing information for sound localization. This synapse exhibits hallmark developmental
features of strengthening and pruning necessary to sculpt a precise neural circuit. Using serial
block-face scanning electron microscopy (SBEM) on tissue collected from neonatal littermate
mice (24-48 sampling), we previously found that around birth most principal cells host many
small competing inputs (20+). Then, largely between postnatal (P) days 2 and 4, most inputs are
pruned and selected terminals (2-3) grow at rates of 200 pm? per day. Finally, a single input is
strengthened into a calyx by P6. Importantly, this allows for the establishment of a large yet
precise circuit ahead of the onset of hearing (P10). To date, imaging techniques have likely
underestimated the actual growth dynamics of a developing neural circuit, owing to poor
temporal resolution. Here, we examine the temporal dynamics of synaptic organization in the
MNTB as it relates to the ultrastructure revealed with SBEM. We employed the lattice light-
sheet (LLS) microscopy that offers fast acquisition with minimal bleaching. Acute coronal
brainstem slices (300-600 um thickness) were collected daily in neonates ranging from PO-14.
Following 4D image acquisition, data was imported into syGlass, a custom software package
designed in-house, for immersive virtual reality aided-analysis. Points were manually placed
through time to track growth dynamics of calyces and their emanating processes including
filopodia and growth cone tipped collateral branches extending as far as 75 um. We found an
age-dependent relationship with motility of these calyceal collaterals that form a fluid field
around the host calyx. Growth cones, perhaps the most dynamic feature of this system, extend
fastest during the growth of the calyx yet tend to slow as monoinnervation is established (P2:
65+11 um/hr; P3: 288+20 um/hr; P4: 17633 um/hr; P5: 90+7 um/hr). Instantaneous velocities
are unprecedented however for growth cones in any system (P2: 270+18 um/hr; P3: 1318+101
um/hr; P4: 103779 um/hr; P5: 713+54 um/hr). This is because movement of calyceal collaterals
are stochastic where as much time is spent extending and retracting as pausing. These data are
effective in monitoring the navigation patterns of assembling neural circuits in an intact system.
Moreover, these observations reveal the dynamic nature of growth and retraction of developing
neurites that may otherwise be missed without sufficient temporal resolution.
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Abstract: Auditory system requires thyroid hormone for normal development and function.
Lack of thyroid hormone during development causes such symptoms of psychiatric disorders as
auditory hallucination. Since auditory hallucination is thought to involve abnormal cortical
connectivity, we suspected that hypothyroidism affected the distribution of neurons and laminar
formation in the auditory cortex. Previous studies had suggested that the retrogradely labeled
callosal projection neurons were mis-distributed within auditory cortex in the adult hypothyroid
rats. Whether hypothyroidism affects the distribution of corticothalamic and subcortical
projection neurons in primary auditory cortex (Al) is a remaining question. In this study, we
investigated this using mice treated with methimazole, an antithyroid drug, starting at embryonic
day 10 until the day of experiments up to postnatal day 60.

To identify corticothalamic and subcortical projection neurons using the immunofluorescence
technique, antibodies against transcription factors Forkhead-box protein 2 (Foxp2) and COUP-
TF interacting protein 2 (Ctip2) were used, respectively. Dendrites and dendritic spines of layer 5
neurons were also analyzed by the Golgi staining. We found that Foxp2-immunopositive cell
density and distribution were not affected, whereas Ctip2-immunopositive cells were
misdistributed without changing their cell density in layer 5 of hypothyroid mice. Further, we
also found abnormal spine morphology in layer 5 pyramidal neurons in hypothyroid mice.

In summary, hypothyroidism in mice induces misdistribution of subcortical projection neurons
and abnormal spine morphology of pyramidal neurons in layer 5 of Al during development and
in the adult. These changes may underlie the symptoms of psychiatric disorders such as auditory
hallucination.
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Abstract: Sensory experience drives neural circuit refinement during critical periods of
heightened plasticity, but little is known about the genetic regulation of these developmental
windows. The primary auditory cortex (A1) exhibits a critical period for thalamocortical
connectivity between postnatal days P12-P15, during which continuous tone exposure alters the
tonotopic topography of Al. We hypothesized that a coordinated, multicellular transcriptional
program governs this window for patterning of the auditory cortex. To generate a robust
multicellular map of gene expression, we performed droplet-based, nuclear single cell RNA-
sequencing (scRNA-seq) of A1 homogenates across three developmental time points spanning
the tonotopic critical period (P10, P15, P20). We also tone-reared mice (7kHz pips) during the 3-
day critical period and collected Al at P15 and P20. Using semi-supervised clustering and
marker genes, we identified and profiled neuronal (glutamatergic and GABAergic) and non-
neuronal (oligodendrocytes, microglia, astrocytes, and endothelial) cell types. This yielded cell
type-specific and shared developmental gene programs. Next, we clustered genes based on their
temporal expression kinetics and described ontological categories for these clusters. We were
able to subgroup glutamatergic neurons into cortical layer-specific populations and GABAergic
interneurons into known subtypes. This data is a rich resource for the identification of potential
new tools for cell type-specific studies of Al. Furthermore, we sought to identify novel candidate
genes that may execute auditory critical period plasticity. By comparing normally-reared and
tone-reared mice, we found hundreds of genes in both glutamatergic and GABAergic cells with
altered expression as a result of sensory manipulation in the critical period. Based on expression
patterns, we identified genes as potentially positive or negative regulators of plasticity, and
further validated cell-type specific expression of select genes using in situ hybridization. This
paves the way for assessing therapeutic reopening of critical periods in Al following removal of
molecular ‘brakes’ on plasticity. To our knowledge, our study represents the first single cell
transcriptomic analysis of the developing auditory cortex and is a powerful discovery platform
with which to identify mediators of tonotopic plasticity.
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Abstract: Spontaneous electrical activity is a prevalent feature of the developing nervous system
and has been shown to influence the maturation and survival of neurons, as well as refinement of
circuits in the brain. In the developing auditory system, bursts of activity originate in the cochlea
and propagate through the brainstem and midbrain to the auditory cortex before hearing onset.
Although spontaneous activity is initiated in the cochlea, the sequence of events that lead to burst
firing of spiral ganglion neurons remains uncertain, in part, because there have been few
mechanistic studies performed in vivo. To define the patterns of activity that occur in auditory
circuits in the brain and determine the mechanisms responsible, we developed an in vivo method
for imaging synchronized neuronal activity in unanesthetized mice before hearing onset. In
neonatal prehearing mice, spontaneous activity in the inferior colliculus (IC) was imaged using
the genetically encoded calcium indicator, GCaMP6s, expressed in neurons under the SNAP25
promoter. Widefield epifluorescence imaging revealed that groups of neurons located along the
tonotopic axis exhibit periodic spontaneous increases in calcium at this age (P7-9). These events
were bilateral, spatially restricted and oriented along the tonotopic axis, consistent with the
excitation of adjacent hair cells in the cochlea by supporting cells. Bilateral cochlear ablation
eliminated these bursts of activity, demonstrating that that they originate within the developing
cochlea. Unilateral cochlear ablation revealed that although activity from one cochlea is
bilaterally represented, there is a strong contralateral bias, consistent with previous in vivo



electrophysiological studies of sound evoked activity. When NBQX, an AMPA receptor
antagonist, was applied to the round window membrane, activity in the contralateral 1C was
suppressed, mimicking unilateral cochlear ablation, indicating that permeation through the round
window membrane is sufficient to enable pharmacological manipulation of the cochlea. To test
the involvement of the metabotropic ATP receptor, P2ryl, which is highly expressed by inner
supporting cells in the cochlea, in generating spontaneous activity, a selective P2ryl antagonist
(MRS2500) was applied to the round window membrane. Activity in the 1C was dramatically
reduced following acute P2ryl antagonism, an effect that was mimicked in high frequency zones
in P2ryl knockout mice. These studies provide the first in vivo evidence that ATP release within
the cochlea promotes burst firing in central auditory circuits.
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Abstract: The afferent innervation to the cochlea is composed of the spiral ganglion neurons
(SGNs), which transmit mechanosensory input from the hair cells centrally to the cochlear
nucleus as an electrochemical signal. There are two populations of SGNs in the mammalian
cochlea: Type 1 SGNs which constitute 90-95% of the total population, and form contacts with
inner hair cells (IHCs); and Type 2 SGNS which constitute the remaining 5-10% of the total
population and form contacts with outer hair cells (OHCs). Recently, Tyrosine Hydroxylase
(TH), an enzyme involved in the synthesis of catecholamines, has been shown to be expressed
exclusively by Type 2 SGNs predominantly in the apical region of the adult mouse cochlea.
To further understand the development of this TH expressing population in the mouse we
undertook an immunohistochemical study analyzing the proportion of TH+ SGNs in the basal,



mid and apical turns of the cochlea across a range of prenatal and early postnatal time points. TH
protein expression was first detected in the spiral ganglion at embryonic day 16 (E16). At post
natal day 0 (P0) an average of 3.9% of SGNs were TH+ in the basal turn, 8.9% in the mid turn
and 7.2% in the apical turn (n=5). Interestingly, while the proportion of TH+ SGNs remained
relatively stable until P5 in both the basal and apical turn, in the mid turn the proportion
significantly decreased to 2% at P5 (P<0.05, one way ANOVA with posthoc Tukey’s test, n=5).
In all three turns the proportion of TH+ SGNs appears to decrease further at P7 (n=5).
Consistent with this data we observed strong TH staining in the terminals surrounding the OHCs
in the apical and mid turns of the cochlea beginning at PO. The amount of staining below hair
cells in the mid turn appears to decrease at P5, whereas the apical staining remains consistent.
However, at least some of this staining may be due to dopaminergic efferent terminals in the
same region which also express TH. No staining was observed in the terminals surrounding the
IHCs at any age.

Overall this work shows that TH, a newly described Type 11 SGN marker, is expressed more
widely in the early postnatal cochlea than in the mature cochlea. Future studies will focus on
determining the phenotype of the population which turn off TH expression, and the role TH may
be playing in the development of these neurons.
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Abstract: The zebrafish lateral line is a series of mechanosensory organs termed neuromasts that
detect the flow of water along the body; the homology between the cells and genes in the lateral
line and those in the inner ear have made this an attractive system for studying development and
regeneration of mechanosensory cells and organs. The neuromasts are deposited along the head
and trunk by a migratory clusters of cells termed primordia comprised of mesenchymal,
multipotent progenitors that organize into epithelial rosettes which are deposited from the back
end of the primordium where they differentiate to form the sensory hair cells, non-sensory
supporting cells, and the surrounding mantle cells. The migration of the primordium and
deposition of neuromasts have been well studied and is known to be coordinated by Wnt at the
leading, migratory edge, and FGF and Notch signaling in the trailing region where the



neuromasts organize and are deposited. We have utilized pharmacological alterations in these
signaling cascades to alter the fates of the progenitor cells during migration and deposition and to
attempt to revert the differentiating cells back to a progenitor-like state. Mimicking the signaling
environment of the leading edge of the primordium by simultaneously activating Wnt signaling
with the GSK3p inhibitor 1-azakenpaullone and inhibiting FGF signaling with the FGFRTK
inhibitor PD166866 after all of the neuromasts have been deposited leads to the supporting cells
reverting to a migratory mesenchymal-like state. These cells retain progenitor-like properties as
following washout of the drug cocktail, they re-epithelialize into neuromasts, though with
improper positioning and numbers, and produce physiologically active and innervated hair cells
within each neuromast. We also show that inhibition of MEK with PD0325901 is sufficient to
induce a similar reprogramming of the supporting cells to a migratory mesenchymal state that
can reform new neuromasts upon washout of the drug. Together these data demonstrate that
lateral line supporting cells can be reverted to a migratory progenitor-like state that are capable
of producing new sensory organs including new mechanosensory hair cells.
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Abstract: The primate cerebral cortex undergoes striking changes during its development, but
much is still unknown regarding how the primary sensory systems develop to reach their mature
organization. We used a combination of immunohistochemical markers in the prosimian galago
(Otolemur garnettii, n=8), aged PO to P72, to follow the cortical and subcortical development of
areas connected to primary sensory cortex (visual, somatosensory, and auditory). In addition to
standard Nissl and cytochrome oxidase staining, we used vesicular glutamate transporter 2
(VGIuT2) protein, which is primarily expressed in glutamatergic feedforward thalamocortical
connections, and neuronal nuclei (NeuN) protein, which identifies all neurons, to characterize
architectonic features. We also used calcium-binding proteins (CBPs) parvalbumin (PV) and
calbindin (CB), as while the function of CBPs remains debated, they are known to be observed in



well-defined subpopulations of neurons. We find that all sensory thalamic nuclei, including the
lateral geniculate nucleus (LGN), medial geniculate nucleus (MGN), and ventroposterior nucleus
(VPN), show distinct subdivisions, related to the representation of their respective sensory
inputs, that differ from expressions in the adult galago. For example, there is evidence for
developmental changes in the connections of the magnocellular (M), parvocellular (P), and
koniocellular (K) pathways to visual cortex; the P layers of the LGN are the only layers to
express PV at PO, in contrast to full expression throughout the LGN layers in the adult. Similarly,
VGIuT2 expression at PO in the LGN is evenly distributed across the M, P, and K layers, in
contrast to the adult galago which has the strongest reactivity in the M layers, followed by the P
layers, and most weakly in the K layers. In all primary sensory areas, layer IV is easily
identifiable with PV reactivity, in contrast to the surrounding non-primary areas which show
minimal reactivity across cortex. One exception to this is middle temporal visual area (MT),
which contains strong neuropil and cell immunoreactivity for PV in layer IV at PO. These results,
similar to those reported for MT in marmosets (Warner et al., 2012), suggest that area MT may
serve as a primary-like area early during development. These architectonic maps of galago cortex
can reveal more about the hierarchical developmental of cortical areas and the functional roles of
these areas in early postnatal development.
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Abstract: The axon initial segment (AIS) is an electrogenic microdomain with potential impact
on neuronal excitability in the context of activity-dependent cortical plasticity in adult networks.
Its length and location (25-40um in most cortical pyramidal neurons, usually at the proximal
axon) and molecular infrastructure (clustering of voltage-gated ion channels) as well as its
unique innervation pattern by axo-axonic GABAergic synapses make it a prime candidate for
modulating neuronal input-output properties. Recent studies have highlighted its role in cellular
mechanisms reminiscent of homeostatic plasticity, both under physiological and
pathophysiological conditions. Structural AIS plasticity (changes in length or position) has been
observed both in vitro and in vivo and is thought to fine-tune neuronal activity when networks
are either activity-deprived or hyperexcited.

In a previous study we showed that in the rodent somatosensory cortex (barrel field), the AIS
undergoes partially activity-dependent structural plasticity during development and also retains a
level of plasticity in adult circuits after bilateral whisker-trimming in adult mice (postnatal day
(P) 180). AIS length changes were observed within time frames of days to weeks.

However, the question whether AIS plasticity also occurs rapidly after hours, e.g. as a response
to sudden changes in network state, has yet to be addressed in vivo. Therefore, we set out to
investigate whether rapid AIS plasticity, so far only described in vitro, also occurs in the mouse
barrel cortex (S1BF). We employed confocal analysis of immunofluorescent AIS stainings as
well as electrophysiological recordings in acute slices prepared from mice that were subjected to
either sensory deprivation or stimulation (exposure to enriched environment, EE). Our data show
that sensory deprivation via whisker trimming from birth until P15 results in slow, significant
AIS lengthening in layer 11/111 of S1BF. Additionally the previously described shortening of AIS
length after the onset of active whisking (P12) is delayed, but not completely abolished, by
deprivation. Accordingly, our preliminary electrophysiological data indicate that the shift in
firing patterns during normal S1BF development correlates with AIS shortening after P15 and
that sensory deprivation causes increased excitability. Strikingly, stimulation of the barrel
network via EE results in significant rapid shortening of the AIS within 3 hours by 10%. This
effect could no longer be observed 6 hours after EE, suggesting that rapid AIS plasticity could
serve as a fast modulator of neuronal activity in excited networks until a homeostatic balance is
achieved.
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Abstract: Sensory systems are represented in the primary sensory areas of the brain organized in
anatomical and functional maps. For instance, the whisker pad representation in the barrel field
of S1 in rodents. Many intrinsic and extrinsic factors have been proposed to shape sensory maps
during early development. Thalamic spontaneous calcium waves propagate from the thalamus to
the cortex perinatally, before sensory maps are formed. Recently, we have shown their role in
controlling sensory area size (Moreno-Juan et al., 2017), being a good candidate to influence
cortical map formation as an extrinsic factor. Despite these recent evidences, the role of prenatal
spontaneous subcortical activity in cortical map formation remains to be elucidated. To this end,
we developed a mouse model in which thalamic neurons are hyperpolarized due to the
overexpression of the inward rectifier potassium channel Kir2.1 (Th¥"). Th¥" mice show a
disruption of prenatal thalamic spontaneous calcium waves and lack the somatosensory map
representation in the cortex. Remarkably, although thalamocortical axons (TCAS) reach their
cortical target in S1, they do not segregate into cortical barrels, thus losing their characteristic
point-to-point refined organization. To unfold whether these topographical defects are controlled
by gene expression changes, we performed genome-wide transcriptomic analysis in the
somatosensory thalamus at different embryonic stages. We also tested to what extent the lack of
a somatotopic map alter the function of the somatosensory system. In vivo extracellular
recordings upon whisker stimulation in Th*" mice show a clear reduction of the cortical
responses in S1, which is in agreement with a decrease of whisker-specific cFos induction after
novelty exposure in these mice. Hence, by generating a mouse model in which prenatal
spontaneous calcium waves are suppressed in the somatosensory thalamus, we disrupt the
formation and function of the barrel-field map in the somatosensory cortex. Our results suggest
that cortical somatosensory map formation relies on the spontaneous calcium waves of the
thalamus, giving a main role to the prenatal thalamic activity in cortical acquisition of sensory
map representations.
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Abstract: In the developing rat, myoclonic twitches occur in skeletal muscles across the entire
body during active sleep (AS, or REM sleep). The sensory feedback from these twitches strongly
drive neural activity throughout the sensorimotor system. Further, early in development, the
motor function of primary motor cortex (M1) has not yet developed, and thus neural activity in
M1 is primarily related to sensory input. We have recently shown that in the region within M1
that represents the forelimb, reafference from forelimb twitches results in substantially more
neural activity than reafference from wake movements. This raised the following question: Is this
state-dependent difference in the magnitude of reafferent responses unique to M1, or is it a more
general feature across sensorimotor cortex. To answer this question, using 9- to 11-day-old rats,
we recorded from neurons in the regions of M1 and primary somatosensory cortex (S1) that are
responsive to forelimb movements. We then examined the neural activity in the period
immediately after forelimb twitches and wake movements. Consistent with previous findings, we
found that both S1 and M1 show strong responses to forelimb twitches. However, unlike M1, S1
shows equally strong responses to wake movements. This finding indicates that M1 and S1
process wake-related movements differently and highlights the unique ability of AS-related
twitches to activate the entire somatomotor neuraxis. Combined with our previous work showing
state-dependent gating of reafference in the medullary external cuneate nucleus, this result
suggests a segregation of the sensory pathways providing reafference to S1 and M1 in the
developing rat. Determining the mechanisms and pathways involved in this segregation is one
focus of current work.
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Abstract: We use the opossum Monodelphis domestica as a model of sensorimotor development
given its immaturity at birth, comparable to a rat embryo of 13-14 days, allowing easier access to
early developmental stages. Previous experiments using in vitro preparations of newborn
opossums have shown that motor responses to mechanical stimulation of the face are affected by
application of the non-specific purinergic receptor antagonists PPADS. Purinergic receptors are
involved in a large number of functions in adult mammals and are expressed early in the central
nervous system of rodents. Firstly, to identify if P2X2R and P2X3R purinergic receptors may be
involved in sensorimotor responses in neonatal opossums, we have used immunofluorescence on
fixed tissues to examine their distribution in the neuraxis and spinal ganglia from the day of birth
(PO) to P13. P2X2R labeling was observed from P1 onwards and solely in some fibers at the
periphery of the spinal cord, in the presumptive white matter under the pial surface and mostly in
the dorsomedial part of the cord. Some of these fibers seemed to end by a growth cone. At older
ages, labeled fibers increased in number and were observed more laterally and ventrally in the
cord, still predominantly located at the periphery of the cord but an increasing proportion of them
adopt a radiating orientation. In the head tissues, P2X2R labeling was not observed at PO but was
present at P5, P9 and P13 in the trigeminal ganglion and the brainstem. In the latter, labeled
fibers were seen mostly at the periphery, but also centrally in the presumptive pons. No neuronal
cell bodies appeared to be labeled anywhere in the central nervous system. P2X3R
immunolabeling was noticed only from P5 to P13, being restricted to the skin covering the back
of the lids and the cornea. These results suggest that both P2XR subtypes are expressed in
neonatal opossums, particularly P2X2R. Pharmacological experiments should allow us to
determine if they are involved in the control of the precocious sensorimotor behaviors in
opossums.
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Abstract: Most dopamine (DA) release in the brain occurs from axon terminals through a
classical exocytotic mechanism. However, DA can also be released from the somatodendritic
(STD) compartment of DA neurons. The molecular mechanisms of STD DA release are unclear.
STD DA release has been previously studied in mouse brain sections by combining extracellular
field stimulation with cyclic voltammetry or with patch-clamp recordings of D2-mediated
currents. An important limitation of these approaches is that extracellular stimulation non-
selectively depolarizes DA neurons as well as local terminals and cell bodies of GABA and
glutamate neurons, in addition to axon terminals containing 5-HT, which can complicate analysis
of cyclic voltammetry recordings. Here we further explored this unconventional form of
transmitter release in mouse brain slices by combining optogenetics to selectively activate DA
neuron cell bodies and cyclic voltammetry. For this purpose, a mouse line expressing the light-
activated channelrhodopsin (ChR2) was crossed with a DA-specific Cre driver mouse line (Ires-
Dat-Cre) to selectively express ChR2 in DA neurons. We find that train pulses of blue light can
effectively trigger an electrochemical response of small amplitude, which can be increased in
magnitude by blocking the membrane DA transporter (DAT) and the D2 autoreceptor. The
capacity of this releasable DA pool appears to be small, as repeated train pulses with an interval
of 5-10 min lead to a large decrement of the response. We are presently exploring strategies to
increase the size of the releasable STD DA pools.
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Abstract: The prefrontal cortex (PFC) supports working memory and decision-making tasks by
integrating excitatory and neuromodulatory inputs from across the brain. Performance on these
tasks is dependent on the neuromodulator dopamine, as well as long-range excitatory input from
several limbic, thalamic, and cortical regions. The dopamine D1 receptor family, including D1
and D5 receptors, has been previously shown to suppress glutamatergic transmission in PFC, but
whether D1/D5 receptors differentially regulate these PFC inputs remains unclear. Here, we
show that D1/D5 receptors preferentially suppress action potential-evoked calcium influx in a
subset of excitatory long-range inputs to PFC. By analyzing trial-to-trial fluctuations in
presynaptic calcium influx in axonal boutons, we show that dopamine likely alters voltage-
dependent recruitment of calcium channels, in turn lowering vesicular release probability.
Interestingly, dopamine alters release probability at these synapses without altering short-term
facilitation or depression. This allows dopamine to modulate synaptic gain, a process more
commonly associated with changes in postsynaptic efficacy. Moreover, because dopamine acts
presynaptically, this mechanism can alter the relative input strength of modulated and
unmodulated inputs. Taken together, these findings suggest that D1/D5 receptors can bias
information transfer in PFC through previously unidentified cellular mechanisms.
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Abstract: Dopamine D2 autoreceptors are G protein-coupled receptors (GPCRs) that regulate
the excitability of dopamine neurons. In the midbrain, D2 receptors are activated by the
somatodendritic release of dopamine from neighboring neurons. D2 receptor signaling and
distribution was investigated in this study by combining electrophysiology with the imaging of
tagged receptors. Surprisingly, upon agonist exposure, GFP-tagged D2 receptors on dopamine
neurons in the substantia nigra pars compacta (SNc) were not internalized. D2 receptors were
seen to internalize in other neuron types indicating a specific interaction within dopamine
neurons. Additionally, tagged D2 receptors were found to be clustered on the somata and
dendrites of dopamine neurons. Furthermore, specific dopamine release areas corresponding to
individual D2 receptor clusters were identified using localized theta stimulation. These results
are at odds with structural data that show the majority of D2 receptors reside at extrasynaptic
locations. In this study, the distribution, lack of trafficking, and localized activation of receptor
clusters indicate a purposeful placement within dopamine synapses of a subset of midbrain D2
autoreceptors.
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Abstract: Dopamine (DA) neurons in the substantia nigra pars compacta (SNc) project to
forebrain areas involved in goal-directed behavior and are subject to plasticity induced by
psychostimulant addiction. SNc DA cells are extensively autoregulated by somatodendritic DA
release acting on D2-receptors (D2Rs), although neither the exact mechanism for DA release nor
the precise subcellular distribution of D2Rs have been fully characterized. Our
electrophysiological evidence suggests that a vesicular-type DA release mechanism produces
spontaneous inhibitory postsynaptic currents in SNc DA neurons in a manner that resembles
classical synaptic transmission. We therefore hypothesized that D2Rs are distributed in clusters
along restricted regions of the somatodendritic membrane. To investigate this, we utilized
transgenic mice with an EGFP tag incorporated into the N-terminus of the D2R and light
microscopic immunofluorescence labeling for EGFP, which provided further evidence for
clustered D2Rs. We next sought to verify our observations by electron microscopic examination
of silver-enhanced immunogold labeling for EGFP. In the SNc of the transgenic mice, EGFP-
D2R labeling was found predominately in dendrites and less frequently in axon varicosities and
glia. While most immunolabeling was observed in the cytoplasm, roughly 29% of EGFP-D2R
gold particles contacted the plasma membrane. Gold particles were relatively uniformly
distributed along mainly extrasynaptic regions, although the proportion of total labeling found on
the membrane increased as dendritic diameter decreased (i.e. in a distal direction). Enrichment of
EGFP-D2R gold to dendrodendritic synapses and dendritic spines was found only rarely. Axon
varicosities expressing EGFP-D2R typically formed symmetric synapses likely to mediate
inhibition. Surprisingly, a few putative axon initial segments with marked EGFP-D2R along the
plasma membrane were also found. As most SNc neurons are dopaminergic, these axon initial
segments likely derive from DA cells, marking the first observation of autoreceptors at this
compartment in a monoamine cell population. The relatively uniform ultrastructural distribution
of D2Rs along dendritic membranes is inconsistent with observations from light microscopy and
electrophysiology, indicating that further experiments are needed to determine the precise
distribution of functional D2Rs in the SNc. These findings have important implications for
understanding the modulation of DA cell activity in health and addiction.
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Abstract: In Parkinson’s disease (PD) several restricted neuronal populations, including those of
the substantia nigra pars compacta (SNc) and locus ceruleus (LC), gradually degenerate. It has
emerged that mitochondrial dysfunction is likely central to the disease mechanism, and this has
led to a hypothesis that one important common characteristic of vulnerable neurons is that they
are particularly active from a bioenergetic point of view and thus more susceptible to any
mitochondrial impairment. This high basal activity of mitochondria would in turn be associated
with elevated production of reactive oxygen species and chronic oxidative stress. We have
recently examined different dopaminergic neuronal sub-groups including those of the SN,
ventral tegmental area and olfactory bulb and provided evidence for a tight link between
neuronal vulnerability, basal bioenergetics and the size of the axonal arbor of neurons, raising the
hypothesis that elevated basal mitochondrial function in vulnerable neurons is in part secondary
to the development and maintenance of a particularly large axonal arbor. In the objective of
further testing the generality of this hypothesis, we have begun to examine noradrenergic
neurons of the LC. We first isolated primary mouse LC neurons from neonatal TH-GFP
transgenic mice. After 7 days in vitro and immunostaining for TH and MAP2, confocal image
capture coupled with semi-automated tracing confirmed that LC noradrenergic neurons also
develop a very large axonal arbor in vitro, with a size even larger than that of SNc dopamine
neurons. Measurements of basal and maximal oxygen consumption rate performed with a
Seahorse bioanalyzer revealed that the rate of oxidative phosphorylation in LC neurons is
comparable to that of SNc neurons. We are now extending these experiments to examine the
relationship between basal bioenergetics and firing. These data contribute to validating the
hypothesis that the bioenergetic phenotype of neurons plays an important role in determining
their vulnerability in PD.
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Abstract: Loss of ovarian function has important effects on neurotransmitter production and
release. To date, there has been little direct comparison of the effects between surgical and
transitional menopause on neurotransmitter pathways in the brain. In this study, effects on
monoamine and amino acid levels were evaluated in adult ovariectomized (OVX) rats and in rats
that underwent selective and gradual ovarian follicle depletion by daily injection of 4-
vinylcyclohexene-diepoxide (VCD). Tissues from the hippocampus (HPC), frontal cortex (FCX),
and striatum (STR) were dissected and analyzed at 1- and 6-week (w) following OV X or VCD
treatments (n=6-8). Tissues from gonadally intact rats were collected at proestrus (n=8) and
diestrus (n=8) periods to represent neurochemical levels during natural states of high and low
estrogens. Seven different monoamines and their metabolites were quantified along with eight
different amino acids. In the FCX of gonadally intact rats, higher levels of serotonin (5-HT) were
detected at proestrus than at diestrus, and the ratio of 5-hydroxyindoleacetic acid (5-HIAA)/5SHT
in the FCX and HPC was lower at proestrus than at diestrus, suggesting an effect on 5-HT
turnover in these regions. No other significant differences between proestrus and diestrus were
observed. In OVX- and VCD-treated rats, substantial changes were observed in the HPC at 1-w
following treatment. Specifically, levels of norepinephrine (NE), 5-HIAA and eight tested amino
acids were significantly reduced in both menopausal models compared to proestrus and diestrus.
The largest effects were the decreases (up to 80%) in the levels of the amino acids. By six weeks
the levels of NE, 5-HIAA and all tested amino acids had returned to normal. In the FCX,
dopamine (DA) levels were elevated at 6-w after OV X relative to diestrus rats. A similar trend
was observed at 1-w (but not 6-w) following VCD treatment. In the STR, NE levels were
elevated at 1-w following OV X, and HVA levels were elevated at 1-w following VCD treatment,
relative to proestrus and diestrus. These effects were not observed at 6 weeks. Collectively, our
results demonstrate that surgical and transitional loss of ovarian function have significant
neurochemical effects on the brain, which are region-specific and time-dependent. In many
instances OV X and VCD treatments produced similar effects. Most notable changes are the
substantial decreases in amino acid levels in the HPC with corresponding effects on NE and 5-
HT pathways. The effects likely contribute to the surgical and transitional menopause on
hippocampal function and cognitive performance.
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Abstract: All drugs of abuse increase the concentration of dopamine in the nucleus accumbens.
Benzodiazepines are anxyolitic drugs that are also susceptible to abuse. Benzodiazepines are
allosteric modulators of the GABAAR, and are known to alter dopamine transmission. Previous
studies have demonstrated that benzodiazepines disinhibit dopamine neurons but also decrease
the concentration of dopamine released in the nucleus accumbens. Here we sought to
characterize how benzodiazepines alter dopamine transient release events in the awake and
behaving rat. Using fast scan cyclic voltammetry we demonstrated that the benzodiazepines
diazepam (trade name valium) and zolpidem (trade name ambien) dose-dependently increase the
frequency and decrease the amplitude of dopamine transient release events in the nucleus
accumbens core and shell in a dose dependent manner. These effects were occluded by the
administration of flumazenil, a benzodiazepine antagonist. This study implies that an increase in
frequency, indifferent of amplitude, may be adequate to provide abuse liability to a drug. Further
research shows that ethanol administration interrupted by a benzodiazepine augments the
frequency of dopamine transient release events yet drastically decreases the amplitude.
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Abstract: The role of noradrenaline (NA) in the thalamus is relevant because of its key position
in cortico-thalamo-cortical pathways and in relaying information from subcortical structures to
the cortex. We have mapped the thalamic NA innervation in adult macaque monkey brains using
immunohistochemistry against the NA synthesizing enzyme, and the NA transporter. We also
analyzed the distributions of Alphal and Alpha2 adrenoceptors using quantitative in vitro
receptor autoradiography.

The maps of the two different NA markers are highly coincident. NA axons are present in all
thalamic nuclei, albeit highly heterogeneously distributed. The most innervated ones are the
midline nuclei. High NA axon densities are also present in some intralaminar nuclei (paracentral
-Pcn- and parafascicular), and in the medial sector of the mediodorsal nucleus (MDm). The
ventral motor nuclei receive a moderate NA innervation, with the ventromedial subdivision of
the ventral anterior nucleus (VAvm) and area X holding the highest innervation among these
nuclei. The lateral geniculate nucleus (GL) holds the lowest NA innervation. Densities and
distribution of Alphal and Alpha2 receptors are also considerably heterogeneous throughout the
thalamic nuclei, with Alphal densities being higher than Alpha2 densities. The nuclei with the
highest Alphal densities are the MDm, the parvocellular part of the ventral posterior medial
nucleus, medial pulvinal (PulM), and midline nuclei. The nucleus with the lowest Alphal
receptor densities is the GL. Alpha2 receptor densities are highest in the lateral dorsal,
centromedian, PulM, inferior pulvinar, and midline nuclei.

Thus, location and densities of NA axons and Alpha receptors match only partially. Matching



distributions of NA axons and Alphal receptors are present in MDm, VAvm, area X and midline
nuclei. However, PulM exhibits moderate NA innervation but comparatively high Alpha receptor
densities. A reverse relationship is present in other nuclei; for instance, in Pcn there is dense NA
innervation while Alpha receptors are scarce. These differences between NA axonal distribution
and Alpha receptor densities suggest interesting local modulations of NA-based signal
transmission caused by the receptors. The high NA axon innervation in nuclei with low Alpha
receptor densities could point out to a more prominent role of Beta family receptors on
noradrenergic signalling within these nuclei. And the presence of conspicuously high receptor
densities in poorly/moderately innervated regions may reveal nuclei in which Alpha receptors
considerably modulate NA-driven signal transmission.
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Abstract: Several recent studies have proposed that the efficacy for neuromodulation may be
state dependent. This ongoing study seeks to examine the interaction between adrenergic
neuromodulation and acute intermittent hypoxia (AIH) on glutamatergic synaptic transmission
and synaptic plasticity in area CA1 of the hippocampus. Electrophysiological recordings of the
evoked field excitatory postsynaptic potential (fEPSP) were made in the CA1 neuronal
population of adult mouse hippocampal brain slices. AIH was achieved by exposing preparations
to three hypoxic intervals (95% N2, 5% CO2 duration=180 sec) separated by periods of recovery
(95% 02, 5% CO2 duration=180 sec). Enhanced adrenergic tone (10 microM norepinephrine,
NE) augmented the suppressive action of AIH on the evoked fEPSP. Interestingly, NE also
suppressed paired pulse facilitation only after AIH. Yohimbine, an a2 adrenergic receptor
antagonist, mimicked the effects of NE following AIH, which implicates a2 adrenergic receptor
involvement. Our findings suggest that that increased adrenergic tone may play a protective role
by reducing excessive glutamatergic synaptic transmission during and following intermittent
hypoxia. These findings may ultimately be important to understanding the neurological aspects



associated in conditions, like sleep apnea, where oscillations in blood gases are accompanied
with enhanced adrenergic tone.
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Abstract: Deficits in neurotrophic and neuroprotective processes are believed to contribute to
the detrimental effects of chronic stress and chronic elevations of glucocorticoids, and to the
pathophysiology underlying major depressive disorder. Recent studies demonstrated that
astrocytes respond to norepinephrine with increases in the synthesis and release of brain-derived
neurotrophic factor (BDNF). Treatment of cultured astrocytes with the glucocorticoid
corticosterone has the opposite effect on BDNF expression. We are examining potential cellular
mechanisms by which glucocorticoids and norepinephrine may interact to regulate astrocyte
BDNF expression. We have recently demonstrated that organic cation transporter 3 (OCT3), a
corticosterone-sensitive monoamine transporter, is densely expressed in the outer nuclear
membranes of astrocytes, and that betal-adrenergic receptors are also localized to the nuclear
envelope of these cells, suggesting that NE may activate G-protein-mediated signaling cascades
in the nucleus, and that OCT3 gates the access of norepinephrine to nuclear membrane
adrenergic receptors. We hypothesized that nuclear beta-1ARs are functionally coupled to
stimulatory G-proteins in the nuclear compartment, and that norepinephrine-induced increases in
BDNF expression are mediated by activation of nuclear cAMP signaling. To test this hypothesis,
we examined A) the localization of Gs-related signal transduction machinery to the nuclear
compartment, using immunofluorescence; and B) the effects of norepinephrine treatment on
BDNF protein expression in astrocytes cultured from wild-type or OCT3-deficient mice. Gs-
alpha-like immunostaining was observed in both cytosolic and nuclear compartments in triton X-
100-permeabilized cells, but only in the cytosolic compartment in cells permeabilized with
digitonin. Phosphodiesterase 4B-like immunoreactivity was observed primarily in the nuclear



compartment in triton-100-permeabilized astrocytes, and nuclear PDE4B-like immunoreactivity
was not observed in digitonin-permeabilized cells. Treatment of wild-type mouse astrocytes with
norepinephrine resulted in dose-dependent increases in BDNF as measured by western blot. The
same treatment had no effect on BDNF expression in OCT3-deficient astrocytes. Together, these
data indicate that nuclear membrane beta-1 ARs couple to intranuclear signal transduction
machinery; that access of norepinephrine to nuclear membrane receptors is mediated by OCT3,
and that nuclear membrane beta-1 ARs mediate norepinephrine effects on BDNF expression.
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Abstract: Tyrosine hydroxylase (TH) is the enzyme that catalyzes the rate-limiting step in the
biosynthesis of the catecholamine neurotransmitters. In a previous communication, we provided
evidence that TH mRNA is trafficked to the axon and that the mRNA is locally translated. In
addition, we identified a 50bp sequence element in the 3'untranslated region (3°'UTR) of TH
MRNA that directs TH mRNA localization to distal axons. In the present study, the hypothesis
was tested that local translation of TH plays a key role in the biosynthesis of the catecholamine
neurotransmitters in the axon and/or presynaptic nerve terminal. Toward this end, a targeted
deletion of the axonal transport sequence element was developed, using the lentiviral delivery of
the CRISPR/Cas9 system, and two guide RNA sequences flanking the 50bp cis- regulatory
element in rat superior cervical ganglion (SCG) sympathetic neurons. Deletion of the axonal
transport element present in the 3’'UTR of TH mRNA reduced TH mRNA levels in the distal
axons and reduced the axonal proteins levels of TH and TH phosphorylation at SER40 in SCG
neurons, as well as diminished the axonal levels and release of dopamine and norepinephrine.
Conversely, the local translation of exogenous TH mRNA in the distal axon enhanced TH levels



and activity, as measured by Ser40 phosphorylation, and enhanced axonal norepinephrine levels.
Taken together, our results provide evidence to support the hypothesis that TH mRNA
trafficking and local synthesis of TH plays a key role in the synthesis of catecholamines,
allowing for a rapid response to alterations in the need for neurotransmitter synthesis and release.
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Abstract: Recent studies indicate that the microRNA system plays a key role in regulating
behavioral responses to drugs of abuse. However, its role in reward pathways is poorly
understood. Accordingly, we have initiated studies aimed at understanding the role of the
microRNA system in regulating dopamine (DA) signaling. While synthesis of nearly all
microRNAs is mediated by a single enzyme, Dicer, multiple enzymes are involved in degrading
microRNAs. Hence, selective deletion of individual microRNA degrading enzymes, such as the
translin/trax RNase complex, leads to restricted increases in a subset of microRNAs and can be
used to define the function of this subpopulation.

As the translin/trax (TN/TX) RNase complex is expressed by midbrain DA neurons, as well as
D1R+ and D2R+ striatal neurons, we tested whether translin KO mice, display abnormal
dopamine signaling. We found that these KO mice exhibit marked impairment in the ability of
cocaine to enhance locomotor activity in an open field arena. This deficit does not reflect
degeneration of DA neurons as TH immunostaining and striatal DA levels are normal in these
mice. In addition, we confirmed that cocaine levels in forebrain and serum samples from WT and
translin KO mice are not significantly different. Microdialysis studies demonstrated that the
ability of cocaine to increase extracellular DA in the nucleus accumbens is blunted in translin
KO mice in parallel with their reduced locomotor response to cocaine. In contrast, the ability of



amphetamine to elevate DA levels in the accumbens is unaffected. Preliminary fast scan
voltammetry studies to monitor evoked DA release in the nucleus accumbens have not revealed
any difference in DA max or clearance rates between translin KO mice and age-matched WT
mice. However, the ability of cocaine to increase evoked release of DA in the nucleus
accumbens is impaired in translin KO mice. Although this effect of cocaine is thought to underlie
its rewarding properties and is mediated by its interaction with the dopamine transporter, how it
enhances evoked DA release is poorly understood. Accordingly, further studies aimed at defining
how translin deletion blocks this response may provide valuable clues to understanding the
biological basis of cocaine's reinforcing properties.
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Abstract: The interaction of glutamate and dopamine in the striatum is heavily dependent on
signaling pathways that converge on the regulatory protein DARPP-32. The efficacy of
dopamine/D1 receptor/PKA signaling is regulated by DARPP-32 phosphorylated at Thr34 (the
PKA-site), a process that inhibits protein phosphatase 1 (PP1), and potentiates PKA action.
Activation of dopamine/D1 receptor/PKA signaling also leads to dephosphorylation of DARPP-
32 at Ser97 (the CK2-site), leading to localization of phospho-Thr34 DARPP-32 in the nucleus
where it also inhibits PP1. In this study, the role of glutamate in the regulation of DARPP-32
phosphorylation at 4 major sites was further investigated. Experiments using striatal slices
revealed that glutamate decreased the phosphorylation states of DARPP-32 at Ser97 as well as
Thr34, Thr75 and Ser130 by activating NMDA or AMPA receptors in both direct and indirect
pathway striatal neurons. The effect of glutamate to decrease Ser97 phosphorylation was
mediated by activation of PP2A. In vitro phosphatase assays indicated that the PP2A/PR72
heterotrimer complex was likely responsible for glutamate/Ca?*-regulated dephosphorylation of
DARPP-32 at Ser97. As a consequence of Ser97 dephosphorylation, glutamate induced the
nuclear localization in cultured striatal neurons of dephospho-Thr34/dephospho-Ser97 DARPP-
32. It also reduced PKA-dependent DARPP-32 signaling in slices and in vivo. Taken together,
the results suggest that by inducing dephosphorylation of DARPP-32 at Ser97 and altering its
cytonuclear distribution, glutamate may counteract dopamine/D1 receptor/PKA signaling at
multiple cellular levels.
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Abstract: Methamphetamine (METH) is a powerful psychostimulant drug with neurotoxic
properties. METH increases dopamine (DA) signaling by inhibiting DA reuptake, resulting in
increased oxidative stress and eventual degeneration of DAergic terminals. Selenium (Se) is an
antioxidant trace element that is incorporated into selenoproteins, a family of proteins with
multiple functions that include protection from oxidative stress. Se protects against METH
toxicity and may also play a role in the DA system. Selenoprotein P (Sepp1l) is vital for proper
brain function as it is responsible for supplying neurons with Se, and may also play a role in
DAergic transmission. Fast-scan cyclic voltammetry (FSCV) is an electrophysiological
technique that can be used to measure DA release and reuptake kinetics. We used FSCV to
measure DA release in nucleus accumbens (NAc) slices in order to investigate the role of Seppl
in DAergic transmission and modulation by METH. Sepp1-KO mice had reduced basal DA
reuptake rates compared to wild-type controls, suggesting reduced dopamine transporter (DAT)
activity. Sepp1-KOs also had decreased levels of basal stimulated DA release. However, KOs
displayed a dramatic increase in stimulated DA release in response to METH compared to wild-
type mice. The DA receptor 2 (D2R) agonist quinpirole prevented the large METH-induced
increase in stimulated DA release in Sepp1-KOs, while the D2R antagonist sulpiride
dramatically increased METH response in wild-type slices but not in Sepp1-KO slices. These
results suggest that D2R dysfunction in Seppl-KO mice potentiates METH-induced DA release.
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Abstract: Locus coeruleus noradrenergic (LC-NE) neurons send broad neuromodulatory
projections to the central nervous system. While these neurons are thought to be involved in a
variety of functions, including arousal, attention, and cognitive shifts, the behavioral contexts
and the underlying mechanisms that drive LC-NE neurons remain largely unknown. Here, we
examined the microcircuit mechanism of LC-NE activity by investigating a population of local
GABAEergic neurons located in the ventromedial region of the LC (LC-GABA). We monitored
pupil size as a behavioral marker of LC-NE activity, and performed cell type-specific
optogenetic manipulations and electrophysiological recordings within the LC of awake head-
fixed mice. We found that activating LC-GABA neurons resulted in constriction of the pupil,
similar to direct inactivation of LC-NE activity, suggesting a functional coupling between these
cell types. In support of this hypothesis, simultaneous recordings using multi-channel
extracellular probes revealed an ongoing interaction between putative LC-GABA and LC-NE
activity, in which GABAergic activity followed the increase in NE associated with pupil dilation.
Importantly, LC-GABA neurons may critically gate LC-NE function, as increasing their activity
impaired responses of LC-NE neurons to novel sensory stimuli. We are currently investigating
brain-wide inputs to LC-NE and LC-GABA neurons using monosynaptic rabies virus tracing to
identify upstream brain regions that regulate this gating mechanism. Overall, these results
demonstrate the existence of a local population of interneurons in the LC capable of rapidly
controlling overall NE activity by modulating LC responses to unexpected sensory stimuli.
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Abstract: Dopamine (DA) signaling over multiple time courses is responsible for the regulation
of a variety of vital life functions. Furthermore, dysfunction in dopaminergic signaling pathways
has been implicated in the onset of various neurological disorders. When studying DA signaling
pathways, it is absolutely necessary to monitor extracellular DA, as changes in the concentration
and kinetics of DA release and uptake are highly correlated to physiological functionality. Fast



scan cyclic voltammetry (FSCV) has been performed at carbon fiber microelectrodes (CFEs) for
in vivo DA detection for decades, but the technique is limited by issues resulting from moderate
sensitivity, poor sensor longevity and the inability to measure resting DA concentrations. We
have developed poly(3,4-ethylene dioxythiophene) (PEDOT) nanocomposites based electrode
coatings capable of electrochemically measuring both sub second DA fluctuations as well as
resting DA concentrations with high sensitivity and selectivity. PEDOT/graphene oxide coated
CFEs exhibit an 880% increase in sub second, transient DA detection sensitivity using FSCV,
decreased the lower limit of detection for DA by 50% and minimally altered electron transfer
kinetics compared to bare CFEs. PEDOT/carbon nanotube coated CFEs exhibit a 4700%
increase in sensitivity for the detection of resting DA levels using pulse voltammetric methods
compared to bare CFEs, exhibited a sub-50 nM lower limit of detection for DA and are capable
of stable continuous recording over multiple hours. Both PEDOT coated CFEs are capable of in
vivo DA recording in the rat dorsal striatum. PEDOT/graphene oxide coated CFEs electrodes
exhibit a 5.5X increase in measured current resulting from electrically stimulated in vivo DA
release. PEDOT/carbon nanotube coated CFEs are capable of measuring the resting DA
concentration in the rat dorsal striatum as well as pharmacologically induced tonic DA changes.
Overall, PEDOT-based coatings significantly improve DA detection capabilities both in vitro
and in vivo and is expected to considerably improve our understanding of the DA function
signaling over multiple time courses.
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Abstract: Enhanced neurochemical microsensors were developed for brain slice recordings
where higher sensitivity is required to detect small, dynamic changes in glutamate and dopamine
levels. Dopamine sensors were created by electrophoretically depositing <100-nm thick
multiwall carbon nanotubes (MWCNT) onto platinum microelectrode arrays and then drop



casting 0.2 pL of 5% wt. nafion solution. Glutamate sensors were created by drop casting a
mixture of 0.1 U/uL glutamate oxidase, 1% bovine serum albumin and 0.125% glutaraldehyde
followed by curing at room temperature for 72 h. A size-exclusion polymer, m-
phenylenediamine, was electrochemically deposited to the enzyme coated MEA to prevent
ascorbic acid, an interferent, from reaching the electrode surface.

Coronal slices from adult murine brain were maintained in artificial cerebral spinal fluid.
Caudate putamen was used to test dopamine sensors and parietal cortex was used to test
glutamate sensors. Current responses to biphasic stimulation, were recorded on a F.A.S.T.
16mklll system (Quanteon, Kentucky). Responses (Fig. 1) were compared to previously
acquired standard curves from 1-40 uM of glutamate and dopamine concentrations.

The high randomness and open pores present in the three dimensional MWCNT film contributed
to a significant increase in the electroactive area and adsorption sites for dopamine. In vitro
calibration studies showed that with nafion coating, the MWCNT modified microelectrode had a
100-fold increase in DA sensitivity (20 nA/uM). The glutamate microsensor showed a sensitivity
of 25 pA/uM, which is much higher than similar commercial probes (< 15 pA/uM) reported in
the literature.Future work includes combining these microsensors into a single probe and further
refinement of the coatings for chronic, in vivo recordings.
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Figure 1. Responses to biphasic stimulation (platinum wires, 300 mA, 2Hz) of dopamine (left)
and glutamate (right). Stimulation artifact is denoted by blue arrows. Black and blue traces are
recorded from electrode 1 and 8, respectively, on modified CenMeT 8-TRK microelectrode
arrays.
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Abstract: Fast-Scan Cyclic Voltammetry (FSCV) is an analytical tool which is used to detect
sub-second changes in dopamine (DA) concentration in the striatum. In FSCV, repeated
adsorption and oxidation of DA occurs on the carbon fiber microelectrode surface. Using
background subtraction, the current produced can be used to create a calibration curve for [DA]
that allows correlation with in vivo measures. We are exploring the electrodeposition of various
coatings as a method for improving the detection limit for this technique. The goal of these
coatings is to increase the amount of DA adsorbed onto the electrode surface, thus increasing the
oxidation current, which is proportional to the concentration of DA. The goal of this project is to
investigate different tryptophan derivatives plated onto the surface of the electrodes for their
ability to improve FSCV sensitivity for DA. The coated electrodes must not only be investigated
for their ability to improve the detection limit of DA, but their selectivity and durability must be
investigated. Coated electrodes will be tested in vitro in the presence of other neurotransmitters
which are present in the striatum. The durability of the coatings on the electrodes will be tested
through extended FSCV cycling and collection periods. Improving the limit of detection of
FSCV for DA will help with monitoring low levels of DA which are present in patients with
Parkinson’s and Alzheimer’s. We hope with this project, to provide a simpler, a cost-effective
and time-efficient means of increasing the FSCV sensitivity for DA to aid in the research of
these diseases.
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Title: Investigation of the basal dopamine levels in the zebrafish telencephalon using fast-scan
controlled adsorptive voltammetry
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Abstract: Zebrafish are widely used organisms for a variety of different studies in neuroscience.
The neurotransmitter dopamine (DA) is a molecule important in learning and memory,
motivation, and movement in higher vertebrates. Quantification of DA in the zebrafish brain has
recently taken place via amperommetry and fast scan cyclic voltammetry (FSCV). FSCV is a
technique that uses a triangle waveform with background subtraction to measure DA oxidation
current as a proportional measure to DA concentration. This can be used to quantify small
changes in neurotransmitter concentration but is limited to acquiring only concentration changes,
and not basal DA levels, due to this subtraction. Fast scan controlled-absorptive voltammetry
(FSCAYV) allows for inquiries into basal DA levels and changes to those levels. Since little is
known about the basal DA concentrations present within the zebrafish telencephalon, we used
FSCAV to investigate these levels.
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Title: Escitalopram and serotonin reuptake parameters in animal model of chronic pain: an In
vivo voltammetric study

Authors: *H. AHMET?, U. OKKAY, 252407, K. NALCI?, B. TOGAR?, N. TASPINAR?, I.
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Abstract: We investigated the character of chemotherapy-evoked neuropathic pain using rats
treated with paclitaxel. The novel method of in vivo voltammetry was utilized to determine if
changes in extracellular seratonin levels and release in rats occur after chronic paclitaxel therapy.
Peripheral neuropathy is the dose-limiting side effect of paclitaxel. The cause of the pain is not
known. This study investigated whether changes in seratonin homeostasis occur after paclitaxel
treatment in specific brain areas.

Materials:

Analgesiometer (Randal- Selitto) was used to measure the mechanical allodynia. 2 milimolar
seratonin was given to the areas and uptake activities were recorded with in vivo voltammetry.
270-310 g rats are important for in vivo voltammetry studies for true brain stereotaxic
coordinates.

Coordinates X \Y|Z

CA3 (Cornus Ammonis) (3,4 -4 |-3,8

Results:
Paclitaxel-evoked pain was detected by analgesiometer test on 7th day and it continued to 50th
day. Pain tests were done on 0, 8, 15, 21, 30, 50 th days.

n Control Mean+SD Paclitaxel Mean=SD Paclitaxel+Escitalopram MeanzSD

0.day 5 125,00+0,00 124,00+2,24 116,00+12,45*
8.day 5114,00+11,40 63,00+40,40* 59,00+12,94*
15. day 5 109,00+5,48 70,00£33,35 41,00+11,94*
21.day 5 108,00+9,75 65,00+£55,11 43,00+9,083*
30.day 5 115,00+9,35 26,00+52,72* 27,00+20,80*

50.day 5115,00+10,61 14,00+19,49* 15,00+18,71*



60. day 5 102,00+16,43 4,00+8,944* 50,00+£32,21*#

* p<0,05 according to the control group, # p<0,05 according to paclitaxel group

Serotonin reuptake time(tso) from synaptic cleft were decreased in paclitaxel group when
compared to control group. And escitalopram turned this decrease back and even longer than
control group.

Conclusion:

This study showed that serotonin uptake rate was increased in CA3 region in the brain in
paclitaxel -treated animals. And we can use escitalopram to ameliorate of increased serotonin
reuptake times. Also we observed clinical improvement in escitalopram group.

Support:

This study is supported by Tubitak (The Scientific and Technological Research Council of
Turkey) by the project # 1135083 and Ataturk University BAP project # 2008/126, Ataturk
University BAP Project # 2015/038.
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Title: Isoflurane anesthesia alters monoamine levels in prefrontal cortex (PFC) of C57BL/6J
(B6) mouse
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Abstract: Previous studies quantifying isoflurane-induced changes in brain chemistry typically
have been limited to measures of a single neurotransmitter (J Neurochem 119: 419, 2011).



During anesthesia, however, levels of multiple, interacting neurotransmitters change
simultaneously (Sleep 35: 1325, 2012). This ongoing study is quantifying several
neurotransmitters in brain samples obtained by in vivo microdialysis. Dialysis probes were
aimed for the PFC (histology pending) and samples (25 microliters) were collected during
wakefulness (n=9 mice) and isoflurane (1.3%) anesthesia (n=12 mice). Dialysis samples were
derivatized, separated with LC/MS and quantified using the Analyst™ data system (Applied
Biosystem, version 1.4.2). A between-groups design enabled evaluation of state-dependent
increases (+) and decreases (-) in levels of histamine (HA), dopamine (DA), serotonin (5-HT),
and norepinephrine (NE). Compared to levels measured during wakefulness, percent change
values during anesthesia were: HA = -30.8%, DA = +39.6%, 5-HT = +7.4%, and NE = +41.6%.
Independent t-test comparisons revealed that these isoflurane-induced changes were statistically
significant for HA (t=2.2, df=16, p=0.03), DA (t=1.91, df=12, p=0.04), and NE (t=1.95, df=17;
p=0.03). We are unaware of previously reported measures of monoamines from PFC of B6 mice
during isoflurane anesthesia. Many studies have shown that monoamines promote cortical
activation and behavioral arousal. Microdialysis data indicate that stimulants increase levels of
HA (Eur J Pharm 558:96, 2007), and 5-HT, NE, and DA (Neuropsychopharmacology 27:699,
2002) in PFC of rat. The present results encourage efforts to determine the extent to which
increased levels of monoamines resulted from isoflurane-induced changes in monoamine
synthesis, degradation, and/or reuptake. Combining metabolomic data
(http://www.abstractsonline.com/pp8/index.html#!/4071/presentation/6411) with measures of
neurotransmitters offers unique opportunities to increase understanding of the mechanisms
through which volatile anesthetics alter brain chemistry. Together, these analytic approaches
may provide new insights into mechanisms of anesthetic action.
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Abstract: N,N-Dialkyltryptamines such as psilocybin and N,N-dimethyltryptamine (DMT) are a
potent class of serotonergic hallucinogens. Recently, designer hallucinogens derived from N,N-
diallyltryptamine (DALT) have been marketed online as New Psychoactive Substances, resulting
in numerous cases of acute toxicity. Tryptamine hallucinogens act primarily as 5-HT1a and 5-
HT2a receptor agonists, but it is not clear whether DALT derivatives have a similar mechanism-
of-action. To investigate the pharmacology and structure-activity relationships of these
compounds, we assessed the binding affinities of DALT and 11 ring-substituted derivatives at 44
receptor and transporter sites. A subset of the compounds were also assessed for induction of the
head twitch response, a 5-HT2a receptor-mediated behavioral response in rodents that is often
used as a proxy for human hallucinogen effects. Binding assays confirmed that DALT and its
ring-substituted derivatives bound non-selectively to most 5-HT receptors, including 5-HT1aand
5-HT2a. DALT significantly increased HTR counts in male C57BL/6J mice relative to vehicle
(EDso = 3.42 mg/kg IP). The 4-hydroxy and 5-methoxy derivatives induced the HTR with almost
twice the potency of DALT; 4-acetoxy- or 5-fluoro-substitution produced even greater increases
in potency. By contrast, 5-bromo substitution did not significantly alter HTR potency relative to
DALT. 2-Methyl or 2-phenyl substitution abolished HTR activity, as did 7-ethyl substitution. An
ordinary least-squares (OLS) regression revealed that 5-HT1aand 5-HT2a binding affinities
significantly predicted HTR potency (R?=0.904, R?justea=0.840). These results confirmed that 5-
HT.a and 5-HT1a receptors made positive and negative contributions, respectively, to HTR
potency. To our knowledge, this is the first quantification of the relative contributions of 5-HT2a
and 5-HT1a receptors to the behavioral effects of tryptamine hallucinogens. These findings
improve our understanding of how tryptamine hallucinogens produce their effects, and allow for
better prediction of the abuse potential of novel derivatives of DALT.
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grants). If you are a PI for a drug study, report that research relationship even if those funds
come to an institution.; NIDA, NIMH, U.S. Veteran's Administration VISN 22 Mental 1liness
Research, Education, and Clinical Center. E. Ownership Interest (stock, stock options, royalty,
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Title: Serotonin restricts synaptic plasticity and decreases excitability of vestibular circuits via
distinct receptors
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Abstract: The medial vestibular nucleus (MVN) is a major relay station for postural
coordination, eye movement control and spatial cognition. Microinjection of 5-HT to the MVN
impaired performance of vestibular-mediated motor balance and negative geotaxis in both adult
and juvenile (P13-16) rats. We hypothesize that serotonergic neurotransmission modulates the
activity of neurons in the MVN circuitry for vestibular-related behaviors. Specific activation of
5-HT7 receptors in the MV N restricted circuit plasticity by abolishing NMDAR-mediated LTD
via a protein kinase A (PKA)-dependent postsynaptic mechanism. Activation of 5-HT1a receptor
attenuated the excitability of vestibular circuits, as evidenced by reduction of both evoked
excitatory and inhibitory transmission (eEPSC and elPSC), through a presynaptic mechanism.
These results reveal that 5-HT1a and 5-HT7 receptors within the MVN exhibit differential
modulatory mechanisms but these in concert accomplish synergistic influence on motor
coordination.
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Abstract: Serotonin (5-HT)-containing neurons in the dorsal raphe (DR) nucleus project
throughout the mammalian forebrain and are implicated in a host of physiological processes and
neuropsychiatric disorders. These neurons have been characterized in terms of their
electrophysiology and show differences in presynaptic drive, passive membrane properties, and
excitability, but studies to determine if these attributes align with specific brain functions or
specific forebrain terminal fields have only recently begun. The goal of this study was to link DR
neurons to a specific functional role in sensory versus cognitive circuit operations by
characterizing cells according to both their efferent connectivity and electrophysiological
properties; specifically, comparing cells projecting to the medial prefrontal cortex (mPFC), a
region implicated in decision-making and emotion with cells projecting to the lateral geniculate
nucleus (LGN) of the thalamus, a subcortical relay for visual information. We have previously
shown that over 90% of the DR neurons projecting to these regions are serotonergic. After
injecting the retrograde tracer FluoroGold (FG) into the mPFC or LGN of Sprague-Dawley rats,
brainstem sections from these animals were collected and whole-cell patch clamp recordings
were made from FG-labeled neurons within the DR. Initial results show that these two
populations of projection neurons have similar passive membrane properties; however, cells
targeting the mPFC respond to depolarizing current steps with a higher firing frequency than
LGN-projecting cells. This greater excitability of mPFC vs LGN-projecting cells may suggest
that greater stimulus-driven 5-HT release is required to optimize the function of cognitive and
limbic circuits within the mPFC than for early stage visual processing in the LGN. Interestingly,
LGN-projecting neurons display a greater frequency of putative AMPA-mediated spontaneous
postsynaptic currents (t = 3.05, p = 0.0081), an indication that these cells receive greater
presynaptic excitatory drive than those projecting to mPFC. Such target-specific differences in
the synaptic regulation and excitability of DR projection neurons provide insight into the
functional organization of the DR 5-HT system and indicate that this type of characterization
may be a valuable strategy for untangling the diverse psychological and behavioral roles of 5-HT
in the forebrain. Ongoing studies will determine if the electrophysiological profile of these DR
projection neurons changes from late adolescence to adulthood. (NIMH MH101178 to BDW)
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Title: Neurochemical profile in mice genetically depleted of brain serotonin: A proton magnetic
resonance spectroscopy study

Authors: *F. GHODDOUSSI!, D. I. BRIGGS?, D. M. KUHN?*# M. P. GALLOWAY?, J. A.
STANLEY?®

! Anesthesiol. & Magnetic Resonance Core, Wayne State University, Sch. of Med., Detroit, MI;
2Behavioral and Functional Neurosci. Lab., Stanford University-School of Med., Paolo Alto,
CA; ®Psychiatry & Behavioral Neurosciences, Wayne State University-School of Med., Detroit,
MI; “Res. & Develop. Service, John Dingell VA Med. Ctr., Detroit, Ml

Abstract: Introduction: Serotonin (5HT) neurons originating in the dorsal raphe innervate
nearly all areas of the brain. 5HT is involved in mediating neuronal development as well as
behavioral and physiological processes including, sleep, aggression, aging , control of food
intake and body weight. In addition, the dysfunction in the 5SHT neuronal system has been linked
to neuropsychiatric conditions such as depression, anxiety, obsessive compulsive disorder and
suicide. Serotonin selective reuptake inhibitors (SSRIs) are the most common treatment for
depression and their therapeutic effect is generally attributed to their ability to increase the
synaptic levels of SHT. Tryptophan hydroxylase-2 (TPH2), expressed selectively in 5SHT
neurons, is the initial and rate limiting enzyme in the biosynthesis of 5SHT. Genetic ablation of
the TPH2 gene provides a hypo-serotonergic animal model to examine the influence of 5SHT
innervation on development and behavior. TPH27- mice show intense compulsivity and
impulsivity, social communication deficits, exaggerated aggression and decreased levels of
anxiety like behavior. 5SHT neurons in these mice, although lacking 5HT, retain their
characteristic electrophysiological properties as well as relatively normal brain development and
elaboration of the SHT neuronal system. This suggests that behavioral phenotypes of the TPH27
may be mediated via the absence of a modulatory effect of 5SHT on other neurotransmitter
systems such as Glutamate (GLU) and GABA. Methods: TPH2” mice were generated by
deleting exonl of the Tph2 gene and were on a mixed C57BL/6-Sv129 background. High
resolution magic angle spinning (HR-MAS) proton magnetic resonance spectroscopy (*H-MRS)
ex vivo (translation potential to clinical MRS) was used to assess unbiased neurochemical
profiles in 12 different brain regions of 8 week-old WT ( n=8) and KO (n=12) mice. Results:
MRS analysis showed significant decrease in GLU and GABA levels in Hippocampus ( dentate
gyrus, HP), significant increase in Glu and GABA levels in Cerebellum (CB), no change in GLU
and GABA levels in Anterior Striatum (AST). Discussion: Animal and clinical studies
suggested, although with conflicting findings, that a deficit in GABAergic activity may be
crucial in the pathophysiology of mood disorders. The 5HT innervation in ACC, CB and HC is
substantial and 5HT release has modulatory effects on the release of the GLU and GABA
neurotransmitters. Changed concentrations of GLU and GABA may reflect a developmental



insult related to SHT deficits in the critical period or a compensatory effect both associated with
the unique behavioral phenotypes of the TPH”'mouse.
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Title: Serotonin-7 receptors in the hippocampus vary with time of day but not aging
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Abstract: Activation of serotonin-7 (5-HT7) receptors modulates circadian rhythms, memory,
REM sleep, and depression, processes which are deleteriously affected by aging. Endogenous
regulation of these receptors is not well understood, although pharmacological regulation has
been reported. Chronic treatment with selective serotonin re-uptake inhibitors known to increase
extracellular serotonin levels leads to down-regulation of 5-HT7 receptors. Because endogenous
serotonin release exhibits a daily rhythm with higher levels at night, we hypothesized that 5-HT~
receptors exhibit 24-h variations characterized by lower nighttime expression. Our previous
studies of Syrian hamsters showed that aging decreases 5-HT7 receptors in the dorsal raphe
nucleus, a brain region in which these receptors affect circadian rhythms and REM sleep, but not
in the several other circadian substrates, such as the suprachiasmatic nucleus. Here we tested
whether aging reduces 5-HT~ receptors in the hippocampus, a likely substrate for the effects of 5-
HT- receptor drugs on memory and depression. Male Syrian hamsters (young, 3-5 months; old,
17-21 months) exposed to a daily alternating cycle of 14 h light:10 h dark were euthanized at 4
times of day (zeitgeber times [ZT]1, 6, 13, & 19; ZT12 = time of lights:off; N=8-13/tim/age).
Coronal sections through the hippocampus were processed for 5-HT7 receptor autoradiography
using [3H]8-OH-DPAT [2 nM] as the radioligand and SB-269970 [1 uM] to define nonspecific
binding. Tissue sections and radioactive standards were apposed to X-ray films to generate
autoradiograms that were assessed by computer-assisted microdensitometry. Robust specific 5-
HT+7 receptor binding was observed in the hippocampal dentate gyrus (DG), CALl, and CA2 but
not in CA3. In the DG and CAL, specific 5-HT~ receptor binding sites exhibited 24-h rhythms
with troughs at night (P<0.005; P<0.05, respectively), in support of the hypothesis. Specific 5-
HT7 receptor binding in the CAl and DG were not significantly affected by age or by



interactions between time and age. In conclusion, these data indicate that 5-HT7 receptors in the
hippocampus are influenced by time of day but not by aging. Furthermore, these findings suggest
that the therapeutic effectiveness of 5-HT7 drugs may persist in old age but will depend on the
daily time of administration.
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Abstract: Serotonin (5-hydroxytryptamine; 5-HT) is a neurotransmitter in the brain of vertebrate
animals and humans. 5-HT is involved in the regulation neurological states such as mood, pain,
and anxiety and has been linked to drug dependency. Zebrafish (Danio rerio) could represent a
tool for the pre-clinical development of pharmacotherapies of human disorders with a link to the
serotonin system. We identified 23 serotonin receptor (htr) genes in the zebrafish genome. Every
human htr gene appears to have an ortholog in zebrafish, except for three htr3 receptor types.
Because of a teleost genome duplication event several but not all human serotonin receptor genes
have duplicates in the zebrafish genome. For a pharmacological characterization of zebrafish
serotonin receptors, we have cloned and sequenced htr2cl1, htr2aa, htr2ab and htr7c entire
coding regions. At the protein level, zebrafish amino acid sequences are about 70% identical to
human serotonin receptors. Expression of serotonin receptors in HEK293 cells enables the
isolation of htr proteins for binding assays which are being carried out to determine the degree of
similarity between zebrafish and human serotonin receptor pharmacology.
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Abstract: Tryptophan hydroxylase 2 (TPH2) is the key enzyme in the synthesis of neuronal
serotonin. Although previous studies suggest the NRSF-mediated negative regulation of the
human TPH2 (hTPH2) gene, the mechanisms by which the hTPH2 gene expression is activated
remains unresolved. An in silico analysis, 5 -flanking region revealed the presence of two
consecutive GC-rich motifs (GCB1, -207/-199 and GCB2, -182/-174), within which the putative
transcription factor binding sites, including early growth response proteins (EGRS) and
specificity proteins (Sps), were found. A 2-kb region of the hTPH2 gene (-1850/+141) was
cloned into pGL4-Basic and its 5 -untranslated region (+10/+121; a region containing repression
elements including NRSE) was deleted to yield TPH2-100. Furthermore, the 48-bp segment (-
124/-77) adjacent to GCBs was deleted from TPH2-100 to prepare TPH2-131. Quantitative real-
time RT-PCR analysis revealed the expression of Egr-1, Egr-2, Egr-3, Egr-4, Sp1, Sp3, Sp4,
Nabl and Nab2 genes in rat raphe RN46A cells. Reporter assays showed that the promoter
activity of hnTPH2-131 was about 2-times that of hTPH2-100, suggesting that the 48-bp
downstream segment contains a not-yet-identified inhibitory element. Interestingly, this 48-bp
segment is well conserved between humans and rodents. Overexpression of EGRs (EGR1, 2, 3
and 4) and/or Sps (Sp1, Sp3 and Sp4), either alone or in combination, only caused marginal
effects on the hTPH2-100 promoter activity. Whereas overexpression of EGRs or Sps alone
exhibited only a marginal effect on the hTPH2-131 promoter activity, when both were co-
expressed, the joint effect was additive. These results indicate that EGRs and Sps apparently bind
to the GCBs in a noncompetitive manner and act together to increase the hTPH2-131 promoter
activity. Moreover, these results suggest that the 48-bp segment has an inhibitory effect on the
joint function of EGRs and Sps via the GCBs. To analyze these GCBs further, mutant reporters
were prepared and co-expression studies were performed using EGR4 and Sp3 expression
vectors. Although mutation of either the GCB1 or the GCB2 reduced the hTPH2-131 promoter
activation by EGR4 and Sp3, the GCB2 mutation produced a greater reduction compared to that
of the GCB1 mutation. Double mutations of the GCB1 and GCB2 brought a further reduction.
These results indicate that the GCB2 is critical for the hTPH2-131 promoter activation by EGR4
and Sp3, and the GCB1 might play an accessary role. Collectively, these results imply that the
hTPH2 promoter activation by EGRs and Sps is dependent on the GCBs and is subjected to the
inhibitory modulation mediated by the unique downstream 48-bp segment.
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Title: Regulation of tetrahydrobiopterin (BH4), a required cofactor for serotonin & dopamine
synthesis, in the nematode C. elegans
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Abstract: The rate-limiting synthetic enzymes for serotonin and dopamine synthesis, for
phenylalanine catabolism, for ether lipid metabolism, and the nitric oxide synthases (NOSs) all
require the cofactor 5,6,7,8-tetrahydrobiopterin (BH4) for catalytic function. We have recently
described the function and expression of genes required for BH4 synthesis and regeneration in
the nematode C. elegans (Loer et al., 2015, Genetics 200: 237). Worms that can’t synthesize
BH4 are serotonin- and dopamine-deficient, and have leaky, fragile cuticles caused by aberrant
lipid metabolism in the epidermis; BH4-deficiency also alters susceptibility to bacterial
pathogens. In humans, regulation of BH4 levels is important for many physiological functions.
BH4 is synthesized in four steps starting with GTP; the first step is performed by GTP
Cyclohydrolase | (GTPCHL1, C. elegans gene cat-4). Like in many biochemical synthesis
pathways, the first enzyme in the pathway is regulated by ‘end product feedback inhibition.” This
typically occurs by the end product itself binding to another site on the enzyme — allosteric
regulation. For BH4, it is more complicated — in mammals, GTPCHL1 inhibition by BH4 requires
an additional small protein called GTPCH1 feedback regulatory protein (GFRP). Crystal
structures show that the analog BH2 binds at the interface between pentamers of GTPCH1 &
GFRP to inhibit GTPCHL1 function, mainly interacting with GTPCH1 (Maita et al., 2004, J Biol
Chem 279: 51534). Phe, which stimulates GTPCH1, also binds at the interface between the two
proteins, mainly interacting with GFRP. C. elegans also encodes a likely ortholog of GFRP
(gene gfrp-1); sequence analysis and structural predictions suggest the worm GFRP will function
like the mammalian protein, binding both BH4 and Phe. In mammals, GTPCH1 and GFRP can
also bind the selective inhibitor 2,4-Diamino-6-hydroxypyrimidine (DAHP), which is
structurally similar to both GTP (substrate) and BH4 (pathway end product). At low
concentrations, DAHP apparently inhibits GTPCH1 like BH4 by binding with GFRP; this
inhibition is GFRP-dependent. At higher concentrations, DAHP acts as a competitive inhibitor,
binding at the GTPCHL1 active site like GTP; this inhibition is GFRP-independent (Xie et al.,
1998, J Biol Chem 273: 21091). Although DAHP treatment has no obvious effect on wildtype C.



elegans, serotonin levels (a proxy for BH4 levels) are reduced by DAHP in worms with a
reduction-of-function mutation [cat-4(e3015)] that already have less BH4. We plan to test
whether this presumed inhibition of worm GTPCHL1 is GFRP-dependent by knocking down gfrp-
1 gene function in DAHP-treated cat-4(e3015) worms.

