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Presidential Lecture (2018)
PRL01 Integrative Genomics in Neuropsychiatric
Disorders
PRL01-01
INTEGRATIVE GENOMICS IN NEUROPSYCHIATRIC
DISORDERS
Daniel Geschwind
UCLA, Neurology, Human Genetics, Psychiatry, Los Angeles, USA
Genetic advances have begun to exert a substantial impact on our
understanding of neuropsychiatric disorders, such as autism
spectrum disorder (ASD), where a large number of genes have been
implicated. At the same time these findings emphasize the extraordinary underlying clinical and genetic heterogeneity, which has
led us to conceive of ASD more as “the autisms” than as a singular
entity. A major question is thus whether these distinct conditions
converge on common molecular pathways. To address this, adapted
systems biology methods previously used to elucidate the structure
__________________
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of the human brain transcriptional network to explore convergence
in ASD and other psychiatric disorders. Our findings demonstrate
that there is convergent biology involving transcriptional regulation
and the development of synaptic function and its modulation by
astrocytes and microglia in post mortem brain in ASD. We have
also relied on these transcriptomic patterns as a quantitative
phenotype for comparisons across the major psychiatric disorders,
such as schizophrenia, bipolar disease, alcohol abuse disorder,
major depression, and inflammatory bowel disease as a non-neural
comparison. Using this approach, we define unique and shared
pathology across these disorders for the first time. We have also
used the same approach to explore the utility of in vitro model
systems for studying human neural development. These studies provide a scaffold for further functional investigation of disease mechanisms with a goal of accelerating therapeutic development.
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PRL02 Perinatal Brain Injury: A Story of Altered
Trajectory in Brain Development
PRL02-01
PERINATAL BRAIN INJURY: A STORY OF ALTERED
TRAJECTORY IN BRAIN DEVELOPMENT
Vittorio Gallo
Children's National Med Ctr., Children's Research Inst.,
Washington, USA
Premature infants born with very low birth weight ( < 32 weeks of
gestation; < 1500 g) are particularly vulnerable to brain injury. A
significant percentage of premature infants suffer from long-term
behavioral abnormalities, such as motor impairments, intellectual
disability and cerebral palsy. Chronic perinatal hypoxia is an
established cause of injury-related abnormalities due to damage of
both white matter and grey matter regions. Cellular and physiological alterations leading to circuit-level changes underlie the long
term behavioral abnormalities and developmental delay observed in
premature infants. Diffuse WMI (DWMI) is the most frequently observed pattern of brain injury in contemporary cohorts of premature
infants. However, the causal relationship between physiological
__________________
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changes and abnormal behavioral outcomes after premature brain
injury has not yet been systematically defined. The cellular and
molecular mechanisms underlying glia susceptibility and altered development of WM in preterm children and in DWMI are complex
and not fully understood. Oligodendrocytes (OLs), are essential for
proper brain structure and WM function, and an improved understanding of how development of these cells is altered during and
after hypoxic insult is necessary to elucidate the cellular basis of
premature brain injury. A better understanding of OL development
and pathology, and the molecular mechanisms that govern OL function and cell-to-cell interactions after hypoxia will lead to the development of specific therapeutic strategies that take advantage of
endogenous mechanisms as means of repair. This lecture will focus
on discussing cellular and molecular mechanisms underlying
DWMI in a mouse model of perinatal hypoxia, and presenting new,
non-invasive interventions that promote functional recovery and
attenuate developmental delay after perinatal injury.
Supported by NIH U54HD090257
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PRL03 Wiring Up the Nervous System - Molecular
Mechanisms Underlying Neural Connectivity
PRL03-01
WIRING UP THE NERVOUS SYSTEM - MOLECULAR
MECHANISMS UNDERLYING NEURAL CONNECTIVITY
Alex Kolodkin
The Johns Hopkins School of Medcine/HHMI, Neuroscience,
Baltimore, USA

cues that regulate laminar organization of neural projections in both
the vertebrate visual system and the Drosophila central brain.
Further, it is becoming apparent that related guidance cues also
regulate of synaptic plasticity. I will discuss our efforts to define
signaling events that influence connectivity and plasticity, with a
focus on semaphorin-mediated regulation of neural lamination and
homeostatic plasticity.

Neural connectivity and morphology are regulated by a widerange of extracellular and intracellular mechanisms during development and in the adult nervous system. We have recently investigated
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PRL04 Environment Matters: Microglial Function
and Dysfunction in a Changing World
PRL04-01
ENVIRONMENT MATTERS: MICROGLIA FUNCTION AND
DYSFUNCTION IN A CHANGING WORLD
Staci Bilbo1, 2
1
Harvard Medical School, Pediatrics and Neuroscience, Boston,
USA
2
MassGeneral Hospital for Children, Lurie Center for Autism,
Boston, USA
Immune molecules such as cytokines and chemokines and the
cells that produce them within the brain, notably microglia, are
critical for normal brain development. This recognition has in recent
years led to the working hypothesis that inflammatory events during
pregnancy, e.g. in response to infection, may disrupt the normal expression of immune molecules during critical stages of neural development and thereby contribute to the risk for neurodevelopmental disorders such as autism spectrum disorder (ASD). This
hypothesis has in large part been shepherded by work demonstrating
that a single viral infection or injection of a viral mimetic to pregnant mice significantly and persistently impacts offspring
__________________
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immune and nervous system function, changes that underlie ASDlike behavioral dysfunction including social and communication
deficits. Subsequent studies by many labs – in humans and in nonhuman animal models - have supported the hypothesis that ongoing
disrupted immune molecule expression and/or neuroinflammation
contributes to at least a significant subset of neurological disorders.
The heterogeneous clinical and biological phenotypes observed in
disorders like ASD strongly suggest that in genetically susceptible
individuals, environmental risk factors combine or synergize to
create a tipping or threshold point for dysfunction. Importantly,
animal studies showing a link between maternal immune activation
(MIA) and ASD-like outcomes in offspring involve different
species and diverse environmental factors associated with ASD in
humans, beyond infection, including toxin exposures, maternal
stress, and maternal obesity, all of which impact inflammatory or
immune pathways. The goal of this talk is to highlight the broader
implications of the MIA model for the field of neuroimmunology,
with a focus on the impact that diverse environmental factors have
on fetal brain development, immune system development, and the
pathophysiology of neurodevelopmental disorders.
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Plenary Lectures
PL01 Mechanisms and Consequences of Immune
Activation in Neuropsychiatric Disorders
PL01-01
SUSCEPTIBILITY AND RESILIENCE IN A MOUSE MODEL
OF MATERNAL INFECTION
A. Kimberley McAllister
UC Davis, Center for Neuroscience, Davis, USA
Maternal infection has long been implicated in a range of neuropsychiatric and neurodevelopmental disorders in offspring,
including schizophrenia (SZ) and autism spectrum disorder (ASD).
The polyI:C mouse model of maternal immune activation (MIA)
supports this link, since mid-gestational injection of polyI:C induces
similar behavioral and neuropathological abnormalities in adult
offspring as in both disorders. Despite recent advances, the
sequence of pathological mechanisms linking the maternal immune
response following MIA with neuroanatomical and behavioral
sequelae in young adult offspring remains to be elucidated.
Unfortunately, current approaches using this model ignore one of
the most important aspects of maternal viral infection in
humans—that many pregnancies do not result in disease in
offspring. Thus, understanding the factors that drive susceptibility
of some pregnancies and resilience of others to MIA-induced
abnormalities in offspring is paramount. We have recently discovered a way to study this in the MIA mouse model. In my talk, I
will describe recent efforts in my lab to study the variability in behavioral responses in order to increase reproducibility of the model.
One major contributor to variability is the efficacy of poly(I:C) in
eliciting maternal immune activation. Two additional strong
variables are a surprising role for baseline immune responsiveness
and the source of virgin female C57/B6 mice, which are predictive
of the response in offspring. Using this approach, our results are
revealing novel molecular pathways that underlie susceptibility or
resilience of the pregnancy to disease-related neuropathology and
behaviors in offspring.
Our research is supported by NINDS (R01-NS060125-06), NIMH
(P50 MH106438), and the Simons Foundation.

PL01-02
MECHANISMS OF SOCIAL MEMORY DEFICITS IN MICE
AND MEN REVEALED BY POSTNATAL IMMUNE
ACTIVATION
Alcino Silva
UCLA Medical Center, Neurobiology, Los Angeles, USA
There is growing evidence that environmental factors contribute
to the severity and range of phenotypes in psychiatric disorders. For
example, immune activation during development is thought to
reveal social phenotypes in tuberous sclerosis (TSC) patients. Our
studies show that immune activation during early post-natal development resulted in social, but not object, memory deficits in
heterozygous Tsc2 mutant mice (Tsc2+/-), but not in their wild type
__________________
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littermates. Our results suggest the hypothesis that these social
memory deficits are caused by abnormal increases in interferon β
(IFN-β) signaling in microglia. Accordingly, adult treatment with
rapamycin (mTOR inhibitor), Pde2ai (IFN-β inhibitor) or PLX5622
(CSF1R inhibitor that specifically kills microglia in the brain)
permanently reversed the social memory deficits in the Tsc2+/- mice
with post-natal immune activation. Moreover, we found that either
an IFN a Receptor 1 mutation, or treatment with rapamycin at the
time of post-natal immune activation prevented the social memory
deficits in Tsc2+/- mutant mice. These results implicate microglia
mechanisms in social memory, and they suggest adult therapeutical
approaches to social phenotypes in TSC.

PL01-03
ALTERED FUNCTIONAL CONNECTIVITY AND ADULT
CORRECTION IN A MATERNAL
INFLAMMATION-INDUCED MODEL OF AUTISM
Harley Kornblum, Janel Le Belle, Neil Harris, Joshua Schoenfield
Cynthia Chen, Katerina Oikonomou, Amy Ngo, Sima Ghavim
Tanya Cochan, Michael Levine, Carlos Cepeda, Michael Condro
UCLA School of Medicine, Intellectual and Developmental
Disabilities Research Center, Los Angeles, USA
Maternal inflammation (MIR) is an environmental risk factor for
autistic spectrum disorder (ASD) that may interact with genetic
susceptibilities. We developed a MIR-based model of ASD using
very low dose lipopolysaccharide (LPS) given to mice at 9 days of
gestation. The mice are born with mildly enlarged brains and exhibit
social deficits and excessive repetitive behaviors, that are are
accompanied by altered resting state functional connectivity and
hyperexcitability of CNS neurons. The enlarged brain size is due to
activation of NADPH oxidase in the fetus, which results in production of moderate levels of reactive oxygen species, subsequent
inactivation of PTEN and over-production of neural stem cells. The
effects of MIR on brain growth are dramatically enhanced in mice
with heterozygous deletion of PTEN. Surprisingly, we have found
that single doses of the mTORC1 inhibitor, rapamycin rescues many
of the behavioral effects, an effect that wears off within 3 days of
treatment.
In addition to effects of inflammation on the fetus, there is evidence
that a chronic dysregulation in immune activation may exist in ASD
that result ongoing influence on brain function and behavior even in
adulthood. As it stands, these pro-inflammatory findings remain
correlative with ASD and are not clearly associated with any specific behavioral or brain phenotypes. Thus, we have examined a direct
causal relationship by examining the effects of LPS in adult mice in
both normal (control) mice and ASD (susceptible) mouse models
with different abnormal ASD-related behaviors. We have found that
while the adult-administered LPS has little effect on control mice, it
exacerbates some of the pathological behaviors in both MIR and genetically susceptible mice.
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These studies add to a growing body of evidence supporting the
hypothesis of the contribution of inflammation to ASD pathology,
as well as the potential for symptom-based therapy, even when
given long after the initial developmental insult.

PL01-04
THE HUMAN SIDE OF INFLAMMATION AND
AUTOIMMUNITY IN AUTISM SPECTRUM DISORDERS
Karen Jones1, 2, Judy Van de Water1, 2
1
University of California, Davis, Department of Internal Medicine,
Davis, USA
2
University of California, Davis, MIND Institute, Sacramento, USA
Autism spectrum disorders (ASD) are a set of neurodevelopmental disorders classified by socio-communicative deficits that are
accompanied by the presence of restricted and repetitive interests
and behaviors. While the etiology of this highly heterogeneous
__________________
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disorder remains unknown, accumulating evidence suggests that
both genetic and environmental risk factors contribute to the development of ASD. One potential non-genetic contributing factor is
immune system dysregulation, which has been consistently noted in
individuals with ASD as well as their family members. Using large,
population-based studies, our lab has discovered aberrant innate as
well as adaptive immune profiles in women who go on to have a
child with ASD. In particular, mothers of children with both ASD
and intellectual disability (ASD+ID) were found to have significantly elevated levels of innate inflammatory cytokines and chemokines during mid-gestation relative to mothers of children with ASD
without ID, to mothers of children with ID without ASD, or to
mothers from the typically developing general population. Moreover, we have separately identified a sub-set of mothers of children
with ASD that harbor autoantibodies reactive to fetal brain proteins.
These results provide support for the importance of the gestational
immune environment and potential risk for ASD.
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PL02 Understanding the Connection between
Diabetes and Dementia
PL02-01
CENTRAL INSULIN RESISTANCE: TOWARDS INTEGRAL
MODEL OF HYPOTHALAMIC AND HIPPOCAMPAL
EFFECTS OF INSULIN
Lawrence Reagan1, 2
1
University of South Carolina School of Medicine, Pharmacology,
Physiology and Neuroscience, Columbia, USA
2
WJB Dorn VAMC, Research Service, Columbia, USA
In addition to peripheral complications, it is becoming increasingly clear that the complications of type 2 diabetes (T2DM)
and insulin resistance (IR) extend to the central nervous system
(CNS) and include deficits in cognitive function. IR appears to be a
keystone mechanism through which peripheral endocrine changes
lead to deficits in the structural and functional integrity of brain
regions like the hippocampus. We have previously demonstrated
that induction of hypothalamic-specific IR elicits an obesity
phenotype that is characterized by metabolic and endocrine changes
including peripheral IR, as well as deficits in hippocampal synaptic
plasticity. Mechanistically, this peripheral IR may be elicited by
pro-inflammatory cytokines and reactive oxygen species, both of
which are characteristic of T2DM. However, it is likely that there is
a bi-directional relationship between these factors and peripheral IR,
which further complicates the identification of the fundamental
factors responsible for hippocampal neuroplasticity deficits in
metabolic disorders. Another unanswered question is the functional
relationship between peripheral IR and CNS IR in cognitive
dysfunction in T2DM. While peripheral endocrine and metabolic
abnormalities associated with T2DM are likely to directly impact
hippocampal structure and function, we have recently demonstrated
that hippocampal-specific insulin resistance, independent of
peripheral IR, also elicits deficits in hippocampal synaptic plasticity.
Our ongoing studies indicate that hippocampal-specific IR also
induces deficits in morphological plasticity, including decreases in
neurogenesis in the dentate gyrus, as well as synaptic reorganization and dendritic atrophy of CA1 pyramidal neurons. Such
observations support the concept that CNS insulin activity acts independently of peripheral insulin to facilitate hippocampal synaptic
plasticity. Additionally, these findings illustrate that hippocampal
IR, alone and in combination with peripheral IR, are responsible for
the neurological complications observed in patients with metabolic
disorders and in age-related dementia, including impairments in
cognitive function.

PL02-02
MENTAL HEALTH AND ALLOSTATIC LOAD: 3DS OF
INSULIN RESISTANCE
Natalie Rasgon
Stanford University, Psychiatry and Behavioral Sciences, Stanford,
USA
Most neuropsychiatric diseases involve multifactorial systems
characterized by complex interactions among genetic
__________________
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predisposition/resiliency, environmental/social determinants, molecular sequelae and brain network organization. The allostatic load
affects remodeling of brain architecture and physiological processes
in response to stressors. The epigenetic allostasis emphasizes the
influence of early-life experiences on the development of neuropsychiatric pathology in susceptible individuals. This presentation
will cover the neurobiological frameworks underlying three main
components of allostatic load – oxidative stress, inflammation and
insulin resistance (IR) while accounting for genetic (familial) and
epigenetic (early-life trauma) in animal and human models. It will
also discuss the conceptual framework of the Psychopathology and
allostatic load Across the Life Span (PALS) research network as a
novel translational platform for studies of metabolic phenotypes in
neuropsychiatry.Most neuropsychiatric diseases involve multifactorial systems characterized by complex interactions among genetic predisposition/resiliency, environmental/social determinants,
molecular sequelae and brain network organization. The allostatic
load affects remodeling of brain architecture and physiological processes in response to stressors. The epigenetic allostasis emphasizes
the influence of early-life experiences on the development of neuropsychiatric pathology in susceptible individuals. This presentation
will cover the neurobiological frameworks underlying three main
components of allostatic load – oxidative stress, inflammation and
insulin resistance (IR) while accounting for genetic (familial) and
epigenetic (early-life trauma) in animal and human models. It will
also discuss the conceptual framework of the Psychopathology and
allostatic load Across the Life Span (PALS) research network as a
novel translational platform for studies of metabolic phenotypes in
neuropsychiatry.

PL02-03
MOLECULAR CONNECTIONS BETWEEN ALZHEIMER’S
DISEASE AND TYPE 2 DIABETES
Fernanda De Felice
Federal University of Rio de Janeiro, Institute of Medical
Biochemistry, Rio de Janeiro, Brazil
Neurodegenerative disorders linked to aging populations and
unhealthy diets are emerging medical challenges worldwide, with
increases in Alzheimer’s disease (AD) and type 2 diabetes (T2D) of
particular concern. Significantly, T2D is a risk factor for AD and
vice versa, and epidemiological, pathological and molecular studies
show that T2D and AD are connected both in terms of cognitive
failure and metabolic dysregulation. While available evidence
indicates a neurological connection between AD and T2D, the
instigating mechanisms common to the two diseases remain largely
unknown. This critical gap stands in the way of optimal mechanismbased therapeutics. We have investigated pathogenic neurological
mechanisms common to AD and T2D to determine the origin and
impact of the brain metabolic stress in AD and to identify new
targets for therapeutics that rescue cognition in AD. We described
an inflammatory pathway that causes brain insulin signaling
dysfunction and endoplasmic reticulum stress in AD
__________________
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experimental models. Acting in the hypothalamus, this pathway
leads to peripheral glucose intolerance. This same pathway acting in
the hippocampus leads to synapse degeneration and memory
impairment. These observations led us to investigate the actions of
hormones in the brain and we are actively investigating how specific hormones act in the brain to ameliorate metabolic stress and to
prevent cognitive decline in AD models. Elucidation of diabeteslike CNS mechanisms may thus provide knowledge that will result
in new drug discovery strategies to preserve brain health.

PL02-04
CHANGES IN CEREBROSPINAL FLUID, SYNAPSE
FUNCTION, NEUROIMAGING AND BEHAVIOR IN A
NON-HUMAN PRIMATE MODEL OF ALZHEIMER'S
DISEASE
Doug Munoz, S.E. Boehnke, R.G. Wither, J.Y. Nashed, B. Coe
E. Robertson, A. Winterborn, D.J. Cook, R. Levy, F.G. De Felice
Queen's University, Centre for Neuroscience, Kingston, Canada
We recently developed a non-human primate (NHP) model of AD
that recapitulates key molecular aspects of human pathology
(Forny-Germano et al., J.Neurosci, 2014). AD pathology was
induced via intracerebroventricular injection of neurotoxic amyloid
beta oligomers (AβOs).
We tracked disease progression in male rhesus macaques receiving
either 1) icv injections of AβOs (100-400µg) approximately once
__________________
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per month for 12-18 months; or 2) a sequence of smaller (~80ug)
icv injections 3x per week for 3 weeks and control macaques
receiving injections of vehicle only. To track behavior, we used an
activity tracker and 24/7 video. To measure cognition, we used a
cage-side touch-screen device with cognitive tasks from the
CANTAB AD battery. To track synaptic degradation, we analyzed
structural and resting state functional connectivity via fMRI. To
track molecular biomarkers in the CSF we quantified Aβ1-40, Aβ142, tTau, pTau and neurofilament light chain (NFL). A variety of
blood biomarkers were also tracked.
Aβ 1-42, pTau and NFL increased in the CSF of NHPs receiving
ICV injections of soluble amyloid-beta oligomers. NFL levels at
baseline for NHPs were similar to those published for aged human
controls (Zetterberg et al., 2016) and markedly elevated after
injections. AβO injections decreased functional connectivity across
different brain networks measured by resting state fMRI, consistent
with our previous neuropathological results showing loss of
synapses in NHPs receiving AβO injections. Finally, performance
on a cognitive task requiring sustained, focused attention and
working memory was also altered after administration of AβOs.
Ultimately, we will relate these in vivo metrics to each animal’s
post-mortem brain pathology. The long-term goal is to generate a
viable NHP model presenting multiple facets of human AD for use
in testing therapeutics. The platform presented to evaluate AD-like
features in primates could easily be translated to track disease in
other primate models of neurodegenerative diseases.
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PL03 Roles of Adhesion G-Protein Coupled
Receptors in Neurobiology
PL03-01
METABOTROPIC MECHANOSENSING THROUGH
ADHESION GPCRS
Tobias Langenhan
Leipzig University, Rudolf Schoenheimer Institute of Biochemistry,
Leipzig, Germany
The adhesion-class of G protein coupled receptors (aGPCRs)
constitutes one of the largest yet conceivably least understood
GPCR family. aGPCRs stand out from other GPCR classes because
of their extraordinary structural and functional properties as well as
the insoluble nature of many identified ligands. In recent years
aGPCR function has been causally associated with various physiological processes, however the activating mechanisms and
fundamental signaling principles remain largely elusive.
We find that the prototype aGPCR Latrophilin/dCirl locates to neurons of the peripheral sensory system of Drosophila where it
partakes in mechanosensation. Strikingly, at the same time at least
two other aGPCRs have been reported in this virtue. Hence,
aGPCRs may be hallmarked by mechanosensory capacities. We
employ the sensory system of Drosophila to delineate the
mechanosensory profile of Latrophilin/dCirl. Structure-function
analyses of dCIRL fusion proteins uncovered that the
mechanosensitivity of these neurons subsides when the extracellular
domain is gradually extended. Further, we previously reported a genetic interaction between dCirl and ionotropic mechanosensors,
which are involved in the generation of the mechanosensory response to mechanical stimulation. We show that dCIRL indeed
amplifies the receptor potential generation, by means of suppressing
intraneuronal cAMP levels. In sum, we suggest that dCIRL probes
its extracellular environment for mechanical cues, which are
employed to modulate gating properties of ionotropic
mechanosensors.

PL03-02
GPR56 MEDIATES TRIPARTITE SIGNALING DURING CNS
MYELIN FORMATION AND REPAIR
Xianhua Piao
Boston Children's Hospital, Harvard Medical School, Division of
Newborn Medicine, Boston, USA
In the central nervous system (CNS), myelin formation and repair
are precisely regulated by oligodendrocyte (OL) lineage cells
sensing signals from their environment, including microglia and the
extracellular matrix (ECM). However, the signaling pathways that
coordinate these complex communications are poorly characterized.
Adhesion G protein-coupled receptors (aGPCRs), the second largest
class of GPCRs in the human genome, are emerging as mechanical
receptors and represent plausible transducers for cellular responses
to ECM stimuli. Excitingly, recent research has implicated several
aGPCRs in the development of myelinating glial cells in the CNS.
In particular, the aGPCR GPR56/ADGRG1 is an evolutionarily
conserved regulator of OL development in humans, mice, and
__________________
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zebrafish, although its activating ligand in this cell type is unknown.
Here, we report that microglia-derived transglutaminase-2 (TG2,
gene symbol Tgm2) signals to GPR56 on OL precursor cells (OPCs)
in the presence of the extracellular matrix protein laminin, and that
TG2/laminin activation of GPR56 promotes OPC proliferation.
Furthermore, microglia-specific deletion of Tgm2 leads to fewer
mature OLs and CNS hypomyelination, phenocopying OPC-specific deficiency for GPR56. OPC-specific deletion of Gpr56 impairs
CNS remyelination after cuprizone-induced demyelination, demonstrating a function with regard to repair as well as development.
Recombinant TG2 rescues remyelination failure in Tgm2 knockout
cerebellar slices. These findings document a tripartite module that
signals through an aGPCR to promote myelin formation and repair
and suggest new strategies to enhance remyelination.

PL03-03
STRUCTURAL AND FUNCTIONAL BASIS OF ADHESION
GPCR ACTIVATION
Demet Arac
University of Chicago, BMB, Chicago, USA
Adhesion GPCRs have large extracellular regions (ECRs)
decorated by numerous adhesion domains and a conserved GPCR
Autoproteolysis Inducing (GAIN) domain that mediates selfcleavage of the receptor. Discovery of the novel GAIN domain and
determination of its high-resolution crystal structures provided the
hints as to why these receptors are regulated by tethered agonists
hindered within the GAIN domain. The talk will focus on our recent
studies on further structural/functional understanding of the extracellular domains of select adhesion GPCRs that are essential for
different functions in the brain such as cortex development and
synapse maturation. Recently, we solved the structure of the full
ECR of GPR56, a first for any adhesion GPCR, revealing the
domain boundaries in the ECR as well as the identity and unique
fold of the previously undefined N-terminal domain. We showed
this domain regulates signaling and natural ligand binding in vitro,
is deleted via alternative splicing, and mediates myelination in vivo.
Additionally, we developed synthetic proteins with stimulatory and
inhibitory functions, demonstrating that ECR-targeted ligands can
directly regulate adhesion GPCR signaling, and are therefore
valuable experimental reagents as well as lead-molecules for therapeutic development. Our results suggest an intricate, ECR-mediated
molecular mechanism underlying adhesion GPCR regulation. With
the ultimate goal of combating adhesion GPCR-mediated diseases,
our findings will pave the way for targeted therapeutic development.
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PL03-04
ROLE OF LATROPHILIN ADHESION GPCRS IN SYNAPTIC
ASSEMBLY
Garret Anderson
University of California, Riverside, Molecular, Cell and Systems
Biology, Riverside, USA
Synapse assembly likely requires postsynaptic target recognition
by incoming presynaptic afferents. Using newly generated
conditional knockin and knockout mice, we here show that the celladhesion GPCR latrophilin-2 controls the formation of a specific
subset of synapses in CA1-region hippocampal neurons, suggesting
that latrophilin-2 acts as a synaptic target-recognition molecule. In
__________________

2018 Transactions of the American Society for Neurochemistry ®

CA1-region pyramidal neurons in vivo, latrophilin-2 was specifically targeted to post-synaptic sites at dendritic spines in the S.
lacunosum-moleculare hippocampal sub-region. There latrophilin-2
functions to regulate synaptic assembly by matching with presynaptic entorhinal cortex afferents. Postsynaptic deletion of
latrophilin-2 from CA1 pyramidal neurons selectively decreased
spine numbers and impaired synaptic inputs from entorhinal but not
from Schaffer-collateral afferents. Behaviorally, loss of latrophilin-2
from the CA1-region increased spatial memory retention, but
decreased learning of sequential spatial memory tasks. Thus,
latrophilin-2 appears to control synapse formation in the entorhinal
cortex/CA1-region circuit by acting as a domain-specific postsynaptic target-recognition molecule.
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PL04 CNS Viruses: Mechanisms of Zika, HIV, and
HSV Tropism and Damage
PL04-01
SINGLE CELL MAP OF THE DEVELOPING HUMAN
CEREBRAL CORTEX PREDICTS CELLULAR PATTERNS
OF ZIKA VIRUS INFECTION
Tomasz Nowakowski
UCSF, Anatomy, San Francisco, USA
Developing human nocortex consists of a milieu of cell types that
dynamically interact following a highly stereotyped code of
spatiotemporal gene expression trajectories to generate the diverse
cell types of the fully functional brain. To deconvolve the
orthogonal axes of variation: maturation, lineage progression, and
spatial position, we used single cell transcriptomics. Our analysis
reveals shared and differntially activatd gene coexpression networks
across cortical areas, including modest transcriptional differences
among radial glia cascading into robust typological distinctions
among maturing neurons. Our analysis supports testable hypotheses
of cell type specific patterns of signaling pathway activation,
including enriched activation of LIFR/STAT3 and mTOR in outer
radial glia during mid-neurogenesis. By intersecting single cell gene
expression profiles with known Zika virus entry factos, we found
that AXL is enriched in distinct populations of glial cells in the developing human brain. Infection of primary brain tissue cultures
revealed strong tropism of Zika virus for primary human radial glia
and astrocytes. We dmonstrate that Zika virus infection of human
astrocytes depends on ALX expression, and identify azithromycin
as a candidate therapeutic compound capable of rducing Zika virusinduced cytopathic effects in glial cell lines and human astrocytes.

PL04-02
GLIAL CELLS IN NEUROHIV
Marcus Kaul1, 2, 3
1
University of California Riverside, Division of Biomedical
Sciences, School of Medicine, Riverside, USA
2
Sanford Burnham Prebys Medical Discovery Institute, Infectious
& Inflammatory Disease Center, La Jolla, USA
3
University of California San Diego, Department of Psychiatry, San
Diego, USA
Infection with HIV-1 frequently causes degenerative injury to the
central nervous system (CNS) despite effective anti-retroviral treatment (ART). Although the severity of HIV-associated neurocognitive disorders (HAND) has initially declined after introduction
of ART, patients with milder forms of impairment continue to
deteriorate over time. Viral proteins, such as the envelope protein
gp120, initiate neuroinflammation and production of microglial
neurotoxins. One model for brain damage seen in HIV/AIDS
patients are transgenic (tg) mice expressing in their CNS the soluble
gp120 of the CXCR4-utilizing HIV-1 isolate LAV under the control
of a promoter for glial fibrillary acidic protein (GFAP) in astrocytes.
HIVgp120tg mice develop key neuropathological features observed
in AIDS brains, such as decreased synaptic and dendritic density, increased numbers of activated microglia and pronounced astrocytosis. HIVgp120tg mice and human AIDS brains also share a
__________________
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significant number of differentially regulated CNS genes. We
recently observed in HIVgp120tg mice that the genetic knockout of
CCR5 ameliorated microglial activation and abrogated neuronal
damage and behavioral impairment. A microarray analysis of CNS
RNA expression showed that brains of CCR5 wild-type (WT) and
CCR5KO gp120tg mice expressed markers of a transient interferonbeta (IFNb) initiated innate immune response and indicated a prominent involvement of glial cells. Our follow-up studies revealed a
CCR5-dependent role for the acute phase protein lipocalin-2
(LCN2) which was expressed in astrocytes, in neurotoxicity and
protection. Moreover, we found that IFNb can rescue neurons from
HIVgp120 toxicity by triggering production of a neuroprotective
chemokine in astrocytes. Altogether, our studies support a critical
role of glial cells in promotion and prevention of HIV-associated
brain injury.
Supported by NIH, MH087332, MH104131, MH105330 and
DA026306 P5 (to M.K.).

PL04-03
NUCLEAR NEUROKININ-1 RECEPTOR PROMOTES
VARICELLA ZOSTER VIRUS SPREAD IN HUMAN SPINAL
ASTROCYTES
Maria Nagel1, 2, Andrew Bubak1, Christina Como1
Catherine Pearce1, Anna Blackmon1, Petr Paucek1, Nicholas Baird1
1
University of Colorado Anschutz Medical Campus, Neurology,
Aurora, USA
2
University of Colorado Anschutz Medical Campus,
Ophthalmology, Aurora, USA
Latent varicella zoster virus (VZV) is present in 90% of the world
population with >50% reactivating by 85 years of age leading to
zoster, stroke, vision loss and other multisystem diseases. An underrecognized complication is VZV myelitis (paraparesis) that is
recurrent and difficult to treat. Spinal astrocytes most likely play a
significant role in the pathogenesis of VZV myelitis since these
cells are preferentially infected by VZV in vivo and maintain a
chronic inflammatory environment. Furthermore, neurokinin-1
receptor (NK-1R) signaling in astrocytes may be involved since it is
critical in astrocyte network integrity and function. Thus, we hypothesize that NK-1R signaling is involved in cell-to-cell spread of
VZV in primary human spinal astrocytes (HA-sp) contributing to
VZV myelitis. Herein, HA-sp were mock- or VZV-infected and
examined for localization of NK-1R, morphological changes and
viral spread in the absence or presence of aprepitant, a
commercially available pharmacological antagonist towards NK1R. Results showed that VZV-infection of HA-sp induces aberrant
nuclear localization of NK-1R in the absence of NK-1Rs normal
substance P ligand that leads to extensive cellular processes and
cell-to-cell spread of VZV. Aprepitant reduced process formation
and subsequent viral spread. Overall, we: (1) showed a novel
nuclear localization and proviral function of NK-1R in the absence
of its ligand substance P in the primary human spinal astrocytes that
differs from its cytoplasmic localization during substance P binding
and subsequent role in pain signaling and immune cell activation,
__________________
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and; (2) demonstrated that the commercially available antiemetic
drug, aprepitant, has antiviral properties providing a much needed
alternative to the currently available alphaherpesvirus nucleoside
inhibitors.

PL04-04
PROGRESSIVE MULTIFOCAL LEUKOENEPHALOPATHY:
ENDEMIC VIRUSES AND LETHAL BRAIN DISEASE
Walter Atwood
Brown University, MCB, Providence, USA
In 1971, the first human polyomavirus was isolated from the brain
of a patient who died from a rapidly progressing demyelinating disease known as progressive multifocal leukoencephalopathy. The
__________________
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virus was named JC virus after the initials of the patient. In that
same year a second human polyomavirus was discovered in the
urine of a kidney transplant patient and named BK virus. In the intervening years it became clear that both viruses were widespread in
the human population but only rarely caused disease. The past
decade has witnessed the discovery of eleven new human polyomaviruses, two of which cause unusual and rare cancers. An
overview of the history of these viruses and the evolution of JC
virus–induced progressive multifocal leukoencephalopathy over
three different epochs will be presented. The focus will be on
reviewing what is currently known about JCPyV, what is suspected,
and what remains to be done to understand the biology of how this
mostly harmless endemic virus gives rise to lethal disease.
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Symposia
S01 From Single Cells to Assembled 3D Brain
Cultures: New Tools in Neuroscience
S01-01

S01-03

OPTICAL IMAGING AND OPTOGENETIC MANIPULATION
OF AXONAL TRANSPORT IN NEURONS
Bianxiao Cui
Stanford University, Chemistry, Stanford, USA

IDENTIFICATION OF AN ASTROCYTE-SECRETED
FACTOR THAT INDUCES SYNAPSE MATURATION
THROUGH RECRUITMENT OF GLUA2 AMPARS TO
SYNAPSES
Elena Blanco-Suarez, Tong-fei Liu, Alex Kopelevich
Nicola J Allen
Salk Institute for Biological Studies, Molecular Neurobiology
(MNL), La Jolla, USA

Long-distance transport of vesicular cargoes are essential for the
function and survival of neurons. Defects in this transport process
are linked to a range of neurodegenerative disease such as Alzheimer’s disease and Huntingtin’s disease. Physically stalling the
cargoes would be one of the most direct means to perturb a cargo
transport process, which, however, are technically challenging in
live cells. We engineered optogenetic and magnetic forces that specifically stall a population of axonal cargoes that contain magnetic
or optical nanoparticle probes at the trapping area. Using a combination of force manipulation and high resolution microscopy
methods, we show that mechanical tugs-of-war and intracellular
motor regulation are complimentary features of the axonal transport
process.

S01-02
MULTI-SCALE PROBABILISTIC MODELS IDENTIFY
SINGLE CELL SIGNATURES OF THE IMMUNE SYSTEM
HEALTH AND DISEASE
Matt Thomson
Caltech, Biology and Biological Engineering, PASADENA, USA
Diseases such as cancer and neurodegeneration are increasingly
viewed at the level of an entire tissue system. scRNA-seq enables us
to measure gene expression throughout a tissue, however we lack
analyses that provide perspective of how complex cell populations
change in health and disease. The fundamental challenge in
modeling tissues is the hierarchy of scales involved going from
single genes to cell-states to cell populations. Further, the curse of
dimensionality fundamentally constrains model learning in the high
dimensional gene expression space probed by single cell genomics.
In this talk, I will discuss new computational methods for constructing probabilistic models of cell populations from single cell
gene expression data. I will discuss results applying the method to
analyze the state of the immune system in health and cancer.

Astrocytes, among their various functions, regulate synaptic
connections between neurons through secreted factors, and such
factors can promote expression of AMPA receptors (AMPARs).
AMPARs are di-heteromers composed of GluA1 to GluA4 subunits,
and they represent the main transducers of the fast excitatory neurotransmission in the mammalian brain. GluA1-containing AMPARs
are extensively expressed at the synapses in early stages of development, and they are subsequently replaced by GluA2-containing
AMPARs in order to promote synaptic maturation in the mouse
brain. However, the mechanism behind this switch remains
unknown. Glypicans 4 and 6 (Gpc4 and 6) were previously identified in our lab as sufficient to recruit GluA1 to the synapse, with
no effects on the other AMPAR subunits. By biochemical screening
we identified a protein secreted by astrocytes, and capable of
recruiting GluA2 to the neuronal surface and increasing the number
of functional synapses in vitro. The highest expression of this factor
in vivo is in the upper layers of the visual cortex at postnatal day 14
(P14), which coincides with maturation of synapses in that
particular brain region. These findings point at this astrocytesecreted factor being involved in synapse maturation. Absence of
the astrocyte-secreted factor in vivo led to altered kinetics of
synaptic transmission, and a decrease in expression of GluA2, both
characteristic of immature synapses. Using monocular deprivation
during the critical period, KO mice for the astrocytic factor demonstrated enhanced plasticity compared to WT littermates, and increased ability for remodeling connections in response to abnormal
visual experience. Understanding astrocyte-secreted factors in the
context of synaptic formation and plasticity in the developing brain
will help to define the role of astrocytes in synapse formation, and
synaptic maturation and stability in the brain.

S01-04
ASSEMBLING TRI-DIMENSIONAL BRAIN MODELS TO
STUDY HUMAN DEVELOPMENT AND DISEASE
Sergiu Pasca
Stanford University, Psychiatry and Behavioral Sciences, Palo Alto,
USA
Progress in dissecting the molecular programs underlying human
brain development and in understanding neuropsychiatric disorders
has been remarkably slow. This is partly due to lack of access to
__________________
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functioning human brain tissue, translating findings in rodent
models and unavailability of functionally relevant in vitro models.
In my talk, I will describe efforts in my laboratory to derive 3D
brain region-specific cultures starting from human pluripotent stem
cells. Specifically, I will show how to derive 3D organoids
resembling either the dorsal forebrain (hCS) and containing cortical
glutamatergic neurons, or ventral forebrain (hSS) and containing
GABAergic neurons. These subdomain-specific forebrain organoids
__________________
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can be assembled in vitro to recapitulate the saltatory migration of
interneurons similar to migration in fetal forebrain and to generate
functional circuits of the human cerebral cortex. I will also describe
work on human astrogenesis and maturation in >25 month-long
cultures. Lastly, I will demonstrate how our modular 3D platform
can be used to model disease and to study the role voltage gated
calcium channels and the consequences of mutations associated
with autism and other neuropsychiatric disorders.
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S02 RNA Processing and Regulation in Brain
Development and Disorders
S02-01
THE RNA TURNOVER FACTOR UPF3B IS CRITICAL FOR
NEURAL DEVELOPMENT, OLFACTORY NEUROGENESIS,
AND NORMAL BEHAVIOR
Miles Wilkinson
UCSD, Reproductive Medicine, La Jolla, USA
Nonsense-mediated RNA decay (NMD) is a highly conserved and
selective RNA turnover pathway that promotes the decay of specific
subsets of RNAs. A critical factor in the NMD pathway is UPP3B,
an adaptor protein that binds to other proteins to form a molecular
complex that activates NMD. In humans, mutations in UPF3B
causes intellectual disability (ID) and are strongly associated with
autism spectrum, attention deficit hyperactivity disorder, and
schizophrenia (SCZ). To understand UPF3B’s roles in vivo, we
generated a mouse model with a null mutation in the Upf3b gene.
These Upf3b-null mice are viable but exhibit a profound defect in
prepulse inhibition (PPI), a measure of sensorimotor gating
commonly deficient in individuals with SCZ and other brain disorders. These mice also have deficits in specific forms of learning
and memory. Consistent with both their PPI and learning defects,
cortical pyramidal neurons from Upf3b-null mice display deficient
dendritic spine maturation in vivo. Neural stem cells from Upf3bnull mice have impaired ability to undergo differentiation and
require prolonged culture to give rise to functional neurons with
electrical activity. During the course of our analysis, we discovered
that Upf3b-null mice also have a phenotype consistent with a partial
olfactory defect. This provided an opportunity to examine the role
of Upf3b in olfactory neurogenesis, a relatively simple neural developmental system. Single-cell RNA sequencing (RNAseq)
analysis revealed that Upf3b-null mice have specific defects in
olfactory neurogenesis, including in olfactory stem cells. These
NMD-deficient mice also had deficits in the olfactory receptor
repertoire in mature olfactory sensory neurons. RNAseq analysis of
Upf3b-null and control mice identified UPF3B-regulated RNAs that
are candidates to mediate the functions of UPF3B in olfactory
neurogenesis and in the frontal cortex. We suggest that NMDdeficient Upf3b-null mice will be a useful model system to decipher
the roles of NMD in neuronal development and function in vivo.

S02-02
DISCOVERY OF DISEASE-SPECIFIC DIVERSITY IN AND
WAYS TO MANIPULATE STRESS GRANULES
Gene Yeo
University of California, San Diego, Cellular and Molecular
Medicine, La Jolla, USA
Stress granules (SGs) are transient ribonucleoprotein (RNP) aggregates that form during cellular stress. Despite being increasingly
implicated in human neurodegeneration, the complete proteome and
context-dependent compositional diversity of SGs are incompletely
understood. I will present work led by Sebastian Markmiller and
Mark Fang in the lab. We used APEX proximity labeling, mass
__________________

2018 Transactions of the American Society for Neurochemistry ®

spectrometry and immunofluorescence to identify ~150 previously
unknown human SG components. SG proteins form a dense interaction network in unstressed cells, facilitating rapid coalescence into larger SGs. About 20% of SG diversity is stress- or cell type-dependent, with neuronal SGs displaying a particularly complex
repertoire of proteins enriched in chaperones and autophagy factors.
Strengthening the link between SGs and neurodegeneration, we
demonstrate aberrant dynamics, composition and subcellular distribution of SGs in cells from ALS patients. Using three Drosophila
ALS/FTD models, we identify ~30 SG-associated modifiers of
neurotoxicity in vivo. We have also developed methods to modulate
SGs in vivo.

S02-03
DYNAMIC POST-TRANSCRIPTIONAL REGULATION OF
NEURAL STEM CELLS IN THE DEVELOPING
NEOCORTEX
Debra Silver
Duke University Medical Center, Molecular Genetics and
Microbiology, Durham, USA
Embryonic neocortical development depends upon balanced production of progenitors and neurons via neurogenesis. Much of our
understanding of neurogenesis stems from extensive investigation
of transcriptional networks and signaling pathways. However,
remarkably little attention has been paid to the role of post-transcriptional regulation in cell fate specification. Our lab broadly aims
to elucidate genetic and cellular mechanisms controlling cortical development, evolution, and contributing to neurodevelopmental
pathologies. This talk will focus on our efforts to elucidate RNA
regulation within radial glial progenitors (neural stem cells). In previous studies, our lab generated mouse models haploinsufficient for
components of the RNA binding exon junction complex (EJC),
implicated in neurological disease and mRNA metabolism. We discovered the EJC controls cortical development by regulating expression of key transcripts, including RNA regulatory factors, and
controlling the length of progenitor mitosis. We continue to investigate levels of post-transcriptional regulation in neural progenitors
by both the EJC and its downstream factors. In a parallel set of
studies, our group has discovered that RNA is regulated both
spatially and temporally within radial glial basal processes. Live
imaging demonstrated that mRNA is rapidly transported within
basal processes where it can be locally translated within basal
endfeet. Moreover, radial glia endfeet contain a local transcriptome
enriched for cytoskeletal and signaling molecules. We continue to
interrogate cis and trans machinery controlling RNA transport and
translation and to investigate how local RNA regulation influence
radial glia function. Taken together, continued identification and
characterization of RNA binding proteins and the network of
mRNAs they regulate in radial glia is a fruitful direction for understanding cortical development and disease.
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S02-04
RBFOX SPLICING FACTORS PROMOTE NEURONAL
MATURATION AND AXON INITIAL SEGMENT ASSEMBLY
Chaolin Zhang1, Martin Jacko1, 2, Sebastien Weyn-Vanhentenryck1
John Smerdon2, 3, Rui Yan4, Huijuan Feng1, 5, Damian Williams6
Joy Pai1, Ke Xu4, Hynek Wichterle2
1
Columbia University, Department of Systems Biology, Department
of Biochemistry and Molecular Biophysics, Center for Motor
Neuron Biology and Disease, New York, USA
2
Columbia University, Departments of Pathology and Cell Biology,
Neurology, and Neuroscience, Center for Motor Neuron Biology
and Disease, Columbia Stem Cell Initiative, New York, USA
3
Columbia University, Department of Physiology and Cellular
Biophysics, New York, USA
4
University of California, Department of Chemistry, Berkeley, USA
5
Tsinghua University, MOE Key Laboratory of Bioinformatics and
Bioinformatics Division, TNLIST/Department of Automation,
Beijing, China
6
Columbia University, Stem Cell Core Facility, Department of
Rehabilitation and Regenerative Medicine, New York, USA

Rbfox target transcripts were experimentally confirmed in neuronal
cells and their contribution to the neuronal function remains poorly
understood. Here we generated Rbfox triple knockout (tKO) ventral
spinal neurons by combining CRISPR/Cas9 genome engineering
and directed in vitro differentiation from embryonic stem cells. This
system, which mirrors in vivo neuronal development, allows us to
define the comprehensive Rbfox target network and elucidate their
cellular function in neurodevelopment. Rbfox tKO neurons show
dramatic and global splicing changes, with most retaining the
embryonic splicing pattern. Accordingly, these neurons display
immature-like electrophysiology. Specifically, the axon initial
segment (AIS), a cytoskeletal structure involved in action potential
initiation, is diminished or truncated upon Rbfox depletion, and
many of its components show altered splicing. A developmental
splicing switch in ankyrin G, the AIS “interaction hub,” is essential
for its efficient accumulation to the AIS and for normal AIS
assembly. Our data suggest that the Rbfox-regulated splicing program plays a crucial role in structural and functional maturation of
postmitotic neurons.

The Rbfox1-3 proteins are a family of tissue-specific splicing
regulators mutated in multiple neurodevelopmental disorders. However, due to their functional redundancy, only a small subset of
__________________
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S03 Molecular Targets for Axonal Repair and
Regeneration
S03-01
PROTECTION FROM ISCHEMIC INJURY BY DELAYING
WALLERIAN AXON DEGENERATION
Jack Wang, Jennifer Putnam, Jason Hinman
David Geffen School of Medicine, UCLA, Department of Neurology,
Los Angeles, USA
In ischemic stroke, a stereotypic pattern of axonal loss mimicking
Wallerian degeneration occurs involving initial cytoskeletal
swelling and beading, followed by segmental fragmentation of the
white matter tract. The degree of axonal loss dictates clinical
deficits and presents a significant barrier to functional recovery after
stroke. Despite the pivotal role played by axons, the molecular
mechanisms that mediate white matter loss in ischemic injuries
remain poorly understood. A source of insight may be gleaned from
the mutant WldS (Wallerian degeneration slow) and SARM1 knockout mice, both of which exhibit remarkable cell-autonomous axonal
protection from mechanical injuries. Despite the significant protection these genetic mutations confer from traumatic axonal injury,
it remains unclear whether similar mechanisms can rescue axons
and white matter after stroke. We sought to identify potential links
between molecular events in Wallerian axon degeneration and
mechanisms of axon loss from ischemia. We found that delaying
Wallerian degeneration robustly improved neuronal survival and
significantly protected against axonal loss following focal ischemic
injury. Additionally, conditional regulation of WldS protein
revealed a critical time period in which the course of axonal degeneration can be delayed or even halted after the initial axonal injury.
The mechanism for delayed axonal degeneration, at least in WldS
neurons, occurs in part through elevated NAD+ levels in the axonal
compartment. MACS-FACS-seq of cortical neurons damaged by
stroke in WldS and SARM1-/- mice reveals novel molecular
candidates that may regulate degeneration and attempted regrowth
of axons following ischemia. Additional characterization of these
candidates may provide a window into understanding the pathways
that orchestrate axonal loss in ischemic white matter injuries, and
help uncover novel therapeutic targets in stroke.

downstream outcomes of both regeneration and degeneration. This
will include unpublished work using a new injury model in
Drosophila of individual axonal branches.
Despite the fact that many neurons use branched axons to make
multiple synaptic connections, the majority of previously reported
injury models remove all presynaptic connections made by neurons
via complete axotomy of nerve fibers. Our data indicate that
trafficking and downstream signaling of Wnd/DLK is strongly
influenced by injury location in axonal branches. We suggest that
the presence of intact/spared synaptic connections may influence the
way in which a neuron ‘perceives’ and responds to axonal damage
by Wnd/DLK signaling.

S03-03
ROBUST OLIGODENDROCYTE GENESIS DOES NOT
OVERCOME CHRONIC AXON PATHOLOGY AFTER
SPINAL CORD INJURY
Dana McTigue, Nicole Pukos, Rim Yoseph
Ohio State University, Neuroscience, Columbus, USA
It has been recognized since the 1970’s that traumatic spinal cord
injury induces acute demyelination of spared axons followed by
remyelination. Our recent work examined what happens to oligodendrocyte replacement and changes in axons related to myelination
beyond the first 2-3 weeks post-injury. Surprisingly, oligodendrocyte progenitors proliferate for over a month post-injury and associate with glutamatergic spinal axons. Oligodendrocyte genesis
continues for at least 3 months post-injury and new oligodendrocytes myelinate spinal axons in this chronic setting. However, new
data show that despite this ongoing endogenous repair response,
significant axon pathology exists for at least 6 months post-injury,
including loss of contacts by progenitor cells and significant spreading of nodal proteins. Thus, finding ways to improve engagement
of oligodendrocyte lineage cells with spared axons may provide a
therapeutic option for chronic spinal cord injury.

S03-04
S03-02
EVOLUTIONARILY CONSERVED MECHANISMS OF
AXONAL DAMAGE SIGNALING BY DLK/WND KINASE
Laura Smithson, Lucas Junginger, Catherine Collins
University of Michigan, Molecular, Cellular and Developmental
Biology, Ann Arbor, USA
Neurons respond to damage and stress by invoking ‘plasticity’
mechanisms to remodel and/or repair damaged circuits, and also by
degeneration and death. For any of these responses, activation of the
dileucine zipper kinase DLK, also known as Wallenda (Wnd) in
Drosophila, is a key driver. Wnd/DLK protein is transported in
axons and becomes acutely activated following axonal injury. I will
discuss our current understanding of the cellular mechanisms that
lead to activation of this kinase, which has a fundamental role in
__________________
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GENETIC INVESTIGATION OF GLIAL RESPONSES TO
AXON DEGENERATION IN DROSOPHILA
Mary Logan
Oregon Health and Science University, Neurology/Jungers Center,
Portland, USA
Neuronal trauma elicits robust responses from glial cells, the
resident immune cells of the brain. Responding glia become highly
migratory, invade injury sites, and clear damaged neurons through
phagocytic engulfment. The transcriptional programs governing
these complex responses are, however, not entirely clear. We developed a novel peripheral nerve injury assay in adult Drosophila
that elicits widespread glial responses throughout the ventral nerve
cord (VNC), the “spinal cord” of the fly. We profiled injury-induced
__________________
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changes in VNC gene expression by RNA-seq and found that
responsive genes fall into diverse signaling classes. One upregulated
gene, matrix metalloproteinase-1 (Mmp-1), is induced specifically
in Drosophila ensheathing glia post-axotomy. In Mmp-1
knockdown flies, glia fail to infiltrate injury sites and clear
degenerating axonal debris. Interestingly, Mmp-1 upregulation
__________________
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requires the conserved engulfment receptor Draper and the transcription factors AP-1 and Stat92E. Currently, we are exploring
candidate proteolytic targets for Mmp-1 in context of glial
immunity to better understand how Mmp-1 promotes glial access to
injury sites.
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S04 Molecular Mechanisms of Circuit Assembly
Refinement
S04-01
SCAFFOLD NEURAL DEVELOPMENT WITH
DYSTROGLYCAN
Kevin Wright
Oregon Health and Science University, Vollum Institute, Portlan,
USA
During neural circuit development, neurons must migrate to their
appropriate locations, extend axons to target regions, elaborate dendritic arbors, and choose the appropriate synaptic partners. These
complex events are all directed by a relatively limited number of
molecular pathways that are used reiteratively throughout development. One example of a protein with multiple roles in neurodevelopment is the highly glycosylated transmembrane protein
dystroglycan. Loss of dystroglycan function results in
dystroglycanopathy, a form of congenital muscular dystrophy that is
frequently accompanied by a wide range of neurological
abnormalities. Using multiple mouse models, we are exploring the
many functions of dystroglycan in regulating neuronal migration,
axon guidance and synapse formation in the spinal cord, retina and
brain. Mechanistically, dystroglycan regulates the structural integrity of the neuroepithelial scaffold, anchors secreted axon
guidance molecules in the extracellular environment, and interacts
directly with transmembrane proteins to regulate axon guidance and
synapse formation. Together, these results identify dystroglycan as a
multifunctional extracellular scaffold that plays a critical role
throughout neurodevelopment.

S04-02
ROLES OF ENDOTHELINS IN ESTABLISHMENT OF
PERIPHERAL NEURAL CIRCUITRY
T Makita, A Duron, K Lee, D Poltavski, J Tan
CHLA, Prdiatrics, Los Angeles, USA
A precise innervation pattern by the peripheral nervous system is
established during embryogenesis, and is essential for normal
physiological function during postnatal life. Our goal is to elucidate
the molecular mechanisms that account for the establishment of proper complex peripheral neural circuitry. Our recent studies,
primarily in mice, have revealed the employment of endothelin signaling as a previously unsuspected mediator of several distinct
aspects of peripheral nervous system development. These include
sympathetic innervation and their target morphogenesis, enteric
neural precursor colonization of the gut, and maturation of the
auditory nervous system, and more. The roles of endothelin signaling in these contexts range from promoting neural progenitor
migration, to serving as neurovascular axon guidance cue, to
establishing functional synapse, to initiating competence to direct
subsequent morphogenic events. These varied roles reflect endothelin ligand-receptor selectivity and spatial-temporal expression.
The functional importance of endothelin signaling in proper
peripheral neural circuitry formation is demonstrated by
__________________
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neurological and physiological problems in postnatal mice, many of
which correspond to human syndromes.

S04-03
CAS SIGNALING ADAPTOR PROTEINS ARE ESSENTIAL
FOR CORTICAL CIRCUIT FORMATION
Martin Riccomagno
University of California, Riverside, Molecular, Cell and Systems
Biology, Riverside, USA
Accurate migration and stratification are critical for the formation
of functional neural circuits. The mammalian cortex is a highly
stratified structure and provides an excellent model for understanding how neuronal laminar organization is established.
Migrating neurons encounter multiple guidance cues as they
migrate radially to the appropriate layer. To uncover the signaling
events essential for radial migration, we studied how Cas signaling
adaptor proteins function during cortical development. Cas adaptor
proteins are expressed in the cortex in a manner consistent with
playing a role in radial migration and stratification, and they have
been long hypothesized to mediate integrin and guidance cue signal
transduction during neural development. Here, we provide in vivo
genetic evidence that Cas proteins serve a functional and redundant
role during cortical lamination. Cas triple conditional knock-out
(Cas TcKO) mice display severe cortical phenotypes that resemble
cobblestone lissencephaly. In Cas TcKO brains, ectopic clusters of
neurons form beyond the marginal zone and sometimes invade the
subarachnoid space. These ectopias are innervated by L1-CAM+
axon bundles. Furthermore, both deep and superficial layer neurons
are mislocalized in Cas TcKO mutants. Cas proteins appear to act, at
least in part, neuron-autonomously, as ablation of Cas in early postmitotic neurons results in radial migration defects. Overall, our data
support an essential role for Cas adaptor proteins during the
formation of cortical circuits. Our ongoing studies investigate the
roles played by Cas proteins in integrating permissive and repulsive
cues during guidance of CNS cell migration and axon outgrowth.

S04-04
RAPID HIGH-RESOLUTION PHENOTYPING OF NERVOUS
SYSTEM DEVELOPMENT
Christoper Deppmann, Amy Van Deusen, Irene Cheng, Xiarong Liu
Eli Zunder
University of Virginia, Dept. of Biology, Charlottesville, USA
The complexity of the nervous system mandates a comprehensive
and high-throughput approach to understand fundamental aspects of
development, function, and disease. Current phenotyping approaches, which demand thousands of personnel hours for data collection and analysis, yield highly oversimplified depictions of cell
identity, developmental origin, and behavior. We are developing a
method to simultaneously and quantitatively measure the abundance
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of up to 50 proteins per cell at a rate of up to 2 million cells per
hour. This provides sufficient combinatorial resolution to identify
all major and most minor cell types in the nervous system. By doing
in an afternoon what previously would have taken years, this singlecell proteomic approach conveys enormous potential to reveal
__________________
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previously unidentified cell subtypes, developmental pathways, and
disease phenotypes. Because of the throughput of this approach, we
are able to define population dynamics as a function of developmental time, disease progression, and/or genetic manipulation.
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S05 Activity-Dependent Glial Plasticity: A Quest to
Understand the Basics
S05-01
SUPER-RESOLUTION IMAGING OF THE
EXTRACELLULAR SPACE IN LIVING BRAIN TISSUE
Valentin Nagerl
University of Bordeaux, Interdisciplinary Institute for Neuroscience,
Bordeaux, France
The extracellular space (ECS) of the brain has an extremely complex spatial organization, which has defied conventional light
microscopy. Consequently, despite a marked interest in the physiological roles of brain ECS, its structure and dynamics remain largely
inaccessible for experimenters.
We combined 3D-STED microscopy and fluorescent labeling of the
extracellular fluid to develop super-resolution shadow imaging
(SUSHI) of brain ECS in living organotypic brain slices. SUSHI
enables quantitative analysis of ECS structure and reveals dynamics
on multiple scales in response to a variety of physiological stimuli.
Because SUSHI produces sharp negative images of all cellular
structures, it enables unbiased imaging of unlabeled brain cells with
respect to their anatomical context. Moreover, the extracellular
labeling strategy greatly alleviates problems of photobleaching and
phototoxicity associated with traditional imaging approaches.
In summary, SUSHI adds up to a new paradigm for super-resolution
imaging of complex and dense biological tissue, which
complements and extends traditional approaches based on intracellular labeling. As a versatile fluorescence imaging technique, it
opens up manifold experimental opportunities to study the physiology of brain ECS and cellular structure in health and disease.

S05-02
SPREADING DEPOLARIZATION IS THE MAIN
MECHANISM OF THE CORTICAL CYTOTOXIC EDEMA
DURING STROKE
Sergei Kirov, Jeremy Sword, Ioulia Fomitcheva
Medical College of Georgia, Neurosurgery & Brain and Behavior
Discovery Institute, Augusta, USA
Spreading depolarization (SD) is a mechanism of abrupt, massive
ion translocation between extracellular and intracellular space
resulting in a net gain of excess electrolytes in the cytoplasm followed by osmotically obligated water influx. As a result astrocytes
and neurons swell, and dendrites bead with distortion of dendritic
spines. Very little is known about the immediate impact of SD on
synaptic circuits at the ultrastructural level. In vivo 2-photon microscopy was used to assess dendritic integrity in the sensorimotor
cortex of urethane-anesthetized mice expressing EGFP during SD
evoked by transient bilateral common carotid artery occlusion
(BCCAO). As expected, BCCAO-induced SD invariably beaded
dendrites, but dendrites recovered after reperfusion. After
confirmation of the intact dendritic structure in sham-operated mice,
or SD-induced dendritic beading after BCCAO, or dendritic recovery after reperfusion, mice were perfusion-fixed through the heart
with mixed aldehydes, and the brain was processed for serial
__________________
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section electron microscopy. Three-dimensional reconstructions
from sham-operated mice revealed intact dendrites with spines and
healthy synapses. Dendrites disrupted by SD were beaded and
swollen with watery cytoplasm and disordered microtubules. SD
has triggered the collapse of dendritic spines to dendritic shafts.
However, the overall density of synapses was unchanged, and the
postsynaptic dendritic membranes remained attached to the presynaptic axonal boutons. Mitochondria were fragmented indicating
ongoing fission. The cytoplasm of recuperated dendrites after
reperfusion contained arrays of microtubules, tubular mitochondria,
and recovered cisterns of SER. All spines on recuperated dendrites
had synapses, but dendritic recovery was also accompanied by the
occurrence of the nonsynaptic filopodia, indicating synaptogenesis.
Our findings indicate that even in tissue with severe energy deficits
as during global ischemia, the SD-inflicted dendritic injury is
reversible if blood flow can be rapidly restored immediately after
SD onset.
Supported by the NIH Grant NS083858.

S05-03
RAPID ASTROCYTE MORPHOLOGY CHANGES
SUPPORT EPILEPTIFORM ACTIVITY
Christian Henneberger, Stefanie Anders, Michel Herde
Daniel Minge, Tushar Deshpande, Björn Breithausen
Anne Boehlen, Peter Bedner, Christian Steinhäuser
University of Bonn Medical School, Institute of Cellular
Neuroscience, Bonn, Germany
Astrocytes are in close contact with neurons, which enables them
to modulate and maintain neuronal function by, for example,
buffering potassium and glutamate clearance. A disruption of this
spatial relationship could be of pathophysiological significance.
Indeed, astrocyte dysfunction and long-term morphology changes
have been implicated in numerous diseases including epilepsy. How
rapid astrocyte morphology is altered by the onset of epileptiform
activity and to what degree this contributes to aberrant network
activity is largely unknown. Combining established protocols of
hippocampal epileptogenesis, electrophysiology and two-photon
excitation fluorescence microscopy allowed us to monitor astrocyte
morphology changes during the induction of epileptiform activity in
acute hippocampal slices. We found that small and medium-sized
astrocyte processes shrink acutely within minutes after epileptiform
discharges appeared in the CA1 region. Importantly, similar astrocyte morphology changes were also detected 30 minutes after
induction of status epilepticus in vivo by intracerebral kainate
injection. In vitro, these astrocyte morphology changes outlasted the
induction of epileptiform activity, persisted after pharmacological
termination of epileptic activity by TTX and were sensitive to
inhibition of Rho-associated protein kinase (ROCK, Y-27632).
Interestingly, ROCK inhibition also reduced epileptiform activity,
indicating that rapid astrocyte morphology changes support
epileptic activity. A modification of glutamatergic or GABAergic
synaptic transmission did not underlie the proconvulsive effect of
__________________
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astrocyte morphology changes. Instead, we observed that intracellular diffusion in astrocytes and diffusion between astrocytes via
gap junctions were significantly decreased in parallel to
morphology changes. The reduced astrocyte gap junction coupling
is likely a consequence of reduced intracellular diffusion because no
change of connexin 43 and 30 expression and phosphorylation was
observed. Thus, astrocytes respond to epileptic activity with
morphology changes on a time scale of minutes, which reduces intra- and intercellular diffusion in the astrocyte network and supports
epileptiform activity.

S05-04
2+

CONTRIBUTION OF ASTROGLIAL IP3RS TO CA
SIGNALLING AND HIPPOCAMPAL PLASTICITY
Stephane Oliet
Inserm U1215, Neurocentre Magendie, Bordeaux, France

release was regulated by the intracellular Ca2+ release channel IP3R,
however, genetic deletion of the putative astrocytic receptor (IP3R2)
had no impact on LTP. Although IP3R2 is widely believed to be the
only functional IP3R in astrocytes, several IP3R subtypes (-1, -2, and
-3) have been identified in the mammalian brain. The aim of the
current study was to determine the functionality of IP3R1 and IP3R3
in mouse astrocytes. To explore Ca2+ activity in astrocytes we used
pharmacology, and two-photon Ca2+ imaging of hippocampal slices
from transgenic mice (IP3R2-/- and IP3R2-/-;3-/-). Here, we report that
underneath IP3R2-mediated global Ca2+ events are an overlooked
class of local Ca2+ events occurring in astroglial processes. Such
events are mediated by IP3R1 and IP3R3, distinct subtypes which
shape the spatial-temporal Ca2+ dynamics differently. Strikingly,
infusion of an astrocyte with a membrane impermeant pan-IP3R
blocker impaired hippocampal LTP. Furthermore, the impaired LTP
could be rescued by the exogenous application of D-serine. Together, these findings show the dependence of LTP and gliotransmission on astrocytic IP3Rs.