Disclosures: C.M. Loer: None.
Poster
287. GPCRs: Metabotropic Glutamate Receptors and Muscarinic Acetylcholine Receptors
Location: Halls A-C
Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 287.01/C60
Topic: B.03. G-Protein Coupled Receptors
Support: MH073676
NS031373
MH065215-14

Title: Therapeutic potential of mGlul PAMs in the treatment of schizophrenia via regulation of
striatal dopamine release through an endocannabinoid-dependent mechanism

Authors: *S. E. YOHN?, D. J. FOSTER?, D. P. COVEY?, P. M. GARCIA-BARRANTES!, J. F.
CHEER?, C. W. LINDSLEY?, P. J. CONN!
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Abstract: Given the shortcomings of current antipsychotics, novel therapeutic approaches are
needed that exhibit clinical efficacy with reduced adverse effect liability. Activation of the
muscarinic M4 receptor has previously been demonstrated to have antipsychotic-like efficacy in
several preclinical models. Recently our laboratory reported that these antipsychotic effects are
mediated through a novel mechanism wherein activation of M4 receptors reduces dopamine
release through a CB: cannabinoid-dependent mechanism. Herein, we present new data
suggesting that metabotropic glutamate 1 receptor (mGlus) plays a critical role in mediating
these Ms-dependent dopaminergic effects. Bath application of an mGluy negative allosteric
modulator (NAM) VU0458650 blocks Mas-induced reductions in striatal dopamine and Ma-
mediated antipsychotic-like effects. A key role for mGlu; in regulating DA release could provide
important new insights into mechanisms by which loss of mGlu;: signaling could contribute to
symptoms observed in schizophrenia patients. Our laboratory has recently developed a novel
highly-selective mGlu; positive allosteric modulator (PAM) VU6004909, which has an excellent
pharmacokinetic (PK) profile for use in in vivo studies. Through use of both ex vivo and in vivo
fast-scan cyclic voltammetry (FSCV), we report that application of VU6004909 reduces striatal
DA release. Moreover, administration of VU6004909 possesses antipsychotic-like efficacy in



rodent models of schizophrenia, suggesting that mGlu; selective compounds may alleviate the
positive symptoms of schizophrenia. Taken together, these results indicate that i) mGlu;
activation plays a regulatory role in the antipsychotic-like effect of M4 PAMs and ii) highlight
the potential of a novel intervention strategy utilizing selective mGlu: compounds.
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Abstract: Dysregulation of dopamine (DA) release within the basal ganglia from midbrain
dopaminergic neurons of the substantia nigra pars compacta (SNpc) underlies pathological states
in several psychiatric and movement disorders. Within the basal ganglia, DA acts on two
separate non-overlapping pathways, the direct and indirect pathway. Because of the critical
modulatory role of DA, great effort has been placed on understanding both how DA modulates
the basal ganglia direct and indirect pathways and how other neurotransmitter systems regulate
DA signaling. One such regulator of DA is the muscarinic acetylcholine receptor subtype 4

(M4). Recently, our lab has shown that M4 activation on direct pathway spiny projection neurons
(SPNss) can inhibit DA release from SNpc terminals in the striatum through an endocannabinoid
dependent mechanism. However, we now report that M4 activation can block D1 DA signaling



in addition to blockading DA release. Using a wide range of behavioral, electrophysiological,
optogenetic, pharmacological, and imaging techniques, we directly tested how M4 signaling
opposes D1 activation. Interestingly, we have found that cholinergic projections from the
hindbrain regulate D1 DA signaling at the level of the substantia nigra pars reticulata (SNr)
through M4. Additionally, these data suggest that M4 activity may tonically inhibit direct
pathway SPNs and D1 DA signaling. We additionally present data that suggests that elimination
of cholinergic projections from the hindbrain has widespread effects on basal ganglia dependent
behaviors. Taken together, our data demonstrate a new role for M4 in modulating DA signaling,
extend the current model of basal ganglia processing, and suggest an important role of hindbrain
cholinergic projections in regulating the basal ganglia.
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Abstract: Huntington’s Disease (HD) is a genetic and neurodegenerative disease characterized
by multiple symptom stages resulting in motor and cognitive deficits. Currently, the treatments
for HD only address late-stage symptom management, indicating the need for further
understanding of the disease, and development of treatments for early-stage symptoms. While
the exact causes behind the neurodegeneration observed in HD are not clear, there are several
circuit level changes that precede motor symptoms including hyperactive neurotransmission in



the striatum. We theorize that modulation of this imbalanced basal ganglia circuitry through
activation of the My subtype of the muscarinic acetylcholine receptor can provide a novel
therapeutic strategy for treating HD. Through studies utilizing fast-scan cyclic voltammetry, we
have confirmed that two animal models of HD, BACHD and YAC128 HD, are
hyperdopaminergic compared to wild-type littermates at young ages prior to the onset of motor
phenotypes. Both electrical stimulation, as well as optical stimulation in mice expressing channel
rhodopsin 2 in dopamine neurons, induced larger dopamine transients in ex vivo brain slices of
HD mice. In addition, in vivo voltammetry recordings made from anesthetized HD mice
demonstrated larger electrically evoked dopamine transients than littermate controls. The
increased striatal dopamine release in HD mice did not correlate with changes in motor function
when tested in an open field paradigm. However, the BACHD model did show increased social
aggression behavior compared to littermates as assessed using a tube dominance test. Through
voltammetry, we have also found that the nonselective muscarinic acetylcholine receptor agonist
oxotremorine-M, induced sustained reductions of dopamine release more potently in BACHD
mice than in their littermates. This sustained inhibition of DA release could be potentiated by the
selective My positive allosteric modulator (PAM), VUO0467154, demonstrating that increased M4
signaling can normalize excessive striatal dopamine release in HD mice. Previous studies have
demonstrated that chronic administration of Ms PAMs can delay the onset of motor deficits in
these mouse models. Collectively, these data suggest that these mice display excessive dopamine
transmission in the striatum that correlates with increased social aggression. Furthermore, we
found that activation of the M4 receptor could normalize this excessive dopamine transmission
suggesting that this receptor may be a novel therapeutic target with which to normalize
neurotransmission in early disease stages.
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Abstract: The M1 subtype muscarinic acetylcholine (ACh) receptor (mMAChRs) has emerged as
an exciting potential target for novel therapeutic agents for the treatment of schizophrenia.
Recently, highly-selective M1 positive allosteric modulators (PAMs) have provided compelling
evidence that M1 PAMSs have cognition-enhancing effects and actions that predict reduction in
negative symptoms in rodent models of schizophrenia. Specifically, M1 PAMSs can enhance a
novel form of mAChR-induced long-term depression, termed mLTD, at the hippocampo-
prefrontal cortex (PFC) synapse. mLTD at this synapse is disrupted in rodent models of
schizophrenia and is thought to contribute to hippocampo-PFC communication deficits observed
in schizophrenia patients. To better understand the pharmacological properties necessary for in
vivo efficacy, our lab and others have developed M allosteric modulators with diverse
pharmacological properties. One such property is intrinsic agonist activity, in addition to PAM
activity, in an in vitro system used for compound characterization, such as a calcium
mobilization assay. While application of M1 PAMSs with no intrinsic agonist activity, such as
VU0550164 and VU0453595, do not induce mLTD by themselves at this hippocampo-PFC
synapse, interestingly, M1 PAMs with agonist activity (ago-PAMs) such as MK-7622 and PF-
06764427 robustly induce mLTD. Furthermore, in contrast to a VU0453595, a PAM with no
observable agonist activity in vitro, these M1 ago-PAM s failed to improve novel object
recognition, an assay of cognition in rodents. Thus, it is possible that structurally distinct M1
PAMs could have fundamentally different effects on important aspects of CNS function,
depending on the presence of observable agonist activity in vitro. These findings suggest that
ago-PAM activity is not required for cognition enhancement and may, in fact, be detrimental.
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Abstract: In the rodent medial prefrontal cortex (mPFC), pyramidal neurons in layer 5 broadly
express Gq-coupled M1-type muscarinic ACh receptors, but the ionic mechanisms underlying
cholinergic excitation of pyramidal neurons are not well understood. Recent work in our lab has
characterized a long-lasting cholinergic excitation of corticofugal neurons in layer 5 of the
mouse mPFC. Here we explore the mechanisms underlying cholinergic excitation in
retrogradely-labeled corticopontine neurons in the mPFC of wild-type mice or mice expressing
channelrhodopsin-2 in cholinergic neurons. Persistent cholinergic excitation did not depend on
network activity, as it remained robust in the presence of glutamate (kynurenate, 3 mM) and
GABA (gabazine, 10 uM) receptor blockers (n = 11). Cholinergic excitation was not contingent
on intracellular calcium signaling, as it was not diminished in magnitude or duration following
chelation of intracellular calcium with BAPTA (10 or 30 mM; n = 12 and n = 15, respectively),
despite elimination of calcium-dependent cholinergic afterdepolarizations. However, blockade of
the M-current with bath application of XE991 (10 uM; n = 11) reduced the magnitude and
duration of cholinergic excitation by 19 + 11% and 29 + 24%, respectively, suggesting that Kv7
channels play a role in generating and maintaining this excitation. To test the role of calcium
conductances, we combined intracellular BAPTA with removal of extracellular calcium
(replaced with equimolar MgCl2). Removal of calcium decreased both the magnitude and
duration of cholinergic excitation, by 42 + 8% and 49 + 20%, respectively, and was reversible
upon reintroduction of extracellular calcium (n = 13). Moreover, combining intracellular BAPTA
with the nonselective calcium conductance blocker cadmium (200 uM) similarly reduced the
magnitude (by 47 = 8%) and duration (by 59 + 10%) of cholinergic excitation. The effects of
blocking the M-current and eliminating calcium conductances were additive, such that removal
of calcium in the presence of XE991 generated a 65 + 8% decrease in peak cholinergic
excitation, and a 76 £ 13% reduction in response duration (n = 7). Together, these results
indicate that cholinergic excitation of cortical brainstem-projecting neurons involves suppression
of the M-current and activation of a calcium-permeable cation conductance.
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Abstract: Mustard analogs of many receptor ligands have been used to irreversibly label or
inactivate receptors. In aqueous solution, mustard groups cyclize to form aziridinium ions that
closely mimic quaternary amines. Such a reactive intermediate may therefore bind in the same
orientation within the same binding pocket of the receptor that accommodates the related
reversible ligand. Once oriented, it is capable of alkylating any of a number of nearby amino acid
side chains. In principle, a mustard analog of an agonist might yield irreversible activation of the
receptor. However, acetylcholine mustard has been widely reported to possess agonist activity at
muscarinic receptors only until alkylation is achieved, at which point the receptor becomes
inactivated. Therefore, we were surprised to find that agonist activity persisted after irreversible
binding of acetylcholine mustard and its analog, acetylethylcholine mustard, at Gg-linked
muscarinic receptors (M1, Mz, and Ms) expressed in CHO cells. The most interesting results
were obtained when measuring the receptor-stimulated release of labeled arachidonic acid (AA)
from intact cells. After cells were preincubated with cyclized agonist mustards and thoroughly
washed, the basal AA release was found to be elevated to a small but significant degree. This
elevation could be prevented if atropine was include in the preincubation phase, but was not
inhibited by the presence of atropine in the assay phase. By contrast, inclusion of amiodarone in
the assay phase dramatically increased the response of cells that were preincubated with the
agonist mustards. We have previously shown amiodarone to be a positive allosteric modulator
(PAM) at these receptors. Once again, atropine in the assay itself did not prevent the effect of
amiodarone, but atropine in the preincubation phase prevented it completely. At the M1 subtype,
the well-known M:-specific PAM BQCA enhanced the mustard-induced activity in a manner
similar to that observed for amiodarone. The agonist mustards were also found to irreversibly
stimulate the metabolism of inositol phosphates (IP), by a similar paradigm. The IP response to
the irreversible agonists was more robust than the AA response, and the effects of the PAMs
were therefore typically smaller in the IP response. These studies demonstrate that the allosteric
sites for amiodarone, BQCA, and other ligands that were investigated are still available
following the mustard treatment, and that receptors that have been alkylated by acetylcholine



mustard and acetylethylcholine mustard do adopt active conformations that can be further
enhanced by appropriate allosteric ligands.
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Abstract: Group Il metabotropic glutamate (mGlu) receptors (mGlu2 and mGlu3) are implicated
in the pathophysiology of schizophrenia and are considered as potential targets for new
antipsychotic drugs. Changes in the expression of mGlu2 and mGlu3 receptors have been found
in the prefrontal cortex of mice exposed to prenatal stress. These mice show epigenetic
abnormalities in biochemical markers of GABAergic interneurons and show a psychotic-like
phenotype in the adult life (Matrisciano et al., Neuropharmacology, 2013). Moving from these
findings, we decided to examine whether the lack of mGlu2 or mGlu3 receptors affects the
expression profile of biochemical markers of GABAergic interneurons in the prefrontal cortex
and hippocampus at postnatal day (PND)1, PND9, and PND30. The following markers were
examined: parvalbumin, somatostatin, reelin, glutamic acid decarboxylase 1 and 2 (GAD67/65),
cannabinoid receptor 1 (CB1), neuropeptide Y (NPY), GABA transporter 1 (GAT1), aristaless
related homeobox (ARX), distal-less homeobox 2 (DLX2) and the o2 and 6 subunits of GABAA
receptors. The most prominent finding was a marked reduction of parvaloumin mRNA and
protein levels in the prefrontal cortex of mice with genetic deletion of mGlu3 receptors. This
finding suggests that mGlu3 receptors play a prominent role in the development of fast-spiking
parvalbumin-positive GABAergic interneurons, which are known to be defective in
schizophrenia. Of note, polymorphic variants of the gene encoding for the mGlu3 receptor (the
GRM3 gene) have been repeatedly associated with schizophrenia. Perhaps, these variants
influence the development of specific populations of GABAergic interneurons in the cerebral



cortex and hippocampus, causing abnormalities in cognitive functions that lie at the core of the
pathophysiology of schizophrenia.
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Abstract: Several lines of evidence demonstrate a role for excitotoxicity in retinal ganglion cell
(RGC) death and most studies focus on activation of the N-methyl-d-aspartate (NMDA)
receptors. To our knowledge, no studies have addressed the role of metabotropic glutamate
(mGlu) receptors in mechanisms of retinal degeneration. We have recently found that only
mGlul, but not mGlub5, receptors are coupled to polyphosphoinositide hydrolysis in the mouse
retina (Romano et al., 2016), even if both subtypes are expressed in the retina. Here we have
studied the role of the mGlul receptors on retinal degeneration using the monosodium glutamate
(MSG) model. A single systemic injection of MSG to C57BL/6J mouse pups at postnatal day 9
induced a severe retinal degeneration as assessed by immunohistochemistry and stereological
counts of the RGCs using the specific marker, brain-specific homeobox/POU domain protein 3A
(Brn3a). The selective mGlul receptor negative allosteric modulator, JNJ16259685 (2.5 mg/kag,
s.c.), was highly protective against MSG-induced retinal degeneration, suggesting that activation
of mGlul receptors contributes to excitotoxic neuronal death in the mouse retina. Accordingly,
MSG-induced RGC death was attenuated in crv4 mice lacking mGlul receptors because of a
spontaneous recessive mutation of the Grm1 gene. These findings suggest that mGlul receptor is
a key player in mechanisms of excitotoxic retinal degeneration and that it might represent a
candidate drug target for the treatment of degenerative ocular diseases.
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Abstract: Layer Il pyramidal neuron networks of the dorsolateral prefrontal cortex (dIPFC) that
subserve working memory are vulnerable to the effects of schizophrenia, aging, and Alzheimer’s
disease. These networks interconnect on dendritic spines with glutamatergic N-Methyl-D-
aspartate receptor synapses, which are crucial for delay-related firing during a working memory
task. On the basis of data from rodents, group Il metabotropic glutamate receptors are generally
thought to weaken excitatory glutamatergic signaling through Gi/Go-dependent inhibition of
glutamate release from presynaptic axons (mGIluR2), and/or increased glutamate uptake through
excitatory amino acid transporters on astroglia (mGIuR3). In monkey layer 111 dIPFC, we
discovered that mGIuR3 are also expressed within spine synapses. From this postsynaptic site,
mGIuR3 strengthen network connectivity and enhance working memory-related neuronal firing
via inhibition of cCAMP-PKA opening of potassium channels. Yet, rodent literature remain at
odds with these data, suggesting that mGIluR3 stimulation would primarily increase astroglial
glutamate removal from the synaptic cleft, ultimately leading to reduced postsynaptic excitation.
To test whether this discrepancy might reflect true species differences, we used immunoelectron
microscopy to map mGIuR3 in the layer I11 neuropil of rat medial PFC, the region underlying
working memory. We have found that, in addition to classical astroglial expression, mGIuR3 are
concentrated within preterminal axons where they are positioned to modulate extrasynaptic
glutamate release (volume transmission). A postsynaptic component similar to that of nonhuman
primates, albeit less extensive, was also identified within the spine synapse. Shared postsynaptic
localization in PFC of both species introduces the possibility that mGluR3-mediated
enhancement of working memory circuits is phylogenetically conserved.
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Abstract: Terrell Leslie Hill diagrammatic method of quantifying free energy transduction in
biochemical cycle Kkinetics (e.g., the sliding filament model of muscle contraction) is readily
applied to stochastic models of ligand-receptor binding. Hill’s method uses the Markov Chain
Tree Theorem to express the steady-state probability distribution of a receptor occupancy model
in terms of the unimolecular rate constants associated to its state-transition graph G, with each
spanning tree of G rooted in a given state contributing to that state's occupancy measure. To
facilitate application of Hill’s diagrammatic method to G protein-coupled receptor oligomers, we
have characterized the structural properties of “reduced graph powers” - denoted G*(N) - that are
the transition graphs for the master Markov chain for N identical (but not independent) M-state
receptor models with transition graph G of size |G|=M. Most significantly, we provide a
construction of minimum cycle bases of G*(N) that elucidates the combinatorics of allosteric
modulation and thermodynamic constraints on equilibrium association constants in occupancy
models of oligomeric G protein-coupled receptors.
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Abstract: Reducing [Mg?*]o to 0.1 mM has elicited repetitive [Ca?*]i spikes in cultured rat
hippocampal neurons, driven by glutamatergic synaptic transmission. Group 1 metabotropic
glutamate receptors (mMGIuRs), positively affect postsynaptic neuronal excitability. Present study
was investigated to determine whether group 1 mGIuRs are involved in the synaptically-
inducced [Ca?*]i spikes induced by HEPES-buffered Hank’s salt solution containing 0.1 mM
MgCl; and 10 uM glycine in cultured rat hippocampal neurons from embryonic day 17 fetal
Sprague-Dawley rats using digital imaging methods for Ca?. Reduction of [Mg?*]o to 0.1 mM
induced synchronized and repetitive [Ca?*]i spikes within 30 s at day 11.5. The group 1 mGIuR
agonist, DHPG (1 uM), significantly increased the frequency and the area under the curve of the
0.1 mM [Mg?*]e-induced [Ca?*]i spikes. The mGluRS antagonist MPEP (25 pM) antagonist
significantly inhibited the frequency and the area under the curve of the [Ca?*]; spikes, but the
mGIuR 1 antagonist LY367385 (100 uM) did not affect the [Ca®*]; spikes. The phospholipase C
inhibitor U73122 (1 pM) significantly inhibited the [Ca®"]; spikes. The IP3 receptor antagonist 2-
APB (30 uM) or the ryanodine receptor antagonist TMB-8 (10 uM) also inhibited the [Ca?*];
spikes. All these results suggest that mGIuR 5 is involved in the 0.1 mM [Mg?*].-induced [Ca?*];
spikes in cultured rat hippocampal neurons through release of Ca?* from IPs and ryanodine-
sensitive stores. This work was supported by the Basic Science Research Program through the
National Research Foundation of Korea funded by the Ministry of Education (NRF-
2016R1D1A1B03934176).

Keywords: [Ca?*]i spike, IPs receptor, hippocampal neurons, low Mg?*, metabotropic glutamate
receptor, ryanodine receptor
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Title: Synaptic ERK2 phosphorylates and regulates metabotropic glutamate receptor 1 In vitro
and in neurons
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Abstract: A synaptic pool of extracellular signal-regulated kinases (ERK) controls synaptic
transmission, although little is known about its underlying signaling mechanisms. Here, we
found that synaptic ERK2 directly binds to postsynaptic metabotropic glutamate receptor la
(mGIluR1a). This binding is direct and the ERK-binding site is located in the intracellular C-
terminus (CT) of mGluR1a. Parallel with this binding, ERK2 phosphorylates mGluR1a at a
cluster of serine residues in the distal part of mGIluR1a-CT. In rat cerebellar neurons, ERK2
interacts with mGluR1a at synaptic sites, and active ERK constitutively phosphorylates
mGIluR1a under normal conditions. This basal phosphorylation is critical for maintaining
adequate surface expression of mGluR1a. ERK is also essential for controlling mGluR1a
signaling in triggering distinct postreceptor signaling transduction pathways. In summary, we
have demonstrated that mGluR1a is a sufficient substrate of ERK2. ERK that interacts with and
phosphorylates mGluR1a is involved in the regulation of the trafficking and signaling of
mGIuR1.
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Abstract: Glutamate is a major excitatory neurotransmitter in the central nervous system (CNS).
Glutamate receptors which bind to glutamate are categorized into two groups: ionotropic
glutamate receptors (ion channels) and metabotropic glutamate receptors (GPCRs). Group |
metabotropic glutamate receptors (mGIuRs) consists of two members viz., mGIluR1 and
mMGIURS. They are predominantly localized at the post-synaptic side are key players in the
process of neuronal development as well as in synaptic plasticity in the CNS. These receptors are
positively coupled to Gq pathway. Accurate temporal and spatial localization of these receptors
at postsynaptic surface is crucial for normal signaling, and their spatiotemporal localization is
maintained by trafficking of the receptor. Trafficking also play crucial role(s) in the regulation of
these receptors. Thus, studies of the trafficking of these receptors are of utmost importance.
Furthermore, these receptors upon activation result in the endocytosis of AMPA receptors,
leading to mGIluR-dependent Long-term depression (NGIUR-LTD). We are interested in
investigating the cellular and molecular mechanisms that govern the group I mGIuR trafficking
and it effect on mGluR-mediated AMPAR endocytosis. Our data suggest that ubiquitination
plays critical role in the trafficking of these receptors. We have found that these receptors get
ubiquitinated upon binding with the ligand and subsequently get endocytosed. We further
demonstrated that lysine residue present at the C-terminus of mGIuR1 plays critical role in the
endocytosis of mGIuR1. In addition, E3 ligase, Siah-1A was found to be involved the
ubiquitination of mGIuR1. Acute knockdown of Siah-1A also enhanced groupl mGIluR mediated
AMPAR endocytosis in primary neurons.
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Abstract: Pharmacological activation of mGlu5 metabotropic glutamate receptors reduces the
frequency of spike-and-wave discharges (SWDs) in the WAG/RIj rat model of absence epilepsy.
Recent evidence suggests a protective role for group | metabotropic glutamate receptors as
potential candidates for the treatment of absence epilepsy. The evidence that the anti-absence
activity of the mGIlu5 positive allosteric modulator (PAM), VU0360172, was reversed by
intrathalamic infusion of the GABA transporter inhibitor, tiagabine, raised the possibility that
mGIub5 receptors regulate the expression/activity of the high affinity GABA transporter, GAT-1,
in the ventrobasal thalamus. Accordingly, systemic treatments with VU0360172 was able to up-
regulate GAT-1 expression in the thalamus after 1 hour. The drug was also able to up-regulate
GAT-1 expression in the somatosensory cortex, but this effect required three days of repeated
administrations. Here, we provide new evidence in support to this hypothesis by demonstrating
that systemic treatment with VU0360172 could enhance GABA uptake in the thalamus.
Symptomatic WAG/RIj rats were treated with VU0360172 (3 mg/kg, s.c.) or its vehicle either
acutely (single injection) or repeatedly (twice a day for three days). All animals were killed one
hour after the last injection. [?H]-GABA uptake was measured in superfused isolated
synaptosomes prepared from the thalamus and somatosensory cortex. Both single and repeated
administrations of VU0360172 significantly enhanced GABA uptake in thalamic synaptosomal
preparations, but not in cortical synaptosomes, where acute treatment with VU0360172
unexpectedly reduced GABA uptake. These findings demonstrate that mGIu5 receptors regulate
GABA uptake in the thalamus and support the view that mGlu5 PAMs can be developed as anti-
absence drugs. We are currently exploring the mechanisms responsible for the short-onset
enhancement of GABA uptake caused by mGIlu5 receptor activation focusing on changes in
GAT-1 intracellular trafficking.
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Title: Coincident activation of adenosine Al receptors and metabotropic glutamate receptor 5
modulates neuronal signalling

Authors: *K. J. GREGORY!, S. HELLYER!, S. ALBOLD!, A. CHRISTOPOULOS? T.
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Abstract: G protein-coupled receptors (GPCRS) are highly ‘druggable’ proteins and represent
the largest class of targets for current therapeutics. Two distinct neuromodulatory GPCRs, the
adenosine A: receptor (A1AR) and the metabotropic glutamate receptor subtype 5 (mGlus), have
been implicated in Alzheimer's disease (AD) pathology and as potential targets to treat cognitive
impairments and disease progression. Both receptors are found on the same CNS-resident cell
types, in particular neurons and astrocytes, and are expressed within key regions of the brain
implicated in AD pathology. GPCR discovery programs generally only consider GPCR activity
in isolation, without factoring in the influence of other GPCRs or stimuli present. Importantly,
both glutamate and adenosine are often present within culture medium and/or released from
cultured cells. GPCR cross-talk and/or heteromerisation can introduce pharmacological
heterogeneity and offer new avenues for targeted drug development. We sought to test the
hypothesis that coincident activation of co-located GPCRs modulates signalling in primary
neurons. Primary cultures were derived from striatum and cortices of E16 mice. After 6-8 days in
culture, high-throughput signalling assays were performed (iCa?* mobilisation, inositol
phosphate (IP1) and cAMP accumulation). We first confirmed the presence of functional mGlus
and A1AR in both cultures by assessing the ability of: 1) A1AR selective agonist (MeCCPA) to
inhibit forskolin stimulation of cCAMP accumulation; and 2) mGlus selective allosteric agonist
(VU0424465) to stimulate iCa?* and 1P1 accumulation. Coincident activation of A1AR enhanced
mGlus-mediated iCa?* mobilisation in response to both orthosteric and allosteric agonists in
striatal and cortical neurons. The maximal response and potency (~3 fold) of both DHPG
(mGlIu5 orthosteric agonist) and VU0424465 were significantly increased. In contrast, AJ/AR
activation had no effect on mGlus-mediated IP1 accumulation in cortical neurons. Conversely,
coincident activation of mGlus had little influence on A1AR-mediated inhibition of cCAMP
accumulation. Collectively, our data demonstrate that coincident activation of mGlus and A1AR
differentially modulates intracellular signalling pathways in primary neurons. Future work
exploring the underlying mechanisms may reveal new strategies for targeting these GPCRs to
treat AD and cognitive disorders.
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Abstract: Our previous study has demonstrated that EphB/ephrinB reverse signaling was
activated in a chronic ocular hypertension (COH) rat model, which contributed to retinal
ganglion cell (RGC) apoptosis by modulating GluA2 subunit of AMPA receptors. Here, we
explored whether and how mGIuR 1 is involved in RGC apoptosis by activated EphB/ephrinB
reverse signaling in COH rats using whole-cell patch-clamp techniques in retinal slices. We
found that the frequency of spontaneous firing of RGCs was increased in both EphB2-Fc
intravitreally injected retinas and COH retinas, which was blocked by pre-injection of either the
tyrosine kinase inhibitor PP2 or the selective mGIuR1/mGIuRS5 antagonists LY 367385/MPEP.
Co-immunoprecipitation experiments showed an interaction between ephrinB2 and mGIuR1 in
both normal and EphB2-Fc-injected retinas. These results suggest that activation of
EphB/ephrinB reverse signaling increased RGC excitability through affecting mGIuR I in COH
retinas. In addition, numerous TUNEL-positive signals were observed in the COH and the
EphB2-Fc-injected retinas, which were significantly reduced by intravitreally pre-injecting
LY367385 or MPEP. Together, our results suggest that activation of EphB/ephrinB reverse
signaling increase RGC excitability and apoptosis through interacting with mGIuR | in COH
retinas, in addition to the GluA2-containing AMPA receptors.
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Title: Tonic and phasic activation of GIRKSs contribute to low dentate granule cell excitability
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Abstract: The dentate gyrus (DG) is a main entry point for neural activity into the hippocampal
formation, integrating sensory and spatial information from the cortex in a manner that generates
a neural representation (“engram”) of a context. This role within the trisynaptic circuit requires
that only a small fraction of the principal granule cells (GCs) are active at any given time. This
sparse neural activity is enforced by powerful networks of inhibitory GABAergic interneurons in
combination with low intrinsic excitability of GCs. Although the cellular and circuit properties
that dictate synaptic inhibition are well studied, less is known about mechanisms that confer low
GC intrinsic excitability. Using an electrophysiological approach here we demonstrate that intact
G-protein mediated signaling is required to maintain the characteristic low resting membrane
potential that differentiates dentate granule cells from CA1 pyramidal cells and immature adult
born GCs. We show that intact G-protein signaling enables constitutive G-protein gated inwardly
rectifying potassium channels (GIRK) activity, resulting in part from tonic GABAGE receptor-
mediated stimulation of GIRKSs. Perforant path electric stimulation evokes a phasic activation of
GIRKSs by synaptic GABAGg receptors on mature GCs, but adult born new GCs completely lack
functional GIRK activity, with both tonic and phasic GABAg-receptor mediated GIRK signaling
developing only after 3-4 weeks of maturation. Using transgenic mice and optogenetic tools we
show that GABAB evoked phasic GIRK activation is interneuron specific, arising primarily from
neuronal nitric oxide synthase (nNOS)-expressing interneurons rather than parvalbumin or
somatostatin-expressing interneurons, and requires expression of GIRK2 subunits. Together
these results demonstrate that G-protein mediated signaling robustly contributes to the low
intrinsic excitability that differentiates mature and developing dentate GCs, and suggests that
nNOS-expressing interneurons are principal gate-keepers of GABAg-receptor synaptic
inhibition.
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Abstract: The kynurenine pathway is the quantitatively main branch of L-tryptophan
degradation in the mammalian body and gives rise to a plethora of metabolites, collectively
known as “kynurenines”. Some of these metabolites, such as kynurenic acid, quinolinic acid,
xanthurenic acid and cinnabarinic acid interact with glutamate receptors thus influencing
excitatory transmission in the central nervous system (CNS). Kynurenic acid, an antagonist of
NMDA receptors at the glycine co-activation site, has been implicated in the pathophysiology of
schizophrenia, and its levels are reduced in prefrontal cortex tissues and in the cerebrospinal
fluid of schizophrenic patients. The higher levels of kynurenic acid in patients affected by
schizophrenia are in line with the glutamatergic hypothesis of schizophrenia, which postulates
that a reduced activity of NMDA receptors causes a hypofunction of GABAergic interneurons
resulting into a hyperactivity of pyramidal neurons. Recently, metabotropic glutamate (mGlu)
receptors have also been included in the glutamatergic theory, because drugs that activate mGlu2
and mGlu4 receptors show efficacy in experimental animal models of psychosis. Because
cinnabarinic acid acts as an orthosteric agonist of mGlu4 receptors (Fazio et al., Mol. Phamacol.,
2012), we decided to examine whether systemic administration of cinnabarinic acid could affect
MK-801-induced hyperactivity in mice, which models positive symptoms of schizophrenia. We
were surprised to find that very low systemic doses of cinnabarinic acid (0.125 mg/kg) were able
to reduced MK-80-induced hyperactivity without affecting basal motor activity. Cinnabarinic
acid was less potent and efficacious in mGlu4 receptor knockout mice, suggesting that, at least,
part of the antipsychotic-like activity of the compound was mediated by the activation of mGlu4
receptors. These findings suggest that the expected reduction in cinnabarinic acid synthesis in
schizophrenia (which might be a downstream consequence of the reduced kynurenine
monooxygenase activity) might contribute to the pathophysiology of the disease, and raise the
attracting possibility that cinnabarinic acid may display therapeutic activity against positive
symptoms of schizophrenia.
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Abstract: In all current models of L-DOPA-induced dyskinesias (LIDs), the occurrence of
abnormal involuntary movements (AIMSs) is accompanied by the activation of extracellular
signal-regulated kinase 1 and 2 (ERK1/2) signaling in striatal neurons. This activation is a
consequence of the supersensitivity of D1 receptor (D1R) signaling caused by dopamine (DA)
denervation. Antagonists of mGlu5 metabotropic glutamate receptor ameliorate L-DOPA-
induced dyskinesias, and blunt D1R agonist-induced ERK1/2 posphorylation (pERK1/2). In DA-
denervated striatal slices, D1R-mediated pERK1/2 can be inhibited by antagonizing mGlu5
receptor or its downstream signaling mediator, phospholipase C (PLC) (Fieblinger et al., 2014).
In the present study, we set out to (i) examine the effects of PLC inhibition in vivo, and to (ii)
investigate its role in the DA-denervated striatum.

Rats sustained unilateral 6-OHDA lesions of the nigrostriatal DA pathway, followed by chronic
treatment with the D1/D5 receptor agonist SKF38393 to induce AlMs. Dyskinetic rats receiving
challenge injections of the PLC inhibitor U73122 (30 mg/kg) had significantly lower AIM scores
compared to vehicle-treated animals. Moreover, in vivo administration of U73122 blunted
SKF38393-induced striatal activation of ERK1/2. These results prompted the question whether
the activation of D1R in the DA-denervated striatum could lead to PLC activation. To answer
this question, we used an assay of PLC activity in striatal slices estimating the production of
[*H]-inositolmonophosphate (InsP) following SKF38393 incubation. Compared to baseline
conditions, D1R stimulation induced a significant increase in [3H]-InsP in the DA-denervated
striatum, but not in the intact striatum. In addition, the coapplication of SKF38393 and the
mGlu5 receptor agonist DHPG induced a marked increase in inositol phospholipid hydrolysis
that was (i) higher than the levels obtained when either agonist was applied alone, and (ii)



specific to the DA-denervated striatum. In conclusion, these results are the first to indicate that
the stimulation of D1R and mGIlu5 receptor in the DA-denervated striatum converge on PLC
activation. This signalling cascade is causally linked with the occurrence of dyskinesia.
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Abstract: Thalamic nuclei project to the lateral amygdala (LA) and these connections are
important for fear and anxiety. The group 11 metabotropic glutamate receptors 4 (mGIluR4) and
7 (mGIuR7) are expressed in the LA and they are involved in acquisition and extinction of fear.
Here, we aimed to investigate the role of these receptors in thalamo-LA synaptic transmission
and plasticity using two new specific compounds displaying anxiolytic effects in rodents:
ADX88178 (positive allosteric modulator for mGluR4) and ADX71743 (negative allosteric
modulator for mGIuR7).

Whole-cell patch-clamp recordings were performed on pyramidal neurons in the LA to assess the
roles of mGluR4 and mGIuR7 on spontaneous activity, evoked thalamic synaptic transmission
and long term potentiation (LTP). ADX88178 decreased and ADX71743 increased the frequency
of spontaneous EPSCs. When thalamic inputs were electrically stimulated, ADX88178 decreased
and ADX71743 increased the amplitude of the evoked responses. Moreover, both the positive
allosteric modulator for mGluR4 and the negative allosteric modulator for mGIuR7 decreased the
LTP seen in the control group, at the thalamus to LA synapses.

Thus, mGluR4 and mGIuR7 are functionally expressed in the LA and they control both
spontaneous neuronal activity and synaptic transmission from the thalamus. Also, the two
receptors have the potential to modulate long term synaptic plasticity which likely impacts
learning in the lateral amygdala. This may explain the previously described anxiolytic effects of



ADX88178 and ADX71743 in systemically treated animals. The opposite effects of the
compounds at cellular level, suggest that their activity is mediated by different neurons, likely
part of parallel networks. Our data suggest a mechanism trough which mGIluR4 and mGIuR7
modulate pyramidal neurons in the LA with implications for fear and anxiety disorders.
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Title: Activity-dependent mGIuR7 ubiquitination regulates receptor stability and trafficking
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Abstract: The metabotropic glutamate receptor 7 (mGIuR7) is a predominant group 111 mGIuR
in the presynaptic active zone, where it regulates the excitatory neurotransmitter release via G-
protein signaling cascade. Although it has been reported that many different GPCRs are
regulated by post-translational ubiquitination that dynamically regulates protein turnover and
trafficking, it remains elusive that mGIluR7 undergoes ubiquitination in response to synaptic
activity. In this study, using biochemical approaches coupled with confocal imaging, we have
explored whether mGIuR7 is a target of ubiquitination. We found that mGIuR?7 is ubiquitinated
at the cytoplasmic loop 2 region and the C-terminal tail by the treatment of agonist in HEK 293T
cells and primary cortical neurons. In addition, we found the ubiquitination of mGIuR7 increases
the endocytosis and degradation of mGIuR7. Given the importance of the ubiquitin-proteasome
system in neurodegenerative and neuropsychiatric disorders, mechanisms underlying mGIluR7
ubiquitination will provide insights into the fundamental role of mGIuR7 in neurological diseases
as well as in physiological processes.
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Abstract: G protein-coupled GABAGg receptors consist of GABAg: and GABABg: subunits and
control neuronal excitability by mediating slow and prolonged inhibitory neurotransmission. An
important factor governing the signaling strength of GABAGg receptors is their availability at the
plasma membrane, which is tightly regulated by lysosomal degradation of constitutively
internalized receptors. Sorting the receptors to the lysosomal degradation pathway requires
Lys63-linked ubiquitination of GABAg: by the E3 ubiquitin ligase Mind bomb-2 (MIB2). How
MIB2-mediated Lys63-linked ubiquitination of GABAg: is regulated remained unknown. Here
we show that Ca?*/calmodulin-dependent protein kinase 11 (CaMKII) promotes MIB2-mediated
Lys63-linked ubiquitination of GABAg receptors under physiological and pathological
conditions. We observed an increased expression of cell surface GABAGg receptors after short-
term inhibition of CaMKII and decreased receptor levels upon overexpression of CaMKIIp, but
not CaMKIlIa. We found that CaMKII-dependent phosphorylation of GABAg: at Ser-867
promoted the Lys63-linked ubiquitination of GABAg: at multiple sites that was mediated by the
E3 ligase MIB2. Mutational inactivation of the CaMKII phosphorylation site in
GABAg1(GABARB1(S867A)) prevented the Lys63-linked ubiquitination of GABAg: and
increased the cell surface expression of GABAs receptors. Conversely, the phospho-mimetic
mutant GABARg1(S867D) strongly increased Lys63-linked ubiquitination of GABAg: and
decreased cell surface receptor levels. Finally, sustained activation of glutamate receptors, a
hallmark of cerebral ischemia that downregulates GABAGg receptors via lysosomal degradation,
was accompanied with strongly increased GABARg1(Ser-867) phosphorylation-dependent Lys63-
linked ubiquitination of GABARg receptors. These findings indicate that CaMKII regulates
Lys63-linked ubiquitination of GABAg: and thereby controls sorting of internalized GABAg
receptors to lysosomal degradation. This mechanism regulates the amount of cell surface
GABAg receptors under physiological as well as pathological conditions.
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Abstract: Data in literature clearly demonstrated the existence of presynaptic-release-regulating
mGlu2/3 autoreceptors in selected regions of central nervous system (CNS). Recent evidence
showed that mGlu2/3 receptors can form intergroup dimers with co-localized mGIluRs belonging
to the third group as well as heteromeric complexes with non-glutamatergic metabotropic
receptors, increasing the complexity of the scenario. It is the case of the 5HT2a receptors. Studies
to elucidate the 5SHT2a-mGlu2/3 interaction were carried out in the cortex, where they were
mainly dedicated to describe the mGlu2/3-mediated control of serotonergic signalling. We
recently provided evidence that spinal cord glutamatergic nerve endings are endowed with both
presynaptic 5SHT2a heteroreceptors and mGlu2/3 autoreceptors, the activation of which inhibits
glutamate exocytosis. The two receptors co-localize on the same terminals, where they
functionally couple in an antagonist-like manner to control glutamate exocytosis. Actually, when
concomitantly activated, the two receptors became unexpectedly inactive. This observation
together with the findings that i) mGlu2/3 and 5HTa receptor immunoreactivities is largely co-
localized and ii) mGlu2/3 immunoprecipitates from spinal cord synaptosomes are also 5SHT2a
immunopositive seem best interpreted by assuming that, in spinal cord synaptosomes, the two
receptors co-localize and functionally cross-talk in an antagonist-like manner. Consistently,
exposure of synaptosomes to the 5HT2a antagonists (MDL11939, MDL10007, ketanserin and
trazodone) reinforced the release-regulating activity of mGlu2/3 autoreceptors, while antagonists
acting at presynaptic release-regulating SHT receptors other than the 5HT2a ones (namely the



5HT1A, 1B and 1D receptors) were inactive. The gain of function of mGu2/3autoreceptors
elicited by 5HT2a antagonists was paralleled by an increased expression of mGlu2/3 receptor
proteins in synaptosomal plasmamembranes. To the best of our knowledge, these findings
provide the first demonstration of the existence of a presynaptic, heterodimeric control of
glutamate exocytosis in spinal cord nerve endings involving mGLu2/3 and 5HT2a receptors. On
the basis of our observations, we propose that SHT2a antagonists could act as ”indirect positive
allosteric modulator” (IPAM) of mGlu2/3 receptors. Our results envisage a therapeutic
alternative to the use of mGlu2/3 direct modulators for the cure of spinal diseases typified by
hyperglutamatergicity.
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Abstract: Solutions containing nutritive (sucrose) and non-nutritive (saccharin) sweeteners
stimulate intake in inbred mouse strains. Marked genetic variance has been observed for sucrose
and saccharin intake in pharmacological analyses of inbred mouse strains with BALB/c, SWR



and C57BL/6 mice differing in their response to dopamine (DA) and opioid receptor antagonism
of different forms of sweet intake. Whereas DA D1 receptor antagonism (SCH23390) reduced
sucrose (16%) intake in all three strains, opioid receptor antagonism (naltrexone) reduced
sucrose intake maximally in C57/BL/6 mice, in intermediate fashion in BALB/c mice, but not in
SWR mice. Saccharin (0.2%) intake was potently reduced by DA D1 receptor antagonism in all
three strains, but was more potently reduced by opioid receptor antagonism in SWR and BALB/c
relative to C57BL/6 mice. Scopolamine (SCOP), a muscarinic cholinergic receptor antagonist,
reduced sweet intake and sugar-conditioned flavor preferences in outbred rats. The present study
examined the systemic dose-dependent effects of SCOP (0.1-10 mg/kg) on saccharin and sucrose
intakes over a 2 h time course in BALB/c, SWR and C57BL/6 mice. Sucrose intake was
significantly reduced following all five doses across the entire time course in C57BL/6 mice, and
following the 2.5, 5 and 10 mg/kg doses across the time course in BALB/c mice. In contrast,
SWR mice displayed only transient (15 min) reductions in sucrose intake following the three
higher SCOP doses. Saccharin intake was significantly reduced following all five doses across
the entire time course in C57BL/6 mice, and following the 2.5, 5 and 10 mg/kg doses across the
time course in BALB/c mice. In contrast, SWR mice displayed significant though smaller
reductions in saccharin intake following the two higher SCOP doses. These data indicate that
although both nutritive and non-nutritive sweet intakes are governed by muscarinic cholinergic
receptor signaling, this process is subject to murine genetic variance with rank-order sensitivity
observed in C57BL/6 > BALB/c > SWR inbred mouse strains.
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Abstract: In addition to innate factors, learning modulates sugar intake by producing
conditioned flavor preferences (CFP) in rodents. Genetic variance has been observed in the
pharmacological substrates controlling the magnitude and persistence of sucrose-CFP; BALB/c
and SWR mice exhibited stronger CFP responses than C57BL/6 mice. Systemic dopamine (DA)
D1 and opioid, but not NMDA receptor antagonists attenuated the expression (maintenance) of
an already-learned sucrose-CFP in BALB/c and SWR mice. DA D1 and NMDA receptor
antagonism also impaired acquisition (learning) of sucrose-CFP in both strains, whereas opioid
receptor antagonism impaired sucrose-CFP acquisition only in BALB/c mice, indicating
dissociable genetic variance. Muscarinic (scopolamine: SCOP), but not nicotinic cholinergic
receptor antagonism eliminated acquisition of sugar-CFP in rats. The present study examined
whether SCOP blocked acquisition or expression of sucrose-CFP in BALB/c, C57BL/6 and
SWR inbred mouse strains. In expression studies, food-restricted mice were trained in 10 one-
bottle-trials (1 h) to drink a sucrose (16%) solution mixed with one flavor (CS+, e.g., cherry) on
odd-numbered days, and a less-preferred saccharin (0.05%) solution mixed with another flavor
(CS-, e.g., grape) on even-numbered days. Two-bottle tests (CS+, CS-, 1 h) with the two flavors
mixed in 0.2% saccharin were assessed over three subsequent pairs of tests in which the three
strains received SCOP (0, 1, 5 mg/kg). Magnitude differences in sucrose-CFP were observed for
BALB/c (77%), C57BL/6 (68%) and SWR (84%) mice. Whereas SCOP dose-dependently
reduced expression of sucrose-CFP in BALB/c and C57BL/6 mice, it minimally altered
expression of sucrose-CFP in SWR mice. In acquisition studies, separate groups of food-
restricted mice of the three strains received 10 one-bottle training trials (1 h) with CS+ and CS-
solutions following vehicle, and SCOP at doses of 1, 2.5 and 5 mg/kg in daily treatment. Six 2-
bottle tests (CS+, CS-, 1 h) with the two flavors mixed in 0.2% saccharin were assessed over
three subsequent pairs of tests without injections. SCOP dose-dependently reduced acquisition of
sucrose-CFP in BALB/c mice with the highest dose producing indifference. SCOP’s inhibitory
effects on acquisition of sucrose-CFP were less pronounced in C57BL/6 and SWR strains. These
data implicate muscarinic cholinergic receptor signaling in the maintenance of sucrose-CFP in
BALB/c and C57BL/6, but not SWR mice, and in acquisition (learning) of sucrose-CFP in the
three strains, but especially BALB/c mice, thereby indicating strong genetic variance in sweet-
driven learning.
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Title: Symbiotic bacteria underlie neurotoxin production and evolution of toxin resistance in
voltage-gated sodium channels of rough-skinned newts (Taricha granulosa)
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Abstract: Rough-skinned newts (Taricha granulosa) are poisonous salamanders that can possess
high concentrations of tetrodotoxin (TTX), a potent neurotoxin that blocks voltage-gated sodium
channel (VGSC) conductance in neurons and muscle cells. TTX is present in all species of the
genus Taricha, but some populations of T. granulosa (hereafter “newts”) possess extreme
quantities not seen in any other TTX-bearing species, including puffer fishes, blue-ringed
octopuses, and many diverse marine invertebrates. Geographic variation in TTX toxicity across
different newt populations is thought to be driven by ecological interactions with predators.
Despite the central role of TTX in the physiology and evolution of newts, the mechanisms of
TTX production and neurophysiological resistance are unknown. Because of the polyphyletic
distribution of TTX among animals, we explored the hypothesis that TTX is produced by
symbiotic skin bacteria in newts. We conducted 16S rRNA gene-based sequencing surveys to
characterize skin-associated bacterial communities of newts from toxic and non-toxic
populations. From here, we employed ecologically-guided cultivation strategies to target skin-
associated symbionts and produce pure cultures. We screened cultures for TTX production using
a customized HILIC-MS/MS method and confirmed TTX production in multiple isolated
bacterial strains. Furthermore, we investigated the molecular adaptations underlying apparent
TTX resistance in the VGSCs of newts. We cloned and sequenced the TTX binding site, the S5-
S6 pore loop regions, of all six VGSC genes present in this species and compared sequences
from toxic and non-toxic populations, as well as from other vertebrates. As a result, we identified
several mutations present in the S5-S6 pore loops of all six genes, indicating a remarkable
parallel evolution of TTX resistance across the VGSC gene family. Taken together, our results
indicate that TTX is derived from the skin microbiome in the extremely toxic rough-skinned
newt and that multiple adaptations in VGSCs were required for the newt nervous system to adapt
to TTX toxicity. Overall, this research contributes to a growing understanding that symbiotic
microbes can affect the physiology of nervous systems, and that evolution by natural selection
may target genetic variation across both host and symbiont genomes, collectively termed the
‘hologenome’.
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Abstract: Recent work has shown that the calcium/calmodulin-kinase IT (CaMKII) y-isoform
plays a role in neuronal mechanisms associated with learning and memory. In C. elegans, the
unc-43 gene codes for an ortholog of CaMKII and previous studies report that UNC-43 regulates
glutamate receptor expression (specifically GLR-1) in neurons. The current study examined the
unc-43(gk452) strain (ortholog to CaMKII,) in associative conditioning and glutamate receptor
expression to begin to elucidate the role of this particular isoform in learning. A previous report
indicates unc-43(gk452) worms show a memory deficit for an associative appetitive chemotaxis
assay. Research from our lab has shown unc-43(gk452) worms exhibit a learning deficit for an
associative avoidance chemotaxis assay; a procedure that requires prolonged stimulus pairing
(>1 hour). An associative conditioning assay whereby increased responsiveness to a discrete
stimulus following brief paired presentations with another stimulus has been shown in C.
elegans. Our lab has reported that pairing delivery of two distinct stimuli (blue light ~480 nm
and a mild mechanosensory vibration; Vib) results in increased responsiveness to either the blue
light or Vib stimulus alone. The unc-43(gk452) strain was also found to show a deficit in this
light-vibration associative conditioning. The effects of the unc-43(gk452) mutation on glr-1
expression levels were examined with qRT-PCR following light-vibration associative
conditioning and in vivo GLR-1::GFP expression patterns were assessed. By observing both
behavior and receptor expression in intact animals, these results begin to elucidate the role of this
unique CaMKII isoform in associative forms of learning and memory.

Disclosures: A.H. Black: None. S. Lin: None. M.R. Pribic: None. N.D. Johnson: None. A.R.
Loftus: None. L.K. Alfiler: None. J.K. Rose: None.



Poster

288. Sodium Channels

Location: Halls A-C

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM

Program#/Poster#: 288.03/D24

Topic: B.04. lon Channels

Support: AHA grant 13SDG16990083

Title: Calcium regulation of voltage-gated sodium channels in serotonergic raphe neurons

Authors: *M. A. NAVARRO, M. MILESCU, L. S. MILESCU
Biol. Sci., Univ. of Missouri, Columbia, MO

Abstract: We have previously shown that voltage-gated sodium (Nav) channels in
spontaneously firing medullary raphé neurons inactivate with a slow component. This long term
inactivation (LTI) modulates neuronal firing and is potentially due to an interaction with
fibroblast growth factor - homologous factors (FHF). There is some evidence that the Nav-FHF
interaction may also include calmodulin, and thus it may depend on [Ca?*]. Here, we test
whether intracellular calcium concentration has any effect on LTI in these neurons. We used
whole-cell patch-clamp to record Na* currents in neonatal (P0-P3) rat brainstem slices, under
two [Ca?*]i: 60 nM and 6 uM. Under voltage-clamp, we found that the Nav steady-state
activation and inactivation curves did not shift significantly with [Ca?*]i. However, the kinetics
of recovery from inactivation changed significantly. We also added an antibody against A-type
FHFs to the pipette solution to perturb the Nav-FHF interaction, and observed a change in the
recovery from inactivation, but only at low [Ca?*]i. Under current clamp, neurons loaded with
high [Ca®*]; fired action potentials with greater amplitude and lower threshold than neurons with
low [Ca?'];.
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Abstract: Sodium channels represent a promising drug target to relieve pain and itch. We have
evaluated the sodium channel subtypes in C-fibers in the skin using a unique, recently developed
innervated isolated dorsal skin preparation in which action potential discharge in single afferent
C-fibers (CV <1 m/s) nerve terminating in the skin is evaluated with extracellular electrode
positioned in the dorsal root ganglia. The dissected section of skin also includes the main arterial
supply through which chemical stimuli is delivered directly to the receptive field (see J. Physiol,
2017). We have evaluated the pharmacology of the NaVs most responsible for action potential
discharge in three C-fiber subtypes that innervate the skin, namely itch fibers (chloroquine (CQ)
and capsaicin sensitive, high mechanical thresholds), pain fibers (CQ-insensitive, capsaicin-
sensitive, high mechanical thresholds); and low threshold mechanosensitive C-fibers (LTMCs)
(CQ and capsaicin-insensitive, very low mechanical thresholds).We evaluated the effect of NaV
blocking drugs added directly to the receptive field on AP discharge in response to mechanical
stimulation. In 100% of the pain fibers (n=65) and 100% of the LTMCs (n= 8) blocking TTX-
sensitive NaVs abolished AP discharge. In contrast, 20% of itch fibers still responded normally
when TTX-sensitive channels were blocked (n=19). In these fibers adding a NaV1.8 blocker
(A803467) abolished the responses. We evaluated two selective NaV1.7 blockers (PF05089771
and Cmpd 13), the results were similar so we pooled the data. Blocking NaV 1.7 abolished AP
discharge in 63% of pain C-fibers, 40% of itch C-fibers, but only 20% of LTCMs. The selective
NaV1.1, 1.2, 1.3 blocker ICA121431 alone did not inhibit responses in any of the three C-fiber
phenotypes. In the presence of NaV1.7 blockade ICA abolished the response in 3 of 7 pain fibers
and 2 of 2 LTCMs, but had no effect on itch fibers (0/4). Using single cell RT-PCR we evaluated
the expression in individual pain (MRGPRAS3-negative, TRPV1-positive) vs itch fiber neurons
(MRGPRA3 and TRPV1 positive) retrogradely labeled from the region of the dorsal skin that
corresponded to our functional studies. The % of pain neurons that expressed NaV 1.1, 1.2,1.3.
1.6. 1.7, 1.8, and 1.9 was 15%, 5%, 5%, 29%, 86%, 95% and 100% (n=21), respectively. In the
itch fibers the corresponding % of each NaV was 0%, 0% 8%, 8%, 85%, 100%, 100% (n=13).
We conclude that NaV1.7 blockers can inhibit about 40-60% of pain and itch fibers in mouse
skin, but is less effective in inhibiting LTCMs. Those C- fibers that respond in the presence of
NaV1.7 blockade it is likely due to the activity of 1.8 in itch fibers, 1.6, 1.1 in pain fibers.
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Abstract: The voltage-gated sodium channel Nav1.8 is preferentially expressed in small- and
medium- sized DRG neurons specialized for the detection of noxious stimuli. The underlying
molecular machinery responsible for the trafficking and membrane expression of Nay1.8 in
dorsal root ganglion (DRG) remains to be fully elucidated. In this study, we have identified the
Membrane-associated Guanylate Kinase with Inverted Orientation -1 (Magi-1), a widely
expressed multi-PDZ (PSD-95/Dlg-A/Z0-1) and WW domain containing protein as a channel
partner that binds directly to NaV 1.8 and plays an essential role in the functional expression of
Nav1.8. Here, we used immunohistochemistry, electrophysiology, and membrane biotinylation
assays to characterize the physiological significance of the Magi-1/Nayv1.8 interaction in DRG
neurons. We find that like Nay1.8, Magi-1 was preferentially expressed in small- and medium-
sized DRG neurons. We used small interfering RNAs to knockdown Magi-1 in DRG neuronal
cultures and observed a profound decrease in the ability for DRG neurons to fire action
potentials and a concomitant decrease in the total sodium current as compared to a negative
control siRNA. To further elucidate the contribution of Nay1.8 after Magi-1 knockdown, we use
tetrodotoxin (TTX) to block all TTX-sensitive sodium currents and verified that Magi-1
knockdown caused a significant and substantial decrease in both TTX-sensitive and TTX-
resistant sodium currents. To further determine how Magi-1 regulates Nay1.8, we conducted
membrane biotinylation assays and demonstrated that after Magi-1 knockdown there was a 50%
reduction in the surface expression of Nayv1.8. Heterologous expression of Nay1.8 is notoriously
difficult requiring accessory proteins, however, co-expression of Nav1.8 with Magi-1 lead to
observable currents in heterologous cells. These findings demonstrate that Magi-1 controls the
membrane expression of Nay1.8 in DRG neurons and that a downregulation of Magi-1 results in
neuronal hypo-excitability. These data suggest that Magi-1 plays a central role in the functional
expression of Nay1.8 and that Magi-1 is essential in regulating neuronal excitability through
their interaction with sodium channels.
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Abstract: Inherited erythromelalgia (IEM), a severe pain disorder characterized by intense
burning pain and redness of the extremities, is caused by gain-of-function dominant mutations to
voltage-gated sodium channel Nay1.7. In the past, pharmacotherapy for IEM has generally been
reported to be ineffective. We have previously shown that carbamazepine (CBZ) is effective for
two IEM mutants (S241T and V400M) in vitro as well as in vivo. In principle, CBZ might act via
either of two mechanisms: 1) the classical mechanism of use-dependent block, and/or 2) by
correcting hyperpolarized shifts in activation, returning activation voltage-dependence towards
more wild-type Nay1.7 values. We have shown that CBZ restores wild-type-like activation in the
S241T and V400M Nay1.7 IEM mutations.

Here we report another IEM mutant, Nay1.7-1234T (1234T), that responds to CBZ pretreatment
with a depolarization of activation. As with V400M and S241T, CBZ normalizes the
hyperpolarized voltage-dependence of activation and reduces hyperexcitability of DRG neurons
expressing 1234T. Use-dependent current reduction of 1234T is not enhanced by CBZ,
suggesting that the classical mechanism of use-dependent block is not a large contributing factor
to this reduction in firing. We then implemented a moderate throughput automated patch-clamp
system (Nanion Patchliner) to perform voltage-clamp on HEK?293 cell lines. We successfully
recapitulated the CBZ effect on activation of the S241T and V400M mutant channels as
observed using manual patch-clamp, and went on to investigate the effects of additional drugs
(CBZ derivatives oxcarbazepine and licarbazepine, and other local anesthetic and antiepileptic
drugs). A principal concern was to utilize clinically relevant concentrations of clinically-used
drugs equivalent to achievable therapeutic ranges in vivo. We assessed drug effects on multiple
modes of channel gating (activation, fast-inactivation, and slow-inactivation) as well as effects
on use-dependent block and dose-response, thereby providing a more detailed insight into both
mechanism of drug action as well as inherent biophysical properties of the mutants. We predict



that this in vitro pharmacology approach may mitigate the trial-and-error treatment of IEM
patients and promote a more personalized approach to pain pharmacotherapy.
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Abstract: Sodium channel Nav1.9 is preferentially expressed in peripheral nociceptive
somatosensory neurons and visceral afferents, and myenteric neurons. Gain-of-function
mutations of Nav1.9 have been linked to human painful disorders, including painful peripheral
neuropathy and familial episodic pain, and painless channelopathies. Identification and
functional assessment of new Nav1.9 mutations will help to elucidate the phenotypic spectrum of
Nav1.9 channelopathies. Here we report a novel Nav1.9 mutation, isoleucine 807 substitution by
valine (1807V) in the domain Il S6 segment, which was identified from two 59 year old unrelated
patients. Both patients displayed painful symptoms including tingling in their hands and feet.
One patient experienced dysautonomic symptoms including hyperhidrosis, palpitations, diarrhea
and constipation. They both were diagnosed with small fiber neuropathy based on their clinical



symptoms and abnormal quantitative sensory testing results. Our initial attempts to characterize
this mutation after incubation of transfected neurons at 37°C were hampered because of the small
amplitude of the Nav1.9 current. The mutant channel current was rescued by incubating
transfected neurons at 30°C. Voltage-clamp analysis shows a 5.3 mV hyperpolarizing shift of
activation albeit with a reduced current density compared with wild-type channels. There was no
effect on channel steady-state fast inactivation. The hyperpolarized activation combined with
unaffected fast inactivation indicate an increased window current within the physiological
voltage domain close to the resting membrane potential of neurons. Since Nav1.9 channel plays
an important role in regulating resting potential and prolonging the depolarizing response to
subthreshold stimuli, the increased window current predicts that the expression of Nav1.9 mutant
channels would render DRG neurons hyperexctiable, consistent with pain symptoms observed
from the two patients carrying this Nav1.9-1807V mutation. The fact that lowering temperature
rescues the current amplitude suggests that this mutant channel may play a more important role
in peripheral terminals, close to a skin temperature of 32-33°C, rather than at the soma or central
terminals which are exposed to a physiological temperature of 37°C.
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Abstract: Voltage-gated sodium channel Nav1.7 and Nav1.8 are preferentially expressed in
peripheral sensory neurons and are important contributors to pain signaling. Gain-of-function
mutations in Nav1.7 and Nav1.8 have also been identified in patients with painful peripheral
neuropathies. Using atomic structure modeling, mutant cycle analysis and pharmacological
testing, we predicted the responsiveness of the Nav1.7 mutation S241T mutation to
carbamazepine (CBZ), based on a similar behavior of a “seed” mutation V400M that was known
to confirm responsiveness to CBZ. With pre-treatment of cells expressing either the S241T or the
V400M with clinically-relevant concentrations of CBZ (30 uM), the mutation-induced
hyperpolarizing shift of activation of Nav1.7 channels was corrected. Based on these in vitro
data, a double-blind placebo-controlled clinical trial on two patients carrying the S241T mutation
demonstrated clinical efficacy of CBZ treatment. Here we present a study on a novel Nav1.8
mutation which suggests that this precision medicine approach can be extended to another
channel. A 67-year old male patient with type 2 diabetes and neuropathic pain showed a total
loss of intra epidermal nerve fiber density in a skin biopsy (0.0 fibers/mm), and profoundly and
bilaterally reduced thermal and mechanical thresholds in QST testing. Genetic analysis identified
a missense mutation in Nav1.8, S242T, which corresponds to the Nav1.7-S241T mutation.
Voltage-clamp analysis of Nav1.8-S242T mutation demonstrated a hyperpolarized and
accelerated activation, slowed deactivation as well as enhanced slow-inactivation, gain-of-
function features that are shared with the Nav1.7-S241T channels. However, unlike the Nav1.7-
S241T mutation, Nav1.8-S242T channels show enhanced fast-inactivation. Current-clamp
analysis showed that like the Nav1.7-S241T mutation, Nav1.8-S242T mutant channels render
DRG neurons hyperexcitable, manifested as reduced current threshold, hyperpolarized voltage
threshold and increased evoked firing. The increased excitability of DRG neurons is consistent
with pain symptoms reported by the patient carrying this Nav1.8-S242T mutation. Based on the
location of this mutation, we hypothesized that Nav1.8-S242T channels should respond to pre-
incubation with CBZ. Voltage-clamp recordings confirmed that 30 pM carbamazepine
depolarizes activation of Nav1.8-S242T, similar to the CBZ effect on the Nav1.7-S241T mutant
channels. Our data show that the DI/S4-S5 linker plays an important role in the gating of Nav1.8,
and suggest that treatment of patients carrying this mutation may be effective to treat pain.
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Abstract: Small nerve fiber neuropathy (SFN) often occurs without identifiable causes, but
recent targeted genetic studies have been performed in patients with idiopathic SFN (I-SFN). We
sought to identify a genetic basis for I-SFN by screening patients with idiopathic SFN for novel
mutations in the sodium channel genes which are preferentially and abundantly expressed in
peripheral axons.