Astrocytes regulate hippocampal LTP in situ via the Ca2+ dependent release of D-serine. Previous evidence suggested that D-serine
__________________
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S06 Astrocytes: From Friends to Foe in Disease
S06-01
IDENTIFICATION OF CORTICAL LAYER SPECIFIC
ASTROGLIA THAT REGULATE LOCAL NEURONAL
DENDRITIC SPINE DENSITY
Jeffrey Rothstein
Johns Hopkins University, Neurology, Baltimore, USA
Despite expanding knowledge regarding the role of astroglia in
regulating neuronal function, little is known about regional or functional subgroups of brain astroglia and how they may interact with
neurons. We have now used an astroglia-specific promoter fragment
in transgenic mice to identify a layer specific subset of adult cortex
astroglia. Using transcriptomic and proteomic analyses of isolated
adult layer specific astrocytes, we generate a combinatorial profile
for in vivo identification and biological characterization of this
astroglia subpopulation. These astroglia are enriched in cortical
layer V, express distinct molecular markers with corresponding
layer-specific neuronal ligands, are found in human cortex, interact
with neighboring neurons, and contribute to the dendritic spine loss
observed in Norrie disease. The astroglia secrete norrin which act to
locally regulate dendritic spine formation. These studies provide
evidence that human and rodent astroglial subtypes are regionally
and functionally distinct, can regulate local neuronal dendrite and
synaptic spine development, and differentially contribute to disease.

S06-02
NEUROTOXIC REACTIVE ASTROCYTES IN
NEURODEGENERATIVE DISEASE
Shane Liddelow1, 2, Rana El-Danaf3, Alexandra Münch3
Benjamin Stafford3, Andrew Huberman3, Ben Barres3
1
New York University, Neuroscience Institute, New York, USA
2
New York University, Department of Neuroscience and Physiology,
New York, USA
3
Stanford, Department of Neurobiology, Stanford, USA
Although reactive astrocytes are rapidly generated following brain
injuries and neurodegenerative and neuroinflammatory diseases,
their role in trauma and disease states is not well understood. Previously we distinguished two reactive astrocyte subclasses based on
the kind of inducing injury. We named these classes “A1” and “A2”.
Based on their gene profiles we hypothesized that they were
harmful and helpful respectively. We have shown that the harmful
A1 reactive astrocytes are induced by classically-activated neuroinflammatory microglia. Specifically, we found that activated microglia induce A1s by secreting Il-1α, TNFα, and C1q, and that these
factors together are necessary and sufficient to induce A1s both in
vitro and in vivo. A1s have little ability to promote neuronal
survival, outgrowth, synaptogenesis or phagocytosis and instead are
powerfully toxic to neurons and oligodendrocytes. We further
showed that A1s are present in human Alzheimer’s disease,
Huntington Disease, Amyotrophic Lateral Sclerosis, and Multiple
Sclerosis, and that death of axotomized CNS neurons is prevented
when A1 formation is blocked with neutralizing antibodies to Il-1α,
TNFα, and C1q. We now show the role of A1 neurotoxic reactive
astrocytes in the context of neurodegeneration in both acute (ischemia) and chronic (glaucoma) mouse models.
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Taken together our findings strongly suggest that A1s drive death of
neurons in neurodegenerative disorders, and point the way forward
for developing new treatments for these diseases

S06-03
ASTROCYTIC CONTRIBUTIONS IN SYNAPTIC AND
BEHAVIORAL ABNORMALITIES OF FRAGILE X
SYNDROME
Yi Zuo, Jenny Hodges, Xinzhu Yu, Anthony Gilmore
Hannah Bennett, Michelle Tjia, James Perna, Chia-Chien Chen
Xiang Li, Ju Lu
UC Santa Cruz, MCD Biology, Santa Cruz, USA
Fragile X Syndrome (FXS) is the most common type of mental
retardation attributable to a single-gene mutation. It is caused by
FMR1 gene silencing and the consequent loss of its protein product,
Fragile X Mental Retardation Protein (FMRP). Despite the prevailing neuron-centric view of brain function, many lines of
evidence suggest that astrocytes are important contributors to developmental and degenerative neurological diseases. To investigate
astrocytic contributions to the progression of synaptic abnormalities
and learning impairments associated with FXS, we generated and
characterized mice in which FMRP is selectively deleted or
exclusively expressed in astrocytes. We performed in vivo twophoton imaging to track spine dynamics/morphology along dendrites of neurons in the motor cortex and examined associated behavioral defects. We found that adult astrocyte-specific Fmr1 KO
mice displayed an increased spine density in the motor cortex and
impaired motor-skill learning. The learning defect coincided with a
lack of enhanced spine dynamics in the motor cortex that normally
occurs in response to motor skill acquisition. While spine density
was normal at one month of age in astrocyte-specific Fmr1 KO
mice, new spines formed at an elevated rate, which preceded the
overabundance of spines and behavioral impairments found in
adulthood. Furthermore, the behavioral and synaptic phenotypes in
astrocyte-specific Fmr1 KO mice mimicked those observed in the
global Fmr1 KO mice, thereby revealing a significant role for astrocytes in FXS etiology. However, expression of FMRP only in astrocytes was insufficient to rescue spine or behavioral defects. Thus,
FMRP expression is indispensable in both neurons and astrocytes
and suggests a joint astrocytic-neuronal contribution to FXS pathogenesis.

S06-04
ASTROCYTE SCARS DO NOT PREVENT CNS AXON
REGENERATION
Michael V. Sofroniew
UCLA, Neurobiology, Los Angeles, USA
Transected axons fail to regrow after injury in the mature central
nervous system. Scar forming astrocytes have for many decades
been regarded as a main cause for this failure. This presentation will
examine evidence challenging this notion. Our previous work using
__________________
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genetically targeted astrocyte loss-of-function manipulations in
adult mice shows that preventing astrocyte scar formation,
attenuating scar-forming astrocytes, or deleting chronic astrocyte
scars all fail to result in spontaneous regrowth of transected
corticospinal, sensory or serotonergic axons through severe spinal
__________________
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cord injury (SCI) lesions. New findings will be discussed showing
that different types of appropriately stimulated CNS axons can
regrow robustly after SCI in spite of astrocyte scar formation and in
spite of the presence of putative inhibitory molecules.
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S07-01

S07-03

DIVERSE ASTROCYTE POPULATIONS
Benjamin Deneen
Baylor College of Medicine, Center for Stem Cell and Regenerative
Medicine, Houston, USA

ASTROCYTES DETERMINE LESION LOCATIONS DURING
CNS AUTOIMMUNITY
Jessica Williams1, 2, Sindhu Manivasagam2, Julia Sim2
Brian Daniels2, Laura Piccio2, John Russell2, Robyn Klein2
1
Cleveland Clinic, Neurosciences, Cleveland, USA
2
Washington University, Medicine, Saint Louis, USA

Astrocytes are the most abundant cell type in the brain and
perform a wide array of functions, yet the nature of their cellular
heterogeneity and how it oversees these diverse roles remains
shrouded in mystery. Using an intersectional FACS-based strategy,
we identified 5 distinct astrocyte subpopulations present across 3
brain regions that exhibit extensive molecular diversity. Application
of this molecular insight towards function revealed that these
populations differentially support synaptogenesis between neurons.
We identified correlative populations in mouse and human glioma,
finding that the emergence of specific subpopulations during tumor
progression corresponds with the onset of seizures and tumor
invasion. In sum, we have identified subpopulations of astrocytes in
the adult brain and their correlates in glioma that are endowed with
diverse cellular, molecular, and functional properties. These
populations selectively contribute to synaptogenesis and tumor
pathophysiology, providing a blueprint for understanding diverse
astrocyte contributions to neurological disease.

S07-02
HETEROGENEITY IN SYNAPTOGENIC PROFILE OF
ASTROCYTES FROM DIFFERENT BRAIN REGIONS
Flavia Gomes
Federal University of Rio de Janeiro, Institute of Biomedical
Sciences, Rio de Janeiro, Brazil
Glial cells play an important role in the development and function
of neuronal network. Astrocytes constitute a heterogeneous population of cells that considerably influence synapse formation and
function, however, the mechanisms underlying the diversity of their
synaptogenic profile are poorly known. In this talk, we will discuss
the role of astrocyte-derived molecules and pathways in synapse
formation and the impact of human and murine astrocyte heterogeneity to the synapse homeostasis. We have shown that astrocytes
control formation of excitatory and inhibitory synapses by
differential activation of transforming growth factor-β1 (TGF-β1)
pathway in the cerebral cortex. In addition, we have shown that
astrocytes from distinct brain regions (cerebral cortex, cerebellum,
hippocampus and midbrain) exhibit different profiles of synaptogenic molecules, which might be responsible for the heterogeneity
of astrocyte-synapse interactions. Furthermore, we will discuss how
glial dysfunction might distinctly contribute to the cognitive deficits
associated with neurodegenerative diseases. We have recently
shown that the deleterious actions of amyloid-β oligomers on
synapses are associated with decreased production of TGF-β1 by
astrocytes. This event triggers astrocyte activation, impairment of
their neuroprotective potential and cognitive deficits in mice. We
will argue that astrocytes from distinct brain regions impact synapse
function differently. We will also discuss how understanding pathways involved in this process might be relevant to provide molecular-level
rationale
to
understand
synapse
pathology.__________________
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During multiple sclerosis (MS), a neurodegenerative autoimmune
disease, clinical symptoms and outcomes are heterogeneous and
determined by the location of inflammatory lesions. However, the
mechanisms that target immune cells to specific regions of the
central nervous system (CNS) are unknown. We previously showed
that the CNS vasculature regulates leukocyte entry into perivascular
spaces during neuroinflammation via cytokine-mediated alterations
in localizing cues. Here, we demonstrate that astrocytes exhibit
region-specific responses to T cell cytokines that promote spinal
cord versus hindbrain parenchymal inflammation in murine models
of MS. Analysis of human astrocytes identified region-specific
cytokine receptor expression patterns at baseline. Further, treatment
of astrocytes with inflammatory cytokines revealed that expression
of two T cell localizing molecules, CXCR7 and VCAM-1, is both
cytokine and CNS region-dependent. Modeling region-specific T
cell trafficking in vivo, we found that CXCR7 and VCAM-1 are
differentially regulated on astrocytes by distinct inflammatory profiles during CNS autoimmunity. These findings identify a role for
inflammatory cytokines in modulatingâ€%A8local astrocyte-dependent mechanisms of immune cell entry during neuroinflammation.
This study was supported by a postdoctoral fellowship from the
National Multiple Sclerosis Society (JLW), the NINDS grant P01
NS059560 (RSK), research grants from the NMSS (RSK and JHR)
and the NIAID grant K22 AI125466 (JLW).

S07-04
ASTROCYTES DECREASE ADULT NEUROGENESIS
DURING VIRUS-INDUCED MEMORY DYSFUNCTION VIA
INTERLEUKIN-1
Robyn Klein, Charise Garber, Michael Vasek, Lauren Vollmer
Tony Sun, Xiaoping Jiang
Washington University, Internal Medicine, St. Louis, USA
Members of the Flavivirus genus, which include West Nile
(WNV), Japanese encephalitis (JEV), and Zika (ZIKV) viruses, are
the most important arthropod-borne viruses causing encephalitis in
humans. Acutely, patients suffering from WNV neuroinvasive disease (WNND) can experience confusion, fatigue, loss of motor
control, memory loss, coma, and a mortality rate of 5-10%. WNV is
a (+)-sense single-stranded RNA virus that targets fully differentiated neurons, but may be cleared by immune-mediated processes, even after infection of the central nervous system (CNS).
Approximately half of survivors experience debilitating, long-term
cognitive sequelae, including defects in verbal and visuospatial
learning, for months to years beyond the acute infectious
event.__________________
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While neuronal death is associated with high mortality in human
and murine cases of WNV encephalitis, survivors may exhibit
limited neuronal loss, suggesting inflammatory processes triggered
acutely contribute to a chronic condition with either sustained
damage or limited repair. In prior studies, we showed that memory
impairment following WNND is associated with inflammatorymediated loss of hippocampal synapses with lack of recovery. Adult
neurogenesis and synaptogenesis are fundamental features of hippocampal restoration after injury, suggesting viruses might impact
these processes. Here, using an established model of cognitive
dysfunction after recovery from WNV neuroinvasive disease, genetic profiling revealed alterations in gene expression that would limit
adult neurogenesis, including interleukin (IL)-1, and increased
markers of A1 astrocytes. WNV-recovered animals exhibited
__________________
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decreased proliferating neuroblasts and increased astrogenesis, with
limited recovery of hippocampal neurogenesis at thirty days.
Analysis of cytokine production in ex vivo isolated microglia and
astrocytes revealed the latter to be the predominant source of IL-1.
Accordingly, IL-1R1-deficient, WNV-infected mice exhibited
normal neurogenesis and rapid recovery of presynaptic terminals.
IL-1R1-deficient mice, and wild-type mice treated with IL-1R1
antagonist, also exhibited resistance to WNV-mediated impairment
in spatial learning compared with wild type and vehicle-treated
animals, respectively. Our results reveal that increased generation of
A1 astrocytes impair neuronal progenitor cell homeostasis via expression of IL-1, which may underlie long-term cognitive
consequences of WNV infection and provide a therapeutic intervention to prevent these deficits.
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S08 Shaping Microglia by Their Environment:
Implicagtions for Health and Disease
S08-01
NATURE AND NURTURE OF MICROGLIA IDENTITY AND
FUNCTION
Christopher Glass
University of California San Diego, Cellular and Molecular
Medicine, La Jolla, USA
Microglia play essential roles in central nervous system (CNS)
homeostasis and influence diverse aspects of neuronal function.
Although dysregulation of microglia activity is genetically linked to
neurodegenerative and psychiatric diseases, the transcriptional
mechanisms that specify human microglia phenotypes are largely
unknown. We characterized the transcriptomes and epigenetic
landscapes of human microglia isolated from surgically resected
brain tissue, revealing that genes associated with risk alleles or
exhibiting altered expression in neurodegenerative diseases are preferentially or highly expressed in human microglia in comparison to
intact brain tissue. The transition of human and mouse microglia
from the brain to a tissue culture environment results in rapid and
extensive downregulation of genes, identifying sets of
environmentally sensitive transcripts. These findings revealed an
environment-dependent transcriptional network specifying the
microglial gene expression program and will facilitate efforts to
better understand the roles of microglia in human disease. Moving
forward, we are investigating the transcriptional networks that are
responsive to alterations in brain environment in neurodegenerative
diseases as a means of obtaining further insights into pathogenic
mechanisms.

imply the contribution of aberrant clearance activation to behavioral
changes associated with neurodegenerative and psychiatric diseases.

S08-03
ASTROCYTE-MICROGLIAL COMMUNICATION IN
DEVELOPMENTAL SYNAPSE FORMATION
Anna Molofsky, Ilia Vainchtein, Gregory Chin
UCSF, Psychiatry, San Francisco, USA
Neuronal synapse formation and remodeling is essential to central
nervous system (CNS) development and is dysfunctional in most
neurodevelopmental diseases. Emerging evidence reveals that the
innate immune system regulates tissue remodeling, but how this
impacts CNS synapses is largely unknown. Here we show that the
astrocyte-derived cytokine Interleukin-33 (IL-33) engages a physiologic immune response that promotes microglial synapse
engulfment and is required for appropriate neural circuit formation
in the developing CNS. We found that IL-33 is induced in subsets of
developing astrocytes during postnatal synapse maturation, and that
loss of astrocyte-derived IL-33 or the IL-33 receptor led to excess
synapses and neural circuit function. Microglia, the primary target
of IL-33 signaling, showed deficient immune activation in the
absence of IL-33. Gain and loss of function studies demonstrated
that IL-33 signaling promotes microglial synapse engulfment and
that exogenous IL-33 leads to microglial-dependent synapse
depletion in vivo. These data reveal a novel cytomine-mediated
mechanism required for synapse remodeling and CNS development.

S08-04
S08-02
EPIGENETIC CONTROL OF BRAIN REGION-SPECIFIC
MICROGLIA CLEARANCE ACTIVITY BY PRC2
Anne Schaefer
Icahn School of Medicine at Mount Sinai, Neuroscience, New York,
USA
Clearance of dying cells and nonfunctional synapses is carried out
by microglia, the myeloid-lineage cells in the brain. Here we show
the existence of brain region-specific differences in microglia
clearance activity in the adult brain and demonstrate that this
activity requires tight regulation to ensure normal brain function.
We found that cerebellar microglia, in contrast to microglia in the
striatum, display a distinct clearance phenotype. This phenotype is
characterized by the expression of genes contributing to the
engulfment and degradation of biological debris and resembles
microglia associated with neurodegenerative diseases. We revealed
that regional microglia clearance activity is controlled epigenetically by the Polycomb repressive complex 2 (PRC2). The loss of
PRC2 leads to the aberrant activation of the microglia clearance
phenotype in the striatum, followed by changes in striatal neuron
morphology and associated behaviors. Our findings underscore the
importance of brain region-specific microglia heterogeneity and
__________________
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MICROGLIA SHAPED BY TUMOR MICROENVIRONMENT
SUPPORT TUMOR PROGRESSION
Hui Zong, Maojin Yao, Ying Jiang, Yibo Yang, Bing Xu
University of Virginia, Microbiology, Immunology, and Cancer
Biology, Charlottesville, USA
In brain tumors, tumor associated myeloid cells (TAMs) has been
found to promote tumor progression, since the inhibition of CSF1R
that is critical for TAM function prolonged survival in a mouse glioma model. However, long-term treatment eventually led to relapses,
prompting further investigations. One important question for brain
tumors is the cell of origin of TAMs: are they originated from brain
resident microglia or monocytes-derived macrophages in the
peripheral blood? We used a mouse model of medulloblastoma that
is Cre-independent, allowing us to use Cre-loxP to trace the lineage
of TAMs. Using CX3CR1-CreER to specifically label resident
microglia but not monocytes, we found that TAMs are exclusively
originated from brain microglia. Further experiments revealed
detailed steps microglia recruitment, proliferation, and
morphological changes during tumor progression. To identify potential tumor-supporting factors from TAMs, we profiled both cytokine and growth factor composition in the tumor mass, and found
__________________
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increased expression levels of interleukin-4 (IL-4) and insulin-like
growth factor 1 (IGF1). In situ analysis showed that IGF1 is produced by TAMs. Furthermore, tumor-supportive roles of TAMderived IGF1 were demonstrated by three pieces of evidence: 1) coculturing of tumor cells with TAMs sustained tumor cell growth,
which can be abrogated by an IGF1-blocking agent; 2) IGF1 inactivation in TAMs delayed tumor initiation; and 3) inactivation of
IGF1R in tumor cells completely blocked tumor progression. Next,
since IL-4 is known to induce IGF1 expression in macrophages and
__________________
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microglia, we performed in situ analysis and found that IL4 is produced by GFAP positive astrocytes but not TH2 cells that is
commonly known source for IL4. We are currently investigating
whether blocking IL4 signaling could reduce IGF1 production in
TAMs. In summary, our work demonstrated how microglia are
shaped by tumor microenvironment in medulloblastoma to support
tumor progression, revealing multiple potential intervention
strategies for effective treatment.
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Colloquia
C01 Glia in Model Organisms
C01-01
TWO MODES OF ENTERIC GLIOTRANSMISSION
DIFFERENTIALLY AFFECT GUT PHYSIOLOGY
Vladimir Parpura1, Vladimir Grubišić1, 2
1
University of Alabama, Department of Neurobiology, Birmingham,
USA
2
Michigan State University, Department of Physiology, East
Lansing, USA
Enteric glia (EG) in the enteric nervous system (ENS) can
modulate neuronally regulated gut functions. Using molecular genetics, we assessed the effects that molecular entities expressed in
EG and otherwise mediating two distinct mechanisms of gliotransmitter release, connexin 43 (Cx43) hemichannel vs. Ca2+-dependent
exocytosis, have on gut function. The expression of mutated
Cx43G138R (which favors hemichannel, as opposed to gap-junctional
activity) in EG increased gut motility in vivo, while a knock-down
of Cx43 in EG resulted in the reduction of gut motility. As the
former manipulation is based on a Cx43 point mutation seen in
human pathology of oculo-dento-digital dysplasia (ODDD), these
are clinically relevant findings. Inhibition of Ca2+-dependent
exocytosis in EG did not affect gut motility in vivo. Rather, it increased the fecal pellet fluid content. Hampering either Cx43 expression or Ca2+-dependent exocytosis in EG had an effect on
colonic migrating motor complexes, mainly decreasing frequency
and velocity of contractions ex vivo. Thus, EG can differentially
modulate gut reflexes using the above two distinct mechanisms of
gliotransmission.

C01-02
ZEBRAFISH FORWARD GENETICS UNCOVERS NEW
MECHANISMS GOVERNING MYELINATING POTENTIAL
Kelly Monk, Breanne Harty
Oregon Health and Science University, The Vollum Institute,
Portland, USA
Myelin insulates and protects axons in vertebrate nervous
systems. In the CNS, oligodendrocytes (OLs) can make numerous
myelin sheaths on multiple axons, whereas in the PNS Schwann
cells (SCs) make just one myelin sheath on a single axon. Why
these modes of myelination by OLs and SCs are so fundamentally
distinct is unclear. Starting with a forward genetic screen in
zebrafish, we find that loss of Fbxw7, an E3 ubiquitin ligase
component, allows SCs to myelinate multiple axons. Fbxw7 mutant
SCs also generate larger myelin sheaths by regulating mTOR, but
the remarkable ability of these cells to myelinate multiple axons is
independent of mTOR signaling. This indicates distinct roles for
Fbxw7 in regulating SC behavior and that novel Fbxw7-regulated
mechanisms control modes of myelination previously thought to
fundamentally distinguish OLs and SCs. Our data reveal unexpected
plasticity in the myelinating potential of SCs, which
__________________

2018 Transactions of the American Society for Neurochemistry ®

may have important implications for our understanding of myelination in both the PNS and CNS.

C01-03
GLIA-DERIVED UBIQUITIN E3 LIGASE DSMURF
REGULATES GLIA-MB AXON INTERACTION AND
DROSOPHILA BEHAVIOR VIA FUSED
Margaret Ho
ShanghaiTech University, School of Life Science and Technology,
Shanghai, China
Glia-neuron interactions are essential integral parts within neural
circuits that underlie higher order behavioral tasks such as learning
and memory and motor control. Similar to their mammalian glial
cell counterparts, Drosophila glia phagocytose and clear debris from
synapses and degenerating axons, and secrete ligands to signal neuronal remodeling. Here we present evidence that the ubiquitin E3
ligase dSmurf, a factor crucial for developmental processes such as
ovary and adult germline stem cells (GSCs) differentiation and wing
disc development, functions in glia to regulate the formation of
mushroom body (MB), the main control center for olfactory-associative learning and locomotor control. During metamorphosis, glialspecific knock down of dSmurf expression results in selective
thickening of MB a and b lobes. In contrast, dSmurf overexpression
in glia leads to severe disruption of MB a and b lobes, a defect lasts
until the end of metamorphosis and persists into adult stage.
Strikingly, upon overexpression of Fused (Fu), a serine/threonine
kinase involved in Hedgehog signaling pathway, the thinning of MB
a and b lobes is restored. Furthermore, dSmurf-mediated MB
formation is not affected by alternation in expression of Bone
Morphogenetic Protein (BMP) signaling components such as
Thickveins (Tkv) or Mothers against dpp (Mad). These results suggest that glial dSmurf and Fu interact cooperatively to regulate MB
formation in a non-cell-autonomous manner independent of BMP
signaling. Altered dSmurf expression in glia causes short-term
learning and memory, adult climbing, and paralysis deficits,
indicating an involvement in olfactory-associative learning and
epileptic behavior. In particular, dSmurf functions in astrocyte-like
glia and ensheathing glia to regulate such behavior. Finally, membranes form aggregates and GRASP-visualized reconstitutive GFP
signals are diminished and disrupted upon dSmurf misexpression in
glia, suggesting that dSmurf mediates glia-MB axon interaction via
distinct mechanisms involved membrane dynamics. Taken together,
our findings reinforce the importance of glia in neuronal function
and circuit-controlled behavior via a widely utilized ubiquitination
pathway.
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C01-04
REPETITIVE BEHAVIOR MEDIATED BY GLUTAMATE IS
CONTROLLED BY ASTROCYTE-LIKE GLIA IN C.
ELEGANS
Shai Shaham
The Rockefeller University, Developmental Genetics, New York,
USA
Aberrant repetitive behaviors accompany several nervous-system
disorders. Cellular and synaptic origins of these behaviors are
largely unknown. C. elegans CEPsh glia are morphologically
similar to vertebrate astrocytes, ensheath synapses, promote
synaptogenesis, and are derived from radial glia-like progenitors.
Transcriptome profiling reveals that these glia express mRNAs also
enriched in vertebrate astrocytes. We demonstrated critical roles for
CEPsh glia in preventing non-productive repetitive locomotory
__________________
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reversal behavior. CEPsh glia-ablated animals display repetitive
movements mediated by loss of the conserved astrocytic glutamate
transporter, GLT-1. In vivo glutamate imaging reveals that GLT-1 is
not required to prevent synaptic glutamate saturation, as previously
thought. Rather, GLT-1 promotes rapid glutamate clearance
primarily following presynaptic release. glt-1 loss results in
oscillatory presynaptic glutamate secretion, which drives oscillatory
postsynaptic activation of a major interneuron governing reversal
behavior, AVA. Importantly, these oscillations correspond to
repetitive reversal bouts. Glutamate oscillations require the
metabotropic glutamate receptor MGL-2/mGluR5, expressed in
neurons presynaptic to AVA; and mgl-2 loss alleviates oscillations
and repetitive reversals. Murine GLT1 and mGluR5 are implicated
in pathological motor repetition. We suggest an underlying
conserved physiology controlling such behavior.
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C02 Neurosteroids: New Insights into their
Synthesis and Neuroprotective Mechanisms
C02-01

C02-02

CHOLESTEROL TRANSPORT MECHANISMS IN STEROID
AND NEUROSTEROID BIOSYNTHESIS
Vassilios Papadopoulos1, 2, Jinjiang Fan2, Enrico Campioli2
David Owen3
1
University of Southern California, Pharmacology &
Pharmaceutical Sciences, Los Angeles, USA
2
Research Institute of the McGill University Health Centre,
Medicine, Montreal, Canada
3
Imperial College London, Hammersmith Hospital, London, UK

A ROLE OF ENDOGENOUS PROGESTERONE IN STROKE
NEUROPROTECTION REVEALED BY THE
NEURAL-SPECIFIC DELETION OF ITS RECEPTORS AND
CYP11A1
Michael Schumacher, Xiaoyan Zhu, Philippe Liere
Rachida Guennoun
Inserm and University Paris-Sud and University Paris-Saclay,
U1195, Kremlin-Bicetre, France

Steroid hormone biosynthesis begins with the conversion of cholesterol to pregnenolone by the mitochondrial CYP11A1. This
reaction is dependent upon delivery of cholesterol from intracellular
stores into mitochondria, the rate-determining step in
steroidogenesis. Transport of free cholesterol to the outer mitochondrial membrane (OMM) involves STARD proteins and interorganellar interactions. This cholesterol pool crosses from OMM to
inner mitochondrial membrane (IMM) where CYP11A1 is located.
This transfer is facilitated by the formation of a multiprotein complex composed of OMM-IMM proteins, including the translocator
protein (TSPO). TSPO is an ubiquitous, high-affinity cholesterol
binding OMM protein abundant in steroidogenic cells. Aberrant expression of TSPO is linked to neurodegeneration, neuropsychiatric
disorders and cancer. TSPO binds with high affinity to diverse compounds, which induce steroid and neurosteroid formation, investigated as monitoring and therapeutic agents for various diseases.
Recent studies of genetic deletion of Tspo in mice have provided
conflicting data. Because of the clinical importance of TSPO, we investigated its role in rodents and humans. In the rat, we used zinc
finger nuclease technology to generate a null mutant lacking TSPO.
Tspo homozygous mutants exhibited accumulation of esterified cholesterol in all steroidogenic tissues examined and loss of hormoneinduced corticosteroid formation. Testosterone production was reduced and allopregnanolone levels in brain were undetectable. In
humans, the presence of TSPO polymorphism Rs6971 (Ala147Thr),
proposed to predispose carriers to psychiatric disorders, led to the
reduction in ACTH-induced cortisol production. In mice, Amhr2Cre-mediated Tspo global KO mice exhibited disturbances in
neutral lipid homeostasis and reduced testosterone production.
RNA-sequencing data from various tissues indicated transcriptome
changes in response to the loss of TSPO, including changes in
several cholesterol binding and transfer proteins. These data suggest
that Tspo deletion alters lipid homeostasis and steroid/neurosteroid
formation, and leads to transcriptome changes that reflect compensatory mechanisms in response to the loss-of-function of TSPO.

In addition to the steroidogenic endocrine glands, namely the
ovaries, the placenta during pregnancy and the adrenal glands, progesterone and its 5alpha-reduced metabolites are also synthesized in
the brain and thus qualify as neurosteroids. Well known as a female
reproductive hormone, progesterone also plays an important role in
the resistance of the brain to ischemic and traumatic brain injury by
signaling via its intracellular receptors (PR). Thus, treatment with
progesterone protects the brain of wild-type, but not of PR knockout
male and female mice, against damage after middle cerebral artery
occlusion (MCAO). Importantly, the brain of both sexes contains
significant amounts of endogenous progesterone, but it was not
known whether endogenously produced progesterone enhances the
resistance of the brain to ischemic insult. To address this question,
we used steroid profiling by gas chromatography-tandem mass
spectrometry (GC-MS/MS), and we selectively inactivated PR in
the central nervous system (CNS). We show that in response to
ischemic stroke, levels of progesterone and its neuroactive
metabolite 5alpha-dihydroprogesterone, both PR agonist ligands,
are rapidly upregulated to pregnancy-like levels in the male but
surprisingly not in the female brain. Deletion of PR in the brain reduced its resistance to ischemic damage, resulting in increased
infarct volumes and neurological deficits in both sexes. Of note,
endogenous PR ligands continue to protect the brain of aging mice.
These results uncover the unexpected importance of endogenous
progesterone and its metabolites in cerebroprotection. To determine
whether the important rise in brain progesterone observed after
MCAO in males reflects increased local synthesis, we have inactivated the CYP11A1 gene within the CNS. This gene codes for the
cytochrome P450scc, which cuts the side-chain of cholesterol, a
rate-limiting step in steroid hormone and neurosteroid synthesis.

C02-03
ACTIVATION OF EXTRASYNAPTIC GABA-A RECEPTORS
BY NEUROSTEROIDS AND ITS ROLE IN CNS
DISORDERS
Samba Reddy
Texas A&M University Health Science Center, College of Medicine,
Bryan, USA
Neurosteroids are key endogenous molecules in the brain that
affect many neural functions. A variety of neurosteroids are present
in the brain, such as allopregnanolone, THDOC and androstanediol.
The neuronal GABA-A receptor chloride channel is one of the
__________________
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prime molecular targets of neurosteroids. Allopregnanolone-like
neurosteroids are potent allosteric agonists as well as direct
activators of both synaptic and extrasynaptic GABA-A receptors.
There are two subtypes of GABA-A receptors with different
desensitization kinetics. Synaptic GABA-A receptors, which are
composed of 2α/2β1γ subunits, mediate phasic inhibition in response to action potential-dependent vesicular release of high levels
of GABA, while extrasynaptic GABA-A receptors, which are
composed of 2α/2β1δ subunits, primarily contribute to tonic
inhibition when exposed to low ambient levels of GABA. Neurosteroids activate both synaptic and extrasynaptic receptors and
enhance the phasic and tonic inhibition, and thereby promote
maximal inhibition in the brain. The resulting chloride current
conductance generates a form of shunting inhibition that controls
network excitability, seizures, and behavior. Neurosteroids bind to
all GABA-A receptor isoforms, but δ-containing extrasynaptic
receptors exhibit preferential sensitivity to neurosteroids. Such
mechanisms of neurosteroids are providing innovative therapies for
epilepsy, status epilepticus, traumatic brain injury, fragile X syndrome, and chemical neurotoxicity. However, GABA-A receptors
are not static, but undergo rapid changes in their number or
composition in response to neuroendocrine milieu. Recent advances
in molecular regulation of extrasynaptic GABA-A receptormediated tonic inhibition are providing unique new therapeutic
approaches for epilepsy, status epilepticus, and certain brain disorders. The discovery of an extrasynaptic molecular mechanism
represents a milestone for developing novel therapies such as neurosteroid replacement therapy for catamenial epilepsy.

C02-04
ALLOPREGNANOLONE ATTENUATES NEUROTOXICITY
ASSOCIATED WITH THE HIV-1 REGULATORY PROTEIN
TAT
Jason Paris
The University of Mississippi, BioMolecular Sciences, University,
USA

effects is the HIV-1 regulatory protein, trans-activator of transcription (Tat). Expressing HIV-1 Tat in transgenic mouse models increases anxiety- and depression-like behavior. Exposing neural cell
cultures to HIV-1 Tat produces neuroinflammation and neurotoxicity that is exacerbated by opioids, such as morphine. We have
observed that exogenous progesterone attenuates the anxiety-like
behavioral phenotype associated with Tat-exposure in female mice
but the mechanisms underlying these effects are not known. Using a
transgenic mouse model that conditionally-expresses HIV-1 Tat in
the CNS (induced via doxycycline), we found progesterone metabolism to the 5α-reduced/3α-hydroxylated neurosteroid, 5α-pregnan-3α-ol-20-one (i.e., allopregnanolone), to be critical for its
capacity to ameliorate Tat-mediated anxiety. Pretreatment with the
5α-reductase inhibitor, finasteride, obviated progesterone’s protective effects in HIV-1 Tat-transgenic mice. In cultured primary
medium spiny neurons, HIV-1 Tat increased intracellular calcium,
dysregulated mitochondrial membrane potential, increased reactive
oxygen species formation, and promoted neuronal cell death. Pretreatment with allopregnanolone dose-dependently ameliorated
these measures with the greatest effect observed at a physiological
concentration of 10 nM. Moreover, allopregnanolone attenuated the
combined neurotoxicity of Tat and the opiate, morphine, in a dosedependent manner, with allopregnanolone ameliorating dysfunction
at 10 nM, but not 100 nM, concentrations. Follow-up studies with
pharmacological antagonists revealed NMDA receptors and L-type
calcium channels as important targets in these effects. The present
data suggest that the neurosteroid, allopregnanolone, can ameliorate
the neural toxicity associated with exposure to HIV-1 Tat protein,
even within the context of opioid exposure. These data support the
notion that neurosteroid-based therapeutics may confer prophylactic
advantages for HIV-positive opioid users, particularly those
experiencing neurological dysfunction that cannot be fullyameliorated by the combined antiretroviral therapies currently
available.

Human immunodeficiency virus (HIV) infection is associated
with a constellation of neurological disorders that may be
exacerbated by opioid drug use. One virotoxin mediating these
__________________
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C03 Environment Dictates the Fate of Astrocytes
C03-01
CONTROLLING ASTROCYTE DIVERSITY IN THE MATURE
BRAIN THROUGH NEURON-DERIVED CUES
Keith Murai
McGill University, Department of Neurology and Neurosurgery,
Montreal, Canada
Astrocytes are key partners for neurons in the healthy brain and
contribute to the physiology and homeostasis of neural circuits.
Astrocytes perform diverse functions through their elaborate
structural and molecular properties. However, the precise mechanisms that create and maintain differences among astrocytes remain
poorly understood. In this presentation, results will be presented
showing the remarkable anatomical and functional complexity of
astrocytes in the brain using advanced electron microscopy and
molecular techniques. Furthermore, results will be shown demonstrating how mature neurons in the brain signal to neighbouring
astrocytes to direct their molecular and physiological features. This
neuron to astrocyte communication is both necessary and sufficient
for astrocyte molecular diversification including the expression of
key molecules including glutamate transporters and receptors,
potassium channels, and water channels. Thus, astrocytes receive
important information from neurons to ensure that they are properly
specialized for nearby brain circuits.

C03-02
ENDOTHELIAL CELLS REGULATE DIFFERENT ASPECTS
OF THE ASTROCYTE BIOLOGY
Zila Martinez-Lozada1, Meredith Lee1, Elizabeth Krizman1
Michael Robinson1, 2
1
Children's Hospital of Philadelphia, Pediatrics, Philadelphia, USA
2
University of Pennsylvania, Pharmacology, Philadelphia, USA
Astrocytes, the most abundant cell type in the central nervous
system, are a heterogeneous population with equally diverse functions. Astrocytes clear and release neurotransmitters, regulate the
distribution of water, participate in ion buffering, remove reactive
oxygen species and produce glutathione, synthesize and release
trophic factors and contribute to neurovascular coupling. These
astrocytic roles are favored by their localization, which allows them
to contact synapses and enwrap the vasculature. Although the communication between neurons and astrocytes has been broadly
studied, the interaction between endothelial cells and astrocytes is
less understood. We recently demonstrated that endothelia induce
astrocytic expression of the glutamate transporter 1 (GLT-1). GLT-1
is responsible for up to 90% of the removal of glutamate from the
synaptic cleft in the forebrain. In addition, GLT-1 expression correlates with synaptogenesis, suggesting that GLT-1 is a marker of
astrocyte maturation. Our results demonstrate that endothelia induce
expression of GLT-1 through a contact-dependent mechanism, and
that inhibition of Notch signaling, using pharmacologic and genetic
approaches, blocks this effect. Interestingly, we observed that
although neutralizing antibodies directed against the Notch ligand
Delta like 1 (DLL1) block the effect of endothelia, treatment with
recombinant DLL1 is not sufficient to induce astrocytic GLT-1
__________________
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expression. This in addition to other results suggested that endothelia require the activation of at least two signaling pathways to
activate GLT-1 expression in astrocytes. In addition to inducing
GLT-1 expression, endothelia also modify the morphology of the
astrocytes from the polygonal shape that they have in vitro to more
elongated cells that extend their processes toward endothelial cells.
Understanding the molecular mechanisms involved in endotheliaastrocyte communication is critical to comprehending the biology of
this interaction, neurovascular coupling and how this interaction is
lost in pathology.

C03-03
FGF8A REGULATES MULLER GLIAL CELL
REPROGRAMMING AND RETINA REGENERATION IN
ZEBRAFISH
Daniel Goldman, Jin Wan, Rose Elsaeidi
University of Michigan, Molecular & Behavioral Neuroscience
Institute, Ann Arbor, USA
Unlike mammals, zebrafish can regenerate a damaged retina. Key
to this regenerative response are Muller glial cells that respond to
retinal injury by undergoing a reprogramming event that results in
their division and the generation of multipotent retinal progenitors
that regenerate lost neurons. We found that Notch signaling
inhibition is required for Muller glial cell proliferation and that
Fgf8a regulates Notch signaling. Remarkably, Fgf8a to Notch signaling distinguishes 2 classes of Muller glial cells that participate in
retina regeneration. In one class, Fgf8a stimulates Notch signaling
and inhibits Muller glial cell proliferation, while in the other class
Fgf8a inhibits Notch signaling and stimulates Muller glial cell proliferation. The distribution of these two Muller glial cell classes
within the retina changes with age and correlates with changes in
spontaneous Muller glial cell proliferation.

C03-04
NORMAL AGING INDUCES ASTROCYTE REACTIVITY
Laura Clarke1, Shane Liddelow1, Chandrani Chakraborty1
Alexandra Munch1, Myriam Heiman2, 3, 4, Ben Barres1
1
Stanford University, Department of Neurobiology, Stanford, USA
2
MIT and Harvard, Broad Institute, Cambridge, USA
3
MIT, Department of Brain and Cognitive Sciences, Cambridge,
USA
4
Picower Institute for Learning and Memory, Picower Institute,
Cambridge, USA
The decline of cognitive function occurs with normal aging but
the mechanisms responsible are unknown. Astrocytes are critical in
instructing the formation, maturation and elimination of synapses,
and impairment of these functions has been implicated in the pathogenesis of many diseases. These findings raise the question of the
whether astrocyte dysfunction could contribute to cognitive decline
in aging. To examine this possibility, we used the Bac-Trap method
to perform RNA-sequencing analysis of astrocytes from different
__________________
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brain regions across the lifespan of the mouse. We found that astrocytes have distinct region-specific transcriptional identities that
change with age in a region-dependent manner. We validated our
findings using fluorescence in situ hybridization and quantitative
PCR. Detailed analysis of the differentially-expressed genes in
aging revealed that aged astrocytes take on a reactive phenotype
characteristic of neuroinflammatory A1-like reactive astrocytes.
Hippocampal and striatal astrocytes upregulated a greater number of
reactive astrocyte genes as compared with cortical astrocytes. Moreover aged brains formed many more A1 reactive astrocytes in response to the neuroinflammation-inducer lipopolysaccharide. We
__________________
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found that the aging-induced upregulation of reactive astrocyte
genes was significantly reduced in mice lacking the microglialsecreted cytokines (IL-1α, TNF and C1q) known to induce A1
reactive astrocyte formation, indicating that microglia play a key
role in promoting astrocyte activation in aging. Since A1 reactive
astrocytes lose the ability to carry out their normal functions, produce complement components, and release a toxic factor which kills
neurons and oligodendrocytes, the aging-induced upregulation of
reactive genes by astrocytes could contribute to the cognitive
decline in vulnerable brain regions in normal aging and contribute
to the greater vulnerability of the aged brain to injury.
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C04 Extracellular Proteolysis that Links Brain and
Mind
C04-01

C04-02

TARGETING MMP-9 AND PERINEURONAL NETS TO
UNDERSTAND THE MECHANISMS OF SENSORY
HYPEREXCITABILITY IN FRAGILE X SYNDROME
Iryna Ethell1, Teresa Wen1, 2, Sonia Afroz1, Sarah Reinhard2
Khaleel Razak2
1
University of California, Riverside School of Medicine,
Biomedical Sciences, Riverside, USA
2
University of California, Riverside, Psychology Department,
Riverside, USA

SYNAPTIC MATRIX METALLOPROIENASE-9 LINKS
BRAIN AND MIND
Leszek Kaczmarek
Nencki Institute, Molecular & Cellular Neurobiology, Pasteura 3,
Poland

Fragile X Syndrome (FXS) is the most prevalent cause of
inherited intellectual disability and autism with symptoms including
cognitive and communication deficits. The Fmr1 knockout (KO)
mouse is an established model of FXS as it displays similar behavioral impairments, including hypersensitivity to sound that is
seen in humans with FXS. Our study revealed abnormal responses
to sound in auditory cortex of Fmr1 KO mice, which were
normalized following genetic deletion of Mmp-9. However, the
mechanisms underlying the auditory deficits are not known. In the
normal auditory cortex Mmp-9 levels are higher during onset of
hearing in mice and are gradually decreased as auditory circuits develop and mature. Our data show that Mmp-9 levels are abnormally
high in the auditory cortex of Fmr1 KO mice during development
and remain high in the adult, suggesting that elevated Mmp-9 levels
may be responsible for the abnormal auditory deficits in Fmr1 KO
mice. MMP-9 can impact the inhibition by disrupting perineuronal
nets (PNN) that are critical in supporting fast spiking Parvalbumin
(PV) interneurons. Our results support this assumption and show
that PV cell development and PNN formation around GABAergic
interneurons were impaired in developing auditory cortex of Fmr1
KO mice, which may impact the development of inhibitory circuits.
Indeed, in vivo single unit recordings from auditory cortex neurons
showed enhanced spontaneous and sound-driven responses in developing Fmr1 KO mice, which were normalized following genetic
reduction of MMP-9. Genetic reduction of MMP-9 also restored
PNN formation to WT levels in L4 auditory cortex of Fmr1 KO
mice. These findings indicate that elevated MMP-9 levels contribute
to the development of sensory hypersensitivity by influencing
formation of PNNs around PV interneurons suggesting MMP9 as a
new therapeutic target to reduce sensory deficits in FXS and potentially other autism spectrum disorders. This work was supported
by grants from FRAXA Research Foundation and NIH
1U54HD082008.
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Matrix metalloproteinase 9, MMP-9 is an extracellularly operating
enzyme that has been demonstrated as important regulatory molecule in control of synaptic plasticity, learning and memory. Either
genetic or pharmacological inhibition of MMP-9 impairs late phase
of long-term potentiation at various pathways, as well as appetitive
and spatial memory formation, although aversive learning remains
apparently intact in MMP-9 KO mice. MMP-9 is locally translated
and released from the excitatory synapses in response to neuronal
activity. Extrasynaptic MMP-9 is required for growth and maturation of the dendritic spines to accumulate and immobilize AMPA
receptors, making the excitatory synapses more efficacious. Animal
studies have implicated MMP-9 in such neuropsychiatric
conditions, as e.g., epileptogenesis, autism spectrum disorders, development of addiction, and depression. In humans, MMP-9 appears
to contribute to epilepsy, alcohol addiction, Fragile X Syndrome,
schizophrenia and bipolar disorder. In aggregate, all those
conditions may be considered as relying on alterations of dendritic
spines/excitatory synapses and thus understanding the role played
by MMP-9 in the synaptic plasticity may allow to elucidate the
underpinnings of major neuropsychiatric disorders.

C04-03
MMP-9 IN CORTICAL PLASTICITY: ROLE OF MICROGLIA
Ania Majewska
University of Rochester Medical Center, Neuroscience, Rochester,
USA
The power of the brain lies in the ability of the networks of its
myriad of neurons to remodel and adapt their function based on
experience. To allow for the ability of the brain to remain plastic
throughout life, structural rearrangements need to occur in the
context of a physical brain that is packed with different subcellular
structures that are tied together by cell-cell interactions and which
are embedded in an extracellular matrix (ECM). The composition of
this ECM is known to play important roles in regulating synaptic
plasticity in the normal brain and also during recovery from injury,
although the mechanisms by which the matrix is altered to support
plastic processes is not clear. Here we use a well-established model
of experience-dependent plasticity in the visual cortex to understand
the impact of the ECM on synaptic function and remodeling in vivo.
We describe a rapid change in ECM protein composition during
ocular dominance plasticity in adolescent mice, and a loss of ECM
remodeling in mice that lack the extracellular protease, matrix
metalloproteinase-9 (MMP9). Loss of MMP9 also attenuates functional ocular dominance plasticity following monocular deprivation
and reduces excitatory synapse density and spine density in sensory
__________________
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cortex. We also analyzed the effects of MMP9 loss on microglia, as
these cells are involved in extracellular remodeling and have been
recently shown to be important for synaptic plasticity. In fact,
microglial phagocytosis of synapses is thought to underlie some of
the synaptic rearrangement in this model. MMP9 KO mice
exhibited very limited changes in microglial morphology.
Ultrastructural analysis, however, showed that the extracellular
space surrounding microglia was increased, with concomitant increases in microglial inclusions, suggesting possible changes in
microglial function in the absence of MMP9. Taken together, our
results show that MMP9 contributes to ECM degradation, synaptic
dynamics and sensory-evoked plasticity in the mouse visual cortex.

C04-04
MATRIX METALLOPROTEINASES IN THE NUCLEUS
ACCUMBENS CORE CONTROL RELAPSE TO COCAINE
SEEKING
Alexander Smith
Icahn School of Medicine at Mount Sinai, Neurosciences, New York,
USA
Chronic cocaine exposure produces neuroplasticity within the
nucleus accumbens core (NAcore) that leads to increased
vulnerability to relapse, even after protracted abstinence. Relapse is
__________________
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associated with a transient synaptic potentiation (t-SP) of
corticostriatal synapses in the nucleus accumbens core, and the
magnitude of this potentiation is correlated with the intensity of
relapse behavior. Matrix metalloproteinases (MMPs) are Zn2+-dependent endopeptidases that degrade the extracellular matrix to promote synaptic plasticity, and recent work has shown that upregulated MMP activity is required for synaptic plasticity accompanying cocaine addiction. Thus, we hypothesized that activating
MMP-9 is sufficient to drive reinstatement of cocaine seeking. One
mechanism of MMP activation is through S-nitrosylation via nitric
oxide (NO). NO is synthesized in a small subset of GABAergic interneurons within the accumbens (~1%), and these neurons are characterized by the expression of neuronal nitric oxide synthase
(nNOS). Here, we show that nNOS activity and MMP Snitrosylation are both necessary and sufficient to drive t-SP, as well
as reinstatement of cocaine seeking. A second method of activating
MMP-9 is through inhibition of miR-132, a microRNA that has previously been shown to directly target and suppress MMP-9 mRNA
translation. Inhibition of miR-132 increased MMP-9 activity, and
caused rats to reinstate cocaine seeking, even in the absence of
cocaine associated cues. Interestingly, both nNOS activity and miR132/MMP-9 mRNA interaction have been shown to be downstream
of mGluR5, indicating this might be a powerful pharmacotherapeutic candidate for treatment of addiction.
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C05-01
THE EFFECT OF SEX ON APOE-MODULATED AD
PATHOLOGY IN EFAD MICE
Mary Jo LaDu
University of Illinois at Chicago, Anatomy and Cell Biology,
Chicago, USA
APOE4 genotype of apolipoprotein E (apoE) is the greatest genetic risk factor for Alzheimer’s disease (AD) and is associated with
accelerated accumulation of both amyloid plaques and soluble
oligomeric forms of the amyloid-b peptide (oAb), likely a proximal
neurotoxin. Importantly, female APOE4 carriers have a greater
lifetime risk for developing AD, an increased rate of cognitive
decline and accelerated accumulation of Ab compared to male
APOE4 carriers. In vivo progress has been limited by the lack of a
tractable familial AD-transgenic (FAD-Tg) mouse model expressing
human (h)- rather than mouse (m)-APOE. To study the interactions
among sex, h-APOE and AD pathology, we developed the EFADTg mice by introducing the h-APOE genotypes into the 5xFAD-Tg
mice. We previously demonstrated that in the brains of EFAD mice,
confirmed in human control and AD samples of CSF and brain, that
apoE lipidation is lower and soluble Ab levels are higher with
APOE4 vs. APOE3. This reduction in lipidation would cause
apoE4-lipoproteins in the CNS to be unstable, consistent with the
reduced levels of apoE4 vs. apoE3 in the brains of humans and
APOE-Tg mice. As soluble Ab associates with lipoproteins to
facilitate its clearance, with apoE4-lipoproteins, soluble Ab levels
would be greater with APOE4 vs. APOE3. Thus, we developed the
mechanistic hypothesis that AD pathology and APOE4 cause a reduction in apoE lipidation, inefficient clearance of soluble Ab, with
eventual synaptic loss, memory/cognitive deficits, and dementia.
Our data demonstrate that the differences in female vs. male E4FAD
mice mimic those established for APOE4 vs. APOE3, including
differences in Ab aggregation/accumulation, and apoE levels/
lipidation. In addition, cognitive and memory loss, as well as neuroinflammation, are significantly greater in the EFAD females vs.
males. These data suggest that sex profoundly influences the
APOE4 genotype-specific effects on AD pathology, with apoE
lipidation and oAb levels likely at the intersection between these
two AD risk factors. Together, these data will help to address the
critical need for treatment options for APOE4 carrier females at
high risk for AD.

C05-02
MOLECULAR MECHANISMS UNDERLYING ESTROGENIC
REGULATION OF MEMORY FORMATION IN FEMALE AND
MALE MICE
Karyn Frick, Lisa Taxier
University of Wisconsin-Milwaukee, Psychology, Milwaukee, USA

aging and Alzheimer’s. Although estrogen replacement can preserve
memory function in recently menopausal women, it carries harmful
side effects including breast cancer, heart disease, and stroke.
Understanding more about the molecular mechanisms through
which estrogens regulate memory formation could lead to novel
targets for the design of drug treatments that mimic the memorypromoting effects of estrogens without deleterious side effects. This
talk will describe the cell-signaling and receptor mechanisms
known to regulate estrogenic enhancement of hippocampal and prefrontal memory consolidation in female mice. This information will
be contrasted with emerging data from males. Finally, effects of
estrogen treatment, sex, and ApoE genotype on memory in the
EFAD mouse model of Alzheimer’s disease will be discussed.

C05-03
SEX AND APOE GENOTYPE MODULATE THE
RELATIONSHIP BETWEEN OBESITY AND PATHOLOGY
IN ALZHEIMER’S MICE
Christian Pike
University of Southern California, Leonard Davis School of
Gerontology, Los Angeles, USA
Female sex, obesity, and APOE4 genotype are all independent risk
factors for the development of Alzheimer’s disease (AD). The extent to which these factors interact to modulate AD pathogenesis is
not well understood. In this presentation, we discuss our findings on
both the individual and interactive effects of these factors on ADrelated outcomes in rodent models. First, we observe sex differences
in development of AD pathology that exhibits a female bias. In AD
transgenic mice, accumulation of β-amyloid occurs sooner and more
extensively in females. In males and females, experimental
depletion of sex steroid hormones accelerates pathology. However,
sex differences develop prior to age-related changes in sex steroid
hormones, suggesting that both organizational and activational
effects of sex hormones likely contribute to observed sex
differences. We also find sex differences in the metabolic and ADrelated effects of obesity. Diets high in saturated fats and or sucrose
induce obesity in males and females with metabolic impairments
more robust in males but significant worsening of AD outcomes in
both sexes. Recent work reveals important regulation of these relationships by the APOE4 genetic risk factor for AD. In males, we observe a significant gene X environment interaction in which dietinduced obesity increases AD pathology in male E4FAD mice (AD
transgenes with human APOE4) but not in E3FAD mice. Continued
understanding of how sex interacts with genetic and environmental
risk factors is essential for identifying specific at-risk populations
and developing targeted interventions for the prevention of AD.

Women are at substantially higher risk of developing Alzheimer’s
disease than men. Estrogens are essential tropic factors for neurons
in the female brain, including those in the hippocampus and prefrontal cortex that deteriorate early in normal aging and Alzheimer’s
disease. The precipitous loss of estrogens at menopause is thought
to render these neurons more vulnerable to the detrimental effects of
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C05-04
SEX DIFFERENCES IN APOE INFLUENCES ON BRAIN
MICROBLEEDS AND RESPONSES TO AIR POLLUTION
Caleb Finch1, Christian Pike1, MaryJo LaDu2, Costantinos Sioutas3
Todd Morgan1, Mafalda Cacciottolo1
1
USC, Leonard Davis School of Gerontology, Los Angeles, USA
2
UCI, Department of Anatomy and Cell Biology, Chicago, USA
3
USC, Viterbi School of Engineering, Los Angeles, USA
Strong sex-APOE interactions were observed in EFAD mice at
age 7 months. Female sex and APOE genotype independently increased oligomeric Aβ42 and total PBS extracted Aβ (2- to 8-fold,
F>M, ELISA). Female EFADs had 2-fold larger Aβ plaques, further
increased in APOE4 carriers. Cerebrovascular pathology followed
these trends of female excess and APOE4: for cerebral amyloid
angiopathy (CAA), the number of Aβ-positive microvessels was
higher 50% in females of both alleles. Microbleeds (microhemorrhages) were >5-fold more prevalent in female EFAD, but did
not differ by APOE allele. The non-FAD siblings (5xFAD-/- /huAPOE +/+) had 95% fewer microbleeds than EFAD, again with
__________________
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2-fold female excess, suggesting a novel involvement of human
APOE in microhemorrhages. Glial measures in mouse models
showed some parallels. Female EFAD mice showed 20-50% higher
glial density than males (Iba-1, GFAP), with stronger APOE4
effects for microglia in females. Of ten cytokines, only IL-6 and
TNFa differed by APOE (E4>E3, 50-100%), while these and other
cytokines were higher in females (IL1β, IL4, IL6, IL10; KC/GRO
and TNFα). These data are consistent with human-AD microglial
inflammatory processes, showing strong sex-APOE interaction.
Response to traffic-related air pollution (TRAP) exposure also
differed by sex. Female EFAD mice were exposed to a nanosized
particulate material (nPM) subfraction of TRAP for 225h (5h/day,
3d/wk, 15wks, at a dose of 340ug/m3 nPM). The nPM exposed
female mice had 2.8-fold more cerebral cortical plaque load in
E4FAD mice than in E3FAD mice. Both APOE alleles responded
with increased Aβ oligomers. Male mice were less responsive to
nPM, without changes in any Aβ measure. However, nPM exposure
caused a robust decrease of GluR1 protein levels in both sexes,
again without APOE differences. These initial findings suggest
complex gender differences in human ApoE allele vulnerability to
air pollution exposure.
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C06 Lysosomal-Inflammatory Axis Function in
Neurological Health and Disease
C06-01
PROGRANULIN IS PROTEOLYTICALLY CLEAVED INTO
STABLE, LYSOSOMAL GRANULINS THAT ARE
HAPLOINSUFFICIENT IN FTD WITH GRN MUTATIONS
Thomas Kukar, Christopher Holler, Qiudong Deng, Georgia Taylor
Emory University, Pharmacology, Atlanta, USA
Frontotemporal dementia (FTD) is the most common demetia in
people <60 years old. Heterozygous mutations in the progranulin
gene (GRN) that cause progranulin (PGRN) haploinsufficiency are a
major cause of familial FTD. It is unclear how loss of PGRN leads
to neurodegeneration, but mounting evidence suggests PGRN plays
a critical role in lysosomal homeostasis in the brain. First,
homozygous GRN mutations in humans leads to a complete loss of
PGRN protein and manifests as a lysosomal storage disease called
neuronal ceroid lipofuscinosis (NCL), characterized by lysosome
dysfunction, neuroinflammation, and neurodegeneration. Second,
FTD patients with GRN mutations and Grn-deficient mice also display lysosomal storage disease phenotypes. Third, two receptors –
sortilin and the prosaposin/cation-independent mannose 6-phosphate receptor/low density lipoprotein receptor-related protein complex – bind and traffic PGRN to lysosomes. Finally, variants in
TMEM106B, which encodes a lysosomal trafficking protein, are a
significant risk factor for FTD-GRN, accelerated aging, and Alzheimer's disease. PGRN is a secreted glycoprotein that can be
cleaved into seven ~6 kDa proteins called granulins (GRNs),
however little is known about the production of GRNs or their
levels in disease due to lack of specific tools. To overcome this gap,
we have identified and validated antibodies for the detection of
endogenous human GRNs and methods for the purification of
GRNs for functional studies. Using these tools, we find that endocytosed PGRN is rapidly processed into stable GRNs within
lysosomes. Processing of PGRN into GRNs is conserved between
humans and mice and is dependent on cysteine proteases, such as
cathepsin L. Further, alkalizing agents or expression of TMEM106B
cause lysosome dysfunction and inhibit processing of PGRN into
GRNs. Finally, GRNs are haploinsufficient in FTD-GRN patient
cells and brain. Our findings suggest that GRNs may be the functional units of PGRN responsible for maintaining lysosome homeostasis, and their deficiency may underlie development of lysosomal
dysfunction and neurodegeneration. Future experiments will
determine whether granulins can rescue lysosomal dysfunction in
models of progranulin deficiency.

C06-02
CONTRIBUTIONS OF AXONAL LYSOSOME BIOGENESIS
AND TRANSPORT DEFECTS TO ALZHEIMER’S DISEASE
RISK
Shawn Ferguson, Swetha Gowrishankar
Yale University, Cell Biology, New Haven, USA
A robust but poorly understood aspect of the AD brain is the
massive local accumulation of lysosomes within swollen axons that
__________________
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surround amyloid plaques. We have taken a cell biology approach to
investigate mechanisms controlling axonal lysosome transport and
maturation in order define how defects in the axonal transport and
maturation of lysosomes contribute to the development of amyloid
plaque pathology. Based on our previous investigation of the
amyloid plaque-associated axonal lysosome accumulations, we
hypothesize that extracellular amyloid protein aggregates trigger
localized defects in axonal lysosome transport and maturation
which in turn results in further axonal amyloidogenic APP processing, creating a vicious cycle. A key component of this model is
the prediction that impaired axonal lysosome transport promotes
deleterious APP processing. Having recently identified JNK-interacting protein 3 (JIP3) as an important regulator of axonal transport
of lysosomes, we have used JIP3 knockout mice to investigate the
impact of axonal lysosome transport defects on APP processing and
the development of amyloid plaque pathology. Through these
efforts, we have discovered that the impaired axonal transport of
lysosomes in JIP3 KO cortical neurons in culture is accompanied by
increased APP processing into Aβ peptides. In vivo, JIP3 depletion
in the 5xFAD mouse model of Alzheimer’s disease results in increased Aβ production and dramatically exacerbated amyloid
plaque pathology. Ongoing efforts seek to define the pathway in
which JIP3 functions to control axonal lysosome transport. This
research could lead to novel therapeutic opportunities focused on
manipulating lysosome function and/or transport to limit both Aβ
production and neuronal pathology. Beyond Alzheimer’s disease,
new insights into the cell biology of neuronal lysosomes revealed
by the proposed studies are expected to have additional broad
relevance for other neurodegenerative diseases with lysosomal contributions to their pathology such as Parkinson’s disease,
frontotemporal dementia and hereditary spastic paraplegia.

C06-03
PARKIN AND PINK1 MEDIATED MITOPHAGY MITIGATES
INFLAMMATION
Danielle Sliter
National Institutes of Health, National Institute of Neurological
Disorders and Stroke , Bethesda, USA
Inflammation and mitochondrial dysfunction are associated with
many neurodegenerative diseases including Parkinson’s disease
(PD), but how these two perturbations contribute to neuron loss and
whether or not they are mechanistically related is unknown. In
recent years, mitochondria have emerged as an important source of
damage-associated molecular patterns that trigger inflammation.
Mutations in Parkin, an E3 ubiquitin ligase, and PINK1, a ubiquitin
kinase, lead to early-onset PD. In various animal and cultured cell
models Parkin and PINK1 function together to remove damaged
mitochondria from cells via a selective form of autophagy, called
mitophagy. Whether the mitophagy activity is involved in PD
etiology, however, is not yet clear as mice lacking PINK1 or Parkin
have no substantial disease relevant phenotypes. We hypothesized
loss of PINK1 and Parkin may not be detrimental under homeostatic
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conditions, but only when mitochondria are dysfunctional. Utilizing
mouse models, we found a potent inflammatory response in vivo in
mice harboring mitochondrial stress and lacking PINK1 or Parkin.
Thus, our data connect mitochondrial dysfunction to inflammation
in vivo and suggests that PINK1 and Parkin may prevent PD by
limiting inflammation via mitophagy.

C06-04
MODULATION OF PERIPHERAL AND CENTRAL
INFLAMMATION VIA CB2 RECEPTORS TO PROTECT
AGAINST SYNUCLEIN-INDUCED DEGENERATION
Malu Tansey, Valerie Joers, Benjamin Murray, Sean Kelly
Fredric Manfredsson, Bob Moore
Emory University, Physioloy, Atlanta, USA
Numerous studies have demonstrated that neuroinflammation
accompanies and may promote progression of alpha-synuclein
(Asyn)-induced nigral dopaminergic degeneration as found in
Parkinson’s disease (PD). During degenerative processes, peripheral
immune cells cross the BBB and can exert actions on the brain, yet
it remains unclear how their brain activity affects PD progression.
Modulating the activation state of microglia or infiltrating cells can
__________________
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largely alter the local environment via cytokine signaling, and in
turn impact neuronal survival. The cannabinoid type 2 receptor
(CB2) is highly expressed on activated microglia and circulating
monocytes, upregulated in the nigra of PD patients and when
modulated protects against rotenone-induced nigral degeneration.
Anovel CB2 inverse agonist SMM-189 demonstrated immunomodulatory effects that improve acute neuronal injury and behavioral outcomes potentially explained by a mechanism that
suppresses pro-inflammatory markers and increases anti-inflammatory effects. Here we report the peripheral and central immunomodulatory effect of SMM-189 treatment in an AAV2/5-hAsyn rat
model of Parkinson’s disease. We hypothesize that targeting CB2
will benefit the local central inflammatory environment by
inhibiting activation of central and peripheral immune cells and promoting phagocytosis and clearance of Asyn to protect against
neurodegeneration. Our preliminary results indicate, rats treated
with SMM-189 demonstrate a decreased size of IBA1+ cells
(p<0.0001) compared to vehicle-treated, suggesting that targeting
CB2 ameliorates persistent microgliosis from Asyn overexpression.
Additionally, SMM-189 decreased gene expression of pro-inflammatory marker TNF (p=0.0084) while promoting anti-inflammatory
behavior with increased TGFβ (p=0.0204) in PBMCs, suggesting
that SMM-189 skews the peripheral immune phenotype towards an
alternatively activated state.
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C07 The (Cyto)Skeleton in the Closet: Revealing
Cytoskeletal Contributions to Neuronal Disease and
Degeneration
C07-01

C07-02

A NEW MOUSE MODEL FOR SPAST-BASED
HEREDITARY SPASTIC PARAPLEGIA REVEALS THE
IMPORTANCE OF A TOXIC GAIN-OF-FUNCTION
MECHANISM
Peter Baas, Liang Qiang, Emanuela Piermarini
Terry Heiman-Patterson, Lanfranco Leo, Hemalatha Muralidharan
Philip Yates, Silvia Fernandez, Wenqian Yu, Laura Hennessy
Guillermo Alexander
Drexel Univ. College of Med., Dept. of Neurobio & Anatomy,
Philadelphia, USA

ACTIN CYTOSKELETON AND PRO-SURVIVAL
RESPONSES DURING ACUTE NEURONAL INJURY AND
STROKE
Shelley Halpain1, 3, Barbara Calabrese1, 3, Andy Shih2
1
University of California San Diego, Neurobiology, Biological
Sciences, San Diego, USA
2
Medical University of South Carolina, Neuroscience, Charleston,
USA
3
Sanford Consortium for Regenerative Medicine, (SCRM), La Jolla,
USA

Mutations of the SPAST gene, which encodes for the microtubulesevering protein spastin, are the commonest cause of Hereditary
Spastic Paraplegia (HSP), a debilitating neurological disease,
typically adult-onset, in which corticospinal degeneration leads to
spasticity and gait deficiencies. Haploinsufficiency is the most prevalent opinion as to the mechanism of the disease, but we posit
another idea. SPAST has two start codons, producing a full-length
isoform called M1 and a slightly shorter isoform called M87. The
region specific to M1 is hydrophobic and may cause its mutant or
truncated forms to misfold and produce cytotoxic effects. Here we
report a new genetic mouse that expresses human M1 and M87
spastins harboring a pathogenic HSP mutation (C448Y), while still
also expressing endogenous rodent spastin. The particular mutation
was chosen in part because the mutant spastin does not act in
dominant-negative fashion to reduce endogenous spastin activity.
For example, staining for acetylated tubulin suggests a decrease in
microtubule stability, which is the opposite of the expectation of a
loss-of-function mechanism. Expression of the mutant proteins was
detected by Western blotting from fetus to adult, but spasticity-like
tremor and gait defects were only identified in adults. Results of
histological and tracer studies were consistent with dying back of
corticospinal axons, which is characteristic of HSP. Cultured
newborn cortical neurons from the mouse displayed defects in
lysosome transport that were worse in homozygotes than heterozygotes and worse yet when endogenous mouse spastins were
mostly depleted by siRNA. Interestingly, the defects in lysosome
transport were not correctable when the human mutant spastins
were mostly depleted by siRNA, which is consistent with previous
indications that only vanishingly small amounts of the mutant protein, presumably M1, are needed to elicit the cellular pathology. We
posit that the HSP phenotype is produced by toxic gain-of-function
mechanisms of mutant spastins, but that haploinsufficiency can
exacerbate the symptoms.

Most cells, including neurons, mount an array of pro-survival responses to cellular stress. In the early stages of brain trauma or
ischemic injury, glutamate receptor hyperactivation mediates extensive neuronal cell death. Most of this initial death is due to cytotoxic edema, whereby sodium and chloride entry induce cell
swelling and cause lethal damage to the plasma membrane. Some of
the early subcellular responses to neuronal edema are presumably
neuroprotective, yet these are poorly understood. Our work on the
cytoskeleton has revealed that actin filaments within dendrites
undergo a major reorganization within a few minutes of exposing
neurons to sublethal NMDA receptor hyperactivation, hypoxia, or
other conditions that elicit cytotoxic edema. Actin is rapidly depolymerized from dendritic spines, where it is normally concentrated,
and abruptly polymerizes within the soma and dendrite shaft into
long filament bundles. A similar reorganization of actin filaments
occurs in vivo in a mouse model of stroke. In cultured neurons this
actin reorganization is fully reversible if the stressful condition is
sufficiently transient. Moreover, our experiments identified a specific formin-mediated molecular mechanism for this phenomenon,
and demonstrate that this pathway confers resilience against membrane leakage and neuronal death in vitro and in vivo.

2018 Transactions of the American Society for Neurochemistry ®

C07-03
THE CONTRIBUTION OF CYTOSKELETAL DEFECTS TO
ALS PATHOGENESIS
John Landers
University of Massachusetts Medical School, Neurology, Worcester,
USA
Amyotrophic lateral sclerosis (ALS) is an incurable, adult-onset,
neurodegenerative disease of motor neurons leading to muscular
atrophy, weakness and death. ALS typically develops in the fifth
decade of life and progresses quickly with 50% of patients dying
within 3 years after diagnosis and 75% within 5 years. Approximately 30,000 ALS patients are currently living in the United
States with 5,000 people diagnosed annually. Current treatments
only extend the lifespan of patients 3-6 months. Most ALS cases are
sporadic and ~10% are familial, yet the two classes are clinically
indistinguishable suggesting that similar pathways may be
__________________
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responsible for motor neuron degeneration. The identification of the
genetic causes of ALS is necessary to further our knowledge of the
cellular pathways involved in neurodegeneration and contribute
towards establishing targets for therapeutic intervention. Here, our
long-term efforts in identifying novel genes contributing to ALS,
including unpublished findings, will be discussed. Of high interest,
most of our discoveries have identified mutations in several cytoskeletal-related genes. These results firmly establish cytoskeletal
dynamics as major pathway contributing to ALS pathogenesis. As
such, our laboratory has focused our efforts on elucidate the mechanisms by which cytoskeletal abnormalities lead to ALS pathogenesis. Our efforts incorporate a combination of developing animal
models, manipulating primary neuronal cell cultures and highthroughput screening methods. Our findings in these areas will also
be discussed.

C07-04
LISSENCEPHALY-CAUSING TUBA1A MUTATION
PERTURBS NEURODEVELOPMENT BY DISRUPTING
DYNEIN ACTIVITY
Emily Bates, Georgia Buscaglia, Jayne Aiken, Jeffrey Moore
University of Colorado Denver Anschutz Medical Campus,
Pediatrics, Aurora, USA

expressed in post-mitotic neurons and is the primary alpha tubulin
expressed in the brain during its development. Expression data
coupled with tubulinopathy patient mutations suggest that the
TUBA1A isotype performs diverse and essential functions for brain
development. We have begun to analyze a set of Tuba1a mutations
to understand how Tuba1a contributes to brain development. We
have evidence that mutations can disrupt microtubule function by
reducing the pool of functional alpha tubulin in neurons. For
example, an Asparagine to Aspartic acid substitution at residue 102
(Tuba1aND) causes developmental brain abnormalities, defects in
axon extension, and perinatal death in homozygous Tuba1aND/ND
mice. Interestingly, mice heterozygous for this mutation (Tuba1aND/
+
) develop adult onset abnormal motor phenotypes, despite only
subtle differences in brain development. Data from yeast and mice
showed that Tuba1aND compromises heterodimer formation and the
stability of microtubules, demonstrating that this mutation causes
loss of Tuba1a function. Analysis of a small set of tubulinopathy
patient derived mutations suggests that other mutations allow incorporation into the microtubule lattice, but poison interactions with
microtubule associated proteins (MAPs) and/or motors.

Mutations that disrupt an alpha tubulin isotype TUBA1A have
been found in patients with a diverse set of severe developmental
human brain malformations called tubulinopathies. Tuba1a is
__________________
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C08 Signaling Pathway Dysfunction in Neurologic
Diseases
C08-01
PERK SIGNALING IN ASTROCYTES REGULATES
NEUROINFLAMMATION
Gordon Meares
West Virginia University, Microbiology, Immunology and Cell
Biology, Morgantown, USA
Inflammation and endoplasmic reticulum (ER) stress are associated with most neurological diseases and neural injuries. ER stress
is brought on by the accumulation of misfolded proteins in the ER,
which leads to activation of the unfolded protein response (UPR).
The UPR is a highly conserved pathway that transmits both
adaptive and apoptotic signals to restore homeostasis or eliminate
the irreparably damaged cell. This response relies, in part, on the
PKR-like ER kinase (PERK). ER stress also drives an innate
immune reaction leading to the expression of inflammatory molecules. The impact of ER stress on astrocytes and the contribution to
neuroinflammation is largely unknown. We have identified that
astrocytes do not easily succumb to ER stress but instead respond
with an inflammatory reaction. This inflammation is driven largely
by a previously unknown ER stress-induced pathway involving
PERK-dependent activation of Janus Kinase (JAK) 1 signaling. The
ER stress-induced activation of JAK1 leads to large-scale transcriptional reprogramming in astrocytes, indicating that JAK1 is a
critical signaling node. Moreover, we provide evidence that small
molecule inhibition or genetic haploinsufficiency of PERK can
selectively control inflammation brought on by ER stress without
impinging on UPR-dependent survival and adaptive responses or
normal immune responses. In vivo, we provide evidence that disruption of PERK is protective in a model of cerebral ischemia.
These data indicate that inhibition of PERK does not impair normal
immunological function and suggests that targeting PERK may provide a means for selective immunoregulation and neuroprotection in
the context of ER stress.

C08-02
MICROGLIAL TUMOR NECROSIS FACTOR RECEPTOR 2,
A PROTECTIVE SIGNAL IN NEUROIMMUNE DISEASE
Roberta Brambilla
University of Miami, The Miami Project To Cure Paralysis, Miller
School of Medicine , Miami, USA
The immunomodulatory cytokine tumor necrosis factor (TNF),
which exists in a transmembrane (tmTNF) and a soluble (solTNF)
form, has been linked to the pathophysiology of multiple sclerosis
(MS). In the last two decades studies with knockout (KO) and transgenic mice, as well as pharmacological agents targeting TNF signaling, have uncovered that the two forms of TNF and their receptors
TNFR1 and TNFR2 have opposing biological effects: solTNF via
TNFR1 is associated with MS pathology, whereas tmTNF via
TNFR2 is important for the central nervous system (CNS) repair
and remyelination. Our laboratory has contributed significantly to
elucidating the complex role of TNF in CNS autoimmunity. Using
__________________
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conditional KO mice with selective ablation of TNFR2 in microglia
we demonstrated that microglial TNFR2 is protective in
experimental autoimmune encephalomyelitis, a rodent model of
MS. Microglial TNFR2 ablation leads to early onset of EAE with
increased CNS leukocyte infiltration, T cell activation, and demyelination. TNFR2 deficiency causes microglia to downregulate genes
important for innate immune functions, such as phagocytosis, while
in parallel to upregulate genes (e.g. cytokines, chemokines and
adhesion molecules) associated with a more invasive and pro-inflammatory phenotype. This suggests that TNFR2 is a key signal for
host defense and proper microglial response to injury. These data,
along with other studies from our laboratory demonstrating the key
role of oligodendroglial TNFR2 in promoting oligodendrocyte precursor differentiation and remyelination, support the idea that
TNFR2 could be a promising new target for MS therapy.

C08-03
TGF-β1 MODULATES MICROGLIAL PHENOTYPE AND
PROMOTES RECOVERY AFTER INTRACEREBRAL
HEMORRHAGE
Lauren Sansing
Yale University, Neurology, New Haven, USA
Intracerebral hemorrhage (ICH) is a devastating form of stroke
that results from the rupture of a blood vessel in the brain, leading
to a mass of blood within the brain parenchyma. The injury causes a
rapid inflammatory reaction that includes activation of the tissueresident microglia and recruitment of blood-derived macrophages
and other leukocytes. In this work, we investigated the specific responses of microglia following ICH with the aim of identifying
pathways that may aid in recovery after brain injury. We used
longitudinal transcriptional profiling of microglia in a murine model
to determine the phenotype of microglia during the acute and
resolution phases of ICH in vivo and found increases in TGF-β1
pathway activation during the resolution phase. We then confirmed
that TGF-β1 treatment modulated inflammatory profiles of microglia in vitro. Moreover, TGF-β1 treatment following ICH decreased
microglial Il6 gene expression in vivo and improved functional
outcomes in the murine model. Finally, we observed that patients
with early increases in plasma TGF-β1 concentrations had better
outcomes 90 days after ICH, confirming the role of TGF-β1 in functional recovery from ICH. Taken together, our data show that TGFβ1 modulates microglia-mediated neuroinflammation after ICH and
promotes functional recovery, suggesting that TGF-β1 may be a
therapeutic target for acute brain injury.

43

C08 Signaling Pathway Dysfunction in Neurologic Diseases

C08-04
CK2 CONTROLS TH17 AND REGULATORY T CELL
DIFFERENTIATION THROUGH INHIBITION OF FOXO1
Etty (Tika) Benveniste, Sara Gibson, Hongwei Qin, Wei Yang
Zhaoqi Yan
Univ Alabama at Birmingham, Dept Cell, Developmental &
Integrative Biology, Birmingham, USA
Growing evidence demonstrates that the highly conserved serine/
threonine kinase CK2 promotes Th17 cell differentiation while
suppressing the generation of Foxp3+ Tregs; however, the exact
mechanism by which CK2 regulates the Th17/Treg axis remains
unclear. CK2 can be comprised of 3 distinct subunits: 2 catalytic
subunits, CK2a and CK2a’, and the regulatory subunit, CK2b. We
generated mice that lack the major catalytic subunit of CK2, CK2a,
specifically in mature T cells utilizing the distal Lck-Cre (CK2a-/-).
Importantly, CK2a deficiency resulted in a significant decrease in
__________________
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the overall kinase activity of CK2. Further, CK2a deficiency
resulted in a significant defect in Th17 cell polarization and a
reciprocal increase in Tregs both in vitro and in vivo in the context
of autoimmune neuroinflammation, notably the animal model of
Multiple Sclerosis, Experimental Autoimmune Encephalitis. The
transcription factor FoxO1 directly inhibits Th17 cell differentiation
and is essential for the generation of Tregs. CK2a-/- CD4+ T cells
exhibit less phosphorylated FoxO1 and a corresponding increase in
the transcription of FoxO1-regulated genes. Treatment of CK2a-/CD4+ T cells with the FoxO1 inhibitor AS1842856 is sufficient to
rescue Th17 cell polarization. Through utilization of a genetic
approach to target CK2 kinase activity, the current study provides
evidence of a major mechanism by which CK2 regulates the Th17/
Treg axis through the inhibition of FoxO1. These findings have
implications for neuroinflammatory diseases such as Multiple
Sclerosis.
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C09-01
METHYLGLYOXAL REQUIRES AC1 AND TRPA1 TO
PRODUCE PAINFUL DIABETIC NEUROPATHY AND
SPINAL NEURON ACTIVATION
Bradley Taylor, Don Laird, Renee Donahue, Weisi Fu, Ryan Griggs
University of Kentucky, Physiology, Lexington, USA
Methylglyoxal (MG) is a metabolite of glucose that may contribute to peripheral neuropathy and pain in diabetic patients. MG increases intracellular calcium in sensory neurons and produces behavioral nociception via the cation channel transient receptor potential ankyrin 1 (TRPA1). However, rigorous characterization of an
animal model of methylglyoxal-evoked pain is needed, including
testing whether methylglyoxal promotes negative pain affect.
Furthermore, it remains unknown whether methylglyoxal is
sufficient to activate neurons in the spinal cord dorsal horn, whether
this requires TRPA1, and if the calcium-sensitive adenylyl cyclase 1
isoform (AC1) contributes to MG-evoked pain. We administered intraplantar methylglyoxal and then evaluated immunohistochemical
phosphorylation of extracellular signal-regulated kinase (p-ERK)
and multiple pain-like behaviors in wildtype rats and mice and after
disruption of either TRPA1 or AC1. Methylglyoxal produced
conditioned place avoidance (a measure of affective pain), dose-dependent licking and lifting nociceptive behaviors, hyperalgesia to
heat and mechanical stimulation, and p-ERK in the spinal cord
dorsal horn. TRPA1 knockout or intrathecal administration of a
TRPA1 antagonist (HC030031) attenuated methylglyoxal-evoked pERK, nociception, and hyperalgesia. AC1 knockout abolished
hyperalgesia but not nociceptive behaviors. These results indicate
that intraplantar administration of methylglyoxal recapitulates
multiple signs of painful diabetic neuropathy found in animal
models of or patients with diabetes, including the activation of
spinal nociresponsive neurons and the potential involvement of a
TRPA1-AC1 sensitization mechanism. We conclude that administration of MG is a valuable model for investigating both peripheral
and central components of a MG-TRPA1-AC1 pathway that contribute to painful diabetic neuropathy. Further studies in a db/db
mouse model of Type 2 painful diabetic neuropathy, and additional
results following MG administration by the intrathecal route to
address a spinal mechanism of action, will be presented.

C09-02
ESSENTIAL ROLES FOR THE SIGNALING LIPID PI(3,5)P2
IN NERVOUS SYSTEM DEVELOPMENT AND ADULT
MAINTENANCE
Roman Giger1, Yevgeniya Mironova1, Jing-Ping Lin1, Guy Lenk1
Peter Sharger2, Miriam Meisler1
1
University of Michigan School of Medicine, CDB & Neurology,
Ann Arbor, USA
2
University of Rochester Medical Center , Neurobiology, Rochester
NY, USA
The signaling lipid phosphatidylinositol 3,5-bisphosphate,
PI(P3,5)P2, functions in vesicular trafficking through the endolysosomal compartment. Cellular levels of PI(P3,5)P2 are regulated
by an enzyme complex comprised of the kinase PIKFYVE, the
phosphatase FIG4, and the scaffold protein VAC14. Mutations of
__________________
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human FIG4 cause inherited disorders including Charcot-MarieTooth disease type 4J, polymicrogyria with epilepsy, and YunisVarón syndrome. Constitutive Fig4 null mice exhibit intention
tremor, spongiform degeneration of neural tissue, central nervous
system (CNS) hypomyelination, peripheral nervous system (PNS)
fiber degeneration and juvenile lethality. In the developing nervous
system FIG4 function is required in both, neurons and myelinating
glia for proper CNS and PNS myelination. Functional studies
revealed that FIG4 is required for membrane trafficking through the
endolysomal system. In primary oligodendrocytes, FIG4 deficiency
leads to production of greatly enlarged LAMP1+ and Rab7+
vesicular structures and accumulation of myelin-associated glycoprotein (MAG) in LAMP1+ perinuclear vesicles that fail to migrate
to the nascent myelin sheet. Live-cell imaging of oligodendrocytes
after genetic or pharmacological inhibition of PI(3,5)P2 synthesis
revealed impaired trafficking of plasma membrane-derived MAG
through the endolysosomal system ex vivo. To determine whether
PI(3,5)P2 is required in adult mice after development of the nervous
system is completed, we generated FIG4 mice that allow tamoxifeninduced gene ablation. Global ablation in adulthood leads to
wasting, tremor, and motor impairment. Death follows within two
months of tamoxifen treatment, demonstrating a life-long
requirement for PI(3,5)P2 biosynthesis. Histological examinations
revealed severe degeneration of the sciatic nerve, while myelinated
fibers in the CNS were largely unaffected. The data suggest that
Fig4 is required for maintenance of myelinated fibers in the PNS,
while in the CNS it is dispensable for white matter homeostasis.
The greater vulnerability of the peripheral nervous system to Fig4
deficiency in the mouse is consistent with clinical observations in
patients with Charcot-Marie-Tooth disease.

C09-03
WNT SIGNALING IN SCHWANN CELLS CONTRIBUTES
TO PERIPHERAL NERVE DEVELOPMENT AND REPAIR
Brian Popko, Benayahu Elbez, Nikita Mehta, Betty Soliven
The University of Chicago, Center for Peripheral Neuropathy,
Department of Neurology, Chicago, USA
Wnt signaling in Schwann cells plays a critical role in the development of the peripheral nervous system (PNS). Currently, we
are investigating the role that this pathway plays in the response of
Schwann cells to peripheral nerve injury. PNS injury initiates a
sequence of events in the nerve distal to the site of injury termed
“Wallerian degeneration”. In these processes, the axons distal to the
site of injury degenerate, Schwann cells break down the myelin and
with the help of infiltrating macrophages remove the debris by
phagocytosis. This is followed by Schwann cell proliferation and
guidance of the regenerating axons to their original targets. The reinnervation is accompanied by Schwann cells re-differentiation and
remyelination that eventually lead to functional recovery. With age,
Schwann cells lose their ability to activate the transcriptional repair
program after injury, fail to undergo dedifferentiation and to
mediate myelin clearance, resulting in perturbed PNS regeneration.
Therefore, it is of utmost importance that we find ways to increase
the ability of Schwann cells to activate the repair program after
injury. The Wnt signaling pathway might provide a therapeutic
target for enhanced PNS regeneration.__________________

45

C09 Neuropathy: Challenges and New Targets

C09-04
DEOXYSPHINGOLIPIDS IN CHEMOTHERAPY-INDUCED
PERIPHERAL NEUROPATHY
Stefanka Spassieva1, Katrin Anne Becker2, Anne-Kathrin Uerschels3
Jacek Bielawski4, Joan Colglazier5, Erhard Bieberich1
Erich Gulbins2
1
University of Kentucky, Physiology, Lexington, USA
2
University of Duisburg-Essen, Molecular Biology , Essen,
Germany
3
University of Duisburg-Essen, Neurosurgery, Essen, Germany
4
Medicine, Medical University of South Carolina, Biochemistry and
Molecular Biology, Charleston, USA
5
Medicine, Medical University of South Carolina, Medicine,
Charleston, USA
Taxanes are chemotherapy drugs used in wide variety of cancers.
However, their efficacy can be hindered by a major dose limiting
side effect - peripheral neuropathy. Although, the clinical symptoms
of taxane-induced peripheral neuropathy are well documented, the
molecular mechanism is currently not well understood and there are
no treatment options available. Previously, we have shown an
__________________
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association between neuropathy symptoms of patients treated with
the taxane paclitaxel and the levels of deoxysphingolipids in their
plasma (Kramer et al, FASEB J, 2015). Deoxysphingolipids
comprise a minor sphingolipid class and recently have been shown
by others and us to cause neuronal damage in vitro or in humans
when tested as potential chemotherapeutics. In the current work, we
used a mouse model to test whether deoxysphingolipids accumulate
as a result of a taxane treatment in the peripheral (dorsal root
ganglia) and/or the central (spinal cord) nervous systems. Mice were
three times intraperitoneally injected with a taxane (docetaxel).
Lipids were extracted from the dorsal root ganglia or the spinal cord
and subjected to quantitative mass spectrometry analyses. We observed significant elevation of deoxysphingolipid levels only in the
peripheral nervous system - the dorsal root ganglia. This result
corroborates previous findings that taxanes cannot efficiently cross
the blood-brain barrier and that the clinical manifestation of taxaneinduced neuropathy is defined as peripheral. In addition,
deoxysphingolipid treatment of neurons in vitro resulted in cytoskeletal changes and toxicity. We are currently investigating the
downstream targets and signaling events leading to deoxysphingolipid neurotoxicity.
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C10 Parasites in Your Brain and the Neurological
Implications
C10-01
TOXOPLASMA MANIPULATION OF NEURONAL
GABAERGIC SIGNALING
Ira Blader1, Taylor Glausen1, Gabriela Carrillo2, Michael Fox2
1
University at Buffalo, Microbiology and Immunology, Buffalo,
USA
2
Virginia Tech, Virginia Tech Carilion Research Institute, Roanoke,
USA
Patients suffering from microbial infections of the central nervous
system often develop seizures due to a combination of factors that
include blood brain barrier disruption, inflammatory cell influx,
altered ionic homeostasis, and glial cell activation. But how these
changes impact neuronal structure and function or how pathogens
trigger these changes are less understood. Patients infected with
Toxoplasma gondii who develop toxoplasmic encephalitis present
with a variety of neurological symptoms including seizures. We and
others demonstrated that Toxoplasma-infected mice similarly develop seizures. Because seizures are generated when inhibitory
neurotransmission is unable to properly regulate the flow and timing
of excitatory neurotransmission, we hypothesized that neuronal
infections alter GABAergic signaling. We found that infection with
type II Toxoplasma tissue cysts led to global changes in the distribution of GAD67, which catalyzes GABA synthesis in the brain.
These mice were more susceptible to seizures induced by drugs that
antagonize GABA signaling suggesting that GABAergic neurotransmission is reduced in parasite-infected brains. Moreover, we find
that axosomatic GABAergic synapses are displaced by monocytes/
microglia in Toxoplasma-infected brains. To begin to define how
Toxoplasma dysregulates GABAergic signaling, we took advantage
of the fact that type II but not type III strain parasites alter GAD67
localization and trigger seizures. Thus, a parasite encoded polymorphic parasite gene(s) likely mediates these changes and we are
using forward and reverse genetic approaches to identify these
genes. Thus far, we have found that the polymorphic virulence
factors ROP16 and GRA15 contribute to seizure induction and
ongoing experiments are being performed to determine how these
gene products and others contribute to onset of Toxoplasma induced
seizures.

C10-02
ASTROCYTIC DYSREGULATION OF EXTRACELLULAR
GLUTAMATE DURING CHRONIC CNS INFECTION AND
THE POTENTIAL IMMUNOLOGICAL CONSEQUENCES
Emma Wilson
University of California, Riverside, Biomedical Sciences, Riverside,
USA
Toxoplasma is a prolific parasite found in a third of the world’s
population that resides primarily as cysts within the brain of the
infected host. Infection is for life and continuous recruitment of T
cells into the brain parenchyma is required to prevent reactivation of
the parasite and fatal encephalitis. Disease can therefore occur in
immune compromised individuals including HIV/AIDS, transplant
__________________
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recipients and during congenital transmission which can lead to a
broad spectrum of neurological abnormalities. T cells that have
migrated into the infected brain parenchyma are heterogenous in
function in that they exhibit characteristics of effector, effector
memory and tissue resident memory phenotypes. The cell intrinsic
and the tissue properties that drive such heterogeneity are unknown.
We demonstrate that the extracellular environment of the infected
brain includes significantly elevated concentrations of glutamate
and hypothesize that this acts to drive infiltrating T cell phenotype
and function. By manipulating glutamate concentrations in vitro and
in vivo we will test the role of glutamate signaling on the phenotype
and function of T cells in the infected brain. Decreasing extracellular glutamate concentrations may be a valuable therapeutic tool
to limit neuronal pathology under many circumstances including
disease caused by Toxoplasma. It is therefore critical to understand
the role of glutamate as a signal to infiltrating protective immune
cells.

C10-03
CHRONIC TOXOPLASMA INFECTION-INDUCED
NEUROINFLAMMATION IS ASSOCIATED WITH DISTINCT
ALTERATIONS IN THE SYNAPTIC PROTEIN
COMPOSITION
Ildiko Rita Dunay
OVGU Magdeburg, Institute of Inflammation and
Neurodegeneration, Magdeburg, Germany
Chronic infection with the neurotropic parasite Toxoplasma gondii
has been implicated in the risk for certain neuropsychiatric disorders. The mechanisms, by which the parasite may alter neural
function and behavior of the host are not yet understood completely.
Here, a novel proteomic approach using mass spectrometry was
employed to investigate the alterations in synaptic protein
composition in a murine model of chronic toxoplasmosis. In a
candidate-based strategy, immunoblot analysis and immunohistochemistry was applied to investigate expression levels of key
synaptic proteins in glutamatergic signaling. A comparison of the
synaptosomal protein composition revealed distinct changes upon
infection, with multiple proteins such as EAAT2, Shank3, AMPAreceptors and NMDA receptor subunits being down-regulated,
whereas inflammation-related proteins showed an up-regulation.
Treatment with the antiparasitic agent sulfadiazine resulted in
decreased neuroinflammation with reduced IFN-γ and TNF levels,
as well as in partial reversal of alterations in the synaptosomal proteome. These results provide evidence for profound alterations
especially in synaptic protein composition in T. gondii-infected
mice with a down-regulation of key components involved in glutamatergic neurotransmission. The partial rescue by sulfadiazine
treatment further suggests that the detected synaptic alterations are a
consequence of the T. gondii-induced distinct neuroinflammatory
milieu.
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C10-04
IMPACT OF TOXOPLASMA GONDII INFECTION ON
HUNTINGTON’S DISEASE
Jason Gigley
University of Wyoming, Molecular Biology, Laramie, USA
Huntington disease (HD) is a neurodegenerative disease caused by
a CAG repeat expansion in the huntingtin gene that manifests with
motor, cognitive, and psychiatric symptoms. There is significant
variability in age of HD onset patients. This variability is largely
independent of CAG repeat length and impacted by other genes
and/or environmental factors. What environmental factors contribute to variability is unclear. The kynurenine pathway of tryptophan
metabolism is a neuroinflammatory pathway implicated in HD
pathogenesis. Kynurenine pathway activation also occurs as part of
the immune response to the prevalent neuroinvasive human pathogen, Toxoplasma gondii (T. gondii) and is required for prolonged
control of the infection. Therefore, latent infection activates an HDassociated pathway and may exacerbate disease and be an
__________________
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environmental factor associated with age of HD onset variability. To
test this we used the N171-82Q and YAC128 HD mouse models to
test how T. gondii infection impacts the kynurenine pathway and
HD. N171-82Q mice infected with T. gondii infection have elevated
brain activity of the rate limiting kynurenine pathway enzyme
indoleamine-2,3-dioxygenase (IDO) compared to infected wild type
and non-infected HD mice. This elevated IDO activity correlates
with more rapid death of the mice. The YAC128 HD mice have a
normal immune response to latent T. gondii infection. Interestingly,
infection increases soluble mutant huntingtin levels in HD mice
compared to HD mice without infection. In addition, brain weight,
striatal volume, and number of striatal neurons of T. gondii-infected
HD mice significantly decreases as compared to both non-infected
HD mice and wild-type mice with infection. These results are
consistent with HD potentiation by latent T. gondii infection. While
Huntington’s disease is genetic, the environment plays a role in both
onset and progression of the disease. Our research suggests chronic
infection as an environmental factor may impact HD pathogenesis.
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OR01-01
CAVEOLIN-1 IS REQUIRED FOR TH1 CELL INFILTRATION
BUT NOT TIGHT JUNCTION REMODELING AT THE
BLOOD-BRAIN BARRIER IN EAE
Sarah Lutz1, 2, Julian Smith2, Dae Kim3, Carl Olson3, Kyle Ellefsen3
Jennifer Bates3, Sunil Gandhi3, Dritan Agalliu2
1
University of Illinois at Chicago, Anatomy and Cell Biology,
Chicago, USA
2
Columbia University Medical Center, Neurology, New York, USA
3
University of California, Irvine, Neurobiology and Behavior,
Irvine, USA
Lymphocytes cross vascular boundaries via either disrupted tight
junctions (TJs) or caveolae to induce tissue inflammation. In the
central nervous system (CNS), Th17 lymphocytes cross the bloodbrain barrier (BBB) prior to Th1 cells, yet this differential crossing
is poorly understood. We have used intravital two-photon imaging
of the spinal cord in wild-type and caveolae-deficient mice with
fluorescently labeled endothelial TJs, to determine how TJ
remodeling and caveolae regulate CNS entry of lymphocytes during
the experimental autoimmune encephalomyelitis (EAE) model for
multiple sclerosis. We find that dynamic TJ remodeling occurs early
in EAE but does not depend upon caveolar transport. Moreover,
Th1 but not Th17 lymphocytes are significantly reduced in the
inflamed CNS of mice lacking caveolae. Therefore, TJ remodeling
facilitates Th17 migration across the BBB, whereas caveolae promote Th1 entry into the CNS. Moreover, therapies that target both
TJ degradation and caveolar transcytosis may limit lymphocyte
infiltration during inflammation.

OR01-02
REPURPOSING AN FDA APPROVED CARDIAC
GLYCOSIDE FOR MYELIN REPAIR THERAPY IN
COMBINATION WITH IMMUNE TOLERANCE IN MULTIPLE
SCLEROSIS
Haley Titus, Stephen Miller
Northwestern University Feinberg School of Medicine,
Microbiology and Immunology, Chicago, USA
Multiple Sclerosis (MS) is a CNS autoimmune disease characterized by demyelination and neurodegeneration. Currently, there are
no available therapies marketed for myelin repair in MS. The aims
of my work included prevention of disease progression and promotion of CNS repair and neuroprotection. In an effort to repurpose
FDA approved medication to expedite therapies to patients, we
tested a cardiac glycoside (Na+/K+ ATPase) and revealed it promoted an increase in the oligodendrocyte cell lineage in vitro and in
vivo, in the non-T cell-mediated Cuprizone model of demyelination/
remyelination promoted a quicker restoration of myelin integrity,
and improved clinical score throughout the autoreactive Th1/Th17
driven C57BL/6 Chronic experimental autoimmune encephalomyelitis (EAE) time course. Currently available disease modifying
therapies for MS are global immunosuppressants and have limited
__________________
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efficiency. We are able to induce immune tolerance, through
induction in autoreactive T cells using i.v. infusion of nanoparticles
coupled with or encapsulating myelin peptides (Ag-PLG), to
selectively regulate known immune responses without compromising the entire adaptive immune system. We have demonstrated
an effective means of ameliorating disease in a mouse model of MS
that effectively reduces disease burden in relapsing-remitting (RREAE) and chronic-progressive (C-EAE) mouse models. Prophylactic administration can prevent disease induction, but more
importantly therapeutic administration can stop disease progression
in mice. The hypothesis was that to effectively target disease course
and severity in MS, regulated by autoimmunity and neurodegeneration, a combination of selective immune regulation and myelin
repair therapy is required. Combination therapy using Ag-PLG
immunoregulatory therapy and the cardiac glycoside completely
ameliorated clinical disease severity. These promising results provide pre-clinical evidence for future clinical studies in MS undertaking this combinatorial therapeutic approach.

OR01-03
DELETION OF OLIGODENDROGLIAL LOW DENSITY
LIPOPROTEIN RECEPTOR-RELATED PROTEIN 1
PROMOTES MYELIN REPAIR
Anthony Fernandez-Castaneda1, 4, 5, Rebecca Beiter1, 4, 5
David Johanson3, Megan Chappell3, Jeffrey Dupree2
Christopher Overall4, 5, Alban Gaultier4, 5
1
University of Virginia, Neuroscience Graduate Program,
Charlottesville, USA
2
Virginia Commonwealth University, Anatomy and Neurobiology,
Richmond, USA
3
University of Virginia, College of Arts and Sciences,
Charlottesville, USA
4
University of Virginia, Neuroscience, Charlottesville, USA
5
University of Virginia, Center for Brain Immunology and Glia,
Charlottesville, USA
Multiple sclerosis (MS) is a debilitating inflammatory disease of
the central nervous system (CNS) in which the myelin sheath
surrounding axons is destroyed. As a result of chronic demyelination, denuded axons are susceptible to neurodegeneration and MS
patients accumulate disabilities throughout their lifetime. Interestingly, the healthy CNS is composed of highly proliferative oligodendrocyte progenitor cells (OPCs) with the capacity to differentiate
and myelinate denuded axons. After an MS episode, OPCs are
recruited to lesion sites but fail to differentiate into myelinating
cells. Low density lipoprotein receptor-related protein 1 (LRP1) is a
member of the LDL receptor gene family that functions in receptormediated endocytosis and cell signaling. LRP1 is expressed broadly
in the CNS, including in OPCs, and seems ideally positioned to
influence OPC function in vivo. Using an animal model lacking
LRP1 in the oligodendrocyte lineage, we show that myelin appears
normal in young adults, but myelin regeneration was significantly
accelerated in the absence of LRP1 using the cuprizone model.
__________________
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RNA-sequencing of the remyelinating corpus callosum shows a
pro-myelinating signature in mice lacking LRP1 in OPCs.
Mechanistic exploration shows that OPCs lacking LRP1 might
secrete factors that can decrease the inflammatory response of
myeloid cells explaining our enhanced remyelination. Overall, these
studies suggest that targeting LRP1 in OPCs could be of therapeutic
value for MS patients.

OR01-04
VCAM-1 EXPRESSION ON TRANSPLANTED NEURAL
PRECURSORS INFLUENCES SURVIVAL AND
DIFFERENTIATION IN A VIRAL MODEL OF MULTIPLE
SCLEROSIS
Soumya Yandamuri1, Brett Marro3, Syed Raza2, Thomas Lane2, 1
1
University of Utah, Bioengineering, Salt Lake City, USA
2
University of Utah School of Medicine, Pathology, Salt Lake City,
USA
3
The Scripps Research Institute, Immunology and Microbial
Science, La Jolla, USA
Intraspinal transplantation of mouse neural precursor cells (NPCs)
in susceptible mice infected with the neurotropic JHM strain of
mouse hepatitis virus (JHMV) results in remyelination associated
with axonal sparing. However, the mechanism by which these cells
physically engage demyelinated axons has not been well characterized. Herein, we have determined that VCAM-1 is upregulated on
NPCs treated with proinflammatory cytokines IFN-g and TNF-a.
Similarly, cytokine treated primary cortical neurons were found to
upregulate the VCAM-1 ligand, VLA-4, following injury as did
axons within JHMV demyelinating lesions. Furthermore, NPC
differentiation into oligodendroglia is enhanced following culturing
NPCs on VLA-4-coated plates; however, differentiation of VCAM1 ablated NPCs resulted in cell death. CRISPR-mediated ablation of
VCAM-1 in NPCs resulted in impaired survival following intraspinal transplantation into JHMV-infected animals. Collectively,
these findings reveal an important role for VCAM-1 signaling in
enhancing survival and differentiation of NPCs.

OR01-05
CONDITIONAL KNOCKOUT OF DARS2 RESULTS IN
WHITE MATTER ATROPHY AND NEUROBEHAVIORAL
CHANGES IN MICE
Christina Nemeth1, 2, Sophia Tomlinson1, Connor Murray1
Melissa Rosen1, Dan Wu3, Carol Tiffany1, Mike Johnston1, 2
Aleksandra Trifunovic4, Ali Fatemi1, 2
1
Kennedy Krieger Institute, Neuroscience, Baltimore, USA
2
Johns Hopkins School of Medicine, Neurology, Baltimore, USA
3
Johns Hopkins School of Medicine, Radiology and Radiological
Science, Baltimore, USA
4
CECAD Research Center, Institute for Mitochondrial Diseases and
Aging, Cologne, Germany
Mutations in DARS2, encoding mitochondrial aspartyl-tRNA
synthetase (mtAspRS), result in a rare, progressive, neurological
disease termed leukoencephalopathy with brainstem and spinal cord
__________________
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involvement and lactate elevation (LBSL). LBSL manifests as MRI
T2 signal abnormalities in cerebral white matter and spinal cord,
and presents with variable clinical phenotype ranging from
spasticity and ataxia, to cognitive impairment and autism. Because
complete deletion of DARS2 in embryonic lethal in the mouse,
conditional knock-outs of DARS2 were designed using Cre-lox
recombination in PDGFRα-expressing oligodendrocyte precursors
or CAMKII-expressing neurons. PDGFRαCre+;Dars2fl/fl animals
show a progressive behavioral phenotype with reduced locomotion
and rearing in open field with age, consistent with slowly progressive ataxia seen in LBSL. While PDGFRαCre+;Dars2fl/fl mice
show little brain or spinal cord pathology, CamKIICre+;Dars2fl/fl mice
show severe, progressive cortical atrophy and hyperactivity by 35
weeks of age. These changes are paralleled by increased expression
of IBA1+ microglia and GFAP+ astrocytes in the cerebral cortex,
and reduced diameter of the corpus callosum. Furthermore, cell specific deletion of DARS2 may have effects on spinal cord
morphology, as detected by electron microscopy. The increased
severity of phenotype in CamKIICre+;Dars2fl/fl mice supports reports
of neuronal long-tract involvement and the susceptibility of neurons
to reduced DARS2 over a primary defect in glial cells. Furthermore,
high numbers of mtDNA-encoded proteins and mitochondrial
tRNAs in the brain, in addition to the high metabolic needs of the
brain, may contribute to the sensitivity of the central nervous system
to defects in DARS2. Conditional knock-out models of DARS2 may
help to elucidate the cell-specific dependence on the gene, and
together, may serve as templates from which treatment strategies
can be assessed.

OR01-06
OLIGODENDROGLIOPATHY IN THE OBIDEN MOUSE
Alexander Gow, Daniel Radecki, Cherie Southwood
Wayne state university, Genetics, Detroit, USA
Multiple Sclerosis (MS) is a multi-faceted disease for which the
relevance of pathologic features to etiology is evolving. In
particular, extensive clinical trials data for recent disease-modifying
therapies report strong suppression or modulation of peripheral
immune system infiltration into the CNS, but success in halting disease progression has been unexpectedly variable or modest. Thus,
there are growing expectations that the current understanding of MS
etiology may be too narrowly focused or incomplete. Indeed a
recent omics pilot study out of Stanford University has suggested
that RNA editing is involved in pathogenesis of demyelinating
lesions, leading to oligodendrocyte metabolic stress and death, as
well as circulating antibodies against novel translation products
encoded in the open reading frames of edited PLP1 transcripts.
In light of the Stanford study, OBiden mice developed in our
laboratory are relevant to MS pathophysiology. In this model of
oligodendrogliopathy, degenerative changes emerge from the
episodic expression of a mutant form of PLP1 (the myelin-synthesisdeficient mutation) in mature oligodendrocytes beginning at 2
months of age. By 6 months, OBiden mice have sustained multiple
demyelination/remyelination cycles and exhibit focal gliosis, hypomyelination and behavioral abnormalities. By 12 months of age, the
disease has progressed to include focal demyelinating lesions,
axonal swellings in cortex and white matter tracts, memory
__________________
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loss and electroencephalography deficits in interhemispheric theta
band coherence. Approximately 50% of the mice also express
circulating antibodies against the PLP1msd protein, analogous to MS
patients. Finally at the molecular level, we observe changes in the
axon initial segment of deep layer pyramidal neurons in rostral
entorhinal and cingulate cortices as well as hippocampus of OBiden
__________________
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mice. We find similar changes to deep layer neurons in frontal
cortex from MS patients, suggesting analogous pathophysiology in
both species. In summary, several hallmark features of MS are
recapitulated in OBiden mice, the etiology of which is adult-onset
metabolic stress in oligodendrocytes.
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OR02-01
CASK-NEUREXIN INTERACTION PLAY A CRITICAL ROLE
IN POSTNATAL BRAIN GROWTH
Konark Mukherjee
Virginia Tech Carillion Research Institute, Mukherjee Laboratory,
Roanoke, USA
Mutations in the X-linked gene CASK associate with mental
retardation and microcephaly with pontine and cerebellar
hypoplasia (MICPCH). CASK (calcium/calmodulin activated serine
kinase) gene codes a membrane associated guanylate kinase
(MAGUK) protein which comprises of a unique N-terminal
calcium/calmodulin dependent kinase domain (CaMK) which is followed by two lin2/7 domains (L27), a PSD95/dlg1/ZO-1 domain
(PDZ), a src homology 3 domain (SH3) and a guanylate kinase
domain (GK). CASK binds to synaptic adhesion molecule neurexin
via its PDZ domain and phosphorylates it with its CaMK domain.
The neurexin phosphorylation regulates the turnover of neurexin at
the membrane. Deletion of CASK produces neonatal lethality in
mice; however brain lamination and synapse formation are normal
in the neonates. The molecular function of CASK and the mechanism by which CASK mutations associate with MICPCH therefore
remain unresolved. I will present evidence that MICPCH
manifestations represent a single allele CASK gene loss-of-function
phenotype; furthermore, I will also present data that not all
phenotypes of CASK deletion arise in the post-mitotic neurons. Our
results demonstrate that the major component of CASK-linked
phenotypes occurs postnatally during infancy and early childhood.
Evidence will also be provided that despite loss of CASK gene on a
single X-chromosome in the female mice, the brain tissue does not
display skewing of X-chromosome inactivation or secondary cell
selection. Thus the microcephaly associated with CASK haploinsufficiency represents non-cell autonomous cellular loss as
regards to CASK-expression. Finally, I will present clinical cases
with heterozygous CASK mis-sense mutations in females with
MICPCH and provide evidence that these mis-sense mutations specifically disrupts the CASK-neurexin interaction. Thus PDZ domain
mediated interaction is critical for CASK molecular function.

OR02-02
MODULATION OF NEURAL STEM CELL BY
COMPLEMENT C1Q
Francisca Benavente, Katja Piltti, David Creasman
Aileen Anderson
University of California Irvine, Sue and Bill Gross Stem cell
research Center, Irvine, USA
Neural stem cell (NSC) therapies offer promising potential for
promoting neurorepair following a variety of neurodegenerative disorders and central nervous system injuries. Despite an evolving
understanding of the molecules and factors involved in neurogenesis in the developmental neurogenic niche, little is known about
how changes in the neurogenic niche in response to disease, injury,
or aging may modulate endogenous as well as transplanted NSC
and their final capacity for neurorepair. We have reported novel
evidence that the innate immune system can modulate NSC
__________________
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migration and differentiation, influencing their final capacity for
functional integration. Specific immunodepletion of neutrophils
(PMN) inhibited transplanted-NSC astrogliogenesis and rescued the
capacity of NSC to promote locomotor improvement after Spinal
cord injury. Additionally, in vitro exposure to conditioned medium
derived from polymorphonuclear neutrophil (PMN) or macrophage/
microglia (Mø) modulated NSC migration and differentiation,
demonstrating a clear role for the inflammatory microenvironment
in directing NSC behavior. Interestingly, we identified two novel
and conserved factors responsible for these effects, complement
components C1q and C3a, which are secreted at distinct concentrations by these immune cell populations and directly modulate
NSC migration and differentiation in vitro and in vivo. In this study,
we analyzed the molecular mechanism involved in the effect of C1q
on NSC. We report that complement C1q modulates NSC through a
paracrine mechanism that involves receptor mediated cell signaling
transduction. Using an unbiased screening strategy we identified a
short list of novel C1q receptors which mediate discrete roles in
different aspects of NSC behavior including proliferation,
migration, and lineage selection, as well as dynamic regulation
during NSC differentiation. These data provide the first evidence of
C1q as a signaling molecule on NSC and elucidates a set of novel
receptor interactions and intracellular pathways between the
immune system and NSC populations, potentially expanding the
clinical targets for NSC modulation.

OR02-03
COCAINE AND HIV TAT ALTER ASTROCYTE
BIOENERGETICS AND ESSENTIAL NEURONAL
SUBSTRATE SUPPLY: IMPLICATIONS FOR HAND IN
COCAINE USERS
Bianca Cotto, Kalimuthusamy Natarajaseenivasan
Kimberly Ferrero, Dianne Langford
Lewis Katz School of Medicine Temple University, Neuroscience,
Philadelphia, USA
While peripheral viral loads can be largely controlled by combination antiretroviral therapy, a significant number of HIV patients
of today suffer from HIV-associated neurocognitive dysfunction
(HAND). Cocaine use is a major risk factor for becoming HIV
infected, and data have shown that HIV+ cocaine user individuals
have worse neurocognitive impairments than those observed from
either disease alone. The HIV protein Tat and cocaine synergize to
cause damage to neurons in the brain, but astrocytes in the central
nervous system (CNS) are an understudied population in these
individuals. Importantly, astrocytes are required to support neurons
metabolically by supplying key metabolites such as lactate and cholesterol to meet the large cellular demands of neurons. Astrocytederived lactate is taken up by neurons to serve as a key substrate for
ATP production. Additionally, the brain requires an intricate balance
of cholesterol to support synaptodendritic communications.
Disruption of cholesterol supply and energy deficits have been
implicated in brain aging and many neurodegenerative diseases
including Alzheimer’s disease. There have been reports of altered
brain metabolite profiles in HIV+ individuals indicative of changes
in energy homeostasis. We hypothesized cocaine and Tat work
__________________
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together to disrupt astrocyte energy metabolism. These changes in
energy demand compromise the astrocyte’s ability to support neurons leading to neuronal dysfunction and worsening HAND. Our
data show that exposure of astrocytes to cocaine and Tat significantly enhances aerobic glycolysis and decreases lactate production.
Our findings also demonstrate that cocaine and Tat decrease astrocyte-derived cholesterol pointing to a deficiency in cholesterol
supply and efflux for use by neurons. These findings are supported
in our Tat transgenic mouse model of chronic cocaine abuse. Taken
together, these data uncover novel alterations in the bioenergetics
pathway in astrocytes exposed to cocaine and the HIV protein, Tat.
Results from these studies point to a new pathway in the CNS that
may contribute to HAND in HIV+ cocaine users.

OR02-04
OPTICAL ELECTROPHYSIOLOGY OF HUMAN PRIMARY
NEURONS: ROLE OF KCC2 IN HYPEREXCITABILITY
INDUCED BY HIV ± MORPHINE EXPOSURE
Aaron Barbour1, Joyce Balinang1, Rory McQuiston1, Kurt Hauser2
Pamela Knapp1, 2
1
Virginia Commonwealth University, Anatomy & Neurobiology,
Richmond, USA
2
Virginia Commonwealth University, Pharmacology & Toxicology,
Richmond, USA
Despite the introduction of combined antiretroviral therapy, the
CNS remains highly susceptible to insult from HIV-1 and inflammatory factors which cause sublethal damage to bystander neurons,
providing the neural basis of HIV-associated neurocognitive disorders (HAND). Opiate use is often comorbid with HIV infection
and these patients show exacerbated HAND symptomology. Little is
known about electrophysiological changes associated with HIV ±
morphine co-exposure. We addressed this question by developing a
dissociated primary human model derived from differentiating
human neural progenitor cells (hNPC) into a mixed neuron-astrocyte culture containing glutamatergic and gamma-aminobutyric
acid-(GABA)ergic neurons. Optical techniques were used for
electrophysiological experiments, thus circumventing the biohazard
of sharp electrodes in the presence of HIV. With the genetically
encoded voltage indicator (GEVI), FlicR1, and genetically encoded
calcium indicator (GECI), GCaMP6f, we measured primary human
neuron electrophysiological and calcium activity to elucidate
changes in excitatory-inhibitory balance due to HIV ± morphine
exposure. Additionally, we determined that HIV and morphine
dysregulate neuronal [Cl-]i resulting in hyperexcitability. K-Cl
cotransporter 2 (KCC2) maintains low [Cl-]i necessary for
GABAAR mediated hyperpolarization. Thus, we hypothesized that
HIV ± morphine decrease expression/activity of KCC2 leading to
dysregulated [Cl-]i and loss of subsequent GABAAR hyperpolarization. This was confirmed by immunostaining experiments
that showed significant KCC2 loss in neurons exposed to supernatant from HIV-infected monocytes (250-500 pg/mL p24) and
500nM morphine in the absence of neuron death. We have further
determined that the viral factors transactivator of transcription (Tat)
and glycoprotein 120 (gp120; R5-tropic) contribute to KCC2 loss.
These results correlate with significant defects of GABA-ergic signaling in primary human neurons exposed to HIV, or HIV proteins ±
morphine. Co-exposure with KCC2 enhancer, CLP257, rescued
__________________
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KCC2 expression and response to GABA. Our data identify KCC2
and upstream activity as a promising, novel target for therapeutic intervention to alleviate functional changes underlying HAND ±
opiate use.

OR02-05
JUVENILE OBESITY LEADS TO ABNORMAL NEURAL
AND BEHAVIORAL SUBSTRATES UNDERPINNING FEAR
AND ANXIETY
Julio Vega-Torres1, Elizabeth Haddad2, 5, Jeong Bin Lee2
Priya Kalyan-Masih1, 2, Leonardo López Pérez3
Darla M. Piñero Vázquez3, Yaría Arroyo Torres3, 4
José M. Santiago Santana3, 4, Andre Obenaus2, 5
Johnny D. Figueroa1, 2
1
Loma Linda University School of Medicine, CHDMM/Basic
Sciences/Physiology, Loma Linda, USA
2
LLU School of Medicine, Basic Sciences, Loma Linda, USA
3
UPR Carolina Campus, Neuroregeneration Division,
Neuroscience Research Laboratory, Natural Sciences, Carolina,
PR
4
UMET, Sciences and Technology, San Juan, PR
5
UCI, Pediatrics, Irvine, USA
Obesity has been identified as a major risk factor for anxiety disorders. Fear conditioning has long been considered a central pathogenic mechanism in anxiety disorders. The objective of this study
was to determine the impact of an obesogenic Western-like high-fat
diet (WD) on fear conditioning. We hypothesized that consumption
of a WD during adolescence impairs conditioned fear as revealed by
the magnitude of startle response to an auditory stimulus.
Adolescent Lewis rats were fed for eight weeks with either the
experimental WD diet (41.4% kcal from fat) or the control diet
(16.5 % kcal from fat). Acoustic startle reflex (ASR) and fear-potentiated startle (FPS) responses were assessed to determine fear,
attentional processing, and startle plasticity. We found that rats that
consumed a WD during adolescence exhibited reduced acoustic
startle responses. Notably, the FPS paradigm revealed that WD-fed
rats exhibited marked impairments in fear associative learning. We
showed that the rats that consumed the WD exhibited increased
background anxiety to the acoustic stimuli. These behavioral effects
were associated with a robust disruption in the medial prefrontal
cortex and amygdalar structural integrity and connectivity, as
revealed by diffusion tensor imaging (DTI) indices. Altogether, our
findings demonstrate that adolescent WD consumption has a profound impact in the neural and behavioral substrates implicated in
anxiety. This study is important because it prepares the ground to
delineate the mechanistic links between obesity and anxiety disorders. We anticipate that our research will inform the path to
needed biomarkers and interventions for improving the quality of
stress and anxiety management, particularly in a growing obese
population.

53

OR02 Oral Session II

OR02-06
DISRUPTION OF ENDOLYSOSOMAL REGULATOR
RAB7A LEADS TO MORPHOGENIC AND SUBCELLULAR
DEFECTS DURING EMBRYONIC BRAIN DEVELOPMENT
Sarah Santiago1, My Linh Nguyen1, Maria Borisovska1, Sue Aicher1
Aimee Edinger2, Anthony Barnes1
1
Oregon Health and Science University, Department of Pediatrics,
Portland, USA
2
University of California, Irvine, Developmental & Cell Biology
School of Biological Sciences, Irvine, USA
It is known that rapid and persistent remodeling occurs on many
scales within the developing brain, yet the mechanisms by which
individual cells navigate this challenge remain unclear. Altering the
complement of surface membrane proteins is one mechanism that
cells can use to adapt to this changing molecular landscape. This is
accomplished through a process of new protein insertion and
degradation of those proteins that have become damaged or
obsolete. The small GTPase Rab7a operates within both autophagic
and endocytic pathways as a master regulator of lysosomal
degradation and membrane trafficking. Rab7a mutations cause
Charcot-Marie-Tooth type 2B (CMT2B) disease, a peripheral neuropathy primarily characterized by sensory loss. CMT2B
__________________
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mutants are thought to result in increased Rab7a function, yet the
impact of loss of Rab7 function in the central nervous system
remains poorly understood. We have used genetic loss-of-function
in the prenatal mouse brain to explore the link between protein
trafficking and neural development. Here we will present our results
indicating multiple brain defects associated with the loss of Rab7a
in the developing mouse brain including hippocampal dysgenesis,
midline hypotrophy, vacuolizations within the lateral pallium, and
axonal mistargeting, as well as. Our data also demonstrate that
conditional deletion of Rab7a results in decreased cell proliferation,
altered autophagic processing, and clear indications of ultrastructural perturbations in trafficking. Our findings reveal unanticipated specificity in the requirement for functional Rab7a specific
cell populations during brain formation, while also offering
evidence of a general impact on brain development resulting from
altered intracellular trafficking. This work opens new avenues to
understanding how endolysosomal/autophagic trafficking contributes to the regulation of critical pathways and proteins necessary
for proper intracellular signaling and subsequent development of
specific brain regions.
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CONDITIONAL KNOCKOUT OF MTORC1 IN RETINA
BLOCKS DEVELOPMENTAL FORMATION OF THE
ASTROCYTE NETWORK AND RETINAL VASCULATURE
Steven Abcouwer, Dejuan Kong, Lynda Elghazi-Cras, Patrice Fort
Thomas Gardner
University of Michigan Kellogg Eye Center, Department of
Ophthalmology and Visual Science, Ann Arbor, USA

ENDOTHELIN-1 SIGNALING REGULATES GLIAL
PROLIFERATION IN THE DEVELOPING POSTNATAL
SUBVENTRICULAR ZONE
Katrina Adams1, Giulia Riparini2, Marianna Bugiani3
Marjo van der Knaap3, Vittorio Gallo1
1
Children's National Medical Center, Center for Neuroscience
Research, Washington, USA
2
University of Urbino "Carlo Bo", Department of Biomolecular
Sciences, Urbino, Italy
3
VU University Medical Center, Department of Child Neurology,
Amsterdam, the Netherlands

Mechanistic target of rapamycin (mTOR) is a serine-threonine
kinase central to a nutrient sensing pathway that regulates cell metabolism, growth, proliferation and survival. mTOR forms two major
signaling complexes, mTORC1 and mTORC2, containing Raptor
and Rictor proteins, respectively. To determine if mTOR signaling
plays a role in retinal development, we bred mTORf/f, Raptorf/f and
Rictorf/f mice with Six3cre mice to cause conditional knockout
(cKO) of mTOR complexes mTORC1 and mTORC2 in retinal neuronal precursor cells and in astrocyte precursor cells within the optic
stalk. Crossing Six3cre with mT/mG Cre-reporter mice confirmed
recombination in the entire neural retina and astrocytes. Conditional
deletion of mTOR or Raptor, and thus mTORC1, had profound
effects on vision and retinal development. Optokinetic analysis
revealed nearly complete loss of visual acuity at 8 weeks of age in
mTOR and Raptor cKO mice, but only a 10% deficit in Rictor cKO
mice. Deletion of mTOR or Raptor resulted in correctly organized
but abnormally thin retinas, with all retinal layer thicknesses significantly reduced and ganglion cell and amacrine cell numbers
decreased by approximately 50%. At postnatal day 12 (P12) mTOR
cKO mice exhibited a total lack of retinal vascular development,
while 20-100% of retinal area was avascular in Raptor cKO retinas.
At P5, when astrocyte network is normally nearly complete, mTOR
cKO retinas exhibited a nearly complete lack of astrocyte network
formation, as well as no retinal vascular development. At P5, the
effects of Raptor cKO were similar, but less complete. Thus, lack of
mTORC1 function in the neural retinal and astrocytes inhibited
astrocyte network formation and subsequent retinal vascular development, and resulted in thin retinas with fewer inner neurons.
Development of the neural retinal may be stunted because of a lack
of mTORC1 function in retinal precursor cells. Alternatively,
degeneration of neurons may occur due to an inadequate oxygen
supply to the developing neural retina.

2018 Transactions of the American Society for Neurochemistry ®

Perinatally, radial glia of the subventricular zone (SVZ) generate
glial progenitors that proliferate and migrate throughout the
mammalian brain, giving rise to the principal wave of dorsal gliogenesis. Simultaneously, radial glia undergo dynamic modifications
to transition into adult neural stem cells – critical for adult neurogenesis. Signaling molecules that regulate these processes are
critical for proper brain development, but unfortunately remain
poorly understood. Our lab recently identified Endothelin-1 (ET-1)
as a novel regulator of oligodendrocyte maturation in the adult
mouse brain after injury, suggesting that ET-1 may also play a role
in glial development. Using a combination of mouse genetics and in
vitro studies, we investigated the role of ET-1 signaling in the developing postnatal SVZ. We found that both ET-1 and Endothelin
receptor type B (Ednrb) are expressed by radial glia during the first
two weeks of postnatal life. Conditional ablation of ET-1 or Ednrb
in the postnatal SVZ decreased radial glial proliferation.
Conversely, exogenous ET-1 protein increased the number and
diameter of neurospheres generated from wild-type postnatal day 10
mice. Interestingly, ET-1 ablation in the postnatal SVZ also reduced
the number of NG2+ and Ki67+ oligodendrocyte progenitor cells
(OPCs). These results were recapitulated following targeted deletion
of Ednrb from OPCs, indicating that radial glial-derived ET-1 binds
directly to receptors on OPCs. Lastly, ET-1 was found to be upregulated in the adult human SVZ of patients with Cathepsin Arelated arteriopathy with strokes and leukoencephalopathy
(CARASAL). This correlated with an increase in OPC number in
the SVZ of CARASAL patients, compared to age-matched controls.
Together, these results indicate that ET-1 promotes the proliferation
of both radial glia and OPCs in the developing postnatal SVZ, and
presents a potential therapeutic target for regeneration strategies.
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PS01-03
LISSENCEPHALY-CAUSING TUBA1A MUTATION
PERTURBS NEURODEVELOPMENT BY DISRUPTING
DYNEIN ACTIVITY
Jayne Aiken, Emily Bates, Jeff Moore
University of Colorado Anschutz Medical Campus, Cell Biology,
Stem Cells, and Development, Aurora, USA
‘Tubulinopathies’ are severe human brain malformations associated with missense mutations in the tubulin genes. Despite the identification of many tubulin mutations in patients with severe neurodevelopmental disorders, we do not understand how these mutations
impact the microtubule cytoskeleton or how changes to tubulin
function ultimately lead to brain malformations. The neuronally-expressed TUBA1A α-tubulin gene is the most commonly affected
tubulin isotype, with mutations linked to diverse cortical
malformations including microlissencephaly, lissencephaly,
pachygyria, and polymicrogyria. Here we focus on mutations
affecting the conserved arginine at position 402 (R402), which is a
hotspot accounting for 30% of all reported TUBA1A mutations in
patients. We provide novel evidence that Tuba1a mutants can
dominantly disrupt cortical migration, as ectopic expression of
R402C and R402H mutants is sufficient to disrupt migration in the
developing mouse cortex. Further, using yeast mutants to mimic the
R402C and R402H substitutions, we reveal that these mutations
form tubulin heterodimers competent for microtubule assembly, but
that they dominantly dampen microtubule polymerization rate and
disrupt microtubule motor dynein activity. Intriguingly, dynein disruption scales with abundance of mutant α-tubulin in the cell. We
also show that ectopic expression of R402C/H Tuba1a mutants in
cortical neuronal culture is sufficient to dominantly disrupt microtubule polymerization. Together, our results indicate that
tubulinopathy mutations at p.R402 poison the microtubule network
in young neurons by altering microtubule dynamics and creating
defective binding sites for dynein at the microtubule surface.

PS01-04
NEURONAL MICROTUBULE DYSFUNCTION LEADS TO
ADULT-ONSET DECLINE IN MOTOR FUNCTION IN MICE
Georgia Buscaglia1, Jayne Aiken2, Dr. Jeffrey Moore2
Dr. Emily Bates1
1
University of Colorado Denver Anschutz Medical Campus,
Pediatrics, Aurora, USA
2
University of Colorado Denver Anschutz Medical Campus, Cell
and Developmental Biology, Aurora, USA
In humans, mutations to the brain-enriched alpha tubulin gene,
TUBA1A, result in a spectrum of severe developmental brain
defects, called tubulinopathies. Tubulinopathy mutations produce a
range of different brain malformation phenotypes that emerge
throughout embryonic development and early childhood. Alpha and
beta tubulin heterodimers polymerize to make microtubules. During
embryonic brain development, neurons require elaborate and
dynamic microtubule networks to undergo migration, axonogenesis,
and to specify complex cellular morphologies. Neuronal microtubules exhibit polarity that helps to establish the distinct
architecture of the axons and dendrites, and facilitate trafficking of
mRNAs, proteins, and organelles. Although much of brain development is completed embryonically, important developmental
__________________
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processes such as synaptogenesis, increases in neural connectivity,
and myelination continue in the brain well after birth. The role of
neuronal microtubules in facilitating the structural and functional
changes that underlie post-natal brain development and maturation
has not been elucidated. The major neuronal alpha tubulin is
encoded by the gene TUBA1A. We showed that an Asparagine to
Aspartic acid substitution at residue 102 (Tuba1aND) results in developmental brain abnormalities and perinatal death in mice that are
homozygous for this mutation. Previous data from both yeast and
mice showed that the Tuba1aND substitution compromises the
stability of microtubules, causing a loss of microtubule function.
Recently, we have shown that mice heterozygous for this mutation
(Tuba1aND/+) develop an adult-onset ataxic gait and display impaired
motor function, despite having only subtle developmental brain
defects. The combination of developmental and adult-onset
phenotypes in the Tuba1aND/+ animals allows us to interrogate the
roles of Tuba1a within the brain at different stages of development.
Thus, the Tuba1aND allele can be used as a tool to dissect the mechanisms of microtubule function in pre- and post-natal brain development and maturation.