A patient referred with possible I-SFN who met criteria of >2 SFN-related symptoms, normal
strength, tendon reflexes, vibration sense and nerve conduction studies, and reduced intra-
epidermal nerve-fiber density (IENFD) plus abnormal quantitative sensory testing (QST) and no
underlying etiology for SFN, was assessed clinically, and screened for mutations in SCN9A,
SCN10A, SCN11A but no mutations were found in those genes. Further analysis of sodium
channel beta subunit genes revealed a mutation upon which we have performed functional
analyses. Functional analysis using current-clamp revealed that heterologous expression of the
mutant beta2 subunit rendered dorsal root ganglion neurons hyperexcitable compared wild-type
beta2 subunit.

Sodium channel beta subunits have been reported to modulate the properties of voltage-gated
sodium channels in a number of ways. Beta subunits can act to increase current density, alter
inactivation kinetics, and modulate subcellular localization. In our recordings from small DRG
neurons transfected with either WT or mutant beta2 subunits, an increase of stimulated
excitability to expression of the mutant beta2 subunit suggests that the mutant beta2 subunit has
altered regulation of one or more voltage-gated sodium channels. Since the difference in firing
was largest at the stronger current injections that cause higher firing rates, we evaluated the
relative fractions of fast (TTX-sensitive) vs the kinetically slower (TTX-resistant) sodium
currents. In addition, we compared whether cumulative inactivation of either component was
altered by the presence of the mutant bata2 subunit. Results of this analysis will be presented.
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Abstract: Sodium channel Nay1.7 is known to play a central role in human pain signaling, with
dominant gain-of-function mutations causing severe pain syndromes including inherited
erythromelagia (IEM) and recessive loss-of-function mutations of Nay1.7 producing congenital
insensitivity to pain. IEM is caused by mutations of Nay1.7 that hyperpolarize activation, with
most of them shifting activation of by 5-12 mV. When expressed within dorsal root ganglion
(DRG) neurons, these mutant channels depolarize resting membrane potential (RMP) by 4-6 mV
and produce DRG neuron hyperexcitability that underlies a relatively stereotyped clinical
phenotype of severe distal limb pain triggered by mild warmth. The 1234T Nay1.7 mutation
hyperpolarizes activation by 18 mV and is associated with a more complex clinical phenotype
that can include IEM-like distal pain, proximal pain, corneal anesthesia, and absence of pain in
response to some injuries. How a mutation that produces a gain-of-function in Nay1.7 causes loss
of pain sensibility has remained enigmatic. Here we document additional painless injuries
(painless fractures, painless venipuncture and injections) associated with the 1234T mutation, and
elucidate a possible mechanism by which expression of 1234T mutant channels result in loss of
excitability in a subpopulation of DRG neurons.
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Abstract: The distinct electrical properties of axonal and dendritic membranes, and the ionic
properties of other cellular membranes are largely a result of the ionic balance maintained by a
multitude of transmembrane (TM) proteins such as ion channels (e.g., voltage gated sodium
channels/Nay), ion exchangers (e.g., sodium calcium exchangers/NCX), ion pumps (sodium
potassium ATPase/NKA); etc. The synthesis, transport, sorting to different cellular
compartments, and insertion of these TM proteins into neuronal or other cellular membranes is
highly regulated. The mechanisms by which these TM proteins reach their destinations are not
well understood. We hypothesized that the actin based motor proteins, myosins known to
transport various cellular cargoes, might play an important role in the trafficking of Nay, NCX,
and NKA to the cellular membranes. To this end we used co-immunoprecipitation (Co-1P) and
western blot (WB) assays, patch clamp electrophysiological recording and total internal
reflection fluorescence (TIRF) microscopy using multiple substrates such as young or adult
animal (mouse or rat) brain samples, rat dorsal root ganglion (DRG) or hippocampal neurons,
ND7/23 cells and/or transiently or stably transfected HEK cells. Our results indicate that one or
more isoforms of the class 1l non-muscle myosins such as myosin heavy chain 9 (myh9), myosin
heavy chain 10 (myh10) or myosin heavy chain 14 (myh14) interact with Nay, NCX2 and NKA
al. Additionally, we found that other myosins such as Myo5a, Myo6 or Myo19 also interact with
NKA al. Voltage clamp recordings from transfected ND7/23 cells show that myh10 regulates
current density and gating properties of Nay1.8. Overexpression of myh10 in rat DRGs also led
to broadening of action potentials. Based on these findings we hypothesize that these novel
interactions of myosins with TM proteins (Nay, NCX2 and NKA al) may play an important role
in maintaining cellular sodium, calcium and/or potassium homeostasis which might be exploited
for developing therapeutics for pain or other neuronal or non-neuronal diseases.
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Abstract: Chronic and neuropathic pain is a significant health problem affecting millions of
people worldwide each year, with 1 in 5 individuals experiencing moderate to severe chronic or
persistent pain. Neuropathic pain serves no protective or healing purpose and appears to arise
due to an increase in intrinsic nerve excitability. VVoltage-gated Na channels (NaV) are attractive
targets for the treatment of these conditions due to their physiological role in action potential
generation and propagation and, thus, neuronal excitability. Most of the clinically available pain
therapeutics targeting NaV channels are rather non-selective and are associated with cardiotoxic
and CNS side effects. Nayv1.7 is found primarily in the peripheral nervous system and is thought
to play a role in nociception and pain sensing. Recently, venom isolated from different species
including spider and centipede have been shown to selectively block Nav1.7 and are powerful
analgesics in animal models of pain. Similarly, mutations in the SCN9A gene have been shown
to result in loss of function of the Nay1.7 channel in patients with congenital indifference to pain
(CIP). The Nav1.8 gene (originally named PN3 or SNS; gene symbol SCN10A) encodes a NaV
channel, and is selectively expressed in dorsal root ganglion (DRG) neurons. In contrast to the
fast and rapidly inactivating TTX-sensitive channels, Nayv1.8 is TTX-resistant, with slower
kinetics, and a depolarized voltage-dependence of activation and inactivation. We present data of
Nav1.7 and Nav1.8 on a novel high throughput screening patch clamp platform. Nay1.7 was
expressed in CHO cells and the current voltage relationship recorded was consistent with Nay1.7
obtained using other methods. Vhalf of activation was -24 mV (n = 275). Using a double step
voltage protocol we were able to investigate whether compounds, such as tetracaine, exhibit state
dependence. We show that tetracaine exhibited a lower ICso on the second pulse, i.e. the
inactivated state of the receptor, compared with the resting state. Nav1.8 expressed in CHO cells
started to activate at approximately -40 mV, peaking at between 10 mV and 20 mV with a Vhalf
of activation of -2.7 mV (n = 380). In order to study NaV channels involved in pain pathways in
a more physiological environment, we used stem cell-derived neurons, more specifically with an
overexpression of Nay1.8. In these cells, endogenous NaV-mediated currents were recorded with
activation parameters consistent with Nav1.7 (i.e. blocked by TTX in the nM range). Moreover,



information about the role of NaV channels in neuronal signalling in intact neuronal networks
was gleaned using microelectrode array (MEA) technology.
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Abstract: Fast-spiking parvalbumin-positive GABAergic interneurons mediate the fast rhythmic
synaptic inhibition of pyramidal cells associated with gamma oscillations - a mechanism for
neuronal processing of information related to memory and cognitive performance. Inappropriate
function of fast-spiking interneurons is associated to decreased cognitive capabilities. Nay1.1
(SCN1A) channels, located in GABAergic fast-spiking interneurons are pivotal for action
potential generation and propagation in these neurons. Impaired Nay1.1 channel function is
linked to various diseases in the central nervous system, including seizure disorders, autistic
behavior and intellectual disability.In the present study we have identified a small molecule
activator of Nay1.1 channels (3-Amino-5-(4-methoxyphenyl)thiophene-2-carboxamide,
AA43279). In whole-cell voltage-clamp recordings using HEK-293 cells expressing human



Navl.1 channels, AA43279 induced a concentration-dependent increase in the Nay1.1 current
mainly by impairing the fast inactivation kinetics of the channels. In hippocampal brain slices
from Sprague Dawley rats, AA43279 augmented action potential firing recorded from fast-
spiking interneurons and increased the frequency of spontaneous inhibitory post-synaptic
currents (SIPSCs) recorded in pyramidal neurons. On the other hand, AA43279 had no effect on
action potential firing in pyramidal neurons. When tested in vivo, AA43279 had anti-convulsive
properties in the maximal electroshock seizure threshold test. AA43279 was tested for off-target
effects on 72 different proteins, including other Nay1.X channels and exhibited reasonable
selectivity towards Nay1.1 channels.Taken together, AA43279 could constitute a valuable tool
for revealing physiological and pathophysiological functions of Nay1.1 channels.
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Abstract: Migraine is a common episodic brain disorder; 30% of patients have transient
neurological disturbances before the headache, called aura. A mendelian form of migraine with
aura, Familial Hemiplegic Migraine (FHM), has allowed to disclose some molecular/cellular
pathological mechanisms. In FHM1 and 2 (Cay2.1 Ca?* channel and Na*K*ATPase mutations,
respectively), different dysfunctions lead to excessive glutamatergic transmission that facilitates
CSD. FHM3 is caused by mutations of Nayv1.1 (SCN1A) Na* channel, which is particularly
important for GABAergic neurons’ excitability. Epileptogenic loss-of-function Nay1.1 mutations
lead to hypoexcitability of GABAergic neurons, reduced inhibition and network
hyperexcitability. Conversely, we have shown that FHM3 mutations can cause Nayv1.1 gain-of-



function and GABAergic neurons’ hyperexcitability in transfected cells, suggesting a novel
migraine mechanism. However, it is not clear how this could lead to CSD/migraine and there is
no causal link yet between GABAergic neurons’ hyperexcitability and CSD.

We addressed this issue performing selective optogenetic stimulation of GABAergic neurons in
cre/lox mice and studying the neurophysiological correlate of aura: cortical spreading depression
(CSD): a wave of transient intense neuronal firing followed by a long lasting depolarization that
could lead to headache. We found that increased activity of GABAergic neurons can by itself
trigger CSD. The use of selective pharmacological blockers showed that activation of
GABAergic or glutamatergic ionotropic receptors is not necessary for CSD initiation, whereas
efflux of K*ions caused by interneurons’ firing can induce [K*]ou build-up, leading to initiation
of CSD. Notably, the optogenetic stimulation of GABAergic neurons was able to ignite CSD
also in vivo.

Thus, we have provided a causal relationship between initial hyperactivity of GABAergic
neurons, progressive increase of [K*]out at the site of CSD initiation, and CSD ignition. Neuronal
firing-induced K* build-up is the key factor for CSD ignition in this optogenetic model of FHM-
3, differently than in models of FHM-1/-2. This is a novel mechanism that may be at play in
FHM-3 and possibly also in other types of migraine.
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Title: Akt regulates neuronal excitability by modulating Nav1.6 sodium channel
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Abstract: Protein kinase B, also known as Akt, is a serine/threonine kinase that receives
converging signals from multiple transmembrane receptors. Activation of Akt is critical in
providing protection against neuronal hyperexcitability and synaptic dysfunction. Yet, the
molecular mechanisms underlying this pathway are still poorly understood. Phosphorylation
plays an essential role in regulating function of voltage-gated sodium (Nav) channels with
profound effects on intrinsic excitability and activity-dependent plasticity. Here, we
hypothesized that some of the known modulatory effects of Akt on excitability could arise from
direct regulation of the Nav1.6 channel isoform that is enriched at the axonal initial segment
(AIS) and mediates repetitive firing in neurons throughout the cortico-limbic circuit. To test this
hypothesis, we determined the effect of triciribine, a pan Akt inhibitor, on Na* currents in
HEK?293 cells stably expressing the Nav1.6 channel isoform using whole-cell patch-clamp. We
found that 1 hour exposure to triciribine significantly potentiates Nav1.6 peak current density (at
voltage step of -10 mV was -47.8+£9.4 pA/pF in control, n=11 versus -99.4+14.6 pA/pF in
triciribine group, n=11; p<0.01 with Student t-test) with no changes in voltage-dependence of
activation and steady-state inactivation. To provide correlative evidence for this effect, we
performed patch-clamp recordings in hippocampal slices and found that triciribine increases
repetitive firing of CA1 pyramidal neurons (number of spikes was 15.1+3.3 in control, n=10
versus 22.9£2.4 in the triciribine group, n=10; p<0.05 with Mann-Whitney test), and decreased
action potential current threshold (124+17.1 pA in control, n=10 versus 75+13.4 in triciribine
group, n=10; p<0.05 with Student t-test). To determine whether inhibition of Akt resulted in
changes in Nav1.6 expression and pattern distribution that might explain increase in excitability,
we studied the effect of triciribine on Nav1.6 expression level at the AIS in primary hippocampal
cultures. Akt inhibition over a prolonged period of time (12 hour) resulted in upregulation of
Nav1.6 channel expression at the AIS (ratio of Nav1.6 to PanNav was 0.5+0.2 in control, n=12
versus 1.1+0.2, n=13 in triciribine group; p<0.05 with Student t-test) along with a shift in Nav
immunoreactivity toward the distal, more excitable segment of the AIS (4.1£0.5 um in control,
n=15 versus 5.8+0.5 um in triciribine group, n=14; p<0.05 with Student t-test). In summary, we
provide a novel mechanism by which Akt might regulate neuronal excitability through a direct
effect on Nav1.6 channel function and sub-cellular distribution.
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modulators in a mood disorder mouse model
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Abstract: Protein:protein interactions (PPI) offer unexploited opportunities for probe
development in the CNS. The voltage-gated Na+ (Nav) channel complex comprises of a matrix
of interacting proteins including fibroblast growth factor 14 (FGF14), a regulator of neuronal
excitability in the cortico-mesolimbic circuit. The FGF14:Nav1.6 complex is also known to be
part of the glycogen synthase kinase 3 (GSK3) pathway, which is implicated in various
neuropsychiatric disorders, including mood disorder such as anxiety and depression. However,
little is known about how the interaction between the FGF14, Nav1.6 and GSK3 might
contribute to changes in excitability underlying any of these disorders. Here, we present evidence
for a disease-specific mechanism of action of a novel peptidomimetic probe, ZL181, which
targets the PPI interface of the FGF14:Nav1.6 channel complex. Using whole-cell patch clamp
electrophysiology in the acute brain slice preparation, we show that 1 hour incubation with 50
MM of ZL181 increases intrinsic excitability in medium spiny neurons (MSN) of the nucleus
accumbens (NAC) in the GSK3 knock-in mouse model of mood disorder. Specifically, compared
to DMSO controls, ZL181 treated MSNs exhibited significantly increased number of spikes
(6.3£3.5 spikes in control, n=3 versus 22+4.4 spikes in the ZL181 group, n=>5, values taken at
current step of 120 pA; p<0.05 with Student t-test), increased instantaneous firing (9.6+5.2 Hz in
control, n=3 versus 30.9+5.8 Hz in the ZI181 group, n=3, values taken at current step of 120 pA;
p<0.05 with Student t-test), and lower action potential current threshold (116.7£23.3 pA in
control, n=3 versus 44+5.1 pA in the ZI1181 group, n=5; p<0.01 with Student t-test) These data
can be contrasted with supporting ongoing studies which demonstrate that ZL 181 decreases
excitability in MSNs of wild-type mice. Overall, these results suggest disease-specific
remodeling of the Nav channel complex that might be of interest for mood disorder therapeutic
development.
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Title: Mechanism of chemical induced peripheral neuropathy (cipn) by vincristine
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Abstract: The possible roles of NaV1.8 channels located in the dorsal root ganglia (DRG) and
the spinal cord in the regulation of chemotherapy-induced peripheral neuropathy were studied in
ICR mice. We found in the present study that repeated intraperitoneal (i.p.) injections with
vincristine (0.1 mg/kg per day for 7 consecutive days), caused an elevation of the hargreaves
latency and reduction of pain threshold in von-frey test. The NaV 1.8 channel expression was
increased in DRG vincristine-induced peripheral neuropathy animal model. Next, the NaV1.8
channels activities in DRG cells were magnified in vincristine-induced peripheral neuropathy
animal models. Moreover, The electrical activities of NaV1.8 channels of nerves were far
sensitive in all vincristine-induced peripheral neuropathy animal models. In addition, A803467, a
selective NaV1.8 channel blocker, inhibited NaV1.8 channel activity in DRG, revealing 1C50
value of A803467 is 150+20 nmole.

Furthermore, the i.p. administration with A803467 (from 20 to 80 mg/kg) attenuated vincristine-
induced neuropathy as manifested in both hargreaves and VVon-frey tests in a dose-dependent
manner. Our results suggest that NaVV1.8 channels located in DRG and the spinal cord play
important roles for the production of vincristine-induced peripheral neuropathy.
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Title: Strong G-protein-mediated voltage-dependent inhibition of voltage-gated sodium channels
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Abstract: Voltage-gated sodium channels (VGSCs) are strategically positioned to mediate
cellular plasticity due to their influence on action potential waveform. VGSC function may be
strongly inhibited by local anesthetic and antiepileptic drugs and modestly modulated via second
messenger pathways. Here we report that allosteric modulators of the calcium-sensing receptor
(CaSR), cinacalcet, calindol, calhex, and NPS 2143, completely inhibit VGSC current in cultured
and acutely isolated mouse neocortical neurons. This inhibition of VGSC current persisted in
CaSR deficient neurons, indicating a CaSR-independent mechanism. Cinacalcet-mediated
blockade of VGSCs was prevented by the GDP analog GDPfs, indicating G-proteins mediated
this effect. However, unlike other reports of VGSC modulation, cinacalcet-mediated inhibition
was independent of protein kinase A or C activation. Cinacalcet negatively shifted steady-state
inactivation of VGCs and inhibition was reversed by prolonged hyperpolarization. These data
identify a dynamic signaling pathway by which G-proteins regulate VGSC current to indirectly
modulate neuronal excitability.
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Abstract: Previous studies demonstrated that Loperamide, originally known as an anti-diarrheal
drug, is a promising analgesic agent primarily targeting mu-opioid receptors. However some
evidences suggested that non-opioid mechanisms may be contributing to its analgesic effect. In
the present study, Loperamide was identified as a Nav1.7 blocker in a pilot screen. In HEK293
cells expressing Nav1.7 sodium channels, Loperamide blocked the resting state of Nav1.7
channels (1C50=1.86+0.11 uM) dose-dependently and reversibly. Loperamide produced a 10.4
mV of hyperpolarizing shift for the steady-state inactivation of Nav1.7 channels without
apparent effect on the voltage-dependent activation. And the drug displayed a mild use- and
state-dependent inhibition on Nav1.7 channels, which was removed by the local anesthetic-
insensitive construct Nav1.7-F1737A. But inhibition of Nav1.7 at resting state was not altered
significantly by the F1737A mutation. Compared to its effects on Nav1.7, Loperamide exhibited
higher potency on recombinant Nav1.8 channels in ND7/23 cells (1C50=0.60+0.10 uM) and
weaker potency on Nav1.9 channels (3.48+0.33puM). Notably more pronounced inhibition was
observed in the native Nav1.8 channels (0.11+0.08 uM) in DRG neurons. Once mu-opioid
receptor was antagonized by Naloxone in DRG neurons, potency of Loperamide on Nav1.8 was
identical to that of recombinant Nav1.8 channels. The inhibition on Nav channels might be the
possible mechanism of Loperamide for pain relief beyond mu-opioid receptor. In the meanwhile,
the opioid receptor pathway may also influence the blocking effect of Loperamide on sodium
channels, implying a cross-talk between sodium channels and opioid receptors in pain
processing.
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Title: Site-directed mMRNA editing of sodium channels has potential to alter neuronal firing and
network dynamics: Computer models
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Abstract: mRNA editing offers the potential for targeting transcripts in the living animal or
patient, providing the possibility of treatment of underlying genetic diseases. Adenosine
deamination in MRNA has was used to alter the conductance of mammalian fast sodiums (Naf)
channels (NaV1.4), changing a lysine to an arginine residue in the region of the peptide that
determines selectivity -- the aspartate-glutamate-lysine-alanine motif DEKA is altered to DERA.
The removal of channel selectivity allowed passage of both potassium and sodium through the
channel, altering the effective reversal potential of a proportion of these channels. The proportion
of wild type (WT) versus edited channels (EC) can be controlled experimentally and will be
controllable in vivo. We therefore looked at the effects of changes in the EC/WT proportion in a
set of single cell models and in a cortical network model. In the Hodgkin-Huxley model, we
demonstrated the expected reduction in action potential amplitude, with increase in EC/WT. At a
point related to the size of the modeled axon (input impedance), and to the density of potassium
channel, the action potential failed as the sodium channels could no longer source sufficient
current to oppose the outward currents. Speed of conduction was also affected by the proportion
of mutated channel. This was primarily noticeable at locations far from the axon terminal where
a baseline velocity of 2 m/s was reduced by 20% before conduction failure occurred. By contrast,
conductance speed near the axon terminal was faster, 10 m/s, and was preserved with increased
EC/WT, as current build-up near the high-impedence boundary allowed charge to build up fast
enough to compensate for the reduced drive. After compensating for the faster kinetics by
reducing overall channel density, similar models could be run at mammalian temperatures as
were run in the origianl models at 6.3 C. Modification of sodium channels has the potential for
future clinical use for the epilepsies and for pain syndromes.
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Abstract: Amphiphiles are chemical compounds possessing both hydrophilic and lipophilic
properties. They are widely used in pharmaceuticals, food, cosmetics and for drug delivery.
Their effects include ameliorating symptoms of neurological pain, increasing blood brain barrier,
enhancing transdermal drug delivery, and prolonging sensory-selective nerve blockade of local
anesthetics. Their effects are thought to result from non-specific lipid-protein interactions,
namely, a bilayer-protein hydrophobic coupling mechanism. Little is known about the molecular
interaction between amphiphiles and target proteins. Here, we hypothesize that some
amphiphiles specifically interact with sodium channels to exert their pharmacological action.
Two groups of chemical analogues, Polysorbates and Spans, were selected to test the direct
action on sodium channels using whole-cell patch-clamp recordings from transfected CHO cells
that stably expressed the Nav1.2 sodium channel isoform. Polysorbate 20 and Polysorbate 80
display tonic inhibition of sodium currents, modulation of voltage-dependent availability and
larger use-dependent block. However, Spans, which are chemically analogous to Polysorbates
but lack the poly(-O-CH2Ch3) group in their hydrophilic head, fail to modulate the function of
sodium channels. The results indicate that 1) not all amphiphiles modulate sodium channel
function through a bilayer-protein hydrophobic coupling mechanism; 2) Polysorbates
specifically interact with sodium channels to inhibit sodium channel function. The specific
interaction with sodium channels provides direct evidence that the prolonged sensory-selective
nerve blockade of anesthetics by amphiphiles is pharmacodynamic rather than pharmacokinetic,
and will lead to the development of novel prolonged-duration local anesthetics and a novel
therapeutic strategy for treatment of neuropathic pain.
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Abstract: Dravet syndrome (DS) is a severe epileptic encephalopathy with infantile onset,
characterized by refractory seizures, increased risk of sudden death, as well as mental, behavioral
and motor comorbidities. In most cases, the genetic basis is a haploinsufficiency caused by
mutations in SCN1A, which encodes the alpha subunit of a voltage-dependent Na* channel
(Nav1.1). Due to the complex physiopathology of DS, etiological approaches such as gene
therapy have unique chances to obtain a global improvement in the life of these patients. We aim
to deliver a functional copy of the SCN1A gene to the brain using High-Capacity adenoviral
vectors (HC-Ad). To provide proof of concept about the feasibility of this approach we generated
a preliminary vector prototype carrying a codon-optimized SCN1A cDNA under the control of a
ubiquitous promoter sequence (CAG). The expression cassette inserted into the vector genome
was stable in E. Coli and gave rise to viable HC-Ad particles following a standard rescue and
amplification protocol. The resulting HCA-CAG-SCN1A vector was able to infect neurons and
increase the amount of Nav1.1 in a dose-dependent manner. Biodistribution analysis using HC-
Ad vectors encoding GFP demonstrated efficient transduction of neurons upon intracerebral
administration. Finally, in vitro luciferase reporter assays were performed to select a regulatory
sequence with preferential activity in GABAergic/paravalbumin-expressing inhibitory neurons.
In summary, the results obtained so far indicate that gene therapy based on HC-Ad vectors is a
viable option for the treatment of DS.
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Title: The mechanism of propofol action on voltage-gated sodium channels
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Abstract: Voltage-gated Na* channels (Navs), which play a pivotal role in the electrical
excitability of the central nervous system, are inhibited by clinically relevant concentrations of
many general anesthetics and are thus highly relevant anesthetic targets. The molecular
mechanisms of this inhibition, however, remain unclear. Here, we investigated the
electrophysiological response of NaChBac and NaVMs, two anesthetic-sensitive bacterial
homologs of eukaryotic Navs, to the intravenous anesthetic propofol at 2, 5, and 10 pM. In both
NaChBac and NaVMs, propofol induced hyperpolarizing shifts of the pre-pulse inactivation and
conductance-voltage (G-V) relationships, reduced the time constant of inactivation, and
increased the time constant of deactivation in a dose dependent manner without significant
effects on recovery from inactivation. Previous investigations suggested that general anesthetics
might inhibit NaChBac by open channel block in a manner resembling local anesthetics.
Contrary to predictions based on this mechanism, however, propofol induced hyperpolarizing
shifts in the G-V curve with minimal effects on current amplitude and the rate of current decay in
a non-inactivating NaChBac mutant at both 2 and 5 uM. Propofol may bind to the channel to
stabilize the open state, ultimately facilitating activation-coupled inactivation, a mechanism that
is supported by kinetic modeling. Guided by molecular dynamics simulations and °F-NMR, we
have evaluated putative propofol binding sites in the pore and voltage-sensing domains with
electrophysiology and mutational analysis to identify structural determinants of Nav gating
involved in modulation by propofol. With the photoactive propofol analog m-Azipropofol, we
will use photoaffinity labeling and mass spectrometry to identify propofol binding sites in these
Navs.
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Title: Peptides mapping of the FGF14:Nav1.6 complex interface
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Abstract: Voltage-gated sodium (Nav) channels provide the basis for electrical excitability in
the brain. Nav channels are comprised of nine isoforms (Nav1.1-1.9), which are specifically
regulated by accessory proteins such as intracellular fibroblast growth factor 14 (FGF14). FGF14
binds directly to the cytosolic domain of the Nav1.6 channel, and regulates its biophysical
properties and expression, leading to significant effects on intrinsic excitability in neurons. In
pursuit of probes that could modulate the FGF14:Nav1.6 complex, we designed and synthesized
three peptides (FLPK, PLEV, EYYV) based on homology modeling studies of the
FGF14:FGF14 homodimer and the FGF14:Nav1.6 channel complex. To evaluate the potency
and mechanism of action of each peptide against the FGF14:Nav1.6 channel complex, we
combined computational modeling, molecular dynamics, split-luciferase complementation assay
(LCA), surface plasmon resonance (SPR) and whole cell patch-clamp electrophysiology. First, in
silico peptide docking revealed that FLPK likely interacts with residues (V160 and Y158) at the
interface of the FGF14:Nav1.6 homology model, and subsequent LCA validation supported this
hypothesis. Our LCA results show that FLPK disrupts the FGF14:Nav1.6 channel complex
interaction and the effect is abolished in the presence FGF14Y58NVI6ON mytations. Furthermore,
SPR showed that FLPK has a high binding affinity for FGF14 (Kp=6.4uM) and no measurable
affinity for Nav1.6 C-tail. Lastly, using whole-cell patch clamp electrophysiology, we show that
FLPK prevents FGF14-dependent regulation of Nav1.6 currents, voltage-dependent activation
and steady-state inactivation of Nav1.6 channels. In summary, these results show the FLPK
disrupts the FGF14:Nav1.6 complex which could be important for therapeutic development
against Nav channel dysfunctions.
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Abstract: Voltage-gated sodium (Nav) channels interact with auxiliary proteins, including
intracellular fibroblast growth factor 13 (FGF13), which modulate their biophysical properties in
different regions within the CNS and PNS. These protein-protein interactions (PPI) are necessary
to maintain neuronal excitability, and FGF13 dysfunction is associated with epilepsy and
neuropathic pain. The physiologically relevant Nav1.6 C-terminal tail binds to FGF13, and the
functional specificity of this interaction provides an opportunity for the development of novel
Nav isoform-specific probes. Here, we combined the split-luciferase complementation assay
(LCA) with molecular modeling to screen various peptidomimetics to target intracellular
FGF:Nav channel interfaces. We identified ZL192 as a potential regulator of the FGF13:Nav1.6
complex. We show that ZL192 is specific to the FGF13:Nav1.6 complex, and has no effect on
other Nav1.6 interactors such as FGF14. Furthermore, our dose response experiments show that
ZL.192 action is specific to the FGF13-1b (ICso = 24.4 uM) and not the FGF13-1a isoform. Next,
we investigated the functional impact of ZL192 on HEK293 cells stably expressing Nav1.6 and
transiently transfected with FGF13-1b-GFP using whole-cell patch clamp recordings. Our initial
studies show that there is a significant decrease in the peak current density at multiple voltage
steps (at -25mV, p=0.022, ANOVA, Fisher’s LSD) in FGF13-1b-GFP plus ZL192 compared to
GFP-Nav1.6 cells, and a hyperpolarizing shift in voltage dependence of steady-state inactivation
of the Nav1.6 channel in FGF13-1b-GFP plus ZL192, (p=0.038, ANOVA post-hoc Bonferroni)
which was not observed with FGF13-1b-GFP alone. Therefore, ZL192 might selectively
modulate a pool of Nav1.6 channels associated with FGF13-1b leading to a directed effect on
neuronal excitability, and a potential applicability for drug discovery in the epilepsy and pain
fields.
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Abstract: Glycogen synthase kinase 3 (GSK3) is a multifaceted enzyme with ubiquitous
expression in the central nervous system (CNS). Increased levels of GSK3 trigger a cascade of
serine/threonine (S/T) phosphorylation events that correlates with maladaptive plasticity of
neuronal circuitries in neuropsychiatric disorders spurring an interest in identifying new
molecular targets within this pathway for drug discovery purposes. In previous studies we have
shown that changes in GSK3 levels modify neuronal excitability by regulating protein:protein
interactions (PPI) between fibroblast growth factor 14 (FGF14) and the voltage-gated Na+
channel. Suppression of GSK3 leads to loss in neuronal excitability in hippocampal neurons with
dispersion of the FGF14:Nav channel complex from the axonal initial segment. Based on in vitro
phosphorylation studies showing that GSK3[3 phosphorylates both FGF14 and the Nav1.6
channel, we hypothesized that GSK3[3 may form a stable complex with either FGF14 and
Navl.6. To test this hypothesis, we first applied the split-luciferase complementation assay
(LCA) to screen the interactions between each of these proteins, as well as to show how complex
formation is dependent upon regulation by cellular signaling pathways. Furthermore, Surface
Plasmon Resonance (SPR) on E.coli purified proteins was used to assess putative binding
affinity of GSK3p to either FGF14 or Nav1.6, as well as to map respective interaction sites. SPR
studies revealed strong binding affinity (Kp=0.159 uM) between FGF14 and GSK3p pointing for
the C-tail of FGF14 as a necessary structural element mediating PP1. NMR studies using 15N-
labeled FGF14 further confirmed FGF14 binding to Nav1.6. Altogether, these results reveal



FGF14, Nav1.6 and GSK3p as potential new structural determinants of neuronal excitability in
the brain circuit.
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Title: Sodium channel beta2 subunits prevent action potential propagation failures at axonal
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Abstract: The arrival of an action potential (AP) at a presynaptic terminal dictates both calcium
channel opening and the driving force for calcium entry, which are powerful levers modulating
synaptic strength. Excitatory hippocampal neurons contain highly ramified axons (~200 branch
points) that form a large number of en passant boutons (~8,000). Unmyelinated sections of axon
are very diverse structures encompassing branch points and numerous presynaptic terminals with
undefined molecular partners of sodium channels. At present, we have little idea about how cells
regulate the density and subcellular distribution of ion channels to ensure AP delivery and sculpt
the propagating waveform. This question has been particularly difficult to study in hippocampal
neurons due to the fine structures of distal axonal branches that preclude detailed
electrophysiological analysis. Here we have used a combination of optogenetic indicators to
make subcellular measurements of both membrane potential and calcium influx at nerve
terminals to study sodium channel distribution across the axon of cultured hippocampal neurons.
Using these probes, we demonstrate that large variations in AP shape exist between branches of a
single axonal arborization as well as disparate sensitivity to propagation blockade by TTX. We
go on to show that these properties are independent of morphology and likely related to local
molecular repertoires. We go on to demonstrate that Na* channel B2 subunits (Nayf2) are
required to prevent AP propagation failures across the axonal arborization of cultured rat
hippocampal neurons. In the absence of Nayf2s, we identify two specific phenotypes: (1)
membrane excitability and AP-evoked Ca?* entry are reduced at synapses, and (2) AP



propagation is severely compromised with over 40% of axonal branches no longer responding to
AP-stimulation. Thus, Nayp2 is a critical regulator of axonal excitability and synaptic function in
unmyelinated axons. Given the fact that synaptic transmission is highly sensitive to changes Ca?*
influx controlled by the biophysical properties of the AP, this finding reveals a new important
role for NayB2 subunits to control the spread of excitability in the nervous system.

Disclosures: M.B. Hoppa: None. I. Cho: None. L. Panzera: None. M. Chin: None.
Poster

288. Sodium Channels

Location: Halls A-C

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM

Program#/Poster#: 288.28/D49

Topic: B.04. lon Channels

Support: BRFSG-2015-05

Title: Neurofascin-186 modulates axon initial segment morphpology and function

Authors: *S. ALPIZAR, M. B. HOPPA
Biol. Sci., Dartmouth Col., Hanover, NH

Abstract: Voltage gated sodium channel (VGSC) types 1.2 and 1.6 are recruited to the axon
initial segment (AIS) following the enrichment of the scaffolding protein AnkyrinG during
development. The location and distribution of these VGSCs has a strong impact on neuronal
excitability. Also uniquely localized at the AIS are cellular adhesion molecules (CAMS) such as
Neuronal Cellular Adhesion Molecule and Neurofascin-186 (NF-186). While these molecules
are known for their functions in neurite extension, axon formation, and neuron-glial interactions,
they have recently been implicated in modulating AnkyrinG stability at the AIS, although
mechanisms in which this occurs remain elusive. Our aim is to identify a potential role of NF-
186 in stabilizing critical AIS components and therefore influencing structural parameters of the
AIS. We also aim to elucidate the functional consequences of NF-186 loss on action potential
(AP) firing. Here, using primary rat hippocampal cultures, we combined localization
measurements of fluorescently tagged VGSCs with genetic ablation of Neurofascin-186 using
CRISPR. These localization experiments were combined with optical AP measurements that
allow for waveform analysis using QuasAtr, a genetically encoded voltage indicator that provides
accurate detection of single action potentials as well as high-frequency trains. Additionally, the
ability to measure voltage changes at both the soma and distal axon allowed us to observe NF-
186’s influence on both VGSC types enriched at the AIS. The loss of NF-186 altered the
localization of AnkyrinG within the axon. Here we show the impact of NF-186 ablation on
VGSC location and dynamics at the AIS. NF-186 may play a direct role in AnkyrinG
localization which influences VGSC distribution and dynamics at the AlS.
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Abstract: The inducible HIV-1 Tat transgenic (iTat) mouse model recapitulates many aspects of
neurocognitive impairments observed in HIV infected individuals. Tat and cocaine
synergistically increase synaptic dopamine (DA) levels by directly inhibiting DA transporter
(DAT) activity, ultimately leading to dopaminergic neuron damage. This study determined
allosteric modulatory effects of SRI1-30827 on HIV-1 Tat protein-mediated regulation of human
DAT and cocaine condition place preference (CPP) in iTat mice. Results show that SRI-30827
attenuated Tat-induced inhibition of [P(H]DA uptake and [*H]WIN35,428 binding in PC12 cells
expressing human DAT. After a 7-d doxycycline (Dox) treatment, HPLC analysis revealed that
DA content in the prefrontal cortex (PFC) and nucleus accumbens (NAc) of iTat-Tg mice were
increased by 92% and 37%, respectively, compared to control mice. Consistently, DA/DOPAC
in the PFC and NAc of iTat-Tg mice was increased by 44% and 26%, respectively. We
performed the patch clamp recording to measure medium spine neurons (MSN) firing in brain
NAC slices of iTat mice in the presence of DA and cocaine. Results show that that action
potential frequency of NAc shell MSN was significantly increased in iTat mice compared to
control mice. Further, action potential frequency of NAc shell neurons was decreased in response
to 5 uM cocaine, and further decreased when cocaine and 5 uM were applied together, which
were completely attenuated in iTat mice. Finally, we found that ICV infusion of SRI-30827, a
novel allosteric modulator, partially attenuated the potentiated cocaine-CPP in iTat mice. These
findings suggest the hypothesis that Tat potentiates cocaine rewarding effect and allosteric
modulator has potential for treatment of Tat-induced drug reward
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Abstract: The dopamine transporter (DAT) exerts a critical function in dopamine homeostasis
by mediating reuptake of dopamine. An increasing number of missense mutations in the
dopamine transporter (DAT) have been identified in patients suffering from psychiatric
disorders. Moreover, complete ‘loss of function’ mutations in DAT have been identified a rare
cause of hereditable infantile/childhood onset parkinsonism-dystonia. We recently described the
first patient, carrying DAT missense mutations, who suffered from both early-onset
parkinsonism and ADHD. Here, we further expand the clinical spectrum of DAT associated
disease by presenting an additional patient that present with the unique combination of early-
onset parkinsonism and concurrent psychiatric disorder. This patient is heterozygote for a
missense mutation in the C-terminal PDZ binding domain of DAT. Two SPECT scans of the
patient performed seven years apart, uncovered reduced DAT binding along with a mild
progressive worsening. A characterization of the mutant in heterologous cells revealed reduced
dopamine uptake capacity (60% of WT DAT), attenuated amphetamine induced efflux, and
reduced expression of DAT-K619N. Importantly, the K619N mutation has a pronounced effect
in vivo. Drosophila Melanogaster that express the hDAT-K619N mutant show reduced dopamine
uptake and [90% reduction in amphetamine induced dopamine efflux, compared to flies
expressing WT hDAT. Moreover, we demonstrate that DAT-K619N has dominant negative
actions on endogenous DAT, as viral expression of DAT-K619N in mice significantly reduces
striatal dopamine uptake. Our identification of yet another patient with DAT associated



parkinsonism and neuropsychiatric disorder further supports that abnormal DAT function may
constitute a risk factor for both psychiatric disorders and parkinsonism.
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Title: Cholesterol- and neuronal activity-dependent dopamine transporter nanodomains revealed
by super-resolution microscopy
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Abstract: Dopamine regulates reward, cognition and locomotor functions. By mediating rapid
reuptake of extracellular dopamine, the dopamine transporter (DAT) is critical for spatiotemporal
control of dopaminergic neurotransmission. Here, we show with super-resolution imaging that
DAT is regulated by dynamic sequestration into cholesterol-dependent nanodomains in the
plasma membrane of presynaptic varicosities and neuronal projections of dopaminergic neurons.
Stochastic optical reconstruction microscopy (STORM) revealed irregular DAT nanodomains
(~70 nm mean diameter) that were virtually dissolved by cholesterol-depletion. A similar DAT
nanodomain localization was demonstrated in heterologous cells by live, photoactivated
localization microscopy (PALM). In the neurons, dual-color dISTORM showed that tyrosine
hydroxylase and vesicular monoamine transporter-2 are distinctively localized adjacent to, but



not overlapping with, the DAT nanodomains. In addition, dual-color dISTORM images of DAT
and syntaxin-1 indicate a functional role of the clustered expression of DAT. The molecular
organization of DAT in nanodomains was reversibly reduced by short-term activation of
NMDA-type ionotropic glutamate receptors, implicating DAT nanodomain distribution as a
potential mechanism to modulate dopaminergic neurotransmission in response to excitatory
input. Through super resolution microscopy, the functional characteristics of DAT clusters are
elucidated in the context of the dopaminergic presynapse.

Dopaminergic Neuronal Process
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Title: Phenotypic characterization of aging dopamine transporter DAT-AAA knock-in mice
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Abstract: Being part of a multi-protein complex situated in the presynaptic compartment, the
dopamine transporter (DAT) re-uptakes released dopamine from the extracellular space, thus
maintaining synaptic dopamine homeostasis. We have developed a novel knock-in (KI) mouse
strain with a disrupted DAT C-terminal PSD-95/Dlg1/Z0-1 homology (PDZ)-domain by
substituting the C-terminal PDZ-target sequence (-LLV) with three alanines (-AAA) (DAT-AAA
mice). This resulted in abolished PDZ-domain interaction and dramatic loss of functional DAT
in striatal synaptic terminals. Interestingly, DAT mutations have recently been identified in
patients with neuropsychiatric disorder, such as ADHD and autism, as well as in patients with
juvenile and early-onset neurodegenerative parkinsonism. Some of these mutations display
functional impairment similar to that observed for DAT in DAT-AAA mice. We therefore set out
to phenotypically characterize aging DAT-AAA mice to assess their validity as a possible model
for dopamine pathologies. Applying an extensive battery of motor tests at ages 9, 12, 15, 18 and
21 months, we found that DAT-AAA mice showed a steady and substantial hyperactive
locomaotive behavior in the open field test when compared to wild type (WT) mice. DAT-AAA
mice furthermore showed increased amounts of rearings at 21 months consistent with a
preserved hyperdopaminergic motor phenotype. We found no differences in fine motor skills,
motor coordination and balance when testing the mice in the pole test, the adhesive removal test,
the hanging wire test and on the rotarod, nor were there signs of pathological clasping behavior
or kyphosis. There were no differences in anxiety/exploratory behavior in the elevated plus maze
at 12 months. Our findings in the DAT-AAA mice describe a hyperactive locomotive phenotype
that persists with age and displays no apparent dysfunctions of fine motor skills, motor
coordination and balance. A further exploration of this dopaminergic phenotype should be
relevant for understanding the physiological consequences of disrupting C-terminal PDZ
interactions in vivo and for evaluating the mice as models for dopaminergic dysfunction and
dopamine related diseases.
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Abstract: Amphetamine (AMPH) and its derivatives are useful therapeutic agents, but can also
have a negative impact as a consequence of their addictive properties. Acute AMPH exposure
elevates extracellular dopamine and glutamate by a variety of mechanisms including an increase
in the rate of internalization of the plasma membrane dopamine transporter (DAT) and of the
excitatory amino acid transporter 3 (EAAT3). AMPH-mediated trafficking of these carriers
requires activation of the small GTPase RhoA that is negatively regulated by direct
phosphorylation by protein kinase A (PKA). The trace amine receptor 1 (TAARL1) is a G-protein
coupled receptor (GPCR) known to couple through Gsa and activate PKA signaling. TAARI
also has been shown previously to contribute to the actions of psychostimulants in dopamine
neurons and thus these observations led us to examine the potential role of TAARL in RhoA and
PKA activation as well as in transporter trafficking. We used CRISPR-Cas9 gene editing
technology to disrupt the TAAR1 gene in HEK293 cells and then measured AMPH-stimulated
trafficking of DAT and EAATS3, as well as activation of Rho and PKA. In cells lacking TAARL,
AMPH did not induce internalization of DAT or EAAT3. We could not detect Rho or PKA
activation in the knockout cells despite robust responses in the parallel wildtype TAARL(+)
cultures. AMPH-induced internalization of DAT and EAAT3 could be restored in the knockout
cell line by transfecting with a modified, nuclease-resistant TAARL. We hypothesized that
TAARL1 was coupled to more than one subtype of G-protein alpha-subunit that mediated these
diverse actions. To test this, we used mini-genes that interfere with various alpha-subunits and
we determined that TAAR1 also couples to a Giza, an activator of RhoA signaling. By using
short targeting domains to direct FRET sensors to various intracellular compartments, we found
that the TAARL receptors that couple to Giza subunits display signaling that is restricted to
regions around the ER. In contrast, TAAR1- activated PKA signaling was detected in non-raft
membranes. These observations show that TAAR1 serves as the intracellular target that mediates



the effects of AMPH on RhoA and cAMP signaling and suggest new pathways to consider in
order to better understand the mechanisms of action of AMPH.
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Abstract: Psychostimulants are highly addictive drugs that stimulate central and peripheral
nervous system function and cause a variety of harmful physiological effects in humans. “Bath
salts” or “legal highs” are synthetic stimulants that have recently become a serious abuse
problem. The major components of many of these “bath salts” are synthetic cathinones, such as
mephedrone, methylone, and methcathinone, which produce powerful stimulant, hallucinogenic,
and addictive effects, all of which are similar to the effects experienced by cocaine, MDMA
(ecstasy), and amphetamine users. Like many psychostimulants, synthetic cathinones are
biogenic amine transporter (BAT) ligands and act as either transporter reuptake inhibitors or
substrate type releasers. Given the detrimental effects of synthetic cathinones, it is becoming
increasingly important to understand the pharmacology of these drugs so that new treatments for
their abuse can be developed.

The current study set out to synthesize a series of methcathinone analogues with altered phenyl
ring substitutions. All analogs were evaluated for BAT reuptake inhibition and release activity in
freshly prepared rat brain synaptosomes. Our results show that several analogues are more potent
dopamine and serotonin transporter releasers compared to methcathinone.
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Abstract: Dopamine (DA) plays an important role in the central nervous system by regulating a
variety of functions, including cognition and motivation. While DA dysfunction is known to be
involved in several neuropsychiatric disorders, its role in autism spectrum disorder (ASD) is
largely unknown. We have recently identified several single nucleotide variants in the SLC6A3
gene in individuals with ASD. The SLC6A3 gene encodes the DA transporter (DAT), a
presynaptic membrane protein critical to DA neurotransmission. Specifically, DAT mediates the
active high affinity re-uptake of DA from the synapse into the synaptic bouton, maintaining DA
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homeostasis. We report a novel SLC6A3 variant identified in an ASD proband from whole
exome sequencing. This variant encodes an in-frame deletion of three nucleotides, resulting in
the deletion of an asparagine at position 336 (AN336). In vitro experiments demonstrate that
AN336 results in nearly absent DAT-dependent DA uptake despite normal surface expression.
We utilize Drosophila melanogaster as an animal model to determine functionally and
behaviorally whether expression of hDATAN336 in DA neurons results in DA dysfunction.
Drosophila has enabled rapid progress in neuroscience research due to its cost-effectiveness,
genetic tractability, rapid life cycle and conserved mechanisms of neurotransmission. Notably,
mechanisms mediating DA neurotransmission including transport, synthesis, and secretion are
largely conserved. Expression of AN336 in Drosophila leads to impaired brain DA uptake and
reverse transport of DA. Moreover, flies expressing hDAT AN336 display increased basal
locomotion and grooming. This data is consistent with increased levels of extracellular DA. We
evaluated further whether impairments in DA clearance affect defensive responses (i.e. freezing
or fleeing) and/or social interactions, behaviors which are altered in individuals with ASD. Flies
expressing AN336 display aberrant freezing, fleeing, as well as, social behaviors. These results
add to the growing body of literature associating altered regulation of DA homeostasis to
complications in ASD.
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Abstract: The dopamine transporter (DAT) is regulated by cellular mechanisms such as
phosphorylation, ubiquitination, and interactions with other proteins. We have reported a
mechanism for regulation of the DAT by Gy subunits of heterotrimeric G-proteins. We found
that after G-protein activation the Gy subunit binds directly to the C-terminus of the DAT and



decreases dopamine (DA) accumulation. We later found that this decrease in DA accumulation
does not involve a change in uptake, but instead results from an increase in DA efflux through
DAT. To further understand the mechanism of Gy regulation of DAT function, we examined
whether the functional effects were linked to conformational changes in the DAT that facilitate
efflux in HEK293 cells. An extracellularly-oriented cysteine residue (C306) in the DAT was
used to probe conformational changes induced by the GPy activator peptide, mSIRK, and by
ligands such as cocaine and other modulators of DAT function. The accessibility of C306 to an
impermeant thiol-reactive biotin reagent was significantly reduced in cells treated with mSIRK.
It has previously been shown that cocaine increases the accessibility of C306 by stabilizing an
outward facing conformation of the DAT. However, pretreatment of cells with mSIRK reduced
the cocaine-induced increase in C306 reactivity, suggesting that GBy activation limits the
available binding sites for cocaine, perhaps by stabilizing an inward conformation. We also use a
set of Cys-substitution mutants (1159C; K264C; S262C) in combination with permeant and
impermeant thiol-reactive reagents to examine the DAT induced conformational changes that
facilitate a shift in DAT conformation towards an inwardly-oriented efflux mode. Finally, we
wanted to test if the observed conformational changes were result of the GBy binding or if the
binding of GPy is conformation-dependent. For that we used the proximity-ligation assay to
study how the interaction DAT-Gy is modified in the presence of different conformation-
specific DAT-ligands. Our results provide a basis for further studies to establish the structural
determinants for dopamine efflux and the relevance of GBy modulation for the actions of
psychostimulants such as cocaine and amphetamines
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Abstract: The dopamine transporter (DAT) plays an important role in regulating dopamine (DA)
neurotransmission by transporting extracellularly released dopamine back into dopaminergic
neurons, thereby limiting the duration and intensity of dopamine signaling. In addition, DAT can
also function to release DA, a process known as reverse transport or efflux. This reverse
transport of DA through DAT is the mechanism by which amphetamine and methamphetamine
produce their effects. Amphetamine is used clinically in the treatment of conditions such as
attention deficit hyperactivity disorder (ADHD) and narcolepsy, but is also abused due to its
rewarding and addictive properties. However, the molecular details associated with the actions of
amphetamine are not well understood. Our lab reported a novel interaction between G protein [y
subunits and DAT, whereby Gy subunits bind directly to the C-terminus of DAT. Our previous
findings showed that activation of GBy subunits by mSIRK down-regulate DAT-induced DA
uptake. We recently provided additional evidence using heterologous systems and primary DA
neurons in culture that mSIRK also increases DA efflux through DAT and this effect is blocked
by inhibition of Gy subunit activation by gallein or a peptide that binds within the C-terminal
region where Gy binds to DAT. Moreover, we also show, in vivo, that inhibition of Gy
activation by gallein reduces amphetamine-induced increases in locomotor activity and
extracellular DA levels in the nucleus accumbens in rats. Findings from these studies suggest
that GBy subunits interact directly with DAT to regulate DA efflux and this interaction is
involved in amphetamine’s actions. Therefore, the present study sought to further characterized
the role of GBy subunits in the actions of amphetamine using ex vivo and in vivo approaches. Rat
striatal tissue was used to determine the effects of activation of GPy subunits by mSIRK on
amphetamine-induced DA release using a superfusion assay. We also determined the effects of
mSIRK on amphetamine-induced extracellular DA levels in the nucleus accumbens using in vivo
microdialysis. Our preliminary results provide further support for the role of Gy subunits in
modulating the actions of amphetamine in the brain.
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Title: Comparative proteomics analysis of dopamine transporter interactome upon
methamphetamine and cocaine treatment

Authors: *S. M. INGAM?, T. RANA!, S. ELUHU?, N. BERRYMAN?, B. OGHIDE?, S.
PRATAP!, J. GOODWIN!
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Abstract: The dopamine transporter (DAT) is a neurotransmitter transporter that regulates the
extra-cellular concentrations of dopamine (DA) by re-uptaking DA into dopaminergic neurons.
Psychostimulants disrupt DA homeostasis by competitively blocking DAT (cocaine) or
inhibiting DA reuptake and reverse transport activity, resulting in increased synaptic DA levels
and efflux of DA via DAT (methamphetamine). We investigated the proteomic differences
between these psychostimulants by tandem mass spectrometry to examine the interacting
proteome of DAT when exposed to methamphetamine (Meth), a DAT substrate and cocaine
(Coc), a DAT blocker. We used Perseus software platform to interpret our proteomics data.
Analysis of the data revealed distinct protein repertoires for Coc and Meth treated cells. We
confirmed some known DAT interacting proteins at various time points. Post spectroscopy
analysis revealed novel protein interactions including redox, actin-binding, calcium
binding/regulating, and voltage-dependent proteins based on drug treatment. Here we provide a
comprehensive, qualitative analysis of proteins detected in response to psychostimulant
treatment. Co-immunoprecipitation and confocal microscopy experiments confirm novel protein
interactions with DAT when exposed to Meth or Coc. Lastly, comparative analyses of the Meth
and Coc interactome have brought to light several interesting molecular pathways, offering the
possibility to explore psychostimulant-specific protein interactions in the cell.
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Title: Behavioral impact of Rin GTPase and dopamine transporter trafficking: AAV studies
using novel conditional and inducible sShRNA

Authors: *C. G. SWEENEY?, J. XIE?, G. GAO?, H. E. MELIKIAN!
!Brudnick Neuropsychiatric Res. Inst., 2Gene Therapy Ctr., Univ. of Massachusetts Med. Sch.,
Worcester, MA

Abstract: Dopamine (DA) signaling is critical for movement, motivation, and addictive
behavior. Following synaptic release, DA is rapidly taken up into the presynaptic neurons by the
DA transporter (DAT), thereby spatiotemporally restricting downstream DA signaling. DAT
plasma membrane presentation is requisite to regulate extracellular dopamine levels. Neuronal
DAT surface expression is acutely regulated via PKC activation, which drives rapid DAT loss
from the cell surface via endocytic trafficking. We previously reported that this mechanism
requires the small, neuronal GTPase, Rin (Rit2). Although PKC-stimulated DAT downregulation
has been well described for over a decade, the physiological importance of regulated DAT
trafficking, and Rin’s role in DAT downregulation in vivo, are poorly defined. Here, we tested
whether Rin-dependent, PKC-stimulated DAT trafficking is required for DA-related behaviors.
To accomplish this objective, we developed an rAAV (TET-OFF/ON) vector that uses a
tetracycline responsive element (TRE) to drive Rin-targeted ShRNA expression selectively in
cells expressing the Tet transactivator (tTA). When injected into Pitx3'"RESTTA* mouse midbrain,
we observed selective reporter expression and Rin knockdown in midbrain DAergic neurons,
which was suppressed when mice were maintained on a doxycycline diet. Rin knockdown in
DAergic neurons resulted in an anxiolytic phenotype, as determined by elevated plus maze and
open field behavioral assays. Ongoing experiments are testing whether Rin expression in DA
neurons plays a role in psychostimulant reward, and whether Rin is required for PKC-stimulated
DAT trafficking in ex vivo striatal slices. These studies are among the first to achieve both
conditional and inducible gene knockdown in vivo and, importantly, provide evidence that
regulated DAT trafficking may exert a robust influence on DA-dependent behaviors.
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Title: The impact of regulated dopamine transporter endocytosis on dopamine-dependent
behaviors: In vivo Drosophila melanogaster studies
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Abstract: The neurotransmitter dopamine (DA) critically controls movement, sleep, learning,
and reward. The plasma membrane dopamine transporter (DAT) clears extracellular DA
following release, thereby spatially and temporally limiting synaptic DA availability. Recent
reports have identified multiple DAT coding variants in attention-deficit/hyperactivity disorder,
infantile parkinsonism-dystonia, and autism spectrum disorder probands, illustrating DAT’s
critical role in DA homeostasis and DA-related behaviors. Both DAT activity and surface
expression are acutely regulated by endocytic trafficking. PKC activation leads to diminished
DAT surface levels, and studies from our lab have demonstrated that the small, neuronal
GTPase, Rin (RIT2) and the non-receptor tyrosine kinase, Ackl, are critical factors in controlling
DAT surface stability and endocytic response to PKC stimulation. However, it is unknown
whether regulated DAT endocytosis impacts DA-related behaviors such as locomotion, sleep, or
reward. Moreover, it is not known whether trafficking-dysregulated DAT coding variants
influence DA homeostasis. For example, the DATR615C mutation, found in an autism spectrum
proband, exhibits significantly enhanced basal endocytosis, however whether this mutation
deleteriously affects DA-dependent behavior is unknown. The Drosophila melanogaster model
system has provided novel insights into the impact of DAT dysfunction on DA-dependent
behaviors. In the current study, we capitalized on the tractability of Drosophila to test whether
perturbing DAT trafficking impacts DA-related behaviors. Overexpressing constitutively active
Ric, the Drosophila Rin homolog, or knocking down Ric via RNAI inhibited PKC-mediated
DAT downregulation in Drosophila cell lines, suggesting that ADAT and hDAT are similarly
subject to Rin (or Ric)-dependent downregulation. In vivo Drosophila studies revealed decreased
locomotion and decreased daytime, but not nighttime, sleep in response to either overexpressing
constitutively active Ric or knocking down Ric in DAergic neurons using the TH-Gal4 driver.
Ongoing and future experiments will test whether dDAT is subject to PKC-dependent surface
loss, and whether this process requires Ric and/or Ric activity, in both cultured cells and ex vivo,
intact Drosophila brains. Furthermore, we will investigate whether DAT trafficking dysfunction
affects DA-dependent behaviors by expressing trafficking-dysregulated hDATSs in a dDAT null
background. Taken together, these studies comprise one of the first in vivo investigations testing
the physiological impact of regulated DAT trafficking on DA-related behaviors.
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Title: Roles for cholesterol and the isoprenylation pathway in serotonin transporter regulation
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Abstract: The serotonin transporter (SERT) localizes in cholesterol-rich microdomains within
the plasma membrane. Although the role of these microdomains serves as a scaffold for
phosphorylating kinases and protein-protein interactions, the role of cholesterol within these
microdomains on serotonin transporter (SERT) function remains to be understood. To investigate
the general role of cholesterol on SERT function, serotonergic RN46A-B14 cells were stably
overexpressed with myc-tagged SERT. Cholesterol within lipid rafts were disrupted by
simvastatin, an inhibitor of the rate-limiting enzyme in cholesterol synthesis, 3-hydroxy-3-
methyl-glutaryl-coenzyme A (HMGCoA) reductase. Serotonin (5-HT) transport activity was
assayed by measurement of intracellular 5-HT content after incubation of cells with 5-HT.
Simvastatin significantly increased 5-HT uptake in a dose and time-dependent manner at 24hr,
48hr, and 72hr of simvastatin exposure. The SERT inhibitor, fluoxetine blocked the enhanced
uptake at each time point, indicating that simvastatin enhances 5-HT uptake in a SERT-
dependent manner. Cholesterol precursors downstream of HMGCOoA reductase were added back
into the media to determine the pathway necessary for the enhanced 5-HT uptake. Mevalonate
completely blocked the enhanced uptake, and geranylgeranyl pyrophosphate partially blocked
the enhanced uptake. However, the more immediate precursor to cholesterol, squalene, did not
block the enhanced uptake. Results indicate that simvastatin enhances 5-HT uptake via SERT in
a manner independent of cholesterol. The involvement of the isoprenylation pathway
downstream of HMGCOoA reductase is currently under investigation.
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Abstract: Selective neuronal vulnerability is a pervasive phenomenon in which distinct neuronal
subtypes are differently affected by a pathological burden. In the case of Parkinson’s disease, the
vast axonal field and high level of tonic firing activity intrinsic to dopaminergic (DAergic)
neurons are thought to contribute to their degeneration. Interestingly, within the ventral
midbrain, substantia nigra (SNc) DAergic neurons degenerate in the presence of Lewy bodies,
while the neighboring DAergic neurons of the ventral tegmental area (VTA) are relatively
spared. Because many of the data that corroborate this are from postmortem human studies,
however, it is difficult to know which subtle differences between the two DAergic populations
lead to the difference in vulnerability. Previous work has focused on intracellular Ca?* flux and
oxidative stress as important differences between the two regions, but many additional
therapeutic targets remain unexplored. Altered dopamine transporter (DAT) activity is
implicated in Parkinson’s disease, where missense DAT mutations are directly associated with
adult early-onset Parkinsonism and progressive dopaminergic neurodegeneration. Kv2.1 is a
voltage gated potassium channel that has also been shown to be dysregulated in a mouse model
of neurodegeneration. Both modulators of neuronal excitability, Kv2.1 and DAT were shown to
co-immunoprecipitate and the association was confirmed via FRET microscopy. Importantly, we
found that the degree of colocalization is cell region specific in the SNc, but not the VTA.
Functional analysis found that methamphetamine-induced DAT activation reduced the
interaction between the two proteins and decreased Kv2.1 cluster size which is directly coupled
to activation potential changes and thus neuronal excitability. Recent data from our lab and the
literature suggest the sigma-1 receptor (SIG-1R), which is a chaperone protein that reduces
oxidative stress, not only decreases DAT activity, but also interacts with Kv2.1 and DAT.
Ongoing experiments are exploring the nature and mechanism of DAT regulation of Kv2.1



activation potential changes in the SNc vs.VTA and SIG-1R as a novel therapeutic target to
confer protection from degeneration in the SNc.
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Title: Dopamine transporter interactome reveals differential interaction with DJ-1 when exposed
to METH
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KHOSHBOUELE, J. S. GOODWIN?
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Abstract: Extracellular dopamine (DA) concentrations are tightly regulated by reuptake through
the dopamine transporter (DAT). Methamphetamine (METH) - a widely abused psychostimulant
- is a substrate for DAT, disrupting dopamine homeostasis by inhibiting DA reuptake and by
triggering the reverse transport of DA into the synaptic cleft. DA dysregulation can be
detrimental to proper brain function and has been implicated in several disease states. We
postulated that DAT-interacting proteins are altered in the presence of METH, compared to
control conditions, leading to the dysregulation of DAT. A proteomic-based study that employed
liquid chromatography-tandem mass spectrometry (LC-MS/MS), immunoprecipitation,
immunostaining and other complementary techniques, examined the interactome of DAT and



revealed an association between DJ-1 and DAT in control conditions, but a dissociation of DJ-1
and DAT in METH conditions. DJ-1, a multifunctional protein also known as PARK?7, inhibits
the aggregation of a-synuclein and is widely studied for its involvement in Parkinson’s Disease.
Recently, it was reported that DJ-1 interacts with DAT to increase DA uptake; overexpression
led to enhanced uptake of DA and knockdown lead to decreased uptake. Based on this evidence,
we examined how DJ-1 affects DAT function in the presence of METH, contributing to the
dysregulation of the transporter. We found that METH decreased DJ-1 interaction with DAT and
altered DAT function.
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Title: Differential site-specific serotonin transporter phosphorylation governs kappa-opioid
receptor mediated biphasic serotonin clearance
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Abstract: Upregulation of dynorphin/kappa-opioid receptor (KOR) systems has been implicated
in the pathogenesis of depression and the mood dysregulation that charactizes withdrawal from
cocaine and other drugs of abuse. Serotonin (5-HT) plays an important role in regulating the
KOR systems impotantly, KOR proteins are expressed on serotonergic neurons and terminals.
Presynaptic 5-HT transporter (SERT) activity controls serotonergic neurotransmission by rapid
reuptake of released 5-HT, thus playing an important role in several behavioral and physiological
functions. We previously demonstrated that KOR activation down-regulates SERT activity
through decreasing active surface SERT, enhanced SERT internalization, decreased SERT
delivery, and increased SERT phosphorylation via Akt and CaMKII dependent siganling
pathways (PMC5148672). Our current studies showed that depending on Thr276-Ser277-SERT
phosphorylation, KOR activaton differentially affects SERT function and trafficking. KOR-Akt
induced decreased SERT function via Thr276 phosphorylation, while KOR-CaMKII signaling
increased SERT function via Ser277 phosphorylation. Collectively, our studies revealed a novel



mechanism of KOR-mediated biphasic regulation of SERT functions associated with differential
SERT phosphorylation of Thr276 and Ser277- sites via Akt and CaMKII respectively. Moreover,
these findings identify a novel mechanism by which KOR regulates 5-HT neurotransmission via
phosphorylation dependent SERT regulation, and suggesting that SERT
dysregulation/phosphorylation may be one mechanism underlying dynorphin/KOR-mediated
alterations in mood and affect. Findings from these studies will enhance our understanding of the
neural substrates upon which dynorphin/KOR act to regulate behaviors, aid in the development
of effective pharmacological agents for the treatment of addiction, depression and provide new
insights into the role of SERT phosphorylation in regulating synaptic 5-HT clearance and
behavior.
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Title: Interaction of neurokinin signaling and norepinephrine transport in amphetamine behavior
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Abstract: A close anatomical and physiological association exists between neurokinin and
noradrenergic systems in the brain. The neurokinin 1 receptor (NK1R) and its endogenous ligand
substance P have been linked to stress and drug-abuse. Animal studies indicate therapeutic
benefits of NK1R antagonists in treating stimulant abuse and thus, the utility of NK1 directed
therapeutics is an area of interest. Substance P is released in the rat ventral striatum following
amphetamine (AMPH) and is known to enhance acute stimulatory effects of AMPH. On the
other hand, NK1R antagonists decrease psychostimulant-induced locomotor activation. Our
recent studies have shown that aprepitant, a clinically used NK1R antagonist, attenuates
conditioned place preference (CPP) and locomotor activation induced by AMPH and cocaine
(PMC5266628). The psychostimulants cocaine and AMPH target all three monoamine
transporters and AMPH has nearly equal affinity for the norepinephrine and dopamine
transporters (NET & DAT). We and other investigators have shown that AMPH as well as
NK1R activation downregulate both NET and DAT. Here we examined whether NK1R-
mediated NET or DAT regulation is involved in AMPH-induced behaviors. Our results show
that while aprepitant attenuated AMPH-induced CPP in the wild type and DAT knockout (KO)



mice, it failed to affect AMPH-CPP in the NET KO mice. Our previous work demonstrated that
substance P and AMPH mediated NET downregulation is dependent on the transporter
T258/S259 trafficking motif (PMID16740633; PMC2939970) and that NET regulation by NK1R
is facilitated by NET-NK1R protein-protein interactions (PMC3789959). A single bilateral intra-
accumbal microinjection of TAT-T258/S259-WT peptide but not the T258A/S259A-mutant
peptide prior to post-conditioned test significantly attenuated AMPH-induced CPP expression
and CPP reinstatement in rats. Collectively, our data indicate a role for NK1R-mediated
T258/S259-dependent NET regulation in AMPH-induced behaviors. Since the sequence
surrounding T258/S259 motif is identical in NET and DAT, ongoing studies using NET and
DAT KO mice are exploring the utility of TAT-T258/S259 peptide strategy to delineate the role
of T258/S259-dependent NET regulation in AMPH mediated behaviors.
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Authors: *W. C. HONG
Dept. of Pharmaceut. Sci., Butler Univ., Indianapolis, IN

Abstract: Following the initial proposal of sigma receptors in 1976 and subsequent molecular
cloning of the sigmal receptor (61R) in 1996, extensive studies have shown that 61R is a unique
membrane protein that may serve as a molecular chaperone. In 2016 a breakthrough on the
crystal structure of 61R revealed a homotrimer, with each protomer containing a single
transmembrane domain, a cytoplasmic ligand-binding domain and trimerization interface.
Because oligomerization of membrane proteins may regulate their function, we devised a novel
biochemical method to examine 61R multimerization. Epitope-tagged 1R from transfected cells
was solubilized using mild detergents, separated in non-denaturing gels, and detected by
immunoblotting. Immuno-reactive signals were displayed as three bands, likely corresponding to
o1R monomer, dimer, and multimer based on their apparent electrophoretic mobility.
Multimerization was abolished in a splice variant of 61R lacking amino acid residues 119 - 149.
Further, pH values in the lysis buffer substantially affected 61R multimerization, suggesting that



side chain protonation of certain amino acid residues may impact on 1R protomer interaction.
Importantly, 1R multimers were significantly decreased by treatment with (+)-pentazocine
(agonist) but increased by BD1063 (antagonist), suggesting that oligomerization of 61R is
regulated by binding of agonists or antagonists in a distinct manner. Ligand binding also
appeared to alter multimerization of 61R on the cell surface, as detected by surface biotinylation
assays. Since 1R has been shown to modulate the function of various membrane proteins, we
hypothesize that 1R ligands differentially regulate the formation of 1R monomers and affect
their dynamic interactions with client proteins.
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Title: Slc22a3, a potential second presynaptic serotonin transporter
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Abstract: Brain serotonergic systems play a role in cognitive and affective function and have
been implicated in the pathophysiology of trauma-related, anxiety, and affective disorders. Drugs
that block serotonin reuptake into presynaptic terminals are used widely in the treatment of these
disorders, and therefore understanding mechanisms underlying presynaptic clearance of
serotonin is of major clinical interest. The neurotransmitter serotonin is cleared from brain
synapses by the presynaptic sodium-dependent, high-affinity, low-capacity serotonin transporter,
solute carrier family 6 (neurotransmitter transporter) member 4 (Slc6a4). However, evidence
suggests possible expression of a second serotonin transporter, the sodium-independent, low-
affinity, high-capacity serotonin transporter, organic cation transporter 3 (Oct3; Slc22a3), in
serotonergic neurons. However, it is unclear if Slc22a3 localizes to the presynaptic serotonergic
terminal, or to other cellular compartments within these cells, and, furthermore, if it co-localizes
to the same presynaptic terminals as Slc6a4. For example, recent studies at the electron
microscope level have identified Slc22a3 expression on neuronal and glial endomembranes,
including Golgi, mitochondrial and nuclear membranes. Using a dual label fluorescence in situ
hybridization histochemistry approach we demonstrated overlapping expression patterns of
tryptophan hydroxylase 2 (Tph2), the rate-limiting enzyme in the biosynthesis of brain serotonin,
and Slc22a3 mRNA expression within the rat dorsal raphe nucleus. To understand Slc22a3



protein location on the presynaptic terminals we used a quadruple label immunofluorescence for
Slc6a4, Slc22a3, postsynaptic density protein 95 (Psd-95) and DAPI (4',6-diamidino-2-
phenylindole), using n-super-resolution microscope (n-SIM) imaging. We were able to
demonstrate that Slc22a3 and Slc6a4 co-localize in the same presynaptic terminals within the rat
dorsal raphe nucleus, the main source of serotonergic projections to forebrain limbic structures.
These findings highlight the need to understand the dynamic interactions between Slc6a4 and
Slc22a3 in controlling serotonin reuptake and serotonergic signaling, physiology, and behavior
in health and disease.