PS01-05
NEUROTOXIC EFFECTS OF METHYLMERCURY:
INDUCTION OF SEXUAL DYSFUNCTION IN DROSOPHILA
MELANOGASTER
Ved Chauhan, Abha Chauhan
NYS Institute for Basic Research in Developmental Disabilities,
Department of Neurochemistry, Staten Island, New York, USA
Mercury, an environmental health hazard, is a neurotoxic heavy
metal. In this study, the effect of methylmercury (MeHg) exposure
was analyzed on sexual behavior in Drosophila melanogaster (fruit
fly) because neurons play a vital role in sexual function. The virgin
male and female flies were fed a diet mixed with different concentrations of MeHg (28.25, 56.5, 113, 226 and 339 µM) for four days,
and the effect of MeHg was studied on copulation of these flies.
While male and female control flies (no MeHg) and flies fed with
lower concentrations of MeHg (28.25, 56.5 µM) copulated in a
normal manner, male and female flies exposed to higher concentrations of MeHg (113, 226 and 339 µM) did not copulate. When
male flies exposed to higher concentrations of MeHg were allowed
to copulate with control female flies, only male flies fed with 113
µM MeHg were able to copulate. On the other hand, when female
flies exposed to higher concentrations of MeHg were allowed to
copulate with control male flies, none of the flies was able to
copulate. After introduction of male and female flies in the
copulation chamber, duration of wing flapping by male flies
decreased in a MeHg concentration-dependent manner from 101 ±
24 seconds (control) to 100.7 ± 18, 96 ±12, 59 ± 44, 31 ± 15 and 3.7
± 2.7 seconds at 28.25, 56.5, 113, 226 and 339 µM MeHg,
respectively. On the other hand, grooming in male and female flies
increased in a MeHg concentration-dependent manner. These findings suggest that MeHg exposure causes sexual dysfunction in male
and female Drosophila melanogaster. Further studies showed that
MeHg exposure increased oxidative stress and decreased
triglyceride levels in a concentration–dependent manner in both
male and female flies, suggesting that MeHg-induced oxidative
stress and decreased triglyceride levels may partly contribute to
sexual dysfunction in fruit flies.__________________
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PS01-06

PS01-07

SOX17 ABLATION REVEALS A ROLE IN
OLIGODENDROCYTE PROGENITOR CELL EXPANSION
AND REGENERATION IN POSTNATAL WHITE MATTER
Li-Jin Chew1, Brian McEllin1, Xiaotian Ming1, Elim Hong1
Jeff Dupree2, Mackenzie Catron1, Melissa Fauveau3
Brahim Nait-Oumesmar3, Vittorio Gallo1
1
Childrens National Medical Center, Center for Neuroscience
Research, Washington, USA
2
Virginia Commonwealth Univ, Dept Anatomy & Neurobiol,
Richmond, VA, USA
3
Institut du Cerveau et de la Moelle épinière ; Université Pierre et
Marie Curie, Inserm U1127, Paris, France

MELATONIN AGONIST TREATS REPETITIVE
BEHAVIORAL DEFICITS IN THE CNTNAP2 MOUSE
MODEL OF NEURODEVELOPMENTAL DISORDERS
Christopher Colwell1, 2, Huei-Bin Wang1, 2, Yu Tahara1, 2
William Pembroke1, 2, Daniel Geschwind1, 2, Cristina Ghiani1, 2
1
University of California, Los Angeles, Psychiatry, Los Angeles,
USA
2
University of California, Los Angeles, Pathology, Los Angeles,
USA

Sox17 is the only SoxF member of the Sox superfamily with a
demonstrated role in oligodendrocyte (OL) development. To understand its importance and function in subcortical white matter (WM),
we established a floxed Sox17 mouse to characterize the effects of
CNPCre-targeted ablation in both oligodendrocyte development and
regeneration after demyelination. Oligodendrogenesis in Sox17deficient (cko) WM was decreased at postnatal day 30 (P30),
showing reduced Olig2, CC1 and MAG-expressing OLs, with
persistent deficits in myelin ultrastructure, myelinated axon number
and motor coordination at P60. At P18, Sox2+ and NG2+ progenitors which colocalized with Rosa26YFP reporter were
decreased in cko, along with triple positive BrdU+NG2+YFP+
cells, indicating a role in progenitor maintenance. Subsequent
decline in differentiating TCF7L2+ cells in the P30 cko indicates
that Sox17 sustains OL differentiation. Following focal demyelination in P60 adults, Sox17 ablation significantly decreased the
numbers of Olig2+ and MAG+ oligodendrocytes repopulating the
WM lesion area at 14 days post lesion (dpl). BrdU pulse chase identified these cells as newly generated OLs. Similar to development,
this was preceded by attenuated induction of proliferating
Sox2+BrdU+ and differentiating TCF7L2+Olig2+ cells at 7 and 10
dpl respectively. Since Notch signaling regulates progenitor
expansion, we determined whether Notch effectors were altered in
the cko. Sox17 ablation reduced the percentage of WM cells expressing Hes5 and Hes1 at P8 and P18 respectively, while Sox17
knockdown in cultured oligodendrocyte progenitor cells reduced
Hes1, 5 and TCF7L2 RNA. These studies reveal a previously
uncharacterized function for Sox17 in CNS progenitors in regulating Notch/Hes and TCF7L2 gene expression. Elucidating mechanisms underlying Sox17 control of OL development are important
for WM recovery after demyelination injury.

Night time light pollution has been broadly linked to metabolic
and cognitive dysfunction. Many patients with neurodevelopmental
disorders show disturbances in their sleep/wake cycle and these
patients may be particularly vulnerable to the impact of circadian
disruptors such as light exposure during the night. In this study, we
examined the impact of nightly exposure to dim light in a model of
neurodevelopmental disorders: contactin associated protein-like 2
knock out (Cntnap2 KO) mice. Mutations and polymorphisms in
this gene have been linked to cortical dysplasia as well as autism
symptoms in patients and in mouse models. We show that even a
minimal light exposure during the night (5 lux) was sufficient to reduce the amplitude and power of locomotor activity rhythms in both
WT and the Cntnap2 mutant mice. This dim light at night
exacerbated the excessive grooming, which is one of the core
phenotypes of the Cntnap2 KO mouse, as well as diminished the
social preference that mice normally exhibit for novel mice.
Melatonin has been used successfully in the management of patients
with autism spectrum disorders. We found that daily treatment with
a melatonin receptor agonist improved the strength of the daily
rhythm and also reduced the excessive grooming of the mutant mice
to WT levels. In summary, circadian disruption worsened core
symptoms exhibited by the Cntnap2 model of neurodevelopmental
disorders. Our findings suggest that common circadian disruptors
such as light at night should be considered in the management of
neurodevelopmental disorders.

PS01-08
THE RACGAP βCHIMAERIN IS ESSENTIAL FOR
CEREBELLAR GRANULE CELL MIGRATION
Jason Estep, Wenny Wong, Yiu-Cheung Wong, Alexander Taft
Martin Riccomagno
University of California Riverside, Cell Biology and Neuroscience,
Riverside, USA
During mammalian cerebellar development, postnatal granule cell
progenitors proliferate in the outer part of the External Granule
Layer (EGL). Postmitotic granule progenitors migrate tangentially
in the inner EGL before switching to migrate radially inward, past
the Purkinje cell layer, to achieve their final position in the mature
Granule Cell Layer (GCL). Here, we show that the RacGAP b-chimaerin is expressed by a small population of late arriving, premigratory granule cells. b-chimaerin deficiency causes these cells to
become arrested in the EGL, where they differentiate and form
ectopic clusters of neurons. These clusters are mainly composed of
granule cells and recruit aberrantly projecting mossy fibers.
Collectively, these data suggest a role for b-chimaerin as an intracellular mediator of Cerebellar Granule Cell radial migration.
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PS01-09
SLEEP/WAKE DISRUPTION IN A MOUSE MODEL OF
DEVELOPMENTAL DISABILITIES
Cristina Ghiani1, 3, Olivia Hitchcock1, Huei-Bin Wang1
Daniel Whittaker1, Frank Lee2, Dawn H Loh1, Yoon-Sik Kim1
Collette Kokikian1, Aly Multi1, Esteban Dell' Angelica2
Christopher Colwell1
1
University of California Los Angeles, Department of Psychiatry &
Biobehavioral Sciences, Los Angeles, USA
2
University of California Los Angeles, Department of Human
Genetics, Los Angeles, USA
3
University of California Los Angeles, Department of Pathology,
Los Angeles, USA
A common complain of individuals with intellectual and developmental disabilities (IDD) is a disrupted sleep/wake cycle but the
underlying mechanisms, including the possible role of the circadian
timing system, are yet to be identified. In this study, we explored
possible circadian dysfunction in a mouse model of a rare genetic
disorder known as Hermansky-Pudlak syndrome. These individuals
carry mutations that result in loss of the dysbindin-containing
Biogenesis of Lysosome-related Organelles Complex 1 (BLOC1).
Common variants of the genes encoding some BLOC-1 subunits
have been associated with cognitive (dis)abilities or pathways disrupted in IDD. We found that the BLOC-1 deficient mouse pallid
(bloc1s6-/-) exhibited less sleep behaviour in the beginning of the
rest phase than WT with a more fragmented sleeping pattern. These
mice also exhibited reduced levels of activity, and their activity
rhythms were significantly more fragmented and of lower precision
than in age-matched WT mice. At the level of the central circadian
clock (suprachiasmatic nucleus, SCN), we found that loss of
pallidin caused subtle structural changes including qualitative
differences in VIP-expression. The neural activity rhythms recorded
at the level of the SCN appeared normal. In the hippocampus, we
found significant changes in the cytoarchitecture of Dentate Gyrus
granule cells but not in CA1 pyramidal neurons. These anomalies
were accompanied by altered protein levels of Period2 and of the
ratio pCREB/tCREB. Pallid mice performed poorly in a battery of
cognitive measures such as the novel object recognition, elevated
plus maze, and open field tests. Our data suggest that lack of
BLOC-1 does not negatively influence the central circadian clock in
the SCN but SCN-driven outputs are likely disrupted.

PS01-10
DEVELOPMENTAL CHANGES IN TONIC GABA
CURRENTS CONTRIBUTE TO MATURATION OF
MEMBRANE PROPERTIES IN DENTATE SEMILUNAR
GRANULE CELLS
Akshay Gupta, Yash Shah, Archana Proddutur, Jenieve Guevarra
Vid Raturi, Bogumila Swietek, Viji Santhakumar
Rutgers, Neuroscience, Newark, USA
Semilunar granule cells (SGCs), novel excitatory dentate projection neurons, are proposed to play a vital role in granule cell
feedback inhibition and are distinguished from granule cells (GCs)
by their dendritic arbor and intrinsic physiology. The paucity of information on SGC development poses a significant impediment to
examining their role in disease. This study was conducted to
__________________
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determine the developmental plasticity of SGC inhibition and to
delineate the structural and functional changes in SGCs and GCs
during development. Whole cell patch clamp recordings were
obtained from GCs and SGCs in hippocampal slices from rats at
three different postnatal time points: neonatal (P9-13 days),
adolescent (P28-42 days) and adult (P > 120 days). Morphometic
analysis of reconstructed SGCs identified that the total cell surface
area and dendritic length increased from neonatal to adolescent
period and remained elevated in adults. Consistent with increase in
surface area, membrane capacitance of both cells increased from
neonatal to adolescent rats and remained high in adults. While
SGCs input resistance in neonates and adolescents was significantly
lower than in GCs, SGC input resistance increased with age while
GC input resistance decreased. In adults, SGC input resistance was
higher than that of GCs. Tonic GABA current amplitudes peaked
during adolescence in both cell types but decrease back to neonatal
levels in adult SGCs. Blocking GABAergic currents significantly
increased input resistance in adolescent and adult SGCs only.
Spontaneous inhibitory postsynaptic current (sIPSC) frequency increased between neonatal and adolescent rats in both SGCs and
GCs. However, sIPSC frequency declined back to neonatal levels in
adults in SGCs while it was maintained at adolescent levels in GCs.
Increase in SGC input resistance between adolescent and adult rats
occurs simultaneously with a decrease in SGC tonic GABA currents
suggesting a role for inhibition in regulating developmental changes
in SGC input resistance. Hence, SGCs may contribute to differential
engagement and modulation of SGCs during dentate information
processing at different developmental stages.

PS01-11
ROLE OF SIRT2 IN OLIGODENDROGENESIS IN WHITE
MATTER AFTER NEONATAL HYPOXIA
Beata Jablonska Gierdalska, L-J Chew, Reiber Matthew
Gallo Vittorio
Childrens National Medical Center, Neuroscience, Washington,,
USA
Diffuse white matter injury (DWMI) is a major form of brain
injury, which results in chronic neurological and behavioral disabilities in prematurely born infants, including a broad spectrum of
cognitive and learning disabilities until young adulthood. Using a
mouse model of neonatal hypoxia, we previously shown that hypoxia delayed oligodendrocyte (OL) maturation in white matter
controlled by the p27Kip1/Foxo1 pathway. Since Sirt2 is implicated
in OL maturation, we determined whether neonatal hypoxia altered
Sirt2 expression and function in white matter. We found that hypoxia reduced Sirt2 expression and the number of Sirt2+ cells in white
matter. The number of Sirt2+Olig2+ cells decreased after hypoxia
but NG2+Sirt2+ cells remained unchanged, indicating that hypoxia
may affect Sirt2 primarily in mature OLs. Indeed, we observed a
significant reduction of Sirt2 expression in mature CC1+ and CNP+
oligodendrocytes after hypoxia. Since Sirt2 siRNA treatment of OL
reduced percentages of Olig2+, GalC+, and O4+ cells, it is likely that
hypoxia-induced decrease in Sirt2 prevents OL differentiation. To
uncover possible molecular mechanisms underlying OL dysmaturation mediated by Sirt2 changes, we investigated two pathways: the
p27Kip1/FoxO and the p21Cip1/Cdk4. We performed immunoprecipitation to study Sirt2 interactions with known members of both
__________________
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pathways. We found that hypoxia increased deacetylation of Cdk2
inhibitor, p27Kip1. Also, Sirt2 formed complexes with FoxO1 and
FoxO3; however, these two complexes were regulated differently by
hypoxia. The Sirt2/FoxO1 complex was downregulated, whereas
Sirt2/FoxO3a was upregulated after hypoxia. Since p21Cip1 is a
direct inhibitor of Cdk4, we found that hypoxia downregulated
p21Cip1 and increased the Cdk4/cyclinD complex formation. With
increased Cdk4 activity, phosphorylation of p107 caused a dissociation of the p107/E2F4 complex leading to higher level of
unbound E2F4. These findings demonstrate that Sirt2 involvement
in Cdks inhibitor function may provide a link between proliferative
changes and delayed maturation of OLs in hypoxia-induced white
matter damage.
Supported by NIH R01NS045702, P01NS062686 and IDDRC
U54HD090257

were 37% (control), 50% (LD), and 48% (HD). Frontal cortex DPZs
showed an apparent increase in HD (p=.09, n=5-7 per group): mean
scores were 47%, 51%, and 57%, respectively. These results suggest
that PBDEs may produce changes in affective behavior in exposed
offspring, in part, by altering neocortical development.

PS01-12

Fragile X syndrome (FXS) is most common genetic cause of
autism and intellectual disability. FXS is associated with a loss-offunction mutation in the Fragile X mental retardation (Fmr1) gene.
The Fmr1 knock out (KO) mice display the core deficits of FXS,
including sensory hypersensitivity and abnormal cortical processing. Our previous study revealed abnormal responses to sound
in the developing auditory cortex (AC) of Fmr1 KO mice during the
critical period plasticity (CPP) window, a postnatal window of
circuit re-organization driven by sensory input. We also observed a
delayed development of parvalbumin (PV) interneurons and
perineuronal net (PNN) formation around GABAergic cells, suggesting that the auditory processing deficits may arise from altered
CPP during development.
To test whether developmental plasticity is abnormal in Fmr1 KO
mice, KO and WT mice were exposed to a 14 kHz tone during CPP
(from P9 to P20). Control WT and KO mice were raised in the same
sound-attenuated chamber from P9 until P20 without the exposure
to 14 kHz tone. We obtained in vivo event related potentials
recordings from AC of control and sound-exposed P21-P23 WT and
KO mice. Significant changes in response amplitude evoked by 14
kHz tone were observed between control and sound-exposed Fmr1
KO groups. We also performed dendritic spine analysis in L2/3 AC
in control and sound-exposed P21 WT and KO mice. Spine density
was found to be higher in AC of sound-unexposed Fmr1 KO mice
compared to WT; however it decreased dramatically in both groups
following sound exposure. Immunohistochemical analysis also
showed a reduced PV and PNN cell density in P21 Fmr1 KO mice
compared to WT. However, sound exposure lead to increased PV
cell density in Fmr1 KO mice, but no change in WT mice. Our
studies provide a novel mechanistic insight into the auditory processing deficits in FXS and suggest a developmental period for
therapeutic applications.
This work was supported by the US Army Medical Research grant
W81XWH-15-1-0436.

ALTERED NEOCORTICAL CIRCUITRY IN MICE
PERINATALLY EXPOSED TO FLAME RETARDANTS MAY
UNDERLIE ABNORMAL AFFECTIVE AND SOCIAL
BEHAVIOR
Elena Kozlova1, 3, Julia Krum3, Laura Anchondo3, David Rohac2
B. Devi Chinthirla3, Nicole Huffman3, Syed Uddin3
Kelly Huffman2, Margarita Curras-Collazo3
1
University of California Riverside, Neuroscience Graduate
Program, Riverside, USA
2
University of California Riverside, Department of Psychology,
Riverside, USA
3
University of California Riverside, Department of Molecular, Cell
and Systems Biology, Riverside, USA
Polybrominated diphenyl ethers (PBDEs) are indoor flame
retardant pollutants with adverse neurobehavioral effects. This study
examined whether perinatal exposure to an industrial penta-BDE
mixture alters affective and social behaviors through disruption of
neuronal circuitry of the frontal and visual cortices. C57BL/6 dams
were orally dosed with DE-71: corn oil vehicle (control), low dose
(LD) (0.1 mg/kg/d), or high dose (HD) (0.4 mg/kg/d). Adult male
offspring were subjected to behavioral testing at PND40-60 for
social memory (social recognition task (SRT)), sensorimotor integration/anxiety (Suok) and depressive behavior (forced swim (FS)).
HD offspring exhibited deficits in SRT ability, showing no preference to investigate a novel versus familiar mouse (p < .0001). On
Suok, HD males showed significantly less falls/segments crossed
(p=.024), indicating altered sensorimotor ability. During FS, LD
mice spent significantly less time immobile compared to control
(p=.002), suggesting that PBDE exposure alters affective behavior
and/or promotes hyperactivity. To investigate altered neurodevelopment that may underlie behavioral results, intraneocortical
connections (INCs) in PND7 male offspring were examined ex vivo
using anatomical dye tracing. DiI and DiA lipophilic tracer dyes
were injected ipsilaterally into the frontal and visual cortices,
respectively. Fluorescent staining was localized to cortical layers
containing retrogradely labelled cells. The anatomical specificity of
injection and complete dye transport was verified by corresponding
thalamocortical labelling. Significantly wider normalized dye projection zones (DPZs) were seen over the visual cortex in LD (p=.03,
n=5-8 per group). Mean visual DPZs __________________
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PS01-13
ALTERED DEVELOPMENTAL PLASTICITY IN FRAGILE X
SYNDROME MOUSE MODEL
Anna Kulinich1, Sarah Reinhard2, Khaleel Razak2, Iryna Ehell1
1
University of California, Riverside, Biomedical Sciences,
Riverside, USA
2
University of California, Riverside, Psychology, Riverside, USA
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PS01-14
IL-6 ENHANCES THE PRODUCTION OF
MULTIPOTENTIAL PROGENITORS AT THE EXPENSE OF
NEURAL STEMS
Ekta Kumari, Krista Buono, Steven Levison
Rutgers University, Pharmacology, Physiology & Neuroscience,
Newark, USA
A number of studies have highlighted the connection between
infections during pregnancy and increased risk for autism leading to
the view that maternal immune activation (MIA) is a significant
contributor to autism spectrum disorders (ASD) incidence.
Cytokines produced maternally can cross the placenta to affect the
developing brain. However, it is not clear how these cytokines alter
the trajectory of neural development. In our studies on the effects of
inflammation on the cells of the subventricular zone (SVZ), we
have established that one of the key cytokines implicated in ASD,
interleukin-6 (IL-6) exerts direct effects on the neural stems and
progenitors that reside in this region. Using neurospheres to model
the SVZ we have established that the IL-6 receptor and GP130 are
expressed and that 30 minutes following addition of 5 ng/mL IL-6,
STAT-3 phosphorylation increases 10-fold, but ERK and AKT are
unchanged. IL-6 increases multipotential neurosphere. However,
this was due to an increase in the proportion of PDGF/FGF2
responsive multipotent progenitors (PFMPs) with a decrease in the
proportion of neural stem cells. Interestingly, using RNAseq we
have found that in comparison to NSCs, PFMPs express high levels
of the transcription factor GSX1, which play an important role in
regulating interneuron development in the forebrain. PFMPs also
highly express PDGFRα, CSPG4 (NG2+), transcripts for olfactory
receptors along with Sox10, Gjb1, Zfp488 and Myt1 which have
been shown to be important for oligodendrocyte development. To
study the effects of systemically increased IL-6 on SVZ cells and
brain development, we administered 65 ng IL-6, which doubled the
circulating concentration of IL-6, similar to that documented for
ASD patients. When postnatal day 4 male mice were administered
with 3 doses of IL-6 every 12 hours, the proportion of EdU+
PFMPs was increased 2 fold over controls. Altogether, these studies
provide new insights into how increased levels of IL-6 affects brain
development.

PS01-15
CASK GENE IS ONLY IMPORTANT FOR SURVIVAL IN
EARLY POSTNATAL PERIOD DEVELOPMENT OF
MAMMALS
Chen Liang1, 2, Vrushali Chavan1, Leslie LaConte1
Sarika Srivastava1, Konark Mukherjee1, 2
1
Virginia Tech, Virginia Tech Carilion Research Institute, Roanoke,
USA
2
Virginia Tech, Department of Biological Sciences, Blacksburg,
USA
Calcium/calmodulin-dependent serine protein kinase (CASK) is
proposed to be involved in presynaptic function, gene expression
regulation and cell junction formation. Deletion of CASK gene leads
to lethality in mice immediately after birth, however, no defects in
brain size, lamination, passive neuronal membrane properties, neuronal excitability, synapse formation, calcium-dependent
__________________
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presynaptic release or post-synaptic receptor function were observed. Intriguingly, deletion of CASK does not produce lethality in
invertebrates. Thus, despite intense investigation, the precise molecular and cellular functions of CASK remain unclear. Mutations in
CASK gene in human are associated with X-linked intellectual disability (XLID) and microcephaly and mental retardation with
pontocerebellar hypoplasia (MICPCH), which suggests CASK plays
a role in brain development. This is confirmed by analysis of CASK
heterozygous knockout mice, which demonstrated CASK is critical
for postnatal brain growth. We have now investigated the role of
CASK in postnatal brain development using time-dependent CASK
deletion. Our analysis shows that the CASKfloxed mice have reduced
CASK protein expression level (~35%). These mice survive but
exhibit overall growth retardation including cerebellar hypoplasia,
but not true microcephaly. CASKfloxed mice also exhibit resistance to
fat accumulation. To develop an inducible CASK knockout mouse
model, we have crossed the CASKfloxed mice with mice containing
ubiquitously expressed estrogen receptor fused Cre recombinase.
CASK can be deleted in the mice containing floxed CASK and Cre
transgene by injecting tamoxifen intraperitoneally. We injected
tamoxifen either at/before P30 (juvenile) or at P47 (adult). Our data
suggest that CASK deletion until P30 results in the death of mice
with striking phenotypes, such as body coordination problem (P8)
and body weight loss (P8-30). Mice with CASK deletion at P47,
however, do not exhibit lethality or any prominent neurological
phenotype. In conclusion, our data suggest CASK is critical for
postnatal body and brain growth, however, the role is essential only
at neonatal phase.

PS01-16
REDUCTION OF ABERRANT NF-κB SIGNALING AND
VITAMIN D SUPPLEMENTATION AMELIORATE RETT
SYNDROME PHENOTYPES IN MECP2-NULL MICE
Jessica MacDonald, Mayara Ribeiro, Seth Moore
Syracuse University, Biology, Syracuse, USA
Rett syndrome (RTT) is a severe, progressive X-linked neurodevelopmental disorder resulting from mutations in the transcriptional
regulator Mecp2. We previously investigated genes that function
downstream of MeCP2 in cerebral cortex circuitry, and identified
that the NF-κB pathway is specifically up-regulated in the CNS
with Mecp2 loss-of-function. Strikingly, genetically reducing NFκB signaling in Mecp2-null mice ameliorates some of the characteristic neuronal phenotypes in RTT, including reduced dendritic complexity in the neocortex and lifespan. The amelioration of Mecp2null phenotypes by genetic attenuation of the NF-κB pathway raises
the intriguing question of whether modulation of NF-κB signaling
could provide a therapeutic avenue in RTT. Strikingly, RTT patients
display a high prevalence of vitamin D deficiency, a known
inhibitor of NF-κB signaling. We analyzed vitamin D levels in 8
week old Mecp2-null mice, and found that they similarly have significantly reduced total serum 25(OH)D levels compared to wildtype littermates. Importantly, the activated form of vitamin D,
calcitriol, abrogates the aberrant up-regulation of NF-κB dependent
transcription in Mecp2 knockdown cortical neurons in vitro. To investigate whether vitamin D supplementation might reduce the
aberrant NF-κB activity in Mecp2-null cortex in vivo, and might
__________________
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have therapeutic benefit, we treated both male Mecp2 hemizygous
null and female Mecp2 heterozygous mice and wild-type littermates
with vitamin D supplemented chow, beginning at an early symptomatic stage. We found that this simple, cost-effective dietary
supplement ameliorates neocortical dendritic morphology and soma
size phenotypes in a dose-dependent manner. In addition, vitamin D
supplementation rescues the reduced spine density in Mecp2-null
mice, and alters spine morphology. We are further investigating the
underlying molecular mechanisms of this therapeutic intervention,
including whether vitamin D does, indeed, rescue these Mecp2
mutant phenotypes by directly inhibiting the NF-κB pathway, and
whether this is a cell-autonomous effect on neocortical neurons.
These results provide new insight into both the fundamental neurobiology of RTT, and potential therapeutic strategies via NF-κB
pathway modulation.

Toxoplasma proteins is sufficient to induce electrophysiologic
changes at the single cell level.

PS01-17

Prescribed opioid painkiller use and opioid abuse continue to increase and represent a problem of particular importance during pregnancy. We showed that the timing of rat brain myelination is
affected by perinatal exposure to buprenorphine and methadone,
opioid analogues used in maintenance treatments for pregnant
opioid addicts. The studies suggested that those effects were
mediated by drug actions on the µ-opioid receptor (MOR) and
nociceptin receptor (NOPR) in oligodendrocytes (OLGs). However,
the roles of these receptors and their endogenous ligands in
controlling the timing of myelination under normal conditions
remain poorly understood. Interestingly, developing rat brain levels
of nociceptin, the endogenous NOPR ligand, exhibit an inverse correlation with the appearance of the myelin proteins CNPase, MBP,
and MOG. Importantly, treatment of pups with an NOPR antagonist
resulted in untimely elevated levels of all major myelin proteins,
and furthermore, premature myelination of the corpus callosum.
These findings suggested that nociceptin plays a role in delaying the
maturation of OLGs. Nevertheless, OLG differentiation was not
affected when the cultured cells were treated with different doses of
nociceptin. On the contrary, nociceptin antagonized the effects of
endomorphin, the endogenous MOR ligand. We found that endomorphin induces in cultured immature pre-OLGs a dose-dependent
stimulation in the expression of not only CNPase, one of the earliest
markers for OLG differentiation but also MOG, a protein indicative
of mature OLGs. However, these stimulatory effects were abolished
by co-incubating the cells with nociceptin. These observations suggest that a delicate balance between MOR and NOPR activities
plays a crucial role in controlling the proper timing of OLG maturation and developmental brain myelination. This is particularly
important as both precocious or delayed myelin formation could
alter neuronal connectivity and cognitive function. Understanding
these mechanisms is crucial for the design of safer therapies for pain
control and opioid addiction treatments during pregnancy. (NMSS
RG-1501-02891).

TOXOPLASMA GONDII PREFERENTIAL INTERACTIONS
IN THE CENTRAL NERVOUS SYSTEM
Oscar Mendez1, Colin Potter2, Anita Koshy3, 4
1
University of Arizona, Graduate Interdisciplinary Program in
Neuroscience, Tucson, USA
2
University of Arizona, Neuroscience and Cognitive Science
Undergraduate Program, Tucson, USA
3
University of Arizona, Department of Immunobiology, Tucson,
USA
4
University of Arizona, Department of Neurology, Tucson, USA
Toxoplasma gondii is an obligate intracellular parasite that
naturally causes a life-long, asymptomatic infection in the central
nervous system (CNS) of many warm-blooded animals, including
humans and rodents. Despite the importance of CNS persistence to
clinical disease, there is a limited understanding of the cellular and
molecular interactions between Toxoplasma and cells of the CNS.
Using a Cre-reporter system that allows us to permanently mark and
track CNS cells injected with Toxoplasma proteins, we have shown
that Toxoplasma primarily interacts with neurons. In addition, we
noted that these Toxoplasma-injected neurons (TINs) are heterogeneously distributed throughout the brain, with a suggestion that
certain brain regions were more susceptible to Toxoplasma
infection. To quantitatively determine if specific regions of the brain
were enriched for TINs, we developed a MATLAB-based, semiautomated quantification method to detect and then neuroanatomically map TINs to the Allen Institute Mouse Brain Atlas.
Validation of intra and inter-operator TINs count showed average
variation of 4.97% and 1.42%, respectively. This low variation
shows that our semi-automated system delivers robust and reproducible data. We then used our system to analyze brain tissue from
mice infected with Toxoplasma. We found that TINs were primarily
located in the somatosensory, motor cortices and the basal ganglia.
These preferences are seen both in the absolute number of TINs and
when normalized for region size. Enrichment for TINs in these specific brain regions is also consistent with anatomic locations noted
in human samples (AIDS patients). Overall, these data indicate that
specific brain regions may have an increased susceptibility to
Toxoplasma infection. Now that we have identified specific CNS
regions enriched for TINs, for the first time, we can determine if
Toxoplasma targets specific neuron subtypes and if injection with
__________________
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PS01-18
ROLE OF THE ENDOGENOUS OPIOID SYSTEM IN
CONTROLLING THE TIMING OF DEVELOPMENTAL
BRAIN MYELINATION
Esraa Mohamed1, Caitlin Paisley1, Logan Meyer1, John Bigbee1
Carmen Sato-Bigbee1
1
Virginia Commonwealth University, Biochemistry and Molecular
Biology, Richmond, USA
2
Virginia Commonwealth University, Anatomy and Neurobiology,
Richmond, USA
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PS01-19
CASK-NEUREXIN INTERACTION PLAY A CRITICAL ROLE
IN POSTNATAL BRAIN GROWTH
Konark Mukherjee
Virginia Tech Carillion Research Institute, Mukherjee Laboratory,
Roanoke, USA
Mutations in the X-linked gene CASK associate with mental
retardation and microcephaly with pontine and cerebellar
hypoplasia (MICPCH). CASK (calcium/calmodulin activated serine
kinase) gene codes a membrane associated guanylate kinase
(MAGUK) protein which comprises of a unique N-terminal
calcium/calmodulin dependent kinase domain (CaMK) which is followed by two lin2/7 domains (L27), a PSD95/dlg1/ZO-1 domain
(PDZ), a src homology 3 domain (SH3) and a guanylate kinase
domain (GK). CASK binds to synaptic adhesion molecule neurexin
via its PDZ domain and phosphorylates it with its CaMK domain.
The neurexin phosphorylation regulates the turnover of neurexin at
the membrane. Deletion of CASK produces neonatal lethality in
mice; however brain lamination and synapse formation are normal
in the neonates. The molecular function of CASK and the mechanism by which CASK mutations associate with MICPCH therefore
remain unresolved. I will present evidence that MICPCH
manifestations represent a single allele CASK gene loss-of-function
phenotype; furthermore, I will also present data that not all
phenotypes of CASK deletion arise in the post-mitotic neurons. Our
results demonstrate that the major component of CASK-linked
phenotypes occurs postnatally during infancy and early childhood.
Evidence will also be provided that despite loss of CASK gene on a
single X-chromosome in the female mice, the brain tissue does not
display skewing of X-chromosome inactivation or secondary cell
selection. Thus the microcephaly associated with CASK haploinsufficiency represents non-cell autonomous cellular loss as
regards to CASK-expression. Finally, I will present clinical cases
with heterozygous CASK mis-sense mutations in females with
MICPCH and provide evidence that these mis-sense mutations specifically disrupts the CASK-neurexin interaction. Thus PDZ domain
mediated interaction is critical for CASK molecular function.

PS01-20
PHACTR1 MUTATIONS CAUSE WEST SYNDROME
THROUGH IMPAIRED INTERACTION WITH ACTIN
CYTOSKELETON IN CORTICAL NEURONS
Koh-ichi Nagata, Nanako Hamada, Makoto Mizuno
Institute for Developmental Research, Aichi Human Service Center,
Molecular Neurobiology, Kasugai, Japan
Whole exome analysis in trio identified 2 de novo heterozygous
missense mutations in PHACTR1 gene, encoding an actin- and protein phosphatase1-binding protein critical in cell signaling and actin
cytoskeletal reorganization, in 2 unrelated Japanese individuals with
West syndrome (infantile spasms with intellectual disability). We
then analyzed the role of Phactr1 in the development of mouse
cerebral cortex and pathophysiological significance of the mutations
identified. Actin-binding activity of Phactr1 was found to be
impaired by the mutations. Acute knockdown (KD) of Phactr1 or
forced expression of the mutants with in utero electroporation
caused delayed cortical neuron migration and defects in dendritic
__________________

2018 Transactions of the American Society for Neurochemistry ®

arbor formation during corticogenesis. These phenotypes were
rescued by an RNAi-resistant Phactr1. On the other hand, KD of
Phactr1 did not affect axon elongation in vivo. When behavior
analyses were conducted with Phactr1-KD mice, they showed
defects in social interaction. Together with the results in electrophysiological analyses, Phactr1 was suggested to have a crucial role
in synaptic morphology and functions of cortical neurons. Aberrant
interaction of the PHACTR1 mutants with actin was likely to be
involved in pathophysiology of West syndrome.

PS01-21
TELENCEPHALIC CELLS NEURITOGENESIS AND
SYNAPTOGENESIS IN VITRO ANALYSIS FROM
VALPROIC ACID ASD MODEL
Marissol Pereira1, Carmem Gottfried2, Cecilia Hedin-Pereira1
1
Fiocruz, VPPCB, Rio de Janeiro, Brazil
2
UFRGS, ICBS, Porto Alegre, Brazil
Autistic spectrum disorders is a group of neurological conditions
in which affected individuals present compromised sociocommunicative skills, restrictive or rigid interests and obsessive and
repetitive behaviors. Genetic and environmental risk factors are
described, but they probably interact in some cases or at some level.
These cognitive functions are functional at postnatal life but they
rely on a morphological scaffold structured since the intrauterine
developmental stage and counts with intrinsinc and extrinsic factors
that properly form brain structure to normally function. Fetal and
maternal organisms interaction is vital for this ontogenic process but
opens a vulnerability gate for the developing fetuses. Clinically, the
broad spectrum anti-epileptic drug valproic acid prescription to pregnant women is known to produce teratogenic effects, sensory-behavioral dysfunctions and may raise the risk of autism, and its use in
animal research to understand the disease neurobiological mechanisms or test treatments is well accepted. Glutamate has been
reported dysfunctional at multiple biological levels in the disorder.
We applied a single VPA dose to pregnant mice and analyzed
telencephalic cells development prenatally in their proliferation,
neural
differentiation,
transcription
factors
expression,
neuritogenesis, synaptogenesis and glutamatergic receptor development. Despite the very early VPA administration and the immediate
viability reduction, it did not affect the ratio of proliferative cells.
However, neuritogenesis, synaptogenesis and glutamatergic
receptors composition were severly altered. According to these
results, we conclude that: (1) VPA causes relevant morphological
short term alterations related to neurites growth in embryonic
telencephalic cells; (2) VPA may interfere with glutamatergic
system ontogenesis and synaptogenesis. Our results add new
evidence about possible mechanisms involved in neural development of VPA autistic-like mice.
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PS01-22
TARGETED INHIBITION OF MATRIX
METALLOPROTEINASE-9 TO CORRECT AUDITORY
HYPERSENSITIVITY IN FRAGILE X SYNDROME
Patricia Pirbhoy, Devin Binder, Iryna Ethell
University of California, Riverside, Biomedical Sciences, Riverside,
USA
Most individuals with Fragile X Syndrome (FXS) and autism
spectrum disorders (ASD) experience improper processing of
sensory stimuli (McDiarmid et al., 2017). Studies in auditory
cortical neurons of fragile X mental retardation-1 gene knock-out
(Fmr1 KO) mice demonstrate abnormally sustained responses to
sounds and impaired sound selectivity (Rotschafer et al., 2013).
Notably, genetic reduction of matrix metalloproteinase-9 (MMP-9)
rescued altered event-related potential (ERP) habituation responses
in Fmr1 KO mice implicating MMP-9 as a target for reversing
auditory processing deficits in FXS (Lovelace et al., 2016). Both
FXS patients and Fmr1 KO mice exhibit high levels of MMP-9, but
how this impairs sensory processing and neuronal circuits remains
unclear. To test the hypothesis that excessive activity of MMP-9
leads to increased degradation of perineuronal nets (PNNs) and
altered parvalbumin (PV) interneuron development, the auditory
cortex (AC) of Fmr1 KO C57BL/6 mice and their wild-type (WT)
counterparts were treated with a selective MMP-2/9 inhibitor, SB3CT (250 µM or 25mg/kg), or vehicle at P14 or P22. Immunohistochemistry was used to determine the density of PV-positive interneurons and PNNs in the AC one day after treatment. Results
revealed enhanced PNN formation in layer 4 of the AC in Fmr1 KO
mice treated with SB-3CT at P14 compared to saline-treated Fmr1
KO mice. To determine whether enhanced PNN formation following treatment of Fmr1 KO mice with the MMP-9 inhibitor
reverses auditory processing deficits we measured resting state and
evoked neuronal oscillations in freely moving mice implanted with
electroencephalography (EEG) electrodes. It is hypothesized that intraperitoneal administration of SB-3CT (25mg/kg) will reduce
excessive resting gamma power and normalize sound-evoked responses in Fmr1 KO mice compared to vehicle. Together, results
reveal that inhibition of MMP-9 may serve as a potential therapeutic
to ameliorate auditory cortical processing deficits in FXS.

PS01-23
FMR1 LOSS IN EXCITATORY NEURONS LEADS TO
ABNORMAL DEVELOPMENT OF INHIBITORY NEURONS
AND PERINEURONAL NETS IN MOUSE AUDITORY
CORTEX
Maham Rais1, Arnold Palacios1, Xinghao Shuai1, Steven Bishay1
Otilia Popa1, Khaleel Razak2, Iryna Ethell1
1
University of California, Riverside, Division of Biomedical
Sciences, Riverside, USA
2
University of California, Riverside, Psychology Department,
Riverside, USA
Fragile X Syndrome (FXS), a genetic condition that is linked to
autism, is characterized by intellectual disabilities, language
deficiencies, behavioral challenges and auditory processing deficits.
The Fmr1 knockout (KO) mouse model replicates most of these associated behavioral and auditory processing deficits. We recently
__________________
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showed that elevated levels of Matrix Metalloproteinase-9 (MMP-9)
contribute to the hyper-responsiveness of auditory cortex in Fmr1
KO mice by affecting perineuronal net (PNN) formation around
parvalbumin (PV)-expressing inhibitory interneurons. We also
showed that genetic reduction of MMP-9 levels restores PNN
formation around PV cells and normalizes auditory sensory responses. However, how different cell types contribute to elevated
MMP-9 levels and impaired development of PV cells and PNNs,
seen in Fmr1 KO mice is not known. In this study, we show that
cell specific deletion of Fmr1 from excitatory neurons also affects
PV and PNN development in mouse auditory cortex at P21 and
PNNs remain impaired at P60. This was achieved through Cremediated deletion of Floxed Fmr1 gene in excitatory neurons of
forebrain using Nex1 (CreNex1) and CaMK2a (CreCaMk2a) promoters.
At P21, PV cell density and PV/PNN co-localization were significantly reduced in L2-3 and L4 auditory cortex of both conditional
KO mice. PNN cell density was also significantly reduced in L4 of
CreCaMK2a/Fmr1Flox KO mice compared to WT, further suggesting
that these deficits develop during the critical plasticity period P10P20. PNNs around PV cells also remained impaired in the adult
auditory cortex of conditional KO mice. Together, these findings
suggest that excitatory neurons play an important role in the proper
development of PV interneurons and PNNs, particularly during
critical plasticity period. This work was supported by grants from
NIH 1U54HD082008 and the US Army Medical Research
W81XWH-15-1-0436.

PS01-24
HOW EXPRESSION OF SMALL GTPASES DIFFERS IN
NEURONAL CELLS AFTER EXPOSURE TO OXYTOCIN
Alexandra Reichova1, Martina Zatkova2, 1, Zuzana Bacova1
Jan Bakos1
1
Biomedical Research Center, SAS, Institute of Experimental
Endocrinology, Bratislava, Slovakia
2
Faculty of Medicine, Comenius University, Institute of Physiology,
Bratislava, Slovakia
Disruption of intracellular pathways involving GTPases may
result in multiple consequences contributing to heterogeneous
phenotype of neurodevelopmental disorders including autism.It is
known that one of the factors which could play role in the autism
pathogenesis is oxytocin. We have previously demonstrated that
oxytocin plays a role in the neurite outgrowth. Therefore,the aim of
the present studies was to examine the effects of activation of
oxytocin receptor on expression of GTPases in different neuronallike cell lines and neuronal cells. SH-SY5Y and U-87MG cell lines,
rat primary cortico-hippocampal neurons and cerebellar glial cells
were used for incubation in the presence of oxytocin (1µM, 48h) or
oxytocin receptor antagonist (1µM, 48h). Gene and protein levels of
GTPases were evaluated. Primary cells have been stained for specific markers of neurons and astrocytes to prove the presence of specific cell types. Oxytocin treatment significantly increased gene expression of RhoB in SH-SY5Y, U-87MG and cerebellar cells. No
change was observed for RhoA mRNA. Oxytocin receptor
antagonist decreased the gene expression of Rac1 in SH-SY5Y
cells. Incubation of cortico-hippocampal neurons in the presence of
oxytocin did not change mRNA levels of RhoA, RhoB and Rac1.
GTPase RhoB is responsible for the polymerization of actin, while
__________________
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RhoA is more important for depolymerization processes, therefore it
can be concluded that oxytocin can contribute to the stimulation of
factors related to the actin remodeling and consequently to
elongation of projections of neuronal cells.This could be more complexly regulated in the neurons derived from progenitors in early
development since our experiments prove that these cells are less
sensitive to the effect of oxytocin. Recruitment of Rac1 and other
GTPases may depend on the actual density and binding capacity of
oxytocin receptors.Taken together, stimulation or inhibition of
oxytocin receptors represents a relevant parameter for the regulation
of signaling pathways involved in brain development. Supported by
VEGA 2/0116/16,APVV-15-205.

PS01-25
EFFECT OF CANNABINOID HEMOGLOBIN-DERIVED
PEPTIDES IN NEUROGENESIS AND
OLIGODENDROGENESIS IN SUBVENTRICULAR ZONE
OF POSTNATAL MICE
Agustín Riquelme Sandoval, Clarissa Schitine
Ricardo De Melo Reis, Cecilia Hedin-Pereira
UFRJ- Universidade Federal do Rio de Janeiro, Instituto de
Biofísica Carlos Chagas Filho, Rio de Janeiro, Brazil
Neural stem cells present in the embryonic brain persist in the
subventricular zone of postnatal brain and continue to generate neurons and glial cells. Evidence indicates that endocannabinoid system
(ECS) plays a role in the modulation of neurogenesis. The ECS
consists of endogenous lipids, their specific receptors and the
enzyme machinery for synthesis/degradation. Recently, it has been
shown that the ECS can be modulated by hemoglobin derived
peptides: the Hemopressins (Hp), a nine residue peptide, acts as an
antagonist of CB1R, while the hemopressins with additional Nterminal amino acids RVD (RVD-Hp) and VD (VD-Hp) hemopressins were found as agonists of these receptors. Little is known
about the role of these peptides in neurogenesis. We aimed to study
their effect on proliferation and differentiation in neonatal mouse
neurosphere cultures derived from SVZ stem/progenitor cells. To
investigate the effects of RVD-Hp and VD-Hp on cell proliferation,
neurosphere cultures were exposed to BrdU for 4 hours prior to the
end of the 48 hour treatment with cannabinoid peptides. Our data
indicate that RVD-Hp and VD-Hp have no effect in the number of
BrdU positive cells. The effects of these peptides on cell differentiation was assessed in cultures exposed to these peptides for 8
days, demonstrating increased number of NeuN and O4 positive
cells. In order to evaluate neuronal functionality, intracellular Ca
variations were monitored upon KCl, histamine and thrombin
stimulation, which are known to promote Ca influx in neurons,
immature cells and oligodendrocytes, respectively. Single cell
calcium imaging assays showed that the endocannabinoids peptides
increase the number of neuron like cells and oligodendrocytes. In
conclusion, our results highlight a role for these peptides in the
regulation of NSC differentiation and cell fate, suggesting that these
endocannabinoids may be employed for future therapeutical
applications for CNS repair.
Support: CNPq, Capes-FAPERJ, Faperj
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PS01-26
DISRUPTION OF ENDOLYSOSOMAL REGULATOR
RAB7A LEADS TO MORPHOGENIC AND SUBCELLULAR
DEFECTS DURING EMBRYONIC BRAIN DEVELOPMENT
Sarah Santiago1, My Linh Nguyen1, Maria Borisovska1, Sue Aicher1
Aimee Edinger2, Anthony Barnes1
1
Oregon Health and Science University, Department of Pediatrics,
Portland, USA
2
University of California, Irvine, Developmental & Cell Biology
School of Biological Sciences, Irvine, USA
It is known that rapid and persistent remodeling occurs on many
scales within the developing brain, yet the mechanisms by which
individual cells navigate this challenge remain unclear. Altering the
complement of surface membrane proteins is one mechanism that
cells can use to adapt to this changing molecular landscape. This is
accomplished through a process of new protein insertion and
degradation of those proteins that have become damaged or
obsolete. The small GTPase Rab7a operates within both autophagic
and endocytic pathways as a master regulator of lysosomal
degradation and membrane trafficking. Rab7a mutations cause
Charcot-Marie-Tooth type 2B (CMT2B) disease, a peripheral neuropathy primarily characterized by sensory loss. CMT2B mutants are
thought to result in increased Rab7a function, yet the impact of loss
of Rab7 function in the central nervous system remains poorly
understood. We have used genetic loss-of-function in the prenatal
mouse brain to explore the link between protein trafficking and
neural development. Here we will present our results indicating
multiple brain defects associated with the loss of Rab7a in the developing mouse brain including hippocampal dysgenesis, midline
hypotrophy, vacuolizations within the lateral pallium, and axonal
mistargeting, as well as. Our data also demonstrate that conditional
deletion of Rab7a results in decreased cell proliferation, altered
autophagic processing, and clear indications of ultra-structural
perturbations in trafficking. Our findings reveal unanticipated specificity in the requirement for functional Rab7a specific cell
populations during brain formation, while also offering evidence of
a general impact on brain development resulting from altered intracellular trafficking. This work opens new avenues to understanding
how endolysosomal/autophagic trafficking contributes to the regulation of critical pathways and proteins necessary for proper intracellular signaling and subsequent development of specific brain
regions.

PS01-27
DSCAM MODULATES PRE- AND POSTSYNAPTIC
STRUCTURAL AND FUNCTIONAL CONNECTIVITY
DURING VISUAL SYSTEM WIRING.
Rommel Santos, Ginger Short, Julian Quintanilla, Hanjuan Shao
Nathan Cruz, Arsany Bechay, Ariel Fuertes, Susana Cohen-Cory
University of California Irvine, Department of Neurobiology and
Behavior, Irvine, USA
The wiring of functional neural circuits during embryonic development requires coordinated organization between developing
axon and dendritic arbors, a process that is dependent on neurotrophic support. In addition to secreted neurotrophic factors,
classical guidance molecules and cell adhesion molecules can
__________________
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provide neurotrophic support during neural circuit wiring. Down
Syndrome Cell Adhesion Molecule (DSCAM), a molecule
implicated in Down Syndrome and Autism, has been shown to play
key roles in dendrite and axon connectivity in Drosophila and other
species by modulating self-avoidance. How DSCAM influences
axon to dendrite interconnectivity in developing vertebrate neural
circuits remains unclear. To examine pre- and postsynaptic developmental effects of DSCAM in vivo, and to provide a unique temporal
and spatial understanding of how circuits are dynamically shaped,
we utilized Xenopus laevis visual as an accessible vertebrate model.
Cell-autonomous, cellular actions of DSCAM were examined using
targeted single-cell knockdown approaches and by analyzing
changes in RGC axon and in optic tectal neuron dendrite
elaboration through dynamic two-photon in vivo microscopy
imaging. Single-cell electroporation of morpholino antisense oligonucleotides (MOs) to DSCAM together with Alexa-fluor 488
dextran into the Xenopus retina revealed that RGC axon
arborization at the target is influenced by DSCAM, with axons
remaining relatively simple when DSCAM expression was
decreased. Conversely, single-cell DSCAM MO knockdown in the
optic tectum revealed differential cell-autonomous effects of
DSCAM during postsynaptic tectal neuron differentiation, where
proximal and distal dendrites increased their growth and branching
rates, and took tortuous paths in the absence of DSCAM but they
continued to self-avoid. Functional deficits mediated by tectal
DSCAM knockdown were examined using visually guided behavioral assays in swimming tadpoles, revealing significant deficits
in normal visual circuit function. Together, these observations
implicate DSCAM in the control of both pre- and postsynaptic
structural and functional connectivity in the developing retinotectal
circuit, whereby it primarily acts as a neuronal brake to limit and
guide postsynaptic neuron dendrite growth.

PS01-28
VALIDATION OF PRENATAL IRON DEFICIENCY DIET AND
VALPROIC ACID AS A MODEL OF AUTISM SPECTRUM
DISORDER (ASD)
Phulen Sarma, Rakesh Ruhela, Shringika Soni, Abhishek Mishra
Bikash Medhi
PGIMER Chandigarh, Pharmacology, Chandigarh, India
Introduction: VPA model of ASD has limitations like limited
construct validity. There is evidence that children of Iron deficient
pregnant mothers have more risk of ASD. So we combined prenatal
exposure of VPA with maternal iron deficiency to get a better model
of autism, especially in terms of construct validity. This study is
done to validate the same.
Materials and methods: Male and female Wister rats were allowed
to mating at 1:3 ratio. Group 1: Normal diet control (NDC), Group
2: Normal diet Valproate (NDV), Group 3: Iron deficiency diet (ID),
Group 4: Iron Deficiency and Valproate (IDV). Animals were
screened for developmental parameters (Eye opening, weight on
PND1, and others), behavioral parameters (three chamber
sociability and social novelty test, Morris water maze, elevated plus
maze, seizure score, Rota rod, negative geotaxis), oxidative stress
parameters (MDA, GSH), inflammatory markers (TNF-α, IL-1β)
and BDNF. Behavioral parameters were screened by using
Ethovision software at different time points. Hippocampal histology
__________________
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was evaluated by H & E staining. IHC was done for GABA, 5-HT
and NMDA receptor expression status. Result: In ours study NDV
and IDV group showed significant delay in terms of developmental
and cognitive parameters compared to NDC group. Social interaction was significantly less in the IDV group compared to NDV
group (p<0.05). Similar findings were also obtained in cases of oxidative stress parameters (MDA and GSH). In hippocampal
histopathology, higher number of pyknotic neurons were seen in the
NDV and IDV groups when compared to NDC group. On IHC,
alteration of GABA, 5-HT and NMDA receptor expression was seen
in NDV and IDV group.
Conclusion: In our study, both IDV and NDV group showed
delayed developmental and other parameters, but the changes were
more pronounced in the IDV group. Hence we conclude that IDV is
a better model in terms of validity compared to NDV model of
autism.

PS01-29
ADAPTIVE CEREBELLAR LEARNING DEFICITS AND
ABNORMAL IN VIVO PURKINJE CELL PHYSIOLOGY IN A
MOUSE MODEL OF PREMATURE BIRTH INJURY
Aaron Sathyanesan, Srikanya Kundu, Vittorio Gallo
Children's National Health System, Center for Neuroscience
Research, Washington DC, USA
The neonatal cerebellum is uniquely vulnerable to injury, since
morphogenesis and circuit-maturation in the cerebellar cortex follows a protracted timeline. Perinatal stressors such as hypoxia have
been shown to induce injury in premature infants. Previous studies
have shown that premature infants exhibit gross and fine motor skill
deficits. However, the link between early injury, cerebellar-mediated
behavior, and underlying pathophysiology of the cerebellar cortex
has not been systematically identified. Here we report the presence
of cerebellar-dependent locomotor deficits in a mouse model of premature brain injury. Using an automated behavioral system – the
Erasmus Ladder – we characterized lower-level features such as gait
and locomotor coordination and higher-level features such as
adaptive cerebellar learning. As mice moved along the pressuresensor rungs of the Erasmus ladder, gait patterns and locomotor coordination were measured. We found that P25 animals with neonatal
injury (Hx) have severe locomotor miscoordination compared to
controls. Using an associative conditioned learning paradigm, we
show that adaptive cerebellar learning was severely disrupted in Hx
mice when presented with an obstacle in the path of locomotion.
P25 as well as P45 Hx mice displayed significantly increased
steptimes compared to controls in US-CS paired trials, indicating
abnormal cerebellar circuitry. To identify changes in cerebellar
physiology, we performed in vivo electrophysiology from Purkinje
cells (PCs). We found that PCs in Hx animals at different stages of
development displayed significantly reduced basal simple spike
firing rates as well as altered regularity (CV) and rhythmicity (CV2)
of firing compared to controls. Optostimulation using PC-specific
Channelrhodopsin indicated that Hx causes significantly attenuated
evoked firing. Finally, we show that pharmacological intervention
in Hx animals with a GABA-reuptake inhibitor significantly improves locomotor coordination and PC firing properties. Our results
demonstrate a long-term miscoordination phenotype characterized
by locomotor __________________
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malperformance and cerebellar-learning deficits in a mouse model
of neonatal brain injury. Our findings also implicate the developing
GABA network as a potential therapeutic target for prematurityrelated locomotor deficits.

PS01-30
ROLE OF THE ACTIVITY DEPENDENT GENE NEURITIN 1
IN RETINOGENICULATE SYNAPSE DEVELOPMENT
Gail Stanton1, Aboozar Monavarfeshani2, Michael Fox2
1
Virginia Tech Carilion, School of Medicine, Roanoke, USA
2
Virginia Tech Carilion , Research Institute, Roanoke, USA
Projections of retinal ganglion cells (RGCs) to the dorsal lateral
geniculate nucleus (dLGN) of the mouse thalamus form two
structurally and functionally distinct types of retinogeniculate
synapses (termed " simple" and " complex" retinogeniculate
synapses). These " complex" retinogeniculate synapses are formed
by convergence of clusters of retinal terminals from dozens of RGC
axons onto a single relay cell dendrite, and are prevalent in dLGN
and absent in other retino-recipient regions. Using next generation
sequencing aimed at identifying target-derived cues that drive
retinogeniculate synapse formation we identified Neuritin 1 (nrn1),
an activity dependent gene known to stabilize developing synapses,
as a factor that is enriched in dLGN but not in other retino-recipient
nuclei during the maturation of retinogeniculate synapses. Here, we
aim to address the role of nrn1 in the formation of retinogeniculate
synapses. To examine the anatomical development of
retinogeniculate synapses in targeted mice laking NRN1 (nrn1-/-),
retinal terminals in the dLGN were immunolabeled with antibodies
against vesicular glutamate transporter 2 (VGluT2, a synaptic
vesicular component present in retinal terminals in visual thalamus)
at P8, P14, and P25. We also labeled anterograde retinal projections
by intraocular injections of fluorophore-conjugated Cholera Toxin B
(CTB) at P9 and P10 to assess the pattern and area of retinal projections to the dLGN. Morphological differences in synapses in
wildtype (WT) control mice and nrn1-/- mice were assessed with
confocal microscopy and image analysis software, ImageJ, and
compared with paired 2-sample t-tests. Our analysis did not reveal
any significant differences in retinogeniculate synapse morphology
in nrn1-/- mice compared to controls (p>.05). Likewise, axonal
tracing experiments did not reveal any changes in the pattern of
retinal projections or overall size of the dLGN (p>.05). These
results indicate that nrn1 does not play an important role in the
formation, maturation, or maintenance of retinogeniculate synapses
in the dLGN of mice.
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PS01-31
JUVENILE OBESITY LEADS TO ABNORMAL NEURAL
AND BEHAVIORAL SUBSTRATES UNDERPINNING FEAR
AND ANXIETY
Julio Vega-Torres1, Elizabeth Haddad2, 5, Jeong Bin Lee2
Priya Kalyan-Masih1, 2, Leonardo López Pérez3
Darla M. Piñero Vázquez3, Yaría Arroyo Torres3, 4
José M. Santiago Santana3, 4, Andre Obenaus2, 5
Johnny D. Figueroa1, 2
1
Loma Linda University School of Medicine, CHDMM/Basic
Sciences/Physiology, Loma Linda, USA
2
LLU School of Medicine, Basic Sciences, Loma Linda, USA
3
UPR Carolina Campus, Neuroregeneration Division,
Neuroscience Research Laboratory, Natural Sciences, Carolina,
PR
4
UMET, Sciences and Technology, San Juan, PR
5
UCI, Pediatrics, Irvine, USA
Obesity has been identified as a major risk factor for anxiety disorders. Fear conditioning has long been considered a central pathogenic mechanism in anxiety disorders. The objective of this study
was to determine the impact of an obesogenic Western-like high-fat
diet (WD) on fear conditioning. We hypothesized that consumption
of a WD during adolescence impairs conditioned fear as revealed by
the magnitude of startle response to an auditory stimulus.
Adolescent Lewis rats were fed for eight weeks with either the
experimental WD diet (41.4% kcal from fat) or the control diet
(16.5 % kcal from fat). Acoustic startle reflex (ASR) and fear-potentiated startle (FPS) responses were assessed to determine fear,
attentional processing, and startle plasticity. We found that rats that
consumed a WD during adolescence exhibited reduced acoustic
startle responses. Notably, the FPS paradigm revealed that WD-fed
rats exhibited marked impairments in fear associative learning. We
showed that the rats that consumed the WD exhibited increased
background anxiety to the acoustic stimuli. These behavioral effects
were associated with a robust disruption in the medial prefrontal
cortex and amygdalar structural integrity and connectivity, as
revealed by diffusion tensor imaging (DTI) indices. Altogether, our
findings demonstrate that adolescent WD consumption has a profound impact in the neural and behavioral substrates implicated in
anxiety. This study is important because it prepares the ground to
delineate the mechanistic links between obesity and anxiety disorders. We anticipate that our research will inform the path to
needed biomarkers and interventions for improving the quality of
stress and anxiety management, particularly in a growing obese
population.
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PS01-32
ROLE OF NRF2 IN OLIGODENDROCYTE DEVELOPMENT
AND ISCHEMIC RESPONSE
Dylan Verden1, Mikaela Neal1, Christian Greer2, Paco Herson2
Wendy Macklin1
1
University of Colorado Denver - Anschutz Medical Campus, Cell
and Developmental Biology, Aurora, USA
2
University of Colorado Denver - Anschutz Medical Campus,
Pharmacology, Aurora, USA
White matter injury is a crucial component of ischemic stroke
pathophysiology. In addition to local neuronal death, ischemia
damages oligodendrocytes, the myelin-producing cells of the central
nervous system. This causes secondary damage to myelinated axons
connecting brain regions, effectively increasing the scope of the
injury. Stroke susceptibility varies with age, and the juvenile period
is characterized by greater stroke recovery than at other ages. Previous work from our lab has shown that oligodendrocytes in the
juvenile striatum are resistant to ischemic injury. Interestingly, the
juvenile period is the peak of central nervous system myelination,
which imposes heavy metabolic demands on oligodendrocytes. One
possible mechanism of juvenile oligodendrocyte ischemic resistance
is that active myelination requires increased antioxidant capacity
that confers protection from ischemic injury. RNA-sequencing of
acutely isolated juvenile and adult oligodendrocytes uncovered
differential regulation of Nrf2, a transcription factor best known for
driving glutathione synthesis and metabolism in response to oxidative stress. Nrf2 has been shown to play a role in ischemic response in several cell types in the central nervous system, and to
protect oligodendrocytes from reactive oxygen species. We therefore investigated a potential dual role of Nrf2 in oligodendrocyte
development and ischemic response. In vitro analysis of cultured
oligodendrocytes showed that Nrf2 protein is upregulated during
oligodendrocyte differentiation. Furthermore, analysis of juvenile
and adult brains revealed increased expression of Nrf2 and
glutathione-related proteins in juvenile oligodendrocytes. Preliminary evidence indicates that these pathways are further upregulated following ischemia-reperfusion injury in the juvenile brain.
These data suggest that Nrf2 and glutathione may be utilized during
oligodendrocyte development and injury response. Use of oligodendrocyte-specific Nrf2 knockout mice will determine the impact
of Nrf2 loss in oligodendrocyte development and myelination.

PS01-33
DEVELOPMENTAL AND PHYSIOLOGICAL DEFECTS IN A
MOUSE MODEL OF COBBLESTONE LISSENCEPHALY
Wenny Wong1, Yiu Cheung Wong1, Carrie R. Jonak2
Devin K. Binder2, Edward Zagha3, Martin M. Riccomagno1
1
University of California, Riverside, Department of Molecular,
Cell, and Systems Biology, Riverside, USA
2
University of California, Riverside School of Medicine, Division of
Biomedical Sciences, Riverside, USA
3
University of California, Riverside, Department of Psychology,
Riverside, USA
We aim to identify the role of a family of adaptor proteins during
neocortical lamination and cortical circuit establishment. During
neocortical development, migrating neurons must accurately
__________________
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interpret signaling cues to laminate properly. The Crk-associated
substrate (Cas) family of cytosolic signaling adaptor proteins
mediates cellular responses to neural guidance cues, making them
good candidates to integrate multiple signaling pathways. Cas
adaptor proteins show strong and specific expression in the cortical
plate and white matter, in a manner consistent with playing a role in
radial migration and stratification during neural development. We
used a conditional gene targeting approach to inactivate neocortical
expression of three embryonically expressed Cas proteins (p130Cas,
CasL, and Sin). Cas triple conditional knockout (CasTcKO) mice
display severe cortical phenotypes resembling cobblestone
lissencephaly. A hallmark of the debilitating neurodevelopmental
disorder in our mouse model includes ectopic clusters of neurons
migrating beyond the marginal zone and invading the meninges.
CasTcKO brains have L1+ axon bundles innervating these ectopias
and display mispositioned deep layer and superficial layer neurons.
These findings support the notion that Cas adaptor proteins play
essential roles during neural migration and circuit formation. To
explore the physiological correlates of these lamination defects, we
performed electroencephalography (EEG) recordings and trained
mutant and control animals in a Go/No-Go somatosensory detection
task. EEG analysis revealed the presence of epileptiform activity in
the frontal and somatosensory cortices of CasTcKO mutant mice,
which are absent in control animals. Furthermore, CasTcKO animals
performed poorer in the detection task. Intriguingly, mutant mice
demonstrated long periods of disengagement during the task, which
may correlate with the electroencephalographic abnormalities. Our
study provides unique and significant mechanistic insight into how
the neocortex forms and how neurodevelopmental disorders may
arise.

PS01-34
OXYTOCIN REGULATES SCAFFOLDING PROTEINS IN
THE BRAIN AND IN NEURONAL CELLS
Martina Zatkova1, 2, Alexandra Reichova 2, Tomas Havranek3, 2
Zuzana Bacova2, 4, Jan Bakos2, 1
1
Faculty of Medicine, Comenius University, Institute of Physiology,
Bratislava, Slovakia
2
Biomedical Research Center, SAS, Institute of Experimental
Endocrinology, Bratislava, Slovakia
3
NOVA Southeastern University, College of Pharmacy, Fort
Lauderdale, Florida
4
Faculty of Medicine, Slovak Medical University, Department of
Normal and Pathological Physiology, Bratislava, Slovakia
Neuropeptide oxytocin plays a role in the neuronal differentiation
and related morphological changes of neuronal cells. However,
mechanisms of its action at the molecular level are not fully understood. Activation of oxytocin receptors increases the cytosolic
calcium, which may induce changes of neuronal morphology. We
have previously demonstrated that oxytocin increases neurite
outgrowth and affects expression of actin-binding proteins. The aim
of the present studies was to further investigate the oxytocin effects
on calcium levels and scaffolding proteins. Oxytocin (1mg/kg/ml)
was administrated to the neonatal Wistar rats or it was infused
(20ng/µl, 7 days) into the lateral cerebral ventricle of adult Wistar
rats. SH-SY5Y cells were used to reveal molecular mechanisms in
vitro. Neonatal treatment with oxytocin significantly decreased the
__________________
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gene expression of scaffolding proteins SHANK1 and SHANK3 in
the hippocampus. Opposite trend has been evidenced in adult rats
where oxytocin stimulated expression of SHANK proteins. In SHSY5Y cells, oxytocin (1µM) induced an increase in the intracellular
calcium levels and specificity of the calcium influx was verified by
blockade of the oxytocin receptors with oxytocin receptor
antagonist. The exposure of SH-SY5Y cells to oxytocin resulted in
a significant increase in the gene expression of SHANK proteins.
Overall, it appears that oxytocin contributes to the regulation of expression of scaffolding proteins known to be associated with
clusters of calcium channels at the cell membrane. The present data
also suggest that oxytocin differentially regulates SHANK proteins
during the early development. Given the known importance of
oxytocin signaling in neurodevelopment, it is especially important
to consider consequences of an early alteration in the oxytocinsystem for autism spectrum disorders. Supported by VEGA 2/0116/
16, VEGA 1/0052/15, APVV-15-205 and APVV-15-0045.

PS01-35
IN VIVO GENETIC EVIDENCES SHOWING
OLIGDENDROGLIAL HIF REGULATES CNS
ANGIOGENESIS THROUGH VEGF BUT NOT WNT
SIGNALING
Sheng Zhang1, 2, Xiaoqing Zhu1, Xuehong Gui1, Abeer Rasai1
Aijun Wang1, Fuzheng Guo1, 2
1
Shriners Hospitals for Children, Northern California, Institute for
Pediatric Regenerative Medicine, Sacramento, USA
2
University of California, Davis, Department of Neurology,
Sacramento, USA
CNS angiogenesiss is a process that new blood vessels are formed
by sprouting from preexisting vessels, and is the main mechanism
of CNS vasculature maturation. Prior to the formation of fully functional vasculature, CNS parenchyma is under physiological hypoxia
where hypoxia inducible factor alpha (HIFa) is stabilized. Previous
study reported that oligodendrocytes (OLs) regulate CNS
angiogenesis through HIFa-mediated Wnt signaling pathways.
However, the involvement of oligodendroglial HIFa-mediated
downstream signaling pathways in regulating CNS angiogenesis
was tested in the in vitro and slices culture conditions, and in vivo
genetic evidences are needed. Using genetic models of HIFa
stabilization and conditional ablation, we showed that oligodendroglial HIFa is both essential and sufficient for CNS angiogenesis.
VEGFA, but not Wnt/beta-catenin signaling was perturbed in the
CNS of animals with HIFa stabilization or disruption, which was
confirmed by purified primary oligodendrocytes. We generated
transgenic mice in which HIFa was stabilized specifically in OLs
and simultaneously blocked Wnt (HIFa stabilization and WLS
cKO) or VEGF (HIFa stabilization and VEGF cKO) signaling to
test our hypothesis that VEGF but not Wnt signaling is the downstream target in OLs that regulates endothelial proliferation and
CNS angiogenesis in a paracrine manner. We demonstrated that (1)
oligodendroglial HIFa stabilization increased the density of CNS
blood vessels, (2) blocking OL-derived Wnt signaling had no effect
on the blood vessel density in the HIFa stabilized CNS, (3) blocking
OL-derived VEGF signaling significantly attenuated the vessel
densities observed in the HIFa stabilized CNS. Our in vivo genetic
data suggest that OL-derived VEGF, but not OL-derived Wnt
__________________
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signaling, is the downstream target that regulates endothelial proliferation and CNS angiogenesis.