Disclosures: M. Arnold: None. A.O. Williams: A. Employment/Salary (full or part-time):;
Double Helix LLC, Boulder, CO 80302, USA. A. Agrawal: A. Employment/Salary (full or part-
time):; Double Helix LLC, Boulder, CO 80302, USA. H.E. Day: None. J. Talboom: None. M.
Orchinik: None. C.A. Lowry: None.

Poster
289. Monamine Transporters
Location: Halls A-C
Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 289.20/E6
Topic: A.07. Developmental Disorders
Support: NIH Awards MH094527 and MH096972 (RDB)
NARSAD from the Brain and Behavioral Research Foundation (NLB, MJR)

Title: Investigation of IL-1p activation of serotonin transporter-mediated serotonin clearance In
Vivo

Authors: *N. L. BAGANZ!, M. J. ROBSON!, W. A. OWENS?, L. C. DAWS?, R. D.
BLAKELY?

'Biomed. Science, Charles E. Schmidt Col. of Med. and Brain Inst., Florida Atlantic Univ.,
Jupiter, FL; 2Cell. and Integrative Physiol., Univ. of Texas HIth. Sci. Ctr. at San Antonio, San
Antonio, TX

Abstract: Central serotonin (5-HT) neurotransmission and immune system activation have been
linked to the etiology of multiple psychiatric disorders, including depression and autism.
Previously, we showed that peripheral immune system activation in mice using the endotoxin
lipopolysaccharide (LPS) rapidly (30-60 min) increases 5-HT clearance, and produces
depressive-like effects on behavior. These effects are lost in constitutive IL-1R1 knockout mice
and in wild-type mice pre-treated with systemic injections of the p38 MAPK inhibitor
SB203580. Moreover, we found that in vitro incubations of synaptosomes with IL-1p rapidly
increases activity of the antidepressant-sensitive 5-HT transporter (SERT), effects absent in



synaptosomes of IL-1R1 KO mice or synaptosomes pre-treated with SB203580. These findings
suggest that IL-1B, via p38 MAPK signaling to SERT, mediates the ability of peripheral LPS to
enhance rates of CNS 5-HT clearance. To validate this hypothesis, we performed in vivo
chronoamperometry in the dorsal hippocampus (CA3) of mice, evaluating the impact of locally
applied p38 MAPK activator anisomycin, as well as IL-1p, to enhance clearance of 5-HT. As
predicted, anisomycin rapidly (2 minutes) enhanced 5-HT clearance, with effects blocked by
prior application of SB203580. Similarly, local IL-1p rapidly (10 minutes) enhanced 5-HT
clearance. Ongoing studies seek to test the actions of both systemic LPS and local IL-1p to
modulate 5-HT clearance in mice generated that allow for 5-HT neuron-specific elimination of
IL-1R1. Together, these experiments will further specify pathways by which peripheral and CNS
inflammatory signaling can rapidly alter brain extracellular 5-HT homeostasis.
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transporters imposed by an autism-associated mutation
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Abstract: The serotonin (5-HT) transporter (Slc6a4, SERT) plays a crucial role in regulating the
extracellular availability of 5-HT. Current models suggest that SERT, like other solute carriers
(SLC), translocate substrate across the membrane through a multi-state process that results in
alternating exposure of the 5-HT binding site to the extracellular and cytoplasmic spaces. We
hypothesize that population of these states can be biased by natural regulatory stimuli as well as
disease-associate mutations, leading to a change in 5-HT affinity, 5-HT uptake velocity and/or



efflux capacity, independent of SERT surface trafficking. Here we report our efforts to determine
if these hypotheses can explain the change in transport function associated with the autism-
associated SERT coding variant Gly56Ala, using both transfected cells and the SERT Ala56
mouse model. In one effort we are using the substituted cysteine accessibility method to compare
Cys109 and Cys277 accessibility in WT hSERT and hSERT Ala56, expressed in HEK-MSR
cells. Our data reveal that the t1» of methanethiosulfonate reagent inactivation of hNSERT Ala56
is increased for Cys109 and decreased for Cys277 compared to WT hSERT, consistent with
stabilization of hNSERT Ala56 in an outward facing conformation. We are also examining the
sensitivity of the N-terminus to digestion by trypsin. Previous studies show that when SERT is
stabilized in an outward facing conformation, the N-terminus of the transporter is less sensitive
to trypsin digestion, compared to inward facing conformations. Our findings indicate that the N-
terminus of hNSERT Ala56 is less sensitive to tryptic cleavage compared to WT hSERT. These
findings are consistent with h\SERT Ala56 as biased in an outward facing conformation. To
examine conformational bias with native SERT Ala56, we are assessing fenfluramine-induced 5-
HT efflux from [®H]5-HT preloaded brain slices, prepared from mice expressing WT SERT or
SERT Ala56. Our findings indicate that slices from SERT Ala56 mice demonstrate a dose-
dependent sensitivity for fenfluramine-mediated [*H]5-HT efflux. Since 5-HT efflux is believed
to be favored by an inward facing conformation, a decreased efflux sensitivity to fenfluramine
adds further support or the hypothesis that SERT Ala56 is stabilized in an outward facing
conformation. These studies are being complemented by candidate and proteomic analyses of
SIPs to evaluate the contribution of altered protein associations in stabilizing SERT Ala56
conformations, as well as by studies of IL-1R1/p38A MAPK signaling, which like SERT Ala56,
enhances SERT 5-HT affinity and increases transport function at low substrate concentrations.
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Abstract: The voltage-gated calcium channel (VGCC) Cav1.2 is the most abundant VGCC in
the brain as well as the heart, and influences cellular excitability, gene expression, and synaptic
plasticity in neurons. Manipulations of its activity and expression affect learning-, stress-, and
reward-seeking-related behaviors in rodents, and genome wide association studies in humans
have identified mutations in its gene CACNALC as risk factors for bipolar disease and
schizophrenia, besides the known role of a specific mutation in Timothy syndrome, a fatal
condition causing severe mental and cardiac dysfunction. Cav1.2 channel activity is known to be
upregulated by norepinephrine via B-adrenergic receptors (B-AR). A mutant mouse line with a
mutation at serine 1928 to alanine (S1928A), the most important site of phosphorylation by PKA
downstream of B-AR signaling, was previously found to display no apparent cardiac or obvious
neurological deficits, indicating S1928 phosphorylation was not needed to regulate CaV1.2
activity in the heart. However, our lab has recently published that strong differences exist in
channel activity regulation and induction of theta tetanus LTP in mutant hippocampal neurons, in
culture and brain slice, highlighting a surprising dichotomy between regulation of Cay1.2
between brain and heart. We hypothesized that due to the mutant deficit in LTP induction, they
ought to display at least a mild deficit in some long-term memory-dependent behaviors
compared to wildtypes. Much to our surprise, we found strong, but sex-dependent, enhancements
in mutant short- and long-term learning behavior, compared to litter-matched controls. The
magnitude of the changes in behavior roughly correlated with the stress of the behavioral assay,
indicating enhanced stress resilience in mice lacking the S1928 phosphorylation site for f-AR
regulation. We continue to test the mice in further behavioral assays, including fear conditioning
for a direct test of stress-related learning. Our initial results indicate a profound physiological
role of CaV1.2 in regulating rodent learning, memory, and stress-response behaviors, and may
add to the growing body of evidence that CaV1.2 could be a promising target for pharmaceutical
intervention in certain human neurological disorders.
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Title: Theta-burst firing of a single dentate granule cell induces presynaptic LTP at mossy cell-
dentate granule cell synapse

Authors: *K. NASRALLAH?, P. E. CASTILLO?
'Rose F. Kennedy Ctr., Albert Einstein Col. of Med., Bronx, NY; 2Albert Einstein Coll Med.,
Bronx, NY

Abstract: The dentate gyrus, a major input area of the hippocampus, contains two types of
excitatory neurons: dentate granule cells (GCs) and hilar mossy cells (MCs). MCs receive inputs
from GCs and project back to GCs locally (intralamellar), contralaterally, and along the
longitudinal (dorsoventral) axis of the hippocampus, thereby establishing an associative positive-
feedback loop (GC-MC-GC). Such projections may be important to connect the dorsal
hippocampus, primarily involved in spatial memory, with the ventral hippocampus, primarily
involved in emotional memory. However, how MCs contribute to dentate gyrus function remains
poorly understood. Here, we studied the dynamic properties of MC-GC synapses using rodent
hippocampal slices. We found that theta-burst firing (TBF) of a single GC by direct
depolarization is sufficient to induce LTP at MC-GC synapses (TBF-LTP), but not at medial
perforant path excitatory inputs onto GCs. While the induction of TBF-LTP requires
postsynaptic calcium rise in an NMDA receptor-independent manner, this plasticity is expressed
presynaptically as indicated by a decrease in paired-pulse ratio, coefficient of variation and
failure rate. Taken together, these observations strongly suggest the involvement of retrograde
signaling in TBF-LTP. Moreover, TBF-LTP was abolished by the TrkB antagonist ANA-12 (15
M) and conditional TrkB deletion from GCs, as well as by bath application of the PKA
inhibitors H89 (10 uM) and myristoylated PKl14.22 amide (1 pM), but not by intracellularly
loading GCs with PKle.22 amide (2.5 puM). Thus, TBF-LTP requires postsynaptic BDNF/TrkB
and presynaptic CAMP/PKA signaling. By increasing the strength of MC inputs onto GCs, TBF-
LTP could facilitate information transfer between dorsal and ventral hippocampus, and
contribute to memory formation and epilepsy.
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Abstract: Recent literature on the mechanisms of synaptic plasticity has highlighted a
dichotomous role of synaptic and extrasynaptic NMDA receptor (exNMDAR) activation, with
the former promoting long-term potentiation (LTP) and the latter inhibiting it. Glutamate
transporters rapidly clear glutamate from the extracellular space, thereby preventing exNMDAR
overactivation, and many lines of evidence suggest a dysfunction of the glutamate transporter
proteins in various neurodegenerative diseases associated with cognitive decline. Thus, an
attractive and well-cited hypothesis states that glutamate transporter dysfunction underlies the
LTP and cognitive impairments in disease states including Alzheimer Disease (AD). However,
the precise relationship between the spatiotemporal dynamics of extracellular glutamate and
synaptic plasticity has yet to be investigated. Here, we use a novel optogenetic sensor of
glutamate, termed iGIuSnFR, to monitor extracellular glutamate dynamics in real-time (200 Hz)
in the mouse hippocampus during standard LTP-inducing protocols. A range of concentrations of
various glutamate transporter blockers were used to impair glutamate clearance during LTP
induction, allowing us to characterize the relationship between glutamate uptake and LTP
magnitude; these results were compared to those obtained for amyloid beta, a toxic protein in the
AD brain that is thought to impair LTP in part by reducing glutamate transporter function.
Interestingly, we found concentrations of the GLT-1 glutamate transporter inhibitor DHK that
dramatically impaired glutamate clearance rates yet had no effect whatsoever on LTP magnitude.
Surprisingly, LTP was not impaired until glutamate clearance rates were slowed well over two-
fold with TBOA, a nonselective glutamate transporter blocker. Lastly, Ap had no significant
effect on glutamate clearance rates, yet potently suppressed LTP. Overall, these data indicate that
synaptic plasticity is not as sensitive to glutamate spillover as previously thought, and that the
degree of transporter impairment required to inhibit LTP is likely not reached in physiological or
even pathological conditions.
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Abstract: Hippocampal neurons in the adult brain express the secreted chemotropic guidance
cue netrin-1. We show that membrane depolarization and long-term potentiation (LTP) induction
triggers dendritic post-synaptic secretion of netrin-1. Using selective genetic deletion, we
demonstrate that neuronal expression of netrin-1 is required for activity-dependent LTP and
hippocampal-dependent spatial memory. We show that application of exogenous netrin-1, in the
absence of high frequency stimulation, is sufficient to potentiate excitatory glutamatergic
transmission at hippocampal Schaffer collateral synapses. Netrin-1 functions downstream of
NMDAR activation to engage DCC-dependent synaptic recruitment of GIuA1 receptors via
activation of CaMKII. Further, netrin-1 increases the volume of thin-type dendritic spines and
the frequency of miniature AMPAR-mediated excitatory postsynaptic currents with no change in
presynaptic function. Using minimal-intensity stimulation, we demonstrate that netrin-1 unmasks
silent glutamatergic synapses. These findings indicate that activity-dependent netrin-1 release
recruits GIuA1 AMPA receptors to unmask silent synapses in the adult brain.
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Title: Ketamine induces lasting alterations of AMPA receptors and synaptic plasticity in the
mesolimbic circuit
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Abstract: Low doses of ketamine trigger rapid and lasting antidepressant effects after one
injection in treatment-resistant patients with major depressive disorder. Modulation of AMPA
receptors (AMPARS) in the hippocampus and prefrontal cortex is suggested to mediate the
antidepressant action of ketamine and one of its metabolites (2R,6R)-hydroxynorketamine
((2R,6R)-HNK). We have examined if ketamine and (2R,6R)-HNK affect glutamatergic
transmission and plasticity in the mesolimbic system, brain regions known to play key roles in
reward-motivated behaviors, mood and hedonic drive. We found that one day after the injection
of a low dose of ketamine, long-term potentiation (LTP) in the nucleus accumbens was impaired.
Loss of LTP was maintained for 7 days and was not associated with an altered basal synaptic
transmission mediated by AMPARs and N-methyl-D-aspartate receptors (NMDARS). Inhibition
of mTOR signaling with rapamycin did not prevent the ketamine-induced loss of LTP but
inhibited LTP in saline-treated mice. However, ketamine blunted the increased phosphorylation
of the GluAl subunit of AMPARs at a CaMKII/PKC site induced by an LTP induction protocol.
Moreover, ketamine caused a persistent increase in the phosphorylation of GluA1 at a PKA site.
(2R,6R)-HNK also impaired LTP in the NAc. In dopaminergic neurons of the ventral tegmental
area from ketamine- and (2R,6R)-HNK-treated mice, AMPAR-mediated responses were
depressed while those mediated by NMDARs were unaltered, which resulted in a reduced
AMPA/NMDA ratio, a measure of long-term synaptic depression. These results demonstrate that
a single injection of ketamine or (2R,6R)-HNK induces enduring alterations in the function of
AMPARSs and synaptic plasticity in brain regions involved in reward-related behaviors.

Disclosures: O. Skiteva: None. N. Yao: None. X. Zhang: None. P. Svenningsson: None. K.
Chergui: None.

Poster

290. LTP: Pre- and Postsynaptic Mechanisms |1
Location: Halls A-C

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 290.06/F1

Topic: B.08. Synaptic Plasticity

Support: Supported by Basic Science Research Program through the NRF funded by the
Ministry of Education, Science and Technology (2016R1A2B2016533).



Title: NMDA receptors are specifically involved in LTP induction in late-spiking neurons of the
rat visual cortex
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Abstract: Cortical inhibitory interneurons play important roles in development, information
processing, circuit dynamics and plasticity. These inhibitory interneurons are also driven by
excitatory connections and thus plasticity of the excitatory synaptic transmission on interneurons
is critical to understand the cortical functions. However, subtype-specific long-term synaptic
plasticity remains largely unknown. Therefore, using intracellular recordings and confocal
reconstruction, we investigated the mechanism of long-term synaptic plasticity in each subtypes
of inhibitory interneurons, especially in late-spiking (LS) neurons of layer 2/3 of the primary
visual cortex in rats. Inhibitory interneurons were classified into four subtypes according to the
electrophysiological and morphological characteristics: fast-spiking (FS), LS, burst-spiking (BS)
and regular-spiking non-pyramidal (RSNP) neurons. Excitatory postsynaptic potentials were
recorded by stimulation of underlying layer 4. We used different conditioning stimulation to
induce long-term depression (LTD) and potentiation (LTP). All the inhibitory neurons showed
LTD with low-frequency stimulation (1 Hz, 15 min) except FS neurons. LTD induced in LS
neurons was blocked by intracellular application of BAPTA (10 mM) and bath application of
nimodipine (10 uM), but not by bath application of D-AP5 (50 uM). Theta-burst stimulation (5
shocks at 100 Hz, 5 times at 5 Hz) did not change the synaptic efficacy in LS neurons. Tetanic
stimulation (5 x 20 Hz trains for 1s at 0.5 Hz, 5 times at 2 min interval) reliably induced LTP in
LS neurons as well as pyramidal neurons. LTP in LS neurons was blocked by intracellular
application BAPTA and bath application of D-AP5 or nimodipine. These results suggest that LS
neurons in layer 2/3 of the visual cortex exhibit bidirectional long-term changes in synaptic
strength, which are dependent on the increase of intracellular calcium. NMDA receptors are
specifically involved in the induction of LTP, while L-type calcium channels are involved in
both types of plasticity. The bidirectional modification of synaptic transmission in LS neurons
may be important in visual information processing and postnatal development. Supported by
Basic Science Research Program through the NRF funded by the Ministry of Education, Science
and Technology (2016R1A2B2016533).
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Abstract: The ubiquitin ligase, UBE3A, plays important roles in both brain development and
function, since its deficiency results in Angelman Syndrome (AS) while its over-expression
increases the risk for autism. We previously showed that Ube3a ubiquitinates SK2, a Ca®*-
activated small conductance potassium channel, and facilitates its removal from excitatory
synapses. Ube3a deficiency results in increased postsynaptic SK2 levels, thereby effectively
inhibiting NMDAR activation and LTP induction. SK2 levels in cell membranes are also
regulated by protein kinase A (PKA); PKA phosphorylates SK2 in its C-terminal domain,
facilitating its endocytosis. Here, we report that activation of PKA by forskolin (FSK) in
hippocampal slices from AS mice significantly improves theta burst stimulation (TBS)-induced
LTP by removing synaptic SK2 from synaptic membranes. FSK treatment also prevented the
LTP enhancement of apamin, a SK2 blocker, in AS mice. Western blot analyses indicated that
PKA activation reduced SK2 levels in hippocampal membrane fractions from AS mice. While
TBS was unable to induce LTP in hippocampal slices from AS mice, a second TBS (TBS2)
applied 15 min after the first TBS (TBS1) successfully induced LTP; immunofluorescence
staining results showed that TBS1 induced a significant reduction in the percentage of SK2-
immunopositive synapses in both WT and AS mice 15 min later. Furthermore, incubation of
hippocampal slices with KT5720, a cell-permeable specific PKA inhibitor, blocked TBS2-
induced LTP in AS mice, indicating that PKA-mediated SK2 removal could compensate for the
lack of Ube3a-mediated SK2 removal. Subsequent experiments showed that FSK treatment not
only increased SK2 phosphorylation but also its ubiquitination, suggesting that PKA and Ube3a
interact to regulate SK2. Mutation of the PKA sites Ser568-570 to alanine (non-phosphorylatable
3S/A-SK?2) abolished the effect of FSK on SK2 ubiquitination in COS-1 cells, while mutation of
Ser568-570 to aspartate (phosphomimetic 3S/D-SK2) enhanced SK2 ubiquitination. Finally, in
vitro ubiquitination experiments with GST-3S/D-SK2 showed that phosphomimetic mutations
significantly increased SK2 ubiquitination. Our results indicate that both Ube3a-mediated
ubiquitination and PKA-induced phosphorylation stimulate SK2 endocytosis, and that PKA and
Ube3a synergistically regulate synaptic SK2 levels. The complex interactions between PKA and
Ube3a in the regulation of SK2 synaptic levels might provide new tools to for developing new
treatments for AS patients as well as various forms of autism.
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Abstract: The Octopus vulgaris vertical lobe (VL) is organized as a fan-out fan-in network. The
fan-out glutamatergic synaptic connection possess a robust presynaptic, NMDA-independent,
activity-dependent LTP. The VL LTP is important for the acquisition of long-term memory
outside the VL (Shomrat T. et al 2008). We have previously shown that the presynaptic
expression of LTP involves activation of nitric oxide synthase (NOS), and that a nitric oxide
(NO)-dependent ‘molecular switch’ is responsible for the very long LTP maintenance (>10h)
(Turchetti-Maia et al SFN 2016). This molecular switch seems to replace the common protein
synthesis dependent LTP maintenance as 20uM anisomycin, which effectively blocks protein
synthesis in octopus brain, neither blocked LTP induction nor its long-term expression, while
NOS inhibitors reversibly blocked LTP expression. The presence of NOS in the VL is further
supported by the intense positive NADPH-d labeling in the VL neuropil. Unexpectedly, our
current results do not support the involvement of the common NO dependent cGMP cascade in
the VL LTP, as none of the treatments that aim at intervening with this cascade, like inhibitors of
guanylyl cyclase, cGMP analogs and phosphodiesterase inhibitors, had an effect on LTP
expression. Moreover, NO-donors and NO-scavengers that can modulate low concentration
ranges of NO (<nM), and thus are effective in the regulation of the cGMP cascade, had no effect
on LTP expression. These negative results suggest that NO might function at higher
concentrations, similar to those needed for the direct non-enzymatic proteins s-nitrosylation. To
test the feasibility of such mechanism we adapted Dias C. et al (2016) electrochemical method to
measure NO amperometrically in the VL neuropil. The results showed that induction of LTP
either by tetanization or by phorbol ester are accompanied by an increase in the amperometric



signals that correspond with the oxidation peak potential of NO (750 mV), an increase which is
indeed at the uM range. These findings support our previous conclusion that LTP expression is
mediated by a constitutive elevation in NO concentration and further suggest that this elevation
is to a relatively higher uM range. In summary, our amperometric results, together with the
abundant NADPH-d staining of the VL neuropil, suggest that LTP is mediated by a higher
concentration range of NO that takes place at synaptic regions of the VL. We therefore
hypothesize that a process such as s-nitrosylation, which is activated by a relatively high NO
concentration, mechanistically could serve as an effective local retrograde message for ensuring
specificity in presynaptic Hebbian plasticity.
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Abstract: In many brain areas, such as the neocortex, limbic structures, and the auditory
brainstem, glutamatergic nerve terminals also contain zinc in their synaptic vesicles (synaptic
zinc). In the dorsal cochlear nucleus (DCN), an auditory brainstem nucleus, synaptic zinc is
released from glutamatergic parallel fiber synapses. Synaptically released zinc inhibits
presynaptic glutamate release by recruiting endocannabinoid signaling, and it also inhibits
postsynaptic NMDA and AMPA receptors (NMDARs/AMPARS), thus functioning as a major
inhibitory modulator of excitatory synaptic strength (Perez-Rosello et al., 2013; Anderson et al.,
2015; Kalappa et al., 2015). This inhibition is activity-dependent, because vesicular zinc levels
are reduced following sound exposure (Kalappa et al., 2015). However, the signaling
mechanisms underlying this plasticity remain unknown. To study these mechanisms, we
employed in vitro electrophysiological recordings in DCN brain slices. Application of the
extracellular zinc chelator ZX1 (100uM) potentiates AMPAR and NMDAR EPSCs evoked by



stimulation of zinc-rich parallel fibers, demonstrating AMPAR/NMDAR inhibition by synaptic
zinc. High-frequency stimulation (HFS, 3 x 100 Hz) of parallel fibers eliminates potentiation by
ZX1, indicating activity-dependent plasticity of zinc-mediated inhibition (zinc plasticity). Zinc
plasticity is NMDAR-independent, because it is unaffected by the NMDAR antagonist APV
(50uM). However, zinc plasticity is blocked by the metabotropic glutamate receptor (mGluR)
antagonist MCPG (500uM), and the Type 1-specific mGluR antaonists MPEP (4uM) and
LY367385 (100uM). Additionally, it is blocked by the intracellular calcium buffer BAPTA
(10mM). Therefore, zinc plasticity requires activation of Type 1 mGIuRs and increases in
postsynaptic calcium. Furthermore, the application of CPA (20uM), an inhibitor of SERCA
ATPase which depletes calcium from intracellular stores, is sufficient to induce zinc plasticity.
Our results demonstrate activity-dependent plasticity of zinc-mediated inhibition at DCN parallel
fiber synapses. Zinc plasticity is NMDAR-independent, but involves activation of Type 1
mGIuRs and release of calcium from intracellular stores. Together, these results reveal a novel
synaptic plasticity mechanism that modulates zinc-mediated inhibition of glutamatergic
neurotransmission.
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Abstract: Recent studies have shown that the lateral perforant path (LPP) afferents to
hippocampus exhibit an unusual form of LTP: in contrast to potentiation in hippocampal field
CAL, LPP LTP is dependent upon postsynaptic generation of the endocannabinoid 2-



archadonolglycerol (2-AG), presynaptic CB; receptor (CB1R) signaling to actin, and increased
neurotransmitter release. These findings raise questions as to the mechanisms through which 2-
AG and CB; predominantly suppress excitatory transmission in the CA1 Schaffer-commissural
(S-C) system but increase neurotransmitter release in LPP innervation of the dentate gyrus. As
recent work has shown that CB1R signaling to the synaptic vesicle protein Munc18-1 is critical
for CB1-mediated release suppression, we tested effects of CB1R agonist WIN55212-1 (WIN) in
the two hippocampal subfields. WIN infusion (in the presence of picrotoxin) depressed S-C
synaptic responses, blocked LTP and increased presynaptic phospho (p) Munc18-1 levels in field
CAL. In contrast, WIN infusion increased the amplitude of IppLTP without effect on LPP
baseline responses or presynaptic pMuncl18-1 levels in the LPP field. CB; has been reported to
work cooperatively with integrins to signal through focal adhesion kinase (FAK) and RhoA
kinase (ROCK) and influence the actin cytoskeleton. In line with this, we found WIN infusion
increased presynaptic pFAK and pROCK levels in the LPP field. Similarly, high frequency
stimulation used to induce IppLTP caused a CB1R-dependent increase in pFAK and pROCK in
LPP terminals. These findings indicate that there is projection-specific bias in CB:R signaling
and function in hippocampus with predominant signaling (i) through the ERK1/2 - Munc18-1
pathway, leading to direct suppression of excitatory synaptic transmission, in field CA1 and (ii)
through a FAK - ROCK cascade leading to enhanced neurotransmitter release in the LPP. These
results further suggest that forms of learning that depend upon the LPP (cue identity, semantic
information) may engage and depend upon the FAK/ROCK cascade. This was tested in rats
trained in a two-odor discrimination paradigm known to depend on the LPP. We found that odor
discrimination learning caused a CB1R-dependent increase in presynaptic pPROCK in the LPP
field. Together these findings show sharp differences in the bias of CB1R signaling at two major
excitatory relays in hippocampal circuitry and suggest a neurobiological basis for discrete
cannabinoid effects on learning.
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Abstract: Autism spectrum disorders frequently entail disturbances in episodic memory but the
neurobiological basis of this intellectual disability is not understood. The hippocampus is critical
for the formation and use of episodic memory, with cue identity (*‘what”) information relayed to
hippocampus via the lateral perforant path (LPP). We have shown that in normal rats and mice
the LPP afferents of the dentate gyrus exhibit an unusual form of long-term potentiation
(IppLTP) that depends on the CB: receptor and signaling by the endocannabinoid 2-
archadonolglycerol (2-AG) at excitatory synapses (Wang et al., 2016). The present
electrophysiological analyses of acute hippocampal slices show that IppLTP is profoundly
impaired in Fmr1-KOs relative to wild type mice. The plasticity impairment was substantially
greater than for other major afferents to the dentate gyrus granule cells or in hippocampal field
CAL. Behavioral studies demonstrated that learning to recognize odors presented in a series
depends on the LPP and that such serial odor learning is severely impaired in the KOs.
Acquisition of odor identity outside of the sequence was not affected by the mutation. Finally,
we show that multiple strategies for enhancing 2-AG signaling in Fmr1-KO mice, rescues both
IppLTP and serial odor learning. Thus, manipulations that target endocannabinoid transmission
in hippocampus restore plasticity in a pathway critical to the encoding of the semantic element of
an episode and thereby rescue an important component of cognition in Fragile X model mice.
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Abstract: The mesolimbic dopamine circuit, and in particular the ventral tegmental area (VTA),
processes reward and motivational behaviors. The VTA contains dopaminergic cells thought to
mediate reward as well as GABAergic inhibitory cells that regulate dopamine cell activity. In
response to drug exposure, synaptic connections of this circuit can be rewired via synaptic
plasticity—a phenomenon thought be responsible for the pathology of addiction. Therefore, an
understanding of normal and pathologic synaptic plasticity in VTA neural circuitry is critical if
we are to better understand and treat addiction. While much is known about dopamine neuron
plasticity, less is known regarding the potential for and type of plasticity exhibited by VTA
GABA cells. VTA GABA:s receive inhibitory input from outside the VTA, however we know
little about these inputs and their synaptic plasticity. A recent study demonstrated a novel form of
GABAEergic long-term potentiation (LTP) onto VTA GABA cells, which was presynaptic and
dependent on voltage-gated calcium channels and D1 dopamine receptors (Bocklisch et al.,
2013, Science). We have confirmed this GABA LTP in VTA GABA cells from GAD67/GFP-
positive mice using whole cell electrophysiology. Paired pulse ratios suggest a presynaptic
mechanism, as noted previously (baseline, 1.20 £ 0.19; after stimulation, 0.79 £ 0.14; n=9,
p=0.068). Therefore, we examined several presynaptic mediators of plasticity, including
cannabinoid receptor 1 (CB1) and nitric oxide. In CB1 knock-out animals (n=6) or in the
presence of the CB1 antagonist AM251 (n=4), significant LTP was still exhibited (p < 0.05). The
nitric oxide synthase antagonist L-NAME also failed to block the observed LTP (n=4, p < 0.05),
and the nitric oxide donor SNAP failed to induce plasticity (n=5, p > 0.05). This LTP was also
independent of D2 dopamine receptors, as the D2 antagonist eticlopride did not block LTP (n=5).
However, surprisingly this LTP appears to be NMDA-dependent, as it was blocked by the
NMDA receptor antagonist APV (n=4; p > 0.05). Collectively, our data suggest a presynaptic
mechanism of LTP that is yet to be fully determined, but production of a retrograde factor
produced from excitatory synaptic activation is likely involved.
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Abstract: The connection along the longitudinal axis of the CA1 hippocampal cells has not
received attention while most studies have looked at the transverse orientations of the CA3
and/or CA1 regions. Recently, our group has shown that the CA1-CA1 pyramidal neurons are
well-organized and have a longitudinally projecting synaptic network. This triggered an interest
in synaptic plasticity of long-term potentiation (LTP) and long-term depression (LTD) within the
longitudinal CA1 hippocampal region. Here we studied long-term synaptic plasticity in CA1
longitudinal plane using in vitro and in vivo recordings. Animals used were C57BL6 mice. We
found that the longitudinal network has N-methyl-D-aspartate receptor (NMDAR)-dependent
LTP. Meanwhile, there is no apparent long-term depression (LTD) under the frequently used
LTD induction protocols. These results implicate a unique functional property in the longitudinal
projection, stimulating a further research regarding how the longitudinal network contributes to
information processing.
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Abstract: Previously, using whole cell (WC) recordings in acute slices of visual cortex, we
found that 10 Hz discontinuous highly irregular stimulation patterns (interstimulus intervals with
a coefficient of variation = 1, or CV = 1) but not regular stimulation patterns (CV = 0), led to a
significant net long-term potentiation (LTP) of postsynaptic responses in rats with mild traumatic
brain injury (mTBI rats) but not in control rats. Here we used field potential (FP) recordings and
pharmacological manipulations (gama-aminobutyric acid receptor blockade, or GABADbIK) to
investigate the potential underlying mechanisms for these phenomena. Acute slices of visual
cortex were taken from 10 - 13 week old normal rats and rats who had received an mTBI 2 - 3
weeks prior. We applied a defined pattern of stimulation to layer 4 and made FP recordings in
layer 2/3. Conditioning stimulation consisted of 900 pulses at 10 Hz (9 epochs x 100 stimuli
spaced equally over 900 sec) with a CV of 0 or 1. Recording of evoked FPs were made in



response to 0.1 Hz test stimulation before and after conditioning in artificial cerebral spinal fluid
alone or with the addition of GABA receptor blockers (GABAbIK). The post- to pre-conditioning
ratio of the peak amplitudes of the 0.1 Hz evoked FPs was used to assess plasticity. We defined
long-term depression (LTD) as a significant (P < 0.05, t-test) decrease (> 10%) in post/pre ratios,
LTP as a significant increase in post/pre ratios, or no change (NC) as post/pre ratios that changed
< 10% and/or were not significantly different (P > 0.05, t-test). For regular (CV = 0) stimulation,
control rats exhibited a net LTD while mTBI rats exhibited a net NC, and this was comparable in
WC (0.81 +0.08, N =17 vs. 0.90 £ 0.07, N = 17; P = 0.40, t-test) and FP (0.89 £ 0.04, N = 16
vs. 0.95 + 0.05, N = 12; P = 0.44, t-test) recordings. Moreover, GABADbIk did not significantly
change FP values in controls (0.89 £ 0.04, N =16 vs. 0.92 £ 0.04, N =5, P = 0.79 t-test) or
mTBI rats (0.95 + 0.05, N =12 vs. 0.89 £ 0.09, N = 8: P = 0.57 t-test). For highly irregular (CV
= 1) stimulation, control rats showed a net LTD or net NC while mTBI rats showed a net LTP
which was similar in WC (0.63 £ 0.07, N =19 vs. 1.17 £ 0.12, N = 18; P = 0.001, t-test) and FP
(0.94 +£0.05,N=24vs.1.15+0.10, N = 17; P < 0.05, t-test) recordings. Finally, GABAblk
reduced FP values in mTBI rats (1.15 + 0.10, N = 17 vs. 0.99 £ 0.05, N = 18; albeit not quite
significantly P = 0.12, t-test), but not control rats (0.94 + 0.05, N =24 vs. 0.95 + 0.06, N = 18; P
=0.90, t-test). These results indicate that highly irregular (CV = 1) 10 Hz stimulation, but not
regular (CV = 0) 10 Hz stimulation, activates a disinhibition mechanism that induces LTP
following mTBI.
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Abstract: Long-term potentiation (LTP) and depression (LTD) are the mechanisms by which
neurons modulate their inherent synaptic plasticity and support the storage and recovery of
memories in the mammalian brain. The ability to potentiate a synapse long term declines



significantly in neurodegenerative disorders. In addition to deficiencies in synaptic plasticity,
degenerating neurons display acute and chronic mitochondrial dysfunction, suggesting that
dysregulated mitochondria play a hand in synaptic dysfunction in addition to their known role in
apoptotic death. Our previous work shows that the anti-apoptotic protein Bcl-xL not only
prevents somatic cell death, but it also potentiates long-term synaptic responses. Here, we show
that Bcl-xL is responsible for dramatic changes of ATP levels at synapse-specific sites in
hippocampal neurons during LTP. Using fluorescent imaging of an ATP-FRET (ATeam)
construct in living cells, we find that LTP induction in cultured neurons causes a short decrease
in ATP levels followed by a persistent long term increase in ATP production. This suggests that
after high frequency or intense synaptic stimulation, neurons may become metabolically more
efficient; oxygen consumption rates during LTP are now being performed to confirm or refute
the proposed change in efficiency. The long-term increase in ATP levels of LTP-stimulated
synapses is blocked when we inhibit Bcl-xL and when ATP synthase activity is blocked with
oligomycin. Bcl-xL inhibition also prevents a long-term increase in surface glutamate receptor
insertion. We are completing studies to see what effect blocking ATP synthase activity has on
glutamate receptor insertion. In hippocampal slice recordings, inhibition of Bcl-xL greatly
impairs early stage LTP and prevents late stage LTP. We suggest that long term changes in
mitochondrial efficiency brought on by activity-dependent translocation of Bcl-xL to
mitochondria are required for LTP. These results shed light upon the role of changes in
mitochondrial metabolic efficiency in the acute induction and long-term maintenance of learning
and memory storage. If such mitochondrial changes fail to occur, synaptic dysfunction associated
with neurodegeneration may ensue. Our study places mitochondria and Bcl-xL at the center of
synaptic metabolism and synaptic plasticity.

Disclosures: P. Miranda: None. H. Park: None. S. Sacchetti: None. K.N. Alavian: None. H.
Li: None. H. Imamura: None. H. Noji: None. J.D. Shepherd: None. A.E. Chavez: None. R.
Zukin: None. E.A. Jonas: None.

Poster

290. LTP: Pre- and Postsynaptic Mechanisms |1
Location: Halls A-C

Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 290.16/F11

Topic: B.08. Synaptic Plasticity

Support: CONACYT Grant 286537

Title: Effects of non-selective activation of dopaminergic receptors by apomorphine in the
hippocampus

Authors: *L. ARROYO GARCIA, SR}, R. A. VAZQUEZ-ROQUE?!, A. DIAZ}, A.
RODRIGUEZ-MORENO?, F. DE LA CRUZ3, G. FLORES!



!Benemerita Univ. Autonoma De Puebla, Puebla, Mexico; 2Univ. Pablo de Olavide, Sevilla,
Spain; 3Inst. Politecnico Nacional, Ciudad de Mexico, Mexico

Abstract: Apomorphine is a dopaminergic agonist used in the treatment of Parkinson’s disease
(PD), which activates D1-like and D2-like dopaminergic receptors. Currently, the role of
apomorphine in non-motor activity is poorly studied, and the effects of dopaminergic activation
in brain areas that do not have motor functions are unknown. The aim of this study is to
determinate the effect of dopaminergic receptor activation in plasticity and behavior in the
hippocampus. Adult mice were chronically administrated with 1 mg/kg apomorphine during 15
days. Memory and learning, synaptic plasticity, oxidative stress response and morphological
changes were evaluated. For plasticity experiments, electrophysiological recordings (fEPSPS)
were obtained in the CAL region of hippocampal slices prepared from adult mice and the effect
on LTP of apomorphine (20 uM) studied. In this experimental condition LTP was prevented.
Also in the presence of apopmorphine, by using the Morris water maze test, a decrease in the
learning and the long-term memory capabilities of mice were observed. Additionally, a decrease
in the total dendritic length of CA1 neurons, and an increase in the number of astrocytes were
observed in the presence of apomorphine by using the Golgi-Cox stain and GFAP
immunohistochemistry, respectively. These results suggest that, in the hippocampus, the non-
selective activation of dopaminergic receptors by apomorphine prevents LTP, causes neuronal
damage and triggers deficiencies in learning and memory.
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Abstract: Long-term potentiation (LTP), an activity dependent, long-lasting change in synaptic
strength, is a critical form of synaptic plasticity underlying learning and memory and has been
implicated in various neuropsychiatric disorders. The expression of NMDA receptor-dependent



LTP is dependent on the trafficking of AMPA receptors (AMPARS) to the postsynaptic
membrane. The present project is guided by the unexpected role of cell adhesion proteins, which
mediate trans-synaptic signaling, in LTP. Specifically, the project focuses on the role of
postsynaptic neuroligin 1 and its binding to presynaptic neurexins. This heterophilic interaction
is present in mature and developing synapses and its absence has been shown to impair LTP.
Here, we generate various neuroligin constructs in which different functional domains of
neuroligin 1 are mutated. We used these constructs to determine which specific neuroligin
domains are necessary for the AMPAR exocytosis that occurs during LTP. Specifically, we
prepared primary dissociated mouse hippocampal cultures from neuroligin 1 (NL1) and
neuroligin 1, 2, 3, and 4 (NL1234) conditional knockout mice (cKO) and infected these cultures
at DIV7-9 with lentiviruses containing Cre recombinase and either wildtype (WT) NL1 or
mutant forms of NL1. At DIV18-20, we induced a form of chemical LTP by bath applying
glycine and measured the resultant increases in surface expression of endogenous AMPARS
using immunocytochemistry. Our results suggest that the exocytosis of AMPARSs during
chemical LTP is impaired upon deletion of neuroligin 1; can be rescued solely by the
extracellular domain of neuroligin 1; does not require neuroligin dimerization, and is impaired
when NL1 binding to neurexin is inhibited. Thus, the trans-synaptic interaction between NL1
and presynaptic neurexins appears to be necessary for the increase in surface expression of
endogenous AMPARSs following the induction of chemical LTP in dissociated cultures prepared
from NL cKO mice. This hypothesis is also being tested using acute hippocampal slices prepared
from NL cKO mice (see abstract from Wu et al....).
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Title: Extrasynaptic NMDA receptor dependent long-term potentiation of hippocampal CA1
pyramidal neurons
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Abstract: In the adult mouse hippocampus, NMDA receptors (NMDARs) of CA1 neurons play
an important role in the synaptic plasticity. The location of NMDARs can determine their roles
in the induction of long-term potentiation (LTP). However, the extrasynaptic NMDARs (ES-
NMDARs) dependent LTP haven't been reported. Here, through the use of a 5-Hz stimulation
and MK-801 (an irreversible antagonist of NMDARsS) in the CAL1 neurons of adult mice
hippocampal slices, synaptic NMDARs were selectively inhibited and NMDAR-mediated
excitatory postsynaptic currents were not recovered. We found that a robust LTP was induced by
3-train 100-Hz stimulation when the synaptic NMDARSs and extrasynaptic NR2B containing
NMDARs were blocked, but not in the any of the following conditions: blocking of all
NMDARs (synaptic and extrasynaptic), blocking of the synaptic NMDARs, and blocking of the
synaptic NMDARs and extrasynaptic NR2A-containing NMDARs. The results indicate that this
LTP is ES-NMDARSs dependent, and NR2B-containing ES-NMDARs modulates the threshold of
LTP induction.
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Abstract: New materials at the nano- and micro-scale are being engineered for a host of
potential neuroscience applications.This includes desired outcomes of drug delivery, cellular
guidance, and sensing, for example. Here we have applied a newly synthesized, copper-



containing high aspect ratio structure (CuHARS), for dynamic signalling delivery to brain cells
in vitro. CUHARS is a biocomposite discovered by our group, containing the amino acid dimer
cystine and the metal copper. CUHARS scales from nanometer to micrometer in diameter, and
micrometer in length. Upon synthesis termination, CUHARS is stable in water, but degraded up
to 95% as determined by image analysis when incubated for 18 days in microglial brain cell
culture media under physiological conditions. Degradation is accelerated by use of metal
chelators such as ethylenediaminetetraacetic acid (EDTA), with similar near-complete
degradation occurring in 4 days; the effect was concentration dependent (10 mM- 50mM). We
applied these findings to the question of whether discrete, biodegradable biocomposites could be
used in dynamic signalling networks of brain cells. We engineered two types of brain cell
environments: 1) glial depleted, and 2) glial enriched, and then carried out intracellular calcium
imaging on both systems. All experiments were carried out on identical platings of cells, with
glial depleted cultures developed over time using the anti-mitotic cytosine arabinoside (ImM
final concentration). The two cell environments once developed were stimulated with successive,
increasing concentrations of glutamate (Glu) and with ionomycin at the end of the scan to cause
calcium influx in all cells. Responses to Glu were detected as low as 250 nM in some cells. In
contrast, control cultures of pure astrocytes responded consistently at 1,000x greater Glu (high
micromolar to millimolar stimulus or to control stimuli such as KCI and ATP). The dynamics of
intracellular calcium changes were very different in environments 1 and 2, with glial enriched
cultures demonstrating more oscillatory dynamics post Glu compared to glial depleted cultures.
The randomness of oscillations in stimulated cells was compared to a discrete logistic model that
could be tuned for chaotic behavior. Using this model, it was found that glial enriched cultures
were more chaotic. In this same imaging system, CUHARS were fluorescently labeled such that
they could be observed simultaneously with cells. This system along with a novel degradable
biocomposite (CuHARS) could provide new tools for dynamically stimulating brain cells over
longer periods than when using traditional, immediately soluble chemical applications.
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Title: Enhanced responsiveness in asynchronous irregular network states as a mechanism for
modulating sensory awareness
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Abstract: Desynchronized brain states are known to be associated with arousal and increased
awareness, but the underlying cellular and network mechanisms are unknown. Here, we explore
networks of excitatory and inhibitory neurons displaying asynchronous irregular (Al) states,
where the activities of the two populations are balanced. At the single-cell level, it was
previously shown that neurons subject to balanced and noisy synaptic inputs can display
enhanced responsiveness. We show here that this enhanced responsiveness is also present at the
network level, but only when single neurons are in a regime where their conductance state and
fluctuation level are consistent with experimental measurements. By scanning a large number of
Al states, we show that the network responsiveness can be explained based on the mean
conductance state, the mean membrane potential (Vm), and the amplitude of Vm fluctuations in
individual neurons. Optimal responsiveness is obtained when these parameters are all consistent
with experimental measurements. Multi-layer networks endowed with such "realistic” Al states
are capable of transmitting information reliably across layers (Fig. 1). We conclude that when
displaying "realistic™ Al states, networks can be exquisitely sensitive to afferent inputs, transmit
information reliably, and make the information available to the entire network. We propose that
these features define a low-level form of sensory awareness, which can be modulated at the
millisecond scale.
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Figure 1: A. Scheme of successive layers each consisting of a network of excitatory and
inhibitory neurons. A Gaussian-distributed pulse packet is given as input to a subset of neurons.
B. Propagation of the pulse packet across layers is state dependent. Blue (Active): all layers
displayed Al states consistent with intracellular measurements. Brown: quiescent networks (at
equivalent Vm) for comparison. The pulse packet was reliably transmitted only in Al states, and
the interlayer propagation speed was also faster (modified from Zerlaut and Destexhe, Neuron,
2017; Girones and Destexhe, arXiv 2016).
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Abstract: Introduction: Direct cortical stimulation is widely used for functional mapping of
eloquent cortex and for interrupting seizures using closed-loop brain stimulators. The
neurophysiological effects of cortical stimulation in a volume of cortical tissue are complex and
difficult to predict as they may depend on the context of ongoing neural activity and may be
affected by many factors including tissue heterogeneity, morphology, and cortical connectivity.
To investigate how direct cortical stimulation induces neuronal activity spatially and temporally
we combined micro-intracranial electrocorticographic (MECoG) recordings from human subjects
with a large scale computational model of neocortex. Using single-pulse electrical stimulation
we investigated the dynamics and evolution of stimulus-evoked cortical activity across micro-
domains sampled by micro-electrode arrays. Methods: Two adult patients (male and female)
were implanted with a subdural grid embedded with 4x4 micro-electrode arrays (superior
temporal or precentral/postcentral gyri). Center-to-center distances between the macro and micro
electrodes were between 4 and 8 mm. Monopolar stimulation with biphasic pulses were
delivered to the macroelectrode elements (pulse width 0.3 ms, stim. current 1-10 mA, 50 trials, 5



s intervals between pulses). Data from the micro-electrodes were sampled at 30 kHz. The cortical
model was designed in pGENESIS 2.3 to simulate the effects of monopolar stimulation on
cortical neurons modeled as multi-compartmental cells. Stimulus-evoked responses for both
recorded and simulated data were derived by trial-averaging. Result: Early (<10ms) and late
cortical responses resembling sharp-and-slow waves were observed in mECoG from micro-
domains after stimulation. Early responses were difficult to analyze due to stimulation artifacts.
Peak latency analyses of the late responses from different micro-electrodes revealed statistically
significant differences in the measured latencies, suggesting a consistent pattern of activity
propagation across micro-domains. This propagation was not uniform and had saltatory
characteristics across micro-domains. Conclusions: Early cortical responses reflect direct
neuronal recruitment by the stimulating electrode and possibly early activity propagation through
the superficial cortical layers that follows stimulation. The late responses likely reflect
interactions with subcortical structures, and the different latencies among late responses across
micro-domains may partially result from initial propagation after stimulation. We have also
observed similar effect in cortical model simulations.
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Title: Balancing excitation and inhibition shapes the dynamics of a neuronal network for
movement and reward
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Abstract: The cortico-striatal-thalamo-cortical (CSTC) pathway is a brain circuit that controls
movement execution, habit formation and reward. The striatum shapes the activity of the CSTC
pathway through the coordinated activation of two classes of medium spiny neurons (MSNS) that
express D1 or D2 dopamine receptors. It is unknown exactly how the balanced



excitation/inhibition in the entire CSTC pathway or in D1- and D2-MSNs shapes the network
dynamics of the entire circuit. Here we answer this question using non-linear modeling of
neuronal activity and bifurcation theory. Our findings indicate that a global and proportionate
increase in excitation/inhibition pushes the system to states of generalized hyper-activity
throughout the entire CSTC pathway. Certain disproportionate changes in global
excitation/inhibition trigger network oscillations. Local changes in the excitation/inhibition of
MSNSs generate specific oscillatory behaviors inMSNs as well as in the CSTC pathway. These
findings indicate that subtle changes in the relative strength of excitation/inhibition of MSNs
powerfully control the network dynamics of the CSTC pathway, in ways that are not easily
predicted by its own synaptic connections.
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Abstract: Various hippocampal oscillations may differently control memory and learning.
Hippocampal sharp waves (SWs)/ ripples are high-frequency oscillations emitted mainly during
slow-wave sleep or quiet rest states and play a role in memory consolidation. While it is known
that SWs are initiated in the CA3 subregion and propagate to the downstream CAL1 subregion, we
observed that they also propagate back to the dentate gyrus. However, neither the role of CA3-
to-DG SW backpropagation nor its propagation mechanism has been fully understood. We
reasoned that mossy cells mediate the backpropagation, because these neurons receive direct
synaptic inputs from CA3 neurons and made synaptic connection with granule cells in the
dentate gyrus. In this study, we simultaneously recorded the membrane potentials from mossy
cells or granule cells and the local field potentials from the CA3 stratum pyramidale. The
recorded cells were morphologically confirmed based on post-hoc intracellular biocytin
labelling. Compared with granule cells, mossy cells more reliably depolarized immediately after
the generation of SWs. Therefore, mossy cells precisely reflect the activity of SWs from the CA3



subregion. Our findings shed light on a novel mechanism underlying the SW backpropagation
will provide a new perspective to memory consolidation.
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Title: The characterization of hippocampal theta-driving neurons --- a time-delayed mutual
information approach
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Abstract: Interneurons are important for computation in the brain, in particular, in the
information processing involving the generation of theta oscillations in the hippocampus. Yet the
functional role of interneurons in the theta generation remains to be elucidated. Here we use
time-delayed mutual information to investigate information flow related to a special class of
interneurons --- theta-driving neurons in the hippocampal CA1 region of the mouse --- to
characterize the interactions between theta-driving neurons and theta oscillations. For freely
behaving mice, our results show that information flows from the activity of theta-driving neurons
to the theta wave, and the firing activity of theta-driving neurons shares a substantial amount of
information with the theta wave regardless of behavioral states. Via realistic simulations of a
CAL1 pyramidal neuron, we further examine to which interneuron type these theta-driving
neurons belong. We apply time-delayed mutual information to analyze information flow between



the experimentally recorded theta wave and the computationally obtained membrane potential
trace induced by each of five candidate interneurons --- the basket cell, the axo-axonic cell, the
bistratified cell, the oriensalveus/lacunosummoleculare cell, and the cholecystokinin-expressing
basket cell. Based on the consistency of information flow from the activity of the pyramidal
neuron to the theta wave, our analysis demonstrates that theta-driving neurons fit the
characteristics of the cholecystokinin-expressing basket neurons. Our results suggest that it is
important to take into account the role of cholecystokinin-expressing basket neurons in the
generation and information processing of theta oscillations.
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Abstract: It is well documented that synapses play a significant role in transmission of
information between neurons. However, in the absence of synaptic transmission, neural activity
has been observed to continue to propagate. Previous experiments conducted in our laboratory
have shown epileptiform spikes in rodent hippocampi propagate at a consistent speed of 0.1 m/s
and can take place in the absence of synaptic transmission. Computer simulations and osmolarity
experiments indicate that electric fields could be responsible for this phenomenon. These data
suggest that electric fields can activate neighboring neurons (ephaptic coupling), thereby
generating a self-propagating wave. Here, we test the hypothesis that electric fields are directly
responsible for the propagation by 1) determining if an applied field with amplitude similar to
the endogenous fields can trigger a propagating wave and 2) applying an uniform electric field
can control the speed of propagation. Experiments carried out in longitudinal hippocampal slice
preparations perfused with 4-aminopyridine (4-AP) showed that a simulated electric field (1-5
mV/mm) can generate a wave that travels at similar speeds to that of 4-AP activity (~0.1 m/s).
We also observed that applying a uniform field (1-5 mV/mm) can speed up or slow down



propagation of the spontaneous activity depending on the polarity. In addition, short-circuiting
the field resulted in a decrease in propagating speed. These results strongly support the
hypothesis that ephaptic coupling can be responsible for volume conduction of neural activity
and point to a novel mechanism of neural activity propagation in the brain.
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Abstract: The anterior cingulate cortex (ACC) and prefrontal cortex (PFC) functionally co-
activate during the monitoring and shifting of attention. This co-activation is evident in spike-
train correlations, burst-to-LFP synchronization, and inter-areal phase-amplitude coupling. This
diverse functional connectivity pattern is paralleled by a diverse pattern of anatomical
connectivity with a large proportion long-range synapses made to inhibitory interneurons. One
approach to elucidate the possible link between functional and anatomical connectivity is to
characterize the efficacy and temporal patterning of anatomical connections using electrical
microstimulation. Here, we set out to map this so-called “effective connectivity” across layers
between the ACC (areas 32, 24c) and the PFC (areas 9/46d, 46d, 46v) in two awake monkeys
using electrical microstimulation consisting of single, 2, 4 or 8 biphasic square pulses (200 s
duration each, 40-500 YA current amplitude), with an inter-pulse delay of 2 ms. These protocols
reliably triggered long-range evoked responses in both directions with evoked field amplitudes
increasing from 1 to 8 pulses and 140 to 500 pA. We found three main results. Firstly, ACC-to-
PFC stimulation resulted in shorter-latency evoked fields than PFC-to-ACC stimulation. This
asymmetry could indicate differential synaptic connectivity profiles in both directions. Secondly,
the majority of evoked responses showed a multiphasic pattern with 2-4 points of inflection. This
indicates resonance or ringing phenomena that could help understanding the underlying
mechanisms of synaptic integration. Thirdly, amplitudes of the evoked responses varied



systematically with the laminar location of either recording or stimulation electrode. This layer
specific amplitude modulation likely relates to the density of synaptic contacts made between
ACC and PFC circuits. In summary, we characterized the diversity of effective connectivity
patterns between those two brain areas whose interactions is believed to be critical for goal
directed behavior. We believe that the effective connectivity maps we report will serve as the
critical link to bridge the gap between anatomical connections and the possible functional co-
activations that ride on top of them during different functional states.
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Abstract: Axons are considered as the reliable digital cable which enable the secure propagation
of neuronal information from the cell body to the nerve terminal. However, axons in the central
nervous system (CNS) have the ““en passant” structures with multiple varicosities, which can be
the risk factors of conduction block of axonal spikes. In addition, axonal voltage-gated sodium
channels play critical roles in spike propagation, and thus accumulating inactivation of sodium
channels might result in the frequency-dependent propagation failure. In this study, we examined
the reliability of spike propagation and activity-dependent waveform changes in the hippocampal
mossy fibers at different stimulation frequency. We performed the loose-patch clamp recordings
from single mossy fiber boutons, which are the exceptionally large presynaptic terminals. In the
mouse hippocampal slice, large mossy fiber boutons were visually identified under the IR-DIC
optics. Extracellular stimulation at the granule cell layer of dentate gyrus evoked axonal spikes in
all-or-none fashion. In response to supra-threshold stimulation at 0.1 Hz, axonal spikes were
evoked in response to the most of stimuli and propagated without failure during repetitive
stimuli. In high frequency stimulation experiments, bi-phasic stimuli were used to minimize the
stimulation failure. Even at 50 or 100 Hz stimuli for 1 s, spike failure was also rarely observed.
In addition, the peak amplitude of the latter spikes during the high frequency stimulation was
significantly decreased compared to the first response, in contrast to the digital signal processing



in the axon. Also, the width of the last axonal spikes during 1 s stimuli at 100 Hz was
significantly increased compared to the first spike, which reflected the activity-dependent
broadening of axonal spikes that previous study demonstrated. Mossy fibers reported to be
expressed the higher density of sodium channels compared to the somatodendritic compartments,
which might secure the high-fidelity propagation of axonal spikes, even in the structures causing
impedance mismatch of thin axon shafts and large axon terminals. Furthermore, the small
reduction of axonal spikes might result from the accumulation of sodium channel inactivation,
which implied that the abundance of sodium channels was not sufficient to propagate the full-
size action potentials. Both peak reduction and broadening of action potentials in response to the
repetitive-stimuli might reflect the ability of activity-dependent tuning of axonal spikes in the
hippocampal mossy fibers.
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Title: Scale-free correlations in neuronal activity of behaving animals
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Abstract: It has recently been shown that resting state networks, computed from fluctuations of
the blood oxygenated level dependent signal, exhibit divergent correlation length (CL): the
average distance where the correlation of the fluctuations around the mean crosses zero increases
with the system size (Fraiman & Chialvo, 2012; Haimovici et al, 2013). The existence of a
divergent CL implies critical phenomena, in which the dynamics at all spatial scales are
explained, after rescaling, by the same law. Examples range from spins of a magnet (Stanley,
1987) to bird flocks (Cavagna et al, 2010). In the brain, evidence of critical dynamics, which has
been shown to provide numerous advantages for information processing, was found mostly in the
context of neuronal avalanches, spatiotemporal clusters of scale-free activity that propagate in
cortical layers whose size and duration are well-described by power laws (Beggs & Plenz, 2003).



On the other hand, CL provides an important alternative to neuronal avalanches to assess the
dynamical state of neuronal networks, being especially useful in situations where power-law
distributed activity cascades may be hard to obtain, such as in recordings with low temporal
resolution, recordings affected by subsampling and/or in the case of non-stationary activity
increases due to sensory stimulation or motor command execution. Here we investigate this issue
in two experimental conditions: (a) multi-electrode array recordings (10x10 array, ~400 um
between electrodes) in premotor and prefrontal cortex of behaving nonhuman primates and (b) 2-
photon imaging (~500 pm x 500 pm field of view) in primary visual and auditory cortex of
awake mice during sensory stimulation. Our experimental findings are complemented with
computer simulations to explore the origins of the divergence in CL. We identify for the first
time in behaving nonhuman primates and in the awake mouse the presence of scale-free CLs
during stimuli or motor command processing epochs. Numerical simulations confirm a linear
relation between network size and the CL that is indeed unique to critical dynamics. In contrast,
deviations from critical dynamics lead to deviations from this scaling relation. Our results
demonstrate that scale-free sensory-evoked activity in awake animals is in line with predictions
from a neural network exhibiting critical dynamics. We therefore conclude that the brain could
take advantage of optimization principles proposed for information processing in critical systems
such as optimized stimulus sensitivity, information transmission, computational capability and
mnemonic repertoires size.
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Abstract: We examine mathematical and computational models of traveling waves that describe
the evolution of activity propagation in networks of integrate-and-fire neurons with excitatory
connections. The network dynamics are heavily influenced by the coupling function, which
assumes that strength of synaptic connections depend only in the distance between neurons. The
finite support function assumes that the amount of excitation produced by the spike of one
neuron is equal to all neuron neighbors within a discrete synaptic footprint. We determine how



wave velocity depends on the global excitability as well as on other neuron and network
parameters. We take an analytical approach to compute a delayed differential equation that
accurately describes the transient activity in the neuronal network, which can ultimately give rise
to propagation failure or constant-speed wave solutions. We conclude that our analytical
predictions are in perfect agreement with the numerical simulations. We determine that after the
wave initialization, done by inducing spiking at a set region, wave speed shows transient large
amplitude oscillations before converging to a constant speed solution or quiescence, i.e. activity
propagation and propagation failure, respectively. We are currently examining the mechanism
that supports stability and the basins of attraction to small perturbations.
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Abstract: The claustrum is a small subcortical brain region known to be highly connected with
all areas of the neocortex. Claustrum inputs and outputs are topographically organized, whereby
spatially segregated claustrum cells receive inputs and send outputs to different cortical regions.
Despite the wealth of anatomical knowledge regarding the interactions between the claustrum
and cortex, there is very little information regarding the mechanisms by which claustrum neurons
influence cortical activity and the strength of inputs to different cell types in the cortex. One
major reason for this shortcoming arises from the fact that the claustrum is difficult to target
anatomically or genetically. To target claustrum -> cortical circuits, we used newly developed
retrograde AAVs (Tervo et al., Neuron 92: 372-82, 2016) to insert ChR2 specifically into
claustrum neurons projecting to different regions of the cortex. With this technique we optically
activated claustrum cells projecting to specific cortical regions and assessed the influence on
different cell types and network activity patterns. These studies will provide a foundation for
future studies seeking to understand the mechanism and function of claustrum-cortical signaling.
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Abstract: We analyzed properties of in vitro dissociated cortical cultures and organotypic
cortical slices in which GABAergic neurons were transgenically labeled with a green fluorescent
protein (GFP). We stained these neuronal cultures with the membrane permeable calcium dye
Fura-red, so that we identified GABAergic neurons by green light illumination and
simultaneously followed calcium transients (AF/Fo) in GABAergic and non GABAergic neurons
using a red light. Fluorescence images (512x512 pixels) were acquired with an Electron
Multiplier CCD camera at acquisition rates ranging from 5 to 50 Hz. We calculated the cross-
correlation index (p) of the occurrence of the peaks of calcium transients in a time window of 10
seconds, and we found that GABAergic neurons had a value of p =0.728 + 0.006 compared to
0.591 + 0.007 in non GABAergic neurons. This difference was statistically significant (p < 0.001
One-way ANOVA, Tukey post - hoc test). Specifically, calcium transients larger than 30%
(AF/Fo) had a higher value of p, whereas smaller calcium transient were less correlated (0.619 =
0.007 vs 0.298 = 0.011 for GABAergic neurons; 0.487 £ 0.008 vs 0.233 £ 0.011 for non
GABAergic neurons).

After blockage of GABA-A receptors with gabazine, the synchronization of calcium transients
increased in both populations, maintaining higher values for GABAergic neurons (0.865 £ 0.004
vs 0.828 + 0.007). The mean amplitude of AF/Fo was similar in GABAergic and non GABAergic
neurons, whereas the time interval between bursts was significantly lower in the GABAergic
population (26.07 £ 2.13 seconds vs 34.62 + 2.62 seconds; p < 0.05). The dynamics of large
synchronous calcium transients was analyzed when fluorescence images were acquired at 50 Hz,
in order to determine the relative timing of calcium transients in GABAergic and non
GABAergic neurons, but no consistent delay was detected at the available temporal resolution of
20 msec.

Our results suggest that GABAergic neurons have more synchronized and frequent spontaneous



activity compared to other neuronal types, and preliminary experiments in organotypic cell
cultures seem consistent with these conclusions. Additional properties of the GABAergic
neuronal network will be investigated.
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Abstract: The local field potential (LFP) infers population dynamics from the local population
of neurons. Based on LFP measures in vitro, in rodents and non-human primates using multi-
electrode arrays, it has been shown that ongoing neuronal activity in superficial cortical layer 2/3
organizes as neuronal avalanches characterized by power law scaling. Recently, it was suggested
that even uncorrelated neuronal activity reveals LFP measures with power law scaling (Touboul
& Destexhe, 2017). In this latter approach the LFP was simulated from local current sources in a
2-dimensional network using the monopolar source model. Here, we examined this approach
both numerically and analytically, and show that such scale-invariance is solely contingent on
the assumption of a certain spatial dependency, namely the monopole current source.
Furthermore, we show that such an assumption would have serious unrealistic consequences and
that it does not compare to real LFP measures. In our simulations, layer 2/3 neurons were
randomly distributed in 3-dimensions (3D) and their synaptic currents were modeled by
independent Poisson processes convolved with an alpha-function. An embedded electrode matrix
allowed the calculation of the LFP as a spatially weighted sum of all synaptic currents. Spatial
distance r dependencies of potentials including 1/r*alpha, with alpha being a constant were
explored. We found that in 3D, alpha=1 constitutes a phase transition between two phases of de-
correlated and extremely correlated regimes: for alpha<1, both the LFP amplitude and
fluctuations are mostly determined by distant neurons, whereas alpha>1 (which includes dipole
reconstructions) results in de-correlated activity with a finite spatial reach for LFP’s.
Furthermore, we show that contrary to what was reported by Touboul & Destexhe (2017), for a
large system it would be impossible to have power law distributed LFP avalanches for alpha=1,
as each electrode would be almost identical. On the other hand, for alpha<1 or finite size systems



(with any alpha), we show that it is only possible to have spurious power laws for a fine-tuned
set of the parameters (depending on the density and the size of the array). Finally, when
compared to real LFP data from spontaneous cortical activity in nonhuman primates, power law
distributed avalanches compare with significantly lower pair-wise correlations than those
suggested from a monopolar source approach. Our results demonstrate the implausibility of
deriving neuronal avalanches measured in the LFP from the simple integration of uncorrelated
sources.
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Title: High-precision fast-spiking basket cell discharge in the complex events of human
neocortex
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Abstract: In the human neocortex, solitary spikes in a subset of layer 2-3 pyramidal cells (PCs)
trigger brief episodes of network activity known as complex events through strong excitatory
synapses that specifically innervate GABAergic interneurons. Yet, how these layer 2-3 "master
PCs” configure the local network activity is not well understood. We report that single spikes in
the PCs elicit firing of fast-spiking basket cells (FSBCs) with a short delay (average 2.7 ms) and
high temporal precision with small jitter. The FSBC firing is triggered by >13 mV monosynaptic
EPSP from single PC. The discharge of FSBCs is observed in the first wave of the complex
event interneuron activity triggered by the master PCs. The FSBCs generate fast-kinetic
inhibitory postsynaptic current (IPSCs) in layer 2-3 PCs, and similar IPSCs occur phase-locked
to the master PC spike in the beginning of the complex events with high probability and 4.3 ms
average delay with small jitter. In comparison, IPSCs with slow kinetics from non-fast spiking



interneurons appear more incosistently in the complex events with variable delay and low
probability. The high-precision discharge of FSBCs characterizes the early phase of the complex
event interneuron activity in the human neocortex.
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Abstract: Bumetanide is a loop diuretic that acts via inhibition of NKCC2 in the kidney. The
NKCC isoform NKCC1, which is also blocked by bumetanide, is of interest in the pathology of
neurological diseases such as epilepsy or neonatal seizures, which leads to new potential
therapeutic indications for bumetanide. Epilepsy-associated upregulation of NKCC1 leads to a
GABA shift from hyperpolarizing to depolarizing. Bumetanide has been proposed to restore
GABA function in neonates with difficult-to-treat seizures as an add-on therapy to a GABA-
potentiating anti-seizure drug, such as phenobarbital (PB). A European multicentral clinical trial
by Pressler et al. (2015) examining PB and bumetanide in neonates with PB-resistant seizures,
however, was stopped early due to low efficacy and ototoxic adverse effects. Vibat et al. (2001)
described two human splice-variants, INKCC1A and hNKCC1B, of which NKCC1B is
predominantly expressed in the brain. Thus, a substance that acts more selectively on ANKCC1B
than hNKCC1A and penetrates better into the brain tissue than bumetanide is expected to be an
effective anti-seizure treatment while having reduced peripheral effects.
Rubidium-86-transport-assays using Xenopus laevis oocytes that expressed either the human
transporter ANKCC1A or hNKCC1B were performed with several known loop diuretics, hence
NKCC2-inhibitors, which to our knowledge mostly have not been tested previously towards their
effects on NKCC1. The examined compounds can roughly be divided into 5-sulfamoylbenzoic
acid derivatives, the azosemide-like group lacking an acidic group, and a group of non-



sulfonamide derivatives. For negative control, we included the thiazide diuretic xipamide and the
antidiabetic glybenclamide.

Bumetanide was used as a reference substance. ICso values for bumetanide did not show
significant differences for ANKCC1A and hNKCC1B and ranged from 0.5 to 1.1 uM in-between
experiments. Similarly, furosemide and torasemide inhibited hNKCC1A and hNKCC1B at about
the same potencies. In contrast, neither xipamide nor glybenclamide inhibited transport in
concentrations up to 200 uM. Experiments with various other loop diuretics are under way.

To our knowledge, we are first to compare the inhibitory potencies of various clinically approved
loop diuretics towards the two major human splice-variants ANKCC1A and hNKCC1B. Though
yet none of the tested compounds was selective for ANKCC1B, further experiments with
chemically more diverse substances will be performed.
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Abstract: Objective: Activity-dependent gene expression is central for sculpting neuronal
connectivity and neuronal plasticity in the brain. Recently, we identified the yCaMKII as a
shuttle protein for synapto-nuclear signaling that operates by carrying Ca**/CaM into the nucleus
to activate CaMKIV, CREB phosphorylation and gene expression in cultured neurons. However,
the functional importance of this signaling pathway in vivo remains unclear. Knowing that
CaMKII’s are involved in neurological diseases like epilepsy and autism, we used a yCaMKII
KO mouse model to investigate their spontaneous activity and seizure susceptibility under Kainic
acid (KA) by performing long-term (6 h to 2 weeks) video-electroencephalography (V-EEG).
Methods: 3-6 month old mice under isoflurane anesthesia were implanted with 6 epidural
electrodes. In search of spontaneous activity, each animal was subjected to recordings for 60 h at



3 different points (20 h per session). For seizure susceptibility, animals were recorded for 2 h at
baseline before KA administration (25 mg/kg; i.p); after the injection mice were recorded for an
additional 4 h to determine seizure latency (n=6 for each phenotype). Behavioral scoring for
seizure intensity after KA injections was performed with a modified Racine Scale. Seizure
latency was determined along with the time spent to reach the first stage (S1) and the first tonic-
clonic seizure (S4). Results: Spontaneous activity was increased in the yCaMKII KO mice
compared to controls as seen in the mean number of single spikes (p<0.0001), repetitive spikes
(p<0.0035), and runs of spikes (p<0.07) over a 30 min period. Over 90 min, highly significant
differences were found for all three conditions (p<0.0001) (n=6 for each phenotype). After KA
injections, seizure susceptibility was greater in YCaMKII KO mice compared to controls
(p<0.0001). Also, yCaMKII KO mice required less time to reach the first stage (S1) (p<0.0001)
or the first tonic-clonic seizure (S4) (p<0.006). Conclusions: Taken together, our results indicate
yCaMKII, a little-studied member of the CaMKII family, may play a critical role in maintaining
normal neuronal activity. Multiple genetic studies have suggested that yCaMKII is a risk gene
for autism. Importantly, our data show that yCaMKII levels in autistic patients is only ~50% of
the healthy group. Considering that about 30% ASD patients show epilepsy, our data support the
idea that yCaMKII and, by extension, the synapto-nuclear signaling it mediates, may be involved
in both epilepsy and autism.
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Abstract: The absence seizures are one type of epilepsy which is characterized by a sudden loss
of consciousness and characteristic spike-wave discharges in the electroencephalogram. Absence
seizures are due to a decrease in the activity of the y-aminobutyric acid receptor type A
(GABAa) in the somatosensory cortex and an increase of the inhibition mediated by GABAa in
the thalamo-cortical circuit. The aim of this study was to determine the effects of two
GABAergic agonists gabapentin and gaboxadol in the absence seizures in myelin mutant taiep
rats.

We used 9 months old taiep rats which were implanted and fixed to a stereotactic Kopft frame
there we implanted electrodes in the hippocampus, cerebral cortex, neck muscles and in the right
orbit of the eye to recorded there. Gabapentin (50, 100 and 400 mg/Kg) and gaboxadol (5, 10 and
20 mg/Kg) were given intragastrically at 0800 h. We made four 24-hour video-EEG recordings,
the first one is control, and three additional recordings using an increasing doses scheme every
72 hours. Off-line we analyzed the frequency and mean duration of each absence seizure and the
latency of the first crisis. We followed the NIH rules for the care of experimental animals and the
protocol was approved by BUAP-IACUC with the number COSM-SAL-17-1.

The mean duration of absence seizures decreased by 2 hours after gabapentin administration
from to 2.72 £ 0.13s with 100 mg/Kg, 2.94 + 0.16s with 200 mg/Kg to a maximum reduction to
2.84 £ 0.12s with 400 mg/Kg, being significant (P<0.05). On the other hand, gaboxadol
produced a maximum effect during at 7 hours after administration with mean duration from 4.10
+ 0.12s in control conditions to 6.33 £ 0.26s with 10 mg/Kg, 4.90 £ 0.27s with 20 mg/Kg being
significant between all doses respect to control (P<0.05). Importantly, frequency and the latency
for the first absence seizure did not change under both treatments.

The decrease in duration of absence seizures due to gabapentin and the increase induce by
gaboxadol strongly suggest that different types of GABAa receptors participate in the
modulation of thalamo-cortical circuit because gabapentin act preferentially in extrasynaptic sites
and gaboxadol in the postsynaptic ones.
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Abstract: Post-traumatic epilepsy (PTE) accounts for 20% of symptomatic epilepsy cases and
5% of all epilepsy cases. The mechanisms underlying how traumatic brain injury (TBI) leads to
PTE remain unknown, which has limited the development of interventions for preventing or
curing epilepsy after injury. The cortex is typically the most affected brain area at the onset of a
TBI, but the thalamus is also an important site of dysfunction after injury because of its
reciprocal connections with the cortex. One of the prominent characteristics of the thalamus is its
ability to produce reverberating bursting activity, which is important for sensory processing,
attention, and the maintenance of sleep. Abnormal thalamic bursting is associated with cognitive
dysfunction after TBI and is also pathological in some types of epilepsies. However, it remains
unknown whether cortical TBI can alter thalamic function, and whether these alterations may be
involved in the development of PTE. Furthermore, there is currently no cure for PTE. Here we
use electrophysiological approaches to identify how cortical TBI may lead to hyperexcitability
and aberrant synaptic plasticity in the thalamus, and to test whether the thalamus could be a
potential therapeutic target for preventing or curing PTE. We hypothesized that TBI causes a
shift in the brain’s excitation/inhibition balance by altering the excitability of thalamic neurons
and rewiring connections in the intra-thalamic circuit. We used the controlled cortical impact
PTE model in mice and performed electrophysiological recordings in brain slices and in vivo to
determine if TBI in the somatosensory cortex leads to altered function of thalamic cells. Using
whole-cell patch-clamp recordings in thalamic slices, we showed that cortical TBI reduces the
intrinsic excitability of inhibitory neurons and enhances the intrinsic excitability of excitatory
relay thalamocortical neurons, but that glutamatergic and phasic GABAergic synaptic function
are unaltered in the thalamus. Using EEG/video and thalamic depth recordings during free
behavior, we showed that post-traumatic seizures are characterized by robust high-frequency
bursts in the somatosensory thalamus. Our study shows that TBI alters the inhibitory/excitatory
balance in the thalamus, mainly through changes in intrinsic membrane properties of thalamic
cells, and that the thalamus is involved in PTE seizure expression. These results reveal how
neural circuits adapt after TBI and may provide new therapeutic strategies for enhancing
functional recovery while preventing seizures and/or epileptogenesis after injury.
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Abstract: Seizures affect almost 3 million peoples in US and cause cognitive and other clinical
comorbidities and in two thirds of patients, the causes are not known (possible genetic origins,
idiopathic generalized epilepsy). Particularly epileptic activity onset is mostly present during
sleep-wake transition or quiet wake period, suggesting that slow-wave oscillations during sleep
period may have important roles on seizure onset/initiation. Here we used an idiopathic
generalized epilepsy mouse model with GABAR A322D mutation to examine the homeostatic
potentiation of both spontaneous excitatory and inhibitory synaptic currents in layer V pyramidal
neurons of somatosensory cortex, with whole-cell recordings in ex vivo brain slice preparation.
Spontaneous(s) EPSCs were recorded at CI reversal potentials, and spontaneous(s) IPSCs
recorded at -60mV with AMPARSs being blocked. After 10 minutes slow-wave oscillation
induction, SEPSCs or sIPSCs at 25~30 min were measured and averaged for 5 min recordings, in
comparison to SEPSCs or sIPSCs before slow-wave oscillation induction. We found that 0.5 Hz
cosine slow-wave oscillation (10 min) could potentiate SEPSCs (from -9.9 £ 0.81 to -14.4 + 0.76
PA, n=7, percentage increase 47.8 * 6.46%, pair t-test p=0.001) and sIPSCs (from -19.9 £ 2.29 to
-32.9 + 3.46 pA, n=9; percentage increase 70.6 + 15.96%, paired t-test p=0.002) in WT
littermates, suggesting that the dynamic balance of potentiated synaptic E-1 in pyramidal neurons
induced by slow-wave oscillation is maintained. In heterozygous mice with A322D mutation,
slow-wave oscillation still potentiated SEPSCs (from -19.58 + 5.81 to -23.16 £ 4.05 pA, n=4,
percentage increase 32.36 + 16.50%, not significant different from WT increase, t-test p=0.433).
However, slow-wave oscillation could not potentiate sIPSCs (from -17.09 + 2.54 to -18.86 £
3.24 pA, n=6, percentage increase 9.40 *+ 6.70%, significant from WT sIPSCs increase, t-test
0.005), suggesting that the dynamic balance of potentiated synaptic E-I in pyramidal neurons
might be impaired in het mice. In conclusion, slow-wave oscillation during sleep or quiet wake
period could create the dynamic imbalance between potentiated SEPSCs and sIPSCs in het mice,
which would exacerbate the synaptic E-I imbalance in layer V cortical pyramidal neurons and



very likely initiate seizures in this idiopathic generalized seizures model during sleep-wake
transition or quiet wake period.
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Abstract: Enaminones are a novel class of compounds with reported anticonvulsant activity.
Enhydrazinones are similar to enaminones but have a hydrazino moiety (NHNH) joined to a keto
group through a carbon-carbon double bond. We tested if this chemical modification also yielded
compounds with synaptic depressant and anticonvulsant activity. 350 uM thick coronal slices of
the forebrain containing the hippocampus were generated from male Sprague-Dawley rats.
Evoked, population spikes (PS) were recorded in the cell body layer of area CA1 of the
hippocampus using bipolar electrodes to activate Schaeffer collateral/commissural fibers. In vitro
seizures were generated either chemically or electrically. The effects of 3 enhydrazinones were
tested on the PS and seizure models. All the tested enhydrazinones, EMP6, EMP8 and EMP10
caused dose-dependent reduction in PS amplitude with estimated ECso values of 1.7, 0.83 and
6.62 uM respectively. 1 uM EMPS consistently depressed the PS by -23.3 £ 2.3% (n=6). This
effect was blocked by 50 uM bicuculline (-8.2 £+ 2.2%, n=4) and by 1 uM CGP54626 (-2.4 +
9.3%, n=5). When in vitro seizure-like activity was induced by removing Mg?* from the
perfusion solution, (zero Mg?* model) the slice developed multiple spikes(mPS) (1 vs 3.3+ 0.3).
Subsequent treatment with 1 uM EMP8, reduced the spike number to 2.0+ 0.3 (36.3 £ 2.7%
reduction, n=10). A similar result was observed when picrotoxin was used to generate mPS (3.2
+ 0.6 in picrotoxin alone vs 2.2+ 0.6 in EMP8, n=7). The effect of EMP8 on zero-Mg?*-induced
mPS was blocked by 1 uM CGP54626 (3.3 + .4 in CGP vs 2.7+ 0.4 in CGP+EMP8; n=4). EMP8
(1 uM) also inhibited spontaneous bursting (SB) induced by zero-Mg?* (8.3 + 2.5 vs 0.3 + 0.4,
n=3), nearly 100% abolition. This effect EMP8 on SB frequency was blocked by CGP54626 (3.4
+ 1.5vs 3.0 £ 0.5; n=4). Finally, SB induced by high frequency afferent stimulation (stimulus
train induced bursts-STIBs) were also suppressed by EMP8 (9.0 + 0.9/min vs 2.8 £ 0.9/min, n=4)



yielding an average of 67.3 = 9.9% depression. Taken together, our data indicate that
enhydrazinones, like enaminones, suppress PS and chemically- and electrically-induced seizure-
like activity in the rat hippocampus via a GABAergic mechanism.
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Abstract: The 5-HT»c receptor (5-HT2cR) is thought to be involved in neuronal excitability and
seizure generation. 5-HT2cR knockout mice display spontaneous generalized convulsive seizures
which cause a high mortality rate and a reduced threshold for various convulsant stimuli.
Conversely, 5-HT2cR activation increased the threshold of generalized convulsive seizures
induced by pentylenetetrazole and electroshock in mice. Here we show the 5-HT2cR also
negatively controls non-convulsive generalized seizures, in the polygenic animal model of
absence epilepsy, the Genetic Absence Epilepsy Rat from Strasbourg. RO60-0175, lorcaserin
and CP809101 were capable of blocking absence seizures. Interestingly, as expected, SB242084
blocked the effect of lorcaserin and CP809101, but also showed some anti-absence effects. One
possible mechanism by which 5-HT>cR activation exerts antiepileptic effects is via the
normalization of the aberrant GABAA receptor tonic inhibition in the ventrobasal thalamus seen
in different animal models of absence epilepsy. The 5-HT2cR system seems devoid of any
modulatory role in partial seizures, or paradoxically, have a pro-epileptic role in this type of
epilepsy. Indeed, we observed that mCPP and lorcaserin, but not RO60-0175, were able to halt
hippocampal afterdischarges in a rat model of temporal lobe epilepsy, an effect potentiated and
insensitive to SB242084 pretreatment. We confirmed this evidence in the pilocarpine-model of
status epilepticus in rats, where the RO60-0175 was devoid of any anti-seizures effect, while
SB242084 increased the antiepileptic activity of cannabinoids agonists. In summary, 5-HT2cR
agonists may have new therapeutic utility in generalized epilepsy. Moreover, activation of the 5-



HT2cR may also be useful for treating comorbid neuropsychiatric disorders commonly seen in
people with epilepsy.
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Abstract: Unverricht-Lundborg disease (ULD) is the most common form of Progressive
Myoclonic Epilepsy (PME); a highly heterogeneous group of rare neurological disorders
characterised by action myoclonus, tonic-clonic seizures and ataxia, with largely preserved
cognition. The genetic causes of ULD are diverse, occurring in genes of apparently unrelated
function with no direct effects on neuronal excitability. Recently, however, a de novo, dominant
negative mutation in KCNC1 has been identified as a novel cause of ULD-like PME. KCNC1
encodes Kv3.1, a member of the Kv3 family of voltage-gated potassium channels, which
contribute to the rapid repolarisation of action potentials and high frequency firing. Kv3.1
channels are highly expressed in fast-spiking, parvalbumin-positive interneurons, leading some
to suggest that KCNC1-based PME represents a selective dysfunction of these cell types. Here
we combine optogenetic and classical electrophysiological approaches with the Cre-lox genetic
system to determine how the ¢.959G>A mutation in KCNC1 alters the activity of fast spiking
parvalbumin interneurons. Our method allows for the presynaptic effects of this mutation to be
isolated and restricted to specific excitatory or inhibitory cell types and we will focus initially, on
how overexpression of mutant Kv3.1 channels alters the intrinsic properties of different types of
neuron.
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Abstract: Different odors activate specific, distributed and overlapping ensembles of ~10% of
principal cells in piriform cortex (PCx). These cells are also interconnected via long-range
recurrent collateral connections. The formation of odor memories is thought to result by selective
strengthening of recurrent synaptic connections between repeatedly co-active neurons. We
sought to examine this process by directly activating random subsets of PCx neurons. To do this,
we first used viral vectors to express channelrhodopsin-2 (ChR2) in random subsets of ~10% of
PCx principal cells and then repeatedly co-activated these ensembles directly. We stimulated
these cells several times per day with brief light trains delivered via an optical fiber implanted
above PCx (20 Hz trains for 5 s. 6x/day). Optical stimulation initially had little effect, with
animals pausing briefly during the light train. However, within 4 days, the same stimulation
reliably triggered a cascade of activity that culminated in massive, stage 6 running-jumping
seizures. Continuous local field potential (LFPs) recordings revealed that cortical activity
becomes increasingly entrained to the 20 Hz light trains over this time, and suggest this is
required for seizures to manifest; 1, 2 or 3 s.-long light trains never produced seizures in kindled
mice.

To reveal the neural circuit consequences of this process, which we call “optokindling”, we
isolated acute brain slices from injected mice and used whole-cell patch-clamp recordings to
examine changes in synaptic connectivity. We found a large change in the balance of recurrent
excitation/feedback inhibition in kindled mice. However, surprisingly, this was not due to robust
increases in recurrent excitation, but rather, was due to a large decrease in feedback inhibition.
These changes were synapse-specific, as both afferent excitatory inputs from olfactory bulb and
the feedforward inhibitory inputs they recruit were unaffected. Consistent with this result, we
found a dramatic decrease in GABA expression in PCx inhibitory interneurons in kindled



mice.Next, we examined the role of endogenous and exogenous cannabinoids in seizure
expression. Low systemic doses of the CB1 agonist, Win55,255, completely suppressed light-
evoked seizures in kindled mice. By contrast, low doses of the CB1 antagonist, AM251,
exacerbated seizures that often killed the mice (4/7 mice, vs. 2/58 control mice). In slice
experiments, we reveal a CB1-dependent DSE PCx that could support this on-demand
neuroprotective effect.

Optokindling can therefore be used to probe the consequences of pathological activity in a
recurrent cortical circuit.
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Abstract: Epilepsy is a neurological disorder that affects the world population and presents a
prevalence of 2 to 5%. Animal models are a key tool for the study of the basic mechanisms of
crisis generation and the Pilocarpine-induced Temporal Lobe Epilepsy (ELT) model simulates
the main features of this pathology. In this model the presence of high frequency activity (250 to
600Hz) denominated Fast Ripples (FRs) has been observed, as well as in ELT patients. FRs
reflect the activity of a group of pathologically interconnected neurons that play an important
role in epileptogenesis of the hippocampus. Likewise, there is experimental evidence of the
participation of the communicating unions (UC) in epilepsy. Until now they have related to the
modulation of gap junctions but has not worked with measuring equipment in real time without
the intervention of human labor, as well as the administration of drugs without human
intervention so the registration and administration can be performed without interruption, which
allows us to analyze the data obtained with an algorithm which does not throw errors by the
manipulation periods and gives us periods of time without real analysis or with errors of
detection of activity. In this work we will analyze the effect of carbenoxolone on the
hippocampus of spontaneous recurrent seizures induced by pilocarpine in order to determine the
possible modulation of FRs by electrical synapses by a system without errors and in real time.



Until now we have a 80% diminution of epileptiform activity in the hippocampus in only two
wistar rats.

Disclosures: C. Ventura: None. J.R. Beltran-Ramirez: None. M.A. Cerpa-Gallegos:
None. E. Arciniega-Vazquez: None. S.A. Casillas-Romero: None. E.A. Padilla-Zepeda:
None. J.A. Jimenez-Olvera: None. G. Zarate-Rodriguez: None. J.A. Chavez-Garcia: None.

Poster
292. Epilepsy: Synaptic Mechanisms
Location: Halls A-C
Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 292.11/15
Topic: B.11. Epilepsy
Support: RO1 NS 040337
RO1 NS 044370
Title: GIuA1 subunit plasticity is necessary to sustain prolonged seizures

Authors: *S. JOSHI, E. LEWCZUK, J. WILLIAMSON, M. PENMETSA, J. KAPUR
Dept of Neurol., Univ. of Virginia, Charlottesville, VA

Abstract: Prolonged seizures enhance AMPAR-mediated neurotransmission and increase
surface membrane trafficking of GIuAl subunits. Whether this GIuA1 subunit plasticity
contributes to sustaining prolonged seizures is not known.

Adult mice lacking GIuA1 subunit of AMPA receptors (GluA1”, KO) or GIuA1 subunit-
expressing littermates (GIuA1**, WT) were used. Electrical pulse trains (50 Hz, 0.1sec, 50-200
UA, 10 sec duration were delivered to the left hippocampus to determine afterdischarge threshold
(ADT). Animals received pulse trains (2X ADT) every 15 sec (5 sec off period) for 30 or 60 min.
Animals were monitored by continuous video-EEG for 24 hr. Seizure spread was determined in
terms of expression of Fos protein using standard immunohistochemical techniques.

ADT in the KO mice was similar to WT mice (130 = 12 vA). The electrically-evoked seizure
lasted for 10-15 sec in both the strains of mice. Hippocampal stimulation for 30 min caused self-
sustaining seizures in 64% of WT mice (n=12), but not in the KO mice (n=7, p<0.05, Chi-square
test). Stimulation for 60 min triggered self-sustaining seizures in 77% of WT mice, n=13) as
compared to 50% of KO mice (n=11, p<0.05). Although 50% of the KO animals experienced
prolonged seizures, the total seizure duration in these animals was shorter than that in the WT
mice (91 £ 14 min vs 342 + 64 min, p<0.05).

Seizure spread to extrahippocampal areas could sustain prolonged seizures. In the WT animals
intense Fos immunoreactivity (IR) was present in the DGCs, CA3 and CA1 pyramidal neurons,
neurons in the subiculum, entorhinal cortex, lateral septum, cingulate and motor cortex, and



olfactory bulbs and olfactory cortex. In contrast, Fos IR was primarily restricted to the
hippocampi in the KO mice. The number of Fos-positive neurons was also reduced in CA1 and
subiculum.

WT animals in self-sustaining seizures evoked by continuous hippocampal stimulation for 60
min were treated with calcium-permeable AMPAR blocker IEM 1460 or saline. The seizures
lasted for 206 = 15 min (n=17) in saline-treated animals. In contrast, seizures terminated after
106 £ 21 min (n=5) in the mice treated with IEM 1460 30 min after the end of stimulation.
Treatment of IEM 1460 at 15 min following stimulation led to a further shortening of seizure
duration (51 = 21 min, n=9, p<0.05).

In KO mice seizure were less likely to become self-sustaining (status epilepticus). When self-
sustaining seizure were initiated in KO mice they were of shorter duration with limited spread.
These studies combined with drug treatment study suggested a critical role for GIuA1 plasticity
in sustaining prolonged seizures.
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Title: Potentiation of AMPA receptor-mediated synaptic transmission in hippocampal CA1
pyramidal activated by a single seizure
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Abstract: Rationale: Seizures consist of sustained repetitive firing of a group of neurons.
Seizures can enhance susceptibility to further seizures but the mechanisms remain uncertain. We
tested whether single seizure potentiates AMPA receptor (AMPAR) mediated synaptic
transmission on seizure-activated CA1 pyramidal neurons.

Methods: Transgenic mice that express EGFP under the control of tetracycline repressor and
early immediate gene, cfos (Mayford) were maintained on high doxycycline diet until 48 hours
prior to a single seizure, induced by pentyleneterazol (40 mg/kg, i.p.). Hippocampal slices
appropriate for patch clamp electrophysiology were prepared 30 minutes after the seizure.



Whole-cell patch clamp recordings of AMPAR-mediated EPSCs, passive and active membrane
properties were made from GFP*'¢ and neighboring GFP™"¢ cells in the same slice.

Results: A small number of GFP*™¢CA1 pyramidal neurons dispersed among GFP¢ neurons
were visualized from hippocampal slices under fluorescent/DIC microscope. Passive membrane
properties (resting membrane potential, membrane time constant and membrane resistance) of
GFP "¢ and neighboring GFP™¢ were similar (16 pairs, from 16 animals). Although action
potential threshold, amplitude, and width were similar, 11/20 GFP *V¢ cells fired >1 action
potential in response to depolarizing current steps, only 3/20 GFP ~¢ (p <0.05 ¢? test)did so.
Miniature EPSCS were recorded after blocking GABA-A receptors (picrotoxin) and action
potentials (TTX) under voltage clamp. The amplitude of MEPSCs from GFP *¥¢ neurons (19.37
mV +/- 1.88, mean +/- SD) was larger than that recorded from neighboring GFP —ve neurons
(16.85 mV +/- 2.12) from the same slice and animal (P = 0.0002, paired t-test for 15 pairs). To
investigate whether AMPAR properties were altered during seizure-induced enhancement of
transmission, we investigated rectification of evoked EPSCs. There was inward rectification of
eEPSCs recorded from GFP*V¢ neurons, which was not observed in GFP¢ neurons.
Morphological study of the neurons performed by 3D reconstruction of biocytin filled neurons is
in progress.

Significance: These studies suggest that a single seizure potentiates AMPAR-mediated
transmission in a small number of CA1 neurons, identifiable by the activation of cfos gene.
Seizures cause calcium entry into neurons, which entry could also trigger potentiation of
glutamatergic transmission, through insertion of GIuA1 subunit into glutamatergic synapse and
activation of cfos gene.
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Title: Functional analysis of GABAergic gene variants in genetic generalised epilepsy
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Abstract: The link between inhibitory GABAergic neurotransmission and genetic generalized
epilepsy (GGE) is a well-supported paradigm generated from molecular genetics of GABA
receptor subunits, transgenic model systems, pharmacology, neuropathology, and
electrophysiology. The focus on postsynaptic GABA channelopathies has historically attracted
much attention, however, the research focus is evolving towards a proteomic synaptopathy
approach. Consequently, we investigated the genetic variation within GABAergic transporters
(GAT1 & GAT3) and biosynthetic proteins (GAD65 & GADG67) in 708 GGE cases from
Australia, UK and New Zealand using a combination of light-scanner heteroduplex screening
and direct Sanger sequencing. Eighteen novel or rare GABAergic variants were discovered in 34
GGE cases with a strong preference for absence seizure syndromes. All 18 GABAergic missense
variants had deleterious outcomes in mutation-prediction software and protein-structure
molecular modelling. Wild-type and mutation expression-constructs were prepared for all 18
GABAergic gene-variants in addition to a further 7 published de novo GAT1 mutations linked to
myotonic-atonic seizures but without functional validation. GAT1 and GAT3 variants were
analysed using various in vitro functional assays including a bespoke GABA-activity assay based
on isotopically-labelled GABA with Mass Spectrometry, essential splice-site assays and cell-
surface trafficking status. Reduced GABA activity was observed for the majority of GAT1 and
GAT3 gene-variants. GAD65 and GAD67 mutation constructs were tested in a highly-sensitive
florescence-based GAD enzymatic assay using a resazurin-linked GABase microplate format.
This revealed altered GAD activity and reduced binding properties to co-factor, pyridoxal 5'-
phosphate (PLP). This study confirms the association between GABA transport / biosynthesis
and absence seizures in GGE syndromes, which is supported by extensive in vitro evidence with
important patient-specific outcomes.
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Title: Short-term depression of sprouted mossy fiber synapses from adult-born granule cells
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Abstract: Epileptic seizures potently modulate hippocampal adult neurogenesis, and adult-born
dentate granule cells contribute to the pathologic retrograde sprouting of mossy fiber axons, both
hallmarks of temporal lobe epilepsy. The characteristics of these sprouted synapses, however,
have been largely unexplored, and the specific contribution of adult-born granule cells to
functional mossy fiber sprouting is entirely unknown. To overcome previous technical
limitations, we use DcxCreER ™ transgenic mice to permanently pulse-label and optogenetically
activate neurons born either before or after pilocarpine-induced status epilepticus (SE). We
demonstrate that adult-born granule cells born prior to SE form functional recurrent
monosynaptic excitatory connections with other granule cells by two months following SE.
Surprisingly, although healthy mossy fiber synapses in CA3 are well characterized "detonator™
synapses that potently drive post-synaptic cell firing through their profound frequency-dependent
facilitation, sprouted mossy fiber synapses from adult-born cells exhibited profound frequency-
dependent depression, despite possessing some of the morphological hallmarks of mossy fiber
terminals. Neonatally-born, mature granule cells also contributed to functional mossy fiber
sprouting, but exhibited less synaptic depression. Interestingly, granule cells born shortly after
SE did not form functional excitatory synapses, despite robust sprouting. Considering that adult-
born granule cells are the most likely to sprout recurrent mossy fiber axons, our results suggest
that although they form recurrent excitatory circuits with some of the morphological
characteristics of typical mossy fiber terminals, the functional characteristics of these sprouted



synapses would limit the contribution of adult-born granule cells to hyperexcitability in the
epileptic hippocampus.
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Abstract: Epilepsy is one of the most common neurological disorders. At the cellular level,
epileptic seizures are caused by abnormal, excessive or synchronous neuronal electrical activity
in the brain. However, the exact mechanisms of epilepsy remain largely unknown. Neuroligin 2
is a postsynaptic cell adhesion protein, which is exclusively located at inhibitory synapses and
serves a role in regulating the balance between brain excitation and inhibition. Importantly, the
imbalance between excitation and inhibition tends to cause the disruption of neuronal activities,
which may lead to epileptic seizures. By using electroencephalogram and electrophysiological
recordings, we found that mice lacking Neuroligin 2 display abnormal seizure-like brain
activities and an impaired inhibitory neuronal function in an epilepsy-related thalamic circuitry.
Importantly, the abnormal brain activity can be rescued by the administration of a drug directed
at enhancing the inhibitory synaptic transmission. These results suggest that Neuroligin 2
regulates normal brain function through modulating inhibition. Our findings provide crucial
insight into the mechanisms underlying epilepsy generation and to facilitate the understanding
and treatment of related brain disorders.
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Abstract: It has been shown that brain-derived neurotrophic factor (BDNF) acting at trkB
receptors may promote seizure activity in hippocampus under some conditions. Interestingly,
few studies have examined the effects of BDNF and trk in models of seizures in hippocampal
slices of control animals, where many investigators have examined effects of antiseizure drugs in
the past. Therefore we used hippocampal slices from naive rats and mice to test the effects of trk
antagonism on seizure-like activity produced in three ways that have been commonly used in the
past: reduced [Mg?*]o, elevated [K*]o, or disinhibition. Hippocampal slices from adult male
Sprague-Dawley rats or C57BL6 mice were prepared with standard procedures. In brief, 400
pum-thick horizontal slices were cut in artificial cerebrospinal fluid (ACSF) containing sucrose
substituted for NaCl and immediately placed in an interface-style recording chamber at 32°C.
After 30 min a NaCl-based ACSF was used containing (in mM: 126 NaCl, 3.5 KCI, 2 mM
MgSOs, 1.25 NaH2POs, 2.4 CaCl,, 26 NaHCO3, 10 d-glucose; pH 7.3-7.4). Recording electrodes
containing this ACSF were positioned in area CA3. Three methods were used to induce seizure-
like activity: 1) [Mg?*]o was decreased (to nominally 0 mM), 2) [K*]o was elevated (to 7.5 mM),
or 3) GABAA receptors were blocked with 10 uM bicuculline methiodide. The types of
epileptiform activity that were measured were 1) epileptiform bursts (each burst composed of a
cluster of population spikes, >50 ms duration, recurring at 0.1-0.25 Hz) and 2) spontaneous
episodes of spreading depolarization (SD). SD was characterized by a >10 mV DC negative shift
that lasted >5 min. The trk antagonist K252a (500 nM) reduced SD in all three seizure models
but there was no detectable effect on epileptiform bursts (n=2 animals per seizure model where
2-3 slices were sampled per animal). Vehicle (DMSQO) had no detectable effect. If SD is
considered analogous to a seizure, and epileptiform bursts in area CA3 are considered analogous
to interictal spikes, the data would suggest that trk is involved in seizures but possibly not
interictal spikes. Collectively, our findings suggest that trk antagonism could be an effective way



to inhibit seizures that involve area CA3. The data may also be relevant to migraine, because SD
is often considered to contribute mechanistically.
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Abstract: Epilepsy, characterized by unprovoked recurrent seizures, is linked to behavioral
changes such as loss of memory, difficulty learning, and decreased cognition in the postictal
period. Status epilepticus (SE), or an uninterrupted seizure of extended length has been seen to
not only increase the risk for the development of epilepsy later in life, but also has been linked to
changes in structural morphology in the neuronal network. After the occurrence of SE, dendrites
undergo a morphological change which reduces the number of dendritic spines as well as the
dendritic branching (Swann et al, 2000). In addition to changes in dendritic morphology,
previous studies have shown that there is a significant change in the morphology and
accumulation of microglia in the hippocampus after an episode of SE (Schartz et al, 2016).
Although the post-SE anatomical changes in the hippocampus have been demonstrated in CAl
neurons up to 35 days after the event, the physiological changes that are predicted to accompany
these changes have not been measured. In this study, we investigate the changes in hippocampal
CAL network responses using local field potential (LFP) recordings in slice to measure the
synaptic efficacy at different time points following an induced episode of SE as well as induction
of long term potentiation (LTP) to measure the synaptic plasticity retained. Preliminary results
suggest that synaptic efficacy is diminished at and beyond 14 days post induced SE.
Furthermore, we hypothesize that the plasticity of the remaining synapses is not affected at these
time points. Understanding these properties in relation to microglial-mediated changes in
synaptic density after a prolonged seizure will help with the understanding of the behavioral side
effects that are commonly associated with epilepsy and provide information for modulation of
neuronal mechanisms to reduce or prevent the accumulation of these effects.
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Title: Contrasting properties of active and inactive hippocampal dentate granule cells
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Abstract: The hippocampus is a critical mediator of spatial learning and navigation. The dentate
gyrus contributes to this function through its sparse activation properties, which aids in
distinguishing between similar cortical inputs (pattern separation). Using 2-photon imaging in
awake, behaving animals navigating a virtual environment, we found that a smaller number of
dentate granule cells (DGCs) activate at lower frequencies than neighboring CA1 pyramidal
neurons. We explored the intrinsic and local circuit mechanisms mediating this characteristic
sparse DGC activation. We used fos-TRAP (targeted recombination in active populations)
transgenic mice, crossed to a tdTomato reporter mouse to label active DGCs in vivo following
exposure of mice to an enriched environment and 4-hydroxytamoxifen injection, and then
recorded from hippocampal slices prepared from these same mice. In fosTRAP mice, in active
neurons, the fos promoter drives expression of CreERT, which, in the presence of tamoxifen,
drives tdTomato reporter expression. As expected, fosTRAP labeled DGCs were sparse: on
average, 7.2 cells were labeled with tdTomato per dentate blade in a given slice. To understand
the intrinsic and synaptic properties that differentiate active (tdTomato+) from inactive
(unlabeled) DGCs, we used whole-cell patch-clamp to record intrinsic properties as well as
synaptic potentials elicited by perforant path stimulation. Active DGCs had a larger IPSC
amplitude, shorter IPSC time-to-peak, and a longer EPSC time-to-peak compared to neighboring
inactive DGCs. These data, where larger, faster IPSCs associate with active DGCs, are
counterintuitive. We further tested whether intrinsic neuronal properties might contribute to
differential activation, and found that active DGCs had a lower input resistance, and a higher
action potential threshold, both also inconsistent with elevated excitability. These results suggest
that DGCs activate in vivo primarily due to a difference in the afferent input, and not to local
circuit processing. Continued investigation of the synaptic connections and microcircuit
properties may further clarify how active and inactive DGCs process their synaptic inputs to
generate their characteristic behavior.
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Title: Optogenetic dissection of developing synaptic activity during evolving epileptiform
activity

Authors: *R. T. GRAHAM?, E. JOHNSON?!, N. CODADU?, R. R. PARRISH*, A. J.
TREVELYAN?

Inst. of Neurosci., Newcastle Univ., Newcastle-upon-Tyne, United Kingdom; ?Inst. of
Neurosci., Newcastle Univ., Newcastle Upon Tyne, United Kingdom; 3Inst. of Neurosci.,
Newcastle Univ., Newcastle upon Tyne, United Kingdom; *Inst. of Neurosci., Univ. of
Newcastle, Newcastle Upon Tyne, United Kingdom

Abstract: Bathing brain slices in 0 Mg?* artificial cerebro-spinal fluid (ACSF) induces an
evolving pattern of epileptiform activity, including short interictal bursts of activity, and
sustained discharges that replicate many features of tonic-clonic seizures in vivo. The most
important, initial effect of removing Mg?* ions is considered to be the removal of the voltage-
dependent blockade of NMDA receptors, thereby greatly enhancing the excitatory synaptic
effects mediated by glutamate. This though occurs rapidly, and the evolving epileptiform activity
continues over a time course of many minutes and even hours. The epileptiform discharges
therefore, cannot be ascribed simply to the NMDA effect, but rather, will involve dynamic
reorganisation of the network. Changes in synaptic strength are likely to contribute to this
process. We asked therefore whether the key network transitions seen in these preparations were
associated with changes in synaptic function. We used an optogenetic approach to selectively
stimulate three different subclasses of neurons (pyramidal cells, and two classes of interneurons:
parvalbumin-positive (PV+) and somatostatin-positive (SOM+) that selectively expressed
Channelrhodopsin, while monitoring the postsynaptic effect.

Brief optogenetic activation was achieved by 50ms flashes, delivered at 0.1Hz, close to the
recording location through an optic fibre connected to an LED. The postsynaptic effects of



pyramidal activation was monitored using extracellular electrodes located in layers 1 and 5.
Interneuronal activation was monitored by whole cell patch clamp recordings of pyramidal cells.
We found clear changes in all three synaptic pathways associated with the evolving activity, and
acutely with local seizure activity. Interestingly, regular “open-loop” optogenetic stimulation of
the pyramidal cells appears to alter the time course of epileptic evolution in this simple model,
consistent with other recent studies of open loop electrical stimulation in animal epilepsy models.
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Title: Constitutive phosphomimetic inhibition of KCC2 at Thr906/Thr1007 causes GABA-
dependent network excitability, seizure, and early postnatal death
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Abstract: A post-natal decrease in intraneuronal CI- concentration [CI]i dependent on the CI-
extruding KCC2 cotransporter establishes fast synaptic GABA inhibition. Inhibitory
phosphorylation of KCC2 at two threonines (Thr®® and Thr%7?), a powerful switch of KCC2
activity, decreases in parallel with an increase in KCC2 activity and the lowering of neuronal [CI
]i, but the significance of this in vivo is unknown. Here, using unbiased LC-MS/MS phospho-
proteomics, we demonstrate that KCC2 exhibits precise developmental regulation at only several
phosphorylation sites, and most significantly at Thr®%. We engineered mice to express two
KCC2 alleles with the missense mutations GIu®® and GIu*%” “(KCC2%®)” to mimic constitutive
phosphorylation at these sites. KCC2%¢ mice showed body weight reduction but exhibited normal
gross and histological organogenesis and the characteristic developmental up-regulation of
KCC2 protein. However, all KCC2%¢ mice exhibited status epilepticus provoked by mild
physiological stimulation such as brushing and tail pinch, and died within the first post-natal day.
KCC2%¢ mice showed spontaneous seizure and the frequency of seizure gradually increased
before death. Patch-clamp measurements of E18.5 ventral spinal cord neurons in WT and
KCC2%¢ mice demonstrated that the resting CI- level was not changed in KCC2%¢ mice but CI-
extrusion capacity was significantly impaired after CI- loading. In contrast to WT mice, KCC2¢®



mice a lack of spontaneous respiratory discharge recordings from cervical ventral roots (C4) and
altered locomotor rhythm recordings from lumbar ventral roots (L2). KCC2%¢ mice exhibited
significant abnormalities in neuronal distribution in the septum, hypothalamus, hippocampus,
and cortex, but normal dendritic spine formation. These data demonstrate precisely regulated
KCC2 Thr906/Thr1007 phosphorylation during brain development is essential for activity-
dependent CI" extrusion, neuronal development, and post-natal survival.
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Abstract: 4-Aminopyridine (4-AP) induces epileptiform discharges in a variety of brain regions.
These events are associated with enhanced inhibitory as well as excitatory synaptic transmission.
The relative contribution of specific subclasses of GABAergic interneurons to epileptiform
activity in 4-AP model has not been well characterized. We have used genetically-encoded
archaerhodopsin to investigate the role of somatostatin (SST) and parvalbumin (PV) interneurons
in the regulation of evoked epileptiform discharges. Whole cell patch clamp recordings were
obtained from L5 pyramidal cells in somatosensory cortex of 30 to 70 day old mice. In the
presence of 100 uM 4-AP, local stimulation was used to evoke epileptiform activity.
Archaerhodopsin activation in SST interneurons during (Light Off: 6385.98 + 562.1 mVV*ms vs
Light On: 2873.44 £+ 165.2 mVV*ms; p < 0.05, paired t-test) and after local stimulation (Light Off:
6601.67 = 642.82 vs Light On: 4339.20 + 431.6 mVV*ms; p < 0.05, paired t-test) reduced the area
under the curve (AUC) of epileptiform discharges. Similarly, archaerhodopsin activation in PV
interneurons was effective in reducing the evoked responses when electrical stimulation occurred
during (Light Off: 11029.35 + 732.7 mV*ms vs Light On: 2234.16 = 203.8 mVV*ms; p < 0.05,
paired t-test) or after (Light Off: 10610.44 £ 715.1 vs Light On: 3719.62 + 288; p < 0.05, paired
t-test) light onset. Light activation of the PV interneurons reduced responses to a significantly
greater extent than that of SST interneurons both during (24.49 + 1.2 % vs 55.19 + 2.3 %; p <



0.05, paired t-test) and after (44.3 = 1.9% vs 65.26 = 0.8%; p < 0.05, paired t-test) electrical
stimulation. This suggests that PV neurons may be more effective in reducing excitability in the
4-AP model. Since both types of cells were effective in reducing epileptiform activity, it raises
the possibility that non-selective activation of interneurons could be more efficacious.
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Abstract: Autism Spectrum Disorder (ASD) and epilepsy co-occur at a high rate of 30%,
suggesting that they may be linked by a common mechanism. To investigate mechanisms
involved in the development of co-morbid ASD and epilepsy, a novel mouse model with a robust
phenotype for both disorders was developed and validated.

BTBR T+tf/J (BTBR) mice are a well-validated model of ASD due to the ASD-like behavioural
phenotype. This mouse model of ASD however, has not yet been shown to have co-morbid
epilepsy. To this end, BTBR mice exposed to an immune challenge at postnatal day 7
(lipopolysaccharide, LPS; 100 pg/kg 1.p.) exhibited as adults a significant decrease in seizure
thresholds (1% pentylenetetrazol; 2.5 ml/min i.v.; p<0.05), a significant increase in hippocampal
electrographic seizure activity (p<0.05), and importantly, a preservation of the ASD behavioural
phenotype when compared to saline treated controls.

Patients affected with co-morbid ASD and epilepsy often have a high rate of intractability with
common pharmaceutical options. A limited neurobiological understanding of these disorders has
precluded development of effective and personalized therapeutics. The ketogenic diet (KD)
consists of a consumed ratio of 4:1 fat to combined protein and carbohydrate by weight resulting
in conversion of fats into fatty acids and ketone bodies, which are used as an energy source. The
KD has been shown to be an effective treatment for medically intractable epilepsy and may
reduce the severity of ASD behaviours in animal models. Due to a major knowledge gap in how



the KD elicits neuroprotective and possibly disease-modifying effects, this treatment modality is
not routinely used as a complementary alternative to pharmaceuticals. We asked if it would be
effective in reducing the increased excitability and behavioral features in our model.

We found that adult P7 LPS treated BTBR mice that were subsequently treated with the KD
from P46 to P60 had a significant increase in seizure threshold compared to P7 LPS treated
BTBR mice that remained on a standard chow diet (p<0.05). Lastly, BTBR mice treated with the
KD had a significant reduction in a few behavioural measures of the ASD phenotype (e.g.
frequency of self-grooming and communication) compared to BTBR mice on a standard diet
(p<0.05). These results indicate that the KD may be effective in targeting mechanisms that are
responsible for the epilepsy and ASD phenotype in this novel co-morbid mouse model.

Our future directions will continue to investigate the mechanisms that lead to the development of
co-morbid epilepsy in a mouse model of ASD with exposure to a postnatal immune challenge.
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Abstract: In this two-part study, we evaluated incidence of seizures using EEG and changes in
mRNA biomarkers using quantitative PCR (qPCR) in Tsc1FPCKO mice. First, we evaluated
effects of rapamycin on incidence of seizures and mortality given that previous reports indicated
these mice develop spontaneous postnatal epilepsy rescued by treatment with the mTOR
inhibitor. EEG from mice were continuously recorded (using Pinnacle Technology’s data
acquisition platform) from P35-P49. The vehicle-treated group (n=10) exhibited on week 5 and 6
an average of 3.5+ 1.1 and 2.33 * 1.1 seizures, respectively. In contrast, the rapamycin-treated
group that started at P35 (n=8) exhibited a reduction in seizures for weeks 5 (1.75 + 0.65) and 6
(0.38 + 0.26) nearly reaching significance at week 6 (p=0.06, Tukey-Kramer). Moreover, the
rapamycin-treated group that started at P21 (n=10) showed no seizures during week 5 and 6
(p<0.05, Tukey-Kramer). In summary, whereas Tsc1°™PCKO mice treated with vehicle from



P21-48 suffered robust electrographic seizures and a significant mortality over this period, mice
treated with 3 mg/kg rapamycin from P21-48 showed zero seizures and zero mortality over the
same period. The group receiving rapamycin 3 mg/kg from P35-48 showed reduced seizure
frequency and zero mortality. Thus, we confirm the protective effects of mMTOR inhibition
against seizures and premature death in these mice. Secondly, in a separate cohort, we used
gPCR to evaluate changes in mRNA levels of transcripts involved in axon formation, synapse
function, glutamate transport, mTOR activation, cell adhesion, angiogenesis, cell regulation,
inflammation and unfolded protein response activation in brain at 5 weeks of age. Expression
levels between control (Cre; Tsc1*1°) and Cre*; Tsc1*M1°* mice were similar for all transcripts
reported in this study. In contrast, Tsc1°A?CKO mice (Cre*; Tsc1¥M%X) showed genotype-
dependent changes in some transcripts analyzed. Of particular note were decreased mGIuR5 and
Tyrosine Kinase c-kit and increased IBA1, CD68, ICAM1, VEGF-D, and TLR4 mRNA
expression in Tsc1FAPCKO mice. In some cases affected transcripts in Cre*; Tsc1/ox mice
showed significant variation among individuals that cannot simply be explained by differential
effectiveness of CRE-mediated knockout since, except one animal, all Cre*; Tsc1/foX mice
showed similarly reduced expression levels of Tscl mRNA. Further, mRNA levels might covary
with seizure frequency or age of seizure onset which needs to be assessed in future studies.
Overall, our findings suggest a clear utility of using these mice to screen potential anti-epileptic
therapeutics.
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Abstract: Malformations of cortical development (MCD) are common in children with
pharmacoresistance epilepsy. Although surgery can be successful for some, not all forms of
MCD are operable. The tish (telencephalic internal structural heterotopia) rat, which arose
spontaneously in a colony of Sprague-Dawley (SD) rats, is a model of severe, non-operable
MCD. The tish rat is characterized by a large bilateral heterotopic cortex separated from the
overlying normotopic neocortex. Prior studies reported an aberrant proliferative zone composed
of misplaced neuronal progenitors with altered cell cycle kinetics. These misplaced cells result in
alterations in neuronal migration which lead to the heterotopic cortex and a neuronal network
capable of generating spontaneous seizures. However, the genetic mutation underlying this MCD
and the earliest age of identifiable electrographic (EEG) abnormalities have not been identified.
In EEG recordings spanning from postnatal day (P) 8 - P45, spontaneous spike wave discharge
(SWD) bursts were determined to begin at P18 - P20 in all tish rats examined, while no
spontaneous discharges were observed in any of the age-matched control SD rats. The presence
of paroxysmal discharges is consistent with altered network connectivity and hyperexcitability in
these animals beginning at a young age. We performed 30X whole genome sequencing of tish
and SD rats, and identified a tish-specific deletion ~50kb upstream of the EmI1 locus (Rnor 6.0).
Using RNAseq and RT-PCR, we confirmed that this deletion spans an unannotated exon 1
leading to a 4-fold down-regulation of EmI1 transcript abundance in embryonic day (E) 18 tish
cortex. Rescue experiments (i.e., F2 cross) demonstrated that the deletion in EmI1 segregates
with both the observed heterotopic phenotype and the occurrence of spontaneous SWD bursts.
These data link a mutation in EmI1 to the development of a bilateral heterotopic cortex and a
resultant hyperexcitable network of the tish rat. Mutations in EmI1 have been identified in
patients with subcortical heterotopia and epilepsy. These findings further strengthen the tish rat
as a translational model of human non-operable MCD-associated epilepsy.
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Abstract: Introduction: Epilepsy is a worldwide public health concern associated with
debilitating neurological, cognitive, and psychosocial consequences. Current anti-seizure drugs
can have debilitating side effects and new treatments are needed for individuals with drug-
resistant seizures. Ellagic acid, a polyphenol present in several fruits and nuts, has shown
beneficial effects in rodent models of epilepsy and anxiety, possibly mediated through
GABAergic pathways. “Bang-sensitive” Drosophila experience mechanically induced seizure-
like activity (SLA), possibly providing a high-throughput alternative to costly and lengthy rodent
studies. The objectives of this study were to examine the anticonvulsant effects of ellagic acid in
a fruit fly model of epilepsy and to explore the mechanism of action through the addition of two
GABAA receptor antagonists: flumazenil (a benzodiazepine site antagonist) and picrotoxin (a
GABA site antagonist or channel blocker). Method: Adult males from two Bang-sensitive
strains (bang senseless [Bss] and easily shocked [Eas]) were fed ellagic acid, flumazenil, and/or
picrotoxin in their food media. Following treatment, flies received mechanical stimuli (vibration)
to induce SLA, which was recorded with a digital video camera. Results: Approximately 93% of
flies from each strain exhibited vibration-induced SLA. Vibration induced shorter SLA in Eas
flies than in Bss flies (~4 s vs. 6 s), and ellagic acid decreased SLA duration slightly in Eas flies
(to ~3's), but not in Bss flies. Flumazenil and picrotoxin each increased SLA duration in both
strains, but more so in Eas flies (to ~6.5 s and 8.5 s, respectively). Conclusions: Vibration
reliably induced SLA in both Bss and Eas strains of Bang-sensitive Drosophila. SLA duration in
Bss flies was slightly longer than in Eas flies, not affected by ellagic acid, and slightly increased
by GABAA receptor antagonists. SLA duration in Eas flies was slightly reduced by ellagic acid
and significantly increased by GABAA receptor antagonists. These data show that seizure
modeling with Bang-sensitive Drosophila can serve as an effective drug-screening tool for
refractory epilepsy in humans and suggest that compounds found in plants may provide
prophylactic benefits with regard to seizure severity.
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Title: A novel user-friendly automated tool to accurately detect seizures in rodent models of
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Abstract: Purpose: Prolonged video-EEG monitoring in chronic epilepsy rodent models has
become an important tool in pre-clinical drug development of new therapies, in particular for
anti-epileptogenesis, disease modification and drug resistant epilepsy. We have developed an
easy to use, reliable, computational tool for detection of electrographic seizures from prolonged
EEG recordings in rodent models of epilepsy.

Methods: We applied a novel method based on advanced time-frequency analysis which detects
the episodes of EEG with excessive activity in certain frequency bands. The method uses an
advanced technique of short term spectral analysis - the Similar Basis Function algorithm. The
method was applied for off-line seizure detection from chronic EEG recordings from four
spontaneously seizing, chronic epilepsy rat models: post-status epilepticus model of temporal
lobe epilepsy (n=39 rats, n=124 seizures); the fluid percussion injury model of post-traumatic
epilepsy (n=5 rats, n=49 seizures); and two genetic models of absence epilepsy - GAERS and
WAG/RIj (n=41 and 14 rats, n=8733 and 825 seizures respectively).

Results: High values of power spectrum in frequency band 17-25 Hz were found to specifically
indicate seizures in all four animal models. This peculiarity comes from the frequency
composition of single discharges within the seizures in these animals. Focusing on this band, our
computer program detected 100% of seizures in all 99 rats. Electrode artefacts, which are usually
present in long-term EEG recordings, may also significantly contribute to this frequency band, so
they were also selected by the program. This selection, however, generated a very low rate of
false positives. For their elimination, a quick user inspection was needed. The overall processing
time for 12 day-long recordings varied from few minutes (5-10) to an hour, depending on the
number of artefacts.

Conclusion: Our seizure detection tool provides high sensitivity, with acceptable specificity, for
chronic EEG recordings from chronic rat epilepsy models. This has the potential to improve the
efficiency and rigor of pre-clinical research and therapy development using these models.
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Abstract: Rationale: The majority (~80%) of Dravet syndrome (DS) is associated with a
neuronal sodium channel alpha 1 subunit (SCN1A) mutation causing epilepsy onset in infancy,
intractable seizures, sudden unexpected death, and various neurobehavioral comorbidities. The
variable phenotypes in this disease are, at least in part, a result of modifier genes. Many Dravet
syndrome mouse models have demonstrated the hallmark features of DS; yet none characterized
the wide array of phenotypes. We present the developmental disease characteristics in three
distinct C57BL/6 mice sub-strain as breeders.

Methods: We used the F1 generations of Scnla (129S-Scnla™Kea/Mmjax) mice bred to
C57BL/6 mice from (1) The Jackson Laboratory (DS-Jax) and (2) Charles River (DS-Crl). Then
we bred Jackson Laboratory to Charles River C57BL/6 mice for 3 generations to establish a
hybrid sub-strain (JC) as breeders for F1 DS mice. The 3 groups of F1 DS mice, DS-Jax, DS-Crl
and DS-JC underwent prolonged (30 minutes) febrile (LPS +hyperthermia) seizures at P30. At
P50, select mice were implanted with EEG electrodes and recorded for 24-hours, once per week,
for three weeks to detect electroclinical seizures.

Results: Hyperthermia induced seizures in all (100%) 3 groups of DS mice with similar mean
threshold temperatures as follows: DS-Jax, 39.7+0.5°C (n=8); DS-JC, 40.3+0.3°C (n=7); DS-
Crl, 39.8+0.1°C (n=16). Sudden unexpected and unexplained death occurred from weaning age
until P49, mortality occurred in each of the DS mice groups: 5 deaths were noted (5/21, 24%) in
DS-Jax while only one death each occurred in DS-JC and DS-Crl mice (1/7, 14% and 1/18, 6%,
respectively). EEG recording showed abnormal EEG and spontaneous electroclinical seizures in
100% (n=2/2) of DS-Jax mice, 80% (n=4/5) of DS-J-C mice, and 60% (n=3/5) of DS-Crl mice.
Conclusion: Susceptibility to hyperthermia-induced seizures was noted in all 3 sub-strains of F1
generation 129S-Scnla -C57BL/6 mice. There was a dose response-like trend in both mortality
and electrographic seizures. DS mice from the Jackson lab C57BL/6J background appear to be
more affected, while the Charles River C57BL/6NCrl bred DS mice had the milder response to



the SCN1A gene mutation. Our observation suggests that genetic modifiers may exist, even
within C57BL/6 mice that originated from the same gene pool that led to variable effects on
Dravet syndrome phenotype.
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Abstract: Rationale: Toll-like receptors (TLRs) are innate immune receptors that are important
in early host defense against pathogens. TLRs recognize pathogen- or damage-associated
molecular patterns (PAMPs/DAMPs), and are either expressed on the cell surface or in the
endosomes. TLRs 1, 2, and 6 are expressed on the cell surface, whereas TLR8 is expressed
intracellularly. TLRs 1 and 2 have been implicated in experimental epilepsy; however, the other
TLRs have yet to be studied. IL-2, a cytokine, regulates immune response through T-cell
activation and it has been shown to be upregulated in epilepsy. IL-6 is both a pro- and anti-
inflammatory cytokine regulating inflammatory and immune response, and it has also been
shown to be expressed during seizure. The chemokine RANTES (CCLY5) is involved in leading
leukocytes to the site of injury and has been shown to be upregulated in epilepsy. Here we
investigated the gene expression changes of TLRs, cytokines, and a chemokine during
epileptogenesis in rodent models of acquired epilepsy and chronic epilepsy.

Methods: Freely moving male Sprague-Dawley rats (n=4 per group) received systemic
administration of kainate and Lorazepam (KaL) and were sacrificed after 4 d, 14 d, or 20 weeks,
and whole hippocampi were removed post treatment. The mRNA level was analyzed for the
TLRs, IL-2, IL-6, and RANTES with custom-designed primers. Relative gene expression
changes were calculated using the REST software (Pfaffl method). IL-2, IL-6, and RANTES
protein expressions were analyzed using ELISA.

Results: During epileptogenesis, except TLR1, all the other TLRs expressions were enhanced
after 4 d, and all TLRs were further enhanced after 14 d. However, all the TLRs exhibited
downregulation during chronic epilepsy. The mRNA expression of IL-2 was upregulated at 4 d



but declined during 14 d epileptogenesis and chronic epilepsy. The IL-6 protein expression
diminished at 4 d, but elevated at 14 d epileptogenesis, however, in the chronic epilepsy phase it
remained was downregulated again. RANTES was downregulated during 4 d but was
upregulated during 14 d epileptogenesis, and had a slight decrease in expression during chronic
epilepsy but remained upregulated.

Conclusion: TLRs expressions are enhanced and prolonged during epileptogenesis. Evoked
seizures also upregulate expressions of these TLRs, but transiently and not to the same extent.
Cytokines and chemokine expressions change during epileptogenesis and chronic epilepsy.
These data warrant the further investigation on the role of these TLRs, cytokines, and chemokine
in epilepto- and ictogenesis.
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Abstract: A network inhibition hypothesis of seizure-related vulnerability to death postulates
that seizures excite the hypothalamus and lateral septum which in turn send inhibitory
projections to subcortical arousal centers, one of the most prominent being the nucleus pontis
oralis (NPO) of the brainstem. A marked suppression (or total inhibition) of NPO activity would
generally manifest as postictal generalized electroencephalography suppression (PGES) - or the
cortical EEG “flattening” that accompanies seizures and presents a major risk for fatality. PGES
is reportedly one of the few predictors of susceptibility to sudden unexpected death in epilepsy
(SUDEP) in human patients. We postulate that repeated seizures will result in the progressive
damage to NPO cells - with further deleterious effects on arousal/consciousness in epilepsy. We
will use a novel transgenic mouse model of epilepsy (brain-derived neurotrophic factor
overexpressing mice under the Cam/Klla promoter) that exhibits progressive lengthening of
PGES episodes with successive seizures (as a critical marker of severity of seizures) that does
not require any invasive procedures to generate epileptic activity. Spontaneous seizures are



produced in a controlled fashion by simply to tail suspension or cage shaking stimulation and
which become more severe with time. Using this model, we will test whether repeated seizures
cause progressive neuronal injury/death of NPO cells, which are responsible for the increased
severity of PGES. Our preliminary data show that mice become more seizure prone with age and
the duration of postictal generalized EEG suppression (PGES) progressively increases with each
seizure episode. In addition, epileptic mice spend more time in non-REM sleep as a function of
seizure frequency in inactive phase, and the average length of REM bouts decrease accordingly
implicating deficits in normal NPO sleep function. In order to establish that the increased
duration of PGES over repeated seizures is associated with progressive deterioration (or cell
loss) in NPO and reflects subsequent alterations in sleep architecture, we crossed a commercially
available live mouse strain, Thyl-eYFP (JAX 003782), with our epileptic mice and noted
significant loss of neurons in the gigantocellular field of the NPO as a function of PGES severity.
These findings implicate seizure-induced cellular injury in the NPO for the emerging risk for
SUDEP.
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Abstract: Respiratory derangements, including irregular, tachypnic breathing and central or
obstructive apnea can be consequences of seizure activity. Periods of seizure-associated central
apnea suggest that seizures spread to brainstem respiratory regions to disrupt breathing.
Recently, we showed that seizure-associated central apnea episodes are associated with 1) a reset
of the respiratory rhythm, and 2) activation of brainstem regions serving the diving reflex to
suppress respiratory behavior (Villiere et al., Neurobiol. Dis. 2017; 101:8-15).

Using a rat model, we demonstrated a sequence of events ending in death that begins with



obstructive apnea caused by seizure-induced laryngospasm (Nakase et al., Epilepsy Res. 2016;
128:126-139). We sought to determine if patterns of central apnea behavior (duration and/or
frequency of occurrence) correlated with the tendency for obstructive apnea to occur.

There were not statistically significant differences in central apneic episode duration or number
of recorded episodes in animals that eventually showed obstructive apnea compared with animals
that never showed obstructive apnea. There was, however, a clear positive correlation of the
average apneic episode duration with the number of apneic episodes recorded (R?=0.54) and
their crude frequency of occurrence (events/min of recording; R?=0.58).

Whereas the frequency or duration of central apneic episodes do not seem to be useful predictors
of eventual obstructive apnea, the correlation of central apneic episode duration with frequency
suggests that these episodes may reflect an attempt by brainstem networks to protect core
physiology. A deeper understanding of seizure spread into brainstem regions may permit
additional biomarkers (see e.g. Stewart et. al., Epilepsia 2017 in press doi:10.1111/epi.13765) to
be established for identifying risk of severe systemic consequences of epileptic seizures.
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Abstract: Transgenic mice can provide insights into molecular pathophysiological processes.
Available murine models of status epilepticus (SE) and temporal lobe epilepsy (TLE) include
seizures induced by pilocarpine or kainic acid. However, pilocarpine causes high mortality and
extensive neuronal loss occurs following infusion of kainic acid. Electrical stimulation models of
status epilepticus and TLE are well characterized in rats, but not in mice.