PS01-36
CARDIOVASCULAR SYMPATHETIC RESPONSES TO
COLD PRESSOR TEST IN NORMOTENSIVE AND
HYPERTENSIVE NIGERIANS
Oladele Abidoye1, Jaja Smith2, Sofola Olusoga2
1
Lagos State University College of Medicine, Physiology, Ikeja,
Nigeria
2
College of Medicine of the University of Lagos, Physiology,
Idi-Araba, Nigeria
The prevalence of hypertension is still quite high globally,
especially in Africa and sympathetic overdrive has been implicated
in its pathogenesis.
Objectives: To assess and compare cardiovascular sympathetic responses to cold pressor test (CPT) in normotensive and hypertensive
Nigerians.
Methods: The study was conducted on apparently healthy fortythree age-matched normotensive and thirty-seven hypertensive
Nigerians after ethical approval and written informed consent forms
were obtained. The volunteers were exposed to sympathetic provocative stimulus, the cold pressor test. Subjects were instructed to
immerse one foot into ice slurry, maintained at 4°C for 1 minute.
Cardiovascular parameters measured were systolic blood pressure
(SBP), diastolic blood pressure (DBP) and heart rates (HR). The
parameters were determined before and after exposure to CPT.
Results: SBP and DBP increased significantly (p < 0.001) in both
normotensive and hypertensive groups of subjects after exposure to
CPT. There were also significant increases (p < 0.05) in HR in both
study groups of subjects. However, there were no significant
differences (p > 0.05) in the magnitudes of changes in any of these
parameters measured in the hypertensive group of subjects when
compared with the values in the normotensive counterparts. At
least, one-third of the normotensive and hypertensive subjects were
seen to be hyper-reactive in their SBP, after exposure to CPT while
about a quarter of subjects in each study group, demonstrated hyperreactivity in the DBP.
Conclusion: Cardiovascular sympathetic responses to CPT were
essentially similar in normotensive and hypertensive Nigerians.
This implies sympathetic overdrive, though implicated in the pathogenesis of essential hypertension, might not be the hallmark in the
development of essential hypertension in black population.
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PS01-37
QUANTITATIVE ANALYSIS OF AGE-RELATED
DOUBLECORTIN EXPRESSION IN THE
TELENCEPHALON OF MALE JAPANESE QUAIL
(CORTUNIX JAPONICA)
Amadi Ihunwo, Pilani Nkomozepi, Pedzisai Mazengenya
Paul Manger
University of the Witwatersrand, Faculty of Health Sciences, School
of Anatomical Sciences, Johannesburg, South Africa
Most avian neurogenesis studies focused on the song control
system and little attention has been given to non-song birds. The
few neurogenesis studies in quails mainly focused on the sex steroid
sensitive areas of the brain such as the medial preoptic and lateral
septal nuclei. Despite the important role the quail telencephalon
plays in filial imprinting and passive avoidance learning, neurogenesis in this structure has been overlooked. The aim of this study
was therefore to quantitatively determine how doublecortin (DCX)
expression in the Japanese quail telencephalon changes with post
__________________

2018 Transactions of the American Society for Neurochemistry ®

hatching age (3-12 weeks) and life history stage. The birds were
anesthetized with Euthapent (0.5 – 1 ml/kg), transcardially
perfusion fixed with 4% paraformaldehyde in 0.1 M phosphate
buffer (pH 7.4). Brains were sectioned coronally at 50 micrometer
in a cryostat followed by DCX immunohistochemistry for neuronal
proliferation. Bipolar and multipolar DCX-immunoreactive cells
were observed in the entire telencephalon except for the entopallium
and arcopallium. In addition, there was negative correlation between DCX expression in all the eight telencephalic areas
(Hyperpallium densocellulare, Intermediate medial mesopallium,
hippocampus, nidopallium, medial and lateral striatum, medial and
lateral septum) quantified with post-hatching age. Furthermore,
numbers of bipolar and multipolar DCX immunoreactive cells were
higher in the juvenile compared to subadult and adult quails. Neuronal incorporation in the quail telencephalon though widespread,
declines with post hatching age. The most dramatic decline in neuronal incorporation in these telencephalic regions commenced at 7
weeks, just after the quail attained sexual maturity.
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CEREBRAL CORTEX DAMAGE INDUCED BY ACUTE
ORAL ALCOHOL INTAKE IS ASSOCIATED WITH
OXIDATIVE STRESS IN WISTAR RATS (RATTUS
NORVEGICUS)
Abayomi Ajayi1, Shunom Lolo Ayuba2
Olugbenga Olawale Eweoya3
1
Kogi State University, Anyigba, Department of Anatomy, Anyigba,
Nigeria
2
Bingham University, Department of Anatomy, Karu, Nigeria
3
University of Abuja, Department of Anatomy, Abuja, Nigeria

TRANSCRIPTIONAL AND EPIGENETIC ASPECTS OF
INCUBATION OF METHAMPHETAMINE CRAVING
Jean Lud Cadet
NIDA Intramural Research Program, Molecular Neuropsychiatry
Research Branch, Baltimore, USA

Abstract Text should be entered here. This is only an example to
show you how the abstract should be formated. You may preview
this example to see how it looks like. But after that delete these
lines and enter your own text!The prefrontal cortex undergoes functional and structural changes due to binge or chronic alcohol consumption. This study examines alcohol-induced cerebral cortex
damage and the association with oxidative stress in an animal
model. Twenty-four Wistar rats (12 males and 12 females) weighing
150g to 250g were divided into four groups, A, B, C and D
according to their weights. The rats in groups B, C and D were
administered with 2mls of 52.5%, 16.5% and 4.3% v/v aqueous
alcoholic solution respectively for 21 days. While rats in group A
(control group) were given distilled water only, for the same period.
The brain of each rat was excised, weighed and fixed in 10% formal
saline for histological analysis while others were immersed in ice
cold 30% sucrose solution, homogenized and analyzed for superoxide dismutase, malondialdehyde and acetylcholinesterase activity.
Results indicate chromatolysis of Nissl bodies, cortical necrosis,
and uneven neuronal loss with varying range of vacuolations in the
prefrontal cortices of the alcohol treated rats in a dose-dependent
manner when compared with the control group. Moreover, there is a
significant difference in the level of oxidative stress markers in the
treatment groups which suggests that cerebral cortex damage due to
acute oral alcohol intake is associated with oxidative stress.
__________________
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Substance use disorders are biopsychosocial problems that have
substantial negative impact. These disorders are defined as
compulsive abuse of licit or illicit substances despite adverse
medicolegal consequences. Although much research has been
conducted to elucidate the pathobiological bases of these disorders,
much remains to be done to develop an overarching neurobiological
understanding that might be translatable to beneficial pharmacological therapies. In the cases of psychostimulants,
mmethamphetamine addiction is mimicked in rats that selfadminister the drug. However, these self-administration (SA)
models do not include adverse consequences that are necessary to
reach a diagnosis of addiction in humans by the DSM. In addition, it
is known that stresses can impact the use of drugs differentially in
individual subjects. In the present study, we measured genome-wide
transcriptional consequences of methamphetamine SA and
footshocks in the rat brain. We trained rats to self-administer
methamphetamine for 20 days and then we punish lever-presses for
methamphetamine with mild footshocks of increasing intensity for 5
days. Response-contingent punishment significantly reduced
methamphetamine taking in some rats (shock-sensitive, SS) but not
in others (shock-resistant, SR). Rats, receiving methamphetamine
and footshocks were also yoked to rats that were receiving saline.
Rats also underwent extinction test at one day and 30 days after the
last shock session. Rats were euthanized one day after the second
extinction test and the dorsal striatum and nucleus accumbens were
collected to measure gene expression with microarray analysis. We
found that 9 (6 up, 3 down) were affected in the SRvsSS comparison, including CARTpt. We also observed that 9 genes (1 up, 8
down) were affected in the nucleus accumbens, including oxytocin.
These observations support a potential role of oxytocin and CARTpt
the proneness to relapse after long periods of forced abstinence.
Interesting, footshocks alone also impacted gene expression in these
two brain regions. Taken together, we can conclude that adverse
consequences can have substantial transcriptional changes in the
brain and that dissection of the impact of these changes may help to
understand the role of stress in promoting continued compulsive
drug taking.
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MODULATION OF NEURAL STEM CELL BY
COMPLEMENT C1Q
Francisca Benavente, Katja Piltti, David Creasman
Aileen Anderson
University of California Irvine, Sue and Bill Gross Stem cell
research Center, Irvine, USA

ACUTE NEUROINFLAMMATION INDUCES AXON INITIAL
SEGMENT PLASTICITY
Savannah Benusa1, Nicholas George3, Brooke Sword1
George DeVries1, 2, Kimberle Jacobs1, Jeffrey Dupree1, 2
1
Virginia Commonwealth University, Anatomy and Neurobiology,
Richmond, USA
2
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3
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Neural stem cell (NSC) therapies offer promising potential for
promoting neurorepair following a variety of neurodegenerative disorders and central nervous system injuries. Despite an evolving
understanding of the molecules and factors involved in neurogenesis in the developmental neurogenic niche, little is known about
how changes in the neurogenic niche in response to disease, injury,
or aging may modulate endogenous as well as transplanted NSC
and their final capacity for neurorepair. We have reported novel
evidence that the innate immune system can modulate NSC
migration and differentiation, influencing their final capacity for
functional integration. Specific immunodepletion of neutrophils
(PMN) inhibited transplanted-NSC astrogliogenesis and rescued the
capacity of NSC to promote locomotor improvement after Spinal
cord injury. Additionally, in vitro exposure to conditioned medium
derived from polymorphonuclear neutrophil (PMN) or macrophage/
microglia (Mø) modulated NSC migration and differentiation,
demonstrating a clear role for the inflammatory microenvironment
in directing NSC behavior. Interestingly, we identified two novel
and conserved factors responsible for these effects, complement
components C1q and C3a, which are secreted at distinct concentrations by these immune cell populations and directly modulate
NSC migration and differentiation in vitro and in vivo. In this study,
we analyzed the molecular mechanism involved in the effect of C1q
on NSC. We report that complement C1q modulates NSC through a
paracrine mechanism that involves receptor mediated cell signaling
transduction. Using an unbiased screening strategy we identified a
short list of novel C1q receptors which mediate discrete roles in
different aspects of NSC behavior including proliferation,
migration, and lineage selection, as well as dynamic regulation
during NSC differentiation. These data provide the first evidence of
C1q as a signaling molecule on NSC and elucidates a set of novel
receptor interactions and intracellular pathways between the
immune system and NSC populations, potentially expanding the
clinical targets for NSC modulation.
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Chronic microglia-mediated inflammation and oxidative stress are
well characterized underlying factors in neurodegenerative disease,
whereby reactive inflammatory microglia enhance reactive oxygen
species (ROS) production and impact neuronal integrity. Recently, it
has been shown that during chronic inflammation, neuronal integrity is compromised through targeted disruption of the axon
initial segment (AIS), the axonal domain critical for action potential
initiation and modulation. AIS disruption was associated with direct
contact by reactive inflammatory microglia which ensheath the
domain and increase AIS association with disease progression.
While it is clear that chronic microglial inflammation and enhanced
ROS production can impact neuronal integrity, little is known about
how acute microglial inflammation influences AIS stability. This
study uses the LPS model of neuroinflammation, characterized by
enhanced microglial reactivity and increased expression of ROSproducing enzymes, to investigate the structural and functional integrity of the AIS in the presence of an acute inflammatory event
and after its resolution. We show that neuroinflammation, induced
by a single peripheral injection of LPS, induced structural plasticity
at the AIS. LPS-driven neuroinflammation disrupted protein
clustering at the AIS and these disruptions were reversed following
resolution of inflammation. Furthermore, modulation of the inflammatory response using anti-inflammatory treatment Didox, even
after significant AIS disruption occurred, increased the rate of AIS
recovery. qPCR analysis revealed that expression of microglial
NOX2, a ROS-producing enzyme implicated as the primary producer of oxidative stress, was significantly increased correlating
with AIS disruption. Using NOX2-/- mice, we found that ablation of
NOX2 prevented inflammation-induced AIS plasticity suggesting
that during microglial inflammation, NOX2-derived ROS drive AIS
structural plasticity. Thus, in the presence of microglial inflammation and ROS, the AIS undergoes an adaptive change that is
capable of spontaneously recovering, underscoring the dynamic
capabilities of this domain in the presence of a pathological insult.
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GRO1 INDUCES PREMATURE SENESCENCE IN
HIPPOCAMPAL NEURONAL PROGENITORS
Vera Chesnokova1, Svetlana Zonis1, Joshua Breunig2
Kolja Wawrowsky2, Nadiya Ginzburg1
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2
Cedars-Sinai Medical Center, Biomedical Sciences, Los Angeles,
USA
The subgranular zone of hippocampus contains neuronal progenitor cells (NPC) that continue to divide and differentiate
throughout adulthood into neurons, astrocytes and oligodendrocyte.
Inflammation alters hippocampal neurogenesis, resulting in
cognitive deficiencies, learning and memory deficits, and mood disorders. During inflammation, chemokines and chemokine receptors
cooperate to promote immune cell recruitment to the central
nervous system. In the rodent brain, the chemokine Gro1 and its
receptor CXCR2 are constitutively expressed at low levels and expression is markedly activated in microglia, astrocytes, endothelial
cells, and neurons in response to local or systemic inflammation.
The goal of our study was to examined the effects of Gro1 on
hippocampal neuronal progenitor proliferation and differentiation.
We showed that inflammatory cytokines IL-1β and IL-6 markedly
induced Gro1 mRNA and protein expression, likely by activating
NFκB, a transcription factor for Gro1, in NPC isolated from both
human and murine adult hippocampus. In turn, Gro1 overexpression
negatively affected neuronal lineage, decreasing proliferation of
Tuj-1 positive neurons and expression of DCX, a marker of newly
developing neurons. In both NPC and in HT22 immature hippocampal neurons, Gro1 activated the senescence pathway, evidenced
by induced senescent-associated β-galactosidase as well as cell
cycle suppressing proteins p53, p21, and p16. High Gro1 also increased expression of Ng2, a marker of oligodendrocyte progenitors, and induced proliferation of Ng2-positive cells.
Electroporation of plasmid expressing Gro1 in the brain of newborn
mice led to increased hippocampal Gro1 and decreased DCX expression, while PDGFαR, a marker for oligodendrocyte progenitors,
was elevated when analyzed 10 days later. In adult mice, systemic
LPS treatment induced Gro1 expression in male but not in female
hippocampus, while treatment with E2 reduced LPS-triggered Gro1
expression in male mice. These findings outline new mechanisms
underlying aberrant hippocampal neurogenesis during inflammation. The results may be linked to the sex-related differences in
the incidence and symptoms of neuropsychiatric and neurodegenerative disorders.

PS03-04
EFFECTS OF ORGANOTIN COMPOUNDS ON
INFLAMMASOME ACTIVATION AND MATURE IL-1B
RELEASE
Gabrielle Childers, Caroline Perry, Michael Devito, G.J. Harry
NIH/NIEHS, Neurotoxicology Group, Durham, USA
Inflammasomes are a component of the innate immune system
contributing to inflammatory disease. Following priming with an inflammatory signal, NLRP3 inflammasome activation can be
triggered by pathogen-associated and damage-associated molecular
__________________
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patterns. This involves a process of apoptosis-ASC speck formation,
caspase-1 cleavage, production of pro- interleukin-1 beta (IL-1b)
and eventual secretion of mature IL-1b). Using two stimulatory
compounds (trimethyltin hydroxide; TMT OH and triethyltin
bromide; TET Br) as secondary triggers following lipopolysaccharide (LPS) priming, we observed a dichotomy between
NLRP3 inflammasome complex formation and subsequent release
of mature IL-1b in mouse macrophage RAW 264.7 cells. Each compound was efficient to induce ASC speck formation, activate
caspase 1, increase IL-1b mRNA, and elevate intracellular IL-1b
protein production; however, only TET Br as a trigger, induced the
release of mature IL-1b, indicative of full inflammasome activation.
Taken together, the data suggests that both TET Br and TMT OH
can trigger inflammasome complex formation, but that a further intracellular mechanism is required for the release of mature IL-1b.
To interrogate the contributing intracellular signaling mechanisms
association with the dichotomy of response, we examined aspects of
mitochondrial function that have been previously linked to inflammasome activation. Mitochondrial reactive oxygen species (ROS)
was decreased by 25% by both compounds indicating a lack of
differential response. Further examination of mitochondrial oxidative function using the Seahorse XF Mitochondrial Stress test
indicated for TET Br a slight decrease in basal respiratory function
and a significant decrease in the cell’s maximum respiratory
capacity, suggesting mitochondrial dysfunction. This was not observed for TMT OH, suggesting the potential link between mitochondrial dysfunction independent of mitochondrial ROS production and the full processing of the cells to cleave pro-IL-1b for
release of the mature form. Given the neurotoxic properties of these
two compounds, mouse microglia BV-2 cells were examined and
found to demonstrate a similar dichotomy.

PS03-05
NOVEL C1Q-RECEPTOR INTERACTION MEDIATES
CHEMOTAXIS IN NEURAL STEM CELLS
David Creasman, Francisca Benavente, Mitra Hooshmand
Katja Piltti, Aileen Anderson
University of California at Irvine, Bill and Sue Gross Hall, Irvine,
USA
The use of transplanted neural stem cells (NSC) to treat neurodegenerative conditions such as spinal cord injury (SCI) holds
exciting potential. However, the complex interactions between NSC
and their microenvironment must be better understood to ensure the
transplanted cells develop and integrate properly in the host CNS. A
critical component of understanding how NSC communicate with
their microenvironment is elucidating mechanisms of neuroimmune
signaling. We have shown that the complement cascade, part of the
innate immune system, has non-traditional roles in signaling to
transplanted NSC. Particularly, C1q, the recognition molecule of the
classical cascade, signals to NSC and affects NSC migration, proliferation, and differentiation both in vitro and in an in vivo SCI
model. Critically, SCI involves disruption of the blood spinal-cord
barrier occurs with an acute, robust influx of serum proteins,
including C1q. We have shown that this influx of C1q serves as
chemoattractant to NSC, causing them to migrate towards the injury
epicenter. Recruited NSC then add to the astroglial scar, and fail to
contribute to the animal’s locomotor recovery. Here, we identify a
__________________
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novel C1q receptor expressed by NSC, and show that it specifically
mediates the chemotactic effects of C1q on NSC. Using receptorknockout NSC, we found that receptor expression is required for
C1q-induced chemotaxis. Investigating the molecular mechanisms
and signaling pathways through which this chemotaxis occurs, may
elucidate the in vivo relevance of these findings and allow for the
development of strategies to control NSC migration in a therapeutic
context, potentially expanding the clinical SCI transplantation
window.

PS03-06
NEURONAL RIPK SIGNALING CONTROLS ZIKA VIRUS
PATHOGENESIS
Brian Daniels1, Annelise Snyder1, Joey Kolb2, Jennifer Martinez2
Michael Gale, Jr.1, Yueh-Ming Loo1, Andrew Oberst1
1
University of Washington, Immunology, Seattle, USA
2
National Institute of Environmental Health Sciences, Immunity,
Inflammation, and Disease Laboratory, Research Triangle Park,
USA
Receptor interacting protein kinase-3 (RIPK3) is a canonical regulator of necroptosis, an immunogenic form of programmed cell
death. However, recent work has uncovered novel, cell death-independent functions for this kinase in the central nervous system
(CNS). Using mouse models of neuroinvasive Zika virus (ZIKV)
infection, we show that RIPK3 limits neuropathogenesis by suppressing ZIKV replication within CNS neurons. Ripk3-/- mice exhibited
greatly enhanced signs of neurologic disease following subcutaneous ZIKV infection, along with chronic elevation of viral burden in
the brain and spinal cord. Studies using ex vivo cultures of primary
cortical neurons revealed that RIPK3 signaling suppresses ZIKV
replication in a cell-intrinsic manner without engaging necroptotic
cell death. Transcriptomic and other virologic analyses identified
the metabolic enzyme IRG1 as a candidate antiviral mechanism
downstream of RIPK3 signaling in infected neurons. Together, our
findings uncover unexpected, death-independent functions for
RIPK3 during neuroinvasive flavivirus infection, expanding our
understanding of immune specialization in the CNS. Moreover, our
work identifies potential new targets for the study of host responses
to ZIKV, a neuroinvasive virus of significant concern to global
health.

PS03-07
COCOA POLYPHENOLS ATTENUATE THE LPS-INDUCED
BV2 MICROGLIAL INFLAMMATORY RESPONSE
Altaf Darvesh1, Matthew Neal1, Alexa Boyle1, 2, Li Lin1
Joshua Lambert3, Jason Richardson1
1
Northeast Ohio Medical University, Pharmaceutical Sciences,
Rootstown, USA
2
Kent State University, School of Biomedical Sciences, Kent, USA
3
The Pennsylvania State University, Food Science, University Park,
USA
Neuroinflammation and microglial activation are involved in the
pathogenesis of neurodegenerative diseases such as Alzheimer’s
__________________
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disease (AD) and Parkinson’s disease (PD). Currently there are no
disease modifying therapies for either AD or PD. Polyphenols have
been shown to suppress the inflammatory cascade and attenuate the
expression of proinflammatory cytokines. Green tea and cocoa are
particularly rich sources of prominent dietary polyphenols such as
catechins. In this study, we investigated the effects of three specific
polyphenols found in cocoa, (+)-catechin (CA), (-)-epicatechin
(EC), and protocatechuic acid (PTA), on the lipopolysaccharide
(LPS)-induced inflammatory response in the murine BV2 microglial
cell line. To investigate this effect, BV2 cells were pre-treated with
the three aforementioned polyphenols (1, 5, 10 mM) for 30 min
prior to LPS (100 ng/ml) exposure for 6 hrs (mRNA expression) and
24 hrs (nitric oxide (NO) levels). LPS increased the gene expression
of several pro-inflammatory factors such as tumor necrosis factoralpha (TNFa), interleukin-1beta (IL-1b), interleukin-6 (IL-6),
gp91phox, and inducible nitric oxide synthase (iNOS), as well as,
the production of NO. CA, EC, and PTA reduced the LPS-induced
iNOS gene expression by 30%, 29% and 16%, and, media nitrite
levels by 73%, 62% and 70%, respectively. Similarly, all three
cocoa polyphenols significantly attenuated the gene expression of
TNFa, IL-1b, IL-6, and gp91phox while simultaneously increasing
the expression level of the anti-inflammatory factor arginase-1.
These results demonstrate that CA, EC and PTA can suppress the
LPS-induced inflammatory response in microglia to varying
degrees. Due to the variable effects in the suppression of the LPSinduced inflammatory response by the specific polyphenols, a combination of the three polyphenols could potentially provide a more
effective anti-inflammatory response. In conclusion, cocoa polyphenols possess therapeutic potential in attenuating the inflammatory response in AD and PD. Supported by NIH R01ES021800.

PS03-08
GLIAL ACTIVATION AND INFLAMMATORY CYTOKINES
PRODUCED IN THE STRIATUM OF DYSKINETIC MICE:
AN IMBALANCE OF DOPAMINE AND GLUTAMATE?
Maurício Dos-Santos-Pereira1, 2, Gabriel Abreu1, Jeremy Rocca2
Sabah Hamadat2, Julia Sepulveda-Diaz2, Patrick Michel2
Rita Raisman-Vozari2, Elaine Del Bel1
1
Universidade de São Paulo, MFPB, Ribeirão Preto, Brazil
2
Institut du Cerveau et de la Moelle Épinière, ICM, Paris, France
L-DOPA-induced dyskinesia may be related to an inflammatory
environment, which involves glial cells activation in the striatum.
This pro-inflammatory environment may result from excessive
levels of glutamate and dopamine (DA) released following L-DOPA
administration. Our aim was to verify whether 1) L-DOPA treatment
in hemiparkinsonian mice increases the levels of astrocytes and
microglia and the production of inflammatory cytokines in the
striatum and 2) DA or glutamate application directly into purified
cultured glia generates an inflammatory response. 6-hydroxydopamine-lesioned C57BL/6 mice were treated with L-DOPA (25
mg/kg + Benserazide 10 mg/kg i.p.) for 21 days and had their
striatum analyzed by immunohistochemistry. For in vitro analysis,
glial cell isolation was performed based on a previously established
protocol (Sepulveda-Diaz et al., 2016) and stimulated with LDOPA/DA or glutamate. Hemiparkinsonian mice developed severe
axial, limb, locomotor and orofacial abnormal involuntary
__________________
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movements (X²(3)=26.28, p<0.05). L-DOPA treatment induced
astrocytic activation in the dorsolateral striatum (F(3,24)=26.12,
p<0.05) and an increase of reactive microglia (F(3,24)=16.33,
p<0.05). There was also an augmentation in the cytokines TNF-α
(F(2,15)=20.37, p<0.05), IL-1β (F(2,15)=14.33, p<0.05) and IL-6
(F(2,15)=9.43, p<0.05). L-DOPA/DA stimulation in cultured astrocytes (3 and 10 µM) resulted in TNF-α (F(6,35)=180.2, p<0.05) and
IL-6 reduction (F(6,35)=596.4, p<0.05). Glutamate stimulation (50
and 500 µM) generated an increase in GFAP expression
(F(2,9)=79.03, p<0.05) and TNF-α production (p<0.05). In cultured
microglia, DA diminished Iba-1 expression (F(2,9)=8.29, p<0.05)
while glutamate induced Iba-1 increase (F(2,9)=74.72, p<0.05). We
conclude that glial activation accompanies cytokine production in
dyskinetic mice, and this inflammatory environment might result
from an imbalance of glutamate and DA levels acting jointly in glial
cells.

PS03-09
SEX-SPECIFIC DIFFERENCES IN ASTROCYTE
REACTIVITY IN HUMANIZED APOE MICE
Aseel Eid1, Isha Mhatre1, 2, Yoonhee Han1, Jason Richardson1
1
Northeast Ohio Medical University, Pharmaceutical Sciences,
Rootstown, USA
2
Kent State University , Biomedical Sciences, Kent, USA
Alzheimer’s disease (AD) is a progressive neurodegenerative disorder, and is characterized by the presence of pathological
hallmarks including amyloid beta (Aβ) plaques, and neurofibrillary
tangles. Patients diagnosed with AD also experience neuronal loss
in the hippocampus and regions of the cerebral cortex, specifically
the frontal cortex. This loss is thought to be facilitated by the pathological products themselves, as well as chronic neuroinflammation.
Recent evidence has also shown that astrocytes participate in this
inflammatory response, particularly as it pertains to generation of
nitric oxide. Aging, family history, sex, particularly female, and
APOEe4 genotype have been shown to play prominent roles in increasing AD risk. The prominent expression of APOE in astrocytes
suggests a potential link between APOE genotype and neuroinflammation. However, it is not currently known whether there are intrinsic sex and genotype interactions in astrocytes that may
influence the inflammatory response. To determine this, we isolated
sex-specific primary astrocytes from postnatal day (PND) 0-3
humanized APOE3 and APOE4 and measured their response to a
mix of pro-inflammatory cytokines (CM) known to activate astrocytes. Following treatment for 24 hr, media nitrite, an indicator of
nitric oxide production, was increased by 4-fold in female APOE3
astrocytes. However, astrocytes isolated from APOE4 females
demonstrated 10-fold increase. This affect was much less pronounced in male APOE3 and APOE4 astrocytes, where we only
measured a 2-fold increase relative to control. These data suggest
that sex-specific primary astrocytes differing by APOE genotype
respond differentially to pro-inflammatory cytokines. Taken
together, these data may suggest a potential mechanism by which
sex and genotype differences in AD-related neuroinflammation are
observed. Supported in part by NIH R01ES026057
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PS03-10
A TALE OF TWO VIRUSES: COGNITIVE RECOVERY IN
THE POST-INFECTIOUS CNS
Charise Garber, Allison Soung, Lauren Vollmer
Marlene Kanmogne, Aisling Last, Jasmine Brown, Robyn Klein
Washington University in St Louis, School of Medicine, Department
of Medicine/Division of Infectious Disease, Saint Louis, USA
Cognitive dysfunction following viral encephalitis is associated
with persistent reactive changes in microglia and astrocytes. T-cell
infiltration into the CNS is necessary for viral clearance, however
subsequent persistence of memory T-cells after the acute insult may
lead to altered neuroimmune communication and contribute to
delayed recovery of cognitive function. Using an established model
of West Nile Virus (WNV) neuroinvasive disease, we show that
persistent CD8 T-cells in the CNS express cytokines that influence
normal cognitive function, including interferon (IFN)-γ. Lack of
IFN-γ signaling leads to delayed clearance of infectious virus and
increased persistence of viral genome in the hippocampus, but protection from WNV-mediated deficits in spatial learning. Microglial
specific deletion of IFNγR or administration of IFN-γ neutralizing
antibody to WT mice is sufficient for cognitive protection. Finally,
lack of IFN-γ signaling leads to cognitive protection from a related
flavivirus, Zika virus (ZIKV), despite differences in neural tropism.
Our results reveal that postinfectious interactions between
infiltrating T-cells and resident microglial cells may prevent
complete cognitive recovery, and provide a novel target for therapeutic intervention following viral encephalitis.

PS03-11
AN INCREASE IN CHEMOKINE-CXCL1 WITH ERÎ+
LIGAND TREATMENT COULD BE A KEY MEDIATOR IN
PROMOTING MYELINATION IN A MOUSE MODEL OF MS
Hawra Karim1, Norio Yasui2, Sung Hoon Kim2
John Katzenellenbogen2, Seema K Tiwari-Woodruff1
1
University of California, Riverside, School of Medicine,
Biomedical Sciences, Riverside, USA
2
University of Illinois , Department of Chemistry, Urbana, IL
Background: Current therapeutics reduce relapse rates in multiple
sclerosis (MS) patients, but fail to reverse or prevent neurodegeneration or initiate repair/remyelination. Recent work using chronic
myelin oligodendrocyte glycoprotein experimental autoimmune
encephalomyelitis (MOG-EAE), has shown that different ERβ
ligands (diarylpropionitrile (DPN), Chloroindazole (IndCl), WAY
202041 (WAY)) all demonstrate remyelination, but with differential
immune effects.
Objective: To investigate a potential common immune mechanism
that complements/initiates axon remyelination with ERβ ligand
treatment.
Methods: Peripheral cytokine analysis, flow cytometry, and
immunohistochemistry were performed on vehicle, prophylactic
17β-estradiol (E2), and therapeutic ERβ ligand (IndCl, WAY and
DPN)-treated female C57BL/6 MOG-EAE mice.
Results: Here, we show that therapeutic ERβ ligand treatment,
although had no significant effect early in EAE disease was protective later in disease, as previously shown. In addition, All ERβ
ligands studied promoted remyelination in the CNS of EAE mice
__________________
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despite massive CNS immune cell accumulation. Of all the ligands
tested, IndCl treatment showed the greatest reduction on oligodendrocyte (OL) toxic interferon gamma (IFNγ) and C-X-C motif
ligand 10 (CXCL10) and enhanced chemokine CXCL1 intensity on
astrocytes in thoracic spinal cord white matter tracts. CXCL1 has
been shown to stimulate OPC migration, proliferation, and differentiation, suggesting a potential mechanism of action for IndCl
mediated remyelination in the CNS.
Conclusions: The present study indicates an intricate interplay between the peripheral and central immune systems that seems to be
responsible for the remyelinating effects of ERβ ligand treatment
during peak EAE disease. The results offer new possibilities for
combination therapy to achieve functional recovery from MS disease. More studies including conditional gene knockouts will be
needed to address the relationship between immune modulation and
neuroprotection by ERβ ligands.

PS03-12
ANTIVIRAL ACUTE PHASE RESPONSE INDUCES
NEURONAL GENERATION OF CXCL10 CHEMOKINE
Gregory Konat, Tiffany Petrisko
West Virginia Univ Sch Med, Dept Biochemistry, Morgantown, USA
Peripheral viral infections increase seizure propensity and intensity in susceptible individuals. We have modeled this
comorbidity by demonstrating that the acute phase response (APR)
instigated by an intraperitoneal (i.p.) injection of a viral mimetic,
polyinosinic-polycytidylic acid (PIC), induces profound hypersusceptibility to kainic-acid (KA)-induced seizures. PIC challenge
also robustly increases neuronal excitability in the hippocampus, the
ictal site of KA-induced seizures. At the molecular level, PIC
challenge instigates hippocampal production of CXCL10, a chemokine known to modulate neuronal activity. In a quest to elucidate the
underlying mechanisms, the present study was undertaken to identify cells that generate CXCL10 in response to PIC challenge. Briefly,
eight-week old female C57BL/6 mice were i.p. injected with 12 mg/
kg of PIC, and the brains were analyzed by confocal microscopy
using CXCL10 and cell specific antibodies. 24 h after PIC
challenge, an intense CXCL10 staining of neuronal pericarya and a
less intense staining of the neuropil was evident in the hippocampus. No significant staining was observed in astrocytes and
microglia. Moreover, microglia underwent hypertrophy and
migrated toward neuronal cell bodies. Similar features were observed in the cortex. Based on these results, we posit that neuronal
generation of CXCL10 instigated by antiviral APR drives the development of seizure hypersusceptibility. Accordingly, CXCL10
secreted from neurons recruits microglia that home on neuronal
pericarya and uncouple inhibitory axosomatic synapses. This in
turn, leads to neuronal hyperexcitability that exacerbates seizure
susceptibility. Supported by WVU Senate and WVU PSCOR grants
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PS03-13
UP-REGULATION OF INFLAMMATORY CYTOKINES IN
OBESITY IMPAIRS HYPOTHALAMIC FUNCTION
Nancy Lainez, Meera Nair, Emma H. Willson, Monica Carson
Djurdjica Coss
University of California, Riverside, Biomedical Sciences, Riverside,
USA
Obesity, an escalating public health, social and economic issue,
increases the risk of an array of health disorders including type II
diabetes, cardiovascular disease and reproductive problems. Obese
women
experience
menstrual
irregularities,
pregnancy
complications, and infertility due to anovulation, while obese men
have low testosterone and sperm count. Since chronic inflammation
is a hallmark of obesity, we are investigating molecular mechanisms
whereby inflammatory cytokines affect the hypothalamic-pituitarygonadal axis. Male mice fed high fat diet (HFD) displayed
perturbed levels of luteinizing hormone, diminished intratesticular
testosterone, reduced sperm count, and lower seminal vesicle
weight, similar to what is observed in obese men. These mice expressed high levels of several inflammatory markers in the hypothalamus and in the circulation. In particular IL-6 and LIF are increased following exposure to HFD. Significantly, mice on HFD
exhibit decreased mRNA levels of Gonadotropin-releasing hormone
(GnRH) and oxytocin, the same levels of vasopressin and increased
POMC compared to the control diet mice. Resident immune cells,
microglia, become reactive following exposure to the HFD, making
them a likely source of cytokines. Microglia display regional
differences throughout the hypothalamus. Increased microglia
numbers were observed specifically juxtaposed to the
circumventricular areas of the hypothalamus, organum vasculosum
of lamina terminalis (OVLT) and median eminence (ME). We hypothesize that up-regulation of inflammatory cytokines alters reproduction by negatively affecting GnRH neurons via microglia
pruning of synapses. In support of this, hypothalami of mice on
HFD demonstrate reduced expression of PSD-95. Alternatively, LIF
and IL-6, which signal through gp130, may directly repress hypothalamic neuropeptide expression. Immunohistochemistry of
CTRLD mouse brain demonstrate expression of gp130 GnRH neurons. In immortalized GnRH-producing neurons (GT1-7) treatment
with LIF resulted in a reduction in both endogenous GnRH gene expression and in GnRH promoter activity, in reporter assays. IL-6
treatment had no effect. Delineating mechanisms by which inflammatory signals influence hypothalamic neuron function will provide
insight into the etiology of obesity-mediated disorders and highlight
potential targets for pharmacotherapy.
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PS03-14

PS03-16

INDUCED CENTRAL NERVOUS SYSTEM EXPRESSION
OF CXCL1 AUGMENTS NEUROLOGIC DISEASE IN A
MODEL OF MULTIPLE SCLEROSIS VIA ENHANCED
NEUTR
Thomas Lane, Jonathan Grist, Brett Marro, Colleen Worne
Daniel Doty, Robert Fujinami
University of Utah, Pathology, Salt Lake City, USA

HIGH Ï%89-6 PUFA ATTENUATES NEUROINFLAMMATION
VIA INHIBITING COX2: A NEGATIVE FEEDBACK
MECHANISM IN ALZHEIMERâ€™S DISEASE MODELS
Qiulan Ma, Bruce Teter, Mychica Jones, Sally Frautschy, Greg Cole
UCLA, Neurology, Los Angeles, USA

The functional role of the chemokine CXCL1 in contributing to
neuroinflammation and demyelination in experimental autoimmune
encephalomyelitis (EAE) was examined. Through use of transgenic
mice in which expression of CXCL1 is under the control of a
tetracycline-inducible promoter active within GFAP-positive cells,
we have shown that sustained CXCL1 expression within the CNS
increases clinical and histologic disease that is independent of an increase in either the frequency of encephalitogenic myelin-reactive
Th1 or Th17 cells. Rather, increased disease was associated with
enhanced recruitment of CD11b(+)Ly6G(+) neutrophils into the
spinal cord. Neutrophil ablation resulted in a reduction in demyelination arguing for a role for these cells in myelin damage.
Collectively, these findings emphasize that CXCL1-mediated
attraction of neutrophils into the CNS augments demyelination
arguing that this signaling pathway may offer new targets for therapeutic intervention.

PS03-15
CAVEOLIN-1 IS REQUIRED FOR TH1 CELL INFILTRATION
BUT NOT TIGHT JUNCTION REMODELING AT THE
BLOOD-BRAIN BARRIER IN EAE
Sarah Lutz1, 2, Julian Smith2, Dae Kim3, Carl Olson3, Kyle Ellefsen3
Jennifer Bates3, Sunil Gandhi3, Dritan Agalliu2
1
University of Illinois at Chicago, Anatomy and Cell Biology,
Chicago, USA
2
Columbia University Medical Center, Neurology, New York, USA
3
University of California, Irvine, Neurobiology and Behavior,
Irvine, USA
Lymphocytes cross vascular boundaries via either disrupted tight
junctions (TJs) or caveolae to induce tissue inflammation. In the
central nervous system (CNS), Th17 lymphocytes cross the bloodbrain barrier (BBB) prior to Th1 cells, yet this differential crossing
is poorly understood. We have used intravital two-photon imaging
of the spinal cord in wild-type and caveolae-deficient mice with
fluorescently labeled endothelial TJs, to determine how TJ
remodeling and caveolae regulate CNS entry of lymphocytes during
the experimental autoimmune encephalomyelitis (EAE) model for
multiple sclerosis. We find that dynamic TJ remodeling occurs early
in EAE but does not depend upon caveolar transport. Moreover,
Th1 but not Th17 lymphocytes are significantly reduced in the
inflamed CNS of mice lacking caveolae. Therefore, TJ remodeling
facilitates Th17 migration across the BBB, whereas caveolae promote Th1 entry into the CNS. Moreover, therapies that target both
TJ degradation and caveolar transcytosis may limit lymphocyte
infiltration during inflammation.
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Neuroinflammation plays a crucial role in the pathogenesis of
Alzheimer’s disease (AD). Arachidonic acid (AA) is the most
important omega-6 fatty acid mediating inflammation in CNS. AA
and its metabolites such as prostaglandins and leukotriene B4
generated by cyclooxygenase (COX2) and 5-lipoxygenase directly
regulate inflammation, which in turn promotes production and aggregation of amyloid-beta (Aβ) that are implicated as initiating
pathogenic factors beginning several decades before the onset of
AD. In this study, we reported that high dietary omega-6 (n-6) polyunsaturated fatty acid (PUFA) linoleic acid (LA) attenuates CNS
neuroinflammation via reduction of COX2 in AD model mice
(Tg2576 and EFAD with human ApoE3 or E4). Brain IL-1β and IL6 were significantly reduced by high LA diet in EFAD mice, while
inflammation-resolving cytokine IL-10 was increased. When EFAD
mice were on diets with or without high dietary LA from 3 to 7
months, the LA diet increased brain fatty acid desaturase 2 activity
estimated by the ratio of docosapentaenoic acid (DPAn-6, 22:5) to
docosatetraenoic acid (DTAn-6, 22:4). DPAn-6 was markedly
elevated while AA was only slightly increased with LA diet. To test
the hypothesis that elevated DPAn-6 might have a negative
feedback on COX2 expression, we performed in vitro experiments
and found that DPAn-6 directly inhibited Aβ oligomer or LPSstimulated elevation of COX2 expression in BV2 microglia cells.
Thus, contrary to the widely accepted view that n-6 PUFAs promote
brain inflammation, we provide evidence that high dietary LA can
actually inhibit CNS inflammation by suppressing COX2 expression via LA metabolite DPAn-6 in vitro and in AD animal
models. This study establishes a molecular basis for exploring n-6
PUFAs-mediated anti-inflammation approach for AD therapy which
is supported by n-6 PUFA epidemiology.

PS03-17
EXPRESSION OF EZH2 IS INCREASED IN PARKINSON’S
DISEASE AND EZH2 INHIBITION ATTENUATES THE
ASTROCYTE INFLAMMATORY RESPONSE
Matthew Neal1, Kevin Budge2, 3, Fayez Safadi2
Jason R. Richardson1
1
Northeast Ohio Medical University, Pharmaceutical Sciences,
Rootstown, USA
2
Northeast Ohio Medical University, Anatomy and Neurobiology,
Rootstown, USA
3
Kent State University, Neuroscience, Kent, USA
Neuroinflammation, mediated by microglia and astrocytes, is a
hallmark for both Alzheimer’s (AD) and Parkinson’s (PD) diseases
and can contribute to the progression of these diseases. Emerging
evidence also indicates that reactive astrocytes play a prominent
role in both AD and PD. Inflammatory cytokines can induce astrocytes to shift towards a reactive state, causing these cells to produce
more inflammatory factors and increase neurotoxicity. Epigenetic
mechanisms, including DNA and histone methylation, contribute to
__________________
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the regulation of inflammation. Here, we used datamining
techniques and found increased expression of the histone methyltransferase EZH2 in the substantia nigra of PD patients. Treatment
of mice with the dopaminergic neurotoxin MPTP increased Ezh2
gene expression by 70% in the striatum 2 days following treatment.
In cultured mouse primary astrocytes and an immortalized mouse
astrocyte line, treatment with a mix of pro-inflammatory cytokines
(CM) caused a 9-fold increase of NO levels and significantly increased mRNA expression of Nos2, IL-6, and gp91phox compared
to the control. This was accompanied by a 16-fold increase in Ezh2
gene expression. Next, we investigated the effects of GSK126, a
selective pharmacological inhibitor of Ezh2, on the CM-treated
astrocytes. GSK126 co-treatment significantly attenuated the levels
for all of these inflammatory factors. Similarly, GSK126 significantly attenuated the CM-mediated reduction in the anti-inflammatory factors Arginase-1, Mrc 1, and Igf-1. Taken together, these
data indicate that Ezh2 plays a role in the inflammatory response of
astrocytes and is elevated in an animal model of PD and in PD
patients. Demonstration that inhibition of Ezh2 by GSK126
dampens the pro-inflammatory response suggests that this may be a
novel therapeutic approach for reducing neuroinflammation. Future
studies will establish whether GSK126 leads to neuroprotection in
animal models of PD. Supported in part by NIH R01ES021800 and
the Michael J Fox Foundation.

PS03-18
INFARCT EXPANSION AND WORSENED OUTCOMES IN
HIGH-FAT DIET FED ANIMALS AFTER STROKE IS
ASSOCIATED WITH NEUROINFLAMMATION
Todd Peterson1, Kendra Lechtenberg1, Brian Piening2
Evan Brahms1, Tawaun Lucas1, Mike Snyder2, Marion Buckwalter1
1
Stanford University, Neurology and Neurological Sciences,
Stanford, USA
2
Stanford University, Genetics, Stanford, USA
Obesity is associated with chronic low-grade peripheral inflammation and is a risk factor for stroke. Neuroinflammation following
stroke has profound effects on recovery and obesity’s effects on
neuroinflammation and stroke outcomes have not been well studied.
We fed a high-fat diet (HFD) to C57BL/6J mice and after 6 weeks,
animals were 36% heavier, but showed no signs of neuroinflammation. Although they did not have a larger infarct size at 10 hours
following distal middle cerebral artery occlusion, the infarcts were
larger than controls at 72 hours post-stroke. Not surprisingly,
animals fed a HFD had worsened functional recovery on motor
tasks following a photothrombotic stroke to the motor cortex. Additionally, in the peri-infarct cortex there was a significant amount of
immunostaining for astrogliosis and microgliosis, which was not
present 10 hours post-stroke. RNAseq of cortical tissue indicated
only 8 genes significantly different between diets in Sham groups,
but significantly more (308) genes changed in the HFD fed animals
72 hours post-stroke. Gene ontology suggested that the majority of
the top genes were related to immune/inflammatory pathways.
Cytoscape identified gene relationships for inflammatory responses
including IFNb, defense/injury response, antigen processing, and
extracellular matrix. We also found pro-inflammatory factors related
to infiltration and activation of macrophages and inflammasome
activators, all of which are well known to be involved in
__________________
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the chronic inflammatory response in obesity. We were unable to
detect differences in gene expression or cellular inflammation in the
brain of HFD fed Sham animals. However, following stroke, a HFD
exacerbates neuroinflammation and this is associated with infarct
expansion, and worsened deficits in functional recovery. Future
studies will investigate the role of the infiltration and activation
level of the myeloid cell response. Elucidating these mechanisms
may lead to the development of treatments that will benefit people
with obesity who suffer from a stroke.

PS03-19
C1Q MODULATES ENDOGENOUS STEM CELL
RESPONSE ACUTELY AFTER SPINAL CORD INJURY
Katja Piltti, Francisca Benavente, Joseph Requejo, Olivia Tsai
Jessica Sanchez, Janna Shim, Bryant Le, Krystal Carta
Aileen Anderson
UC Irvine, Sue & Bill Gross Stem Cell Research Center, Irvine, USA
The inflammatory response to spinal cord injury (SCI) is robust
and plays an important but complex role in the progression of many
secondary injury-associated pathways. The Complement cascade is
a key component of the inflammatory response to SCI, however, our
understanding of its diverse interactions and effects in the injury
microenvironment is limited. In parallel, despite an evolving understanding of the contribution of the microenvironment to the developmental NSC niche, little is known about how injury microenvironment affects migration and fate decisions of endogenous
neural stem cells (NSC) and progenitors. In the intact adult spinal
cord, oligodendrocyte progenitors (OLP) self-renew, give rise to
new mature oligodendrocytes, and constitute the dominating proliferating cell population. However, acutely after SCI, the majority
of the endogenous spinal NSC in the ependymal layer are activated
and contribute to reactive astrogliogenesis. Here, we have used a
C1q neutralizing antibody (C1q nAb) to investigate whether C1q
plays a role the endogenous NSC response acutely after thoracic T9
contusion injury in rat. Acute injection of F(ab´)2 purified C1q nAb
into the lesion epicenter decreased expression of reactive astroglial
transcripts and proteins, and decreased generation of new astroglial
scar forming cells post-SCI. In parallel, rats receiving C1q nAb
exhibited altered rostral-caudal extension of the spinal lesion and
astroglial scar, and deficits in recovery of function when compared
to IgG controls. All together, these data suggest that C1q plays a
role in the acute endogenous NSC/progenitor responses in vivo that
contribute to lesion pathophysiology post-SCI.
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PS03-20
TNFα AND IL-1β BUT NOT IL-18 SUPPRESSES
HIPPOCAMPAL LONG-TERM POTENTIATION DIRECTLY
AT THE SYNAPSE
G. Aleph Prieto, Liqi Tong, Erica D. Smith, Carl W. Cotman
University of California-Irvine, Institute for Memory Impairments
and Neurological Disorders, Irvine, USA
CNS inflammatory responses are linked to cognitive impairment
in humans. Research in animal models supports this connection by
showing that inflammatory cytokines suppress long-term potentiation (LTP), the best-known cellular correlate of learning and
memory. Cytokine-induced modulation of LTP has been previously
studied in vivo or in brain slices, two experimental approaches
containing multiple cell populations responsive to cytokines. In
their target cells, cytokines commonly increase the expression of
multiple cytokines, thus increasing the complexity of brain cytokine
networks even after single-cytokine challenges. Whether cytokines
suppress LTP by direct effects on neurons or by indirect mechanisms is still an open question. Here, we evaluated the effect of a
major set of inflammatory cytokines including TNFα (tumor
necrosis factor-α), IL-1β (interleukin-1β) and IL-18 (interleukin-18)
on chemically induced LTP (cLTP) in isolated hippocampal
synaptosomes of mice, using Fluorescence Analysis of SingleSynapse Long-Term Potentiation (FASS-LTP). We found that TNFα
and IL-1β suppress synaptosomal cLTP. In contrast, cLTP was not
affected by IL-18, at a concentration previously shown to block LTP
in hippocampal slices. We also found that IL-18 does not impair
cLTP or BDNF (brain-derived neurotrophic factor) signaling in
primary hippocampal neuronal cultures. Thus, using both
synaptosomes and neuron cultures, our data suggest that IL-18
impairs LTP by indirect mechanisms, which may depend on nonneuronal cells, such as glia. Notably, our results demonstrate that
TNFα and IL-1β directly suppress hippocampal plasticity via neuron-specific mechanisms. A better understanding of the brain’s cytokine networks and their final molecular effectors is crucial to identify specific targets for intervention.

PS03-21
A NOVEL ROLE FOR C1Q AS AN INHIBITORY CUE FOR
NEUROGENESIS IN THE AGED BRAIN
Sarah Royer1, 3, Francisca Benavente4, Katja Piltti4, Diane Su1
Aileen Anderson 2, 3, 4
1
University of California Irvine, Anatomy & Neurobiology , Irvine,
USA
2
University of California Irvine , Physical & Medical
Rehabilitation, Irvine, USA
3
University of California Irvine , Institute for Memory Impairments
& Neurological Disorders, Irvine, USA
4
University of California Irvine, Sue & Bill Gross Stem Cell Center,
Irvine , USA
Neurogenesis is the process by which new neurons are generated
in the brain. In adults, one of the regions where neurogenesis occurs
is in the sub-ventricular zone (SVZ), located along the walls of the
lateral ventricles. During aging, brain neurogenesis declines and
contributes to the cognitive decline associated with age. Several
studies in rodents and humans have observed an age-related
__________________
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increase in brain levels of C1q, the initiating protein of the
complement cascade. We have previously identified a novel role for
C1q in modulating human and mouse neural stem cell (NSC)
migration, proliferation, and differentiation in vitro. Here, we investigated the role of C1q on endogenous adult SVZ neurogenesis
during aging. Stereological quantification of SVZ-NSC proliferation
in the olfactory bulb of young (3 month) and aged (15 month)
BrdU-labeled C1q knockout (KO) and wild-type (WT) littermate
mice revealed that aged C1q KO mice had significantly more
migrating (DCX+/BrdU+) and mature (NeuN+/BrdU+) neurons compared to their WT littermates. No differences were observed between genotypes in the young mice, indicating that the neurogenesis
rescue in aged C1q KO mice is not a developmental consequence of
C1q depletion on the neurogenic niche. In addition, we found that
age-related declines in exploratory activity, as measured by the
elevated plus maze, were rescued in aged C1q KO mice to levels of
young mice, indicating a functional impact of restoring neurogenesis to young levels. These data show for the first time that C1q
accumulation in the aged brain could act as an inhibitory signal for
SVZ-neurogenesis and underlie age-related declines in exploratory
behavior.

PS03-22
PERK DELETION ALLEVIATES NEUROLOGICAL DEFICIT
AND INFARCT VOLUME FOLLOWING EXPERIMENTAL
STROKE IN MICE
Cristina Sanchez1, Heng Hu2, Xuefang Ren1, James Simpkins2
Gordon Meares1
1
West Virginia University, Microbiology, Immunology and Cell
Biology, Morgantown, USA
2
West Virginia University, Physiology and Pharmacology,
Morgantown, USA
Stroke is one of the main causes of death in the US and a leading
cause of neurological disability worldwide. An ischemic stroke
occurs when the brain is deprived of oxygen and nutrients by disruption of blood flow. This vascular occlusion results in cell death
and the formation of a neuroinflammatory/neurotoxic environment
within the infarct core and its surrounding areas (penumbra).
Endoplasmic reticulum (ER) stress can be triggered by these events
during ischemic stroke, and it has been widely reported in vitro and
in vivo models in both astrocytes and neurons. Astrocytes have been
shown to protect neurons and increase their survival, thus
manipulating astrocytic function is an important neuroprotective
strategy to improve outcome following cerebral ischemia. We have
previously demonstrated that activating the trans-ER membrane
protein kinase R-like ER kinase (PERK) contributes to an inflammatory response in astrocytes. The ER stress-sensor PERK regulates one of three signaling branches that promotes adaptation to ER
stress. Sustained PERK activation, however, is associated with the
neuroinflammatory events that may facilitate neurotoxicity. We
have identified PERK as a potential target to reduce inflammation
and promote neuronal survival without impairing functional
immune response, which could be beneficial for stroke treatments.
To examine the role of PERK in cerebral ischemia, we used a transient middle cerebral artery occlusion (MCAO) model in wild type
and conditional PERK knockout mice. Cerebral blood flow was
blocked for 60 minutes and reperfusion was allowed for 24 hours.
__________________
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Temperature, weight and neurological score were assessed prior to
euthanasia. Mouse brains were then collected, sectioned and stained
for infarct volume quantification. Interestingly, our results show that
PERK deletion improves behavioral outcome and reduces infarction
after MCAO surgery. This study suggests that PERK contributes to
functional impairment following stroke and may be a future therapeutic target.

PS03-23
JAK1 REGULATES ER STRESS-INDUCED GENE
EXPRESSION IN ASTROCYTES
Savannah Sims, Gordon Meares
West Virginia University, Immunology, Microbiology, and Cell
Biology, Morgantown, USA
Neurodegenerative diseases are associated with the accumulation
of misfolded proteins in the endoplasmic reticulum (ER). ER stress
occurs when the protein folding capacity of the ER is overwhelmed,
resulting in the initiation of the unfolded protein response (UPR).
However, unresolved UPR activation leads to cell death and inflammation. The UPR is initiated, in part, by the trans-ER membrane
kinase PKR-like ER kinase (PERK). Recent evidence indicates ER
stress and inflammation are linked, and we have shown that this
involves PERK-dependent Janus Kinase (JAK) 1 signaling. This
signaling provokes the production of inflammatory mediators such
as Interleukin-6 (IL-6) and chemokine C-C motif ligand 2 (CCL2).
Here, siRNA knockdown experiments and RNA-seq analysis
indicate that JAK1 regulates approximately 20% of ER stressinduced gene expression. Of the over 500 JAK1 dependent genes
identified in this study, less than half contained predicted Signal
Transducers and Activators of Transcription (STAT) binding motifs
within the gene promoters. This suggests JAK1 mediates noncanonical signaling during ER stress. By using JAK1 siRNA knockdown
and a JAK1/2 kinase inhibitor, AZD1480, we show that JAK1
modulates gene expression using novel kinase-dependent and independent mechanisms when stimulated with ER stress and cytokines
in astrocytes. Oncostatin M (OSM) and pharmacological ER stress
inducers thapsigargin (Thaps) and tunicamycin (Tunic) promote
transcription of IL-6 and CCL2 that is dependent on JAK1 kinase
activity, while expression of additional stress-related genes NUAK
family SNF1-like kinase 2 (NUAK2) and Growth Arrest and DNA
Damage Inducible Alpha (GADD45α) were induced independent of
JAK1 kinase activity. Additionally, we show that JAK1 is required
to drive synergy between ER stress and the inflammatory cytokine
TNF-α to augment inflammatory gene expression. This work
implies JAK1 is a major driver of transcriptional adaptation in response to ER stress and JAK1 may have uninvestigated kinase-independent roles in controlling gene expression.

PS03-24
INHALATION OF AEROSOLIZED ALTERNARIA FUNGAL
PARTICULATES DECREASES BASELINE
NEUROINFLAMMATORY STATE IN SPECIFIC BRAIN
REGIONS
Joe Valdez, Abdullah Madany, Eric Peng, Jessica Jang
Zuivanna Rivas, Yelena Grinberg, Meera Nair, David Lo
David Cocker, Monica Carson
University of CA Riverside, Cell Biology and Neuroscience,
Riverside, USA
Inhalation of ultrafine particles can trigger proinflammatory responses in the brain coupled with activation of brain resident microglia. However, the composition and precise mode of delivery can
influence the extent and polarization of the neuroinflammatory response. While most studies have focused on man-made toxicants,
we chose to test whether exposure to a common natural fungal
allergen under conditions sufficient to trigger robust inflammatory
response in the lung would be sufficient to trigger neuroinflammation in the brain. Specifically, using an environmental chamber,
we exposed mice for 96-hours to aerosolized particulates of
Alternaria Fungus (in ultrafine to fine particle range known to
trigger neuroinflammation with many man-made toxicants. Mice
were maintained under normal husbandry conditions (12/12 light
cycle, free access to food and water). When compared to mice
exposed to normal room air, mice exposed to Alternaria particulates
developed robust lung inflammation characterized by immune cell
infiltration and eosinophilia. Surprisingly, we observed no overt
signs of pro-inflammation within brain and the portion of the
medulla oblongata containing the respiratory circuit. Rather, we discovered that in the medulla oblongata, 96 hour exposure to the
fungal particulates resulted in decreased expression of INOS and
Arginase I, which regulate the production of nitric oxide and polyamines. Furthermore, flow cytometric analysis of microglia isolated
from the medulla oblongata but not the rest of the brain revealed a
significant decrease in the percentage of microglia expressing the
pathogen associated molecular pattern receptor, TLR2. In addition,
microglia in the medulla oblongata showed modest but significantly
significant decreases in the levels of CD11b and TREM2 per microglia. Taken together, these data show that exposure to aerosolized
Alternaria particulates in the ultrafine-fine range is sufficient to
trigger robust lung inflammation and pathology but is not only
insufficient to trigger neuroinflammation. Instead a decrease in
basal inflammation/microglial activation states is observed.

PS03-25
THE DIFFERENTIAL FUNCTION OF MICROGLIA AND
MONOCYTES IN EPILEPSY
Long-Jun Wu
Mayo Clinic, Department of Neurology, Rochester, USA
Microglia are the principle immune cells in the central nervous
system. They are highly dynamic and interact constantly with neurons. During neuronal hyperactivities under seizure conditions, we
found an unique microglia-neuron interaction we named “microglial
process extension”, that is, an increased number of microglial
primary processes toward hippocampal neurons. The mechanism of
microglial process extension involves the activation of neuronal
__________________
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NMDA receptors, calcium influx, subsequent ATP release, and
microglial response through P2Y12 receptors. This microglia-neuron interaction is potentially neuroprotective because P2Y12 knockout mice exhibited reduced seizure-induced increases in microglial
process numbers and worsened KA-induced seizure behaviors. Our
recent studies further found that activated hippocampal microglia
highly expressed chemokine CCL2 in kainic acid (KA)-induced
seizure mice. Taking advantage of CX3CR1GFP/+:CCR2RFP/+ doubletransgenic mice, we demonstrated that CCL2-CCR2 signaling plays
a critical role in blood-derived monocyte infiltration. Moreover,
seizure-induced degeneration of neurons in the hippocampal CA3
region was attenuated in mice lacking CCL2 or CCR2. We further
showed that CCR2 activation induced STAT3 (signal transducer and
activator of transcription 3) phosphorylation and IL-1β production,
which are critical for promoting neuronal cell death after status
epilepticus. Two weeks after KA-induced seizures, CCR2
deficiency not only reduced neuronal loss, but also attenuated
seizure-induced behavioral impairments, including anxiety, memory
decline, and recurrent seizure severity. Together, we demonstrated
that resident microglia have the neuroprotective potential while
infiltrated monocytes contribute mostly to neuroinflammation that is
neurotoxic in epilepsy.

PS03-26
GLIAL SCARS ARE PERMEABLE TO THE NEUROTOXIC
ENVIRONMENT OF CHRONIC STROKE INFARCTS
Jacob Zbesko1, Thuy-Vi Nguyen1, 2, Tao Yang3, Jennifer Frye1
Omar Hussain1, Megan Hayes1, Amanda Chung1, Anthony Day4
Kristina Stepanovic1, Maj Krumberger1, Justine Mona1
Frank Longo3, Kristian Doyle1, 2, 5
1
University of Arizona, Immunobiology, Tucson, USA
2
University of Arizona, Neurology, Tucson, USA
3
Stanford University, Neurology and Neurological Sciences,
Stanford, USA
4
University of Arizona, Arizona Health Sciences Center Imaging
Core Facility, Tucson, USA
5
University of Arizona, Arizona Center on Aging, Tucson, USA
Following stroke, the damaged tissue undergoes liquefactive
necrosis, a stage of infarct resolution that lasts for months, although
the exact length of time is currently unknown. One method of repair
involves reactive astrocytes and microglia forming a glial scar to
compartmentalize the area of liquefactive necrosis from the rest of
the brain. The formation of the glial scar is a critical component of
the healing response to stroke, as well as other central nervous
system (CNS) injuries. The goal of this study was to evaluate the
toxicity of the extracellular fluid present in areas of liquefactive
necrosis and determine how effectively it is segregated from the
remainder of the brain. To accomplish this goal, we used a mouse
model of stroke in conjunction with an extracellular fluid toxicity
assay, fluorescent and electron microscopy, immunostaining, tracer
injections into the infarct, and multiplex immunoassays. We
confirmed that the extracellular fluid present in areas of liquefactive
necrosis following stroke is toxic to primary cortical and hippocampal neurons for at least 7 weeks following stroke, and discovered that although glial scars are robust physical and endocytic
barriers, they are nevertheless permeable. We found that molecules
present in the area of liquefactive necrosis can leak across the glial
__________________
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scar, and are removed by a combination of paravascular clearance
and microglial endocytosis in the adjacent tissue. Despite these
mechanisms, there is delayed atrophy, cytotoxic edema, and neuron
loss in regions adjacent to the infarct for weeks following stroke.
These findings suggest that one mechanism of neurodegeneration
following stroke is the failure of glial scars to impermeably
segregate areas of liquefactive necrosis from surviving brain tissue.