Adult (22-25 g, 10-12 week old) male and female C57bl/6 were implanted with bipolar
electrodes in the left hippocampi (3 mm AP, 3 mm ML, 3 mm DV), bilateral supra-dural cortical



electrodes, and a cerebellar reference. The mice were stimulated with a 1 msec biphasic square
wave pulse for 10 s to determine after discharge threshold (ADT). The initial stimulation was set
at 20 vA and the intensity was increased by 20 pA until a seizure was triggered, maximum 200
VA. The current intensity was set to twice ADT, with minimum at 100 vA, and continuous
stimulation was performed by cyclic application of 10 sec stimulation followed by 5 sec off
period for 60 min. SE consisted of rhythmic and evolving spike-wave discharges sustained for 30
min or more. Mice were monitored continuously for 24 hr following the end of stimulation; the
monitoring to determine spontaneous seizures was started 2 weeks later. Mice that developed at
least 2 spontaneous seizures were classified as having TLE. Cell death was determined 3 days
following SE using fluorojade labeling. Animals were perfused with PFA and horizontal brain
sections (40 um thick) were labeled with fluorojade-C and neuronal marker protein NeuN.
Images were acquired on a confocal microscope.

The ADT was 70 + 36 pA and seizures (SE) lasted 181 + 90 min. CHS caused SE in 82% of
animals (28/34). 50% of the mice survived SE (n=14) and were monitored for onset of TLE. In
the first week of monitoring none of the animals experienced spontaneous seizures, during the
2" week 1 out of 5 animals monitored had spontaneous seizures and the number of epileptic
animals increased to 7 out of 14 (50%) by 7 weeks.

Extensive fluorojade labeling was observed in CA3 and CA1 pyramidal neurons, and in dentate
hilar neurons.

We have developed and characterized a mouse model of SE induced by CHS. More mice
survived SE as compared to the pilocarpine model. The pattern of neurodegeneration in the
hippocampus was similar to that described in other models. Half of the surviving animals also
developed epilepsy. Thus, CHS provides an alternate model of SE and TLE in mice.
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Abstract: Absence seizures, the most common type of generalized epilepsy, consist of
behavioral impairment and a distinctive spike-and-wave electrographic signature. These seizures,
and associated attentional deficits and developmental difficulties, have a major impact on quality
of life and are frequently insufficiently redressed by pharmacological treatments. Recent
evidence shows that the degree of behavioral impairment associated with seizures is variable,
and correlates with hemodynamic and electrographic changes. The neural mechanisms
underlying this impairment can be investigated in a genetic model of absence seizures in the rat.
We studied hemodynamics, electrophysiology and behavioral components of absence seizures in
undrugged Genetic Absence Epilepsy Rats from Strasbourg (GAERS), a well-characterized and
valid model of absence epilepsy. Incremental habituation was employed to accustom rats to head
fixation and the environment of a high-field magnet (9.4T), allowing the acquisition of BOLD
fMRI dynamics, cerebral blood flow, and local electrophysiology during absence seizures.
Separate animals were used to investigate the behavioral impact of seizures in a task-free,
unguided licking paradigm and in sensory detection and discrimination tasks.

Cortical BOLD fMRI dynamics during seizure qualitatively match those of human absence
seizures, reconciling previously-noted discrepancies with anesthetized rodent spike-and-wave
discharges. Specifically, somatosensory cortex BOLD signal initially increased around seizure
start, but then displayed a prolonged decrease as seizures continued. These dynamics were
matched by those of both cerebral blood flow and cortical multi-unit activity. The initial increase
in the latter was associated with increased spike-and-wave frequency rather than intensity of
neuronal firing at each cycle, and its amplitude correlated with eventual duration of seizure
(p<0.01). Impairment of the task-free licking behavior was observed during seizure as compared
to matched control periods (p<0.001).

These data suggest that mechanisms of absence seizures must be investigated in undrugged
models, as anesthesia appears to substantively alter neuronal activity and hemodynamics as well
as arousal and seizure-associated behavior. With further investigation we hope that greater
understanding of the physiological mechanisms of behavioral impairment in absence epilepsy
can guide improved treatment.
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Abstract: The mechanism of how seizures impair consciousness is not fully understood, but
recent evidence suggests that ictal suppression of subcortical cholinergic arousal circuits, such as
the nucleus basalis (NB) and pedunculopontine tegmental nucleus (PPTg), may play a role.
Functional imaging and extracellular recordings show ictal suppression of activity in the NB and
PPTg in a rat model of limbic seizures, but the synaptic mechanisms of this depressed firing rate
are not known. The purpose of this investigation is to elucidate whether reduced neuronal firing
in the subcortical cholinergic arousal system during seizures is associated with reduced
excitatory input or with increased inhibitory input to cholinergic neurons. Whole cell recording is
commonly used to access cortical neurons in vivo, but has not been previously reported from
deep brain structures such as PPTg. In this study, whole-cell recordings were obtained in neurons
of the PPTg, accessed 5.4 - 6.2 mm deep measured from the cortical surface, in the brain of
head-fixed, anesthetized rats during focal limbic seizures. Micropipettes were fabricated with a
~10-mm taper and 4-6 MQ resistance. The first pipette in each recording session was lowered to
the target region and left in place for 30-60 minutes to allow the brain to form a narrow, low-
resistance canal through which subsequent pipettes may pass. Intrapipette positive pressure was
maintained at 500 mbar throughout the descent, and dropped to <30 mbar at the target region. A
K-gluconate-based internal solution was used for all recordings. Seizures were triggered using a
2 second stimulation of the hippocampus through a twisted bipolar electrode with current titrated
to seizure threshold. Continuous recordings were made using Spike2, with signal digitized using
a Micro1401 (CED). Whole cell current clamp recordings of histologically identified cholinergic
PPTg neurons during seizures showed hyperpolarization of membrane potential associated with
decreased action potential firing. In addition, moment-to-moment input-resistance was measured
using 5-10Hz 30pA hyperpolarizing current pulses. Input resistance showed an increase during
seizures concomitant with hyperpolarization. Non-cholinergic neurons from the same region
generally did not show these changes during seizures. These data suggest that cholinergic PPTg
neurons show decreased firing during hippocampal seizures through a mechanism of reduced
excitatory input. The identification of the synaptic mechanisms of depressed subcortical arousal
during seizures may ultimately lead to new treatments aimed at preventing these changes and
improving ictal and postictal cognition.
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Abstract: The postictal period is an impaired state of consciousness characterized by
electrophysiological cortical depression, decreased cortical blood flow and neurocognitive
disturbance immediately following seizures. Using deep brain stimulation (DBS) to improve
consciousness during the postictal period may have a major benefit on life quality for patients
suffering from medically refractory epilepsy. Previous work has shown that bilateral stimulation
of the thalamic central lateral nucleus (CL) during the postictal period of seizures restored
normal-appearing cortical electrophysiology and markedly improved spontaneous behavioral
arousal in the rodent model. Here, we focused on further investigating the effect of this
stimulation on purposeful behavior.

We implemented a lever-press escape/avoidance (E/A) task to evaluate task performance during
the postictal period to assess for cognitive improvements provided by the DBS. During
successive E/A task training sessions, animals showed an increased avoidance percentage and
decreased response times. Post-training, bilateral CL and unilateral hippocampal and lateral
cortex electrodes were implanted. Following recovery, animals were retrained in the task until
they achieved >90% avoidance. In trials within a session, seizures were induced by 2 second
hippocampal stimulation at 60 Hz. In postictal period, following the appearance of slow-wave
activity, the CL was stimulated at 100 Hz while recording electrophysiology and behavior. As a
natural control for behavior during an inattentive state, we compared behavior elicited during
briefs arousal induced by conditioned tones during sleep to that measured during the post-ictal
period.

We found that task performance was normal during the natural sleep slow-wave period (response
time: 12.77 + 3.796, avoidance percentage: 79.18 + 20.83, n=17 from 3 rats), but impaired



during the postictal period with cortical slow wave activity (response time: 63.05 + 3.377,
avoidance percentage: 16.66 = 9.617, n=8 from 3

rats). Moreover, CL stimulation improved task performance (response time: 40.58 + 5.988,
avoidance percentage: 53.34 + 10.19, n=14 from 3 rats) when compared with sham groups
(response time: 62.69 + 1.107, avoidance percentage: 11.11 + 11.11, n=11 from 3 rats).

To conclude, this is the first instance in which we identified a difference in task performance
ability when comparing normal sleep and the postictal slow-wave period in rats. The DBS in
bilateral CL increased the ability to perform the E/A task in the postictal period. These findings
further support the potential role of targeted DBS to improve cognitive function in patients
following seizures.
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Abstract: Limbic seizures are known to impair consciousness but the neural circuit responsible
for this alteration of brain function is still poorly understood. During temporal lobe seizures,
intracranial EEG recordings show sleep-like slow wave activity in the cortex, accompanied by
reduced cholinergic neurotransmission. Considering that the nucleus basalis (NB) provides the
most cholinergic input to cortex, we propose that partial seizures originated from limbic system
structures (eg. hippocampus) cause depressed cholinergic neuronal activity in NB via subcortical
pathways. Our previous work demonstrated that the lateral septum (LS), a putative inhibitory
region strongly connected to hippocampus, could induce cortical slow waves together with a
decrease of choline release during electrostimulation in absence of seizure. Here, we examined a



possible pathway that includes the LS and NB to explain how focal seizures originating from
hippocampus can result in cortical depression. We applied an optogenetic approach to selectively
stimulate cholinergic neurons in the NB during focal limbic seizures induced in a lightly
anesthesized rat model. We found that slow oscillations in the cortex dramatically convert to fast
waves in response to cholinergic stimulation, which support the hypothesis that cholinergic
output from NB plays a critical role in maintaining cortical arousal. By using a combination of
retrograde and anterograde tracing to identify LS and NB interconnections, our histology results
did not reveal any direct anatomical connection between those two regions. However, the
paratenial thalamic nuclei (PT), located among the midline thalamic nuclei known to participate
in arousal, receive strong output from LS and have direct input to NB. Multiunit activity (MUA)
recordings in PT showed a decrease of neuronal firing during seizures, which support an
inhibitory effect from LS output and a reduced excitatory effect on NB. These results show that
limbic partial seizures can exert an impact on a polysynaptic subcortical network including LS,
PT and NB to facilitate the occurrence of cortical depression. Further investigation of this
network may lead to novel therapeutic interventions aimed at improving cortical function and
consciousness during and following seizures.
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Abstract: Postnatal deletion of the mTOR negative regulator phosphatase and tensin homolog
(PTEN) from a subset of hippocampal dentate granule cells is sufficient to cause epilepsy in
mice. PTEN deletion leads to somatic hypertrophy, increased dendritic branching and aberrant
basal dendrite formation. Whether these abnormalities appear quickly and plateau, or become



progressively more severe over time has not been fully elucidated. To answer this question, Glil-
CreER™ hemizygous; PTEN fo¥flox- Brainbow*'* were treated with tamoxifen 3 weeks after birth,
and mice were sacrificed at 7, 9, 14 and 18 weeks of age. The morphology of PTEN knockout
cells expressing brainbow fluorochromes was compared to age-matched wildtype granule cells.
The appearance of neuronal hypertrophy was rapid - evident in cells lacking PTEN for only four
weeks - and showed little progression between 7 and 18 weeks. Assessment of other changes is
ongoing. Additionally, we queried whether inflammatory changes occur at any of the time points
examined by immunostaining for the microglial marking Ibal and the glial marker GFAP. Ibal
immunoreactivity was similar among time points between control and PTEN knockout mice,
while GFAP staining was elevated at 14 and 18 weeks. Together, these data reveal the rapid
onset of morphological changes in PTEN knockout granule cells, and the delayed onset of
inflammatory changes. The findings support the conclusion that disease progression following
PTEN deletion is driven by the appearance of both primary and secondary changes.
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Abstract: Deletion of the mTOR pathway inhibitor PTEN from postnatally-generated
hippocampal dentate granule cells causes epilepsy. Here, we conducted field potential, whole
cell recording and single cell morphology studies to begin to elucidate the mechanisms by which
granule cell- specific PTEN-loss produces disease. Cells from both male and female mice were
recorded to identify sex-specific effects. PTEN knockout granule cells showed altered intrinsic
excitability, evident as a tendency to fire in bursts. PTEN knockout granule cells also exhibited



increased frequency of spontaneous excitatory synaptic currents (SEPSC’s) and decreased
frequency of inhibitory currents (SIPSC’s), further indicative of a shift towards hyperexcitability.
Morphological studies of PTEN knockout granule cells revealed larger dendritic trees, more
dendritic branches and an impairment of dendrite self-avoidance. Finally, analysis of cells from
male and female animals demonstrated that both female control and female knockout cells
receive more SEPSC’s than corresponding male cells -- but also receive more sIPSC’s - resulting
in statistically equivalent EPSC/IPSC ratios. Consistent with this latter observation,
extracellularly evoked responses in hippocampal slices were similar between male and female
knockouts; albeit both groups of knockouts were abnormal relative to controls. Together, these
studies reveal a host of physiological and morphological changes among PTEN knockout cells
likely to underlie epileptogenic activity.
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Abstract: Epilepsy is the second most prevalent neurological disorder. One form of epilepsy,
absence epilepsy, is characterized by typical absence seizures (ASs). ASs are brief (3-30 second)
nonconvulsive epileptic events that consist of sudden impairment of consciousness accompanied
by a generalized synchronous, bilateral, 2.5-4 Hz spike and slow-wave dischargers (SWDs) in
the electroencephalogram (EEG). Various subcortical structures play a critical role in modulating
seizures, including substantia nigra (SN) and superior colliculus (SC). These structures display
anti- seizure effects, however, the mechanism by which they produce changes in brain-wide
excitability are poorly understood. Both structures provide input to pedunculopontine nucleus
(PPN), a brainstem nucleus part of the ascending reticular activating system. Activation of the
PPN can trigger potent desynchronization of the cerebral cortex. Thus, the PPN is both
anatomically and functionally positioned to mediate the anticonvulsant effects of SNpr and SC.
The PPN contains a variety of cell types, including cholinergic, GABAergic and glutamatergic



neurons. Here, we evaluated the anti-absence seizure effects of optogenetic activation in different
neuron populations of PPN. We used ChAT::Cre and GAD::Cre Long-Evans (LE) rats
transfected with AAV-hSyn-FLEX-Chronos-GFP or AAV-hSyn-FLEX-ArchT-GFP to activate
or inhibit cholinergic and GABAergic neurons of PPN. To study the role of glutamatergic
neurons, we injected AAV-CamKII-Chr2-mCheery or AAV-CamKII-ArchT-mCherry in wild-
type LE. Absence seizures were evoked by systemic administration of y-butyrolactone - GBL
(SWD- thalamocortical/absence seizures model) and electrographic seizures were recorded on a
within- subject basis (i.e., with and without optogenetic activation/silencing). Optogenetic
activation (5 Hz) of ChAT+ neurons suppressed cortical SWD absence seizures. However,
inhibition of cholinergic neurons had no effect on number of absence seizures. Meanwhile,
optogenetic activation of GABAergic neurons of PPN increased absence seizures, whereas
optogenetic silencing of GABAergic neurons was without effect on seizures. Finally, activation
or inhibition of glutamatergic neurons from the PPN have no effect of the number of seizures.
Parallel studies are underway using DREADD-mediated modulation of PPN effect on other
seizure types. These data indicate that different populations of neurons in the PPN exert diverse
effects in the modulation of seizures. Using optogenetic neuronal activation in cholinergic
neurons from PPN is a promising target for seizures control of epilepsy.
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Abstract: Epilepsy is characterized by an enduring predisposition to generate seizures, which is
usually followed by metabolic and neurobiological alterations. Wistar Audiogenic Rat (WAR) is



a strain selected from the inbreeding of Wistar rats that exhibit seizures when exposed to
acoustic stimuli. Accordingly, physiological and behavioral abnormalities make WAR an
interesting strain for the study of epilepsy comorbidities. Based on this, the current study aims to
evaluate in the WAR strain: 1. Maternal care under undisturbed and stressful conditions 2.
depressive-like behaviors basally and after audiogenic kindling (Auk) 3. metabolic function. 1.
Maternal behavior was daily monitored during lactating period for 1h in undisturbed condition
(30 events/block). On lactating day 2 (LD2), dams (n=6) were submitted to pup retrieval test
(PRT) and maternal defense test (MDT) was performed on LD7. There was no difference for
arched back nursing posture, licking/grooming or time of dam in nest. There is no difference for
number of attacks, and aggressive behaviors on maternal defense test. Although WAR latency to
retrieve first pup, half of the litter and last pup in PRT also were not different, 100% of Wistar
dams grouped the entire litter, whereas in WAR only 40%.2. To evaluate depressive-like
behaviors, rats were submitted to 20 acoustic stimuli twice a day (AuK) (Wistar-AuK;WAR-
Auk), while respective controls remained undisturbed (Wistar; WAR). Animals (n=10) were
subjected also to sucrose preference (SPT) and forced swim (FST) tests. WARs did not differ
from Wistar in SPT, and WAR AuK group presented hedonic behavior compared to control
groups [F(3,52)=7.11;p<0.001]. In FST, using a neuroethological analysis, WARs displayed a
poorly connected behavioral repertoire compared to Wistar, in both pre-test and test sessions.
WAR and WAR-AUK presented significant reduction of climbing in test session when compared
to Wistar [F(2,16)=5.39;p=0.0162]. 3. Wistar and WARs were placed in metabolic cages (n=8).
WARSs presented significant reduction in body weight (t=14.07; p<0.001), water
(t=5.14;p<0.001) and food intake (t=7.57;p<0.001), compared to Wistar rats. There was no
difference in urine volume between strains but WARS show significant reduction in urine
osmolarity (t=2.21;p<0.05). Although the WAR strain does not present differences in maternal
behaviors in basal conditions, it seems to display alterations under stress. Also, based on the
current findings, we suggest that inbreeding selection for seizure susceptibility is linked to
altered stress-coping behavioral strategies and metabolic function. In addition, chronic seizures
may alter reward systems.
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Abstract: Spreading Depolarization (SD) is a neurophysiological phenomenon of large-scale
depolarization of brain cells followed by a period of long-lasting neuronal inactivity. SD
propagates through the brain at approximately 3-5 mm per minute causing an underlying
swelling in the brain tissue invaded. This swelling alters the diffusion properties of cerebral
spinal fluid at the cellular level, which we have utilized to visualize SD across the entire brain
with Diffusion-Weighted Magnetic Resonance Imaging (DW-MRI). We hypothesized that SD
invades brainstem tissue using fatal seizures, following district propagation pathways that are
spared during non-fatal seizures.

Combining DW-MRI with EEG monitoring we examined the propagation of SD during fatal and
non-fatal seizures elicited by electrical brain stimulation in a mouse model of Sudden
Unexpected Death in Epilepsy (SUDEP). In addition, we utilized optogenetic stimulation to
induce SD in specific brain regions to examine the propagation path from targeted subcortical
foci. This was further correlated with in vitro analyses of neuronal and synaptic activity at the
cellular level.

DW-MRI identified two brain regions associated with SD during seizures in the mouse SUDEP
model. Targeted optogenetic stimulation in these regions revealed that they are specifically-
sensitive to SD only in the SUDEP model. Further, electrophysiological analyses of intrinsic
neuronal and synaptic activity in these brain regions reveals distinct gain-of-function properties
related to SD susceptibility. These findings highlight that distinct brain regions are involved in
the propagation of SD to the brainstem during seizures and provide support to the theory that
brainstem depolarization is directly linked to SUDEP.
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Abstract: Our recent work demonstrated that despite epilepsy’s inherent heterogeneity, seizures
exhibit a set of conserved dynamical features that allow them to be characterized based upon
scientific principles. The types of onset and offset patterns, known as bifurcations, establish a
dynamical taxonomy of seizure dynamics. We used this taxonomy to characterize seizures in in
vitro models of seizure activity, using inter-spike intervals and spike amplitude trends to
categorize a limited number of specific bifurcations, coupled with several traditional quantitative
signal processing measurements. However, the physiological meaning and relevance behind
these bifurcation types are currently unknown. We used these measurements for two purposes: to
elicit the underlying physiological properties and to quantify and compare seizures across
different experiments. Mouse brain slices containing hippocampus, amygdala, and entorhinal
cortex regions with a variety of pro- and anti-epileptic conditions (low magnesium, epileptic
mutations, anti-epileptic drugs (AEDSs), ketogenic diet, and pre-ictal therapeutic electrical
stimulation) were used to generate an array of different seizure types. Each seizure was
quantified with our algorithm, which allowed scientifically-based measures of seizure dynamics
and direct comparison of their dynamical features.
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Abstract: The ketogenic diet (KD) has been an effective antiepileptic treatment dating back to
the mid-1920s. While a number of hypotheses have been advanced, the exact cellular
mechanism that underlies the antiepileptic action of the KD remains unclear. Evidence has been
accumulating that ketones can directly enhance voltage-gated potassium currents gated by
potassium channel complexes that contain Kvf2 auxiliary sub-units which themselves possess an
aldo-keto reductase enzymatic core domain. Therefore, we advance the novel hypothesis that
ketones generated under ketogenic conditions directly interact with Kvf§ auxiliary sub-units to
increase voltage-gated potassium currents which in turn reduces neuronal excitability.

At 8 weeks of age, wild-type (WT) and Kvp27- (KO) mice were separated into two groups, one
of which was fed standard chow, and the other which was fed a KD for a minimum of 6 weeks.
Ex vivo coronal and modified horizontal slices were prepared from each group. In virto
extracellular field potential recordings were made from either the dorsal hippocampus (HP) of
coronal slices, or the ventral HP, entorhinal cortex (EC) and lateral amygdala (LA)
simultaneously in modified horizontal slices in standard aCSF, with or without the addition of
ketones. Epileptiform bursts were induced by removing Mg?* and increasing K* concentrations in
the aCSF ([Mg?*]o aCSF). The percentage of slices that exhibited bursting, latency to continuous
bursting, and inter-burst interval, were measured for at least one hour after perfusion with the
[Mg?*]o aCSF.

In WT mice, acute application of ketones to slices from animals that were not maintained on a
KD significantly reduced the induction of ictal events in the ventral HP. This effect is ventral HP
specific and was not seen in the dorsal HP, KO mice or animals maintained on a KD. In the
ventral HP, ketogenic conditions caused a significant reduction in the latency to ictal events
regardless of genotype, however, in the dorsal HP, this reduction not observed in KO slices. In
both the ventral HP and the LA, maintenance of WT animals on the KD causes a reduction in the
inter-burst interval, which is not seen in slices made from KO animals. This effect is not seen in
the EC or the dorsal HP. Additionally, treatment with the KD appears to alter the functional
connectivity in the brain, regardless of genotype, as measured by the order in which the three
areas (HP, EC, & LA) begin bursting after induction with ([Mg?*]o aCSF. Although it is not clear
exactly how KyB2 is modulating the effects of the ketogenic diet, it is clear that these effects
differ across brain regions, indicating that the ketogenic diet affects separate regions of the brain
in different ways.
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Abstract: Kindling is a neurobiological phenomenon of progressive seizure-induced plasticity
that permanently increases susceptibility to recurring seizures, development of epilepsy, and
progressive adverse effects of repeated seizures. The molecular, cellular, structural, and
functional alterations induced in neural circuits by kindling are influenced by genetic
background, as demonstrated by the recent development of distinct strains of “fast” and “slow”
kindling rats selected and bred for “fast” or “slow” rates of kindling in response to stimulation of
the perforant path. The “fast” and “slow” strains are referred to, respectively, as perforant path
kindling-susceptible (PPKS) or perforant path kindling-resistant (PPKR). Compared to outbred
Sprague Dawley (SD) rats which developed secondary generalized (Class V) seizures after 16.8
+ 2.5 afterdischarges (ADs), the PPKS and PPKR strains demonstrated Class V seizures after
10.0 £ 1.2 and 27.3 £ 4.4 ADs, respectively, and also demonstrated distinct behavioral
phenotypes (Langberg et al., Neurobiol Dis 85:122-129, 2015). It was of interest to determine if
the genetic background of these strains selected by stimulation of the perforant path also
influences seizures and neural circuit plasticity evoked by stimulation of other pathways. To
address this question, rates of kindling development in seizure-naive PPKS, PPKR, and outbred
SD rats were compared in response to repeated stimulation of the olfactory bulb (OB) with 1 sec
trains of 60 hz biphasic constant current pulses that evoked ADs. Outbred SD rats developed
Class V seizures evoked by OB stimulation after 8.6 + 1.4 ADs, while “fast” PPKS rats required
6.8 + 0.7 ADs and “slow” PPKR rats required 12.1 £ 1.4 ADs (p < 0.01, ANOVA). The rate of
OB kindling was faster in PPKS vs. PPKR rats (p < 0.01, post-hoc t test). The results
demonstrate that susceptibility or resistance to kindling development in the PPKS and PPKR
strains transfers to kindling of other pathways in addition to the PP, and imply that genetic
background conferring susceptibility or resistance to seizure-induced plasticity in the PPKS and
PPKR strains influences multiple pathways of the central nervous system.
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Abstract: Historically, animal EEG studies have been the standard for preclinical assessment of
drug induced seizures. Furthermore, in a typical ex vivo study, cortical neurons derived from rat
forebrain must be extracted and cultured on microelectrode arrays (MEA) for roughly 4 weeks
before mature functional network activity can be utilized for seizure assessment. With recent
advances in human stem cell technologies, iPS-derived neurons can provide spontaneous
electrical activity closely resembling that of murine ex vivo preparations. Here, using Axion
Maestro MEAs, the electrophysiological function was compared amongst three different iPS-
derived neuronal subtypes in the presence and absence of astrocytes. As with ex vivo
preparations, we found that astrocytes are indeed necessary to provide iPS neurons with the
physiological co-culture environment required for mature network level activity. Once network
level activity was achieved (typically 2-3 weeks), co-cultures were exposed to 12 different
compounds having a variety of seizure-related, anti-seizure, or neurotoxic activity (e.g. GABA
A, K+ channel, Na+ channel, muscarinic ACh, glycine, D2 receptor, & MAO block). Though
“time to assay readiness” was different, sensitivity to these compounds were similar for the three
neuronal populations. Importantly, these co-culture models all demonstrated good predictivity
within the 12 drug set and allowed for significantly faster “assay ready” culture times than
typical murine ex vivo preparations. In conclusion, human iPS neurons + astrocytes provide a
number of advantages over current models for seizure liability and anti-epileptic drug screening
efforts and should be further explored to develop a more comprehensive library to better
understand their predictivity for drug induced seizures.
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Abstract: Both women and men with temporal lobe epilepsy (TLE) are at greater risk for
reproductive endocrine disorders, but the neural mechanisms underlying these co-morbidities
have not been elucidated. Hypothalamic gonadotropin-releasing hormone (GnRH) neurons, the
neural output for controlling reproduction, likely play key roles in driving these co-morbidities.
We recently demonstrated robust estrous cycle disruption in female mice in the intrahippocampal
kainic acid (KA) model of TLE. Here, we made targeted extracellular recordings of GnRH
neuron firing in acute coronal brain slices at 2 mo after KA/saline injection. In females, GnRH
neurons showed distinct responses to KA-induced epilepsy depending on estrous cycle stage on
the day of recording. On diestrus, GnRH neuron mean firing rate was increased in the KA-
treated female mice that developed prolonged (>7 d) estrous cycles (saline, n=16 cells, 0.30+0.04
Hz, KA/prolonged n=20 cells, 1.03+0.25 Hz, p<0.01), but KA-treated female mice that
maintained regular 4-6 d cycles did not show this change (KA/normal, n=20 cells, 0.39+0.08
Hz). On estrus, however, GnRH neurons from KA-treated female mice displayed lower firing
rate than control mice, and this change was not correlated with estrous cycle period (saline, n=18
cells, 0.64+0.12 Hz; KA/prolonged, n=13 cells, 0.13+0.04 Hz, p<0.01 vs. saline; KA/normal,
n=6 cells, 0.21+0.14 Hz, p<0.05 vs. saline). Cells located in the medial septum and preoptic area
were most strongly affected. GnRH neurons also showed a sex-specific response to epilepsy, as
cells from KA-treated males did not show a change in mean firing rate (saline, n=14 cells,
0.47+0.13 Hz, KA, n=22 cells, 0.61+0.13 Hz). To examine if GhnRH neuron firing pattern was
also affected by KA treatment, we performed spike pattern analysis for burst detection in the
recorded cells from males and diestrous females. Interspike interval joint scatter plots and k-



means clustering methods were used for burst identification and analysis. The burst duration and
the number of spikes per burst were both increased (p<0.001) in all KA-treated mice, regardless
of estrous cycle period or sex. Among KA-treated females, however, the intraburst firing rate
increased significantly in those with prolonged estrous cycles but decreased in those with normal
estrous cycles (p<0.01). In KA-treated males, by contrast, the intraburst firing rate was not
changed. Together, these findings are the first direct demonstrations of aberrant GnRH neuron
function in an animal model of epilepsy, and indicate dynamic and sex-specific effects of
epilepsy on the neural control of reproduction in different reproductive physiological states.
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Abstract: Deep brain stimulation has been used as a treatment for epilepsy, however, the
mechanisms targets and optimal stimulation parameters are undeterminated. A novel protocol of
stimulation is the non-periodic electrical stimulation pattern (NPS) which consists of changes in
the temporal pattern of pulse firing, instead of periodic interpulse intervals an unstructured non-
periodic electrical stimulation is applied, with randomized interpulse interval. The delivering
NPS at four pulses per second to the amygdala (AM) reduce the severity and number of seizures
induced by pentylenetetrazole and pilocarpine in rats, nevertheless, the effects on epileptogenesis
are unknown. The aim of this work was to analyze the effects of NPS applied to the AM on the
acquisition of kindling-induced epileptogenesis in adult rats. Twenty-one adult male rats were
implanted in the right basolateral AM. The implanted electrodes were used for daily kindling
stimulation (AK) and NPS. Rats were divided in 3 groups: control, preemptive NPS and
NPS/AK. Control animals were stimulated once a day with AK stimulus (1s, 60 Hz, 1ms/pulse).
Animals in preemptive NPS group were stimulated for 10 days with NPS (20 min, four pulses
per second, 0.1ms/pulse with non-periodic pattern) before the start of the AK. Rats in NPS/AK
group received NPS during the development of kindling, the NPS was applied five minutes after
of AK stimulus. The EEG of the AM was recorded. Seizure severity was classified according to



the Racine scale, in addition to seizure stage, the afterdischarge duration (AD) and the
generalized seizure duration (GSD) were analyzed. All animals were stimulated until exhibited
three consecutive stage 5 seizures. Significant differences were found between NPS during AK
animals versus control group: The number of stimulations required to reach the first stage V
seizures, (p < 0.02) and the number of days on stage | (p <0.004) and Il (p < 0.02) seizures
increased in NPS/AK animals compared to the control ones. The daily AD (p < 0.01), the
cumulative AD of the 3 stages V seizures (p < 0.02) and the GSD (p < 0.02) decreased in the
NPS/AK animals compared to the control ones. The preemptive NPS did not show differences in
the acquisition of AK. Our data suggest an anti epileptogenic effect by NPS when the stimulation
was applied during the development of AK. On the other hand, the NPS may be an alternative
treatment against the progress and the pathophysiology of epilepsy, however, a better
understanding of the role of NPS in the modulation of neural networks will help us to find the
physiological mechanisms to achieve a better therapeutic effect with NPS.
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Abstract: Status epilepticus (SE) is a medical emergency resulting from continuous epileptic
seizures that persist for longer than 5 minutes. If left untreated, SE can result in devastating
damage to the brain. While chemoconvulsants such as pilocarpine and kainate (KA) are
commonly used to induce SE in rats, efforts to transition these models to inbred mouse strains
have been met with numerous challenges (high mortality, inconsistent SE behavior, resistance to
pathology). Recent studies have suggested that repeated low-dose (RLD) administration of KA
to adult mice may provide a reliable and survivable approach for SE induction. To evaluate this
model, KA was repeatedly administered to male C57BL/6J mice (7-8 wk; 9-10 wk; 11-12 wk)
until onset of Racine scale 4-5 convulsive motor seizures (CMS). The effects of seizure



induction on neuronal damage and GFAP immunoreactivity were then evaluated in medial
temporal lobe brain regions and correlated to age. While CMS onset consistent with SE
induction was observed in all age groups, survival and neuropathology were found to be age-
dependent, as survival rates and resistance to neuronal damage increased with age. Most
survivors of severe KA-induced CMS exhibited frank neuronal loss of cornus ammonis (CA)
area 1 and 3 neurons and increased GFAP staining in the hippocampal formation. The spatial
distribution of hippocampal damage was assessed across 3 bregmas (-1.4, -2.0, and -2.6), with
neuropathology found to be largely consistent along the ventral-dorsal axis. Interestingly, KA-
induced damage was restricted to the hippocampus, with minimal evidence of neurotoxicity
observed in other brain regions. Collectively, while RLD administration of KA to C57BL/6J
mice represents a reliable CMS induction method, further optimization of this model is necessary
to reduce variability in survival rates and neuropathological outcomes.
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Title: Dorsal versus ventral hippocampus: Does target location matter in the kainic acid mouse
model of temporal lobe epilepsy?
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Abstract: Temporal lobe epilepsy is a highly prevalent form of adult epilepsy and commonly
modeled in mice using an intrahippocampal injection of kainic acid into the dorsal hippocampus.
However, the hippocampus in mice is heterogeneous; targeting different aspects of the
hippocampus may produce distinct phenotypes in an intrahippocampal kainic acid model of
temporal lobe epilepsy. The ventral hippocampus is known to have differences in connectivity
and function compared to the dorsal hippocampus, including greater connectivity with the
amygdala. Furthermore, acute seizures induced via manipulation of the ventral hippocampus are



more likely than dorsal hippocampal seizures to generalize into overt behavioral seizures.
Therefore, mice were subjected to a unilateral injection of kainic acid in either the dorsal (n=17)
or ventral (n=17) hippocampus to induce an initial epileptogenic insult in order to monitor
chronic, spontaneous overt behavioral seizures as well as behavioral and anatomical phenotypes.
These mice were compared to saline controls (n=19). The dorsally and ventrally injected kainic
acid groups exhibited similar deficits on a spatial memory task compared to saline injected mice
(p<0.01). Ventrally injected kainic acid mice additionally displayed a hypohedonic phenotype
(p<0.05). Surprisingly, both dorsally and ventrally injected kainic acid groups had similar levels
of spontaneous overt behavioral seizures (3 or greater on the Racine scale). Hippocampal
pathology will also be compared - examining the extent and focality of several anatomical
phenotypes of temporal lobe epilepsy including cell loss, granule cell dispersion, and mossy fiber
sprouting. Correlations between seizures, behavior, and pathology will also be tested. These
results inform how different aspects of the hippocampus may contribute to distinct or common
pathologies and comorbidities observed in temporal lobe epilepsy.
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Abstract: Introduction. Status epilepticus (SE) is an important neurological condition that
requires immediate clinical attention. Neonatal seizures constitute one of the most common
neurologic disorders in the newborn with the highest incidence in the first year of life. Neonatal
status epilepticus has been extensively studied and it’s been reported it can lead to neuronal
death by apoptosis, morphological alterations in neural networks, among others, mediated by



excitatory amino acids and inflammatory cytokines. Neuroinflammation promotes the activation
of microglia, astrocytes and brain endothelial cells, causing the release of glutamate, interleukin-
la (IL-1a), interleukin-6 (IL-6) and Tumoral Necrosis Factor-o. (TNF-a), which provoke
neuronal damage. Until now, the expression of proinflammatory cytokines IL-1a, IL-6 and
TNFa by kainic acid-induced status epilepticus in the neonatal rat brain (P2) is not known. For
this reason, we have proposed to evaluate it. Material and methods. It was standardized a model
of SE induced by KA in newborn rats (P2). The behavioral assessment to determine SE was
performed using the modified Racine scale. Control and kainic acid treated rats (1.5 mg/kg, KA)
were sacrificed 30 minutes and 24 hours after the treatment. The brains were obtained to
determine the histological damage and expression of IL-1a, IL-6 and TNF-a in hippocampus and
cortex by immunological techniques. We used monoclonal antibodies against the NeuN protein
to evaluate the functional status of the neurons. The immunological staining was performed
using previously published methods. Results. The SE model was established in newborn rats
(P2) at a dose of 1.5 mg/kg AK, with 80% survival. The SE model caused morphological
damage in the hippocampus and cortex regions, quantified by densitometry. We observed a
decrease in the neuronal integration of AK-treated rats. On the other hand, there was a significant
increase in expression of IL-1a, IL-6 and TNF-a proinflammatory cytokines in the neonatal rat
brain by kainic acid-induced SE. A greater expression of these cytokines was observed at 30 min
compared to 24 h later. Conclusions. We obtained an appropriate SE model with a high survival
rate and an extraordinary reproducibility. We also defined that KA produces morphological
damage in the hippocampus and cortex regions, both in rats sacrificed 30 minutes later and 24
hours after the stimulus. The immunohistochemical expression of proinflammatory cytokines
(IL-1a, IL-6 and TNF-a) is higher in the group of animals sacrificed at 30 minutes compared to
the 24-hour group.
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Title: Cyclooxygenase-2 inhibitors differentially attenuate pentylenetetrazol-induced seizures
and increase of pro- and anti-inflammatory cytokine levels in the cerebral cortex and
hippocampus of mice
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Abstract: Seizures increase prostaglandin and cytokine levels in the brain. However, it remains
to be determined whether cyclooxygenase-2 (COX-2) derived metabolites play a role in seizure-
induced cytokine increase in the brain and whether anticonvulsant activity is shared by all COX-
2 inhibitors. In this study we investigated whether three different COX-2 inhibitors alter
pentylenetetrazol (PTZ)-induced seizures and increase of interleukin-1p (IL-1p), interleukin-6
(IL-6), interferon-y (INF-vy), tumor necrosis factor-o. (TNF-a) and interleukin-10 (IL-10) levels in
the hippocampus and cerebral cortex of mice. Adult male albino Swiss mice received
nimesulide, celecoxib or etoricoxib (0.2, 2 or 20 mg/kg in 0.1% carboxymethylcellulose (CMC)
in 5% Tween 80, p.o.). Sixty minutes thereafter the animals were injected with PTZ (50 mg/kg,
i.p.) and the latency to myoclonic jerks and to generalized tonic-clonic seizures were recorded.
Twenty minutes after PTZ injection animals were killed and cytokine levels were measured by
ELISA. Behavioral data were analyzed by Kruskal-Wallis followed by nonparametric Dunn's
test. Cytokine data were analyzed by three-way ANOVA, considering the brain structure as
within-subject-factor followed by Bonferroni test. PTZ increased cytokine levels in the cerebral
cortex and hippocampus. While celecoxib and nimesulide attenuated PTZ -induced increase of
proinflammatory cytokines in the cerebral cortex, etoricoxib did not. Nimesulide was the only
COX-2 inhibitor that attenuated PTZ-induced seizures. This effect coincided with an increase of
IL-10 levels in the cerebral cortex and hippocampus, constituting circumstantial evidence that
IL-10 increase may be involved in the anticonvulsant effect of nimesulide.
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Abstract: Purpose. Mild traumatic brain injury (mTBI) is a risk factor for neurodegenerative
diseases, Post-Traumatic Stress Disorder (PTSD), major depression and epileptic seizures. It is
generated by explosions, traffic accidents, falls or impact sport events. The resulting closed-head
injuries can be identified with Diffusion Tensor Imaging (DTI) by axonal reduction of Fractional
Anisotropy (FA). The clinical severity is correlated with the concussion duration. mTBI
produces Chronic Traumatic Encephalopathy (CTE), biomarked by hyperphosphorylated tau
protein (pTau). mTBI also serves as a tool in animal models to investigate the cell biological
mechanisms of the induced pathological states.

Experimental. In most experiments, we used male C57BL/6N mice (7-8 weeks old) anesthetized
with isoflurane. Their lungs and ears were protected with nylon ballistic coats and plastic plugs,
respectively. The anesthetized mice were exposed for 0.2 msec to a supersonic helium wave
produced by an aluminum 6 feet long and 2 inches wide shock tube. In some experiments, the
animals were repetitively (twice or four times on subsequent days) exposed at 70 or 36 psi.
Controls were treated similarly except for the missing helium wave. Subsequently, all mice were
cardioperfused 2, 5, or 12 days after the last blast. The isolated brains were subjected to DTI and
pTau histology. For absence seizure detection, three stainless steel screw electrodes were
inserted into the skull over the hippocampus and the cerebellum. Two wire electrodes were
additionally inserted into the neck musculature to record electromyography (EMG) activity.
After recovery for one week, EEG and EMG signals were amplified in a range of 0.3 to 70 Hz.
Absence seizures were identified by i.p. injection of pentylenetetrazole (PTZ). Thereafter, the
mice were subjected to forced swim and sucrose preference tests to check on depression-like
behavior.

Results. No mortality was observed. The mice required 5-7 minutes to recover from one blast.
After repetitive blast (2 x 70 psi), the recovery process needed significantly less time. Four hours
after one exposure to 70 psi, the blood brain barrier was found to be open. By PTZ injection, a
significant discharge at 2-4 Hz in mTBI-induced mice indicated absence seizures.

No evidence for depression-like behavior was observed, possibly because of the antagonism
between epileptic and depressive actions. The role of the mTBI-induced increase of pTau will be
discussed.

Conclusion. The hypothetical inverse relationship between epileptic and depressive processes
will be further investigated by antiepileptic intervention.
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Abstract: Epilepsy is a neurological disorder that affects roughly 1% of the population
worldwide. Although effective treatments with antiepileptic drugs are available, more than 20%
of patients have seizures that are refractory to medical therapy and many patients experience
adverse effects. Animal models of epilepsy are very important not only for understanding the
fundamental neuronal mechanism of epilepsy but also for testing the efficacy of new
antiepileptic drugs or other therapeutic interventions. 4-Aminopyridine (4-AP) is a potent
convulsant when applied to the neocortex. Microinjection of 4-AP in vivo can induce focal
seizures, but the volume of tissue in which the 4-AP is released over time is poorly understand.
Here, we combined the 4-AP with fluorescamine, a fluorescent agent that reacts with primary
amines to form a highly fluorescent compound, to characterize the radial diffusion pattern of 4-
AP. 0.5 pl fresh fluorescamine/4-AP solution was injected into rat neocortex (25mM 4-AP and
270mM fluorescamine). We excited fluorescamine/4AP with a 395 nm LED light passed through
a 395 +2 nm bandpass filter. The excitation light was diverted onto the neocortex via an
extended reflectance dichroic mirror. The emitted fluorescence was passed through a band-pass
474£13.5 nm emission filter and collected by an Adimec 1000M/D camera. Serial imaging of the
fluorescence of the mixture of fluorescamine and 4-AP can be used to trace the diffusion of 4-AP
over time. The mixture of fluorescamine/4-AP showed strong fluorescence signals compared to



the background autofluorescence of cortex. On average, injection of 4-AP leads to an early rapid
increase in the area of fluorescence with a second slower increase from diffusion. The delay of 4-
AP starting diffusion is 210£105.9 sec (n=5 rats). The averaged diffusion distances at 1800,
2400, 3000, 3600, 5400, and 7200 sec were 372.77 £54.30 um, 466.48 +54.62 um, 526.67
+48.33 um, 589.60 +42.86 um, 497.94 +78.35 um, and 428.17 £54.15 um, respectively. The
average maximum distance of diffusion of 589.60 +85.72 pum was reached at 3600 seconds.
Taken together, these results demonstrate that the fluorescamine-based bioassay could be used as
a novel method to investigate the distribution of 4-aminopyridine or other compounds with
primary amines in the brain.
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Abstract: One in twenty-six Americans are diagnosed with epilepsy at some point during their
lifetime. While the majority of these patients achieve seizure control with medications,
approximately one-third of epilepsy patients are refractory to therapy with antiepileptic drugs.
Patients with refractory epilepsy are at high risk for sudden unexpected death in epilepsy
(SUDEP). The preponderance of evidence suggests that SUDEP occurs due to seizure-induced



respiratory and/or cardiac dysfunction. In addition, the majority of SUDEP cases occur during
the night. Since humans tend to sleep during the night, this has been attributed to SUDEP
occurring during sleep. Sleep state certainly affects seizures, and there is evidence that sleep state
influences SUDEP; however, the observation that SUDEP tends to occur during the night might
also implicate circadian influences on SUDEP that are independent of the influences of sleep
state. We investigated this possibility here. Adult male wild-type mice were implanted with
EEG, EMG, and EKG recording electrodes. After recovery from surgery and acclimation to the
recording chamber, seizures were induced via maximal electroshock (50 mA, 200 msec, 60 Hz,
biphasic sine wave) during wakefulness, non-rapid eye movement (NREM) sleep and rapid eye
movement (REM) sleep during the daytime and the nighttime (n = 12 per condition). EEG,
EMG, EKG, and breathing plethysmography data were collected during each seizure induction.
Seizure severity and duration, and the effects of seizures on breathing, cardiac function, EEG
power, and survival were assessed. Seizures induced during the daytime, the inactive phase of
rodents, were longer in duration, more severe, and more likely to be fatal than seizures induced
during the nighttime. Seizures induced during the daytime were also associated with more
profound respiratory dysregulation and post-ictal EEG suppression compared to those induced
during the nighttime. There were no statistically significant differences in the effects of seizures
induced during different vigilance states and times of day on cardiac function. Seizures induced
during REM sleep during either the daytime or the nighttime were fatal. Taken together these
data suggest that time of day influences the physiological consequences of seizures that may lead
to seizure-induced death. Additional work is needed to determine the mechanisms by which time
of day affects seizure outcomes. Understanding these mechanisms may inform strategies to
prevent SUDEP.
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Abstract: Sudden unexpected death in epilepsy (SUDEP) is a leading cause of premature
mortality in patients with medically intractable epilepsy. While the pathophysiology of SUDEP
remains unclear, multiple risk factors have been identified, including generalized tonic-clonic
seizure (GTC) frequency, gender, early age at seizure onset and polytherapy with anti-seizure
drugs. The spontaneously epileptic Kcnal-null (KO) mouse, lacking the delayed rectifier
potassium channel protein Kv1.1, has been validated as a model of SUDEP, and a recent study
has shown that a high-fat, anti-seizure ketogenic diet (KD) significantly extends longevity
relative to KO mice fed normal rodent chow (PMID: 27346881). Here, we investigated whether
the KD-induced extension of lifespan in KO animals is dependent upon gender and/or age of
onset of KD administration. As mice aged, we found that KO animals had a steadily increasing
daily seizure frequency (6.5 + 4.7 at postnatal days [PD] 33-38 vs. 10 £ 2.2 at PD40-45, p <
0.01) and early demise by PD 46.9 £ 0.8 (n=112). In standard diet (SD)-fed KO mice, there was
no difference in lifespan between male and female animals. By contrast, following KD initiation
at PD30, KD-fed mice exhibited significantly extended longevity (PD 69.8 £ 1.7; n=36; p
<0.01), and concomitantly had a decreased frequency of daily seizures (4.1 = 0.9; n=36; p <
0.01). Seizure control on the KD was similar between male and female mice, but KD-fed female
KO mice survived longer than their male counterparts. The average ages of mortality were PD
73.1 £ 2.5 (n=21) and PD 65.1 + 1.4 (n=15) for females and males, respectively (p < 0.05).
Comparing KO mice with KD onset at two different ages, we found that diet initiation at PD25
led to longer lifespans compared to those who were placed on the KD starting at PD35.
Collectively, these data further support the notion that the KD can retard disease progression and
sudden death in the Kcnal-null mouse model of early developmental epilepsy, but that these
effects are dependent on sex and age at initiation of therapy. The profound alterations in cellular
metabolism and mitochondrial bioenergetics elicited by the high-fat diet are likely to be
influenced by other factors as well, and future studies are necessary to clarify the specific
mechanisms underlying the disease-modifying effects of the KD.
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Abstract: Nerve agents are organophosphorus (OP) compounds which have been used by
terrorist organizations and militant governments in civilian attacks. Nerve agents irreversibly
block acetylcholinesterase activity, resulting in an accumulation of excess acetylcholine at neural
synapses. This leads to a state of prolonged seizures known as status epilepticus, which is
associated with significant morbidity and mortality. Benzodiazepines, the current anticonvulsant
standard of care, become less effective as the time to treatment increases. In a mass civilian
nerve agent exposure, concurrent trauma and limited resources would likely cause a delay in first
response time. We have developed a rat model to test the anticonvulsant and neuroprotective
efficacy of novel therapeutics at delayed time points. Adult, male rats with cortical EEG
electrodes are exposed to the nerve agent soman and administered test treatments along with
midazolam 20 minutes after seizure onset. FluoroJade B (FJB) staining is used to assess the
neuroprotective effects of the treatments. We have validated our model using four drugs with
established efficacy, or lack thereof, in other seizure models. Scopolamine, an anticholinergic,
stopped seizures within one hour of treatment, in 5/9 rats treated with 5.6 mg/kg, 7/11 rats
treated with 10 mg/kg, and 6/10 rats treated with 30 mg/kg, while saline + midazolam was
ineffective (n = 11). Scopolamine also reduced the number of FJB+ neurons compared to
controls in the five brain regions considered (amygdala, thalamus, piriform cortex, hippocampus,
and parietal cortex). Memantine, an NMDA antagonist, had no anticonvulsant or neuroprotective
effect and led to significant mortality (4/10 survivors) when tested at 56 mg/kg. Phenobarbital, a
barbiturate, stopped seizures in rats 51.98 minutes (SEM = 14.23) after treatment in 8/8 rats
treated with 100 mg/kg. In 4/10 rats treated with 56 mg/kg, seizures terminated, but returned an
average of 19.63 minutes (SEM = 3.06) later and lasted throughout the day. Phenobarbital dose-
dependently reduced the number of dying cells in the amygdala only. Ganaxolone, a neuroactive
steroid, also demonstrated dose-dependent anticonvulsant efficacy with seizures terminating in
2/13 rats at 3 mg/kg, 3/9 rats at 6 mg/kg, and 5/9 rats at 10 mg/kg. Our results align with
previous findings, thus validating our model as a way to successfully test the anticonvulsant and
neuroprotective effects of novel drugs that may stop nerve agent-induced seizures.
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Abstract: Understanding how seizures propagate across the brain is important to elucidating
seizure dynamics and improving treatment strategies in pharmacoresistant focal epilepsy. While
it has long been recognised that sensory stimuli can facilitate or inhibit epileptic seizures, very
little is known about the cortical mechanisms that underpin such behaviour. Since it is thought
that seizure propagation is restrained by feed-forward inhibition, and sensory adaptation during
repetitive stimulation alters the balance between cortical excitation and inhibition, we sought to
perturb focal seizure propagation dynamics through activation of sensory regions adjacent to the
seizure focus. To this end, we exploited our established multi-modal methodology to examine
neural and hemodynamic responses in cortex during physiological stimulation and recurrent
focal acute seizures, and our mathematical model that allows decomposition of evoked LFPs into
excitatory and inhibitory components. Two multi-channel depth electrodes were implanted into
visual and adjacent vibrissal cortex of the urethane-anesthetized rat, the latter loaded with 4-
aminopyridine (4-AP, 15mM) for induction of recurrent focal seizures. 4-AP was infused into
layer 6 visual cortex after a pre-infusion baseline recording. High-resolution spatial measures of
total haemoglobin concentration were obtained using optical imaging spectroscopy. Whisker
stimulation (16s, 5Hz, 1.2mA) was delivered at specific time-points following 4AP infusion and
responses compared to controls to determine the effect of nearby epileptic activity on sensory
processing and assess the manner in which ictal propagation is modulated by nearby sensory
stimulation. Laterolaminar properties of epileptiform activity and resultant neurovascular
coupling processes during the horizontal spread of epileptic activity were concurrently assessed
using a suite of analysis techniques. Somatosensory activation in the ictal surround during
ongoing recurrent seizures was associated with: 1) an increase in synchronisation between
electrodes in the seizure onset zone and neighbouring S1 cortex within the gamma-frequency
range of the LFP; and 2) a profound decrease in multi-unit activity in deep cortical layers.



Notably, the reverse of the latter was observed in an isolated case where sensory responses and
background cortical activity were consistent with a lighter anesthetic state. Our findings provide
new insights into the complex effects of sensory stimulation on the propagation of adjacent acute
focal seizures that may have important implications for our understanding of seizure dynamics.
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Abstract: Current pre-clinical methods for characterizing the efficacy of anti-epileptic drugs
and/or surgical interventions rely on the ability to prevent, delay, or lessen the severity of
artificially induced seizures, either as a result of electric shock or the administration of pro-
convulsant drugs. These measures exhibit a large degree of baseline variability, requiring large
numbers of replicates to achieve the statistical power required to demonstrate efficacy. We have
developed a new method to detect small shifts in network excitability (e.g. seizure susceptibility)
using optogenetically induced population discharge thresholds (oPDT), in mice, as a surrogate
for seizure. By combining optogenetic stimulation of the hippocampus with chronic multi-site
recording in peri-hippocampal structures of awake behaving animals, we can induce and detect
abnormal network wide population discharges that mirror spontaneous interictal spikes in terms
of waveform shape and latency. By varying the intensity of light we can compare the magnitude
of the optogenetically mediated current to the probability of population discharge. This
probability curve is well fit by a Boltzmann curve, allowing calculation of a VV50. Here we
demonstrate that the V50 is a sensitive and reliable metric of network excitability. Manipulations
known to increase excitability such as chronic EtOH withdrawal, or sub-convulsive doses (20
mg/kg) of pentylenetetrazol (PTZ ) produce a leftward shift in the curve compared to baseline.



Anti-epileptic drugs, in combination with pro-convulsive manipulations, produce a rightward
shift to baseline. oPDT baselines are remarkably stable over time, allowing for within-subject
experimental design with multiple pharmacological manipulations, reducing the total number of
animals needed. Furthermore we have fully characterized the close relationship between the
oPDT and optogenetically induced seizure thresholds, thus demonstrating that the oPDT is a
useful surrogate. The oPDT is the first example of a sensitive measure of subconvulsive network
excitability, with broad applicability to a number of areas of investigation.
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Abstract: Superoxide dismutase-2 (Sod?2) is a critical mitochondrial antioxidant enzyme that
catalyzes the detoxification of superoxide radicals in the mitochondrial matrix. Global deletion
of Sod2 causes neonatal lethality. The goal of this study was to determine the consequences of
mitochondrial oxidative stress in forebrain neurons during adulthood. A brain specific knock out
(KO) mouse was generated by crossing an Sod2 p lox mouse strain with a neuronal basic helix-
loop-helix (NEX) cre-recombinase mouse. The homozygous lox/lox offspring (Sod2-/-) were
compared to their wild type littermates (Sod2+/+) for redox and metabolic parameters,
behavioral deficits and cell death. Compared to Sod2+/+ mice, Sod2-/- mice displayed lower
body weights at 1 month (p=0.03) and 2 months (p=0.006) of age with average age of death of
approximately 2 months. Sod2-/- mice exhibited progressive age-dependent ataxia, kyphosis, and
eventual hind limb paralysis. A rotarod test at 6 weeks revealed a deficit in balance, grip
strength, and/or motor coordination (p=0.001). Mitochondrial aconitase, but not fumarase
activity, a measure of oxidative stress, was decreased in 1 month (p<0.0007) and 2 month
(p<0.0001) old Sod2-/- mice compared to Sod2+/+ mice. Spontaneous seizure activity was
detected in 6 week old Sod2-/- mice. Cell death, identified by Fluoro Jade B stain, was



progressive and specific to the prefrontal cortex (p< 0.01) and somatosensory/motor cortex
(p<0.05) in Sod2-/- mice. Primary cortical cultures isolated from 5 day-old Sod2-/- and Sod2+/+
littermates revealed increased glycolytic rates in Sod2-/- cultures. Correspondingly, blood
glucose levels were decreased in 6 week old Sod2-/- mice (p=0.0101). Finally, using a PCR
array, we identified nine genes with increased expression in the prefrontal cortex of Sod2-/-
mice. These results suggest that mitochondrial oxidative stress in forebrain neurons results in
seizures and behavioral deficits, selective neuronal death and increased glycolysis.
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Title: Are microglia replaceable?
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Abstract: Ontogeny and function have been the major foci of microglia research in recent years.
However, numerous questions remain unanswered regarding their role in pathology and whether
monocyte-derived macrophages can assume microglia function in the adult brain. Whether or not
monocyte-derived macrophages can engraft the brain and whether engrafted cells become
microglia or instead retain unique functions remain major points of contention in the field. Here,
we demonstrate that adult microglia, despite prevailing dogma, can be replaced spatially by
peripheral monocytes without brain irradiation or blood-brain barrier disruption. However, these
monocyte-derived engrafted macrophages do not differentiate to microglia, but acquire a unique
transcriptomic profile. Using a bioinformatics approach, we defined signatures that detect the
presence and unique function of engrafted macrophages among putative myeloid transcriptomes.
Further, we developed a technique to replace microglia with hematopoietic-derived macrophages



and compared their responses to the response of microglia under numerous physiological and
pathological conditions. Under baseline conditions brain-engrafting macrophages cause no overt
deficits in behavior, yet have aberrant response to peripheral or local challenges. These aberrant
responses may be relevant for many neurological conditions and may impact neural function
over the life of an individual.
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Abstract: Phagocytosis is one of the crucial functions of microglia. Recently, cCAMP signaling in
microglia is suggested to regulate their phagocytic capacity. However, it remains unclear
whether cAMP signaling enhances or attenuates microglial phagocytosis. We investigated how
changes in the intracellular cAMP levels in microglia modulate their phagocytic capacity. For
this purpose, we developed a coculture system of microglia with astrocytes and neurons, in
which the in vivo-like ramified shape of microglia is maintained. We found that pharmacological
activation of cCAMP slightly facilitated microglial phagocytosis of E.coli particles. In addition,
we investigated the role of cCAMP in microglial phagocytosis by optogenetically stimulating
photoactivated adenylyl cyclase (PAC) in cultured microglia. We also applied this system for the
live imaging of synaptic pruning by microglia. To image microglia-synapse interactions in real
time, hippocampal neurons were transfected with synaptophysin-mCherry and were cocultured
with GFP-expressing microglia prepared from CX3CR1™"* mice. Using this system, we
observed a translocation of mCherry-labeled synaptophysin from axons of living neurons to
GFP-labeled microglial processes. Thus, our experimental system is useful to examine the
mechanisms that regulate the phagocytic capacity of microglia.
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Abstract: Microglial cells are the immune-competent macrophages present in the central
nervous system (CNS). Microglia-mediated neuroinflammation has been shown in various
neurological disorders such as Alzheimer’s disease, Parkinson’s disease, brain injury and
infection. Phosphatidylinositol 3-kinase (P13K) is known to play a significant role in synaptic
plasticity in neurons. It is also expressed in microglia and its role in microglia has been mainly
studied in the context of inflammation and phagocytosis. Studies have also shown that PI3K can
bring about a phenotypical switch in microglia from pro-inflammatory (M1) to anti-
inflammatory (M2) which may prevent neurotoxicity. Downstream effectors of microglial PI3K
such as protein kinase B (Akt), CAMP response element binding protein (CREB) and brain-
derived neurotrophic factor (BDNF) have been found to influence synaptic plasticity. We
therefore hypothesise that the PI3K/AKkt pathway in microglia regulates the production of BDNF
which in turn alters synaptic plasticity. In this study, we investigated the regulation of microglial
PI3K epigenetically through histone modification and post-translationally through sumoylation.
Western blot and immunohistochemistry (ICC) analysis showed that sodium butyrate, a histone
deacetylase inhibitor (HDACI) upregulated PI3K expression and the phosphorylation of Akt and
CREB in microglia, suggesting that BDNF secretion from microglia may be altered via
epigenetic regulation of PI3K. Knockdown of SUMO1 in stable BV2 microglia decreased the
phosphorylation of Akt and CREB as well as the expression of BDNF. These results suggest that
microglial PI3K is epigenetically regulated by histone modifications and post-translationally
modified by sumoylation. We will next explore the role of microglial PI3K in long-term
potentiation (LTP) in hippocampal slice cultures. Understanding the mechanisms by which
microglial PI3K influences synapses may give us an insight into the ways by which it can
modulate synaptic transmission and subsequently synaptic plasticity in learning and memory.
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Abstract: Distinct from other type of cells in brain, microglia are derived from myelogenous
cells and responsible for immunological and inflammatory events in central nervous system.
While they play a major role in acute inflammation on a variety of disorders, recent studies have
revealed that chronic inflammation caused by active microglia leads to neurodegenerative
diseases such as Alzheimer’s disease and psychiatric diseases such as schizophrenia. Thus, the
comprehensive understanding of brain inflammation elicited by microglial activation would
refine therapeutic strategies of multiple neurological disorders. We have recently shown that two
subunits of serum- and glucocorticoid-inducible kinases (SGKs), SGK1 and SGK3, are
expressed in multiple microglial cell lines. Application of an SGK inhibitor gsk650394 results in
enhanced lipopolysaccharide (LPS)-induced expression of iNOS and TNFa and nitric oxide
(NO) production. These results imply the involvement of SGKs in cellular inflammatory
responses (Inoue et al, 2016 BBRC). Here, to explore further the mechanism by which SGKs
participate in microglial function, we focus on the roles of SGK1 in microglial BV-2 cells. We
first employed the CRISPR/Cas9 system to introduce mutations in SGK1 gene, and successfully
obtained heterozygous and homozygous knockout cell lines. Disruption of SGK1 gene leads to
deramification of BV-2 cells; proportion of relatively round amoeboid cells is increased while
that of ramified cells having long process(es) is decreased, suggesting the likelihood of
microglial activation in SGK17 cells. In support of this, deleting SGK1 accelerates proliferation
rate, another potential parameter of activation. NO is generated by an administration of LPS, and
it is enhanced in SGK17 cells. In addition, those cells are treated with ATP to induce activation
and injury, and SGK17 cells turn out to be more susceptible to ATP-induced cell death,
suggesting an increase in sensitivity to apoptotic signals. Taken together, these findings



demonstrate that SGK1 contributes to fundamental cellular function in regard with microglial
activation. Further experiments will be performed.
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Abstract: Microglia, the resident immune cells of the brain, are known to play important roles in
pathological and physiological conditions. Their main function, as immune cells, is to detect the
signs of pathogenic invasion or tissue damage, and moderate the potential damage to the CNS
and support tissue repair. In addition, recent findings have revealed that microglia are also
involved in maintaining the neurodevelopment process and synaptic plasticity and controlling
other neural functions. In order to investigate detailed functions of microglia, we have
undertaken development of a conditional gene manipulation system in microglia using Cre/loxP
recombination. We generated a new knock-in mouse line expressing codon-improved Cre
recombinase (iCre) under the control of the Aifl (Allograft inflammatory factor 1, also known as
Ibal) promotor. This Aifl-iCre line was established by insertion of iCre gene into the translation
initiation site of the Aifl in frame using C57BL/6N ES cells via homologous recombination.
Resulting Aif1-iCre mice were viable, grew normally, and were fertile. By crossing the Aifl-
iCre line with the tdTomato reporter mouse line, we investigated its recombination pattern in the
brain. We found that tdTomato fluorescence was detected in the almost cells expressing Ibal
protein, indicating that conditional recombination was performed in a very large population of
microglia. Although the recombination seemed to be highly microglia-selective, we also detected
fluorescence in a minor population of excitatory neurons, which express a neuronal marker
NeuN but contain no inhibitory transmitter GABA, in the forebrain and cells that comprise a part
of capillary vessel throughout the brain. It seems that the recombination in these cells was due to
transient expression of Cre recombinase at an early stage of development because no
immunoreactivity for Ibal was detected in the adult brain. However, no tdTomato fluorescence
was not overlapped with the immunofluorescence for astrocyte marker GFAP, glial fibrillary
acidic protein, or oligodendrocyte marker APC, adenamatous polyposis coli. Thus, the Aifl-iCre
line on the C57BL/6N background will be a useful genetic tool to manipulate gene expression in
microglia without affecting the functions of other glial cells.
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Abstract: Translocator protein 18 kDa (TSPO) is a glial stress-response protein used in
preclinical and clinical neuroimaging studies as a biomarker of neuroinflammation. Recent
studies using TSPO knockout mice have questioned the long-held view that TSPO functions to
transport cholesterol into the mitochondria for steroid synthesis. Further, the understanding of
TSPO function in microglia is lacking. We have previously shown that TSPO ligands (TSPO-L)
induce microglia functions consistent with an activated state, suggesting a role of TSPO in the
inflammatory response to brain injury. Primary microglia exposed to TSPO-L (1-100 nM)
induces ROS production which is abrogated by NADPH oxidase (NOX2) inhibitors, suggesting
an association between TSPO and NOX2. NOX2 is a multi-subunit enzyme highly enriched in
microglia and a major source of ROS in the CNS. To further elucidate the TSPO-NOX2
association in microglia, we used different molecular approaches to assess protein-protein
interaction under unstimulated or stimulated conditions (100 ng/mL lipopolysaccharide (LPS) for
18 hours). 1) Co-immunoprecipitation (co-1P) revealed that the NOX2 subunits, gp91phox
(gp91) and p22phox (p22), co-IP with TSPO supporting a protein-protein interaction. TSPO’s
association with gp91 and p22 decreased with LPS stimulation, whereas TSPQO’s association
with VDAC, a mitochondrial protein, remained constant. These findings suggest that microglia
activation changes the dynamics of the TSPO-NOX2 interaction. 2) Confocal imaging and
colocalization analysis of TSPO/gp91/VDAC or TSPO/p22/VVDAC immunofluorescence in
microglia confirmed that TSPO colocalizes with both NOX subunits, as well as VDAC. Under
LPS-stimulated conditions, TSPO associated with gp91 and TSPO associated with p22, exhibit
decreased colocalization with VDAC. 3) Duolink Proximity Ligation Assay confirmed that
TSPO interacts with p22, gp91 and VDAC in murine primary microglia. TSPO interaction with
these proteins mirrored our co-IP data in that TSPQO’s association with NOX2 subunits decreased
with LPS activation, whereas TSPQO’s association with VDAC did not change.

Our findings suggest a novel TSPO-gp91-p22 interaction with VDAC in primary microglia that



is disrupted by microglia activation with LPS. This TSPO-NOX2-VDAC putative complex may
be disrupted by LPS-induced changes in membrane lipid composition, and promote the
trafficking of TSPO, gp91, and p22 away from VDAC. We propose that the TSPO-gp91-p22-
VDAC interaction modulates the subcellular localization of gp91 and p22 proteins, thereby
altering NOX2 activity and mitochondrial function.
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Abstract: Previously, we reported the existence of dark microglia, a newly defined microglial
phenotype found during chronic stress, aging, fractalkine signaling deficiency, and Alzheimer's
disease pathology (APP-PS1 mice), but rarely present under steady state conditions (Bisht et al.,
Glia, 2016). Ultrastructurally, the dark microglia exhibited characteristic features of oxidative
damage, and also expressed TREM2 (triggering receptor expressed on myeloid cells 2), a cell
surface receptor that mediates phagocytosis, when found in association with the plaques of
amyloid B. These cells appeared to be phagocytically more active than normal microglia, with
their highly ramified and extremely thin processes extensively encircling axon terminals,
dendritic spines, and even entire synapses, suggesting their implication in the pathological
remodelling of neuronal circuits. Since brain development is also characterized by massive
synaptic remodelling, including synaptic pruning, that requires microglial activity, it is important
to look at the contribution of these highly phagocytic cells in development mechanisms to better
understand their implication in diseases. In continuation with the previous study, we have
attempted to characterize further these cells across stages of the lifespan, employing
immunohistochemistry followed by transmission electron microscopy analyses. Previously, we



found these cells to be associated with pathological states. Nevertheless, surprisingly, they are
also abundant in the normal developing brain, as early as postnatal day 5 (P5). Detection of dark
microglia in the early developing brain could be associated with the clearance of cellular debris
and synaptic connections overproduced during early postnatal development, however, direct
evidence for the involvement of dark microglia in early brain development is lacking. Recent
studies have shown the expression of TREM2 mRNA in embryonic and postnatal brain,
primarily in microglia. Inducing TREMZ2 expression in microglial cells results in an increased
phagocytosis, whereas its knockdown causes a reduced phagocytic ability. Given the importance
of TREM2 in mediating microglial survival and phagocytic response, we attempted to detect
dark microglia in conditions where TREMZ2 protein has been knocked out. Indeed, dark
microglia could not be detected in brain sections prepared from TREM2 knockout animal brains
in comparison to their wildtype controls. Our focus is on the identification of specific markers
that could selectively label these cells, in order to characterize their implication across brain
development, plasticity, and disease.
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microglia
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Abstract: Microglia are resident innate immune cells which release many factors including
proinflammatory cytokines or nitric oxide (NO) when they are activated in response to
immunological stimuli. Pathophysiology of Alzheimer’s disease (AD) is related to the
inflammatory responses mediated by microglia. Intracellular Ca?* signaling is important for
microglial functions such as release of NO and cytokines. In addition, alteration of intracellular



Ca?* signaling underlies the pathophysiology of AD, while it remains unclear how donepezil, an
acetylcholinesterase inhibitor, affects intracellular Ca?* mobilization in microglial cells. In this
study, we observed that pretreatment with donepezil suppressed the TNFa-induced sustained
intracellular Ca?* elevation in rodent microglial cells. On the other hand, pretreatment with
donepezil did not suppress the mMRNA expression of both TNFR1 and TNFR2 in rodent
microglia we used. Pretreatment with acetylcholine but not donepezil suppressed the TNFa-
induced intracellular Ca* elevation through the nicotinic o7 receptors. In addition, sigma 1
receptors were not involved in the donepezil-induced suppression of the TNFa-mediated
intracellular Ca®* elevation. Pretreatment with donepezil suppressed the TNFo-induced
intracellular Ca?* elevation through the PI3K pathway in rodent microglial cells. Using DAF-2
imaging, we also found that pretreatment with donepezil suppressed the production of NO
induced by TNFa treatment and the PI3K pathway could be important for the donepezil-induced
suppression of NO production in rodent microglial cells. Finally, phagocytosis assay showed that
pretreatment with donepezil promoted phagocytic activity of rodent microglial cells through the
PI3K but not MAPK/ERK pathway. These suggest that donepezil could directly modulate the
microglial function in vitro through the PI3K pathway.
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Abstract: Microglia are important cellular sentinels in the brain, however mechanisms of
communication directing homeostatic responses are poorly understood. Brain aging represents a
unique model for studying such mechanisms given prominent alterations in microglia
homeostasis driven by aging-associated inflammation and loss of proteostasis. Here, we focus
our study on exosomes, a subtype of extracellular vesicles containing bioactive proteins, RNA
molecules and lipids, based on their endosomal origin and previously reported involvement of
exosomes in regulating peripheral immune cell activation. We hypothesized that aging alters
microglia exosome production and that these changes serve to regulate microglia inflammatory
activation. Our initial characterizations revealed increased exosome abundance in the interstitial
space of aged compared to young brains. Additionally, aged microglia expressed significantly
higher levels of exosome release gene, rab27a, and showed enhanced abundance of exosome-
associated proteins compared to young microglia. Utilizing in vitro approaches, we investigated
the signaling capability of microglia exosomes by analyzing exosome content. Microglia
exosomes contained heterogeneous mixtures of proteins and microRNAs, enriched with
molecules involved in the regulation of inflammatory processes including cytoskeletal
rearrangement and cytokine signaling. To directly test the signaling capability of these exosome-
associated molecules, we performed stimulation assays using exosomes from activated
microglia. RNA sequencing identified differential induction of numerous genes involved in
immune activation, cytokine production and phagocytosis in exosome- relative to vehicle-treated
microglia. Functional in vitro assays corroborated these gene expression changes confirming
exosome-mediated inflammatory propagation in microglia. To determine if exosomes regulate
such responses during microglia aging, we performed unilateral stereotaxic injection of exosome
inhibitor, GW4869, or vehicle into aged brains. Subsequently analysis of microglia activation
revealed significantly higher expression of CD68 in response to exosome inhibition. Together,
we identify a novel form of cell-cell communication in microglia with important implication in
regulating homeostatic and inflammatory responses during aging.
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Abstract: Transcranial focused ultrasound (FUS) enables non-invasive and controlled drug
delivery across the blood-brain barrier (BBB) in a temporal (6- to 12-hours) and localized
manner. Previous work reported varying degrees of microglial and astrocytic activation triggered
by FUS over time. For example, Jord&o et al (2013) showed that microglia were activated by 4
hours, and astrocytes by 4 days, both returning to baseline levels by 14 days post-FUS. This
work did not use a feedback controller, which can better control opening. Depending on the type
and severity of brain challenge, microglia can display a gradient of activation, and can contribute
to inflammation and pathology, or reduce pathology (e.g. clear amyloid-beta) and promote
regenerative processes. Mild challenges result in earlier resolution of microglia and astrocyte
activation, and are not associated with the detrimental characteristics of glial scars. Here, we
investigated a time-course of glial activation following FUS coupled with a feedback controller.
We hypothesized that FUS treatment would transiently activate microglia and astrocytes near
permeabilized, but not ruptured, blood vessels. We developed a machine learning protocol to
analyze, in an unbiased manner, the spatio-temporal activation of microglia and astrocytes as
determined by changes in morphology and the intensity of established glial markers. We show
that microglia activation occurs by 1 day post-FUS and is significantly reduced by 10 days post-
FUS. Astrocytes show activation beginning by 1 day post-FUS and remain activated at 10 days
post-FUS. Furthermore, we quantified microglia and astrocyte proliferation, and the levels of
stress proteins, including heat shock proteins. Microglia showed an increase in proliferation
consistent with activation, while astrocytes did not proliferate. We observed no changes in heat
shock proteins 70 and 90. Finally, neuronal cell death following FUS was not observed and
erythrocyte extravasation was minimal. We conclude that following FUS, microglia and
astrocytes are activated for at least 10 days, with progressive reductions in microglia activation.
This activation was not associated with cell death, significant red blood cell entry in the brain, or
changes in common heat shock proteins.
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Abstract: Microglia play critical roles in CNS injury responses, tissue homeostasis, and can also
modulate neuronal function and synaptic connectivity. In contrast to astrocytes and
oligodendrocytes, which arise from multiple progenitor pools, microglia arise from yolk sac
progenitors and are widely considered to be equivalent throughout the CNS. However, little is
known about the basic properties of deep brain microglia, such as those residing within the basal
ganglia (BG). Here, we show that microglial anatomical features, lysosome content, and
membrane properties differ significantly across BG nuclei. In addition, transcriptome sequencing
revealed significant differences in gene expression between midbrain and cortical microglia.
Region-specific phenotypes of BG microglia emerged during the second postnatal week and
were re-established following genetic or pharmacological microglial ablation and repopulation,
indicating that local cues play an ongoing role in shaping microglial diversity. Together, these
observations demonstrate that microglia in the healthy brain exist along a spectrum of distinct
functional states and these data provide a critical foundation for defining microglial contributions
to BG circuit function.
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Abstract: Kynurenine 3-monooxygenase (KMO) plays a key regulatory role in the kynurenine
pathway (KP) of tryptophan degradation, which contains several neuroactive metabolites. In
vitro studies suggested that KMO in the mammalian brain is predominantly localized in
microglial cells (Alberati-Giani et al., 1996; Heyes et al., 1996, Guillemin et al., 2001), but
verification in vivo has not been provided so far. We showed recently that KMO activity is
unchanged in adult wild-type (WT) mouse brain after depletion of microglia (Sathyasaikumar et
al., SfN Abstr., 37.19, 2016). As KMO activity is substantially increased in the brain of R6/2
mice, an established animal model of Huntington’s disease (HD) (Sathyasaikumar et al., 2010),
we now examined possible impairments in KMO and other elements of cerebral KP metabolism
in R6/2 mice after pharmacological depletion of microglial cells. To this end, we treated animals
with the colony stimulating factor 1 receptor inhibitor PLX5622, which depletes microglia in
normal mice by 80% after 1 week of treatment (Dagher et al., 2015). WT and R6/2 mice were
fed either PLX5622 (1,200 ppm in chow) or normal chow for 28 days starting at 7.5 weeks of
age (N=10-12 per group). Animals were euthanized on the last day of treatment, and KMO,
kynureninase and 3-hydroxyanthranilic acid dioxygenase (3-HAQO) activities, as well as 3-
hydroxykynurenine (3-HK), kynurenic acid (KYNA) and quinolinic acid (QUIN) levels were
determined in the forebrain. In addition, we analyzed brain weight, body weight and rotarod
behavior in all animals. Compared to WT animals, R6/2 mice showed increased KMO (+214%)
and decreased kynureninase (-42 %) activity. Neither of these changes was affected in PLX5622-
treated animals. In contrast, brain 3-HAO activity was essentially identical in WT and R6/2
mice, and PLX5622 treatment caused dramatic reductions in enzyme activity in both genotypes
(WT: -65%; R6/2: -77%), indicating microglial localization of the majority of 3-HAO in the
brain of both WT and HD mice. PLX5622 treatment had no significant effects on body weight,
or on the brain levels of 3-HK, KYNA and QUIN in either genotype. Brain weight was
significantly reduced in R6/2 mice, but PLX5622 treatment had no effect. The latency to fall
measured by rotarod task worsened with age in R6/2 mice, but was unaffected by PLX 5622 in
either genotype. Taken together, our data suggest that microglial cells do not harbor the majority
of KMO and kynureninase in either physiological or pathological conditions. Possible
compensatory events following PLX5622 treatment are currently under investigation.
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Abstract: The inherent plasticity of the zebrafish olfactory system serves as a useful model for
examining immune cell response after injury. Microglia are the resident immune cells of the
central nervous system that respond to damage by migrating to the site of injury and
phagocytizing neuronal debris. We have shown a microglial response to olfactory deafferentation
and direct injury; however, the timing and pattern of microglial migration remains unclear. We
hypothesize that the microglial response to deafferentation or direct bulb injury facilitate
regeneration and that liposome-encapsulated clodronate treatment will induce specific and
localized macrophage depletion after damage and inhibit regeneration efficiency. Peripheral
deafferentation and direct injury to the olfactory bulb in the whole fish was performed and
compared to results in the isolated brain removed of all afferent input and peripheral influence.
Comparisons of whole fish treatment groups to controls showed a significant increase in
activated microglia in the damaged bulb following peripheral deafferentation at 4, 12, 24, 48, and
72h. Amoeboid profiles significantly increased between 1-4h, decreased between 4-12h,
increased again at 12-24h, and decreased again at 24-48h. Following direct injury to the bulb,
there was a significant increase in activated microglia in the ipsilateral and contralateral bulbs at
1 and 4h after injury. At 4h after injury, there was a significant decrease in amoeboid profiles,
which remained low until 72h. Comparisons of isolated brain treatment groups to controls
showed significantly more activated microglia in the olfactory bulbs after 4 and 12h in culture.
Isolated brains that received a direct injury showed a significant increase in activated microglia
after 1, 4, and 12h in culture; however, isolated brains that received this injury showed
significantly fewer responsive microglia in the damaged bulb when compared to direct injury to
the bulb in the whole fish at 12h, suggesting that microglia can respond to damage without
afferent input or peripheral influence, but only up to a certain time after injury. When liposome-
encapsulated clodronate was injected into the telencephalic ventricle 24h before insult in whole
fish, there appeared to be a significant reduction in microglia 4h after injury but only a small
reduction in microglia 24h after injury, perhaps suggesting a temporal significance and selective



phagocytosis during the resolution of inflammation, particularly between the hours of 4 and 24h.
Additional work is required to explore further the timing of the response and the potential role of
these immune cells in recovery and regeneration after injury.
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Abstract: Microglia cells are phagocytic immune cells in the CNS. They make up 8-13% of the
total cell population in the brain and derive from primitive yolk-sac macrophages. Microglia
cells have many different functions in the brain, both in normal brain development and in
pathological conditions such as Alzheimer’s disease (AD). The exact role of microglia in AD
remains unknown: while some studies show a positive contribution of microglia through
clearance of amyloid-beta plaques, other studies report a negative effect of inflammatory
cytokines released by microglia during pathology. Primary murine microglia are often used to
model the functioning of microglial cells in vitro. However, these experiments suffer from a
rapid loss of the in vivo microglial phenotype, due to the lack of input from other CNS cells,
which is necessary for microglial development and homeostasis. Our primary goal was to retain
the microglial phenotype in cultured primary microglia, by mimicking the input normally present
in the CNS. For this purpose we have tested and developed specific culturing conditions, which
are able to restore the in vivo phenotype in primary microglia. We used gPCR and microarray
analysis to compare the gene expression in our cultured primary microglia to the expression
levels seen in freshly isolated microglia. Furthermore we were interested in the functioning of
microglia in relation to neurodegenerative disease, specifically AD. Microglial-specific activity
such as phagocytosis (of amyloid-beta) and responses to inflammatory stimuli were tested in
freshly isolated microglia and cultured primary microglia. Firstly, we found that the native
microglial phenotype is indeed restored by culturing primary microglia with a specific mix of
factors important for microglial development and functioning. We also show that this effect is
time-dependent. Regarding the functioning of the newly generated in vivo-like primary
microglia, we expect these cells to function in a similar fashion as freshly isolated microglia and
thus to better resemble microglia cells inside the brain. The culturing conditions developed in our



lab make it possible to better analyze and understand the functioning of microglia in
neurodegenerative disease. Our main focus is on the role of microglia in antibody-mediated
clearance of amyloid-beta plaques, to improve the development and in vitro testing of possible
new therapeutic antibodies for AD.
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Abstract: Impulsivity is a key behavioral feature of many mental health disorders, such as
substance abuse, attention-deficit/hyperactivity disorder, autism, and bipolar disorder. The
prefrontal cortex (PFC) is critical for impulse control. Maternal malnutrition in the form of high
fat diet (HF) increases impulsivity in the adult offspring and changes PFC gene expression of
targets involved in reward, inflammation, and epigenetics. Using this maternal malnutrition
model for impulsivity in mice, we sought to identify cell type specific molecular mediators that
could contribute to this behavioral phenotype. Maternal HF diet increases markers of
neuroinflammation in the offspring, but more work is needed to understand the exact
consequences of this proinflammatory effect for the offspring into adulthood. To this end, we
isolated microglia from the PFC of the adult male (M) and female (F) offspring that were either
exposed to maternal HF or control diet (CD) throughout gestation and lactation. Because stress
exposure can enhance neuroimmune responses and alter PFC-mediated behaviors, we included
an acute restraint challenge prior to tissue collection (8 groups total, n = 6/group: M CD
unstressed, M CD restraint, M HF unstressed, M HF restraint, F CD unstressed, F CD restraint, F
HF unstressed, F HF restraint). Finally, we performed high throughput RT-qPCR to measure



microglial gene expression of 32 targets, including various cytokines, chemokines, epigenetic
markers, and receptors expressed on microglia that are putatively involved in stress and PFC-
mediated behaviors.
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Abstract: Studies found new-born microglia replenished the whole brain after selective
elimination of microglia (>99%) in adult mice. Immunohistochemical evidences suggested that
repopulated microglia were differentiated from de novo progenitors expressing Nestin in the
brain, which raised the possibility that the cross-lineage differentiation occurs in the mature
brain. However, the origin of repopulating microglia has been hotly debated. In the present
study, we investigated the origin of repopulating microglia by fate mapping. We first excluded
that repopulated microglia were from blood cells. We then identified that repopulated microglia
were not differentiated from Nestin-positive cells. Next we demonstrated all new-born microglia
were derived from the proliferation of surviving microglia (<0.90%). Moreover, we confirmed
that the whole brain transcriptome were not largely altered among stages of microglial
elimination and repopulation. In summary, we concluded that de novo microglial progenitor cells
were not existed in the adult brain.
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Abstract: Microglia are the resident innate immune population of the central nervous system
that constantly survey and influence their local environment. Transcriptomic profiling has led to
significant advances in our understanding of microglia in several disease states, but tissue
dissociation and purification of microglia is known to lead to cellular activation. Here we use
RiboTag translational RNAseq profiling to demonstrate that commonly used cell sorting
methods lead to a fundamental alteration of the microglial transcriptome, with several transcripts
that can be used to mark artifacts of isolation. Microglial RiboTag RNAseq profiling after
peripheral immune challenge with lipopolysaccharide demonstrates unique transcriptional targets
that are not evident using cell sorting methodology. Finally, we applied our technique to reveal
novel shared and distinct pathways when comparing microglial transcriptomes after peripheral
challenge with bacterial or viral mimetics. This study has broad implications for approaches that
examine microglial transcriptomes in normal and pathological states.
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Abstract: Microglia, the innate immune cells of the central nervous system (CNS), respond
rapidly and dynamically to homeostatic perturbations of the CNS milieu. In the healthy
unperturbed brain, microglial processes make frequent contacts with neurons at synapses,
impacting synaptic remodeling and turnover of dendritic spines. However, it remains unclear
what receptors and signaling pathways govern microglial surveillance and synapse monitoring.
Noradrenaline is a powerful signal that can affect many aspects of synaptic function and
plasticity. Because microglia express high levels of B2 adrenergic receptors (AR) compared to
other cell types in the brain, we asked whether noradrenergic tone could alter microglial behavior
with respect to synapses through 2 AR signaling. To test this hypothesis we have manipulated
B2 AR signaling pharmacologically using the following agents: Nadolol (blood brain barrier
(BBB) impermeant 3 AR antagonist), Clenbuterol (BBB permeant 32 AR agonist), and ICI 118-
551 (BBB permeant B2 AR antagonist). We paired nadolol with clenbuterol to stimulate 32 ARS
centrally without concomitant peripheral stimulation. We then evaluated changes in basic
microglial physiology through a combination of in vivo two-photon microscopy and
immunohistochemical staining for Iba-1, a microglia-specific protein. We have found that
stimulation of B2 AR signaling in vivo reduces microglial motility and pseudopodia formation
and causes microglia to assume a less ramified morphology. We also found that stimulation of 32
ARs leads to impaired microglial responsiveness to focal tissue injury. These experiments show
that B2 AR signaling can affect microglial physiology and immune responses. Our next question
was if these changes in basic microglial function could impact microglial interactions with
neurons and functional experience-dependent plasticity. Using intrinsic optical signal imaging
we have shown that pharmacological manipulation of B2 AR signaling impairs ocular dominance
plasticity in the visual cortex during the visual critical period in mice. We have shown that
microglia are directly involved in this impairment through cre-mediated excision of B2 AR



specifically in microglia. Based on our results we believe that B2 AR signaling serves important
roles in modulating microglial physiology and our future experiments will begin to address how
the endogenous ligand, norepinephrine, is involved in mediating the effects observed. These
results and future findings will improve our understanding of the signaling mechanisms that
govern microglial interactions with synapses and how they impact activity-dependent synaptic
modifications.
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Abstract: Alcohol use disorders (AUDs) are associated with damage to corticolimbic brain
regions. As the prevalence AUDs increases, it is necessary to find effective treatments. Exercise
is a low-cost adjunctive treatment option that has been investigated. While it provides numerous
health and cognitive benefits, the interactive effects of alcohol and exercise on the brain remain
largely unexplored. Additionally, our current data suggest sex differences in basal microglia
activation states as well as the microglial response to binge alcohol and exercise. Therefore, a
better understanding is needed of the neural response to binge alcohol and exercise, as well as
the potential sex differences in neural immune function.

Our lab utilizes a short-term (4-day) animal model of binge alcohol exposure that results in
coroticolimbic damage consistent with damage seen in the clinical population of chronic alcohol
user. In this model, rats are gavaged with ethanol (25% w/v) every 8 hours for 4 days. Control
animals receive an isocaloric control diet also by gavage. Using this model we have
demonstrated a loss of granule cells in the dentate gyrus of the hippocampus that persisted 35
days following the last dose of alcohol in female rats that is not seen in males. Voluntary wheel
running, however, recovered the observed cell loss. This exciting finding supports the idea of
using exercise as an adjunctive treatment for AUDs. However, when we examined microglia in
the medial prefrontal cortex (mPFC) of the same animals, we found a drastically altered
microglial response following binge and exercise that resulted in a staggering decrease in
microglia cell number. Emerging evidence suggests alcohol exposure may be a priming stimulus



for microglia, meaning it potentiates microglia to launch an exaggerated response to a second
stimulus. Indeed, a morphological analysis of microglia revealed a subpopulation of larger,
thicker cells consistent with morphological descriptions of priming. These primed microglia
were found in all female animals regardless of experimental condition, however, the binge
exercise group had the most. Additionally, all females (regardless of binge or exercise) show
marked OX-42 and MHCII (both markers of early microglia activation and priming), which is
comparably limited in males, suggesting a basal sex difference in microglia expression profiles.
Furthermore, the female binge exercise group shows the highest expression of both markers.
This sex difference in microglia expression profiles and morphology may contribute to female
vulnerability to alcohol-induced neural damage.
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Abstract: It is now appreciated that drugs of abuse - such as morphine - promote a neuro-
immune response from glia, primarily microglia, which may play an important role in mediating
addiction-like behaviors. For example, opiate administration in rodents increases the microglial
surface marker CD11b and neuro-immune signaling molecules such as IL-1B and TNFa within
discrete regions of the CNS involved in reward. Additionally, addiction-like behaviors such as
conditioned place preference (CPP) can be prevented using pharmacological blockades and
genetic knock-outs of signaling molecules responsible for pro-inflammation from microglia (i.e.
Toll-like receptor 4 and MyD88). However, the specific role of microglial pro-inflammatory
signaling on morphine CPP has yet to be determined. We therefore developed a novel transgenic
mouse in which pro-inflammatory signaling (i.e. MyD88-dependent pathway) specifically in
microglia (i.e. CX3CR1-Cretg/0 x MyD88f/f, Cretg/0) is ablated within the CNS. Microglial



isolations from Cretg/0 verified diminished MyD88 gene expression in the CD11b+ cells while
CD11b- cells, Cre0/0 x MyD88f/f, and WT controls maintain MyD88. A battery of behavioral
tests on young and aged Cretg/0 mice revealed similar levels of anxiety and social interaction
relative to Cre0/0, indicating normal mouse behavior. Next, 4-month-old Cretg/0 and Cre0/0
mice were trained under the morphine (3 mg/kg) CPP paradigm to assess the role of microglial-
specific pro-inflammatory signaling. Both Cretg/0 and Cre0/0 groups acquired morphine CPP,
however the Cretg/0 group had prolonged extinction and enhanced reinstatement compared to
Cre0/0 controls. Given that adult hippocampal neurogenesis is involved in extinction learning,
dentate gyrus doublecortin (DCX) was then examined. Interestingly, Cretg/0 mice had decreased
DCX relative to Cre0/0 mice after morphine CPP. To determine if microglia are involved in the
morphine CPP induced decrease in adult neurogenesis, CD68+, a lysosomal marker found in
microglia, DCX+ cells were also assessed. Taken together, our results suggest that microglial-
MyD88 signaling impacts extinction learning and adult neurogenesis and may have a protective
role in addiction-like behaviors.
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Abstract: Recent studies have suggested that microglia play critical roles in maturation and
refinement of neural networks during postnatal brain development. Although it is known that
microglia arise from the yolk sac and colonize the CNS during early embryogenesis and undergo
a second wave of expansion during the first two weeks of postnatal life in rodents, it is less clear
what intrinsic signals regulate the postnatal microglia development and how disrupted microglial



function at this developmental stage impacts on normal brain development. Here we report that
signal transducer and activator of transcription 3 (Stat3) signaling plays a key role in microglial
survival and activation in postnatal developing brain. CXsCR1C"ER/*:Stat3foflox:R26-tdTomato
conditional mice were generated to achieve inducible and selective ablation of the
phosphorylation site containing exon 22 of the Stat3 gene in microglia after birth (P2-P4).
Expression of tdTomato was used to evaluate the efficacy of tamoxifen-induced Cre-
recombination and to visualize Stat3 mutant microglia. Immunohistochemistry was used to
analyze brain tissues collected from mice at different postnatal developmental stages. Our data
showed clear morphological differences between activated microglia at P7-P10 and ramified
microglia at P28-30. Cell counting analysis revealed significant decrease of microglial cell
population in the Stat3 mutant mice (P7 and P10) in comparison to littermate controls.
Interestingly, this loss of microglia during the first 1-2 weeks was largely recovered by P30.
However, the transient decrease of microglia at P7-P10 was associated with increased innate
immune responses including interferon signaling, complement pathways and
cytokine/chemokine production as determined by RNA-sequencing analysis of acutely isolated
microglia at P7. Dystrophic dendrites of cortical pyramidal neurons were found in the mutant
mice when analyzed at P30. The functional consequence of microglial Stat3 inactivation is being
examined in adult mice and our preliminary data suggest behavioral alterations in the conditional
Stat3 mice as compared with littermate controls. Together, our data demonstrate that Stat3
signaling plays an essential role in microglial survival and activation in the postnatal developing
brain and suggest that disruption of Stat3 signaling may elicit long-term neurological effects.
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Abstract: Unlike any other cell in the cerebral cortex, myelinating oligodendrocytes are
continuously generated in the adult. Little is known about how new cells integrate into the
preexisting neural architecture and whether the structure and distribution of myelin internodes
along single axons is fixed throughout life. Using high resolution label-free and fluorescence in
vivo optical imaging with transgenic fate mapping we discovered distinct patterns of lifelong
oligodendrocyte generation occurring in parallel with changes in myelin internode deposition,
length, and distribution along single axons. Myelin formation was largely a result of
oligodendrocyte generation and occurred on both previously partially myelinated and
unmyelinated axons. The distribution of internodes and total myelin coverage of single axons
progressed up to two years of age demonstrating that these processes continue to evolve into late
adulthood in the mouse neocortex. These findings reveal novel forms of lifelong myelin-
dependent plasticity with broad implications for flexibility within adult cortical circuits.
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Abstract: The ultrastructural organization of nodes of Ranvier has been investigated mainly by
electron microscopy due to their small size (~1 um). This technique, however, provides limited
molecular specificity. On the other hand, the resolution power of conventional light microscopy
impedes the identification of substructures formed by antibody labelled proteins.

Here, we exploit Stimulated Emission Depletion (STED) super-resolution microscopy to analyze
the nanoscale organization of axonal and glial markers at the nodes of Ranvier of teased sciatic
nerve fibers from mice. STED nanoscopy permits to achieve resolutions of few tens of
nanometers without compromising on the molecular specificity. We found that the ~190 nm
periodic subcortical actin/spectrin lattice that has been previously described in cultured neurons
is present all along myelinated axons. Indeed, this lattice is continuous at the transition between
paranodes and nodal gaps, where betall spectrin and betalVV spectrin are present, respectively. In
the latter compartment, sodium and potassium channels (Kv7.2) alternate and also follow the



~190 nm periodicity, which, however, appears less regular for adhesion molecules such as
neurofascin-186 and nrCAM.

Paranodes are characterized by a tight interaction between the axon and glial cells. In these
regions, both axonal (Caspr) and glial (neurofascin-155) adhesion molecules exhibit the same
quasi—one-dimensional order, and the axonal subcortical cytoskeleton has a periodic
arrangement. In the paranodal loops, the glial cytoskeletal protein Ankryin B features this same
periodic organization. Notably, we observed a high degree of interdependence between the
position of the axonal and glial proteins, hence suggesting the presence of mechanisms that
finely align the cytoskeleton of the axon with the one of the glial cells.

Taken together, our observations suggest a master role for the periodic subcortical cytoskeleton
in the organization of nodes of Ranvier and pave the way for a deeper investigation of these
structures.

Disclosures: E. D'Este: None. D. Kamin: None. F. Balzarotti: None. S.W. Hell: E.
Ownership Interest (stock, stock options, royalty, receipt of intellectual property rights/patent
holder, excluding diversified mutual funds); Abberior GmbH and Abberior Instruments GmbH.

Poster
296. Oligodendrocyte and Schwann Cells Development and Myelination
Location: Halls A-C
Time: Monday, November 13, 2017, 8:00 AM - 12:00 PM
Program#/Poster#: 296.03/010
Topic: B.12. Glial Mechanisms
Support: NIH K12 GM081266
NMSS RG5203A4
NIH RO1 NS095889
NIH RO1 NS097428
Rachleff Endowment
Title: Oligodendrocyte myelination: Axon size may be all that matters

Authors: *S. R. MAYORAL!, A. ETXEBERRIA?, C. J. SHIN?, C. S. YIAN?, J. R. CHAN?
!Neurol., Univ. of California San Francisco Dept. of Neurol., San Francisco, CA; ?Neurol.,
UCSF, San Francisco, CA; 3Chem. and Biomed. Engin., Nanyang Technological Univ.,
Singapore, Singapore

Abstract: Myelination in the CNS is thought to occur via two distinct, but coupled processes.
First, highly proliferative and migratory oligodendrocyte precursor cells (OPCs) differentiate



into mature, post-mitotic oligodendrocytes (OLs). Second, OL membrane extensions
concentrically wrap around selected axons forming myelin. OL differentiation and myelination
occur in a spatially and temporally stereotyped manner throughout development, which implies
that environmental cues are at play in their regulation. There is increasing evidence that dynamic
neuronal signaling involving neuronal activity and transcriptional control plays a role in
regulating these processes, but it is unclear whether this is the case in regions where there is
synchronous and robust differentiation and myelination within a short timeframe as in the early
development of white matter tracts like the optic nerve. By eliminating dynamic neuronal
signaling in the optic nerve our findings indicate that (1) OL differentiation and myelination are
indeed coupled processes where myelination will occur upon differentiation if provided with a
permissive substrate, and (2) dynamic neuronal signaling is not required for the majority of OL
differentiation during early white matter development. We propose a model in which OL
differentiation is largely regulated by extrinsic, non-neuronal factors during development, but
myelination is sensitive to the biophysical properties of axonal diameter.
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Abstract: During development of the central nervous system not all axon are myelinated, and
each axon may have a distinct myelination pattern, combined with the oligodendrocytes ability to
myelinate up to 50 different axons this suggest that local signals between the oligodendrocyte
process and the axon determine whether a myelin sheath can be formed. However, our current
knowledge about the axonal signals involved in regulating this process is very limited.

We here identify EphA4 as the receptor responsible for ephrinA-1 induced inhibition of process



extension in oligodendrocytes, and show that Ephrin-Al-EphA4 interaction activates a RhoA-
Rock-myosin-I1 signaling cascade. Inhibition of signaling at different levels of this pathway
regulates myelination by increasing the number of myelin sheaths formed by each
oligodendrocyte. In contrast, activation of EphA4 reduces the number of internodes formed per
oligodendrocyte. Combined this suggest that activation of the EphA4-RhoA pathway by axonal
ephrin-Al negatively regulate the formation of the stable axo-glia interaction required for
formation of a myelin sheath.
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Abstract: Leprosy is a chronic infectious disease caused by the intracellular pathogen
Mycobacterium leprae (M. leprae), which disturbs peripheral nerve integrity, impairing axonal
and myelin function. There is growing evidence supporting that the molecular basis of Leprosy
neuropathy could be located in infected Schwann cells. Of importance, Schwann cells are deeply
involved in a wide range of axonal behavior including the maintenance of axonal and myelin
integrity. Our group recently demonstrated that M. leprae was able to modulate Schwann cells
glucose metabolism for its own benefit (Medeiros et al., 2016). Our results indicated that
infected human Schwann cells increased glucose uptake with a concomitant upregulation in
glucose-6-phosphate dehydrogenase (G6PDH) activity, the key enzyme of the oxidative pentose
pathway. We also observed a two-fold reduction in lactate release from infected cells when
compared to control ones. We also observed mitochondria shutdown in infected Shwann cells in
vitro and mitochondrial swelling in myelinated and unmyelinated axons from Leprosy patients.



Here, we advance these findings by showing that neurons treated with M. leprae-infected
Schwann cell-derived supernatant had a marked impairment in neurites outgrowth and
complexity. In addition, ML was able to enhance the degradation of myelin contents in infected
Schwann cells in vitro, and nerve biopsies harvested from patients with Leprosy neuropathy have
augmented expression of mMRNA for several autophagy genes (ATG5, ATG7, BECLIN1 and
LC3B) as compared with control non-Leprosy nerves. In short, our results points to the notion
that low levels of lactate content along with the presence of toxic mediators in ML-infected
Schwann cells-derived supernatant are able to disturb neuronal integrity and growth responses.
In addition, ML infection accelerated myelin degradation by up-regulating autophagy pathways
in vitro and in vivo. Collectively, these data indicates that the pentose phosphate pathway is
paramount for M. leprae infection success in Schwann cells, leading to a reduction in lactate
generation, and that infected Schwann cells are detrimental to nerve function.
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Abstract: Axo-glial interactions are critical for Schwann cell genesis, myelination and domain
organization of myelinated fibers. We previously characterized three members of the Nectin-like
(Necl) cell adhesion molecules family as mediators of the axo-glial interaction along the
internode, in the Peripheral Nervous System (PNS). Necl-4 is expressed by the myelinating
Schwann cells whereas its ligand Necl-1 is expressed by the axon to be myelinated. Necl-2
expressed by both cell types, is also a ligand for Necl-1, although at a lower affinity than the
Necl-1/Necl-4 pair. As we and otthers have shown that Necl-4 is needed for PNS myelination, it
was assumed that Necl-1 would also be pro-myelinating. Our work has now shown that Necl-1 is



in fact inhibitory to myelination. We therefore extended our analysis to Schwann cell-expressed
Necl-2, the other ligand for Necl-1. Using loss and gain of function approaches and the in vitro
model of PNS myelinating, we demonstrate that Necl-2 is also inhibitory to the formation of
myelin segments by Schwann cells. Our findings suggest that Necl-2 employs at least two
mechanisms to prevent myelination. One is the down-regulation by Necl-2 of the pro-
myelinating Akt signaling molecule. This is most dramatically observed upon axonal contact.
The second mechanism is a dysregulation of small GTPases Racl and RhoA in Schwann cells,
leading to dramatic changes in Schwann cell morphology and stress fibers organization. The
stress fibers are almost completely absent in Schwann cells that do not express Necl-2, whereas
the over-expression of Necl-2 induces a 3-fold increase in the number of lamellipodia formed by
a single Schwann cell. We are currently evaluating how Schwann cell- axon interaction is
perturbed by the absence or over-expression of Necl-2 in Schwann cells. Both Necl-1 and Necl-2
are expressed at birth, onward. However their developmental pattern of expression is in
opposition. Necl-2 is strongly expressed during the first week post-nataly (onset of myelination)
then its levels dramatically drop down, whereas the expression of Necl-1 increases over time.
Our data suggests a new concept that Necl-1 and Necl-2 put a “negative clamp” on the pro-
myelinating properties of Necl-4, at different time points of the myelination process.
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Abstract: The peripheral nervous system relies on Schwann cells to provide metabolic support,
and insulating myelin that wraps the axons. Schwann cells also play a role in coordinating the
regenerative response when peripheral nerves sustain injury. Schwann cells are a potential



therapeutic target as they have an ability to stimulate the functional recovery and restoration of
damaged nerves. Underlying this regeneration potential, Schwann acquire a new state by
transdifferentiating into repair cells. In this mode of reprogramming, a number of previously
unexpressed genes become expressed after injury and are vital for axon regeneration. Our
preliminary data have pinpointed epigenomic pathways that are responsible for the
reprogramming of Schwann cells to their repair state after nerve injury. We found many
regeneration genes are dually associated with repressive histone H3K27 methylation
(H3K27me3) and H2A ubiquitination (H2AmUDb) in mature nerve prior to injury. These histone
modifications are formed by Polycomb Repressive Complex 2 (PRC2) and PRC1 respectively,
which either independently or in conjunction repress transcription. ChIP profiling revealed
significant loss of H3K27me3 and H2AmUDb modifications on several genes that become
activated upon nerve injury, such as sonic hedgehog and glial-derived neurotrophic factor (Shh
and Gdnf). Furthermore, we have investigated H3K27 demethylases JIMIJD3/KDM6B and
UTX/KDMBGA as the putative mechanisms that facilitate the reversal of histone methylation on
H3K27. Previous studies have shown JMJD3 induction at 4 days post injury (Gomez-Sanchez et
al, 2013), and we find also that UTX appears to be upregulated in 1 and 5 post injury. These data
support the hypothesis that reversal of polycomb repression by removal of H3K27
methylation is required for Schwann cell reprogramming after nerve injury. Analysis of
Schwann cell-specific knockouts of these demethylases will decipher this early step of the
regeneration timeline and test whether reversal of Polycomb repression is a requirement in
initiating the injury response.
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Abstract: The energetic requirement of the nervous system is extremely high in proportion to its
size. In addition, some axons of peripheral neurons extend over 1m in humans, raising the
question of how their metabolic needs are attained at regions distant from the neuronal cell body.
A natural candidate to perform metabolic support functions is Schwann cells (SCs), the glia of
the peripheral nervous system. As they ensheath both myelinated and non-myelinated axons
along their length, SCs could provide metabolites to fuel mitochondrial activity in axons.
Furthermore, partial oxidation of substrates might be favored in SCs to fulfill the need of carbons
for lipid biosynthesis to produce and maintain myelin. However, the metabolic properties of SCs
are poorly understood. In order to investigate the metabolic needs of SCs, we first bred mice
expressing floxed Pdhal gene and CNPase-Cre to generate Pdhalf/f ; CnpCre/+ mice and
Pdhalf/f littermate controls. The Pdhalf/f ; CnpCre/+ animals lack pyruvate dehydrogenase
complex (PDC) activity in SCs. PDC is responsible for connecting the glycolysis with the TCA
cycle trough the conversion of pyruvate to acetyl-CoA. Surprisingly, there was no significant
change in myelination, nerve conduction velocity or motor performance in Pdhalf/f ; CnpCre/+
mice at 1 month. In addition, results were corroborated and extended with Pdhalf/f ; PO-Cre
mice, which did not show any morphological, behavioural or functional alteration up to 10
months. Taken together, these results indicate that PDC function might be dispensable in SCs. A
particularly intriguing hypothesis is that SCs satisfy their energetic requirement via glycolysis
and secrete partially oxidised metabolites, such as lactate, to be used by axonal mitochondria.
We are currently investigating the SC intermediary metabolism using the Seahorse Xp Flux
Analyzer. Moreover, we are characterizing mitochondrial location and morphology in Schwann
cells throughout development using the photo-activatable mitochondria (PhAM) mouse, which
allows fluorescent labeling of mitochondria in SCs upon recombination mediated by PO-Cre.
Understanding the energetic adaptations of SCs could reveal new targets for drug development
and medical strategies aiming to restore nerve function or prevent axon damage in demyelinating
diseases.
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Abstract: Oligodendrocyte precursor cells (OPCs) express Ca?* permeable AMPA receptors and
form synapses with unmyelinated axons throughout the CNS, but the role of this signaling in
vivo remains undefined. The primary obstacle to defining the role of this neuron-glial cell
signaling is that OPCs express the same complement of receptors as neurons, precluding
pharmacological manipulations. To overcome this limitation, we developed a conditional knock-
in mouse line in which the formation of functional AMPA receptors can be prevented cell
autonomously by expressing a dominant-negative GIuA2 subunit (EGFP-dnGIuA2), in which a
glutamine to arginine substitution was made in the pore region. EGFP-dnGluA2 was targeted to
the ROSA26 locus with a conditional allele to enable cell-type specific expression. To evaluate
whether dnGIluA2 subunits are expressed at levels sufficient to modulate AMPA receptor
function in OPCs, we bred these mice to NG2-CreER/+ mice. Double transgenic offspring were
injected with 4-hydroxytamoxifen (4HT) at various developmental stages and analyzed 2-20
weeks later. Tetrameric AMPA receptors containing this subunit are non-conducting and OPCs
expressing dnGIluA2 lack AMPA receptor-mediated EPSCs. Fate tracing revealed that blocking
AMPA receptor function in OPCs in vivo enhanced their survival and rate of proliferation during
development, and reduced their differentiation into oligodendrocytes (OLs). OPCs lacking
functional AMPA receptors were also morphologically less complex and extended shorter
processes. To investigate the role of this signaling in controlling the behavior of OPCs following
demyelination, mutant and control mice were either fed with 0.2% cuprizone or subjected to
unilateral focal demyelination by injecting 1.0% lysolecithin into the corpus callosum. The
number of OPCs expressing dnGIluA2 was significantly enhanced in demyelinated lesions in
both conditions, indicating that recruitment of OPCs is normally reduced by AMPA receptor
signaling. However, fate tracing revealed that the effect of AMPA receptor blockade on OPC
differentiation was distinct in the two contexts — OL generation was reduced following
cuprizone-induced demyelination, which lacks an adaptive immune response, and enhanced
following lysolecithin-induced demyelination, which is associated with infiltration of peripheral
immune cells. These results indicate that the effect of AMPA receptor signaling in OPCs is
highly context dependent, either promoting or inhibiting lineage progression depending on the
environment and perhaps the pattern of activity exhibited by the axons they form synapses with.
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Abstract: Objective: Neuron activity modulates myelination and is considered a therapeutic
target for treating demyelination diseases. Neuron activity induction can be applied to a whole
cell in vitro, but is cumbersome in vivo. Alternatively, the stimulation can be applied focally, i.e.
to the distal axons or to the somata only. Our objective was to develop a platform to study the
mechanisms of activity-dependent myelination after focal neuron stimulation. Materials and
Methods: Primary neurons were cultured in a two-chamber (somatic and axonal) device such,
that the primary oligodendrocyte precursor cells (OPCs) plated in the axonal chamber could
interact exclusively with the distal axons. This device was integrated with novel stimulators -
electrical, optogenetic, and electromagnetic (ESTIM, OSTIM and MSTIM, respectively) - for
inducing neuron activity via the stimulation in the somatic (SomaSTIM), axonal (AxonSTIM) or
both chambers (WholeSTIM). The effects on neuron activity and myelination were assessed by
calcium imaging, CAMP level measurements, and through quantification of OPCs differentiation
markers and morphology. Results: We integrated the culture device with platinum electrodes to
apply ESTIM. Calcium firing and increased CAMP level showed that the stimulation
successfully induced neuron activity. Interestingly, an indirect stimulation of axons
(SomaSTIM), direct stimulation of axons and OPCs (AxonSTIM), and direct stimulation of the
whole system (WholeSTIM) had the same effects on myelination. To achieve subcellular
OSTIM we: (i) successfully induced neuronal expression of channelrhodopsin; (ii) modified the
device material so it blocked the light, but remained biocompatible; (iii) integrated the device
with custom build programmable LED array. In contrast to ESTIM, OSTIM exclusively
stimulated neurons and not OPCs. Nevertheless, the effects of SomaSTIM, AxonSTIM and
WholeSTIM on myelination were the same. Subcellular MSTIM does not require modification
of neuronal expression or the culture device but it requires generation of pulsatile magnetic field
spatially restricted to the size of one chamber. The stimulator and its effects on myelination are
being characterized. Conclusions: The cellular mechanisms of ESTIM and OSTIM are not the



same. However, the consistency in their results strongly suggests that focal stimulation is
sufficient to increase axon myelination. SomaESTIM and OSTIM results further imply that the
activity-dependent myelination does not require direct stimulation of OPCs. MSTIM platform
has the biggest translational potential as it is the least invasive out of the three presented neuron
stimulation methods.
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Abstract: Axons in the cerebral cortex exhibit diverse patterns of myelination, with some axons
devoid of myelin, some exhibiting discontinuous patches of myelin, and others continuous
myelin that is interrupted only by nodes of Ranvier. It is unclear when these distinct patterns are
established, whether different classes of neurons exhibit consistent myelination and if these
patterns are stable over time or modified by experience. To define the distinctive characteristics
of cortical axon myelination in the adult brain, we examined the distribution of myelin along
single axons in layer | of somatosensory cortex. In this region, a wide array of axons from
different cell types comingle within the same microenvironment, such that resident
oligodendrocytes are provided a diverse set of myelination targets. Thus, differences in
myelination are likely to reflect axonal differences in oligodendrocyte preference and myelin
stability. Using confocal laser scanning microscopy in horizontal sections of flattened cerebral
cortex, we measured the distribution of myelin internodes along individual corticocortical,
thalamocortical, and interneuron axons for up to 2-3 mm in adult (5 months old) mice. For the
cell types that were myelinated (parvalbumin+ interneurons, neurexophilin-4+ layer 6b/7
neurons, and neurons from ventromedial and posterior thalamic nuclei), the distribution of
myelin was highly variable between different axons of the same cell type, as well as across
different branches of a single axon. These results suggest that although cell identity can bias
myelination of a given axon, other factors (e.g. activity or local environment) appear to influence
the pattern of myelination that is established.
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Abstract: The trafficking and targeting of proteins to distinct sites underlies the exquisite,
polarized organization of neurons. Myelinated axons are further organized into a series of
functionally and biochemically distinct domains, i.e. the nodes, paranodes, juxtaparanodes, and
internodes. This organization provides a striking example of the differential targeting of proteins
to subdomains of the axon and is essential for effective saltatory conduction. Of particular
interest are the nodes of Ranvier, which are enriched in a multimeric complex of voltage gated
Na* channels form and their associated beta subunits, the neuronal cell adhesion molecules
(CAMs) neurofascin (NF) 186 and NrCAM, and the cytoskeletal protein ankyrin G.We
previously reported that NF186 and other axonal CAMs redistribute to the node and to other
domains from pre-existing pools of diffusely distributed proteins on the axon surface (Zhang et
al., Neuron 2012). In contrast, ion channels and ankyrin G require transport to the node during
myelination. The slow replenishment of all nodal components in mature myelinated fibers also
depends on transport. We have now directly investigated how these proteins are transported
within the axon prior to and after myelination. To this end, we live-imaged neurons engineered
to express combinations of proteins labeled with distinct fluorescent tags. In general, each nodal
protein is anterogradely transported in separate vesicles except for NrFCAM and NF186, which
are co-transported in the same vesicles. Likewise, CAMs destined for other axonal domains are
independently transported in distinct vesicles. In contrast, there is significant co-transport of
retrogradely transported proteins presumably during recruitment into a common endocytic
vesicle. These patterns of transport did not change with myelination. Taken together with our
earlier study, these results support a model in which nodal component are sorted to separate



vesicles and transported independently to the axon rather than as a preformed complex; upon
myelination, they assemble at the node via a combination of local recruitment (CAMSs) and de
novo transport (channels and cytoskeletal proteins).
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Title: Abeta oligomers in synaptic lipid rafts induce phosphorylated tau and impair signal
transduction
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Abstract: Lipid rafts are crucial platform in AP production and aggregation, leading to the
formation of neurotoxic AP oligomers in the brain. Recent findings suggest that lipid rafts are
pathological signaling platforms where AB oligomers exert synaptic failure and neurotoxicity.
We examined whether AP oligomers induce phosphorylated tau and impair signal transduction in



lipid rafts from synaptosome of Tg2576 mice. Tg2576 mice and nontransgenic littermates (4, 6,
12, and 22 month old, Tg n=18, NonTg n=18) were used. Synaptosome fraction was separated
by Ficoll gradient fractionation. Lipid rafts fraction was separated from synaptosome by sucrose
gradient fractionation. In Tg2576 mice, the amount of phosphorylated tau and Fyn increased in
synaptosome, and also in lipid rafts of synaptosome with accumulation of AB oligomers.
Accumulation of phosphorylated tau in lipid rafts of synaptosome began at 6 month when the
behavioral disturbance appears in Tg2576 mice. AP oligomers may induce phosphorylated tau
and Fyn-NMDA receptor signal transduction pathways in lipid rafts of synapse.
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Abstract: The microtubule-associated cytoskeletal protein tau has been considered primarily
axonal in healthy brains, while in Alzheimer’s (AD) the tau gradient shifts toward
somatodendritic compartments where it accumulates as intracellular aggregates. Tau is now
generally thought to be released into the extracellular space from synaptic terminals, facilitating
transynaptic spreading across neural circuits, but this process is poorly understood. Our previous
work has shown that C-terminal truncated tau is abundant in synaptic terminals, and that tau and
exosomes are released by depolarization from Alzheimer’s disease synaptosomes. In the present
work, synaptosomes were prepared from cryopreserved cortical (A7) samples from AD cases,
from AB-independent tauopathy cases, and from cognitively normal aged control cases. The Tau
RD P301S FRET biosensor system was used to evaluate the capability of human synaptosome-
derived extracts for seeding tau aggregation. P-2 (crude synaptosome) extracts were added to the



biosensor cell media, and after 48 hours, cells were analyzed for FRET fluorescence using an
ImageStream flow cytometer. Extracts from normal (n=2) and tauopathy cases (n=3) generated
little FRET signal (<5% positive); in contrast, samples from two AD cases propagated tau
aggregation, generating FRET signal in 43% and 28% of the populations examined (10,000
cells/sample). These results are consistent with the hypothesis that 0AP localized to AD synapses
accelerates tau propagation in this in vitro system. Using this system, clarification of synaptic tau
release mechanisms in human samples can provide important insights with respect to disease
progression and tau immunotherapies.
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder that consists of the
accumulation of amyloid and tau proteins in the brain, causing deficits in learning, memory, and
behavior. Mouse models of AD highlight the role of amyloid, but tau is often less studied.
Dyshomeostasis of trace metals in the brain, including Zinc (Zn) plays important roles in the
progression of AD-pathology and remediation may serve as an area of future therapeutics. The
current study utilizes a novel double transgenic mouse bred to express mutated human amyloid
precursor protein (hAPP) and mutated human tau (P301L). Offspring are the result of a J20 x
rTg4510 cross (Jackson Lab); this is the first mouse to be made from these parent mice. Half of
the mice were given 10 parts per million (ppm) Zn in their drinking water and behavior was
assessed at 3.5 months. Previous research shows that Zn supplementation can impact behavior in
Tg mouse models of AD. Three and a half months represents an early time point in disease



progression, when we can assess Zn supplementation on behavior early in the disease. Behaviors
were assessed through the following tests: open field (OF), elevated zero maze (EZM) and
Barnes Maze. Preliminary data show significant differences of genotype in time spent in the
center of the OF and the percent time in the open arms of the EZM. Mice carrying mutations in
both hAPP/tau (double) and only tau spent more time in the open arms of the EZM and spent less
time in the center of the OF compared to those animals with no mutations (wildtypes). A
significant genotype x water interaction was also seen with number of head dips in the EZM.
Significant differences in spatial memory were seen in the Barnes Maze; animals carrying
mutations in only tau and both hAPP/tau showed increased latencies to escape and find the target
hole compared to wildtype animals and those with only the presence of the CaMKIlla promoter.
Behavior will also be assessed at 7 months to examine changes as a result of increased cellular
pathology and long-term Zn supplementation.
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Abstract: Alzheimer’s Disease (AD) is characterized by the formation of beta-amyloid plaques
and hyperphosphorylated tau tangles which slowly damage the brain. Zinc (Zn) is a biometal that
can alter progression and remediation of AD. This novel mouse model includes both amyloid
and tau pathology, and examines how they impact disease progression. J20 (hAPP) and rTg4510
(tau) mice were obtained from Jackson Laboratory and bred to produce APP/tau offspring. Mice
were split into groups and received either 10 parts per million Zn in their drinking water, or
standard laboratory water. Animals were tested at 3.5 months of age in activities of daily living
including nesting, burrowing, and circadian wheel running behavior. Preliminary data show
animals having both hAPP/tau perform significantly worse in both nesting and burrowing, as
early as 3.5 months of age. The animals’ wheel running activity was assessed for one week.
Differences were seen in activity between genotypes. These non-cognitive tasks are important to
study because the brain accumulates amyloid plaques and tau tangles, which may be impacting



these behaviors years before diagnosis of AD. This study attempts to allow early detection of AD
by measuring innate behaviors, which may offer insight into early detection, diagnosis, and
treatment. No metal differences were seen at 3.5 months, in contrast to results in EZM (see
linked poster, Lippi et. al). Behavior will also be assessed at 7 months of age to examine the
effects of long term zinc exposure.
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Abstract: Background

Alzheimer’s Disease (AD) is characterized by senile plaques consisting of the Ap peptide and
neurofibrillary tangles formed by hyperphosphorylated tau. Aggregation of Abeta and tau play
key roles in progression of AD, but, so far, a compelling molecular scenarios connecting both
proteins has not been established.

We hypothesize that many enzymes involved in biochemical pathways don’t just work together,
but are physically associated, and their association does not come about spontaneously, but
rather is catalyzed, by transient multi-protein complexes (MPCs) we term assembly machines. In
our view, Ap aggregates and tau hyperphosphorulation are both downstream consequences of
aberrant assembly machine action and should be correctable by targeting the previously
unappreciated assembly machines.

Over the last decade, we have established a library of 300 small molecules targeting the
assembly machines that catalyse viral capsid formation, termed the Hit-finder collection. By
virtue of the diversity of viral structure, the Hit-finder collection is a promising starting point for
discovery of assembly machine modulators able to alter events in the pathogenesis of AD.
Objectives

To screen the Hit-finder collection for compounds interfering with both oligomerization of Ap



and phosphorylation of tau, simultaneously.

Methods

We generated cell models that secrete either monomeric or toxic oligomeric and N-terminal
elongated monomeric Ap forms, and cell lines that express mutant tau. For drug target
identification we used drug resin affinity chromatography (DRAC) followed by mass
spectrometry.

Results

We identified a subset of chemotypes that, after structure-activity relationship optimization,
reduced the secretion of toxic Ap species at low nanomolar concentrations. DRAC revealed at
least 8 proteins, some of which had already been described in the context of AD thus supporting
the validity of our working hypothesis and screening approach. The most potent molecules also
reduced total monomeric Ap load without affecting gamma-secretase activity, or APP
expression. Interestingly, some of the most active compounds against Ap also reduced the
phosphorylation of tau at specific sites in a dose dependent manner.

Conclusion

Novel compounds act against MPC assembly machines upstream of Ap and tau aggregation and
counter their misassembly into aggregates and tangles. The exact nature of these upstream MPC
assembly machines is beginning to be revealed and will advance our understanding of AD
cellular pathology.
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Abstract: Retinal pathologies are suggested to be some of the earliest changes in chronic
neurodegenerations such as Alzheimer’s disease (AD). Glaucoma, a group of chronic optic
neuropathies that make up the leading cause of blindness worldwide, has recently been shown to
have epidemiological and mechanistic similarities to AD. Along these lines, several lab groups
have reported somatodendritic accumulation of the microtubule associated protein tau with
advancing pathology in common mouse models of glaucoma. Axonal and trans-synaptic
transport of tau is postulated to play a large role in the onset and progression of several
neurodegenerations, yet the mechanisms remain unknown. We investigated whether application
of tau to the retina would produce glaucomatous pathologies in normal mice. We injected
fibrillized Alexa Fluor-tagged recombinant human tau (FITau) into the vitreal chamber of
C57BL/6J mouse eyes. After two weeks we found extensive astrogliosis, microglial activation,
and loss of the retinal ganglion cell synaptic markers in subcortical visual structures
corresponding to the injected eyes. Furthermore, these projections exhibited distinct sectorial
patterns of pathology in the superficial superior colliculus (SC). Retinotopic sectors of SC
exhibiting normal distribution of neural and glial markers were adjacent to areas with extreme
gliosis and reduced synaptic marker immunoreactivity—mimicking the sectorial axonopathy
seen in glaucoma and diabetic retinopathy. These pathological changes in SC were accompanied
by increased levels of the FITau, indicating that it was taken up and transported by retinal
ganglion cells. Additionally, we saw increased gliosis and reduced synaptic markers in the
primary visual cortex contralateral to injected eyes. Fluorescence-tagged tau label was also
present in this region, a finding that suggests trans-synaptic transport occurred and produced
pathology. We conclude that intraocular administration of tau induces neurodegeneration that
mimics sectorial pathologies in other diseases affecting the retina and its projection.
Furthermore, given its accessibility, simplicity, and straightforward connectivity, we believe that
the primary visual system may be a useful and accessible model for studying tau-related
mechanisms of neurodegeneration.
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Abstract: The anterior visual system (AVS; retina, optic nerve, and optic tract) is a common site
of neurodegeneration in blinding disorders and in more widespread degenerative conditions of
the central nervous system (CNS) such as multiple sclerosis. Intriguingly, amyloid-beta (Ap), a
neurotoxic protein relevant to Alzheimer’s disease (AD), was recently identified in post-mortem
retinal tissue of AD patients as well as in the visual system of certain animal models of AD.
Moreover, the retina and other parts of the AVS has been implicated as some of the earliest sites
of pathology in AD, with amyloidosis occurring before the degeneration of hippocampus and
entorhinal cortex that characterizes this disorder. Amyloid-p aggregation and tau accumulation
were recently reported to occur in age-related macular degeneration, diabetic retinopathy, and
glaucoma. Given that the AVS is accessible, simple, and topographically mapped, it is an ideal
system for studying mechanisms of, and interventions targeting, neurodegeneration. We
exploited the accessibility of this system to study the effects of AP on axonopathy and
neuroinflammation, two processes heavily implicated in CNS degenerations. To conduct these
studies, we injected fluorophore-tagged, fibrillized A into the vitreal chamber of C57BL/6J
mice and used immunofluorescent techniques to stain brain, nerve, and retinal tissue after a 2-
week survival period. Within two weeks, amyloid fibrils were evident throughout the retina
along with hypertrophied astrocytes in the nerve fiber layer. We also found pronounced
astrogliosis and microglial activation in major retinal targets in the brain, including the lateral
geniculate nucleus and superior colliculus. Even though our injection procedure exposed the
entire retina to AP oligomers, gliosis was sectorial, i.e. occurring in discrete retinotopic regions,
with surrounding areas appearing normal. This parallels the pattern of gliosis and degeneration in
glaucoma and diabetic retinopathy, two blinding disorders where abnormal AP aggregation has
been implicated. In contrast with our previous findings in mouse models of glaucoma, Ap-
induced collicular gliosis preceded axonal transport deficits and overt axon or cell body loss.
Overall, our findings suggest a direct role for retinal amyloidosis in AD and other chronic
neurodegenerations, emphasizing the importance of studying the AVS as it relates to a wide-
range of neurodegenerative disorders.
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Abstract: The scope of structures damaged in Alzheimer’s disease (AD) is rapidly expanding
beyond the classic cortical and hippocampal associated with the hallmark cognitive and memory
deficits of this disorder. Of these expansions, none may show more promise in helping us
understand the pathogenesis and progression of degeneration, as well as develop much needed
biomarkers and interventions, than the visual system. In other disorders affecting retinal ganglion
cells (RGCs), such as glaucoma and diabetic retinopathy, axonal transport deficits and
axonopathy precede cell body loss. Using neuronal tract tracing, immunofluorescence, and
capillary-based western blotting techniques on a Wes Simple Western platform, we examined the
integrity of the retinofugal projection in 3xtg mice, a widely-used model that develops age-
related, progressive AD-like neuropathology. Aged 3xtg mice (10+ months) showed loss of CTB
transport from the retina to the superior colliculus (SC) and this was not seen in young (3 mo.)
3xtg or age-matched background-specific (B6129SJ) and C57BL6J controls. This transport loss
occurred in “sectors” of the retinotopic SC similar to the pattern of degeneration seen in mouse
glaucoma models. RGC counts did not differ between young and old 3xtg mice or from controls
and nearly 100% of RGCs in 3xtg retina took up and packaged CTB for transport. Intraocular
pressure (a major risk factor for glaucoma) was not elevated in 3xtg mice as a function of age or
as compared to controls. Quantification of phosphorylated tau (ptau) load in retina, optic nerve
(ON) and retinorecipient SC using capillary electrophoresis showed significantly increased ptau-
231 burden in ON and SC, but not retina, at 10 mo. Overall, these findings are indicative of
axonal transport deficits and tauopathy in the retinal projection of a progressive, pathological
model of Alzheimer’s disease. This underscores the utility of the anterior visual system in
expanding our approach to studying and understanding neurodegenerative disease.
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Abstract: Alzheimer’s disease (AD) is the most common type of dementia caused by a
mechanistic relationship between misfolded protein tau and amyloid-f. Previous literature has
disclosed evidence that acknowledges the role of a-synuclein as a third key toxic component
involved in the disease. Although a crosstalk between these abnormal proteins have been
suggested, the mechanism of toxicity remain unclear. Dysfunctional tau is key in most types of
dementia. However, while amyloid- promotes tau missorting from the axon to the cell body and
dendrites, tau mediates the detrimental effects of amyloid-p. This suggests amyloid-p and tau act
synergistically to promote neurodegeneration. Interestingly, recent studies in mice have
suggested that an increase in a-synuclein levels depend upon synergy between amyloid-p and
tau. However, amyloid-beta aggregates alone do not promote cognitive decline; and neither
dysfunctional tau nor a-synuclein reproduce the full effects of AD. Thus, dissecting the
relationship between abnormal proteins tau and amyloid-f is pivotal in understanding the initial
events that may drive a-synuclein dysfunction and the subsequent neurodegenerative process that
characterizes AD. Errant proteins tau, amyloid-f, and a-synuclein are known to form pre-fibrillar
aggregates called oligomers (multiples of monomeric proteins). These are considered the toxic
entity of the disease and have been found within synaptic compartments in AD brains. We
previously showed that oligomers of tau and a-synuclein exist in the same aggregates, forming
hybrid oligomers in Parkinson’s disease cases, providing evidence of co-occurrence of a-
synuclein and tau into their most toxic forms. Herein, we investigated the synergistic relationship
of these oligomeric species that is essential in identifying the mechanisms of toxicity in AD.
Using stable cells lines, we found that both, amyloid-p and a-synuclein oligomers potentiate tau
oligomers toxicity and accelerates neuronal death. Our findings provide evidence of the
mechanism by which amyloid-p enhances the harmful effects of tau, thus, contributing to disease
progression.
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Abstract: Alzheimer's disease (AD), one of the most disabling syndromes in the adult
population and the most common form of dementia in the world, has not cure or even an
effective treatment. AD is characterized the presence of senile plaques of amyloid beta (Ap)
peptide and neurofibrillary tangles of phosphorylated tau protein in the brain that trigger
neuronal loss and consequently a severe cognitive deficit which then precludes the entire life. In
the present work, we explore the hippocampus of different groups of young and old Octodon
degus (O. degus), an animal model for the study of non-genetic AD maintained in a clear acrylic
aquarium (50x35x23 cm) under standard conditions; with food and water ad libitum, without
exercise or environmental enrichment. AD hallmarks were observed by biochemical and
histological approaches finding almost 3-fold higher AB1-42 and AB1-40 peptide levels (=20 pg/ml
in young animals and =60 pg/ml in old animals), at least 2 times increased levels of Ap-
oligomers and the presence of AP aggregates called senile plaques in different areas of the
hippocampus and cortex of old O. degus compared to young ones (up to 6 plaques per 300um? of
hippocampus in old animals and no plaques in young animals). Furthermore, up to 3-fold
increased levels of phosphorylated tau protein at different epitopes related to AP and microtubule
dissemble (Thr231, Ser235, Ser202 and Thr205) were observed in the old animals. In agreement,
the presence of tau protein aggregates were found in the old O. degus group compared to the



young group (from 0 to 1 in young O.degus and up to 8 positive cells per field in old O. degus).
Our data support the idea that O. degus present the main neuropathology of AD, and therefore is
an optimal study model for this disease.
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Abstract: The C9orf72 hexanucleotide repeat expansion is one of the most common causes of
amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD); two disorders which
display different protein aggregates. The C9orf72 hexanucleotide expansion is a structural
polymorphism formed by a GGGGCC repeat region that impedes traditional transcription, and
leads to several abortive transcripts. These transcripts can then undergo non-AUG dependent
translation, leading to the production of several dipeptide repeat-containing proteins (DPRS)
including GP, GA, GR, PA or PR. These DPRs form neuronal inclusions in patients with ALS
and FTD, and several studies indicate that these inclusions are neurotoxic. Among the different
dipeptides produced by the non-AUG translation, there are some such as GA, which have
aggregative properties, as well as the tendency to sequester other proteins in the cell.
Furthermore, with the increasing evidence that oligomeric species are the main cause of
neurotoxicity in disorders such as Alzheimer’s disease and Parkinson’s disease, and with the
ability of these DPRs to aggregate, we decided to investigate the formation of DPR oligomers.
We demonstrate that some of these DPRs not only form oligomers, but also cross-seed with other



proteins, causing their gain in neuronal toxicity, and perhaps the loss of function of important
molecular pathways. Using immunohistochemical, immunofluorescent, and immunoblot
techniques, we show the formation of these oligomeric species, and their cross seeding in vitro.
These results show that the aggregation of DPR is harmful to the cells, and may be acting via
several mechanisms including direct toxicity by DPR oligomers alone and in combination with
other oligomeric proteins. Thus, the ability to detect oligomeric DPR using specific antibodies
has great potential to further our understanding of these diseases and aid in the development of
targeted therapeutics.
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Abstract: Unfolded, misfolded, mutant, and oxidatively damaged proteins are a severe and
never ending threat to cell survival. The ubiquitin proteasome system (UPS) degrades these
abnormal proteins to prevent protein aggregation and avoid disrupting cellular homeostasis. To
investigate the proteotoxic effects induced by impaired UPS in vivo, we developed a Drosophila
model with “tunable” proteasome dysfunction by regulating the expression of its dB5 catalytic
subunit through double-stranded RNA interference (RNAI). The duration and expression level of
the dB5 RNAi were controlled by an RU486 inducible act5C promoter. We first assessed the
effects of long term downregulating dB5 in adult male and female flies. D5 downregulation
induced shorter lifespan, proteasome impairment, accumulation and aggregation of ubiquitinated
(Ub)-proteins, locomotor dysfunction, and low resistance to oxidative stress in both fly genders.
In females only, a potentially new 20S proteasome form exhibiting chymotrypsin-like activity
was detected upon dB5 downregulation. We next investigated the effects of short term (5 days)
proteasome dysfunction. We controlled the duration and level of dB5 downregulation via the
conditional Gene-Switch binary system, by altering the length of RU486 administration. Our



results demonstrate that transient proteasome impairment negatively and irreversibly affects
lifespan and locomotor activity. Moreover, short term proteasome impairment was sufficient to
induce long lasting Ub-protein accumulation and aggregation that was not reversed upon
proteasome recovery. In conclusion, we clearly show that transient proteasome impairment is
critical to the formation of irreversible Ub-protein aggregates. Moreover, short term proteasome
impairment in adult flies can have long term negative and irreversible consequences.
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Abstract: TDP-43 is a protein that binds to both DNA and RNA and is present mostly in the
nucleus of the cell. This protein is required in many cell functions such as microRNA biogenesis,
RNA splicing, and in neurons, TDP-43 has a much more critical role in synaptic plasticity and
axonal transport. The essential role of TDP-43 was demonstrated in rodents when knockouts
were embryonic lethal. The diseases frontotemporal dementia (FTD) and amyotrophic lateral
sclerosis (ALS) are characterized by inclusion bodies that are formed when TDP-43 has been
ubiquitinated and hyperphosphorylated into aggregates that are mislocalized into the cytoplasm.
The role of TDP-43 in these diseases suggested that the protein is also involved in Alzheimer’s
Disease (AD). The primary pathology of AD is AP senile plaques and Tau neurofibrillary tangles
(NFT), though more recently TDP-43 aggregates have been shown in AD as well. A large
amount of evidence suggests that Tau, a protein that is important to axonal transport and
microtubule stability, forms oligomers that are the toxic entity in AD and other
neurodegenerative diseases. Immunohistochemistry and biochemical analyses have shown that
TDP-43 oligomers are present and interact with Tau and AP in AD cases and we utilize these
techniques to further investigate these interactions. By using both generic and newly generated
antibodies against TDP-43 oligomers in immunoblot and immunohistochemistry techniques, we



aim to establish the incidence of these oligomers in Alzheimer’s Disease. We will investigate the
relationship between TDP-43 aggregates and Tau in the oligomerization process and determine if
TDP-43 and Tau form hybrid oligomers within the AD brain. Investigating the formation and
interactors of TDP-43 oligomers in AD could lead to a better understanding of the role of cross-
seeding in the formation, stability and toxicity of the different protein aggregates in AD and may
lead to the development of disease therapies.
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Abstract: Loss of function mutations in progranulin (GRN ) are a major autosomal dominant
cause of frontotemporal dementia (FTD), and likely cause disease through progranulin
haploinsufficiency. Homozygous GRN mutations that produce complete progranulin deficiency
cause the lysosomal storage disorder neuronal ceroid lipofuscinosis (NCL), revealing that
progranulin is critical for proper lysosomal function. Impaired lysosomal function may also play
arole in FTD due to GRN mutations (FTD-GRN), as brains from FTD-GRN patients exhibit
elevated levels of lysosomal proteins. As in humans, progranulin-deficient mice (Grn*~ and
Grn™") exhibit lysosomal abnormalities throughout the brain, with elevated levels of lysosomal
proteins, changes in lysosomal enzyme activity, and in Grn™~ mice accumulation of lipofuscin



granules. In this study, we investigated whether brains from progranulin-deficient mice and FTD
patients with GRN mutations exhibit similar lysosomal abnormalities, and tested whether
restoration of progranulin to progranulin-deficient mice would reverse these abnormalities.
Grn*"-and Grn™ mice, as well as FTD-GRN patients, exhibited increased activity of p-
Hexosaminidase A (HEXA), which was associated with increased protein and RNA levels of the
enzyme. Brains from FTD-GRN patients and Grn~~mice had reduced activity of p-
glucocerebrosidase (GBA), an enzyme with previously reported abnormal trafficking in Grn™-
macrophages. Grn™~mice also exhibited additional enzymatic changes not present in FTD-GRN
samples. Restoration of progranulin to Grn~~mice by intracranial injection of an adeno-
associated viral (AAV)-progranulin vector normalized activity of lysosomal enzymes and
reduced lipofuscin levels throughout the brain. These data indicate that lysosomal dysfunction
due to progranulin deficiency is reversible, which supports use of progranulin-boosting therapies
for FTD-GRN patients, particularly in the early stages of disease.
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Abstract: Age-related memory changes are not homogenous within similar aged-groups. A few
older people will not experience problems with cognitive function and retain a “youth-like” brain
phenotype. However, most people will notice an increase in forgetfulness and take longer to
learn and recall information, tasks that rely heavily on the hippocampus. Fortunately, symptoms
of normal cognitive aging are not necessarily a harbinger of dementia; nevertheless if memory
problems worsen, it may signal advancement into mild cognitive impairment, which is an
intermediate stage between normal age-related memory changes and the more serious disabling



dementia. Therefore it is necessary to fully understand the neurobiology of aging to preclude the
advancement of cognitive malfunction.The substrates involved in age-related cognitive decline
are unknown. There is no major neuron or synapse loss in the hippocampus with this non-disease
associated type of cognitive impairment. However, it has been proposed that voltage-signaling
and/or Ca?*-signaling networks or interactomes within the neuron are disrupted leading to
impairments in memory. We previously showed that single-dendrite gradients in synapse number
and ion channels /receptors exist in young rats. For example, the number of synapses on an
oblique dendrite decreased with distance from the main apical dendrite, and AMPAR expression
increased while NMDAR expression decreased with distance from the soma. While
immunolocalization of many ion channels and /or receptors is known within the young and aged
hippocampus, little is known about the relative expression of these channels to one another. In
this study, we employ multiple antibodies and high-resolution Array Tomography to visualize
differences in ion channel gradients in electrophysiologically-characterized dendrites within the
dorsal CA1 region of rats identified as being young (), aged-unimpaired (AU) or aged-impaired
(Al) by two hippocampal-dependent memory tasks. We find disruption of ion channel
interactomes involved in voltage and Ca?" regulation in aged impaired animals. These
experiments are necessary to identify targets for pharmacological approaches in preventing
cognitive decline with age.
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Abstract: In various transgenic mouse models of AD, we find that both supra- and sub-threshold
voltage signaling, both of which are heavily influenced by passive and active dendritic
properties, progressively deteriorate with age in hippocampal CAlpyramidal neurons. Utilizing
functional, molecular, and ultrastructural imaging techniques, we identify the hyperpolarization-
activated, cyclic nucleotide-gated (HCN) channel as a primary suspect responsible for this
disrupted voltage signaling.