PS03-27
REGULATION OF MYELOID IMMUNE CELLS AND
REMYELINATION ARE BOTH NECESSARY FOR
NEUROPROTECTION IN EAE
Roy Kim, Darian Mangu, Alexandria Hoffman, Rojan Kovash
Eunice Jung, Noriko Itoh, Rhonda Voskuhl
UCLA, Neurology, Los Angeles, USA
Objectives: Estrogens are neuroprotective in a variety of disease
models. In the multiple sclerosis (MS) model experimental autoimmune encephalomyelitis (EAE), estrogen receptor ERβ-ligand
treatment is neuroprotective, but mechanisms underlying this neuroprotection remain unclear. Specifically, whether there are direct
effects of ERβ-ligand treatment on CD11c+ microglia, myeloid dendritic cells or macrophages in vivo during disease is unknown.
Methods and Results: We generated mice with ERβ deleted from
CD11c+ cells and showed that neuroprotective effects of ERβ-ligand
treatment were mediated through these cells during EAE. Bone
marrow chimeras then showed that ERβ in peripherally derived
myeloid dendritic cells and macrophages (DC/Mf), not resident
microglia, mediated this protection. CD11c+ myeloid DC/Mf from
CNS tissues of WT EAE mice treated with ERβ-ligand had a
decrease in pro-inflammatory iNOS and T-bet expression levels,
while anti-inflammatory IL-10 levels were increased, and this treatment effect was lost in EAE mice with specific deletion of ERβ in
CD11c+ myeloid DC/Mf cells. Finally, we extended previous reports
of ERβ-ligand treatment’s ability to enhance remyelination through
a direct effect on oligodendrocytes by showing that the immunomodulatory effect of ERβ-ligand acting on CD11c+ myeloid DC/Mf
cells was necessary to permit the maturation of oligodendrocytes.
Together these results demonstrate that targeting ERβ signaling
pathways in CD11c+ myeloid cells is a novel strategy for the regulation of the innate immune system in neurodegenerative diseases.
Conclusion: To our knowledge, this is the first report showing how
direct effects of a candidate neuroprotective treatment on two distinct cell lineages (bone marrow derived myeloid cells and oligodendrocytes) can have complementary neuroprotective effects in
vivo.
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A NOVEL AUTOMATED DISSOCIATION PROCEDURE
FOR EFFICIENT RECOVERY AND DETECTION OF
IMMUNE CELLS FROM INFLAMED NEURAL TISSUE
Martin Kolnik
Miltenyi Biotec, Science, San Diego, USA

TREM2 REGULATION OF MICROGLIAL PHAGOCYTOSIS
IS AGE-, ACTIVATION- AND TARGET-DEPENDENT
Abdullah Madany, Monica Carson
UCR, Biomedical Science, Riverside, USA

Acute and chronic neurodegenerative diseases such as Multiple
sclerosis, Parkinson’s, Alzheimer’s, ALS, stroke, or brain injury
show slow and progressive dysfunction of the central nervous
system (CNS) with loss of neuronal structure and function as the
primary pathological feature. Despite various causative triggers, a
common feature of neurodegeneration is immune activation, and inflammatory processes are closely linked to neurodegenerative
pathways. While microglia and astrocytes are the first responders to
CNS injury, peripherally-derived immune cells such as macrophages, T and B cells infiltrate the CNS. Detailed mechanisms of
inflammation in neurodegeneration and the detrimental and
beneficial effects are, however, still elusive. To better understand
the inflammatory processes, it is important to analyze molecular and
functional characteristics of immune cells, often requiring dissociation of tissue into single cells. Some of the most important T
and B cell markers (CD4, CD8 and CD19) are highly enzyme
sensitive and epitopes are usually degraded during dissociation.
Since epitope stability is the prerequisite for reliable detection of
target cells from dissociated tissue, we developed a new automated
dissociation procedure by combining enzymatic treatment with
mechanical dissociation using the gentleMACS Octo Dissociator
(Miltenyi Biotec). The extracellular matrix is digested with
optimized enzymes and the neural tissue is gently mechanically dissociated during an on-instrument enzyme incubation at 37°C.
Dissociation is followed by a novel protocol for removing debris
and erythrocytes, crucial for subsequent successful immune cell
detection. This optimized process allowed for efficient dissociation
of brain and spinal cord from EAE mice with low amounts of cell
debris, leading to reproducible numbers of viable cells. Dissociation
of one spinal cord yielded 6.0x106±1.9x106 total cells and
1.2x106±0.48x106 lymphocytes with viability rate of 70-80% (n=3).
Critical markers (CD4, CD8a and CD19) were preserved and
immune cell lineages, like T and B cells, macrophages, monocytes,
or NK cells could be identified or isolated downstream. We present
a novel standardized technology to generate single-cell suspensions
from inflamed rodent neural tissue that preserves epitope integrity
and facilitates analysis and isolation of infiltrated immune cell
subsets.
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Microglia are the resident macrophages of the central nervous
system (CNS). As such, they act as the primary phagocytes in the
CNS during normal development and tissue homeostasis. However,
monocyte derived macrophages also contribute to phagocytosis in
response to CNS injury or infection. Recently, a single amino acid
mutations in the microglial expressed molecule TREM2 was found
to correlate with a 3-fold increased risk of Alzheimer’s disease. We
hypothesize that increased risk is due in part to decreased
phagocytosis function of microglia and macrophages. In this study
we have analyzed wild-type (WT) and TREM2 deficient
(TREM2KO) microglia and macrophages phagocytosis of bacteria
to get a more global understanding on TREM2 mutations effects on
processes such as synaptic pruning or initiating a pathogen defense
rather than just focusing on amyloid phagocytosis. A question that is
of particular interest to us is: “Are TREM2 mutations relevant only
in the context of neurodegenerative diseases, or is it contributing to
a life long alterations in responses that becomes more visible with
age?” We find that microglia acutely isolated from healthy adult
brains display barely detectable levels of phagocytosis. By contrast,
only a subset of microglia and macrophages isolated from mice 24
hours post-challenge with intraperitoneal (IP) LPS display robust
phagocytosis. Cells from TREM2KO mice show a decreased
phagocytosis following systemic challenge as compared to the WT.
In both WT and TREM2KO mice, macrophages displayed a greater
rate of phagocytosis. Tyro3, Axl and Mer comprise the TAM family
of receptor tyrosine kinases that promote phagocytosis and suppression of pro-inflammatory innate immune responses by myeloid
cells. Using flow cytometry, we find that microglia express all three
members of the TAM family although at a lower level than observed on CNS-infiltrating macrophages. Only Tyro3 expression
was increased in response to IP LPS expression.
Surprisingly,TREM2 deficiency had no effect on baseline or LPS
inducible TAM expression on adult microglia or CNS-infiltrating
macrophages.
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PROGESTERONE RECEPTOR-SRC FAMILY KINASE
SIGNALING MEDIATES NEUROPROGESTERONE
INDUCTION OF THE LUTEINIZING HORMONE SURGE
Timbora Chuon1, Sharity Ondrejik1, Claire Carlson1
Paul Micevych2, Kevin Sinchak1
1
California State University, Long Beach, Biology, Long Beach,
USA
2
University of California, Los Angeles, Neurobiology, Los Angeles,
USA

COCAINE AND HIV TAT ALTER ASTROCYTE
BIOENERGETICS AND ESSENTIAL NEURONAL
SUBSTRATE SUPPLY: IMPLICATIONS FOR HAND IN
COCAINE USERS
Bianca Cotto, Kalimuthusamy Natarajaseenivasan
Kimberly Ferrero, Dianne Langford
Lewis Katz School of Medicine Temple University, Neuroscience,
Philadelphia, USA

Estrogen positive feedback is regulated by astrocyte-neuronal interactions, and estradiol upregulates progesterone receptors (PGR)
in kisspeptin (kiss1) neurons of the rostral periventricular region of
the third ventricle (RP3V) and induces neuroprogesterone (neuroP)
synthesis in hypothalamic astrocytes. This neuroP acts to augment
kiss1 expression and stimulate kisspeptin release to trigger the
luteinizing hormone (LH) surge. In vitro, PGR signals to Src in
model RP3V neurons. Therefore, we tested the hypothesis that
neuroP induction of the LH surge is mediated by PGR-Src signaling. In Experiment I, ovx/adrenalectomized rats primed with 2µg
EB received two sequential infusions into the RP3V. The first
infusion was either DMSO or the Src antagonist (PP2, 50 nmol;
Tocris) 51.5 hours after EB, followed by a Src agonist (Src Family
Activator, 50 nmol; Santa Cruz Biotechnology) or DMSO 4.5 hours
later. Animals infused with Src Family Activator demonstrated significantly increased serum LH compared to DMSO controls, and
PP2 inhibited the increase in LH by Src activator. In Experiment II,
animals were primed with 50µg EB, inducing neuroP, which
triggers the LH surge. For three consecutive days, PP2 (50 nmol)
was injected into the DBB to inhibit Src activity. PP2 blocked the
LH surge. In Experiment III, we established that PGR and Src are
co-localized in the RP3V using immunohistochemistry in oil or
estradiol-treated (EB, 2µg) ovariectomized (ovx). Estradiol upregulated the number of cells expressing either PGR or Src in the
RP3V compared to oil controls. PGR and Src co-expression was
also increased by estradiol. In Experiment IV, we demonstrated that
PGR and Src are in close proximity in the plasma membrane using
Duolink Proximity Ligation Assay. Taken together, these results
indicate that PGR and Src are colocalized in the RP3V, and neuroP
may be activating a membrane associated PGR-Src complex to
trigger the LH surge as predicted from in vitro experiments.
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While peripheral viral loads can be largely controlled by combination antiretroviral therapy, a significant number of HIV patients
of today suffer from HIV-associated neurocognitive dysfunction
(HAND). Cocaine use is a major risk factor for becoming HIV
infected, and data have shown that HIV+ cocaine user individuals
have worse neurocognitive impairments than those observed from
either disease alone. The HIV protein Tat and cocaine synergize to
cause damage to neurons in the brain, but astrocytes in the central
nervous system (CNS) are an understudied population in these
individuals. Importantly, astrocytes are required to support neurons
metabolically by supplying key metabolites such as lactate and cholesterol to meet the large cellular demands of neurons. Astrocytederived lactate is taken up by neurons to serve as a key substrate for
ATP production. Additionally, the brain requires an intricate balance
of cholesterol to support synaptodendritic communications.
Disruption of cholesterol supply and energy deficits have been
implicated in brain aging and many neurodegenerative diseases
including Alzheimer’s disease. There have been reports of altered
brain metabolite profiles in HIV+ individuals indicative of changes
in energy homeostasis. We hypothesized cocaine and Tat work
together to disrupt astrocyte energy metabolism. These changes in
energy demand compromise the astrocyte’s ability to support neurons leading to neuronal dysfunction and worsening HAND. Our
data show that exposure of astrocytes to cocaine and Tat significantly enhances aerobic glycolysis and decreases lactate production.
Our findings also demonstrate that cocaine and Tat decrease astrocyte-derived cholesterol pointing to a deficiency in cholesterol
supply and efflux for use by neurons. These findings are supported
in our Tat transgenic mouse model of chronic cocaine abuse. Taken
together, these data uncover novel alterations in the bioenergetics
pathway in astrocytes exposed to cocaine and the HIV protein, Tat.
Results from these studies point to a new pathway in the CNS that
may contribute to HAND in HIV+ cocaine users.
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PS04-03
INNERVATION OF RAT AND HUMAN ORAL STRUCTURES
Chiaki Endo1, Tadasu Sato2, Takehiro Yajima2, Kaoru Igarashi1
Hiroyuki Ichikawa2
1
Tohoku University, Division of Oral Disfunction Science, Sendai,
Japan
2
Tohoku University, Division of Oral and Craniofacial Anatomy,
Sendai, Japan
Immunohistochemistry for several neurochemical substances was
performed on the rat and human incisive papilla and other oral
structures. Sodium channel alpha subunit 7 protein (SCN7A) and
protein gene product 9.5 (PGP 9.5)-immunoreactive (-IR) nerve
fibers made nerve plexuses beneath the epithelium of the hard
palate including the incisive papilla, tongue and lip. Encapsulated
corpuscle endings were numerous in the human incisive papilla and
lip, whereas un-encapsulated corpuscles were common in the rat
incisive papilla and other regions. In the human oral structures,
SCN7A was expressed by lamellated and non-lamellated capsules in
corpuscle endings. PGP 9.5-IR terminal axons in the simple type ran
straight or meanderingly with slight ramification, and those in the
complex type were densely entangled with abundant ramification.
In the rat oral mucosa, terminal axons and surrounding Schwann
cells in un-encapsulated corpuscle endings showed both SCN7Aand PGP 9.5-immunoreactivity. Substance P (SP)-, calcitonin generelated peptide (CGRP)- and transient receptor potential cation
channel subfamily V member 2 (TRPV2)-IR varicose fibers were
rarely seen beneath the epithelium of the human and rat oral
structures. The present study indicates that the rat and human
incisive papilla and other oral regions have SCN7A- and PGP 9.5containing mechanoreceptors. SP-, CGRP- and TRPV2-containing
nociceptors may be infrequent in the human incisive papilla and
other oral regions.

PS04-04
IN THE ARCUATE NUCLEUS, DOPAMINE RECEPTOR D1
AND PROGESTERONE RECEPTOR - SRC KINASE
COMPLEXES ARE IN CLOSE PROXIMITY IN THE
PLASMA
Micah Feri, Sumer Bermani, Kevin Sinchak
California State University, Long Beach, Biological Sciences, Long
Beach, USA
In the arcuate nucleus of the hypothalamus (ARH), facilitation of
sexual receptivity via progesterone requires progesterone receptors
(PGR) which are unregulated by estradiol priming. Infusion of progesterone into the ARH of ovariectomized (OVX) rats primed with
2 µg of estradiol benzoate (EB) facilitates lordosis within 30
minutes. This rapid action of progesterone is mediated by extranuclear PGR (PGR-B) that complex with and signal through Src
family kinase (Src) and appear to directly inhibit ARH β-endorphin
(β-END). PGR-Src facilitation lordosis is interdependent with the
dopamine receptor (D1/D5) signaling. Blocking either PGR, Src, or
D1 activation blocks the facilitation lordosis by the other two. Using
immunohistochemistry we showed ARH β-END neurons express
PGR, Src, and D1. Co-immunoprecipitation revealed that PGR-B
and Src form complexes in membrane fractions of ARH, but D1/D5
receptor did not complex to either PGR or Src. Thus, we
__________________
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hypothesized that within ARH neurons, D1 is in close proximity to
the PGR-Src complex. We used the Duolink Proximity Ligation
Assay (Sigma Aldrich) technique to demonstrate the close proximity of D1 to Src. Free floating sections taken through ARH from
EB treated OVX Long Evans. PGR and Src was used as a positive
control for Duolink staining prior to testing whether D1 and Src are
in close proximity. Duolink In Situ analysis showed that D1 is in
close proximity to the Src as indicated by dot-like immunopositive
staining located on the membrane of a subpopulation of ARH neurons. Our results suggest that D1 may not be complexed to PGRSrc, but is in close proximity to Src, which would allow for the interdependence of PGR, Src, and D1 signaling in the ARH that
facilitates lordosis.

PS04-05
DISTRIBUTIONS OF TRPC IN THE RAT TRIGEMINAL
GANGLION AND OROFACIAL STRUCTURES
Masatoshi Fujita1, Tadasu Sato2, Takehiro Yajima2, Eiji Masaki1
Hiroyuki Ichikawa2
1
Tohoku University, Division of Dento-Oral Anesthesiology, Sendai,
Japan
2
Tohoku University, Division of Oral and Craniofacial Anatomy,
Sendai, Japan
Transient receptor potential cation channel subfamily C (TRPC)
channel is associated with membrane depolarization and increase of
intracellular Ca2+. In cerebral nervous system, TRPC is thought to
be involved in neuronal development. However, their distribution
and functions of peripheral tissues have been unknown. In this
study, immunohistochemistry for TRPC1, TRPC3 and TRPC4 was
performed on rat oral and craniofacial structures to investigate their
distribution and function. In the trigeminal ganglion (TG), more
than half of the sensory neurons were immunoreactive for TRPC1,
TRPC3 and TRPC4. The present cell size analysis also elucidated
that small TG neurons mostly had TRPC1, TRPC3 and TRPC4
immunoreactivity. A double immunofluorescence method revealed
co-expression of TRPC with calcitonin gene-related peptide
(CGRP), a marker for peptidergic nociceptors in the sensory
ganglion. This finding may suggest that TRPC1, TRPC3 and
TRPC4 are associated with nociceptive transduction in the TG.
Retrograde tracing and immunohistochemical methods revealed that
TRPC1-immunoreactivity in TG neurons innervating the facial skin
(57%) were more common than in those innervating the tooth pulp
(17%). The distribution of TRPC1-positive TG neurons was barely
affected by transection of the infraorbital nerve or injection of
complete Freund’s adjuvant into the infraorbital skin. Oral and
craniofacial structures are innervated by the sympathetic and parasympathetic ganglia. In the superior cervical ganglion, sympathetic
neurons contained TRPC1 and TRPC3 but not TRPC4. TRPC1-,
TRPC3- and TRPC4-immunoreactivity was detected in parasympathetic neurons within the submandibular ganglion. In the TG
and autonomic ganglia, Schwann cells and satellite cells were
immunoreactive for TRPC1 or TRPC3. Taste bud cells in the tongue
and incisive papilla contained TRPC1-, TRPC3- and TRPC4immunoreactivity, whereas olfactory cells in the nasal mucosa had
TRPC1- and TRPC3-immunoreactivity.
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PS04-06

PS04-07

THE EFFECT OF NITRIC OXIDE ON THE
MITOCHONDRIAL RESPIRATORY INHIBITION OF
ASTROCYTES BY PROINFLAMMATORY MICROGLIA
Sausan Jaber1, 2, Evan Bordt2, Pascaline Clerc2, Shealinna Ge2
Gary Fiskum1, 2, Brian Polster1, 2
1
University of Maryland, Baltimore, Department of Biochemistry
and Molecular Biology, Baltimore, USA
2
University of Maryland, Baltimore, Department of Anesthesiology,
Center for Shock, Trauma and Anesthesiology Research (STAR),
Baltimore, USA

SUBSETS OF BETA-ENDORPHIN NEURONS IN THE
ARCUATE NUCLEUS CO-EXPRESS PROGESTERONE
RECEPTOR, DOPAMINE RECEPTOR D1, AND SRC
KINASE
Nasir Khan, Joshua Razon, Monica Eskander, Timbora Chuon
Kevin Sinchak
California State University, Long Beach, Biological Sciences, Long
Beach, USA

Neuroinflammation occurs in most types of acute and chronic
neurodegenerative disorders. During an inflammatory response,
activated microglial release cytokines, nitric oxide (NO), and superoxide. This can lead to mitochondrial dysfunction in neighboring
cells. Nitric oxide in particular is thought to directly impair mitochondrial respiration by competing with oxygen at Complex IV. Our
lab has previously studied the effects of oxygen tension on the
respiration of neurons in the presence of proinflammatory microglia; here we focus on astrocytes. Due to the misconception that
astrocytes are almost exclusively glycolytic cells, the effects of
neuroinflammatory insult on astrocyte bioenergetics remain highly
unexplored.
In vitro models are commonly used to study the role of neuroinflammation in disease; however, the influence of oxygen tension on
injury mechanisms is often overlooked. Here we measure cellular
respiration at atmospheric oxygen(~160mm Hg, 21%O2) and more
physiologically relevant oxygen levels(5-45mm Hg, 1-6%O2).
Primary rat cortical astrocytes demonstrate a far greater ( > 25-fold)
sensitivity to mitochondrial respiratory impairment by acute treatment with the NO donor DETA-NO, at 3% oxygen(23mm Hg) compared to 21% oxygen. The glutathione analogue glutathione-ethyl
ester (GSH-EE)—a potent antioxidant—reversed this effect.
Respiration is also rescued by the NO scavenger CPTIO. The
utilization of substrates for Complexes I and II is impaired;
however, substrates for Complexes III and IV fully rescue
respiration.
Consistent with these results, co-cultures of astrocytes with proinflammatory HAPI microglia demonstrate a respiratory impairment
at 3% oxygen while respiration at 21% oxygen remained minimally
affected. Respiration was also fully rescued by CPTIO. However,
unlike the NO donor, respiration is only partially rescued by
Complex IV. These results demonstrate the importance of
controlling for oxygen in studies of bioenergetics and neuroinflammation.

Estradiol benzoate (EB, 2µg) indirectly activates β-endorphin (βEND) neurons in the arcuate nucleus of the hypothalamus (ARH) in
ovariectomized (OVX) rats. These β-END neurons project to and
activate µ-opioid receptors (MOP) in the medial preoptic nucleus
(MPN), inhibiting sexual receptivity (lordosis). Estradiol
synchronously upregulates the expression of progesterone receptor
(PGR) in ARH β-END neurons, and a subsequent dose of progesterone inhibits β-END neurotransmission within 30 minutes.
Previous studies suggest that Src family kinase (Src) is complexed
with classical PGR on the membrane and mediates progesterone
signaling for the facilitation of lordosis. This PGR-Src signaling in
β-END neurons has also been shown to be interdependent with
dopamine receptor (D1/D5) signaling since antagonizing one blocks
the facilitation of lordosis by the other two. Based on our previous
data, we hypothesized that a subset of ARH β-END neurons will
contain PGR, Src, and D1. We tested this using three sets of triplelabel immunohistochemistry (IHC) staining for PGR/Src/D1, βEND/Src/PGR, and β-END/D1/PGR. PGR, Src, and D1 had
immunopositive staining and were all shown to be colocalized in
ARH cells, supporting the proposed interdependent signaling of
PGR, Src, and D1. The remaining IHC sets show colocalization of
β-END/Src/PGR and β-END/D1/PGR, which in conjunction with
the first set suggests that PGR, Src, and D1 are coexpressed in a
subpopulation of ARH β-END neurons.

PS04-08
THE ROLE OF ASTROCYTE SPECIFIC EPHRIN-B1 IN
REFINING NEURONAL CIRCUITS DURING CONTEXTUAL
MEMORY ACQUISITION AND RECALL
Jordan Koeppen1, 2, Amanda Nguyen1, 3, Angeliki Nikolakopoulou1
Simone Woodruff1, Zoe Figueroa1, Iryna Ethell1, 2, 3
1
UC Riverside, Biomedical Sciences, Riverside, USA
2
UC Riverside, Cell, Molecular, and Developmental Biology,
Riverside, USA
3
UC Riverside, Neuroscience Graduate Program, Riverside, USA
Astrocytes play a critical role in synaptic plasticity and maintenance in the adult hippocampus and dysfunctions in astrocytes are
associated with learning impairments and intellectual disabilities.
Astrocytes influence synapse formation and function through both
secreted and contact mediated factor and have been shown to be
involved in synaptogenesis, maturation, and synaptic pruning. Our
studies suggest a new role for astrocyte specific ephrin-B1 in regulating hippocampal circuits during contextual learning in the adult
mouse. We have found that tamoxifen-induced ephrin-B1 deletion
in adult astrocytes of ERT2-CreGFAPephrin-B1flox/y mice resulted in a
significant increase in the number of dendritic spines and presynaptic vGlut1-positive (excitatory) synapses in stratum radiatum
__________________
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area of CA1 hippocampus. However, we observed an increased proportion of immature dendritic spines with small heads and a twofold decrease in the synaptic levels of AMPARs. Interestingly, we
found increased synaptic levels of GluA1 and GluA2/3 subunits of
AMPAR in the hippocampus of KO mice following fear
conditioning. In addition, a 30% increase in freezing during
contextual recall was observed in KO as compared to WT mice.
Remarkably KO mice also showed a significant increase in
contextual memory renewal following fear memory extinction and
reactivation. In contrast, contextual memory recall was impaired in
mice following viral transfection of hippocampal astrocytes with
ephrin-B1, possibly due to synapse loss. Indeed we saw a reduction
in vGlut1, but not GAD65 puncta in SR area of CA1 hippocampus
containing astrocytes overexpressing ephrin-B1. Taken together our
studies provide new evidence that the cell-specific regulation of
ephrin-B1 expression in adult hippocampal astrocytes can modulate
contextual learning and suggest that A-ephrin-B1 negatively regulates the formation of contextual memories by suppressing synapse
growth through its interactions with neuronal EphB receptors.
This work was supported by the NIH grant RO1MH067121.

PS04-09
SEX DIFFERENCES IN REDOX ENVIRONMENT AND
NEURONAL MORPHOLOGY ASSOCIATED WITH
ENHANCEMENT OF EXCITABILITY IN SYSTEM XC- NULL
MICE
Sheila Shahidzadeh, James A. Hewett, Sandra J. Hewett
Syracuse University, Department of Biology, Program in
Neuroscience, Syracuse, USA
Using chemoconvulsants to uncover in vivo excitability changes
in SLC7a11sut/sut mice — mice that harbor a natural mutation in exon
12 of SLC7a11 and thus are null for system xc- (Sxc-) — we
uncovered a sex-independent alteration in neuronal excitability.
Specifically, we found that both male and female SLC7a11sut/sut mice
had lower convulsive seizure thresholds than their wild-type
(SLC7a11+/+) littermates after acute challenge with two pharmacologically distinct chemoconvulsants: the Glu receptor agonist,
kainic acid (KA), or the GABAA receptor antagonist,
pentylenetetrazole (PTZ). In most tissues, including the central
nervous system, cystine import through Sxc- is necessary for the
synthesis and maintenance of glutathione (GSH). Several studies
demonstrate that redox imbalance involving GSH could affect the
intrinsic excitability of neurons. Thus, we next explored whether
loss of Sxc- was associated with an alteration in the redox
environment of the hippocampus. Interestingly, decreased hippocampal GSH levels were found in SLC7a11sut/sut female (p = 0.0260)
but not male (p = 0.1043) mice as compared to wild-type littermate
controls. Since redox modifications could cause structural changes
in neurons, we next analyzed Golgi-Cox stained layer V pyramidal
cell morphology in the primary motor cortex (PM1). Intriguingly,
we found that the area of the soma in female SLC7a11sut/sut mice was
decreased as compared to wild-type littermates (p = 0.0004), an
effect not seen in male mice (p = 0.4926). However, dendritic complexity, as measured by Sholl analysis, was enhanced in male, but
not female, SLC7a11sut/sut mice as compared to wild-type littermates
(p = 0.0006). Hence, mutations in Sxc- trigger sex-dependent
changes in redox status, soma area, and dendritic complexity in
__________________
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association with sex-independent enhancement of neuronal
excitability. Whether one or more of these changes underlie the observed E/I imbalance in SLC7a11sut/sut mice remains to be
determined.

PS04-10
ABSENCE OF PROTEOLIPID PROTEIN IS
NEUROPROTECTIVE IN NEONATAL HYPOXIA ISCHEMIA
Robert Skoff1, Yiqing Liu2, Mallika Somayajulu-Nitu1
Whitney Hoff1, William Kupsky1, John Barks2, Robert Skoff1
Denise Bessert1
1
Wayne State University Sch Med, Dept Anat & Cell Biol, Detroit,
USA
2
University of Michigan, Pediatrics, Ann Arbor, USA
Neonatal hypoxic–ischemic (HI) white matter injury (WMI) significantly contributes to chronic neurological dysfunction. In the
neonatal period, periventricular white matter is highly susceptible to
injury. Oligodendrocyte precursor cells (OPCs)/Oligodendrocytes
(Olgs) undergo extensive death in neonatal HI as they are
vulnerable to diverse mechanisms of injury. Oxidative stress is
absolutely necessary to produce WMI in neonatal HI but how O2
deprivation leads to OPC/Olg death is unknown. We serendipitously
found that hypoxia significantly induced up-regulation of PLP in
trophoblast cells with translocation of PLP into their mitochondria,
and increased trophoblast apoptosis. Moreover, we found that PLP
is inserted into mitochondria using the specific Mia40/Erv1 mitochondrial import pathway, and that we can control its import by
drugs and molecular intervention (Appikatla et al., 2014). This and
our other data indicate PLP regulates OPC/Olg death mediated by
PLPs insertion into mitochondria. We then asked whether the
absence of PLP is neuro-protective in neonatal HI. We tested this
hypothesis by inducing HI in Plp1ko mice. Plp1ko mice subjected
to the same HI insult as wt mice are protected in terms of 1) reduced
size of infarct by nearly 50%, 2) reduced myelin loss by 25%, 3) reduced apoptotic cell death, 4) reduced reactive microglia response,
and 5) less neuronal loss. We will present additional data using the
Seahorse that shows PLP regulates metabolism of Olgs in neonatal
HI. Clearly, the absence of PLP is neuro-protective in neonatal HI.
These findings open up new avenues exploring how metabolism,
modulated by levels of PLP, regulates neonatal HI neural deficits.
Supported by NINDS.

PS04-11
ANTEROGRADE DEGENERATION OF AXONS
FOLLOWING THE DEATH OF RETINAL GANGLION
CELLS CAUSED BY RETINAL ISCHEMIA
Shu-Wei Sun1, 2, Christopher Nishioka2, 1, Hsiao-Fang Liang1
1
Loma Linda University, Basic Science, SOM, Loma Linda, USA
2
University of California, Riverside, Neuroscience, Riverside, USA
Background: In several neurodegenerative diseases, including
Alzheimer’s disease, deficits appear to gradually propagate along
functional connected areas. The exact mechanisms are not fully
understood. As neuronal axons are long extensions from somas, we
__________________
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speculated that injury to somas causes axonal damage, which may
result in releasing tissue-toxic cytokines not only to the primary
injure site but also to the remote areas where the injured axons
locate. To investigate the temporal and spatial evolvements of
axonal damage following soma injure, we studied the axonodegeneration in optic nerves and tracts after retinal ischemia in mice. We
hypothesized an anterograte-propagating axonal degeneration after
retinal ischemia. The inflammatory cytokines from injured axons
may compromise the blood-brain-barrier (BBB) in remote area
including optic nerves and tracts.
Methods: Twenty-eight 8-week-old female Slow Wallerian
Degeneration (WldS) mice were used. Under anesthetization, transient retinal ischemia was performed on the right eye of each mouse
using controlled hydraulic pressure to block blood flow. The left
eyes were left intact to serve as the internal control for each animal.
Axonal damage and BBB of optic nerves and tracts were examined
using in vivo Diffusion Tensor Imaging (DTI) and T1-weighted
MRI (Gd-T1WI ) with vein-injected gadolinium agent, respectively.
Immunohistochemistry using SMI-31 (detecting phosphorylated
neurofilaments) and Evans blue were conducted at 1, 2, and 4
weeks.
Results: Axonal damage was found in the optic nerve one week and
optic tact two weeks after retinal ischemia with reduced axial
diffusivity on DTI and lost SMI-31-positive axons. No significant
changes were observed using Gd-T1WI (p = 0.13 - 0.75), although
an approximately 1-fold increase in Evans blue staining intensity
was found.
Conclusions: We demonstrated the utility of DTI to characterize
anterograde-propagating axonal degeneration through the optic
nerves and tracts following retinal damage. Evans blue staining
revealed serum albumin accumulation at injured sites, though there
was no leakage detectable using Gd-T1WI.

PS04-12
PLASMA MEMBRANE G PROTEIN-COUPLED ESTROGEN
RECEPTOR-1 (GPER) MEDIATES ESTRADIOL RAPID
FACILITATION OF LORDOSIS
Reema Tominna, Sima Chokr, Maxwell La Forest, Kevin Sinchak
CSULB, Biological Sciences, Long Beach, USA
Sexual receptivity (lordosis) can be facilitated via sequential
activation of estrogen receptor-α (ERα) and G protein-coupled
estrogen receptor-1 (GPER; aka GPR30) in the arcuate nucleus of
the hypothalamus (ARH) in a 2µg estradiol benzoate (EB) primed
ovariectomized (OVX) rat. In the ARH, EB priming indirectly
activates β-endorphin (β-END) neurons that projects to the medial
preoptic nucleus (MPN) to activate u-opioid receptors (MOP),
which inhibits lordosis. Lordosis is facilitated and MPN MOP is
deactivated within 30 minutes via activation of GPER by infusing
17β-estradiol benzoate (E2) into the ARH 47.5 hours post EB
priming. The orphanin FQ-orphanin receptor-like receptor-1 (OFQ/
N-ORL-1) system mediates these actions of GPER. Our previous
studies showed that GPER is present in 85.7% of ARH OFQ/N neurons. Using western blot and cell fractionation techniques we
demonstrated that GPER are expressed in both plasma membrane
and cytosolic ARH fractions. Therefore, we tested the hypothesis
that GPER on the plasma membrane activates the rapid
__________________
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OFQ/N-ORL-1 signaling pathway to deactivate MPN MOP and
facilitate lordosis. Bilateral cannulae were aimed at the level of the
ARH in OVX Long Evan rats. Rats were EB-primed and received
ARH infusion of E2 or membrane impermeable 17β-estradiol-biotin
(E-Biotin) 47.5 hours after EB-priming. Both treatments facilitated
sexual receptivity (measured by lordosis quotient; LQ) and reduced
MPN MOP activity within 30 minutes. Blocking either GPER
(70nmol; G-15) or ORL-1 (50nmol; UFP-101) inhibited facilitation
of lordosis and activation of MPN MOP. These data suggest that
GPER on the plasma membrane rapidly signals through the OFQ/NORL-1 system. Multiple ER pathways are activated over time to
regulate sexual behavior. Knowing when and which ER signaling
pathway is mediating estrogenic signaling is important for understanding estrogenic actions and better directing estrogen therapies.

PS04-13
SYNAPSE ENGULFMENT THROUGH THE ACTIVATION
OF REVERSE EPHRIN-B1 SIGNALING IN ASTROCYTES
IN VITRO
Simone Woodruff, Jordan Koeppen, Amanda Nguyen, Iryna Ethell
University of California, Riverside, Biomedical Sciences, Riverside,
USA
Astrocytes have been shown to play a role in synaptic pruning
during development in the brain. However, signaling mechanisms
that allow crosstalk between astrocyte and neuronal synapses to
trigger astrocyte-mediated synapse pruning are still unclear. We
hypothesize that the signaling through trans-membrane protein
ephrin-B1 is necessary for astrocyte mediate synaptic pruning of
EphB expressing synapses. To test the hypothesis, we investigated
the efficiency of synapse up-take by astrocytes expressing active
and inactive forms of ephrin-B1 (ephrinB1, ephrinB1_Y294F,
ephrinB1_Y310F, or ephrinB1_Y294/310F) in vitro using
synaptosome engulfment assay. Synaptosomes were purified from
hippocampi of WT or EphB1,2,3 KO adult mice, and labeled with
DiI. Labeled synaptosomes were incubated with astrocytes expressing WT or mutant ephrin-B1 in cultures for 2 and 4 hours. We
observed a reduced number of synaptosomes in cells expressing
ephrin-B1 with mutations on tyrosines 294 and 310. In addition,
astrocytes showed reduced engulfment of synaptosomes lacking
EphB receptors. Our results suggest that astrocytic ephrin-B1 regulates synapse numbers by pruning synapses through ephrin-B1mediated endocytosis. Further studies will investigate the association of synaptosomes and astrocytic ephrin-B1 with endosomes
using early endosome marker (EEA1) and Amine-Reactive pHrodo
dye. This study is significant in understanding the basic mechanisms for synaptic pruning by astrocytes. Given EphB receptor role
in neurodevelopmental disorders and neurodegenerative diseases,
we suspect this project has potential for future clinical applications.
This work was supported by the NIH grant RO1MH067121.
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PS04-14

PS04-15

TARGETING SATELLITE GLIAL SIGNALING FOR THE
TREATMENT OF CHRONIC PAIN
Alison Xie1, Sarah Taves2, Aric Madayag2, Ken McCarthy2
Anna Malykhina1
1
University of Colorado, Denver, Surgery, Aurora, USA
2
University of North Carolina, Chapel Hill, Pharmacology, Chapel
Hill, USA

NITRATION OF ENDOTHELIAL TIGAR (TP53-INDUCED
GLYCOLYSIS & APOPTOSIS REGULATOR)
AMELIORATED BY MELATONIN DURING
HYPOGLYCEMIC STRESS
Muhammad Masood Ahmed1, 2, Cheng-kun Wang2, Quan Jiang2
Nan-nan Lu2, Chao Tan2, Kohji Fukunaga3, Christopher S. Wilcox4
Syed Nisar Hussain Shah1, Feng Han2
1
Bahauddin Zakariya University, Faculty of Pharmacy, Multan,
Pakistan
2
Zhejiang University, Institute of Pharmacology and Toxicology,
College of Pharmaceutical Sciences, Hangzhou, China
3
Tohoku University, Department of Pharmacology, Graduate
School of Pharmaceutical Sciences, Sendai, Japan
4
Georgetown University Medical Center, Hypertension, Kidney, and
Vascular Research Center, Washington D.C, USA

Chronic pain is closely associated with nociceptive sensitization
and neuroinflammation. Glial fibrillary acidic protein-expressing
(GFAP+) glia modulate nociceptive neuronal activity in the
peripheral and central nervous systems. Specifically, it was reported
that the resident GFAP+ glia in dorsal root ganglia, namely, satellite
glial cells (SGCs) potentiate neuronal activity by releasing pro-inflammatory cytokines and neuroactive compounds. In this study, we
tested the hypothesis that selective manipulation of SGC signaling
alleviates symptoms of chronic pain in mouse models. Several
transgenic and conditional knock-out mice were used to selectively
manipulate GFAP+ glial signaling pathways, including chemogenetic activation of Gq-GPCR signaling and the inactivation/suppression of nuclear factor κB (NFκB) and cyclooxygenase-2 (Cox2)
signaling. The physiological outcome of manipulating SGC signaling was evaluated by hind paw mechanical sensitivity and
monitored using Von Frey filament in both inflammation-induced
chronic pain model and spared nerve injury model of neuropathic
pain. We found that chemogenetic activation of Gq-GPCR signaling
in sensory SGCs led to a decrease in nociceptive responses and
abolished inflammation-induced chronic pain via A1 adenosine
receptor pathway. In addition, COX2 gene inactivation or NFκB
suppression specifically in SGCs significantly reduced mechanical
hypersensitivity and prevented the development of chronic pain in
spared nerve injury model. These data reveal a key role of sensory
SGCs in the development and maintenance of chronic pain, and
offer a novel approach for acute control of afferent excitability.
Future studies are warranted to develop targeted genetic
manipulation of sensory SGC signaling in order to attenuate
peripheral nociceptive sensitization, as well as to alleviate symptoms of chronic pain.
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Hpoglycemia has a damaging impact on the cerebrovasculature,
but the molecular events that lead to the disruption of the integrity
of the tight junctions remains ambiguous. Here, we reported that the
microvessel integrity was dramatically compromised (59.41% of
wild type mice) in TP53-induced glycolysis and apoptosis regulator
(TIGAR) transgenic mice stressed by hypoglycemia. Melatonin, a
potent antioxidant, protects against hypoglycemic stress-induced
brain endothelial tight junction injury in the dosage of 400 nM in
vitro. FRET (fluorescence resonance energy transfer) imaging data
of endothelial cells stressed by low glucose revealed that TIGAR
couples with calmodulin to promote TIGAR tyrosine nitration. A
tyrosine 92 mutation interferes with the TIGAR-dependent NADPH
generation (55.60% decreased) and abolishes its protective effect on
tight junctions in human brain microvascular endothelial cells
(HBMECs). We further demonstrated that the low glucose-induced
disruption of occludin and caludin5 as well as activation of autophagy were abrogated by melatonin-mediated blockade of
nitrosative stress in vitro. Collectively, these studies identify TIGAR
as a new therapeutic target and provide information on the detailed
molecular mechanisms for the protective actions of melatonin on
brain endothelial tight junctions and recommend that this indole has
translational potential for severe hypoglycemia-induced neurovascular injury.
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PS05-01
BDNF ACTIVATES RETROGRADE FAST AXONAL
TRANSPORT BY PHOSPHORYLATION OF CYTOPLASMIC
DYNEIN
Minsu Kang1, 2, Sarah Morris1, 2, Alison Klein3, 2, Karen Ebenezer3, 2
Rebecca Zhang3, 2, Scott Brady1, 2, Gerardo Morfini1, 2
1
University of Illinois at Chicago, Anatomy and Cell Biology,
Chicago, USA
2
Marine Biological Laboratory, Whitman Center, Woods Hole, USA
3
Hunter College, Biological Sciences, New York, USA
Brain-derived neurotropic factor (BDNF) is a neurotrophin
secreted by post-synaptic neurons to signal functional synaptic
connection. BDNF signaling is essential for neuronal survival and
impaired BDNF signaling has been reported in several major neurodegenerative diseases including Alzheimer’s, Parkinson’s and
Huntington’s disease. Binding of BDNF to TrkB receptor on the
pre-synaptic neuron activates TrkB receptor, which in turn activates
several kinase pathways that include non-receptor tyrosine kinases
(i.e., Src and Fyn), PLC/PKC, PI3K/Akt, Ras/ERK signaling
cascades. It is well established that active TrkB receptors are endocytosed and transported in retrograde direction to the neuronal cell
body by cytoplasmic dynein (CDyn) via signaling endosomes.
However, specific mechanisms by which active TrkB receptor promotes CDyn-mediated retrograde axonal transport of signaling
endosomes remain unknown.
Here, we present data from isolated squid axoplasm and rat primary
cortical neurons supporting the identification of a novel kinasebased signaling pathway for activation of CDyn-based retrograde
fast axonal transport. This pathway involves sequential activation of
non-receptor tyrosine kinases and protein kinase D (PKD)
ultimately leading to phosphorylation of dynein intermediate chain
(DIC) subunits of CDyn. Together, our data provides evidence for
activation of retrograde fast axonal transport by BDNF signaling
through a specific kinase pathway leading to phosphorylation of
CDyn subunits.

PS05-02
LOCALIZATION OF EXPOSED TAU PHOSPHATASE
ACTIVATING DOMAIN IN DEVELOPING NEURONS
Sarah Morris, Nichole Mesnard-Hoaglin, Scott Brady
University of Illinois at Chicago, Anatomy and Cell Biology,
Chicago, USA
Tau is a neuronal microtubule-associated protein which can form
aggregates in Alzheimer’s disease and other tauopathies. However,
both the pathogenic mechanism and normal functions of tau remain
elusive. Tau is described as a microtubule-stabilizing protein
however extensive microtubule networks in tau null mice suggest
this may not be a primary function. Studies in isolated squid
axoplasm have found that pathogenic forms of tau selectively
inhibit anterograde fast axonal transport (FAT), the effect being dependent on N-terminal residues. Significantly, truncated tau
monomers containing the N-terminal have the same inhibitory effect
and tau N-terminal residues 2-18 are sufficient to cause this effect
by activating PP1 and GSK3β. This domain, the phosphatase
__________________
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activating domain (PAD), is concealed in full length tau monomers
but becomes exposed during pathological protein assembly or phosphorylation of tau at certain sites. The robust and selective
inhibition of anterograde FAT led us to hypothesise that the exposed
tau PAD may have a normal function in regulation of anterograde
FAT. The present study assessed the subcellular localisation of tau,
with and without the PAD exposed, and inactive or active GSK3β.
Embryonic mouse neurons were examined at various developmental
time points in vitro by immunolabeling the exposed PAD region of
tau (TNT1), total tau (tau5) and dephospho-ser9-GSK3β (dpS9GSK3β), the active form of the kinase known to phosphorylate
kinesin motor protein. Our results show active dpS9-GSK3β was
enriched in neuronal growth cones, identified by F-actin and GAP43, and was observed within cell bodies and neurites to a lesser
degree. In contrast, inactive pS9-GSK3β is present throughout developing neurons. In early development tau PAD is exposed at some
points along neurites and in some growth cones with very little in
cell bodies. With neuronal maturation, exposed tau PAD becomes
more concentrated in specific neurite subregions, possibly neurite
varicosities. Our results indicate that the tau PAD is locally exposed
during neuronal development, potentially regulating neurite
outgrowth by local activation of GSK3β, which is an important
regulator of anterograde FAT.

PS05-03
COLLAGEN XIX IS NECESSARY FOR THE ASSEMBLY OF
THE MOUSE NEUROMUSCULAR JUNCTION
Elizabeth Sugg1, 2, Jianmin Su2, Michael Fox2, 3
1
Virginia Tech Carilion School of Medicine, Medicine, Roanoke,
USA
2
Developmental and Translational Neurobiology Center, Virginia
Tech Carilion Research Institute, Roanoke, USA
3
Virginia Tech, Department of Biological Sciences, Blacksburg,
USA
Collagen XIX is a non-fibril forming collagen that is present in
the extracellular matrix (ECM) of central and peripheral nervous
system tissues. In the brain, recent studies have shown that interneurons generate this non-fibrillar collagen and its presence is
necessary for formation of a select population of inhibitory synapses
(Su et al. 2010, 2016). Within the PNS, several developmental
studies have indicated collagen XIX is a critical ECM cue for
esophageal muscle function (and perhaps innervation) in mice and
for motor axon growth in zebrafish. Moreover, expression studies
have suggested that Collagen XIX may be present, and even
enriched, at the mouse neuromuscular junction, a specialized
synapse between motor neurons and skeletal muscles. Several other
non-fibrillar collagens have been shown to regulate the formation,
maturation and maintenance of the NMJ.Therefore, in the present
study, we sought to test whether Collagen XIX contributed to neuromuscular circuit formation or function. First, we explored the
synaptic and extrasynaptic expression of col19a1 mRNA (the gene
that encodes Collagen XIX) in mouse muscle. Muscle fibers are
multi-nucleated and the subset of nuclei that reside beneath the
NMJ are responsible for generating mRNAs that play important
roles in function or maintenance of the synapse. Here we show not
__________________
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only that col19a1 is generated by skeletal muscle fibers, but
col19a1 expression was significantly enriched in the synaptic versus
extrasynaptic muscle regions. Since this suggests that collagen XIX
may contribute to the formation or maintenance of peripheral
synapses, as it does it the brain, we next assessed NMJ morphology
in col19a1 mutant mice. Preliminary results from these studies
reveal disrupted NMJ morphology in the absence of Collagen XIX.
These results demonstrate for the first time that Collagen XIX is not
only necessary for the formation of synapses in the brain, but also
for synapses in the periphery.

PS05-04
INTERACTIVE AND IMMERSIVE DIGITAL TECHNOLOGY
FOR NEUROANATOMICAL INSTRUCTION: STRUCTURE
AND FUNCTION FROM NANO TO MACRO SCALES
Randy Stout, Suzanna Shermon
New York Institute of Technology College of Osteopathic Medicine,
Department of Biomedical Sciences, Old Westbury, USA

scales ranging from nanometers to that of the entire body. Additionally, the spatial relationship between tracts, nuclei, and nonneural cellular components are so highly intertwined that students
and instructors often encounter difficulty in communicating
morphology using traditional two dimensional and static visual
media. Recent advances in Virtual Reality (VR) and Augmented
(mixed) Reality (AR) hardware and software are rapidly producing
new potential routes to circumvent the aforementioned challenges to
neuroanatomy teaching. I will present the learning environments
and materials that I have developed with the aim of allowing
immersive, interactive, and even creative forms of neuroanatomical
learning through application of digital technology. In addition to
presenting ways in which digital neuroanatomical models can
facilitate connections between dynamic neuroanatomy and neurochemistry across scales, I will discuss ways that the learning
environments and materials can be designed to allow them to be
adapted for inclusion of students across educational levels and
economic backgrounds through the use of opensource and crossplatform technology.

Effective learning outcomes for functional neuroanatomy face
special challenges that are produced by the complex relationships
between structure and physiology and important connections across
__________________
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PS06-01
OLIGOMERIC AMYLOID-BETA AS A MECHANISTIC
BIOMARKER FOR ALZHEIMER'S DISEASE IN HUMAN
PLASMA
Deebika Balu, Ana Valencia-Olvera, Jazmin Diaz, Jason York
Mary Jo LaDu
University of Illinois at chicago, Anatomy and Cell Biology,
Chicago, USA
APOE4 is the greatest genetic risk factor for Alzheimer’s disease
(AD), increasing risk up to 15-fold compared to the more common
APOE3. Rare autosomal dominant mutations increase the peptide
amyloid-β (Aβ42) cause AD, and can aggregate to form both
amyloid plaques and oligomeric Aβ (oAβ), the latter considered a
proximal neurotoxin. Among APOE4 carriers, females have an increased AD risk, rate of cognitive loss and accumulation of Aβ42
compared to males. Thus, our hypothesis is that oAβ is a
mechanistic biomarker that can track AD progression based on
APOE genotype and sex. Many current AD biomarkers are not predictive, reliably diagnostic or easily measured, although CSF Aβ42
levels are considered a “gold standard”. To test the value of oAβ as
a biomarker, we developed a unique monoclonal antibody, MOAB2, that enabled development of an ELISA that detects 1pg/ml oAβ.
In addition, we developed the EFAD mice, a novel preclinical transgenic mouse that overexpresses human Aβ42 and expresses the
human APOE. In EFAD mouse brains, Aβ42 levels correlate with
APOE-modulated AD pathology, while oAβ levels correlate with
both AD pathology and disease progression. In both human brain
and CSF, oAβ and Aβ42 levels are higher in AD vs. control, but in
the AD cohort, only oAβ is higher with APOE4 vs. APOE3,
supporting our hypothesis that APOE-modulated changes in oAβ
levels underlie the APOE4-induced AD risk. Therefore, we
measured oAβ in human plasma. Our data demonstrates that oAβ
levels are higher in AD vs. control subjects. Stratification of the AD
cohort by sex and APOE reveal significantly greater oAβ levels in
APOE4 vs. APOE3 and females vs. males. Importantly, when the
data is further stratified by sex within genotype, oAβ levels are
higher in female APOE4 carriers vs. male APOE4 carriers. These
results are consistent with the concept of personal medicine, as
significance increases with stratification. This specifically supports
the hypothesis that with subject stratification, plasma oAβ levels
may become a new “gold standard”.

PS06-02
CALPAIN INHIBITION REGULATES INFLAMMATORY
MEDIATORS IN PBMCS FROM MS PATIENTS
Narendra Banik1, 2, Elizabeth Kau2, Mollie Capone1
Maria Podbielska1, Denise Matzelle2, Azim Hossain1
Rachel Polcyn1, Azizul Haque1
1
Medical Univ of South Carolina, Dept Neurol, Charleston, USA
2
Ralph H. Johnson VAMC, Research Service, Charleston, USA
Multiple Sclerosis (MS) is a chronic disease of the central nervous
system (CNS). Current treatments reduce but do not abolish symptoms and also come with many drawbacks. MS pathology is marked
by the massive infiltration of myelin-specific T cells into the central
__________________
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nervous system (CNS). Hallmarks of T helper (Th) cells during
active disease are pro-inflammatory Th1/Th17 cells that predominate over immunoregulatory Th2/Treg cells. Neurodegeneration, a major factor in progressive MS, is often overlooked when
considering drug prescription. Previous studies from our laboratory
demonstrated that expression and activity of the calcium-activated
protease calpain are increased in MS patients during relapse compared to remission. Calpain activates T cells and is involved in the
production of Th1 cytokines while its inhibition promotes upregulation of Th2 cytokines via protection of STAT6. Calpain
inhibition also modulates the activity of signaling proteins associated with Th/Treg profiles (STATs, NFAT, NFκB). Ongoing studies
in our laboratory found alterations in calpain expression and activity
during relapse and remission in MS patient PBMCs and that
subpopulations of T cells including Th1/Th2 cells were dysregulation via alterations of transcription factors. Dysregulation of
serum inflammatory cytokines/chemokines as well as in vitro T cell
production of cytokines, chemokines, and growth factors were observed in relation to calpain expression and activity. Several regulatory cytokines/chemokines such as IL-10, IL-6, IL-1b, and IP-10
were markedly altered in MS patient samples. Incubation of MS
patient PBMCs with calpain inhibitor attenuated Th1/Th17 inflammatory cytokines. In addition, neurons damaged by factors released
from activated MS PBMCs were protected by calpain inhibitors,
suggesting that calpain inhibition may attenuate disease progression
and pathology by reducing inflammatory cytokines/chemokines and
could be used in clinical settings to augment the efficacy of standard
immunomodulatory agents used to treat MS. Supported by NIH and
VA.

PS06-03
A NOVEL ALTERED PEPTIDE LIGAND AMELIORATES
EXPERIMENTAL AUTOIMMUNE ENCEPHALOMYELITIS
Narendra Banik1, 2, Nicole Trager4, Jonathan Butler3, J Harmon1
J Mount1, Maria Podbielska1, Denise Matzelle2, Azizul Haque1
Craig Beeson1
1
Medical Univ of South Carolina, Dept Neurol, Charleston, USA
2
Ralph H Johnson VAMC, Reserach Service, Charleston, USA
3
Vanderbilt, Neuroscience, Nashville, USA
4
Los Medanos College, MESA, Pittsburgh, USA
Multiple sclerosis (MS) is a neurodegenerative disorder that
damages the nerves in the brain and spinal cord. The incidence of
MS has been increasing worldwide over the past decades, but no
drug is currently available to cure MS. Studies in experimental autoimmune encephalomyelitis (EAE), an animal model for MS, have
provided convincing evidence that T cells specific for self-antigens
mediate pathology in this disease. Interactions between the major
histocompatibility complex II containing antigenic peptides and the
T cell receptor activate CD4+ T cells that perpetuate EAE and MS.
Altered peptide ligands (APLs) have been used to initiate immune
deviation from a pro-inflammatory state to an anti-inflammatory response in EAE. However, most APLs are susceptible to proteolysis,
and they require high concentrations which can induce hypersensitivity reactions in the host. We have synthesized a novel protease resistant altered peptide ligand (APL) that may be superior
__________________
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to currently available APLs in terms of protease resistance and disease suppression in EAE mice. The APL induced anti-inflammatory
immune responses by altering key transcription factors and cytokine
genes that regulate T cell subpopulations in EAE. This APL may
also dose-dependently alleviate the progression of EAE with reduced central nervous system inflammation and demyelination.
APL treatment also inhibited the activation of microglia/macrophages, Th1/Th17 cells, and reactive astrocytes. These data suggest
that the novel protease-resistant APL may be a potential therapeutic
drug for inflammatory demyelinating diseases, including MS.
Supported in part by grants from NIH-NINDS and the Veterans
Administration.

PS06-04
WESTERN DIET AND FATTY ACIDS PERTURB
SARCOPLASMIC/ENDOPLASMIC RETICULUM CALCIUM
ATPASE: ROLE OF PHOSPHATIDYLINOSITOL
TRISPHOSPHATE
Steven Barger1, 2, Srinivas Ayyadevara1
Meenakshisundaram Balasubramaniam1, Jackson Hedrick1
1
University Arkansas Med Sci, Dept Geriatrics, #807, Little Rock,
USA
2
Central Arkansas Veterans Healthcare System, GRECC, Little
Rock, USA
Diet impacts neurological function, including the risk for agerelated dementias including sporadic Alzheimer’s disease. Many
aspects of metabolism are regulated by insulin and other endocrine/
paracrine factors that transduce signals through phosphatidylinositol-4,5-bisphosphate 3-kinase and its product phosphatidylinositol-3,4,5-trisphosphate (PIP3). We have begun
specialized proteomics surveys of brain tissues utilizing PIP3
binding as a parsing criterion. Tissues analyzed have included
cerebral cortex from humans with or without Alzheimer’s disease
and mouse brains with or without transgenic expression of amyloid
β-peptide (Aβ) or feeding of a “Western” diet (high in fat and
sucrose). One class of proteins that differed in PIP3 binding were
the sarcoplasmic/endoplasmic reticulum calcium ATPases
(SERCAs). Such differences in PIP3 binding were associated with a
novel phosphorylation event on SERCA2. Analysis of rat primary
neuronal cultures indicated that free fatty acids, exemplified by
palmitate, reduced steady-state protein levels of SERCA2 and
altered cellular function in a manner consistent with reduced storage
of calcium in endoplasmic reticulum and mitochondria; ATP production was also suppressed. These treatments were mimicked by
the SERCA inhibitor (thapsigargin) and partially alleviated by a
SERCA activator. Treatment of C. elegans with palmitate and/or
high glucose also led to functional deficits and elevations of
insoluble protein aggregates in lines expressing Aβ; SERCA
activator also quantitatively rescued these effects. Finally,
computational molecular modeling identified a site in the SERCA2
structure for efficient binding to PIP3. Such computational analysis
also indicated that the phosphorylation of SERCA2 at the novel site
created a conformational change that would likely impact PIP3
binding. Together, these data identify SERCAs as key molecules
mediating the direct effects of fatty acids on cellular function, potentially related to ER stresses such as the unfolded protein response
and other phenomena by which age and diet interact to promote
__________________
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PS06-05
CINNAMIC ACID INDUCES LYSOSOMAL BIOGENESIS
AND IMPROVES MEMORY IN A MOUSE MODEL OF
ALZHEIMER’S DISEASE
Sujyoti Chandra1, Malabendu Jana1, Kalipada Pahan1, 2
1
Rush University Medical Center, Neuroscience, Chicago, USA
2
Jesse Brown Veterans Affairs Medical Center, Division of
Research and Development, Chicago, USA
Lysosomes are membrane bound hydrolytic enzyme containing
acidic organelles that perform a key function in cellular homeostasis
by regulating cellular degradative and recycling pathways. Aberrant
lysosomal function and autophagy are known to contribute to the
pathogenesis of many neurodegenerative diseases. Therefore,
augmentation of the cellular clearance machinery by induction of
lysosomal biogenesis is an attractive therapeutic strategy. In our
study, we tested whether Cinnamic Acid (CA), a metabolite of
commonly used spice Cinnamon, could stimulate lysosomal biogenesis in mouse primary brain cells. CA treatment resulted in increased lysosomal abundance and autophagic vesicles demonstrated
by Lysotracker staining and electron microscopy, respectively.
Lysosomal markers including membrane proteins LAMP2, LIMP2,
NPC1, lysosomal enzyme TPP1, and the master regulator of
lysosomal biogenesis TFEB were found to be upregulated with CA
treatment. Further examination revealing the presence of PPRE
[Peroxisome Proliferator-activated receptor (PPAR) Response
element] on the TFEB promoter led us to check the involvement of
PPARs in CA induced lysosomal biogenesis. CA enhanced total
lysosome content, expression of lysosomal marker LAMP2, TFEB
via PPARα, but neither PPARβ nor PPARγ, indicating a specific role
of PPARα as the underlying mechanism. Next, we checked in vivo
the effect of oral administration of CA in 5XFAD mouse model of
Alzheimer’s disease (AD). Behavioral studies indicated that CA
treated transgenic mice had significantly higher memory than the
vehicle group. However, the 5XFAD/PPARα-/- mice did not show
any improvement in memory following CA treatment suggesting
that the effect is dependent on PPARα. Our study highlights a novel
role for CA in stimulating lysosomal biogenesis that may have
therapeutic potential for treatment of AD as well as other neurodegenerative disorders.

PS06-06
WALNUTS IN THE DIET REDUCES FREE RADICAL
LEVELS, LIPID PEROXIDATION AND PROTEIN
OXIDATION IN TRANSGENIC ALZHEIMER'S MICE
Abha Chauhan, Pandareesh Mirazkar, Ved Chauhan
NYS Institute for Basic Research in Developmental Disabilities,
Neurochemistry, Staten Island, New York, USA
Our previous studies have shown the beneficial effects of walnut
supplementation in the diet on memory, learning skills, motor coordination, locomotor activity and anxiety in the Tg2576 transgenic
__________________
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mouse model of Alzheimer’s disease (AD-tg). Increased oxidative
stress and inflammation are prominent features in Alzheimer’s disease (AD). The mechanism by which diet with walnuts can help in
reducing the risk of dementia or slowing the progression of AD is
not known. Walnuts are rich in components that have anti-oxidant
and anti-inflammatory properties. This study was designed to investigate whether dietary supplementation of walnuts (6% or 9%
equivalent to 1 or 1.5 oz, respectively, per day in humans) can reduce oxidative damage in AD mice. From the age of 4 months, the
experimental groups of AD-tg mice were fed custom-mixed diets
containing 6% walnuts (T6) or 9% walnuts (T9) for 5, 10 or 15
months. The control groups, i.e., AD-tg (T0) and wild-type mice
(Wt), were fed a diet without walnuts. These experimental and
control mice were examined for the levels of free radicals [reactive
oxygen species (ROS), hydroperoxides], lipid peroxidation and protein oxidation. AD-tg mice on the control diet (T0) showed significant increase in free radical generation, lipid peroxidation and protein oxidation, which progressively increased with age from 4 to 19
months of age compared to their wild type littermates on the control
diet. Oxidative stress was significantly reduced in AD-tg mice on
diets with 6% or 9% walnuts (T6 and T9) as evidenced by lower
levels of ROS and hydroperoxides, and decreased lipid peroxidation
and protein oxidation compared to the AD-tg mice on the control
diet (T0). These findings suggest that dietary supplementation with
walnuts decreases oxidative stress thus leading to reduced oxidative
damage to lipids and proteins.

PS06-07
TIME RESTRICTED FEEDING IMPROVES CIRCADIAN
DYSFUNCTION AND MOTOR SYMPTOMS IN THE Q175
MOUSE MODEL OF HUNTINGTON'S DISEASE
Christopher Colwell1, 2, Huei-Bin Wang1, 2, Daniel Whittaker1, 2
Tamara Cutler1, 2, Cristina Ghiani1, 2
1
University of California, Los Angeles, Psychiatry, Los Angeles,
USA
2
University of California, Los Angeles, Pathology, Los Angeles,
USA
Huntington’s disease (HD) patients suffer from a progressive
neurodegeneration that results in cognitive, psychiatric,
cardiovascular and motor dysfunction. Disturbances in sleep/wake
cycles are common among HD patients with reports of delayed
sleep onset, frequent bedtime awakenings, and fatigue during the
day. The heterozygous Q175 mouse model of HD has been shown
to phenocopy many HD core symptoms including circadian
dysfunctions. Because circadian dysfunction manifests early in the
disease in both patients and mouse models, we sought to determine
if early intervention that improve circadian rhythmicity can benefit
HD and delay disease progression. We determined the effects of
time-restricted feeding (TRF) on the Q175 mouse model. At 6
months of age, the animals were divided into two groups: ad lib and
TRF. The TRF-treated Q175 mice were exposed to a 6-hr feeding/
18-hr fasting regimen that was designed to be aligned with the
middle of the time when mice are normally active. After 3 months
of treatment (when mice reached the early disease stage), the TRFtreated Q175 mice showed improvements in their locomotor activity
rhythm and sleep awakening time. Furthermore, we found improved
heart rate variability (HRV), suggesting that their autonomic
__________________

2018 Transactions of the American Society for Neurochemistry ®

nervous system dysfunction was improved. Importantly, treated
Q175 mice exhibited improved motor performance compared to
untreated Q175 controls, and the motor improvements were correlated with improved circadian output. Finally, we found that the expression of several HD-relevant markers were restored to WT levels
in the striatum of the treated mice using NanoString gene expression assays.

PS06-08
PINK1 REGULATES BDNF SIGNALING TO STIMULATE
DENDRITE OUTGROWTH, MITOCHONDRIAL
TRAFFICKING AND FUNCTION
Ruben Dagda, Maryann Swain, Raul Dagda, Tania Das Banerjee
University of Nevada, Reno School of Medicine, Pharmacology,
Reno, USA
Protein Kinase A (PKA) and PTEN-induced kinase 1 (PINK1),
which is linked to Parkinson's disease, are two neuroprotective
serine/threonine kinases that regulate dendrite remodeling and mitochondrial function. We have previously shown that PINK1 regulates
dendrite morphology and mitochondrial trafficking via PKA (Dagda
et al., 2014 J. Neurochem; Das Banerjee et al, T., 2017, J. Neurochem). The objective of this study is to identify molecular mechanisms by which PINK1 stimulates dendrite outgrowth and mitochondrial function in neurons. Like PINK1 and PKA, brain-derived
neurotrophic factor (BDNF) is a potent stimulator of dendrite
outgrowth and mitochondrial function. To this end, we surmised
that PINK1 regulates dendrite outgrowth and mitochondrial function via BDNF. Immunohistochemistry analyses of brain slices
derived from PINK1 knockout mice showed that PINK1-deficient
cortical and hippocampal neurons have significantly reduced intracellular levels of BDNF and a concomitant reduction in dendrite
length. Treating PINK1-deficient neurons with recombinant human
BDNF was able to restore dendrite length in PINK1-deficient
cortical neurons to similar levels as wild-type neurons.
Mechanistically, treating PINK1-overexpressing SH-SY5Y cells
with inhibitors of the BDNF receptor (TrkB) or of PKA blocked the
ability of PINK1 to enhance neurite outgrowth and BDNF levels.
These results suggest that PINK1 stimulates dendrite outgrowth via
BDNF-mediated activation of TrkB and by activating PKA. Primary
neurons treated with human recombinant BDNF showed enhanced
neuronal metabolism (oxidative phosphorylation and glycolysis), increased anterograde mitochondrial trafficking and mitochondrial interconnectivity suggesting that BDNF phenocopies the ability of
PINK1 to regulate mitochondrial trafficking, dynamics and the bioenergetics status of the cell. Co-treating primary neurons with
BDNF was able to reduce the level of mitochondrial superoxide in
PINK1-deficient neurons and in neurons treated with rotenone, an
inhibitor of complex I. Overall, our data suggest the existence of a
new neuroprotective signaling axis by which PINK1 stimulates
BDNF via PKA to modulate dendrite outgrowth, metabolism, oxidative stress, and mitochondrial function in neurons. This work was
supported by NIH grants P20 GM103554 (RKD) and a Sanford
Center for Aging research grant (RKD).
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PS06-09
CHARACTERIZATION OF MOLECULAR INTERACTION
BETWEEN EXOSOMAL CERAMIDE AND BETA AMYLOID
Ahmed Elsherbini1, Alexander Kirov2, Michael Dinkins2
Silvia Leanhart2, Guanghu Wang1, Haiyan Qin1, Anne Burgert3
Markus Sauer3, Alexandra Schubert-Unkmeir3, Zhihui Zhu1
Stephanka Spassieva1, Xue jiang1, Lianshing Zhong1
Erhard Bieberich1
1
University of Kentucky, Physiology, Lexington, USA
2
Augusta University, Neurosciences, Augusta, USA
3
University of Wurzburg, Biotechnology and Biophysics, Wurzburg,
Germany
Alzheimer’s Disease (AD) is characterized by progressive neuronal death, accumulation of neurotoxic and gliotoxic beta-amyloid
peptides (Abeta), amyloid plaques, and neurofibrillary tau tangles.
The exact mechanism of amyloid aggregation is still unclear. We
have shown that astrocyte-derived exosomes contribute to AD progression by seeding amyloid plaques, although the exact mechanism
of exosome-induced Abeta aggregation is unknown. We have also
shown that these exosomes contain PAR-4, a protein sensitizing
cells to ceramide-induced apoptosis. Proximity Ligation Assay
showed that ceramide in the exosomal membrane forms a complex
with Abeta. Treatment of neuronal cultures with Abeta42-associated
exosomes (Abeta/Exos) showed increased neuronal structural
damage and death as compared to Abeta42 oligomers or exosomes
alone. Using immunocytochemistry, we detected intracellular
labeling for ceramide and PAR-4 in neurons exposed to Abeta42/
Exos suggesting transfer of pro-apoptotic ceramide and PAR-4 into
neurons. To understand neurotoxicity of Abeta/Exos we visualize
binding to and uptake of these complexes by neurons using superresolution fluorescence microscopy. Using an antibody developed in
our laboratory, ceramides were labeled by immunocytochemistry to
visualize their distribution on the plasma membrane of different
cells with virtually molecular resolution by direct stochastic optical
reconstruction microscopy (dSTORM). Super-resolution images
showed that 50–60 % of all membrane ceramides are located in
ceramide-rich platforms (CRPs) with a size of about 75 nm that
contained at least 20 ceramide molecules. CRPs in exosomes are
hypothesized to mediate binding to Abeta to initiate formation of
Abeta/Exos and potentially, uptake into neurons. Exploiting superresolution microscopy might give more insight into the precise
molecular interaction between exosomes and Aβ and reveal the role
of ceramide in Aβ aggregation and subsequently neuronal degeneration.