Calcium signaling abnormalities are thought to be a major agent involved in cellular dysfunction
associated with AD. We sought to manipulate internal calcium signaling via the endoplasmic
reticulum, and in doing so, elicit store depletion induced h-channel plasticity (SD-h plasticity) to
re-establish HCN function in these altered neurons.

Delivering intrahippocampal infusions of carvedilol (a non-specific beta-adrenergic blocker with
affinity to antagonize ryanodine receptors) in anaesthetized transgenic mice, we find that HCN
channel function is indeed re-established using patch-clamp recordings of hippocampal slices
post-infusion. In addition, some hippocampal sections were processed for pre-embedding
immunogold electron microscopy to determine channel distribution after induction of SD-h
plasticity. These results confirm the treatment increased insertion of the channel into plasma
membranes as well as appearing to increase protein trafficking to the distal dendrites where these
channels are critical for proper CA1 neuron dendritic computations.
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Abstract: The substantial cognitive deficits experienced by patients with Alzheimer’s disease
(AD) have long been thought to be the product grey matter changes. However, recent work has
indicated that disruptions in neural network connectivity may be attributable to changes in white
matter (WM) integrity during AD progression. Diffusion tensor imaging (DT]I) has revealed
significant volume changes in the white matter of patients with early AD and mild cognitive



impairment (MCI). These changes are particularly robust in the parahippocampal gyrus and
hippocampus, which are both highly susceptible to AD pathology. In addition, oligodendrocytes
have exhibited sensitivity to the cytotoxic effects of amyloid beta (A), the principle component
of the characteristic AD plaques. Therefore, cognitive decline during MCI and AD may be, at
least in part, due to disrupted connectivity that results from decreased integrity of WM. Given
the primary function of myelin in facilitating rapid action potential (AP) propagation along axons
via saltatory conduction, it is possible to examine physiological properties that depend on
myelination of axons. In the present study, we employed whole cell patch clamp physiology to
monitor AP generation in the axons of CA1 pyramidal neurons of wild-type and AD transgenic
mice. Specifically, antidromic APs were generated by a stimulating electrode placed in the
alveus, and successful AP generation and propagation was monitored using a somatic recording
electrode. Two types of protocols were used to assess each neuron’s ability to generate
antidromic APs. The first consisted of two pulses spaced at varying frequencies from 2 Hz to 500
Hz, while the second consisted of a train of ten stimuli at frequencies between 10 Hz and 100 Hz.
Our results have shown that failure rate is increased in the CA1 pyramidal neurons of aged AD
mice, consistent with observed changes in the WM of AD patients and animal models.
Interestingly, the increased failure rate appears to be more pronounced at specific stimulus
frequencies, regardless of the number of pulses used. Overall, our findings support previously
reported WM changes in AD, as well as provide physiological characterization of the
consequences of these WM alterations in a specific portion of the hippocampal circuit.
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Abstract: Mitochondrial dysfunction is a prominent feature in many neurodegenerative diseases,
such as Parkinson’s disease (PD). Many tail-anchored (TA) proteins are located to the
endoplasmic reticulum (ER) membrane. However, TA proteins may misplace on mitochondria
rarely and affect mitochondrial normal function. Here, we identified a new mitochondrial out
membrane protein named JZ101 which mediates the clearance of the TA protein on
mitochondria. And, JZ101 overexpression enhanced the fusion of mitochondria, whereas JZ101
deficiency results in more fragmented mitochondria and impaired energy metabolism of



mitochondria, which could be rescued by restoring the expression of JZ101. Our study may
provide a potential target for neurodegenerative diseases.
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Abstract: Alzheimer’s disease (AD) is the most common type of dementia and is characterized
by the insidious degeneration of brain networks involved in memory and cognition.
Accumulation and aggregation of the amyloid 3 (AB) peptide in the brain are pathological
hallmarks of AD. Sequential cleavage of the amyloid precursor protein (APP) by the - and -
secretases leads to generation of the AP peptide. We have shown that the orphan G protein-
coupled receptor 3 (GPR3) plays an important role in regulation of the y-secretase complex and
AP generation in AD. However, investigation of the in vivo functions of GPR3 is challenging
due to the lack of availability of suitable antibodies that recognize endogenous mouse GPR3. To
circumvent this issue with other GPCRSs, fluorescently and hemagglutinin (HA) labeled GPCR
knockin (KI) mice have been generated to study the physiological and pathophysiological
function of several GPCRs. Several genome editing systems, including transcription activator-
like effector nucleases (TALEN), clustered regularly interspaced short palindromic repeats
(CRISPR)/CRISPR-associated protein-9 nuclease (Cas9), and zinc finger nucleases (ZFNs) have
been used to insert fluorescent proteins and HA tags to study receptor function. Among the three
genome editing technologies, CRISPR/Cas9 is efficient, highly specific, and easier to design
than TALEN and ZFNs. In the current study, we utilized a CRISPR/Cas9-mediated genome
editing strategy to insert two HA tags into the murine Gpr3 gene. By co-injection of guide RNAs
(gRNAs), Cas9 mRNA, and single-stranded DNAs (ssDNA) containing the HA tag sequence
into the one-cell mouse embryos, we successfully introduced two HA tags into the N-terminus of
the Gpr3 gene in the first generation founder mice. One founder has been bred and successful



germline transmission has been confirmed. The HA-GPR3 KI mice are currently being used to
investigate the expression, localization, and binding partners of GPR3 in vivo. The protein
expression pattern and localization of GPR3 in different cell types will be essential to understand
the physiological roles of endogenous GPR3 and to evaluate potential therapeutic approaches
targeting GPR3 in AD.
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Abstract: In 2004, two articles were published which suggested mutations in the leucine-rich
repeat kinase 2 (LRRK2) gene cause autosomal dominant Parkinson’s disease (PD). This gene
encodes for the protein of the same name, which impacts vesicular trafficking within the cell
through phosphorylation of a subset of rab GTPases. Effector proteins, in addition to guanine
nucleotide exchange factors (GEFs) and GTPase activating proteins (GAPs) activate and
deactivate rabs for their various tasks. Rab activation occurs when a GEF exchanges the
GTPase’s GDP for GTP, while inactivation occurs when a GAP initiates hydrolysis of GTP to
GDP. A great number of GEFs and GAPs exist in the cell, which provides both specificity, and
some redundancy, to this highly specialized system. At present, LRRK2 has been shown to
phosphorylate 14 of these rabs: rab3A, rab3B, rab3C, rab3D, rab5A, rab5B, rab5C, rab8A,
rab8B, rabl0, rab12, rab29, rab35, and rab43. While phosphorylation of these rabs decreases
their affinity for GEFs and GDls, it is unclear how this may impact the downstream effects of the
rab proteins. In this study, Neurolnitiative‘s, Simulation Environment for Experimental Design
(SEED), was used to run in silico pathway models of rab3A, rab3B, rab3C, and rab3D, which
play a role in vesicle trafficking and exocytosis. Data from baseline LRRK2 models was
compared with mutated LRRK2 (G2019S) and knockout models.
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Abstract: Mutations in the LRRK2 (Leucine Rich Repeat Kinase 2) gene have been linked to
both sporadic and familial forms of Parkinson’s disease (PD). Our lab has performed many
fluorescence-based microscopy experiments to study the protein-protein interactions of LRRK2-
EGFP in live cells. We have demonstrated that the active, membrane bound form of LRRK2-
EGFP is predominantly a dimer due to self-association on the membrane. However, lack of
knowledge about the mutations that alter the kinase function of this protein has resulted in
limited targeted treatment options. The most common PD-linked LRRK2 mutation, G2019S, has
been shown to increase the kinase activity of LRRK2 resulting in major deficits in endocytosis
and vesicle trafficking. Because of this finding, current drug discovery efforts have been geared
toward the optimization of LRRK2 kinase inhibitors as a potential disease modifying therapy.
Controversially, previous studies have shown adverse side effects of LRRK2 kinase inhibitors in
peripheral tissues and decreased LRRK2 protein concentration in mouse brain lysates treated at
therapeutic doses. Since these studies were performed postmortem, little data have been shown
in functional living systems. This project expanded past experiments by adding LRRK2 kinase
inhibitors (100nM) to quantify their effects on LRRK2-EGFP function in a live dopaminergic-
like neuronal system. We utilized 2-photon confocal microscopy and total internal reflection
fluorescence microscopy (TIRF) to monitor protein dynamics and self-association of LRRK2-
EGFP in the cytosol and at the membrane. Raster image correlation spectroscopy (RICS), photon
counting histogram (PCH), and number and brightness (N&B) replicated the decreases in
LRRK?2 protein concentration but also indicated a novel increase in dimer and higher-order
oligomers and a decreased diffusion rate in both wild type (WT) LRRK2-EGFP and G2019S
LRRK2-EGFP expressing cells. This suggests an alteration in protein dynamics that is



contradictory to the intended function of kinase inhibitors. In order to characterize this functional
abnormality in more therapeutically relevant models, we lowered the drug doses to 1C50
concentration and conducted spatial intensity distribution analysis (SpIDA) on endogenously
expressed protein. These methods noted similar alterations in oligomerization and concentration
when compared to vehicle treated controls. Overall, these studies show striking results about the
effects of LRRK2 kinase inhibitors on protein dynamics. Follow up studies are needed to
determine the extent of these notable abnormalities and the efficacy of LRRK2 kinase inhibitors
for novel PD therapy.
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Title: Parkinson’s disease-associated mutations in LRRK?2 cause centrosomal defects via Rab8a
phosphorylation
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Abstract: Mutations in LRRK2 are a common genetic cause of Parkinson’s disease (PD).
LRRK?2 interacts with and phosphorylates a subset of Rab proteins including Rab8a, a protein
which has been implicated in various centrosome-related events. However, the cellular
consequences of such phosphorylation remain elusive. Here, we show that pathogenic LRRK2
causes deficits in centrosomal positioning with effects on neurite outgrowth, cell polarization and
directed migration. Pathogenic LRRK2 also causes deficits in centrosome cohesion which can be
detected in peripheral cells derived from LRRK2-PD patients as compared to healthy controls,
and which are reversed upon LRRK2 kinase inhibition. The centrosomal cohesion and polarity
deficits can be mimicked when co-expressing wildtype LRRK2 with wildtype but not phospho-
deficient Rab8a. The centrosomal defects induced by pathogenic LRRK?2 are associated with a
kinase activity-dependent increase in the centrosomal localization of phosphorylated Rab8a, and
are prominently reduced upon RNAI of Rab8a. Our findings reveal a new function of LRRK2
mediated by Rab8a phosphorylation and related to various centrosomal defects.
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Abstract: Abstract: Leucine-rich repeat kinase (LRRK2) mutations are associated with
autosomal dominantly inherited Parkinson’s disease (PD). Genome-wide-association-studies
(GWAS) indicate that the genetic locus containing the LRRK2 gene also presents a risk factor
for sporadic PD. A mutation in the LRRK2 kinase domain, G2019S, is most common in familial
and apparently sporadic forms of PD. Such a mutation increases the kinase activity by ~two-fold,
with toxic effects confirmed in vitro and in vivo. Whether LRRK2 kinase activity is essential for
its role in PD is still hotly debated. Despite involvement of LRRK2 in several neuronal
pathways, including cytoskeletal dynamics, vesicular trafficking, mitochondrial function, and
autophagy, its physiological function and role in PD pathology remains unclear. In the current
rodent study, we induced peripheral inflammation via single intraperitoneal (ip) injection of
lipopolysaccharide (LPS) to transgenic rats expressing the human G2019S mutation featuring the
bacterial artificial chromosome (BAC) form of the entire human LRRK2 genome locus (BAC-
hLRRK2-G2019S). BAC-hLRRK2-G2019S rats showed elevated levels of the pro-inflammatory
cytokine IL-1p in nigral tissue 90 days after a single LPS ip injection. In addition, 90 days after
LPS administration there was loss of dopaminergic neurons in the substantia nigra and striatal
dopaminergic neurites in BAC-hLRRK2-G2019S rats. Moreover, LPS treated BAC-hLRRK2-
G2019S rats also exhibited gait abnormalities as early as 4 days after ip injection, which
progressively worsened until day 60. Non-transgenic animals showed no pathobiology following
LPS administration. In conclusion, these results suggest that LRRK2-G2019S carriers may be
predisposed to excessive focal brain responses to a peripheral inflammatory stimulus, resulting in
PD-like neurotoxicity and motoric deficits. To advance our investigations, we have generated
novel rat BAC transgenic lines that express either (LRRK2-G2019S or hLRRK2-WT but lack
endogenous rat LRRK2 (rLRRK2-/-) (BAC-hLRRK2-G2019S::rLRRK2-/-, BAC-hLRRK2-
WT::rLRRK2-/-). These new transgenic lines will allow us to remove the contributory effect of
endogenous LRRK?2 thus yielding a precise model for future experiments. Using these animal
models, we intend to more fully characterize mutant LRRK2 function as it relates to systemic
and central neuroinflammation, nigrostriatal vulnerability and the potential to evaluate
therapeutic options.
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Title: Parkinson’s disease-linked LRRK2 positively regulates type 1 Interferon-induced
inflammatory signaling and cytokine production through selective DSCR1 phosphorylation
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Abstract: LRRK2 is a Ser/Thr kinase with mixed lineage kinase-like and GTPase domains, and
controls neurite outgrowth and cell death. Mutations in LRRK2 gene is known to cause
autosomal dominant late-onset Parkinsonism. Several studies have also suggested that LRRK2 is
involved in innate immune response signaling, but the underlying mechanism is unknown yet.
Down syndrome candidate region 1 (DSCR1, also known as regulator of calcineurin 1 or
RCANL) protein was shown to upregulate type 1 interferon-induced inflammatory signaling by
modulating several intracellular targets of interleukins in immune cells. Moreover, DCSR1
negatively affects neuronal cell death and survival through increased susceptibility to oxidative
stress. In this study, we investigated any biochemical and functional link between LRRK2 and
DSCR1, and their roles in type 1 interferon-mediated inflammatory signaling. At the meeting,
our recent data concerning the action of LRRK2 on DCSR1 and DSCR1-mediated downstream
inflammatory signaling will be presented, In conclusion, our data demonstrate that LRRK2
directly phosphorylates DSCR1 and consequently acts as a positive regulator of inflammatory
signaling though DCSR1 modulation under type 1 interferon stimulation. This study further
imply that LRRK2 positively regulates inflammatory responses in Parkinson's disease.
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Title: Age-dependent dopaminergic neurodegeneration and impairment of the autophagy-
lysosomal pathway in LRRK-deficient mice
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Abstract: LRRK2 mutations are the most common genetic cause of Parkinson’s disease, but its
normal physiological role in the brain is unclear. We previously generated LRRK2-/- mice and
found no detectable phenotypes in the brain, but the kidney develops striking age-dependent PD-
like change. To determine whether the absence of the phenotypes in the LRRK2-/- brain is due to
the relative high expression of its functional homologue LRRK1 in the brain, we developed
double knockout mice lacking both LRRK1 and LRRK2. Here we show that inactivation of
LRRK2 and LRRK1 results in earlier mortality and age-dependent, selective neurodegeneration.
Loss of dopaminergic neurons in the substantia nigra pars compacta (SNpc) and noradrenergic
neurons in the locus coeruleus is accompanied with increases in apoptosis, whereas the cerebral
cortex and cerebellum are unaffected. Furthermore, selective age-dependent neurodegeneration
is only present in LRRK-/- but not LRRK1-/- or LRRK2-/- brains, and is accompanied with
increases of a-synuclein and impairment of the autophagy-lysosomal pathway. Quantitative
electron microscopy analysis revealed age-dependent increases of autophagic vacuoles in the
SNpc of LRRK-/- mice before the onset of dopaminergic neuron loss. These findings revealed an
essential role of LRRK in the survival of dopaminergic neurons and the regulation of the
autophagy-lysosomal pathway in the aging brain.
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Title: Altered slow-wave sleep in the LRRK2 G2019S mouse model of Parkinson’s disease
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Abstract: The leucine-rich repeat kinase 2 (LRRK?2) mutation represents a common genetic
cause of Parkinson’s disease (PD). Although REM sleep behavior disorder is associated with
sporadic PD and the development of synucleinopathies, REM disorders are less common in
LRRK2 PD (Kestenbaum and Alcalay, 2017). Furthermore, the LRRK2 mutation is associated
with altered cortical synaptic excitability, which could alter sleep-associated oscillatory activity.
Consequently, we sought to determine if transgenic mice with the LRRK2 G2019S mutation
expressed changes in behavioral and physiological markers of sleep and sleep depth. To
investigate this question, we measured cortical electroencephalography (EEG) and cortical and
subcortical local-field activity in 15 LRRK2 G2019S and 10 wild-type (WT) C57bl/6 male mice.
Physiological and behavioral data (EMG and inertia measurement data) were acquired during
periods of rest and active foraging behavior. Surface electrodes were implanted above
somatosensory (S1) and visual cortex (V1). We observed that LRRK2 G2019S mice showed an
increase in EMG activity during sleep and behavioral epochs when compared to WT mice (p <
0.0005, Kruskal-Wallis with Tukey post-hoc). Analysis of inertial and EMG activity also
revealed that LRRK2 G2019S mice had shorter sleep bouts during post-foraging sleep (p <
0.005), shorter inter-sleep bout intervals in the pre-foraging sleep epoch (p < 0.05), and spent
proportionally more time sleeping in the pre-sleep epoch (p < 0.001). Physiological
measurements indicated that LRRK2 mice had higher power in high gamma band frequencies
(80-120Hz) in their cortical EEG LFP (p < 0.001) and also expressed a significant increase in the
power of sleep spindles relative to WT controls (p < 0.05, Student’s t-test) in the S1 trunk region.
In contrast, no difference in the distributions of peak spindle frequencies and durations was
observed between LRRK2 G2019S and WT mice. Our results suggest that the LRRK2 G2019S
mutation alters behavioral and physiological markers of the depth of slow-wave sleep.
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Abstract: The gene encoding for Leucine Rich Repeat Kinase 2 (LRRK2) has been linked to
familial and sporadic/idiopathic forms of Parkinson’s disease (iPD), as well as cancer, leprosy
and Crohn’s disease, making this gene a target for discovery therapeutics. Since it’s discovery as
a PD gene in 2004, LRRK2 has been associated with a wide range of cellular functions but the
physiological roles of LRRK2 remain unclear. The most prevalent and pathogenic LRRK2
mutations in PD have been shown to affect cellular macroauthophagy in a variety of cellular
models®?. Furthermore, recent in vivo studies have recapitulated an effect of LRRK2 in
autophagy signalling®*. This raises the question whether differential autophagic activity is
relevant to disease progression in PD patients harbouring LRRK2 mutations. To test this, we
examined the levels of autophagic markers in the basal ganglia of G2019S LRRK2 PD post-
mortem tissue, in comparison to pathology-matched iPD. An increase in LC3-11 levels was
observed in iPD compared to controls but this was not the case for G2019S PD cases that
showed similar levels to control cases. Furthermore, significantly lower levels of ULK1, a
downstream effector of mTOR and AMPK involved in autophagosome generation, were
observed in G2019S compared to iPD cases. An increase in p62 was observed in iPD but not
reflected in G2019S cases while Lamp1 levels were found to be divergent in these cases
compared to iPD and controls. Immunohistochemistry of p62 on brain tissue recapitulated a
distinct signature for G2019S PD. Our data highlight a divergence of G2019S PD carriers in
terms of autophagic response in affected brain regions compared to iPD, similar to what we have
reported for alpha-synuclein solubility in these cases®. It is possible that the deregulation of
autophagy and altered alpha-synuclein solubility in the LRRK2 G2019S cases are inter-linked.
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Title: Phosphorylation of p53 by LRRK2 induces microglial TNFa-mediated neurotoxicity

Authors: *D.-H. HO?!, J. EUN?, W. SEOL!, I.-H. SON?

'Inam Neurosci. Res. Ctr., Gunpo-City, Gyeonggi-Do, Korea, Republic of; 2Dept. of Biomed.
Sciences, Neurosci. Grad. Program, Ajou Univ. Sch. of Med., Suwonshi, Korea, Republic of;
3Dept. of Neurology, Sanbon Med. Center, Collage of Medicine, Wonkwang Univ., Gunpo,
Korea, Republic of

Abstract: Leucine-rich repeat kinase (LRRK2), a major causal gene of Parkinson's disease (PD),
functions as a kinase. The most prevalent mutation of LRRK2 is G2019S. It exhibits increased
kinase activity compared to the wildtype LRRK2. Previous studies have shown that LRRK2 can
phosphorylate p53 at T304 and T377 of threonine-X-arginine (TXR) motif in neurons. Reduction
of LRRK2 expression or inhibition of LRRK2 kinase activity has been shown to be able to
alleviate LPS-induced neuroinflammation in microglia cells. In this study, we found that LRRK2
could also phosphorylate p53 in microglia model BV2 cells. Transfection of BV2 with
phosphomimetic p53 T304/377D significantly increased the secretion of pro-inflammatory
cytokine TNFa compared to BV2 transfected with p53 wild type after LPS treatment. In
addition, conditioned media from these transfected cells increased the death of dopaminergic
neuronal SN4741 cells. Moreover, such neurotoxic effect was rescued by co-treatment with the
conditioned media and etanercept, a TNFa blocking antibody. Furthermore, TNFa secretion was
significantly increased in primary microglia derived from G2019S transgenic mice treated with
LPS compared to that in cells derived from their littermates. These results suggest that LRRK2
kinase activity in microglia can contribute to neuroinflammation in PD via phosphorylating p53
at T304 and T377 site.
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Abstract: Dominantly inherited missense mutations in leucine-rich repeat kinase 2 (LRRK?2) are
the most common genetic cause of Parkinson’s disease. LRRK1 and LRRK?2 belong to the Roco
family and share a high degree of sequence similarity. Our previous findings showed that
LRRK2-deficient mice display an age-dependent dysregulation of protein degradation pathways
in the kidney, including striking a-synuclein accumulation and aggregation and increases of
apoptotic cell death and oxidative damage. To investigate the normal physiological role of
LRRK and the relative contribution of LRRK1 and LRRK2 in carrying out LRRK function, we
generated LRRK-/-, LRRK1-/- and LRRK2-/- mice. Analysis of these mutant mice and wild-type
controls at the ages of 6, 10 and 15 months ages showed age-dependent reduction of body weight
in LRRK-/- mice beginning at 6 months. LRRK1-/- mice also showed significant reduction of
body weight at 15 months but not at 6 and 10 months, whereas LRRK2-/- mice are unaffected. In
the kidney of LRRK-/- mice, significant increases of apoptotic cell death were detected at 6
months and were further increased at 10 and 15 months of age, and apoptosis was also increased
in the kidney of LRRK2-/- mice beginning at 10 months, whereas apoptosis in the LRRK1-/-
kidney was unaffected. We also observed age- and genotype-dependent accumulation and
aggregation of a-synuclein, ubiquitinated proteins and p62 in the kidney of these mutant mice.
The detailed results of these analyses in all four genotypic groups will be presented.
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Abstract: Chaperone-mediated autophagy (CMA\) is the principal pathway for clearing alpha
synuclein, the main component of Lewy bodies in Parkinson’s disease (PD). Lysosome-
associated membrane glycoprotein 2a (LampZ2a), the rate-limiting protein in CMA, is thought to
be decreased in the PD substantia nigra. The effect of LRRK2 gene mutations, the most frequent
cause of inherited PD, on Lamp2a levels is unknown. We used ELISA to measure total Lamp2
(isoforms Lamp2a, Lamp2b and Lamp2c) in CSF from patients with sporadic PD (sPD, n = 31),
PD patients with LRRK2 gene mutations (LRRK2 PD, n = 20), and healthy similar-aged control
subjects with or without LRRK2 mutations (LRRK2 CTL =30, CTL= 27). The lowest median
Lamp2 value was in the LRRK2 PD group; median values (pg/mL) were sPD = 333, LRRK2 PD
=127, CTL =436, and LRRK2 CTL = 412. The difference between Lamp2 concentrations in
LRRK2 PD and LRRK2 CTL subjects was statistically significant (p = 0.02). Gender effects
may have influenced this result, because the LRRK2 PD group had a larger proportion of
females (80%) than the other three groups (52% - 63%) and Lamp2 levels in the 67 females in
this study (median = 247 pg/mL) were lower than the levels of this protein in the 41 males
(median =778 pg/mL) (p = 0.0002). An ANOVA was therefore performed on log-transformed
Lamp2 concentrations which simultaneously modeled gender, diagnosis, and interaction effects.
Evidence was found for differences between the eight “gender*diagnosis” groups (p < 0.0001);
Tukey-Kramer multiple comparison testing revealed that the log-transformed Lamp2 levels in
LRRK2 PD females were statistically different (lower) than those in each of the other
gender*diagnosis groups except for sPD females. These results suggest that CSF concentrations
of Lamp2 may be lower in females than in males, and may also be decreased in female PD
patients with LRRK2 mutations. Further studies are required to determine the correlation
between CSF and substantia nigra Lamp?2 levels.
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Title: LRRK2 G2019S mutation modulates intracellular and ER calcium homeostasis in human
iPSC-derived neurons
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Abstract: The Leucine-Rich Repeat Kinase (LRRK2) G2019S gain of function gene mutation is
one of the most prevalent mutations contributing to Parkinson’s disease (PD) pathogenesis.
Using human induced pluripotent stem cell (iPSC)-derived neurons carrying the LRRK2 G2019S
mutation, we and others have shown that the LRRK2 mutation, which increases LRRK2 kinase
activity, alters axon outgrowth, intracellular trafficking, mitochondrial health and autophagy. We
have also shown that this mutation contributes to an increased vulnerability of iPSC-derived
neurons to PD-associated cell stressors and can be rescued by treatment with LRRK?2 inhibitors
(Cooper et al., 2012, Sci Transl Med. 2012, 4;4(141):141ra90.). Previously we described that
human iPSC-derived neurons carrying the LRRK2 G2019S mutation challenged with the
sarco/endoplasmic reticulum Ca?* -ATPase (SERCA) uptake blocker thapsigargin (THP), exhibit
an increase in depolarization-induced calcium influx and a modified calcium decay (interpreted
as buffering capacity), when compared to neurons derived from healthy subject controls. Here,
we show that endoplasmic reticulum (ER) Ca?* levels, measured using an ER specific calcium-
measuring organelle-entrapped protein indicator (Cepia-ER), are lower in iPSC-derived forebrain
and midbrain dopamine neurons carrying the LRRK2 G2019S mutation compared to healthy
subject controls. The lower level of ER calcium in LRRK2 G2019S neurons is still present even
after THP-induced SERCA block. This phenotype was ameliorated by treatment with an
antisense oligonucleotide that partially decreases LRRK2 levels. gPCR analysis of key ER Ca?*
channels and regulators, and membrane Ca?* channels, known to regulate store operated calcium
entry (SOCE), indicates altered expression in LRRK2 G2019S neurons. In summary, these data
suggest that the LRRK2 G2019S mutation alters intracellular calcium homeostasis, which could
contribute to PD-specific neuronal dysfunction. Further studies will identify specific targets of
the ER homeostasis pathway affected by the LRRK2 G2019S mutation.
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Title: Parkinson’s disease-linked LRRK2 regulates epigenetic histone tail acetylation and
neuronal apoptosis through HDAC3 phosphorylation and modulation of its activity and
localization
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Abstract: Parkinson's disease (PD) is characterized by slow, progressive degeneration of
dopaminergic neurons in the substantia nigra. The cause of neuronal death in PD is largely
unknown, but several genetic loci, including LRRK2, have been identified. LRRK2 has GTPase
and kinase activities, and mutations in LRRK2 are the major cause of autosomal-dominant
familial PD. Histone deacetylases (HDACs) remove acetyl groups from lysine residues on
histone tails, promoting transcriptional repression via condensation of chromatin. Here, we
demonstrate that LRRK2 binds to and directly phosphorylates HDAC3 at Ser-424, thereby
stimulating HDAC activity. Specifically, LRRK2 promoted the deacetylation of Lys-5 and Lys-
12 on histone H4, causing repression of gene transcription. Moreover, LRRK2 stimulated
nuclear translocation of HDAC3 via the phoshorylation of karyopherin subunit a2 and a6.
HDACS3 phosphorylation and its nuclear translocation were increased in response to 6-OHDA
treatment. LRRK2 also inhibited myocyte-specific enhancer factor 2D activity, which is required
for neuronal survival. LRRK2 ultimately promoted 6-OHDA-induced cell death via positive
modulation of HDACS3. These findings suggest that LRRK2 affects epigenetic histone
modification and neuronal survival by facilitating HDAC3 activity and regulating its
localization.
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cells
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Abstract: LRRK2 G2019S is the most common mutation associated with familial Parkinson’s
disease (PD). Located in the kinase domain of LRRK2, G2019S facilitates substrate access to the
kinase thus increasing the catalytic rate of the enzyme. Patient-derived induced pluripotent stem
cells present increased activated caspase-3, simplification of neurites and cell body accumulation
of a-synuclein after dopaminergic differentiation of the A9 subtype. Although some transgenic
rodent species overexpressing human LRRK2 G2019S exist, there have not yet been similar
modeling strategies applied to nonhuman primates. Moreover, utilization of clustered regularly
interspaced short palindromic repeat (CRISPR)/Cas9 for precision editing, models that more
closely mimic natural disease progression are now more achievable. In an effort to validate the
common marmoset as a candidate species for a genomic model of PD, we first chose to
investigate in vitro cell modeling strategies. The p.G2019S mutation derives from a g.G6055A
mutation within exon 41. Here we report utilization of CRISPR/Cas9 that recognizes the G6055
region of the marmoset LRRK2 genome. We have successfully isolated a marmoset embryonic
stem cell clone that contains bi-allelic nucleotide deletions that lead to a truncated form of
LRRK2 (tLRRK?2). After the clone was expanded, we administered a dual-SMAD inhibition
protocol that our group previously validated for differentiating marmoset stem cells to neurons.
The wild type (WT) parental cell line was differentiated in parallel as a control for phenotypic
comparison. On day 28 of differentiation, the cells were incubated in a maturation medium for
two weeks. The cells were then lifted, quantified, and replated to cover slips at an equal density



for morphological analysis and fixed one week later. After immunostaining for BIII-tubulin, 30
different fields for parental and edited cell lines were imaged. The ImageJ plugin NeuriteQuant
was used for objective quantification of neurite complexity. Preliminary results suggest that
tLRRK2 in neurons leads to a significant increase in average neurite length, number of branches
per cell and overall neurite length per cell when compared to WT controls. There was no
significant difference in the number of cells evaluated, number of neurites per cell, branches per
neurite length and branches per neurite. Our results demonstrate that LRRK?2 may play a critical
role in the level of neurite complexity in marmoset neurons, and that disrupting functional
LRRK?2 expression may have a reverse effect of the gain-of-function G2019S mutation
phenotype observed in human neurons. We are currently evaluating LRRK2 G2019S marmoset
cells.
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Abstract: Parkinson disease (PD) is the most common movement disorder and is pathologically
characterized by the presence of Lewy bodies and the loss of dopaminergic neurons in the
substantia nigra. In 2004, the genetic link between mutations in leucine rich repeat kinase 2
(LRRK?2) and PD were identified in familial PD cases. The G2019S mutation in the LRRK2
kinase domain is the most common pathogenic mutation and leads to a gain-of-function that
increases LRRK?2 kinase activity. Small molecule LRRK2 kinase inhibitors are sought that might
block or return LRRK2 activity to normal. Although several LRRK2 kinase inhibitors have been
developed, few successful chronic dosing regimens in rats have been reported. Outbred rats are
the standard rodent model in most pre-clinical campaigns to identify clinical candidate
molecules. Here, we evaluated several chronic dosing strategies for two LRRK2 kinase
inhibitors, PF-360 and ML.i2, in wild-type and hBAC G2019S-LRRK?2 transgenic rats, both on



the Taconic Sprague Dawley outbred background. Our goal is to relate drug concentrations in the
brain and plasma in reducing the abundance of autophosphorylated LRRK2, pS935-LRRK2, and
total LRRK2 protein, in both the context of over-expressed mutant LRRK2 enzyme as well as
wild-type LRRK2 protein in the rats. We developed a scalable and ultra-sensitive assay using
protein capillary electrophoresis to assess these proteins from tissues and cerebral spinal fluid.
Our data suggest that MLi2 and PF-360, despite both compounds binding to the LRRK2 ATP
pocket, differentially affect total protein stability and show different sensitivities towards
inhibition of the autophosphorylation pS1292 residue and the constitutively phosphorylated
pS935 residue. We can demonstrate that successful long-term chronic dosing regimens are
possible in the rat, tuned to different potencies with respect to LRRK2 inhibition.
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Abstract: Adrenomyeloneuropathy (AMN) is the most common phenotype of X-linked
adrenoleukodystrophy, a debilitating neurological disorder caused by mutations in the ABCD1
gene that encodes a peroxisomal ATP binding cassette transporter (ABCD1) responsible for
transport of CoA-activated very long-chain fatty acids into the peroxisome for degradation.
Close examination of the known Abcdl-/- mouse model of AMN reveals a 4-fold increase of
C26:0 levels in spinal cord. Further we discovered that mechanical hypersensitivity of Abcdl-/-
mice begins around 9 month of age, half a year prior to motor symptoms. In previous work we
demonstrated that rAAV9-mediated ABCDL1 gene transfer via intrathecal osmotic pump (IT
pump) led to more uniform and widespread gene delivery to CNS with reduced leakage into the
systemic circulation compared to either intravenous injection or intrathecal bolus (IT bolus)



injection. Here we report the biochemical and behavioral impact of intrathecal rAAV9-ABCD1
delivery. rAAV9 encoding ABCD1 (rAAV9-ABCD1) were delivered to Abcd1-/- mice
intrathecally (IT) at spine region L4-L5 using either a gas-tight Hamilton syringe attached to a
33-gauge steel needle over 2mins or an osmotic pump over 24h, with PBS injections serving as
sham control. Two weeks after injection, mice were sacrificed and tissue was collected for lipid
analysis (C26:0 measurements). For behavioral testing another cohort of mice was similarly
injected with rAAV9-ABCD1 at 5 months of age. Lipid analysis showed a 27% and 32%
reduction in C26:0 of the spinal cord after rAAV9-ABCD1 IT pump and IT bolus injection
(1X10gc/mouse) respectively. Importantly, after AAV9-ABCD1 delivery via IT pump we
found a 2-fold improvement in the nominal force threshold compared to the PBS injected group.
Behavioral testing after AAV9-ABCDL1 IT bolus delivery is still pending. Meanwhile, no
significant weight loss was detected after 1X10*gc rAAV9-ABCD1 IT pump delivery compared
to the PBS group. Even a 3-fold higher dose (3X10*gc/mouse) did not impact bodyweight,
suggesting that intrathecal rAAV9-ABCD1 delivery is well tolerated. We conclude that rAAV9-
mediated ABCD1 gene transfer via intrathecal osmotic pump leads to biochemical correction and
sensory improvements without associated toxicity. These findings may encourage further dose
escalation and bode well for future clinical translation.
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Abstract: Ataxia telangiectasia (A-T) is an autosomal recessive disorder caused by a mutated
ATM gene, which is characterized by genomic instability and progressive cerebellar
degeneration leading to loss of motor control. A crucial aspect of A-T disease progression may
be the elevated level of reactive oxygen species (ROS). Interestingly, while ATM is best known
for its function in DNA repair, it has recently been shown to have an important role in cellular
ROS homeostasis. Our previous study revealed that oxidative stress mitigation reduces some of
the A-T phenotypes. ATM drives efficient DNA repair through rapid phosphorylation of the



histone variant H2AX. H2AX was recently described to elicit several functions beyond DNA
repair, including the sensing of oxidative stress. H2AX mice recapitulate several features of Atm
knockout mouse including defective DNA repair, immunodeficiency and increased risk of
lymphoma. However, little is known about a role for H2AX in oxidative stress and the deficits in
motor balance observed in Atm knockout mouse. Moreover, the neurobehavioral deficits in the
Atm knockout mice are not robust, and the mutants do not display cerebellar degeneration.
Therefore, there is an urgent need for a surrogate model that more faithfully recapitulates the A-
T phenotype. We have preliminary observations that mouse embryonic fibroblasts deficient for
the histone H2AX exhibit substantial ROS. Of interest, expression of several genes involved in
the physiologic response to oxidative stress is impaired in H2AX knockout cells. Our
observations are consistent with evidence that H2AX-deficient cells exhibit enhanced
cytotoxicity in response to exogenous and endogenous oxidants like hydrogen peroxide (H202)
and L-buthionine-S,R- sulfoximine (BSO). Many studies have suggested a crucial role for
oxidative stress in the key phenotypes observed in A-T. We explored the functional
consequences of H2AX deficiency in relation to behavioral defects. Our preliminary
observations indicate that H2AX knockout mice exhibit impaired motor performance. Our data
provide the first evidence that deficiency of H2AX, one of the major ATM targets, results in
increased oxidative stress and impaired motor coordination. Additional lines of investigation will
include whether mitigation of the oxidative stress in vivo rescues mice for the observed deficits.
Analyses of cerebellum as well as other motor balance-associated regions in the brain including
the cortex and the striatum will help to substantiate whether the H2AX mouse is a heuristic
model for A-T disease.
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Abstract: Background Multiple system atrophy (MSA) is one of the most refractory
neurodegenerative diseases with no disease-modifying treatment. Since a-synuclein (a-Syn),
known as a neuronal protein, accumulates within oligodendrocytes (OLGSs) even in the early
stage of MSA, the interaction between a-syn and OLGs is believed to play a pivotal role in MSA



pathogenesis. As oligodendroglial a-syn pathology eventually leads to neurodegeneration in
MSA brains, the interpretation of how extracellular a-syn affects OLGs would aid the
development of treatment for MSA. Our research aims to elucidate the oligodendrocyte
condition in MSA and the influence of exogenous a-syn on OLG function.

Method To investigate the mRNA expressions of SNCA and genes for glial cell markers in MSA
human brains, we performed quantitative PCR analysis. The frontal cortices of four MSA cases
were examined, along with those of four control cases. For in vitro understanding of a-syn-
induced OLG dysfunction, we prepared primary OLG culture. Mixed glial cells were obtained
from postnatal day 1-2 rat, followed by isolation of oligodendrocyte precursor cells by overnight
shaking. Seven days after maturation induction, OLGs were used for experiments. Bacterially
expressed recombinant human a-syn was purified by ion exchange chromatography, followed by
3-7 days incubation with agitation at 37°C for the preparation of a-syn pre-formed fibrils (PFFs).
OLGs were incubated with a-syn PFFs for 24 hours (for immunoblotting), or 72 hours (for
gPCR).

Results Patient analysis revealed no significant difference of mRNA expressions of a-Syn in
MSA cases compared with controls. MBP and NG2 mRNA expressions showed tendency to be
higher in MSA cases than controls. Exogenous a-syn PFFs application caused remarkable
decrease in the protein expressions of myelin basic protein (MBP). On the other hand, the MBP
mRNA expression was significantly increased after a-syn PFFs application.

Discussion MBP mRNA expressions were increased both in MSA cases and in a-Syn-PFFs-
treated primary OLG culture. Given that a previous study has shown the decrease of normal
MBP and the emergence of degraded MBP in MSA human brains, the extracellular a-syn PFFs
may trigger the degeneration of normal MBP and the compensatory increase of MBP mRNA
expressions, which leads to the OLG dysfunction and neurodegeneration in MSA patients.
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Abstract: In the demyelinating neurodegenerative disorder, multiple system atrophy (MSA), a-
synuclein (aSyn) protein accumulates inside myelinating oligodendroglia (OLG), forming glial
cytoplasmic inclusions (GCls). In MSA patients, this causes OLG glial and neuron cell death,
demyelination, and related parkinsonian, autonomic, and cerebellar dysfunction. MSA patients
also develop constipation. MSA mice overexpressing aSyn in OLG cells also develop GClIs and
MSA-like symptoms. We have shown that the FDA-approved drug FTY720, is protective in
parkinsonian mice. Our novel FTY720-analogue, FTY720-Mitoxy, crosses the blood brain
barrier and can protect OLGs and neurons in cell culture, in part by turning up trophic factor
expression. We propose that FTY720-Mitoxy protects MSA mice against progressive aSyn
pathology and associated behavioral loss. MSA mice and wild type littermates received placebo
or FTY720-Mitoxy from 8.5-11 mo by Alzet osmotic pumps. We used rotarod to assess balance
and coordination, fecal water content to measure constipation, and carmine red gavage to
measure total gut motility from 5-11 mo. Tissues were collected to evaluate aSyn pathology in
brain and gut. At 4-6 mo, control and MSA mice were similar on all tests. MSA mice developed
motor deficits that worsened by 10-11 mo in placebo treated MSA mice. After 2.5 mo of
FTY720-Mitoxy treatment, preliminary data suggest MSA mice had better movement
performance, reduced constipation, and improved gastrointestinal transit time. aSyn evaluation is
underway. Evidence that FTY720-Mitoxy can slow MSA dysfunction and aSyn pathology in
MSA mice encourages Phase | safety trials of the drug.
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Abstract: TDP-43 aggregates are pathological hallmarks for amyotrophic lateral sclerosis (ALS)
and frontotemporal demenia (FTD). Intriguingly, TDP-43 proteinopathies are characterized by
loss of its nuclear staining with concomitant cytoplasmic accumulation. Furthermore, TDP-43
aggregates are present in neurons, astrocytes and oligodendrocytes. Together the evidence
suggests that TDP-43 mediated neurodegeneration may be caused by both loss- and gain-of-
TDP-43 functions and the damages from non-neuronal cells. To address how glial TDP-43
dysfunctions contributes to ALS, we selectively deleted TDP-43 in mature oligodendrocytes in
mice. Although mice with TDP-43 deleted in oligodendrocytes are born in Mendelian ratio and
develop normally, they develop progressive neurological phenotypes leading to early lethality by
90-days of age accompanied by age-dependent reduced myelination, altered oligodendrocyte
biogenesis, loss of motor neurons, astrogliosis and microgliosis in the spinal cords. Our data
showed that TDP-43 is indispensable for the functions of mature oligodendrocyte and loss of
oligodendroglial TDP-43 may be an integral part in ALS pathogenesis.
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Title: Non-immunosuppressive FTY720 analogues increase brain derived neurotrophic factor
(BDNF) in oligodendroglia
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Abstract: Multiple system atrophy (MSA) is a demyelinating disorder with a-synuclein (aSyn)
protein buildup inside myelinating oligodendroglia (OLG) and brain neurons. MSA dysfunction
includes loss of brain-derived neurotrophic factor (BDNF) in OLGs. Loss of BDNF in brain cells
is reversed by FTY720, an FDA-approved multiple sclerosis drug. Phosphorylated FTY720 also
causes immunosuppression by reducing blood lymphocytes, which may be undesirable for MSA
patients. New FTY720-analogues, FTY720-C2 and FTY720-Mitoxy, are not phosphorylated but
still increase BDNF in neurons. Thus, we hypothesize that novel FTY720-analogues increase
BDNF in OLG cells without producing immunosuppressive effects. BDNF expression in OLN-
93, an OLG cell line, was assessed at 12 and 24 hr by qPCR after FTY720-C2 and FTY720-
Mitoxy. Immunosuppressive effects were assessed in mice treated with FTY720 (1.25 mg/kg), or



equimolar FTY720-C2/FTY720-Mitoxy or 10X higher doses. Blood lymphocytes were counted
by microscopy of Wright’s stained blood smears at 24 hr after treatments. FTY720, as a positive
control, caused immunosuppressive loss of blood lymphocytes to 80% of baseline at 24 hr in
mice. Equimolar FTY720-C2 and FTY720-Mitoxy did not alter lymphocyte counts; though 10X
FTY720-Mitoxy caused a 10% non-immunosuppressive loss of blood lymphocytes. Moreover,
FTY720-Mitoxy increased BDNF expression in OLN-93 cells at 12 and 24 hr, with less effect
noted for FTY720-C2.Cumulative evidence suggests that FTY720-Mitoxy increases BDNF in
neuronal and OLG cells, similar to FTY720, while reducing the risk of immunosuppression. This
supports further evaluation of FTY720-Mitoxy as a potential therapy for MSA.
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Abstract: Ubiquitin carboxy-terminal hydrolase L1 (UCHL1) is a deubiquitinase that plays a
critical role in maintaining free ubiquitin levels in neurons. Mice that lack all UCHL1 function
(UCHL1"™341% 'UCHL1-/-) display motor neuron defects and profound corticospinal motor
neuron (CSMN) degeneration characterized by increased ER-stress, vacuolated apical dendrites,
and spine loss. These findings show the importance of UCHL1 for CSMN health. We
hypothesize that in the absence of UCHL1, UCHL1 interacting partners could lose appropriate
modulation leading to improper protein recycling or mislocalization in the neuron, and this in
turn could reveal in underlying mechanism of CSMN vulnerability and degeneration in motor
neuron diseases including amyotrophic lateral sclerosis. Here, we used a UCHL1-
immunoprecipitation coupled with bottom-up proteomics approach to reveal the proteins that
interact with UCHL1 in the motor cortex. Our findings have shown that UCHLL1 indeed interacts
with numerous proteins in the motor cortex including collapsing response mediator protein-2
(CRMP2). CRMP2 is a CRMP family member responsible for neurite outgrowth, spine



maintenance and axon guidance. Our data demonstrates a novel interaction between UCHL1 and
CRMP2 that could explain the pathology observed in CSMN devoid of UCHL1.
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Title: Prolonged striatal cholinergic activation and nicotine treatment similarly reduce L-dopa-
induced dyskinesias
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Abstract: L-dopa treatment in Parkinson’s disease leads to involuntary hyperkinetic movements
called L-dopa-induced dyskinesias (LIDs). We recently showed that selective activation of
striatal cholinergic interneurons reduces LIDs via nicotinic (nAChR) and muscarinic (MAChR)
acetylcholine receptors. Notably, the extent of reduction was similar to that observed previously
with nicotine treatment. We therefore probed the cholinergic mechanisms leading to LIDs
reduction with nicotine treatment. Choline acetyltransferase (ChAT)-Cre mice were unilaterally
lesioned with 6-hydroxydopamine to induce parkinsonism, injected with AAV5-ChR2-eYFP in
the dorsal striatum and implanted with optical cannulas. After stable virus expression, mice were
rendered dyskinetic using L-dopa and stimulated. As previously, short optical cholinergic
interneuron stimulation (0.005 s ON/ 0.5 s OFF) applied for 2 h after L-dopa injection enhanced
LIDs, while longer pulse stimulation (1 s laser on/ 0.5 s laser off) reduced LIDs. The mice were
then divided into two groups, with one receiving saccharin and the other saccharin-containing
nicotine (300 pg/ml, ramped over a two-week period) with L-dopa treatment continued. As
expected, there was a reduction in LIDs in the nicotine-treated group. In addition, the NAChR
antagonist mecamylamine decreased LIDs in saccharin-treated but not nicotine-treated mice. By
contrast, the mAChR antagonist atropine increased LIDs expression in nicotine but not
saccharin-treated mice. Short pulse stimulation increased LIDs in both saccharin and nicotine
treated mice. While this effect was not blocked by mecamylamine in either treatment groups,
atropine prevented the increase in LIDs in saccharin-treated mice and further augmented LIDs in



nicotine-treated mice. These data suggest a pro-dyskinetic role for mAChRs, which is further
potentiated with nicotine-treatment. We next investigated whether longer cholinergic interneuron
stimulation still decreases LIDs after nicotine treatment. No change in LIDs was observed in the
nicotine-treated mice with longer cholinergic activation. These data together with the lack of
effect of mecamylamine in nicotine-treated mice suggest that nAChR desensitization is a
common cohesive mechanism for LIDs reduction. The atropine-mediated increase in LIDs
expression regardless of stimulation durations in nicotine-treated mice may indicate a regulatory
relationship between desensitized nAChRs and mAChRs to exacerbate LIDs. Overall, these
results highlight a critical role for decreased striatal cholinergic signaling arising from nAChR
desensitization in reducing LIDs.
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Title: Targeting hypersensitive corticostriatal terminals and the dopamine D4 receptor in restless
leg syndrome
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Abstract: The objective of the study was to demonstrate alterations in the sensitivity of
corticostriatal glutamatergic terminals in the rodent with brain iron deficiency (BID), a
pathogenetic model of Restless Legs Syndrome (RLS), and to determine if these terminals
constitute a significant target for drugs effective in RLS, including dopamine receptor agonists
(pramipexole and ropinirole) and 026 ligands (gabapentin). The methods included an in vivo
optogenetic-microdialysis approach in the rat and in vitro dynamic Bioluminescence-Resonance-
Energy-Transfer techniques in transfected cells, to determine the biochemical profile of the
putative dopamine D2-like receptor subtypes present in corticostriatal glutamatergic terminals.
The results demonstrate hypersensitivity of corticostriatal glutamatergic terminals (lower
frequency of optogenetic stimulation to induce glutamate release) in rats with BID as compared



with those with normal brain iron levels. Both hypersensitive and control glutamatergic terminals
were significant targets for pramipexole, ropinirole and gabapentin, which significantly
counteracted optogenetically induced glutamate release. Using selective antagonists, a significant
involvement of D4 and D2 receptor subtypes on the effects of the dopamine receptor agonists
was determined with the in vivo and in vitro approaches. Specifically, the results suggest the
involvement of D4-D2S receptor heteromers. Significant differences on the efficacy of
pramipexole and ropinirole, that depended on receptor heteromerization, were observed between
D4.4 and D4.7, the products of polymorphic variants of the human D4 receptor gene. The
interpretation of these results is that: i) hypersensitivity of corticostriatal glutamatergic terminals
can be a main mechanism involved in the pathogenesis of RLS symptoms; ii) these terminals are
already constituting targets for drugs effective in RLS; iii) selective D4 receptor agonists should
provide a more efficient treatment with less secondary effects.
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Title: Assessment of haloperidol-induced tremulous jaw movement in rats using loose restraint
and a video recording system
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Abstract: Chronic administration of haloperidol to rats induces a tremulous jaw movement, also
referred to as vacuous chewing, characterized by involuntary rapid downward deflections of the
lower jaw. These jaw movement have been widely used as a model of the motor complications
associated with Parkinson’s disease; anti-parkinsonian drugs reliably reverse the jaw movements.
More recently, haloperidol-induced jaw movements have been used as a model of antipsyhotic-
induced extrapyrimadal syndrome (EPS); promising treatments for EPS, such as adenosine A2A
receptor antagonists reliably reverse haloperidol-induced tremulous jaw movements. The model
has a significant value for the advancement of novel chemical entities both to help derisk
putative antipsychotics in development, or to assess the efficacy of novel candidates designed to
reverse antipsychotic-induced extrapyramidal syndrome. While the rat model has much higher
throughput than the Cebus monkey model, which is the gold standard animal model of EPS, a
high-throughput execution of the model has not yet been developed. The most challenging



barrier to increasing the throughput of the model is that it requires a live human observer to score
the moments and it is difficult to video the behavior because the observer must “bob and weave”
with the rats in order to maintain a line of sight to the jaw. Here we developed a system to
loosely restrain the rats during video recording forcing the animals to face the camera. Because
the animals are treated with haloperidol, their movement is already pharmacologically limited
and we find that the loose restraint is sufficient to maintain the directionality of the animals
allowing for video recording and post-hoc recording of the jaw movements. Moreover, using
post hoc video recording allows for scoring by more than a single observer to allow for
confirmation of the findings by an independent observer. Here we show that, using this video
recording system, we achieve reliable recordings and measurement of the haloperidol-induced
jaw movements, and their reversal with the selective A2A receptor antagonist istradefylline. This
system provides a novel way to execute the haloperidol jaw movement assay much higher
throughput, and reliability way than has been previously reported.
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Title: Novel viral vector-mediated rat model of multiple system atrophy

Authors: *D. J. MARMION?, M. H. SAVOLAINEN?, Y. CHU?, D. KIRIK3, R. J. MANDEL*,
T. MCCOWN?®’, S. J. GRAY®®, J. H. KORDOWER?#

!Dept. of Neurolog. Sci., 2Dept Neurol Sci., Rush Univ. Med. Ctr., Chicago, IL; *Dept. of Exptl.
Med. Sci., Lund Univ., Lund, Sweden; “Univ. Florida Coll Med. Univ. Florida Brain Inst.,
Gainesville, FL; °Gene Therapy Ctr., ®Dept. of Ophthalmology, Univ. of North Carolina at
Chapel Hill, Chapel Hill, NC; "Dept. of Psychiatry, Univ. of North Carolina, Chapel Hill, NC;
8The Van Andel Inst., Grand Rapids, Ml

Abstract: Multiple system atrophy (MSA) is a rare, progressive neurodegenerative disorder with
an uncertain pathophysiology, in which a-synuclein preferentially accumulates in
oligodendrocytes rather than neurons. Aggregated a-synuclein is thought to elicit changes in
oligodendrocyte function, such as reduced neurotrophic support and demyelination. To date, only
transgenic murine models of MSA exist, which lead us to develop a novel viral vector-based
model of MSA by over expressing a-synuclein in oligodendrocytes using a novel oligotrophic
adeno-associated virus (AAV) vector, Olig001. As proof-of-concept, rats received unilateral
injections of the Olig001 vector expressing GFP stereotaxically in the striatum. After 4-weeks,



rodents were sacrificed and histological methods were used to assess the specificity of the viral
vector. Using unbiased stereology, our data showed 126,574 + 11,304 GFP-positive cells in the
striatum, and a volume of GFP transduction to cover 3.87 + 0.609mm?3 throughout the rostral-
caudal extend of the striatum. Immunofluorescence double labeling showed 94-97% of the GFP-
positive cells co-localizing with oligodendroglial marker Olig2. There was little or no co-
expression in NeuN (2.9-4.7%) or GFAP (0.18-0.49%)-positive cells.

Additional cohorts of rats were injected with either Olig001-GFP or Olig001-a-syn in the
striatum. 5-months following injection, histological analysis revealed widespread transgene
expression throughout the striatum in both GFP and a-syn injected animals. a-Syn expression,
indicated by LB509 and phosphorylated Serine-129 immunoreactivity, revealed widespread
inclusions in the corpus callosum and striatum, which were shown to be resistant to proteinase K
digestion. These pathological inclusions were found to be localized in oligodendroglia, and seem
to elicit pathological changes similar to early MSA. Marked demyelination was observed
throughout the white matter of a-syn- but not GFP-injected animals. Within the timeframe of this
study, no overt neurodegeneration or depletion of striatal dopamine or its metabolites were
observed. Taken together, our data indicate that viral vector-mediated overexpression of human
a-synuclein in oligodendroglia recapitulates pathology observed in early MSA. Longer time
points are needed to fully evaluate the potential of this model to recapitulate neurodegeneration
and behavioral deficits seen in MSA.
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Title: Combined therapy with tempol (4-Hidroxy-TEMPO) and human mesenchymal stem cells
from adipose tissue: Neuroprotection, glial reactivity attenuation, and immunomodulation in
SOD1-G93A transgenic mice



Authors: *G. CHIAROTTO, M. V. DE CASTRO, A. S. S. DUARTE, A. C. M. LUZO, A. L.
OLIVEIRA
Univ. of Campinas, Campinas, Brazil

Abstract: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease characterized by
the selective loss of the upper motoneurons in the cerebral cortex, and the lower motor neurons
in the brainstem and spinal cord. Among the hypotheses to explain the neurotoxic mechanism
that triggers neuronal death are the oxidative stress, inflammation, and glutamate excitotoxicity.
However, the precise mechanisms which lead to such scenario remain unknown. Stem cell
therapy is a promising alternative for treating ALS based on the fact that such cells target active
areas of degeneration, promoting immunomodulation and local release of various neurotrophic
factors. Thus, the present work aimed to evaluate the success of combined therapy with the
antioxidant tempol (4-hidroxy-TEMPO) and human mesenchymal stem cells (hMSC) obtained
from adult adipose tissue. Such treatment was performed in SOD1-G93A transgenic mice, used
as a model for ALS. Treatment with tempol (50mg/kg) and hMSC was initiated in 70 days old
mice (pre-symptomatic stage). Tempol was given orally (gavage) on alternate days up to 100
days of life when the animals were sacrificed for spinal cord analysis. Cell therapy was carried
out in 70 days old subjects through the tail vein, at the concentration of 1x10° cells. Data
evaluation encompassed Nissl staining, for evaluation of neuronal survival and
immunohistochemistry to evaluate astrogliosis, microglial reaction, and preservation of synapses.
gRT-PCR was used for evaluation of pro-inflammatory cytokines, neurotrophic factors, and
INOS gene expression. The combined treatment of tempol and hMSC decreased astrocyte
activation by 30% and microglial reaction by 40%. These results were paralleled with
downregulation, by 50%, of IL1B and TNFa mRNA levels. Also, hMSC treatment led to
downregulation of INOS gene expression at lumbar spinal cord ventral horn. Overall, spinal cord
microenvironment immunomodulation, by the combined therapy described herein, prevented
motoneuron loss by 90% in 100 days old mice, which was coupled with a trend of preservation
of synaptic circuits at the motor nucleus (lamina IX of Rexed). In turn, the association of hMSC
and tempol administration may be considered as a promising therapy for attenuating the
progression of ALS.
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Title: Optimizing patient-specific cellular neurodegenerative disease model based on human
iPSc derived neuronal differentiation
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Abstract: Researches concerning human brain disease are hampered by the difficulties of
obtaining live specimens. The induced pluripotent stem (iPS)-derived and differentiated cells
allow researchers to examine disease onset and progression directly in a human culture model.
Creating isogenic iPS cell lines conquer problems of variability in human genomes; also it is
much easier to employ genome-editing technique, thus performing therapeutic drug screens on a
specific human genetic background. Shinya Yamanaka played his magic using 4 genes to do
reprogramming and generate embryonic-like iPS cells, which were supposed to herald a medical
revolution while they are transforming biological research instead. Our previous collaborative
study have identified a dominantly inherited heterozygous variant ¢.1064G>A (p.G355D) in
ATAD3A by using whole-exome sequencing in a mother presenting with hereditary spastic
paraplegia (HSP) and axonal neuropathy and her son with dyskinetic cerebral palsy. Results
show that overexpression of the mutant ATAD3A fragments the mitochondrial network and
induces lysosome mass. Furthermore, altered dynamics of the mitochondrial network and
increased lysosomes in patient fibroblasts and neurons derived through differentiation of patient-
specific induced pluripotent stem cells were observed. These alterations were verified in patient
fibroblasts to associate with upregulated basal autophagy through mTOR inactivation, which
resembling starvation. Similarly, iPSC generated from patient carrying Usher syndrome causing
mutation MYO7A were first differentiated to neurons, mitochondrial dynamic status were
checked. And a bipolar disorder family has been identified, whole exome sequencing
approached, fibroblasts and reprogramming iPSC were generated from the affected members,
mitochondrial balance has been explored in patient neuronal differentiated cell model. The
patient-specific iPSCs would provide disease pathogenesis as well as enable the evaluation of
drug and patient classification of different types of neurodegenerative diseases.
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Title: Neurological manifestation of Wilson disease as a distinct disease subgroup
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Abstract: Wilson disease (WD) is an inborn error of copper metabolism (OMIM #277900)
caused by the recessive genetic defects in the P-type copper-transporting ATPase. WD is one of
the most common inherited metabolic disorders with the frequency of 1 in 30,000 in the Korean
population. WD manifests as hepatic dysfunction or neurological manifestations that include
tremor, dysarthria, ataxia, rigidity, dyskinesia, cognitive impairment and mood disturbances. In a
previous study of a large Korean WD cohort, we found that the clinical courses of WD patients
with neurological manifestations are more indolent and less favorable than those with hepatic
dysfunction and without neurological manifestations. In the current study, we investigated the
biochemical and molecular genetic features of WD with neurological manifestations to identify
more evidences that these WD patients’ group is a distinct phenotypic or genetic group among
WD patients. We evaluated the detailed biochemical profiles and genotypic characteristics
between WD patients with neurological manifestations and without neurological manifestations
in 384 Korean WD patients. Of note, all the biochemical profiles including the levels of platelet,
liver enzymes, serum copper and ceruloplasmin were different among these two groups, and
these differences were still significant even among the patients with liver cirrhosis. Regarding
the correlation with genotypes, the mutation types or common mutations including p.Arg778Leu,
p.Ala874Val, p.Asn1270Ser, p.Lys838SerfsX35 and p.Leu1083Phe, were not differentially
distributed between the two groups. However, the low frequency of mutations in the transduction
or ATP-hinge domain, were significantly noted in patients with neurological manifestations. The
results of the current study provide more evidence that WD patients with neurological
manifestations hold a distinct phenotypic and or genotypic subgroup of WD.
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Title: PRRT2 function and mutations in the pathogenesis of Paroxysmal Kinesigenic Dyskinesia
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Abstract: PKD (Paroxysmal Kinesigenic Dyskinesia) is a rare autosomal dominant inherited
paroxysmal movement disorder, which is characterized by recurrent, brief attacks of abnormal
involuntary movements induced by sudden voluntary movements. Our previously study had
identified that mutations in the PRRT2 (proline-rich transmembrane protein 2) gene are
associated with PKD and that the *c.649dupC’ missense mutation is the major causative
mutation. However the underlying pathophysiological mechanism of PRRT2 mutations is still
unclear. We found that PRRT2 started to express from embryonic day 18 and showed a markedly
increased expression after postnatal stage till adulthood. In situ hybridization and
immunoblotting results showed that PRRT2 is widely distributed in the whole brain, with high
levels in the hippocampus, cortex, cerebellum, and thalamus. Immunofluorescence of brain slices
revealed that PRRT2 was specifically expressed in neuron, but not in astrocytes. Consistent with
the synaptic distribution of PRRT2, co-immunoprecipitation and GST pull-down assay
demonstrated the interaction between PRRT2 and SNAP25 (synaptosomal-associated protein
25). We also found that the interaction sites in PRRT2 and SNAP25 are the cytoplasmic domain
of PRRT2 and linkage domain of