PS06-10
LOSS OF MYELIN AND AXONAL INTEGRITY IN MALE
BACHD MICE
Cristina Ghiani1, 2, Crystal Cheung2, Daniel Whittaker2, Yu Tahara2
Christopher Colwell2
1
University of California Los Angeles, Department of Pathology,
Los Angeles, USA
2
University of California Los Angeles, Department of Psychiatry,
Los Angeles, USA
Huntington’s Disease (HD) is an autosomal dominant neurodegenerative disorder caused by excessive CAG repeats in the gene
__________________

2018 Transactions of the American Society for Neurochemistry ®

that encodes for the huntingtin (Htt) protein. The disease is characterized by neuronal loss in the striatum, and affected individuals
often suffer from both motor and cognitive deficits. Recent studies
have suggested that HD patients may also experience a decline in
white matter in the central nervous system early in disease progression. Therefore, we sought to determine if a mouse of model of
HD, namely the BACHD mouse, exhibits a similar loss of myelination along with axonal degeneration early in disease progression,
and whether this pathological feature is differentially affected by
sex. We found that male BACHD mice (3 months old) displayed
clear evidence of loss of myelin and axonal integrity in the striatum,
motor cortex and corpus callosum. Conversely, BACHD females
showed little or no indication of such effects, suggesting that these
pathological events are likely delayed. The de-myelination in young
BACHD males was accompanied by increased immunoreactivity
for GFAP, Iba-1 and mhcII in both the dorsal striatum and ventral
corpus callosum, and loss of grip strength. Our findings suggest that
early loss of myelin and axonal integrity may play a role in HD progression, perhaps exacerbating the well described axonal loss and
neuronal degeneration in male striatum and cerebral cortex. Furthermore, they also confirm our previous findings indicating sex
differences in the disease trajectory in this HD model. These finding
raise the possibility that treatments focusing on strengthening myelination could be usefully applied to HD.

PS06-11
CROSS-TALK BETWEEN SYNUCLEIN AGGREGATION,
SUPEROXIDE PRODUCTION AND C-ABL KINASE
ACTIVATION IN PARKINSON’S DISEASE
Soumitra Ghosh1, Seok Joon Won2, Jerry Zhao1, Robin Bishop2
Raymond Swanson1, 2
1
University of California, San Francisco, Neurology, San
Francisco, USA
2
San Francisco Veterans Affairs Medical Center, Neurology, San
Francisco, USA
c-Abl is a nonreceptor tyrosine kinase that is activated in human
PD brain and in α-synuclein mouse models of PD. c-Abl phosphorylates α-synuclein and inhibits Parkin’s ubiquitin ligase
activity, both of which promotes α-synuclein aggregation. Existing
c-Abl inhibitors used against leukemia are currently in clinical trial
for PD. Although c-Abl is a promising therapeutic target in PD, the
upstream activation of c-Abl is not very well understood and the
available inhibitors suffer from low BBB permeability and side
effects. Oncology studies reveal that stress, mainly oxidative stress
can lead to c-Abl activation, but the mechanism by which c-Abl is
activated in PD is unknown. In this study, we showed that oxidative
stress activates c-Abl in PD and treatment with N-acetyl cysteine
(NAC), a potent antioxidant, can effectively inhibit c-Abl activity
and prevent downstream synuclein aggregation in PD mouse
models. Treatment with NAC also restored the glutathione levels
and attenuated oxidative stress. Studies in primary cortical neurons
and mid-brain enriched primary neurons were performed to evaluate
the role of α-synuclein mediated stress in c-Abl activation.
Incubation with human alpha synuclein fibrils (hu-synPFF) induced
both oxidative stress and c-Abl activation in these cultures. These
results suggest that oxidative stress induces c-Abl activation in PD
brain, that α-synuclein aggregates contribute to the oxidative stress,
__________________

93

PS06 Neurodegeneration 1: AD, PD, HD, ALS
and that treatment with thiol repletion agents such as N-acetyl
cysteine can effectively prevent c-Abl activation. To extrapolate
these studies in mouse models, we are overexpressing synuclein
through adenovirus to form aggregates in PD mouse model brain;
thereby evaluating the efficacy of NAC in subduing synuclein aggregate mediated oxidative stress.

PS06-12
LONG TERM INTRANASAL ADMINISTRATION OF RAPID
ACTING INSULIN ASPART IN YOUNG AND AGED F344
RATS
Adam Ghoweri, Katie Anderson, Hilaree Frazier, Grant Fox
Mengfan Xia, Kendra Hargis, John Gant, Lawrence Brewer
Nada Porter, Eric Blalock, Olivier Thibault
University of Kentucky, Pharmacology and Nutritional Sciences,
Lexington, USA
As the 6th leading cause of death in the U.S. and with the rise of
Alzheimer’s disease predicted to exceed 13.8 million by 2050, the
need for novel therapeutics to combat AD progression is indispensable. Among many molecular abnormalities that can manifest
into neuropathologies, it has been observed that patients with AD
have deficient brain insulin signaling, thus the use of intranasal
insulin is gaining strength as a tool to offset cognitive decline. Our
group previously reported enhanced brain insulin signaling,
memory recall, and increased cerebral blood flow in studies looking
at intranasal delivery of short and long acting insulin formulations,
as well as in single or short term (9 doses) conditions. The study
presented here addresses the effect of long term (>60 doses) rapid
acting insulin aspart on learning and memory in young (5 months)
and aged (21 months) F344 rats. Over 3 months animals received
either daily intranasal insulin aspart or saline. Memory recall and
spatial mapping were assessed using the Morris water maze. An
aging difference in learning and memory was present, including a
significant interaction term in the total proximity average to the
platform. This indicates that intranasal insulin aspart influences
memory recall differently in young and aged animals. Left brain
hemispheres were sectioned and probed with an anti-insulin
receptor-alpha antibody using an amended Abbiotec IHC protocol.
Percent immunostained areas in different subfields of the hippocampus were quantified and revealed an aging trend and a significant interaction term. Right hippocampi were removed and stored
frozen for RNA extraction and microarray analyses. Our results
indicate long term intranasal insulin altered some aspects of
memory recall in aged animals. Additionally, it appears chronic
insulin significantly reduced insulin receptor immunostaining in
dorsal hippocampus of aged animals. This result suggests long term
intranasal insulin exposure may influence receptor expression
differently in young and aged hippocampus.
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PS06-13
CHRONIC DEMYELINATION INDUCES IMPAIRMENT IN
THE DENDRITIC ARBORIZATION OF CA1 CELLS AND
SYNAPTIC TRANSMISSION IN THE HIPPOCAMPUS
Kelli Lauderdale, Jonathan Hasselmann, Joselyn Soto
Seema Tiwari-Woodruff
School of Medicine, University of California Riverside, Division of
Biomedical Sciences, Riverside, USA
Background: Nearly 40 to 70% of multiple sclerosis (MS)
patients experience cognitive impairment. The impact of inflammation on neuronal synaptic plasticity is well established in
experimental autoimmune demyelination which showed deficits in
hippocampal long-term potentiation (LTP) and cognitive memory
tasks. These detrimental effects were thought to be due to activated
microglia and inflammatory soluble mediators. However, the impact
of chronic demyelination on hippocampal function, such as seen
during progressive MS, is understudied.
Objectives: The role of hippocampal axon myelination/demyelination was investigated in the cuprizone (CPZ) diet model of MS. We
hypothesize that chronic demyelination induces substantial changes
in the function of hippocampal circuitry and synaptic transmission
involved in learning and memory.
Methods: Groups of male mice on normal diet, 9- and 12-weeks of
CPZ were used for Immunohistochemistry, Western blotting, and
Golgi Sholl analysis. Additionally, electrophysiology was
performed to assess CA3-CA1 synaptic transmission which is a
widely studied example of synaptic plasticity. Synaptic transmission
and plasticity was assessed by measuring field excitatory postsynaptic potentials (fEPSPs) from the dendrites of CA1 pyramidal
cells in the stratum radiatum during LTP.
Results: Significant decreases in myelin protein staining, indicating
demyelination, was accompanied with an increase in microglia and
astrocytes and a loss of parvalbumin neurons in the hippocampi of
CPZ groups. Significant alterations in synaptic proteins and a
decrease in the dendritic arborizations of pyramidal neurons in the
stratum radiatum was observed during demyelination. LTP was
enhanced in the 9-week CPZ group compared to normal animals.
Interestingly, 12-week CPZ groups showed muted LTP as compared
to the 9-week CPZ group.
Conclusions: Chronic CPZ-induced demyelination may directly or
indirectly lead to changes in myelin protein, inflammatory cells, and
synaptic proteins that correlate with changes in long term potentiation. Understanding these complex changes in the hippocampal circuitry and synapses during demyelination will allow us to
better understand the cognitive changes in MS.
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PS06-14
THE EFFECT OF AGING ON APOE-MODULATED AD
PATHOLOGY IN EFAD MICE
Efstathia Loukenas, Jason York, Allison Hansen, Deebika Balu
Ana Valencia, Mary Jo LaDu
University of Illinois at Chicago, Anatomy and Cell Biology,
Chicago, USA
The greatest risk factor for Alzheimers disease (AD) is age, while
the APOE4 allele is the greatest genetic risk factor compared to
common APOE3 and rare APOE2. APOE4 is associated with the
accelerated accumulation of the peptide amyloid-b (Ab), which can
aggregate to form both amyloid plaques and small soluble aggregates or oligomeric Ab (oAb), the latter considered a proximal
neurotoxin. Using our novel EFAD transgenic (Tg) mice (expressing human apoE and overexpressing human Ab42), we previously demonstrated that in EFAD brains, confirmed in human
CSF and brain, apoE lipidation is lower and soluble Ab levels are
higher in APOE4 vs. APOE3. This reduction in lipidation would
cause apoE4-lipoproteins in the CNS to be unstable, consistent with
the reduced levels of apoE4 vs. apoE3 in the brains of humans and
APOE-Tg mice. As soluble Ab associates with lipoproteins to
facilitate its clearance, with apoE4-lipoproteins, soluble Ab levels
would be greater in APOE4 vs. APOE3. Thus, we developed the
mechanistic hypothesis that AD pathology and APOE4 cause a reduction in apoE lipidation, inefficient clearance of soluble Ab, with
eventual synaptic loss, memory/cognitive deficits, and dementia. By
6 months (M), E4FAD mice have greater cognitive impairment, AD
pathology (amyloid deposition and neuroinflammation) and soluble
Ab levels, with lower apoE lipidation levels compared to E3FAD.
However, aging has not been analyzed beyond 6M. Our results
demonstrate that at 8-, 10-, 14-, and 18-M of age, E4FAD mice have
increased AD pathology, decreased apoE lipidation, and increased
levels of soluble Ab compared to E3FAD and E2FAD, demonstrating the continued development of APOE-modulated AD pathology. Cognitive impairment also increased with age but only at 18M
was there an APOE genotype effect, with E4FAD and E3FAD mice
more impaired than E2FAD. These results support the hypothesis
that, compared to apoE3- and apoE2-lipoproteins, the lipidation of
apoE4-lipoproteins continues to decrease as age and AD pathology
increase providing a target for APOE4-driven therapeutic approaches.

PS06-15
NEUROPROTECTIVE EFFECTS OF GUANOSINE
AGAINST BIOCHEMICAL ALTERATIONS FOLLOWING
INTRANASAL MPTP INFUSION
Naiani Marques1, Tuane Sampaio2, Luisa Binder1
Leandra Constantino1, Angela Franca2, Josiel Mack2
Katiane Roversi2, Rui Prediger2, Carla Tasca1
1
Universidade Federal de Santa Catarina, Departamento de
Bioquímica, Florianopolis, Brazil
2
Universidade Federal de Santa Catarina, Departamento de
Farmacologia, Florianopolis, Brazil
Parkinson’s disease (PD) is a neurodegenerative disorder that
affects approximately 1% of the population older than 50 years.
Some evidence suggests that areas in the central nervous system
__________________
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(CNS) processing olfactory information are affected at the early
stages of PD, even before the development of classical symptoms.
MPTP intranasal infusion induced impairments in olfactory,
emotional, cognitive and motor functions. Single intranasal infusion
of MPTP is associated with time-dependent disruption of
dopaminergic neurotransmission in different brain structures
analogous those observed in different stages of PD. In this study, we
investigated the effects of intranasal MPTP in reactive species generation, mitochondrial membrane potential and membrane permeability in olfactory bulb, cortex, striatum and hippocampus. Additionally, we analyzed the total expression of total Tyrosine
Hydroxylase (TH) in the striatum and the motor function in the
Open Field Task (OF). Finally, we investigated the neuroprotective
effects of Guanosine (GUO) treatment (7.5 mg/kg i.p.) during 20
days after a single intranasal infusion of MPTP. We performed all
assays 21 days after the MPTP infusion. MPTP induced mitochondrial membrane potential disruption and increase membrane
permeability measured by propidium iodide incorporation in
olfactory bulb. In hippocampus, we observed an increased PI incorporation, however GUO does not present protective effect. In the
cortex and striatum, we did not observed alterations in reactive
species generation, mitochondrial membrane disruption and membrane permeability (PI incorporation). Finally, no alterations in total
TH expression and OP task were observed. In summary, GUO protects against mitochondrial membrane potential disruption 21 days
after MPTP infusion and present a partial effect in increase membrane permeability in olfactory bulb. Thus, these results provide for
the first time the GUO biochemical neuroprotective effects in
olfactory bulb induced by intranasal MPTP, an animal model of
non-motor symptoms associated with PD.

PS06-16
COMPARISON OF THE DIFFERENT TECHNIQUES OF
ASSESSMENT OF SERUM PROTEOME OF AD PATIENTS:
BIOMARKER IDENTIFICATION
Anamika Misra1, Sankha Shubhra Chakrabarti1
Meghraj singh Baghel2, Indrajeet Singh Gambhir1
Mahendra kumar Thakur2
1
Banaras Hindu University, Department Of Medicine, Varanasi,
India
2
Banaras Hindu University, Department Of Zoology, Varanasi,
India
The use of serum proteomics for identification of biomarkers and
their use in the analysis of clinical samples poses a variety of
technical challenges. Proteomics has proven as a viable approach to
identify novel diagnostic and therapeutic biomarkers in clinical
diagnostics and drug development for Alzheimer’s Disease (AD).
Proteins are the main functional components in all cells and serum
of blood. The classic proteomics method uses 2D-gel which is an
effective approach for quantification and separation of complex protein mixtures. However, this procedure presents some shortcomings.
Proteins present at low abundance in blood cannot be detected
because they are masked by highly abundant proteins such as
albumin. A number of albumin depletion approaches have been
reported by scientists. However, these approaches are not reliable
because concentration of the protein may vary during albumin
depletion from serum which ultimately causes variation in intensity
__________________
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of electrophoresis spot; resulting in false findings. To increase the
efficiency of proteomics, another advanced technique LC-MS-MS
based protein profiling is being extensively used in biomedical
research. We have performed this technique on one AD case and
one control. A total of 143 proteins were detected in both case and
control while 40 proteins were detected in the case specifically and
13 proteins were found in the control only. LC-MS-MS may be an
useful option in serum biomarker detection. However, challenges
remain in determining specific protein candidates among the many
detected ones.

PS06-17
PROTECTIVE ROLE OF DOXYCYCLINE AGAINST
DOPAMINERGIC NEURONAL TOXICITY VIA GLIAL
ACTIVATION IN HEMI-PARKINSONIAN RATS
Glauce Nascimento, Mariza Bortolanza
Mauricio dos-Santos-Pereira , Elaine Del Bel
University of Sao Paulo, Morphology, Physiology and Basic
Pathology, Ribeirao Preto, Brazil
The tetracycline-derivative doxycycline (α-6deoxy-5-hydroxytetracycline) has been shown to be neuroprotective in vitro and in
vivo models of neurodegenerative diseases. The proven reliability
and safety of the medication suggests its potential as an effective
and inexpensive treatment to protect or at least mitigate the central
nervous system from neurodegenerative diseases such as
Parkinson's disease. It has been suggested that the modulation of
astrocyte and microglial activation could prevent neuronal demise
and thus the progression of neurodegeneration. We hypothesize that
doxycycline could exert a neuroprotective effect by suppressing
astrocyte and microglial activation induced by the neurotoxin 6hydroxydopamine (6-OHDA), a preparation with similarities to
Parkinson’s disease. We investigated in striatal 6-OHDA lesioned
mice the effects of a doxycycline given chronically either orally or
subcutaneously at sub-antibiotic concentrations. We quantified
using immunoreactivity labeling tyrosine hydroxylase (neurons),
glial fibrillary acid protein (astrocytes) and cell surface marker
macrophage antigen complex-1 (microglia). Brain regions
containing cell bodies and fibers of dopamine in the nigrostriatal
pathway were evaluated. Neuroinflammation indicators were
sampled by Western blot analysis of metalloproteinase-3,
cycloxygenase-2 and caspase-3 from the striatum. Chronic treatment with doxycycline, either administered orally or injected
subcutaneously at sub-antibiotic concentrations, mitigates the loss
of dopaminergic neurons in the substantia nigra compacta and nerve
terminals in the striatum. This protective effect was associated with:
(1) a reduction of microglia in normal mice as a result of
doxycycline administration per se; (2) a decrease in the astrocyte
and microglia response to the neurotoxin 6-OHDA in the globus
pallidus and substantia nigra compacta, and (3) decrease of the
astrocyte reaction in the striatum. Our results suggest that
doxycycline blocks 6- OHDA neurotoxicity in vivo by inhibiting
microglial and astrocyte expression. This action of doxycycline in
nigrostriatal dopaminergic neuron protection is consistent with a
role of glial cells in Parkinson's disease neurodegeneration.
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TRAFFICKING OF AMYLOID-β PROTOFIBRILS THROUGH
MICROVESICLES IN MICROGLIA
Michael Nichols, Lisa Gouwens, Mudar Ismail, David Osborn
Nathan Zeller, Victoria Rogers, Evan Garrad, Fatima Amtashar
University of Missouri - St. Louis, Chemistry and Biochemistry, St.
Louis, USA
Microvesicles (MVs) and exosomes constitute subgroups of a
class of secreted particles termed extracellular vesicles (EVs). These
cargo-holding vesicles mediate cell-to-cell communication and have
recently been implicated in neurodegenerative diseases such as Alzheimer’s disease (AD). While the bulk of the literature focuses on
the smaller exosomes (10-100 nm diameter), several reports have
also tied the larger MVs (100 nm-1 µm) to AD. This evidence points to an increase in MVs in AD and demonstrates that MVs may interact with amyloid-β (Aβ), the primary protein component of the
neuritic plaques in the AD brain. Since microglial cells play such an
important role in AD-linked neuroinflammation, we sought to characterize MVs shed from microglial cells, better understand MV interactions with Aβ, and determine whether internalized Aβ may be
incorporated into secreted MVs. Multiple strategies were used to
characterize MVs shed from microglia after ATP stimulation.
Confocal images of isolated MVs bound to fluorescently-labeled
annexin-V via externalized phosphatidylserine revealed a polydisperse population of small spherical structures. Dynamic light
scattering measurements yielded MV diameters ranging from 150600 nm (mean of 350 nm). Electron microscopy of resin-embedded
MVs cut into thin slices showed well-defined uranyl acetate-stained
ring-like structures with diameters ranging from 50-300 nm. The
use of a fluorescently-labeled membrane insertion probe, NBD C6HPC, combined with an Aβ ELISA effectively showed a strong interaction between MVs and Aβ protofibrils, but not Aβ monomers.
Despite the lesser monomer interaction, MVs had an inhibitory
effect on monomer aggregation. Microglia rapidly internalized Aβ
protofibrils, and subsequent stimulation of the microglia with ATP
resulted in the release of MVs containing the Aβ protofibrils. The
role of MVs in neurodegeneration and inflammation is an emerging
area and further knowledge of MV interaction with Aβ may shed
light on extracellular spread and influence on neurotoxicity and
neuroinflammation.
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FUNCTIONAL VARIATION OF PINK1 HETEROZYGOUS
MUTANTS WITH RESPECT TO PARKIN AND RAB8A
PHOSPHORYLATION IN PD PATHOGENESIS
Prosenjit Pal1, 2, Mark Peggie3, Rachel Toth3, Axel Knebel2
Shyamal K Das5, Kunal Ray6, Miratul M. K. Muqit2, 4, Jharna Ray1
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TRANSCRIPTIONAL INDUCTION OF ENDOGENOUS
METAL BINDING PROTEINS AGAINST COPPER AND
CALCIUM DYSHOMEOSTASIS IN NEURODEGENERATION
Dean Pountney1, Alexandre Rcom-H’cheo-Gauthier1
Fleur McLeary1, Yuho Okita1, Roger Chung2
1
Griffith University, Menzies Health Institute Queensland,
Southport, Australia
2
Macquarie University, Department of Biomedical Sciences,
Faculty of Medicine & Health Sciences, Sydney, Australia

Objective: The aim of this study is to determine (i) the role of 21
heterozygous mutations of PINK1 and (ii) the impact of two
different mutations of PINK1 and Parkin in PD pathogenesis by
biochemical assay and in PINK1-knockout cellular model.
Methods: After purifying PINK1 protein, an in vitro kinase assay
was performed using GST tagged Ubl domain of Parkin and
Ubiquitin (K-63 tetrameric form) as substrates to assess the activity
of mutant and wild type PINK1. Phosphorylation pattern was
validated by co-transfecting PINK1-Parkin and PINK1-Rab8a
subsequently in HeLa PINK1-knockout cell line. TUBE-pulldown
assay was performed to check the ubiquitylation of CISDI, a
substrate of Parkin. To create mitochondrial stress, 10µM CCCP
(mitochondrial uncoupler) was used.
Results: It was observed that the activity of several PINK1 heterozygous mutants was 50% reduced (for both Parkin and Rab8a phosphorylation) in comparison to wildtype. For some mutations,
enzyme specificity was also hampered. Ubiquitylation process was
significantly altered due to the presence of these mutants. The
mutant Parkin phosphorylation was also abrogated in the presence
of wild type PINK1.
Conclusion: From this study, it can be concluded that PINK1
heterozygous mutations affect Parkin, Ubiquitin, and Rab8a phosphorylation, which further hamper the mitochondrial integrity and
protein trafficking processes that leads to PD pathogenesis.
Acknowledgement: University Grant Commission and Department
of Science & Technology, Govt. of India; Wellcome Trust Senior
Fellowship, UK; University Research Fellowship and NewtonBhabha Fund, British Council. No conflict of interest.
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Many neurodegenerative diseases are characterized by the
formation of cytotoxic intracellular protein aggregates. α-Synuclein
is the key aggregating protein in Parkinson’s disease (PD) and
dementia with Lewy bodies (DLB), which are characterized by neuronal cytoplasmic Lewy body inclusions. Multiple triggers of αsynuclein aggregation have been implicated, including raised
calcium and copper.
The neuronal vitamin D-dependent calcium-binding protein,
calbindin-D28k (CB), was found to be over-represented in surviving
neurons in DLB, whereas, the zinc and copper binding protein
metallothionein (MT), showed reduced expression (n=6). We then
explored transcriptional inducers to upregulate endogenous CB and
MT expression as a potential neuroprotective strategy. We hypothesized that calcipotriol, a potent pharmaceutical vitamin D
analogue, may be able to suppress Ca-dependent α-synuclein aggregation by inducing CB expression. Calcipotriol induced a dose-dependent increase in CB expression in SH-SY5Y human neuroblastoma cells and significantly (p < 0.01) decreased the frequency
of α-synuclein aggregates in cells subjected to treatments that
caused raised intracellular free Ca, increasing viability. Suppressing
CB expression in calcipotriol-treated cells using CB-specific siRNA
resulted in significantly higher α-synuclein aggregate levels,
indicating that calcipotriol mediated blocking of Ca-dependent αsynuclein aggregation was via CB induction. Thus, buffering raised
intraneuronal free Ca by transcriptional induction of CB could
target PD pathogenesis by suppressing Ca-dependent α-synuclein
aggregation.
In parallel experiments, up-regulation of endogenous MT expression was induced in SHSY-5Y cells by the synthetic
glucocorticoid analogue, dexamethasone. After Cu treatment that
caused α-synuclein intracellular aggregates, induction of endogenous MT-expression resulted in significant (p < 0.01), dose-dependent reduction in Cu-dependent α-synuclein aggregates, that
could be suppressed by MT-specific siRNA. Transient transfection
of the ubiquitous (MT-2) and brain-specific (MT-3) isoforms
resulted in equal α-synuclein aggregate suppression. Thus, MT
induction could have potential in PD neuroprotective therapy by
suppressing Cu-mediated α-synuclein aggregation.
Future animal model studies will explore the clinical potential of
transcriptional inducers as PD/DLB therapeutics.
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GENETIC DELETION OF THE PROTEIN KINASE JNK3
AMELIORATES MUTANT HUNTINGTIN-INDUCED
NEUROPATHOLOGY
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Progressive degeneration of axons connecting neurons within the
basal ganglia circuit represents an early and critical event associated
with the onset of clinical symptoms in Huntington’s disease (HD).
Providing a potential cellular basis for the progressive axonopathy
that characterizes this disease, multiple independent studies demonstrated a toxic effect of mutant huntingtin (mhtt) on axonal transport, a cellular process critical for proper maintenance of axons.
Results from our prior work further suggested this toxic effect
involved abnormal activation of the neuron-specific protein kinase
JNK3, but the overall contribution of JNK3 to mhtt-induced neuropathology in vivo has not been established.
Genetic deletion experiments here demonstrate a significant contribution of JNK3 to various locomotor deficits, histopathological
features, and survival of R6/2(160Q) mice, a well-characterized HD
model based based on transgenic expression of mhtt exon1. JNK3
deletion did not affect transgenic mhttexpression levels or the
formation of EM48 antibody-positive mhtt aggregates. Instead,
microscopic experiments using YFP, R6/2(160Q) reporter mice
demonstrated a marked preservation of axonal fibers and cortical
neuropil associated with JNK3 deletion. Collectively, results from
these studies reveal JNK3 as a novel therapeutic target to preserve
neuronal connectivity in HD.

PS06-22
PROTECTIVE ROLE OF MYELOID SOCS3 IN
PARKINSON’S DISEASE MODEL
Hongwei Qin, Zhaoqi Yan, Kevin Lee, Wei Yang, Sara Gibson
Jessica Buckley, Etty Benveniste
University of Alabama at Birmingham, Department of Cell,
Developmental and Integrative Biology, Birmingham, USA
Parkinson’s Disease (PD) is a chronic neurodegenerative disorder.
Activated central nervous system (CNS)-resident microglia and
infiltrating immune cells contribute to subsequent neurodegeneration in PD pathogenesis. We recently demonstrated enhanced
activation of the Janus Kinase/Signal Transducers and Activator of
Transcription (JAK/STAT) pathway in an a-synuclein (a-syn)
overexpression PD model, and that inhibiting the JAK/STAT
pathway prevents neuroinflammation and neurodegeneration by
suppressing activation of immune cells. Our previous studies identified that Suppressor Of Cytokine Signaling-3 (SOCS3), a negative
regulator of the JAK/STAT pathway, is critical for the polarization
of pro-inflammatory macrophages, which contribute to neuroinflammation. To better understand the function of SOCS3 in myeloid
__________________
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cells and the pathogenesis of PD, mice with SOCS3 deletion in
myeloid cells (SOCS3MyeKO) were utilized in a a-syn overexpression
model. Our results indicate that hyper-activation of the JAK/STAT
pathway in SOCS3MyeKO mice results in a significant enhancement
of neuroinflammation and neurodegeneration in response to overexpressed a-syn compared to SOCS3fl/fl mice. To further investigate
the therapeutic potential of inhibiting the JAK/STAT pathway, the
JAK1/2 inhibitor AZD1480 was utilized in this model system. Our
results demonstrate that AZD1480 treatment inhibits a-syn-induced
neuroinflammation by inhibiting microglia/macrophage activation,
infiltration of monocytes and CD4+ T-cells in CNS, and suppressing
peripheral IFN-g+CD4+ and IFN-g+CD8+ T cells in vivo. Furthermore, our results indicate that inhibition of the JAK/STAT pathway
with AZD1480 treatment prevents the degeneration of
dopaminergic neurons in both SOCS3fl/fl and SOCS3MyeKO mice in
vivo. Our studies demonstrate the critical function of myeloid
SOCS3 and the related IFN-g-induced JAK/STAT pathway in the
pathogenesis of PD. Given the importance of innate and adaptive
immune responses in neuroinflammation and neurodegeneration,
our results suggest that targeting the JAK/STAT pathway may be a
potential therapeutic strategy for PD patients.

PS06-23
EXPRESSING NON-PRENYLATABLE RHOA OR RAC1
LEADS TO THE DIFFERENTIAL ASSOCIATION OF WAVE
AND APR2/3 IN THE CYTOSOL AND MEMBRANE
Namrata Raut, Jairus Reddy, DiAnna Hynds
Texas Woman's University, Department of Biology, Denton, USA
The Rho guanine triphosphatases (GTPases) act as molecular
switches, operating between an active GTP-bound state and an inactive GDP-bound state. Precise regulation of activity in the Rho
GTPases is necessary for proper development and functioning of the
nervous system, and alterations in Rho GTPases signaling are
implicated in a variety of neurodegenerative and neurotraumatic
disorders. RhoA promotes assembly of focal adhesion complexes
and the organization of actin cytoskeleton. Similarly, Rac1
stimulates the peripheral actin accumulations, membrane ruffling
and formation of lamellipodia and filopodia. Both require prenylation for membrane localization; though active forms of both
have been found in other cellular compartments (GTP-bound Rac1
in the cytosol and GTP-RhoA primarily in the cytosol and nucleus).
We designed non-prenylatable Rac1 and RhoA constructs to test
how inhibiting prenylation affects morphology, localization of
active RhoA and Rac1 and cell signaling pathways. Western blot
analysis and confocal microscopy suggested that less WAVE and
Arp2/3 associated with the cytosol than membranes for RhoA and
vise versa for Rac1 after transfection with their non-prenylatable
forms. With emerging evidence of differential activation of Rho
GTPases based on their subcellular localization, elucidating the signaling cascades of the active GTPases may identify the distinct
functions of these GTPases and can be used as novel targets to
facilitate axon regeneration in traumatic or degenerative neurological conditions.
This research was supported by the TWU Department of Biology,
We would like to thank Dr. DiAnna Hynds and laboratory associates
for their guidance and collaboration.
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ANALYSIS OF APOE LIPIDATION AND APOE/ABETA
INTERACTION IN EFAD MOUSE BRAIN BY FPLC: THE
EFFECT OF AGE AND SEX
Yaseen Saleh, Ana Valencia-Olvera, Kailash Panchapakesan
Deebika Balu, Jason York, Mary Jo LaDu
University of Illinois at Chicago, Anatomy and Cell Biology,
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THE EFFECT OF POSITIVE P2X4 RECEPTOR
MODULATION BY AVERMECTINS ON DOPAMINE
Alicia Warnecke1, Moon Kang1, Michael Jakowec2, Daryl Davies1
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Alzheimer’s disease (AD) is an irreversible neurodegenerative
disease with no cure and only palliative therapeutics. Rare autosomal dominant mutations cause AD by increasing the peptide
amyloid-β (Aβ42), which can aggregate to form both amyloid
plaques and small soluble aggregates or oligomeric Aβ (oAβ), the
latter considered a proximal neurotoxin. APOE4 is the greatest genetic risk factor for AD, increasing risk up to 15-fold compared to
the common APOE3, while the rare APOE2 is neuroprotective.
Apolipoprotein E (apoE) is the only apolipoprotein expressed
within the central nervous system (CNS), transporting cholesterol
and phospholipids to neural cells. Soluble Aβ can associate with
these lipoproteins, facilitating its clearance, thus reducing neurotoxicity. Previous studies demonstrated that apoE4-lipoproteins are
less lipidated than apoE3-lipoproteins, as measured by the apoE
levels in the TBSX fraction (TBS + 1% Triton X-100) in a 3-step
sequential protein extraction of the brains from both humans and
our novel EFAD transgenic (Tg) mice (expressing human apoE and
increased expression of human Aβ42). This reduction in lipidation
causes apoE4-lipoproteins to be unstable, consistent with the reduced levels of apoE4 compared to apoE3 in the brains of humans
and apoE-Tg mice. Our goal is to quantitate the amount of Aβ associated with the lipoproteins containing the different apoE isoforms,
predicting that apoE4/Aβ < apoE3/Aβ < apoE2/Aβ. Fast Protein
Liquid Chromatography (FPLC) of the TBSX fraction of EFAD
brains provides a detailed elution profile for apoE, Aβ, and lipids
(cholesterol, phospholipids). Our hypothesis is that apoE4-lipoproteins will be less lipidated/smaller and co-elute with less Aβ than
apoE3 or apoE2. Because females have a greater APOE4-induced
AD risk than males, apoE4-lipoproteins from females will be
smaller and co-elute with less Aβ than males. We also predict that
with age, CNS apoE-lipoproteins become less lipidated, thus
carrying less Aβ, an effect that exacerbates the predicted isoformand sex-specific changes. These results will allow for quantitative
comparisons of the composition of apoE-lipoproteins in the brain.
__________________

Dopamine is a key neurotransmitter within the brain. Dopamine
plays a role in both the mesolimbic system, which is associated with
reward based behavior, and the nigrostriatal pathway, which is associated with motor control and reward based cognition. The ability to
modify dopaminergic activities within these pathways provides a
potential target for treatment of addiction and/or movement disorders. Ivermectin(IVM), a P2X4 receptor (P2X4R) positive
modulator and member of the avermectin family, has been shown to
reduce alcohol consumption in mice and enhance the effect of
levodopa (L-Dopa) on the motor system. Moxidectin(MOX) is
another member of the avermectin family with lower neurotoxic
effects and a lower ability to potentiate GABA A receptors. MOX
has also been shown to decrease alcohol consumption in mice. To
determine MOX’s ability enhance L-Dopa’s effect on the motor
system the medial forebrain bundle(MFB) was unilaterally lesioned
in mice, who were then evaluated for rotational behavior. This was
done by utilizing the 6-OHDA lesion model. This model depletes
dopamine in the striatum, of the lesioned side. Mice were then
tested with L-Dopa (1mg/Kg, 5mg/kg, or 10mg/kg, S.C) and observed for rotational behavior. After L-Dopa had washed out, 3 days
minimum, mice were then given MOX (2.5mg/kg, I.P.) 4 hours
prior to L-Dopa injection (1mg/Kg, 5mg/kg, or 10mg/kg,S.C.) and
observed for rotational behavior. Moxidectin significantly increased
rotations in male mice at 5mg/kg of L-Dopa. Mice, not inolved in
surgery, were also evaluated with high performance liquid
chromatography (HPLC) to determine the effect of MOX on
dopamine levels and the levels of dopamine metabolites within the
brain. There was a significant decrease in 3,4-Dihydroxyphenylacetic acid (DOPAC) levels in the ventral striatum (VS).
These experiments demonstrate MOX’s ability to modify the
dopaminergic system on its own and in the presence of L-Dopa.
__________________
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AND
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CONSEQUENCES OF MANIPULATING PLASMA
MEMBRANE CALCIUM ATPASE EXPRESSION ON CELL
VIABILITY
Asma Zaidi, Paul Ramlow, Christopher Theisen, Mercy Adewale
Kansas City University of Medicine and Biosciences, Biochemistry,
Kansas City, USA

Aging contributes to multiple disorders, but specific age-related
factors responsible for discrete pathologies remain unclear. This is
particularly true in sporadic neurodegenerative diseases such as Alzheimer’s (AD) and Parkinson’s (PD), whose causes apart from
aging itself remain mysterious. T cell dysfunction could
theoretically contribute to the inflammation and tissue degeneration
evident in many age-related disorders. Indeed, homeostatic
expansion of CD8 T cells is among the earliest properties of human
aging, inducing phenotypic change and effector dysfunction by
middle age. The impact of this process has been difficult to assess,
however, because in experimental rodents its incidence is low and
its consequences offset by persistent thymic activity. To bypass
these limitations, we injected CD8 T cells into thymus-deficient
(nude) mice, which promoted rapid homeostatic expansion and
acquisition of an aged-like homeostatically-induced T cell (hiT)
phenotype. hiT cells surprisingly conferred neurodegenerative pathology in recipients that included Amyloid Precursor Protein (APP)
cleavage products and diffuse plaques in brain, fibrillary inclusions
in neurons, neuroinflammation, and cognitive impairment, with loss
of neurons, synaptic markers and brain mass. Lytic and proinflammatory T effector functions were required for hiT-mediated neurodegeneration and cognitive symptoms. Moreover, hiT cell metrics
were increased in brains of cognitively impaired human patients, as
in experimental mice. Our findings have important implications for
the involvement of CD8 T cell dysfunction in age-related tissue
pathology, and for the initiation and treatment of sporadic neurodegenerative diseases with proteinopathy. __________________
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The plasma membrane calcium ATPase (PMCA) is an ion transporter that uses ATP to pump intracellular calcium [Ca2+]i out of
neurons to maintain a 10,000 fold gradient across the plasma membrane, critical for neuronal function. Our previous findings have
shown that PMCA activity and protein levels are significantly reduced in post-mortem brain samples from Parkinson’s disease (PD)
patients compared to age-matched controls. The goal of the current
research is to determine if cells with reduced PMCA are more
vulnerable to a PD mimetic such as 6-hydroxy dopamine (6OHDA). In the first series of studies, siRNA technique was used to
lower the expression of the neuron specific isoform PMCA 2 in N2a
cells. Briefly, competent bacteria were transformed with PMCA2
shRNA plasmid. Kanamycin resistant bacteria were collected and
DNA extracted. 293T lentiviral cells were transfected with the
DNA. Finally, the N2a cells were transduced with the virus. PMCA
activity was measured using Ca2+-dependent ATP hydrolysis followed by the measurement of inorganic phosphate. PMCA protein
levels were monitored by immunoblot analysis using PMCA2 specific antibodies. Our results showed a ~80% reduction in PMCA suggesting a very significant knockdown of the protein. In the next
series of studies, control cells and cells with reduced PMCA were
exposed to 6- OHDA in a dose and time-dependent manner. Cell
viability was determined using a calcein AM and propidium iodide
assay and lactate dehydrogenase assay. Our preliminary data show
that cells with lowered PMCA 2 are more vulnerable to cell death
upon exposure to 6-OHDA compared to control cells. Our results
will provide insights into the underlying cause of cell death of
dopaminergic neurons in PD and also unravel novel therapeutic
ways of treating the disease.
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CINVESTAV, Toxicology, Mexico City, Mexico

ADENOSINE A1 RECEPTOR AGONIST INDUCED
HIBERNATION: EFFECTS OF AGONIST AND SEASONS
ON NEURONAL PATHWAYS
Carla Frare, Mackenzie Jenkins, Kelly Drew
University of Alaska Fairbanks, Institute of Arctic Biology,
Chemistry and Biochemistry, Fairbanks, USA

Manganese (Mn) is an essential element that is required in trace
amount for normal growth, development as well maintenance of
proper function and regulation of numerous cellular and biochemical reactions. However, excessive Mn brain accumulation
upon chronic exposure to occupational or environmental sources of
this metal may lead to a neurodegenerative disorder known as
manganism.
Mn-induced neurotoxicity is known to target astrocytes since these
cells preferentially accumulate Mn. Astrocytes are the most
abundant non-neuronal glial cells in the brain, and play a critical
role in maintaining the optimal glutamate extracellular levels to prevent excitotoxic insult. The fine regulation of extracellular glutamate in the brain is accomplished by two major glutamate transporters
– GLT-1 and GLAST – that are predominantly expressed in astrocytes. Excitotoxic neuronal injury has been demonstrated as a
critical mechanism involved in Mn neurotoxicity and is involved in
the pathological signs of multiple neurodegenerative diseases
including ALS, AD and PD.
Recent evidences demonstrate that Mn accumulates in different
brain regions, including the cerebellum. Bergmann glial cells (BGC)
are radial glial cells prevalent in the adult cerebellum and represent
the most abundant non-neuronal population of this structure. This
characteristic localization is related to their involvement in neurotransmitter uptake and turnover, K+ homeostasis, lactate supply and
pH regulation. Despite these well-known facts, little or null
attention has been drawn to studying the role of BGC in Mn neurotoxicity. To this end, in this contribution we focused in the molecular mechanisms induced by Mn that affect GLAST in BGC. A
time and dose-dependent increase in GLAST activity was found
upon Mn exposure. Moreover, Mn up regulates chglast mRNA
levels, suggesting an alteration in its transcription. In contrast to the
reported findings regarding GLAST regulation by Mn in cortical
cell models, the kinetics of the Mn effects in neurogenic radial glia
are faster and mediated through different signal transduction
pathways. These results strengthen the notion of the critical
involvement of radial glial cells in glutamatergic neurotransmission.
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Hibernation is an adaptive strategy characterized by metabolic
suppression and a decrease in body temperature (Tb). Previous study
in the Arctic Ground Squirrel (AGS) reported the role of A1 adenosine receptor (A1AR) in inducing hibernation. Treatments with N6cyclohexyladenosine (CHA), an A1AR agonist, promotes the onset
of hibernation, but showed a seasonal difference of A1AR sensitivity
to its agonist. However, what regulates the seasonal control of the
agonist response is still unknown.We test the hypothesis that
thermoregulatory pathways are differentially activated by CHA
depending on season.
CHA or vehicle (0.5mg/kg) was administered intraperitoneally and
after 3 hours AGS were perfused with 4% paraformaldehyde and
brains removed for immunohistochemical analysis. Free-floating
immunohistochemistry was used to localize active nuclei as
indicated by cFos-immunoreactivity (mouse anti-cFos 1:20,000,
Millipore). Data analysis was performed in R.
In our results, CHA-induced hibernation correlates with higher
activation in the Median Preoptic Nucleus (MnPO) and Nucelus
tractus solitarius (NTS). The NTS has been previously identified as
a site of action of CHA in the rat and the MnPO is a thermoregulatory nucleus; thus CHA response in winter may be mediated by
these nuclei, decreasing thermogenesis leading to hibernation onset.
Other brain regions show a seasonal difference in neuronal
activation independent of treatment. These regions are grouped by
thermoregulatory functions and sleep-wake cycle. The reduced winter activation in the Perifornical Nucleus and the Tuberomamillary
Nucleus, both wakefulness centers, suggests an increase in sleep
propensity, supporting that hibernation is characterized by an increase in sleep. The Raphe Pallidus, a region controlling
thermoregulation, shows a lower activation in winter compared to
summer. This result correlates with the lower euthermic body
temperature of AGS in winter compared to summer.
In conclusion, hibernation is characterized by a seasonal decreased
in wakefulness and thermogenic nuclei activity; and CHA-induced
hibernation correlates with a further suppression of thermogenesis.
Acknowledgment: NIH R03 NS081637 NSF IOS-1258179 Alaska
INBRE P20GM103395 NIH TL4GM118992
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PS07-03
IDENTIFICATION OF TOXOPLASMA GONDII GENES THAT
INDUCE SEIZURES
Taylor Glausen1, Jon Boyle2, Ira Blader1
1
University at Buffalo, Microbiology and Immunology, Buffalo,
USA
2
University of Pittsburgh, Biological Sciences, Pittsburgh, USA
The intracellular parasite, Toxoplasma gondii, can induce severe
neurological disease in immunocompromised hosts. This disease,
toxoplasmic encephalitis, presents as fever, dizziness, confusion,
and seizures. The mechanism underlying how Toxoplasma induces
seizures is unknown. Determination of how Toxoplasma infection
induces disease is aided by the relatively simplistic population genetics of the three major clonal linages in North America and
Europe, named types I, II, and III. These linages have a low number
of polymorphic alleles, which have a dimorphic distribution. Interestingly, mice infected with a type II Toxoplasma strain develop
spontaneous seizures during the chronic stage of infection, whereas
type III strains do not. We are utilizing both forward and reverse genetic approaches in order to understand what parasite-encoded
factors are responsible for seizure induction. In our forward genetic
approach, we infect mice with the progeny of a type II and type III
cross and phenotype the strains as either promoting or not-promoting seizures during the chronic stage of infection. We then use
this phenotyping to map genetic loci that are associated with
seizures. Our reverse genetic approach examines the impact of two
known polymorphic virulence factors, GRA15 and ROP16, which
are responsible for macrophage polarization. Strains with an active
GRA15 allele induce a M1-like macrophage polarization, whereas
parasites with an active ROP16 induce a M2-like macrophage
polarization. Here, we report that combinations of GRA15 and
ROP16 that promote M1-like polarization contribute to the development of seizures in Toxoplasma-infected mice. Ongoing
experiments are aimed at determining how these two genes contribute to seizures.

knockout mice, treated with Tat±morphine for 72 hours. Morphine
worsened Tat-induced neurotoxicity in wild-type co-cultures;
substitution of CCR5-null glia eliminated the interactive effects of
Tat+morphine, but substitution of CCR5-null neurons did not.
These results suggest that glial, not neuronal, CCR5, is a convergence point for interactive effects of Tat and morphine that
damage neurons. Additional experiments treating with MOR
antagonist naloxone, or CCR5 antagonist maraviroc, confirmed
each receptor’s role in mediating Tat±morphine toxicity.
Surprisingly, in co-cultures with CCR5-deficient glia, morphine
entirely protected neurons from Tat toxicity. This may reflect an
imbalance of neurotrophic factors, particularly BDNF and its neurotoxic precursor proBDNF, whose levels are altered in HIV+ and
drug-using patients. Related behavioral tests of anxiety, motor, and
cognitive function, three areas of neurologic decline seen in HAND,
were performed in inducible Tat-transgenic mice given maraviroc
orally. Tat-mediated impairment was observed in the Barnes Maze,
a measure of spatial memory, and was ameliorated by maraviroc.
Motor tests (Rotarod) trended similarly. Similar behavioral tests in
Tat-transgenic X CCR5 knockout mice gave equivocal results, suggesting that long-term CCR5 deficits result in compensatory effects.
Overall, both in vitro and in vivo studies support the hypothesis that
glial CCR5 plays a central role in driving Tat+morphine-mediated
neuronal damage. Support-DA034231 (PEK/KFH).

PS07-04
ROLE OF GLIAL CCR5 IN HIV-1 TAT AND
OPIATE-MEDIATED NEUROTOXICITY AND BEHAVIORAL
PHENOTYPE
Sarah Kim1, Yun Kyung Hahn1, Jason Paris2, Kurt Hauser2
Pamela Knapp1
1
VCU, Anatomy and Neurobiology, Richmond, USA
2
VCU, Pharmacology and Toxicology, Richmond, USA
HIV-1 persists in certain CNS populations, despite peripheral
control of infection with antiretroviral therapy. Infected cells release
viral proteins, such as transactivator of transcription (Tat) and proinflammatory factors such as CCL5, creating a positive loop of
neuro-inflammation. This creates the basis for sublethal and lethal
neuropathology that manifests as a spectrum of HIV-mediated CNS
impairments, called HIV-associated neurocognitive disorder
(HAND). Opiates exacerbate these neurological effects, which we
hypothesize is due to converging actions on the CCL5-CCR5 axis
by Tat+morphine, leading to chronic glial activation that damages
neurons. We performed repeated measures studies on mixed glia
and neuron co-cultures obtained from C57Bl6/J and/or CCR5
__________________
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IDENTIFICATION OF DIVERSE ASTROCYTE
POPULATIONS AND THEIR MALIGNANT ANALOGS
Chia-Ching Lin1, Kwanha Yu1, Asante Hatcher2, Teng-Wei Huang1
Hyun Kyoung Lee2, 3, 4, Jeffery Carlson1, 5, Mathhew Weston6
Fengju Chen7, Yiqun Zhang7, Wenyi Zhu1, Carrie Mohila8
Nabil Ahmed1, Akash Patel3, 9, Benjamin Arenkiel2, 3, 5
Jeffery Noebels2, 10, 11, Chad Creighton7, 12, Benjamin Deneen1, 2, 3
1
Baylor College of Medicine, Center for Cell and Gene Therapy,
Houston, USA
2
Baylor College of Medicine, Department of Neuroscience,
Houston, USA
3
Texas’ Children’s Hospital, Neurological Research Institute,
Houston, USA
4
Texas’ Children’s Hospital, Department of Pediatrics, Division of
Neurolog, Houston, USA
5
Baylor College of Medicine, Program in Developmental Biolog,
Houston, USA
6
University of Vermon, Department of Neurological Sciences,
Vermon, USA
7
Baylor College of Medicine, Dan L. Duncan Cancer Center,
Division of Biostatistics, Houston, USA
8
Texas’ Children’s Hospital, Department of Pathology, Houston,
USA
9
Baylor College of Medicine, Department of Neurosurgery,
Houston, USA
10
Baylor College of Medicine, Department of Molecular and
Human Genetics, Houston, USA
11
Baylor College of Medicine, Department of Neurology, Houston,
USA
12
Baylor College of Medicine, Department of Medicine, Houston,
USA

THE NEURONAL MITOCHONDRIAL METABOLITE NAA
REGULATES ENERGY METABOLISM IN
OLIGODENDROCYTES THROUGH EPIGENETIC
MECHANISMS
Jennifer McDonough1, Naveen Kumar Singhal1, Kholoud Alkhayer1
Sarah Sternbach1, Peter Bannerman2, Travis Burns2, He Huang3
Leah Shriver3, Fuzheng Guo2, David Pleasure2, Robert Clements1
Ernest Freeman1
1
Kent State University, Department of Biological Sciences and
School of Biomedical Sciences, Kent, USA
2
UC Davis School of Medicine and Shriners Hospitals for Children,
Institute for Pediatric Regenerative Medicine, Sacramento, USA
3
University of Akron, Department of Chemistry, Akron, USA

Astrocytes are the most abundant cell type in the brain, where
they perform a wide array of functions, yet the nature of their
cellular heterogeneity and how it oversees these diverse roles
remains shrouded in mystery. Using an intersectional fluorescenceactivated cell sorting–based strategy, we identified five distinct
astrocyte subpopulations present across three brain regions that
show extensive molecular diversity. Application of this molecular
insight toward function revealed that these populations differentially
support synaptogenesis between neurons. We identified correlative
populations in mouse and human glioma and found that the
emergence of specific subpopulations during tumor progression
corresponded with the onset of seizures and tumor invasion. In sum,
we have identified subpopulations of astrocytes in the adult brain
and their correlates in glioma that are endowed with diverse cellular,
molecular and functional properties. These populations selectively
contribute to synaptogenesis and tumor pathophysiology, providing
a blueprint for understanding diverse astrocyte contributions to
neurological disease.

N-acetylaspartate (NAA) has been found to be decreased in multiple sclerosis (MS) postmortem cortex, but the significance of reduced NAA to MS pathology is not clear. NAA is synthesized in
neurons by the enzyme N-acetyltransferase-8-like (NAT8L) and
broken down in oligodendrocytes by aspartoacylase (ASPA) into
acetate and aspartate. We have hypothesized that neuronal derived
NAA regulates energy production in oligodendrocytes by
modulation in the levels of histone H3 methylation. To test this
hypothesis, we measured levels of metabolites of intermediary
metabolism in primary cultures of oligodendrocytes treated with
NAA. We found increased levels of α-ketoglutarate, which has been
reported to regulate histone demethylase activity of the KDM5
family of demethylases. Consistent with this, NAA treatment of
oligodendrocytes resulted in reduced levels of tri methylation of
histone H3 on lysine 4 (H3K4me3) which is involved in cellular
growth and energetics, indicating that NAA catabolism in oligodendrocytes activates KDM5 demethylases. Furthermore, we also
found a decrease in the oxygen consumption rate in NAA treated
oligodendrocytes indicating inhibition of aerobic respiration. This
inhibition was blocked by treatment with CPI-455, an inhibitor of
the KDM5 histone demethylases that demethylates H3K4me3. We
also observed that NAA treatment was associated with increases in
the expression of genes involved in sulfatide and sphingomyelin
synthesis and a decrease in electron transport chain complex expression. These data suggest that neuronal-derived NAA signals
through epigenetic mechanisms in oligodendrocytes to regulate their
metabolism.

PS07-07
EXAMINING THE CONTRIBUTION OF ASTROCYTE
VOLUME CHANGE TO SEIZURE MODELS IN VITRO AND
IN VIVO
Thomas Murphy1, Todd Fiacco2, Devin Binder1
1
University of California, Riverside, Division of Biomedical
Sciences, Riverside, CA, USA
2
University of California, Riverside, Department of Cell Biology
and Neuroscience, Riverside, CA, USA
Epilepsy, a spectrum of disorders characterized by recurrent and
unpredictable seizures, is one of the most common neurological disorders in the world. Current therapies are often ineffective or produce significant cognitive side effects, as the mechanisms
__________________
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underlying neuronal hyperexcitability and seizure susceptibility
remain incompletely understood. One important, often overlooked
aspect of neuronal excitability is the size of the extracellular space
(ECS). Multiple studies have demonstrated that ECS constriction
(reflecting cell/tissue swelling) augments neuronal excitability and
lowers seizure threshold, while ECS dilation (cell/tissue shrinking)
has the opposite effect. ECS volume is thought to be controlled by
astrocytes, which rapidly change volume under osmotic stress and
facilitate brain water movements through aquaporin-4 (AQP4)
water channels. Moreover, swollen astrocytes can release neurotransmitters capable of further increasing neuronal excitability.
Despite these converging lines of evidence, the exact role of astrocyte volume change in seizure generation remains undefined. Using
in vivo two-photon imaging alongside cortical EEG recording, we
have begun to probe this issue by acquiring rapid z-stacks of
cortical astrocytes before, during and after acute seizures. In agreement with previous findings, preliminary data suggest that
generalized seizures (induced by pentylenetetrazole or water intoxication) are preceded by a gradual, prolonged increase in astrocyte volume. In epileptic tissue, astrocytes undergo many “reactive”
changes in expression patterns and morphology, which may also
exacerbate their swelling effects on neuronal excitability/seizure
generation. Using slices from the intrahippocampal kainic acid
(IHKA) model of chronic epilepsy, we have found that IHKA astrocytes swell more than controls over a 5-minute period of hypoosmolar ACSF (hACSF), corresponding to reduced/mislocalized expression of AQP4 channels. This change mirrors our previous findings in which AQP4-deficient astrocytes swell more than wild-type
in hACSF. Ongoing experiments are focused on imaging astrocyte
volume in awake, behaving animals, using acute models of either
generalized seizures (above), or focal seizures induced by 4aminopyridine injection.

PS07-08
SYNAPTIC EFFECTS OF ASTROCYTE-SPECIFIC
DELETION OF EPHRIN-B1 IN DEVELOPING AND ADULT
HIPPOCAMPUS
Amanda Nguyen1, 2, Jordan Koeppen1, 3, Sandy Hanna1
Alekya Vengala1, Maria Tarin1, Andre Obenaus4, Iryna Ethell1, 2, 3
1
University of California, Riverside, Biomedical Sciences,
Riverside, USA
2
University of California, Riverside, Neuroscience, Riverside, USA
3
University of California, Riverside, Cell, Molecular, and
Developmental Biology, Riverside, USA
4
Loma Linda University, Pediatrics, Loma Linda, USA
Astrocytes are known to regulate the formation and maturation of
functional synapses during development. In addition to promoting
synapse formation, astrocytes can also regulate synapse elimination
in response to yet unknown “eat me” signals from neurons. We proposed that astrocytic ephrin-B1 may negatively influence synapse
growth by mediating pruning of existing synapses or suppressing
new synapse formation through its interaction with neuronal EphB
receptors. To test the hypothesis, we first examined whether the loss
of interactions between astrocytic ephrin-B1 and neuronal EphB
receptors would lead to an excessive formation of synapses in the
hippocampus by deleting ephrin-B1 from astrocytes. We examined
the effects of acute postnatal deletion of astrocytic ephrin-B1 during
__________________
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the period of synapse pruning/maturation P14→P28 and adult astrocytes using ERT2-CreGFAPephrin-B1flox/y mouse model. Adult or P14
male littermates received tamoxifen intraperitoneally (0.5mg in
5mg/ml of 1:9 ethanol/sunflower seed oil) once a day for 7 or 5
days, respectively, and analyzed 2 weeks after first tamoxifen
injection. Our studies demonstrate that tamoxifen-induced ephrinB1 deletion in adult astrocytes of ERT2-CreGFAPephrin-B1flox/y mice
resulted in significant increases in the number of dendritic spines
and pre-synaptic vGlut1 puncta in stratum radiatum area of CA1
hippocampus. However, we found an increased proportion of
immature dendritic spines with small heads and two-fold decrease
in the synaptic levels of AMPARs. Consistent with the findings, we
observed an overall decrease in fEPSPs and the population spike
amplitude in CA1 hippocampal neurons of KO mice following the
stimulation of Schaffer collaterals. In contrast to adult KO, increased excitatory postsynaptic responses in CA1 neurons, increased population spike amplitude and fEPSPs, were observed in
postnatal P14→P28 KO. Future studies will determine the mechanism of enhanced fEPSPs in these mice by conducting whole cell
recordings.

PS07-09
LRRC8A-E PROTEINS FORM SEVERAL DISTINCT
CHANNELS RESPONSIBLE FOR RELEASE OF
GLIOTRANSMITTERS FROM RAT ASTROCYTES
Alexandra Schober, Corinne S. Wilson, Alexander A. Mongin
Albany Medical College, Department of Neuroscience and
Experimental Therapeutics, Albany, USA
The Volume Regulated Anion Channel (VRAC) is a ubiquitously
expressed channel that is indispensable for cell volume regulation
via release of Cl-. In brain pathologies, activation of VRAC by cell
swelling leads to the release of amino acid neurotransmitters
including glutamate, aspartate, GABA, and taurine. Recent discoveries suggest that VRAC may not be a single channel, but rather
a heterogeneous population of channels assembled from two or
more proteins belonging to the LRRC8 family (LRRC8A-E). Yet,
the specific contribution of individual LRRC8 subunits to amino
acid release pathways is largely unknown. In this study, we investigated the role of the five LRRC8 proteins in the release of
excitatory glutamate and aspartate (measured with D[14C]aspartate), and inhibitory [3H]taurine from rat primary astrocytes. LRRC8A-E were downregulated using siRNA, and gliotransmitter release via VRAC was measured using radiotracer efflux
assays in cells exposed to hypoosmotic medium. Consistent with
prior findings, LRRC8A subunit expression was crucial for release
of both D-[14C]aspartate and [3H]taurine. Amongst all other
subunits, only deletion of LRRC8D had a significant effect and
strongly suppressed release of [3H]taurine but surprisingly, not D[14C]aspartate, measured in the same cells. Conversely, double
knockdown of LRRC8C+E reduced the efflux of D-[14C]aspartate
with no change in release of [3H]taurine. The discrimination between the release of these gliotransmitters was explained by their
charge, based on similar sensitivity of the uncharged [3H]taurine and
myo-[3H]inositol to LRRC8D knockdown. Subsequent experiments
involving double knockdowns of other subunits revealed
composition and complexity of D-[14C]aspartate and [3H]taurine
release pathways. The simplest interpretation of our
__________________
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findings is that rat astrocytes contain at least two heteromeric
VRAC. The LRRC8A+C+D+E containing heteromers conduct
negatively charged, excitatory glutamate and aspartate, while the
LRRC8A+D-containing channels are responsible for release of
uncharged, inhibitory taurine. The potential significance of these
results is in the ability to separately target swelling-activated release
pathways for excitatory and inhibitory neurotransmitters in brain
pathologies.
Supported by NIH grant NS061953

PS07-10
EFFECTS OF ENVIRONMENTAL ENRICHMENT ON
OLIGODENDROCYTE DIFFERENTIATION AND MYELIN
STRUCTURE IN AN EXPERIMENTAL MODEL OF AUTISM
Nonthué Uccelli1, Martín Codagnone1, 2, Marianela Traetta1, 2
Victoria Rosato Siri3, Sandra Zárate1, 4, Juana Pasquini3
Analía Reinés1, 2
1
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Robertis", UBA-CONICET, Buenos Aires, Argentina
2
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UBA, Buenos Aires, Argentina
3
Departamento de Química Biológica, UBA-CONICET, Buenos
Aires, Argentina
4
Instituto de Investigaciones Biomédicas, UBA-CONICET, Buenos
Aires, Argentina
Autism Spectrum Disorders are characterized by social and communication deficits and impaired brain connectivity. Based on functional imaging studies, it has been proposed the hyper-connectivity
of local microcircuits and the long-distance tract hypo-connectivity
hypothesis. Environmental enrichment (EE) is a therapeutic strategy
known to alleviate behavioural deficits and to modulate brain function. The aim of this work was to study the structure of the corpus
callosum (CC) of rats prenatally exposed to valproic acid (VPA) and
evaluate the behavioural and molecular effects of EE interventions.
Pregnant Wistar rats were administrated with VPA (450mg/kg) or
saline on gestation day 10.5. On early and juvenile stages,
behavioural validation of the VPA phenotype was carried out. At
weaning, male pups from both groups were housed in standard or
enriched conditions. In the CC of VPA rats, the number of mature
oligodendrocytes (CC1+ cells) diminished while the number of
immature oligodendrocytes (PDGF+ cells) increased when compared with controls. These alterations were observed in the absence
of astrogliosis (GFAP immunolabelling) or microgliosis (Tomato
lectin labelling). Concomitantly, myelin basic protein expression
levels were reduced in the CC of VPA rats. By electron microscopy,
aberrant myelin sheet ultrastructure and decreased density of myelinated axons were also found in the CC of VPA rats.
__________________
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EE intervention fully prevented myelin ultrastructure alterations as
well as the impairments in exploratory activity and social
exploration seen in VPA animals. Our results suggest that CC
myelin defects in VPA rats could be related to altered oligodendrocyte maturation and that, its prevention by EE could be due to an
experience-dependent modulation of olygodendrocyte fate.

PS07-11
PURIFICATION AND TRANSCRIPTOME PROFILING OF
HUMAN ASTROCYTES, NEURONS, MICROGLIA,
OLIGODENDROCYTES AND ENDOTHELIAL CELLS
Ye Zhang1, Steven Sloan2, Laura Clarke2, Christine Caneda1
Colton Plaza2, Paul Blumenthal2, Hannes Vogel2, Gary Steinberg2
Michael Edwards2, Gordon Li2, John Duncan4, Samuel Cheshier2
Lawrence Shuer2, Edward Chang3, Gerald Grant2
Melanie Hayden Gephart2, Ben Barres2
1
UCLA, Psychiatry, Los Angeles, USA
2
Stanford University, Neurobiology, Stanford, USA
3
UCSF, Neurosurgery, San Francisco, USA
4
Kaiser Permanente, Neurosurgery, Santa Clara, USA
The functional and molecular similarities and distinctions between
human and murine astrocytes are poorly understood. Here we report
the development of an immunopanning method to acutely purify
astrocytes from fetal, juvenile, and adult human brains, and to maintain these cells in serum-free cultures. We found that human astrocytes have similar abilities to murine astrocytes in promoting neuronal survival, inducing functional synapse formation, and
engulfing synaptosomes. In contrast to existing observations in
mice, we found that mature human astrocytes respond robustly to
glutamate. We next performed RNA-sequencing of healthy human
astrocytes along with astrocytes from epileptic and tumor foci, and
compared these to human neurons, oligodendrocytes, microglia, and
endothelial cells. With these profiles, we identified novel humanspecific astrocyte genes, and discovered a transcriptome-wide transformation between astrocyte precursor cells and mature post-mitotic
astrocytes. These data represent some of the first cell type-specific
molecular profiles of the healthy and diseased human brain. We are
currently using this immunopanning purification method and RNAsequencing to characterize the transcriptome of reactive astrocytes
in a wide range of human neurological disorders.
YZ and SS contributed equally to this work.
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HEPCIDIN: A PROMISING MOLECULAR TARGET FOR
ISCHEMIC STROKE THERAPY
Mohammed Almutairi, Honglian Shi
University of Kansas, Pharmacology and Toxicology, Lawrence,
USA

SECRETED AMYLOID PRECURSOR PROTEIN ALPHA
REVERSES NFÎâ%CB%86«B DEFICITS IN
INSULIN-DEPLETED DRG NEURONS
Brent Aulston1, 2, Gary Odero1, Darrell Smith1, Gordon Glazner1, 2
1
St. Boniface Hospital, Division of Neurodegenerative Disease,
Winnipeg, Canada
2
University of Manitoba, Pharmacology and Therapeutics,
Winnipeg, Canada

Ischemic stroke is one of the leading causes of death and disability in the US and worldwide. A major hurdle to effective
therapies for stroke is an incomplete understanding of its complex
pathophysiology. Labile iron is known to contribute to neuronal
injury and death following cerebral ischemia. Yet, we have
incomplete understanding in iron regulation in ischemic neurons/
brains. Due to the toxicity of labile iron, regulatory mechanisms
have evolved to ensure that iron homeostasis is maintained at both
the whole-body and cellular levels. Research in the last 10 years has
established that hepcidin is the central regulator of systemic iron
homeostasis. It regulates the iron export function of the ferrous iron
permease, ferroportin (FPN), which is the only known iron exporter
expressed by mammalian cells. Recently, we and others have
revealed that hepcidin is widely expressed in rodent brains and that
ischemia increases hepcidin levels in brain cells. This induction of
hepcidin expression was associated with accumulation of intracellular labile iron determined by both electron paramagnetic
resonance spectroscopy and specific iron probe. We also found that
interfering with hepcidin binding to FPN induced neuronal death
following ischemia. Furthermore, decreasing hepcidin expression
by shRNA suppressed labile iron excess and neuronal death following ischemia. In addition, our results showed that minihepcidin,
a small peptide that mimics biological activity of hepcidin, induced
neuronal death even in the absence of iron accumulation. This
indicates that hepcidin may induce neuronal death following ischemia not only through iron accumulation, but also through other
pathways that may mediate cell survival. In fact, induction of hypoxia-inducible factor 1 (HIF-1α) has been known as a protective
factor against cerebral ischemia. Moreover, upregulation of heat
shock protein 90 (HSP90) expression increased HIF-1α stability.
Interestingly, we also found that downregulation of hepcidin
induced both HIF-1α and HSP90 following ischemia. The aim of
the project is to evaluate if hepcidin is a promising molecular target
for ischemic stroke therapy.

Sensory neuropathy is characterized by peripheral nerve degeneration and is a common complication in patients with diabetes. We
have found previously that diabetes may contribute to the development of peripheral neuropathy by reducing the activity of the transcription factor NFκB, and in turn, decreasing the expression of
neuroprotective genes such as MnSOD (SOD2), in DRG neurons.
MnSOD is a mitochondrial scavenger of ROS and it’s hypothesized
that insufficient MnSOD antioxidant capacity is a key pathological
feature of diabetes and neurodegenerative disorders. Previous
reports demonstrate that insulin treatment can reverse MnSOD
deficits in diabetic DRG neurons and that MnSOD protects against
diabetic peripheral neuropathy. In addition to insulin, the amyloid
precursor protein (APP) cleavage product secreted amyloid precursor protein alpha (sAPPα) can induce NFκB activity and activate
insulin signaling pathways and therefore may offer an alternative
strategy to increase MnSOD expression and reduce oxidative stress
that is associated with diabetic neuropathy. With this in mind, we
examined sAPPα’s impact on the protective insulin signaling–
NFκB–MnSOD axis in vitro and in vivo. Here, we found that
sAPPα treatment of cultured DRG neurons enhanced neurite
outgrowth, increased MnSOD expression and stimulated nuclear
localization of the NFκB subunits p50 and cRel. Additionally, in
vivo studies revealed that overexpression of sAPPα slowed the development of thermal hypoalgesia, an indicator of neuropathy, in
diabetic mice. In total, these findings warrant further investigation
into the use of sAPPα therapy as a treatment for diabetic-induced
neuropathy.

PS08-03
A MILD TRAUMATIC BRAIN INJURY IN MICE CAUSES
CHRONIC DEFICITS IN BRAIN METABOLISM.
Adam Bachstetter1, Danielle Lyons1, Hemendra Vekaria1
Ai-Ling Lin2, Patrick Sullivan1
1
University of Kentucky, SCoBIRC / Dept. of Neuroscience,
Lexington, USA
2
University of Kentucky, Sanders-Brown Center on Aging,
Lexington, USA
Metabolic uncoupling has been well-characterized during the first
minutes-to-days after a traumatic brain injury (TBI), yet mitochondrial bioenergetics during the weeks-to-months after a brain
injury is poorly defined, particularly after a mild TBI. We hypothesized that a closed head injury (CHI) would be associated with
deficits in mitochondrial bioenergetics at one month after the injury.
__________________
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A significant decrease in state-III (ATP production) and state-V
(complex-I) driven mitochondrial respiration was found at 1-month
post-injury in adult C57Bl/6J mice. Isolation of synaptic mitochondria demonstrated that the deficit in state-III and state-V was
primarily neuronal. Injured mice had a temporally consistent deficit
in memory recall at 1-month post injury. Using proton magnetic
resonance spectroscopy (1H MRS) at 7-Tesla, we found significant
decreases in phosphocreatine, N-Acetylaspartic acid (NAA), and
total choline. We also found regional variations in cerebral blood
flow, including both hypo- and hyper- perfusion, as measured by a
pseudo-continuous arterial spin labeling MR sequence. Our results
highlight a chronic deficit in mitochondrial bioenergetics associated
with a CHI that may lead toward a novel approach for neurorestoration following a mild TBI. Magnetic resonance spectroscopy
provides a potential biomarker for assessing the efficacy of
candidate treatments targeted at improving mitochondrial bioenergetics.

PS08-04
POST-ISCHEMIC RECOVERY OF AXON FUNCTION IN
WHITE MATTER IS AGE- AND NITRIC OXIDE SYNTHASE
TYPE-DEPENDENT
Selva Baltan, Chinthasagar Bastian, Jane Zaleski, Katharine Stahon
Brandon Parr, Andrew McCray, Sylvain Brunet
Cleveland Clinic Foundation, Lerner Research Institute,
Neurosciences, Cleveland, USA
White matter (WM) damage following a stroke underlies a
majority of the neurological disability that is subsequently observed.
Although ischemic injury mechanisms are age-dependent,
conserving axonal mitochondria provides consistent post-ischemic
protection to young and aging WM. Nitric Oxide Synthase (NOS)
activation is a major cause of oxidative and mitochondrial injury in
gray matter during ischemia; therefore, we used a pure WM tract,
isolated male mouse optic nerve, to investigate whether NOS
inhibition provides post-ischemic functional recovery by preserving
mitochondria. We show that pan-NOS inhibition applied before
oxygen glucose deprivation (OGD) promotes functional recovery of
young and aging axons and preserves WM cellular architecture.
This protection correlates with reduced nitric oxide (NO) generation, restored glutathione production, preserved axonal mitochondria and oligodendrocytes, and maintained ATP levels. PanNOS inhibition provided post-ischemic protection to only young
axons, whereas selective inhibition of NOS3 conferred postischemic protection to both young and aging axons. Concurrently,
genetic deletion of NOS3 conferred long-lasting protection to young
axons against ischemia. OGD upregulated NOS3 levels in astrocytes, suggesting that inhibition of NO generation in glial cells may
confer protection to axons. Interestingly, NOS2 inhibition exerted
post-ischemic protection selectively to aging axons, which feature
age-dependent mechanisms of oxidative injury in WM. Our study
provides the first evidence that inhibition of glial cell NOS activity
confers long-lasting benefits to WM function and structure and
offers caution in defining the role of NO in cerebral ischemia at the
vascular and cellular level.
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PS08-05
OPTICAL ELECTROPHYSIOLOGY OF HUMAN PRIMARY
NEURONS: ROLE OF KCC2 IN HYPEREXCITABILITY
INDUCED BY HIV ± MORPHINE EXPOSURE
Aaron Barbour1, Joyce Balinang1, Rory McQuiston1, Kurt Hauser2
Pamela Knapp1, 2
1
Virginia Commonwealth University, Anatomy & Neurobiology,
Richmond, USA
2
Virginia Commonwealth University, Pharmacology & Toxicology,
Richmond, USA
Despite the introduction of combined antiretroviral therapy, the
CNS remains highly susceptible to insult from HIV-1 and inflammatory factors which cause sublethal damage to bystander neurons,
providing the neural basis of HIV-associated neurocognitive disorders (HAND). Opiate use is often comorbid with HIV infection
and these patients show exacerbated HAND symptomology. Little is
known about electrophysiological changes associated with HIV ±
morphine co-exposure. We addressed this question by developing a
dissociated primary human model derived from differentiating
human neural progenitor cells (hNPC) into a mixed neuron-astrocyte culture containing glutamatergic and gamma-aminobutyric
acid-(GABA)ergic neurons. Optical techniques were used for
electrophysiological experiments, thus circumventing the biohazard
of sharp electrodes in the presence of HIV. With the genetically
encoded voltage indicator (GEVI), FlicR1, and genetically encoded
calcium indicator (GECI), GCaMP6f, we measured primary human
neuron electrophysiological and calcium activity to elucidate
changes in excitatory-inhibitory balance due to HIV ± morphine
exposure. Additionally, we determined that HIV and morphine
dysregulate neuronal [Cl-]i resulting in hyperexcitability. K-Cl
cotransporter 2 (KCC2) maintains low [Cl-]i necessary for
GABAAR mediated hyperpolarization. Thus, we hypothesized that
HIV ± morphine decrease expression/activity of KCC2 leading to
dysregulated [Cl-]i and loss of subsequent GABAAR hyperpolarization. This was confirmed by immunostaining experiments
that showed significant KCC2 loss in neurons exposed to supernatant from HIV-infected monocytes (250-500 pg/mL p24) and
500nM morphine in the absence of neuron death. We have further
determined that the viral factors transactivator of transcription (Tat)
and glycoprotein 120 (gp120; R5-tropic) contribute to KCC2 loss.
These results correlate with significant defects of GABA-ergic signaling in primary human neurons exposed to HIV, or HIV proteins ±
morphine. Co-exposure with KCC2 enhancer, CLP257, rescued
KCC2 expression and response to GABA. Our data identify KCC2
and upstream activity as a promising, novel target for therapeutic intervention to alleviate functional changes underlying HAND ±
opiate use.
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PS08-06
DIRECT EFFECT OF TBI-INDUCED ABGCS ON DENTATE
GYRUS HYPEREXCITABILITY AND NETWORK
DYSFUNCTION
Lucas Corrubia, Eric Neuberger, Viji Santhakumar
Rutgers School of Graduate Studies, Pharmacology, Physiology,
and Neuroscience, Newark, USA
Traumatic brain injury (TBI) is an on-going global epidemic that
results in cognitive and psychological deficits such as memory
dysfunction, depression, anxiety, and epileptic activity. TBI results
in a robust early increase in hippocampal adult neurogenesis. Adultborn granule cells (abGCs) generated during the neurogenic burst
after TBI have been shown to display altered morphology and
migration, suggesting abnormal network integration and function.
While recent studies suggest that abGCs, within 8 weeks post-mitosis, normally recruit inhibitory circuits and limit dentate excitability,
whether abGCs born after TBI continue to support inhibition is
unclear. This study was undertaken to examine the functional
impact of TBI-induced enhanced neurogenesis on network
excitability and to identify the underlying circuit mechanisms.
Young male Wistar rats and inducible Nestin-CreERT2 reporter mice
underwent sham or moderate fluid percussion injury (FPI). Two
hours after injury, rats were administered with a VEGFR-2
antagonist known to selectively suppress neurogenesis. Rats were
sacrificed a week later for slice physiology or examined 1 month
later for latency to chemically induced seizures. Nestin-CreERT2
mice were treated with tamoxifen for 3 days following TBI and
examined 8 weeks later for physiology and cell morphology. In
perforant path-evoked field recordings, selective suppression of
TBI-induced neurogenesis reversed dentate hyperexcitability observed one week after injury indicating abnormal network function
of abGCs born after TBI. Moreover, reducing early TBI-induced
neurogenesis attenuated heightened seizure susceptibility at 30 days
post-injury. Ongoing studies in Nestin-CreERT2 reporter mice are
examining the morphology, migration, and electrophysiological properties of TBI-induced abGCs at 8 weeks post-injury to examine
their network integration. The results of this study may present a
novel mechanism of direct abGC involvement in TBI-induced
dentate gyrus hyperexcitability.

PS08-07
THE ROLE OF HIPPOCAMPAL ASTROCYTIC SWELLING
ON NEURONAL HYPEREXCITABILITY IN CONDITIONS OF
ELEVATED POTASSIUM
Nick Cuvelier, Thomas Murphy, David Davila, Erin Walch
Anu Venkatesh, Isabelle Holman, Cristine Khachaturova
Todd Fiacco
UC Riverside, Neuroscience, Eastvale, USA
Pathological hyperexcitability of neurons has been linked to both
cellular swelling and increased extracellular potassium ([K+]o).
However, the identity of the swelling cells and the effects of celltype specific swelling on neuronal excitability in elevated [K+]o
conditions are poorly understood. Astrocytes regulate [K+]o by
selective uptake through astrocyte-specific K+ channels, and are
thus likely candidates for high [K+]o induced cell swelling and
subsequent reduction of the extracellular space (ECS). Our work
__________________
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suggests that [K+]o in the range of 6.5 - 26 mM produces selective
swelling of astrocytes, and this swelling increases proportionally
with increasing [K+]o concentrations. Neuronal volume is almost
completely unaffected by elevated [K+]o and actually shrink slightly
in hyperosmolar 26 mM [K+]o (elevated [K+]o not balanced by
equiosmolar reduction of NaCl2).. Pharmacological experiments
using barium chloride suggest that astrocyte swelling is independent
of inwardly rectifying potassium channels, which are thought to be
key for astrocytic regulation of extracellular [K+]o. These channels
are thought to function in tandem with the astrocyte-specific
aquaporin 4 (AQP4) channel, but genetic knockout of AQP4 also
revealed that high [K+]o induced astrocyte swelling is independent
of AQP4. Further experiments are underway in attempt to define the
mechanism of astrocyte-specific swelling in high [K+]o, including
targeting leak 2-pore K+ channels, the Na+/K+ ATPase, the sodiumbicarbonate cotransporter (NBC), and the NKCC/KCC cotransporters. Additional experiments are ongoing to explore the effects of
high [K+]o induced astrocytic swelling on excitability of CA1
pyramidal neurons in TTX conditions to prevent direct
depolarization-induced increases in neuronal firing. Last, we have
also begun to develop optogenetic approaches to swell astrocytes
selectively by generating an osmotic gradient to draw water into
astrocytes coupled to nonselective cation influx. These experiments
are expected to shed light onto the mechanisms underlying selective
astrocyte swelling in high [K+]o and the impact of high [K+]o
-induced astrocyte swelling on neuronal excitability.

PS08-08
ASTROCYTIC NAMPT IS BRAIN PROTECTIVE AND
CONTRIBUTES TO REACTIVE ASTROGLIOSIS AFTER
ISCHEMIC STROKE
Shinghua Ding1, Nannan Zhang1
1
University of Missouri, Dalton Cardiovascular Reseach Center,
Columbia, USA
2
University of Missouri, Bioengineering, Columbia, USA
We previously demonstrated that nicotinamide phosphoribosyltransferase (NAMPT), a rate limiting enzyme in the
salvage pathway of NAD+ biosynthesis in mammals, is primarily
expressed in neurons under normal conditions and is brain protective after ischemic stroke in a mouse model of photothrombosis
(PT). In the present study, we showed that NAMPT is largely upregulated in reactive astrocytes peri-infarct region (PIR) after PT. In
addition, the upregulation of astrocytic NAMPT is time and spatial
dependent in peri-infarct region. We also generated astrocyte specific NAMPT conditional knockout (cKO) mice by crossing GFAPCre with floxed Nampt (Namptf/f) mice, i.e., GFAP-Nampt+/- and
GFAP-Nampt-/- cKO mice. When subject to PT, Nampt cKO mice
exhibit significant increases in infarct volume and neuronal death in
the PIR as compared with wild type (WT) mice. Using immunostaining, we further found that the deletion of Nampt in reactive
astrocytes also reduces cell proliferation and reactive astrogliosis in
the PIR. Our study thus suggests reactive astrocytic NAMPT is
brain protective and contributes to reactive gliosis and cell proliferation in focal ischemic stroke.
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PS08-09

PS08-10

HIV-ASSOCIATED COGNITIVE DEFICITS; SEX SPECIFIC
OUTCOMES CORRELATE WITH CHANGE IN
ACTIVITY-REGULATED CYTOSKELETON (ARC)
EXPRESSION
Yun Kyung Hahn1, William Marks2, Jason Paris2, Sarah Kim1
Kurt Hauser2, Pamela Knapp1, 2
1
Virginia Commonwealth University, Anatomy and Neurobiology,
Richmond, USA
2
Virginia Commonwealth University, Pharmacology and
Toxicology, Richmond , USA

REGULATION OF NEURON SPECIFIC ENOLASE
INFLUENCES NEUROTROPHIC FACTORS AND
IMPROVES NEUROLOGICAL FUNCTION AFTER SPINAL
CORD INJURY
Azizul Haque1, Denise Matzelle1, Mollie Capone1, Azim Hossain1
Rachel Polcyn1, Naren Banik1
1
Medical University of South Carolina, Microbiology and
Immunology, Charleston, USA
2
Medical University of South Carolina, Neurosurgery, Charleston,
USA
3
Ralph H. Johnson Veterans Administration Medical Center,
Neurology, Charleston, USA

The introduction of combined and highly active anti-retroviral
therapies (cART) has transitioned HIV from a disease with shortterm survival into a chronic disease, and has changed the profile of
HIV-associated neurocognitive disorders (HAND). While severe
neurocognitive deficits leading to dementia are now rarely found,
the prevalence of mild and moderate cognitive and motor deficits
has remained constant or increased, even among patients with
systemic viral suppression. This phenomenon likely reflects
inefficient penetration of current antiretroviral drugs through the
blood brain barrier, which allows the central nervous system (CNS)
to exhibit low levels of persistent infection. HIV-infected patients
commonly show neurocognitive deficits that affect memory,
attention/concentration, mood, and fine motor skills. Furthermore,
although the percentage of women in the HIV-infected population
has increased, sex-related effects on memory/cognition deficits in
HIV patients remain unclear. We utilized a transgenic mouse model
of HIV (conditionally expressing HIV-1 Tat1-86 protein in CNS) and
examined both males and females for changes in cognitive behavior
and for expression of biochemical markers related to memory and
learning, especially the Arc protein. Arc is an immediate early protein, and its expression can be induced by any environmental
experience leading to learning and memory. Altered Arc expression
is involved in disruption of memory after radiation therapy. The
induction of Arc occurring after contemporaneous acoustic/odor
stimuli was reduced by HIV-1 Tat exposure in both sexes, although
Arc expression remained significantly higher in Tat+ females compared to males. Multiple cognitive behavioral tests showed that only
Tat+ males exhibited significant deficits in novel object recognition,
spatial memory, and increased anxiety. Sex-specific differences
were also found in both Arc cell signaling pathway proteins and
other memory-associated proteins such as Homer1 and Zif268 in
hippocampal lysates. Our findings suggest that cognitive deficits of
HIV+ individuals might be influenced by sex-related differences in
Arc-associated cell signaling.
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Damage to the spinal cord is complicated by an increase in
secondary injury factors causing neuronal damage imposed by
activated microglia/macrophages and astrocytes. Recent studies
suggest that the elevation of Neuron Specific Enolase (NSE) in glial
and neuronal cells triggers inflammatory cascades in acute spinal
cord injury (SCI). Thus, there is an urgent need for a targeted
therapy that reverses secondary damages and improves neurological
function following SCI. The present study measured NSE expression and activity as well as key inflammatory mediators and
neurotrophic factors after acute and chronic SCI in rats. The effects
of a novel small molecule inhibitor of enolase (ENOblock), which
modulates NSE expression and activity, were also investigated to
determine the therapeutic efficacy of ENOblock in SCI. Regulation
of NSE by ENOblock altered metabolic hormones, pro-inflammatory cytokines/chemokines, and neurotrophic factors including
glial cell-derived neurotrophic factor (GDNF) in SCI animals.
ENOblock treatment also inhibited inflammatory pathways in
microglia/macrophages and reactive astrocytes, promoting neuronal
survival. These results support the hypothesis that activation of glial
and neuronal cells and inflammation status after SCI can be
modulated by inhibition of NSE expression and activity. Analysis of
SCI tissue by immunohistochemistry confirmed inhibition of
elevated enolase decreased gliosis in SCI rats. Preliminary studies
also showed that functional outcome was improved in chronic SCI
following enolase inhibition, suggesting that elevation of NSE is
deleterious as it activates inflammatory factors which activates glia
and damages neurons after SCI. Thus, regulation of NSE may have
potential therapeutic implications in altering neurotrophic factors
and improving neurological function following SCI. Supported by
the State of South Carolina SCIRF and Veterans Administration.
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PS08-11
DELIVERY OF ESTROGEN VIA NANOPARTICLE
ATTENUATES GLIOSIS AND PROTECTS NEURONS IN
ACUTE AND CHRONIC SPINAL CORD INJURY IN RATS
Azizul Haque1, April Cox3, Denise Matzelle1, 2, Mollie Capone1
Rachel Polcyn1, Azim Hossain1, Naren Banik1, 2
1
Medical University of South Carolina, Microbiology and
Immunology, Charleston, USA
2
Ralph H. Johnson Veterans Administration Medical Center,
Neurology, Charleston, USA
3
FirstString Research, Neurology, Mt. Pleasant, USA
Estrogen (E2) is one of the most potent multi-active neuroprotective agents and is shown to decrease apoptosis, modulate growth
factor expression, and act as an anti-inflammatory agent driving
angiogenesis. The low dose (10µg/kg) of E2 is beneficial for Spinal
Cord Injury (SCI), but this E2-dose is non-physiologic and thereby
poses a safety hurdle for clinical use. In this study, two forms of
nanoparticles-E2 (nano-E2) were designed for rapid or slow
delivery in order to investigate the effects of lower doses of E2 (2.55.0µg, single dose) that may avoid the high systemic exposures seen
with traditional dose routes (i.v. or i.p.) and allow for enhanced protective and reparative effects on SCI. Preliminary data suggest that a
single administration of rapid release formulated PLGA-PEG nanoparticles loaded with E2 can focally deliver E2 to the contused
spinal cord with reduced plasma concentrations when compared
with i.v. dosing and can drive estrogenic changes. This approach has
also shown that a single 5.0µg dose of nano-E2 can improve
locomotor function recovery in rat model of SCI. A slow release
nano-E2 has also been formulated and showed efficacy in SCI. Preliminary data also showed that E2 supported the survival of oligodendrocyte precursor cells (OPC) when exposed to toxic factors
from Th1 cells and microglia in vitro, suggesting that enhanced
long-term efficacy in SCI may be achieved using a cocktail of rapid
and slow release nano-E2. These data should provide sufficient
evidence to support the translation of E2 into clinical trials, with the
ultimate goal of providing a safe and effective therapeutic to treat
both veterans and the general population suffering from SCI.
Supported by NIH-NINDS, SCIRF, and VA.

PS08-12
COMPARISON OF THE CONTRIBUTION OF SYSTEM XCIN THREE DIFFERENT IN VIVO MOUSE MODELS OF
ISCHEMIC STROKE
Yan He, Trista Thorn, Megan LeBlanc, Myles Morgan
Sandra Hewett
Syracuse University, Biology, Syracuse, USA
Although stroke (cerebral ischemia) has dropped to the fifth cause
of death in the United States, it is still the leading cause of longterm disability in adults. Therefore, understanding the mechanisms
underlying ischemic brain injury is of importance to the goal of
devising novel therapeutics for protection and/or recovery. Previous
work in our laboratory has shown that activation of cystine/glutamate antiporter, system xc- (Sxc-), facilitates neuronal injury in several
in vitro models of energy deprivation. However, studies on the contribution of this antiporter to ischemic brain damage are limited.
Embolic or thrombotic transient or permanent occlusion of a
__________________
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cerebral blood vessel eventually leads to brain infarction in the vast
majority of stroke cases. Thus, in this study we determined the contribution of system xc- to cerebral ischemic damage, engendered by
three separate ischemia models, by comparing SLC7a11sut/sut mice —
mice that harbor a natural mutation in exon 12 of SLC7a11 and thus
are null for Sxc- (Chintala et al. 2005) — with their wild type
(SLC7a11+/+) littermates. Male mice of both genotypes were
subjected to either transient (monofilament model) middle cerebral
artery occlusion (tMCAO; 8-12wks), permanent (coagulation)
MCAO (pMCAO; 9-14 wks) or photothrombotic ischemic stroke
(PTI; 9-14 wks). Our data demonstrates that ischemic brain damage
assessed 72 hr following a 45 min tMCAO was greatly attenuated in
SLC7a11sut/sut as compared to SLC7a11+/+ littermate controls. Similar
results were found 24-48 hr following ischemia in the PTI model.
However, there was no difference in infarct volume measured between SLC7a11+/+ and SLC7a11sut/sut littermates 48 hr after pMCAO.
Overall, our data demonstrate a model-dependent differential role
for Sxc- in focal cerebral ischemic damage, which further highlights
the heterogeneous nature of stroke. (Supported by grant NINDS/
NIH 5R21NS096676 to SJH and AHA Postdoctoral Fellowship to
YH)

PS08-13
THE ROLE OF FERROPORTIN IN MANGANESE
HOMEOSTASIS IN THE BRAIN
Lian Jin1, 2, David Frazer1, Sarah Wilkins1, Yan Lu1
Greg Anderson1, 2
1
QIMR Berghofer Medical Research Institute, Cell and Molecular
Biology, Brisbane, Australia
2
University of Queensland, School of Medicine, Brisbane, Australia
Hepatic encephalopathy (HE) is a neuropsychiatric syndrome associated with advanced liver disease. It manifests as a broad
spectrum of reversible neurological disturbances ranging from
minor defects in executive function through to coma. The precise
cause of HE remains poorly understood, although it is widely
accepted that neurological dysfunction results from the entry of
toxic metabolites into the brain due to the compromised clearance
by the damaged liver. One neurotoxin implicated in HE is the metal
manganese (Mn). In this study we have explored the mechanisms
underlying Mn accumulation in the brain. Ferroportin (FPN) is
considered an important Mn exporter in the gut, but whether this is
true in the brain remains unknown. We therefore compared the
behaviour of iron (a known FPN substrate) and Mn in cellular and
murine models. Primary mouse astrocytes and the human microglia
cell line BV2 were pre-loaded with either iron or Mn, then followed
over time to assess metal release. Whereas Mn was readily exported
from the cells (and particularly rapidly from BV2 cells), iron levels
showed little change, suggesting that the two metals use different
export proteins. This finding was supported by in vivo analyses of
Tmprss6 deficient mice. This mouse strain has constitutively high
expression of hepcidin, which binds to FPN and removes it from the
cell surface. Compared to wild-type controls, Tmprss6-/- mice had
reduced serum and brain iron levels, and increased iron in the liver,
a pattern consistent with the expected effects of hepcidin on FPN.
However, Mn showed a notably different pattern, with little or no
influence of Tmprss6 deficiency. Administering Mn to the mice increased brain Mn levels, but, again, this was not influenced by the
__________________
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overexpression of hepcidin. These data suggest that FPN plays little
role in regulating brain Mn levels and that alternative pathways are
used to facilitate Mn efflux.

PS08-14
MALE AND FEMALE MICE EXHIBIT DIVERGENT
RESPONSES OF THE CORTICAL VASCULATURE TO
TRAUMATIC BRAIN INJURY
Amandine Jullienne1, Arjang Salehi1, Bethann Affeldt1
Mohsen Baghchechi1, Angela Avitua1, Mark Walsworth1
Isabelle Enjalric1, Elizabeth Haddad1, Mary Hamer1, Sonali Bhakta1
Jiping Tang1, John Zhang1, William Pearce1, 2, Andre Obenaus1, 3
1
Loma Linda University, Basic Science, Loma Linda, USA
2
Loma Linda University, Perinatal Biology, Loma Linda, USA
3
University of California, Irvine, Pediatrics, Irvine, USA
Traumatic brain injuries (TBI) occur in 1.7 million people each
year in the USA. Little is known about how the cerebrovasculature
is altered after TBI. We previously reported that TBI elicits acute
decrements in cerebral vessels near the injury site in rats followed
by revascularization over the subsequent 2 weeks. Sexual
dimorphism of the brain is well documented and different hormonal
levels in males and females differentially modify the recovery process after injury. However, the effects of biological sex on the
temporal evolution of revascularization following TBI are understudied. Using a model of controlled cortical impact in male and
female mice, we set out to determine if the injury and the repair process are affected by sex. Lesion volume was assessed using MRI
T2-weighted imaging at 1 and 7 days post-injury (dpi). To evaluate
the vascular network, we used a new “vessel painting” technique
that uses a fluorescent dye to stain blood vessels. Vessel numbers
and complexity were analyzed using the Angiotool software and
Fraclac (ImageJ plugin). Blood-brain barrier (BBB) alteration,
neurodegeneration, inflammation and endothelial activation were
assessed through immunohistochemistry. We found no sex
differences in lesion volume, BBB alteration or neurodegeneration.
However at 1 dpi, females exhibited more astrocytic hypertrophy,
whereas males presented with increased endothelial activation and
expression of beta-catenin, which has been shown to be involved in
angiogenesis. At 7 dpi, we observed an increase in the number of
vessels and an enhancement in vessel complexity in injured cortex
of males compared to females. Our results imply that the
cerebrovasculature recovers differently after TBI, suggesting sex
should be considered when patients are being treated.

PS08-15
INHIBITION OF TGFB TYPE1 RECEPTOR ENHANCES
NEURONAL AUTOPHAGY AND IMPROVES RECOVERY
AFTER PERINATAL HYPOXIC ISCHEMIC BRAIN INJURY
Brian Kim1, Michelle Frondelli1, Chaitali Saqcena2, Israel Nnah2
Steven Levison1, Radek Dobrowolski2
1
Rutgers New Jersey Medical School, Neuroscience, Newark, USA
2
Rutgers University/New Jersey Institute of Technology, Federated
Department of Biological Sciences, Newark, USA
Neonatal encephalopathy following perinatal hypoxic-ischemic
__________________
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(HI) brain injury triggers a wave of neuroinflammatory events that
contribute to the progressive degeneration and functional decline
seen weeks after the initial insult. The cytokine TGFβ1 is elevated in
the brain throughout the periods of neurodegeneration. TGFβ1 may
elicit beneficial effects acutely after injury, but prolonged TGFβ signaling in the brain can exacerbate injury. We modulated TGFβ-signaling in a rat model of perinatal HI using a small molecule
antagonist for the TGF-β type 1 receptor, activin-like kinase 5
(ALK5) —SB505124—and found significant improvements in
neurologic outcomes. SB505124 treatment after HI injury reduced
the number of ISEL+ dying cells in the cortex by 277% compared
to sham-treated animals. To elucidate the mechanism whereby
ALK5 inhibition reduced neuronal death after HI, we assessed
levels of lipidated LC3 (light chain 3), a key protein known to
mediate autophagy, within infarcted and penumbral brain tissues.
LC3 protein expression increased 70% compared to vehicle-treated
animals, while the ratio of lipidated LC3 (LC3-II) to LC3-I increased nearly 5-fold. We also observed significantly increased colocalization of autophagy markers LC3 and p62 in neurons of the
neocortex, hippocampus, and thalamus, and in the subcortical white
matter, indicating SB505124 treatment increased autophagosome
assembly. These data suggest that delayed SB505124 reduces
neurodegeneration by enhancing autophagy flux. To directly assess
the role of autophagy after HI, we systemically administered the
autophagy inducing peptide, Tat-Beclin1 (15 mg/kg), 72 hours after
injury and found increased expression of LC3 indicating autophagy
induction. Our studies support the conclusion that enhancing autophagic flux after HI may reduce neuronal cell stress, enabling the
neurons to better withstand neuroinflammatory insults.

PS08-16
PROFILING MICROGLIA-SPECIFIC TRANSCRIPTIONAL
CHANGES AFTER ISCHEMIC STROKE
Kendra Lechtenberg, Todd Peterson, Li Zhu, Marion Buckwalter
Stanford University, Neurology, Stanford, USA
Ischemic stroke is a leading cause of death and long term disability worldwide. Neuroinflammation after stroke has significant
influence on stroke outcomes, because it is necessary for injury
resolution and repair, but can also exacerbate cell death. Microglia,
the brain’s resident immune cells, are the major producers of inflammatory molecules in the hours following stroke but also have
neuroprotective functions such as clearance of harmful debris and
release of anti-inflammatory factors. However, the specific molecular mechanisms that regulate the progression of the microglial response to stroke remain poorly understood. This is in large part due
to the challenge of dissecting the microglial response from that of
other inflammatory cell types that enter the brain after stroke. To
address this, we used the RiboTag technique to obtain transcripts
specifically from microglia 3 days after stroke, which is the peak of
the neuroinflammatory response. By crossing the RiboTag and
Cx3cr1-CreER mouse models, we expressed a hemagglutinin tag on
ribosomes specifically in microglia, allowing for immunoprecipitation of microglial ribosomes and isolation of actively translating microglial mRNA. We verified by immunohistochemistry that
this tag is expressed by 99% of microglia following recombination.
Targeted gene expression analysis showed that transcripts
__________________
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obtained using this technique were highly enriched in microgliaspecific genes such as Tmem119 and de-enriched in characteristic
genes from other brain cell types, such as GFAP and Tubb3. We
performed RNA-sequencing on microglia-specific transcripts
obtained from male and female mice 3 days after distal middle
cerebral artery occlusion or sham surgery, and found 583 genes
were upregulated and 186 genes were downregulated between
stroke and sham animals. Of note, many of the genes upregulated at
this time point are involved in monocyte recruitment, suggesting
microglia are particularly involved in attracting peripheral immune
cells to the injury site at this time point. Our data indicates that the
RiboTag technique can effectively profile the microglial translatome
after stroke, and our ongoing research will comprehensively
determine the microglia-specific molecular response at many time
points after stroke.

PS08-17
REPEATED MILD PEDIATRIC TRAUMATIC BRAIN INJURY
ELICITS WHITE MATTER DISRUPTION IN CORPUS
CALLOSUM
Jeong Bin Lee1, Bethann Affeldt1, Yaritxa Gamboa1, Mary Hamer1
Andrea C. Pardo2, Andre Obenaus1, 3
1
Loma Linda University School of Medicine, Basic Sciences, Loma
Linda, USA
2
Ann & Robert Lurie Children's Hospital, Neurology, Chicago,
USA
3
University of California, Irvine School of Medicine, Pediatrics,
Irvine, USA
Concussion or mild traumatic brain injury (mTBI) is a major
public health concern often accompanied by long-term behavioral
and neuropsychological deficits. Emerging data suggest that these
deficits are exacerbated following repeated injuries. However,
despite overwhelming prevalence of mTBI in children and potential
for repeated mTBIs to exacerbate the outcomes, the effects of mTBI
and repeated mTBI on white matter structure in developing brain
have not been extensively examined. To address this knowledge
gap, we investigated the long-term effects of single and repeated
pediatric mTBI on white matter, focusing on the corpus callosum
(CC), through diffusion tensor imaging (DTI), deterministic
tractography, and immunohistochemistry (IHC). We hypothesized
that single and repeated mTBI to the developing mouse brain lead to
myelin-associated disruption of corpus callosum microstructure.
mTBI was induced at postnatal day 14 using a closed head injury
(CHI) model in CD-1 mice. Sham, single mTBI, and repeated mTBI
(second hit 3 days after the initial injury; bilateral) were compared.
After CHI, the mice were evaluated at 60 days post injury (DPI)
utilizing DTI and IHC. Both single and repeated mTBI groups
showed disrupted microstructure two months after the injury in
various parts of the corpus callosum. Although no significant
difference was found in myelin levels within the region, there was
significant disruption in the organization of myelin especially for
the repeated mTBI group. DTI tractography further confirmed the
finding that mTBI leads to long-term microstructural dysregulation
in the corpus callosum. This finding reaffirms DTI and tractography
as valuable assessment tools for evaluation of mTBI outcomes and
warrants additional research into white matter microstructure as key
component of pediatric mTBI pathology.
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PS08-18
THE ROLE OF P75NTR IN INDUCING AXONAL
DEGENERATION AFTER INJURY
Laura Montroull, Wilma Friedman
Rutgers University, Biological Sciences, Newark, USA
Expression of p75NTR is induced in numerous Central Nervous
System (CNS) neurons after damage in the adult brain and has been
shown to regulate neuronal cell death in several injury models. We
have previously demonstrated that blocking either p75NTR or its
ligands can attenuate neuronal death in a severe model of traumatic
brain injury (TBI). While the neuropathological consequences of
TBI are heterogeneous, diffuse axonal injury is ubiquitous at all
severity levels, leading to deficits in connectivity that may or may
not recover over time. The molecular mechanisms that regulate
axonal degeneration after TBI are just beginning to be understood.
p75NTR has been widely studied in the Peripheral Nervous System
in various injury and cell-death paradigms, as well as in axonal
pruning and degeneration. However, the role of this receptor in
mediating axonal degeneration after TBI in the adult CNS remains
unclear. To determine the role of p75NTR in this process we
performed in vivo and in vitro experiments. We subjected adult mice
to mild traumatic injury using lateral fluid percussion brain (LFP)
injury model. We found that one day after LFP, p75NTR is upregulated in axons and this increase is maintained 3 days after the
injury. The colocalization of p75NTR with the marker for axonal
damage, βAPP, suggest that those axons are degenerating. To understand the mechanisms of p75NTR in mediating axonal degeneration, and determining whether this is independent or part of a
continuum leading to neuronal death, we are using a variety of in
vitro approaches including an in vitro model of axonal stretch injury
and microfluidic chambers to examine axon-specific signaling
mechanisms.

PS08-19
HEME OXYGENASE-1 EXPRESSION IN ASTROCYTES
AND MICROGLIA FOLLOWING TRAUMATIC BRAIN
INJURY
Alexander Morita1, Amandine Jullienne2, Andre Obenaus2, 1
Mary Hamer2, Emon Javadi1, Arjang Salehi1
1
University of California, Riverside, College of Natural and
Agricultural Sciences, Riverside, USA
2
Loma Linda University, Basic Sciences, Loma Linda, USA
Traumatic brain injury (TBI) is one of the leading causes of death
and disability worldwide,and the injury cascade results in damage to
a variety of cells of the neurovascular unit. Heme oxygenase-1 (HO1) is an inducible enzyme that catabolizes heme into carbon
monoxide (CO),biliverdin(which is converted to bilirubin), and free
iron. HO-1 and its metabolites have been shown to have anti-inflammatory and antioxidant properties suggesting a cytoprotective
function of HO-1.HO-1 has been shown to be induced after TBI but
little is known about its specific function after TBI.Our aim is to
assess the temporal and morphological expression of HO-1 after
TBI.Here, we studied the degree of HO-1 expression in astrocytes,microglia and neurons after a controlled cortical impact (CCI)
model of TBI in male C57BL/6 mice and analyzed tissue after
1,7,14,and 30 days post injury (dpi).Immunohistochemistry was
__________________
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used to detect HO-1 in combination with GFAP (for astrocytes) or
Iba1 (for microglia) or NeuN (for neurons).Two cortical areas
adjacent to the injury site were analyzed for cell counting using
Image Pro Premier software.Our results indicate that TBI induces a
significant increase in HO-1 expression in microglia in 1dpi and
7dpi groups compared to control animals (anesthesia only).A significant increase in HO-1 expression in astrocytes was observed at
1dpi,7dpi, and 14dpi. We did not see any appreciable HO-1-expressing neurons in the injured cortex.Our findings suggest that
acute HO-1 expression is part of the inflammatory response that
involves microglia, while in later time points HO-1 is expressed
mainly in astrocytes.Further studies will be needed to determine the
role of astrocytic and microglial HO-1 in the injury cascade following TBI.

PS08-20
LIPOCALIN-2 IN HIV-INDUCED NEURONAL DAMAGE
Daniel Ojeda Juarez1, 3, Rohan Shah1, Ana Sanchez2
Marcus Kaul1, 2, 3
1
University of Califronia, Riverside, Division of Biomedical
Science, Riverside, USA
2
University of California, San Diego, Department of Psychiatry,
San Diego, USA
3
Sanford Burnham Prebys Medical Discovery Institute, Infectious
and Inflammatory Disease Center, La Jolla, USA
People living with human immunodeficiency virus-1 (HIV-1)
suffer brain injury and a wide-range of cognitive impairments
known as HIV-associated neurocognitive disorders (HAND). The
pathological mechanisms leading to HAND are incompletely understood. Transgenic (tg) mice expressing HIV envelope protein gp120
in their central nervous system (CNS) provide a model of HAND
pathology. These gp120tg mice display features observed in neuroAIDS; including astrocytosis, microgliosis, and decreased synaptic
connections and dendritic processes. In addition, gene expression
analysis indicates changes in neurotransmitter pathways that seem
consistent with impaired long-term potentiation and neurodegenerative pathology.
A microarray analysis of brains from gp120tg mice show lipocalin-2
(LCN2) as one of the genes with the highest upregulation. LCN2, an
acute phase protein, has been shown to play a role in behavior and
cognitive function, neuronal excitability, microglial activation and
as an autocrine mediator of reactive astrocytosis. To gain insight into the role of LCN2 in HIV-induced brain injury, we cross-bred
gp120tg mice with a genetic knock out of LCN2 (LCN2ko). The
resulting four genotypes (wild-type, gp120tg, LCN2ko, and
LCN2ko x gp120tg) were analyzed using RT2 Profiler™ PCR
arrays. These are pathway specific arrays analyzing the
dopaminergic, serotonergic, GABAergic, and glutamatergic neurotransmitter systems. Ingenuity Pathway Analysis (IPA) was used to
predict biological networks affected by the gene expression changes
in the four individual genotypes. Expression of gp120 was associated with significant changes in all neurotransmission systems and
some of the alterations were ameliorated or reversed in the absence
of LCN2. The top gene networks affected by gp120 and LCN2ko
were: Behavior and Neurological Disease, Cell-To-Cell Signaling
and Interaction, and Psychological Disorders.
A better understanding of the role of LCN2 in pathological
__________________
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mechanisms underlying HIV-Induced brain injury is expected to
help identify new therapeutic targets and approaches.

PS08-21
LOW OXYGEN POST CONDITIONING PREVENTS
THALAMIC SECONDARY NEURONAL DEATH AFTER
STROKE. A NEW WAY TO PRESERVE MOTOR FUNCTION
Giovanni Pietrogrande1, 2, Katarzyna Zalewska1, 2, Zidan Zhao1, 2
Wei Zhen Chow1, 2, Sarah J. Johnson3, Michael Nilsson1, 2
Frederick R. Walker1, 2
1
University of Newcastle, School of Biomedical Sciences and
Pharmacy and the Priority Research Centre for Stroke and Brain
Injury, Newcastle, Australia
2
Hunter Medical Research Institute, Stroke Recovery, Newcastle,
Australia
3
University of Newcastle, School of Electrical Engineering and
Computer Science, Newcastle, Australia
Stroke is one of the major causes of death and disability in developed counties. Besides the primary injury, the stroke event
causes neuronal death in distal locations during the chronic phase.
Despite the gravity of the pathology, no treatment is currently
available. In the last decade great interest arose around the
possibility of using molecules to interfere in the interaction between
NMDAR and PSD95, decreasing the excitotoxicity associated with
stroke and consequent neuronal death. Here we show that two
weeks of normobaric low oxygen post conditioning (LO-PC) can
partially prevent motor deficits caused by photo-trombotic stroke
induced in the motor-sensory cortex. This is associated with
decreased neuronal loss and decreased microglia activation in the
thalamic area where secondary damage occurs. Moreover we report
that LO-PC decreases the interaction between NMDAR and PSD-95
in the thalamic area as assessed by co-immunoprecipitation. These
results suggest that LO-PC partially prevents the neuronal death
caused by excitotoxicity in the site of secondary damage and promotes a positive functional outcome. Our study suggests that it may
be possible to intervene in the sub-acute phase post stroke to prevent further neuronal death with a relatively safe and translatable
treatment with virtually no-sides effects.

PS08-22
FUNCTIONAL ISOLATION OF DENTATE CHANDELIER
CELLS AFTER EXPERIMENTAL STATUS EPILEPTICUS
Archana Proddutur, Akshay Gupta, Jenieve Guevarra
Viji Santhakumar
Rutgers NJMS, Pharmacology Physiology and Neuroscience,
Newark, USA
Inhibitory neurons of the dentate gyrus are crucial in maintaining
the functional “gate” that regulates spread of network excitability in
the trisynaptic circuit. Molecular layer interneurons are positioned
to provide feed-forward granule cell (GC) inhibition. Specifically, a
class of parvalbumin-positive chandelier cells (ChCs) located in the
inner molecular layer (IML) regulate GC firing by providing
synaptic inhibition to the axon initial segment. Circuit effects of
__________________
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ChCs are likely distinct from basket cells (BCs) which underlie
somatic feed-forward and feedback inhibition of granule cells. Here
we use YFP expressing PV reporter lines to examine alterations in
the intrinsic and synaptic physiology of ChCs one week after
chemoconvulsive status epilepticus and in age-matched salineinjected controls. Morphophysiologically distinct ChCs showed a
significant decrease in firing rate in response to somatic current
injection compared to controls. While other active and passive properties remained unaltered, synaptic properties of ChCs undergo
robust change. The frequency of spontaneous excitatory (sEPSCs)
and inhibitory (sIPSCs) synaptic currents in ChCs were decreased
early after SE. While amplitude of sEPSCs increased and sIPSCs
amplitude decreased after SE. Despite, the alterations in the intrinsic
and synaptic properties of ChCs, functional synapses at ChC→GC
show no apparent changes after SE. Together, Our findings suggest
that ChCs undergo a robust early decrease in excitability and
receive fewer synaptic inputs after SE. Such a functional disconnection after SE could impair feed-forward inhibition of dentate
granule cells and compromise the dentate gate at a critical period of
network plasticity early after seizures.

PS08-23
ISCHEMIC AXONAL INJURY PRIMES TAU
PHOSPHORYLATION BY UP-REGULATION OF THE
MICROTUBULE AFFINITY-REGULATING KINASE, MARK4
Jennifer Putman, Eric Hayden, Stefanie Nunez, Mandavi Oberoi
Allan MacKenzie-Graham, Jason Hinman
University of California Los Angeles, Neurology, Los Angeles, USA
Ischemic axonal injury in brain white matter is a common neuropathology implicated in the pathogenesis of age-related cognitive
decline and dementia. Using an unbiased screen of gene expression
changes in mouse brain after subcortical ischemic stroke, we identified genes that were up-regulated in cortical neurons 7 days after
axonal injury, including microtubule affinity-regulating kinase 4
(MARK4). MARK4 phosphorylates microtubule-associated proteins, is involved in microtubule dynamics, and may also play a role
in Alzheimer's disease via the phosphorylation of tau. Thus,
MARK4 may represent a link between common dementia-related
pathologies in the brain. Ischemic axonal injury was induced in the
subcortical white matter below the forelimb motor cortex in WT or
Thy1-YFP+ transgenic mice using an eNOS inhibitor with
simultaneous administration of a retrograde neuronal tracer to label
stroke affected neurons. MACS-FACS of retrograde labeled
CTIP2+ Layer 5 cortical neurons was used to select stroke-affected
and non-stroke affected cortical neurons. Immunocytochemistry,
Western blot, laser capture, and uDISCO were used to measure
MARK4 and phosphorylated tau in the mouse brain cortex, and
examine neuronal morphology in stroke-affected neurons. One
week after subcortical white matter stroke, MACS-FACS isolation
of Layer 5 cortical neurons followed by RNA-seq revealed
enrichment for pathways regulating microtubule organization.
Among the differentially expressed genes was MARK4 (5.5-fold increase). Gene expression and protein levels of MARK4 in the
overlying cortex were increased in ~30% of the stroke-affected neurons compared to non-stroke injured neighbor neurons. Strokeinduced increases in MARK4 lead to an increase in phosphorylated
tau in cortical neurons. uDISCO imaging in Thy1-YFP+ transgenic
__________________
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mice demonstrated that ischemic axonal injury leads to reduced
dendritic complexity after stroke in vivo, consistent with prior
studies of MARK4 over-expression. These data indicate an
important role for MARK4 in the response to ischemic axonal
injury and provide a molecular pathway in cortical neurons relating
cerebrovascular disease to the development of Alzheimer’s disease.

PS08-24
ACTIVATION OF WNT/β-CATENIN SIGNALING IN THE
INJURED CEREBRAL VASCULATURE AFTER
TRAUMATIC BRAIN INJURY
Arjang Salehi1, 2, Amandine Jullienne2, Mohsen Baghchechi2
Mary Hamer2, Mark Walsworth2, Virginia Donovan2, Jiping Tang4
John Zhang4, 6, William Pearce4, 5, Andre Obenaus3, 2, 1
1
University of California Riverside, Cell, Molecular, and
Developmental Biology Graduate Program, Riverside, USA
2
Loma Linda University, Basic Sciences, Loma Linda, USA
3
University of California Irvine, Pediatrics, Irvine, USA
4
Loma Linda University, Physiology and Pharmacology, Loma
Linda, USA
5
Loma Linda University, Perinatal Biology, Loma Linda, USA
6
Loma Linda University, Anesthesiology, Loma Linda, USA
Traumatic brain injury (TBI) results in damage to the cerebral
vasculature and is often associated with hemorrhage, edema, blood
flow abnormalities, and cell death. An important and unexplored
avenue is how injured blood vessels undergo repair. At present,
there is little knowledge of the molecular mechanisms underlying
vascular repair after TBI. One possible molecular pathway that may
be involved in vascular repair is the Wnt/β-catenin cascade. The
Wnt/β-catenin pathway promotes blood vessel formation during
vascular development, but its role in vascular repair remains
unknown. In this study, we examined how the cerebral vessels
respond in the course of 7 days following a moderate TBI and what
role the Wnt/β-catenin signaling plays in the vascular repair process. Adult male mice underwent a moderate controlled cortical
impact which lead to gross injury to the cerebral vessels. We
utilized a novel vessel painting technique to label the cerebral
vessels in the whole brain and assessed vascular alterations at 1 and
7 days post injury (dpi). We assessed β-catenin inside blood vessels
around the lesion and utilized a Wnt transgenic mouse line to evaluate Wnt gene expression. We report that TBI results in vascular loss
followed by increases in vascular structures by 7 dpi. β-catenin protein expression was increased in peri-lesional vessels at 1 and 7 dpi.
Similarly, we found increased number of Wnt-GFP-positive vessels
after TBI. Our findings suggest that Wnt/β-catenin expression contributes to the vascular repair process after TBI and represents a potential target for future therapeutics.
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PS08-25

PS08-26

OPTICAL AND ELECTROGRAPHIC CHANGES IN THE
POSTTRAUMATIC EPILEPTIC BRAIN IN WILD-TYPE AND
AQUAPORIN-4 KNOCKOUT MICE
Jenny Szu1, Som Chaturvedi1, Dillon Patel1, Junze Liu2
Danielle Ornelas2, Hyle Park2, Devin Binder1
1
University of California, Riverside, Division of Biomedical
Sciences, Riverside, USA
2
University of California, Riverside, Department of Bioengineering,
Riverside, USA

SEVERITY, STRUCTURAL COMPROMISE AND
FUNCTIONAL RECOVERY FROM MODERATE SPINAL
CORD INJURY ARE PREDICTED BY ACUTE AID
BIOMARKERS
Ina Wanner1, Julia Halford1, Sean Shen2, Joseph Loo2
Rachel Kinsler3, Brian Kwon4, Andrew Mayer5
1
UCLA, Semel Institute for Neuroscience and Human Behavior, Los
Angeles, USA
2
UCLA, Dept Chemistry/Biochemistry, Los Angeles, USA
3
USAARL, USAARL, Ft. Rucker, USA
4
UBC, ICORD, Vancouver, Canada
5
LRRI, Mind Research Network, Albuquerque, USA

Posttraumatic epilepsy (PTE) refers to the development of
recurrent spontaneous seizures after a traumatic brain injury (TBI).
Current models of PTE have focused on testing seizure
susceptibility pharmacologically and injured animals were shown to
be more predisposed to generalized seizures. Imaging studies, while
limited, have not identified a correlation between trauma and
seizure susceptibility. In our studies, we aim to detect optical and
electrographic changes in the posttraumatic brain in wildtype (WT)
and aquaporin-4 knockout (AQP4 KO) mice to determine the role
of AQP4 in the development of PTE.
Animals were subjected to a severe TBI and imaged with an optical
coherence tomography (OCT) system. Sham animals received a
craniotomy only. Mice underwent continuous video-EEG recording
to monitor for spontaneous seizures and in vivo electrical intrahippocampal stimulation was also performed for the quantitative
assessment of electrographic seizure threshold (EST) and duration
(ESD).
Spontaneous non-convulsive seizures were observed in injured
animals. Sham animals did not display spontaneous seizures. A significant increase in ESD was observed in WT mice 60 d after TBI.
AQP4 KO mice also exhibited significantly higher ESD 30 and 90 d
after TBI compared to WT mice. Additionally, significant changes
in the optical attenuation coefficient were observed in the cortex and
corpus callosum in WT mice after TBI compared to shams and
AQP4 KO mice.
Our data suggest that AQP4 plays a critical role in the development
of epilepsy after TBI. Increased ESD after injury alludes to
impaired water homeostasis which prolongs seizure activity. Altered
OCT-derived attenuation coefficient in the gray and white matter
after TBI could be related to structural changes in the brain such as
axonal damage or delayed edema formation. Studies are underway
to correlate these findings with histology to further define the regulation and role of AQP4 in PTE.
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Broad heterogeneity and the acute unstable condition of spinal
cord injury (SCI) patients challenges their accurate initial
assessment. Clinicians need objective and precise tools for
diagnostic monitoring and recovery prognosis acutely after SCI.
Addressing this requirement, our project established diagnostic and
prognostic value of novel astroglial-injury-defined (AID) biomarkers in SCI (Halford et.al.,2017). We used the Vancouver
impactor for mild-to-moderate thoraco-lumbar contusion in the
Yucatan swine. Walking ability scored by the porcine thoracic injury
behavioral scale divided the cohort into recovered and non-recovered swine. Histopathological severity was quantified at 7d postSCI: lesion size, perilesional blood extravasation and white matter
sparing correlated well with recovery. AID biomarkers were
measured at acute (20min, 2.7h) and post-acute (2 and 7d) time
points in cerebrospinal fluid (CSF) and serum. Standardized
immunoblot-densitometry and parallel-reaction-monitoring mass
spectrometry provided independent datasets. Hyper-acute biomarker
levels (20min) robustly predicted structural and functional injury
burden. Causes for biomarker release include astroglial injury,
which was measured by soma swelling and process beading in
perilesional areas. Aldolase C (ALDOC) and brain lipid binding
protein (BLBP) remained elevated over one week while GFAP and
S100b decreased after 2d post-SCI. Small GFAP-breakdown-products (sGFAP-BDPs) peaked by 2d post-SCI in non-recovered
swine. Walking was prognosticated by levels and kinetics of
ALDOC, S100b and sGFAP-BDPs. Temporal logistic regression
provided accurate outcome prediction for ALDOC (accuracy 1) followed by others (accuracies >0.9). Tissue injury was further characterized using MRI. Hyperintensity early post-SCI and reduced
mean diffusivity at 2d correlated robustly with lesion size and functional recovery. MRI measures also correlated with hyper-acute biomarker rises. Multimodal regression resulted in accurate recovery
prognosis early post-SCI. Thus, we provide novel robust prognostic
biomarkers for SCI. Our work has clinical significance for
diagnostic monitoring to guide patient management and
classification in clinical trials.
Support:USAMRMC:W81XWH-13-2-0047
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ASTROGLIAL INJURY STAGES EXPOSED BY
TRAUMATOMES AND NEW BIOMARKERS PREDICTING
SEVERITY AND OUTCOME AFTER TRAUMATIC BRAIN
INJURY
Ina Wanner1, Joseph Loo2, Sean Shen2, Stefania Mondello3
Timothy Meier4, Andrew Mayer5
1
UCLA, Semel Institute for Neuroscience and Human Behavior, Los
Angeles, USA
2
UCLA, Dept Chemistru/Biochemistry, Los Angeles, USA
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Messina University, Dept Biomedical/Dental Science, Messina,
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4
Medial College Wisconsin, Dept Neurosurgery, Milwaukee, USA
5
LRRI, Mind Research Network, Albuquerque, USA

CORPUS CALLOSUM VASCULATURE PREDICTS WHITE
MATTER MICROSTRUCTURAL ABNORMALITIES
FOLLOWING PEDIATRIC MILD TRAUMATIC BRAIN
INJURY
Kara Wendel1, Jeong Bin Lee2, Bethann Affeldt2, Mary Hamer2
Indira Harahap2, Andre Obenaus1, 2, 3
1
University of California, Irvine, Anatomy and Neurobiology,
Irvine, USA
2
Loma Linda University, Basic Sciences, Loma Linda, USA
3
University of California, Irvine, Pediatrics, Irvine, USA

Traumatic brain injury (TBI) is an expanding public health
concern with wide-ranging severity and unpredictable recovery. TBI
biomarkers should assess patients across severities and reveal pathophysiology, which is poorly understood. We developed a controlled
culture trauma model to investigate acute injury processes (Wanner
2012). We identified substantial protein release from stretched
mouse astrocytes by quantitative 2D-gel proteomics (Levine
et.al.,2016). Protein profiles differed over time post-stretching in
molecular weight, subcellular localization and assembly, functions
and release amounts. Quantitative tandem-mass-tag proteomics on
human traumatized astrocytes confirmed findings. For translational
significance, in depth CSF proteomes of TBI patients and controls
were established and then validated by larger cohorts. Brain-specific
and trauma-released proteins were strategically selected for brain
specificity overcoming the ‘proteomic bottleneck’ of long lists. New
biomarkers included Aldolase C (ALDOC), brain lipid binding protein (BLBP), astrocytic phosphoprotein 15 (PEA15) and small
GFAP breakdown products (BDPs). CSF and blood levels increased
logarithmically after TBI with different kinetics compared to known
biomarkers (Halford et.al.,2017). In the human trauma model,
release of ALDOC, PEA15 and BLBP correlated with hyper-acute
plasma-membrane wounding even after mild trauma, whereas
severity-dependent delayed cell death correlated with GFAP release
and proteolysis. Applying “wounding biomarkers” to classify TBI
patients, we found that ALDOC and BLBP predicted good versus
poor outcome and ratios of cell wounding/cell death biomarkers distinguished moderate from severe TBI. Further, cell wounding
markers showed substantial hyper-acute signals in serum from a
subgroup of mild TBI patients. Serum levels of ALDOC, but not
GFAP-BDPs, are elevated in concussed football athletes versus
controls. Thus, neurological deficits after TBI are rooted not only in
tissue demise but also in its compromise. Our studies provide proteomic signatures for cellular trauma stages with clinical
significance for the entire TBI spectrum.
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An estimated 1.7 million people sustain a traumatic brain injury
(TBI) annually, with mild TBI (mTBI) comprising a large majority
of them. Emerging data suggest that pediatric TBI is associated with
impaired developmental plasticity and poorer neuropsychological
outcomes than adults with similar head injuries. However, unlike
adult mTBI, the effects of mTBI on white matter (WM) microstructure and its components, specifically vasculature, are not wellunderstood in the pediatric population. The cerebral vasculature
plays an important role providing necessary nutrients and removing
debris. To address this critical element, we examined the microstructure of the corpus callosum (CC) following pediatric mTBI
using diffusion tensor imaging (DTI), and investigated myelin,
oligodendrocytes, and vasculature of WM with immunohistochemistry. We hypothesized that mTBI during development
leads to abnormal WM microstructure and vasculature within the
CC, and the alterations to WM vasculature contribute to the altered
microstructure. We induced mTBI with our closed head injury
model at postnatal day 14. Then, at 4, 14, and 60 days post injury
(DPI) mice were sacrificed for DTI and immunohistological
analysis. We observed microstructural changes within the ipsilateral
CC following mTBI at acute and subacute time points, but myelin
and oligodendrocyte densities remained unaltered. However,
structural features of the ipsilateral CC vasculature such as vessel
density, length, and number of junctions were altered over time following mTBI. Correlative analysis showed a strong inverse relationship between apparent diffusion coefficient (ADC), measures bulk
water flow in WM as a global measure, and vessel density at 60
DPI. This suggests that the increased vessel density of the mTBI
group in turn restricted the overall diffusion, resulting in a lower
ADC. Our findings suggest that the WM vasculature contributes to
microstructural changes within the ipsilateral CC following mTBI.
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PS08-29
METABOLIC CONSTRAINTS FOR ACTIVITY OF THE
LRRC8-CONTAINING VRAC AND SWELLING-ACTIVATED
GLUTAMATE RELEASE IN THE ISCHEMIC TISSUE
Corinne Wilson1, Preeti Dohare2, Zahra Ashkavand1
Kenneth R. Norman1, Alexander A. Mongin1
1
Albany Medical College, Department of Neuroscience and
Experimental Therapeutics, Albany, NY, USA
2
Albert Einstein College of Medicine, Dominick P. Purpura
Department of Neuroscience, Bronx, NY, USA
Past in vivo studies compiled strong pharmacological evidence
that in stroke, pathological cellular swelling activates volume-regulated anion channels (VRAC), which promote glutamate release and
excitotoxic tissue damage. Yet, our recent microdialysis studies provided conflicting information on VRAC contribution to glutamate
levels in a rat MCAO model of stroke. In the present work, we used
a reductionist approach to test the hypothesis that metabolic
inhibition governs VRAC activity in metabolically compromised
glia. We measured VRAC activity and glutamate release in primary
rat astrocytes, using a radiotracer assay with the nonmetabolizable
glutamate analogue D-[3H]aspartate. Contribution of VRAC was
validated with the pharmacological inhibitor DCPIB, or RNAi
knockdown of the essential VRAC subunit LRRC8A. To model
conditions in the ischemic tissue, we exposed astrocytes to 2.5 mM
sodium cyanide (NaCN, to halt mitochondrial respiration) and/or
glucose-free medium containing 10 mM 2-Deoxy-D-glucose (DDG,
to block glycolysis). Changes in cell metabolism were evaluated
with luciferin-luciferase ATP assays and an Agilent Seahorse
Analyzer. Astrocytes treated with NaCN+DDG had strongly
depleted [ATP]i and were incapable of activating VRAC in response
to cell swelling. Surprisingly, when mitochondrial function was
inhibited with NaCN or rotenone, astrocytes could sustain their
[ATP]i and full VRAC activity, using only the energy derived from
glycolysis. Complete inhibition of mitochondrial respiration was
confirmed by Seahorse assays. Our model work suggests that (i)
swelling-activated VRAC requires physiological [ATP]i for its function; (ii) cultured rat astrocytes (and perhaps astroglia in situ) can
sustain [ATP]i and VRAC activity via glycolysis, even when mitochondrial respiration is suppressed. These findings are consistent
with the idea that VRAC can contribute to pathological glutamate
release in the ischemic penumbra, but not in the core. This explains
our recent microdialysis findings showing limited contribution of
VRAC to glutamate release in the tissue bordering the ischemic
core.
Supported by NIH grant R01 NS061953

PS08-30
OBESITY BLOCKS OLIGODENDROCYTE PRECURSOR
DIFFERENTIATION AND IMPAIRS INJURY RESPONSE
AND REPAIR AFTER WHITE MATTER STROKE
Guanxi Xiao, Leif Havton, Jason Hinman
UCLA, Neurology, Los Angeles, USA
Obesity is growing public health problem that affects the brain in
several key ways. Increased rates of white matter atrophy and increased the likelihood of ischemic lesions within white matter are
seen in obesity. However, the cellular and molecular mechanisms
__________________
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that regulate these changes are lacking. We hypothesized that
obesity may alter oligodendrocytes and myelin priming white
matter for worsening injury and repair responses. To identify novel
molecular mechanisms that underlie obesity-induced changes in the
oligodendrocyte lineage, wild-type and/or transgenic mice were fed
a high fat diet for 12 weeks to model obesity together with oligodendrocyte precursor cell (OPC) fate mapping and transcriptional
analysis in the novel PDGFRa-CreERT2:RiboTAG transgenic line.
We developed a novel Nanostring gene expression approach to
stage oligodendrocyte development. To reveal the effects of obesity
on oligodendrocyte function, we measured myelin ultrastructure by
automated EM using AxonSeg software analysis. To determine how
obesity-induced effects on oligodendrocyte development impact
injury and repair after stroke, we used an established model of
ischemic white matter injury and determined the spatial distribution
of OPCs and their differentiation after stroke. Obesity results in a
decrease in paranodal length and an increase in OPC number within
callosal white matter suggesting impaired myelination. OPC fate
mapping reveals an increased turnover of OPCs but no change in
mature oligodendrocytes suggesting a differentiation block during
oligodendrocyte differentiation. Ultrastructural analysis of myelin
shows thinning of myelin in the corpus callosum of obese mice.
Gene expression analysis indicates that OPC differentiation is halted
in the pre-myelinating oligodendrocyte stage during obesity. At
early time points after ischemic white matter stroke, spatial
mapping of stroke-responsive OPCs indicates that obesity leads to
increased OPCs at the edge of ischemic white matter lesions. At
later time points, obesity-induced impairment of OPC differentiation blocks remyelination after stroke. These data indicate that
obesity directly impacts oligodendrocyte biology and impairs white
matter repair after stroke.

PS08-31
REGULATION OF ASTROCYTIC AQUAPORIN-4 AND
ALPHA-SYNTROPHIN FOLLOWING CONTUSION SPINAL
CORD INJURY
Jennifer Yonan, Devin Binder
UC Riverside, Division of Biomedical Sciences, Riverside, USA
Spinal cord injury (SCI) is characterized by an initial injury due to
trauma, which is followed by a cascade of cellular events, resulting
in a greater degree of secondary damage. One of these secondary
events is the accumulation of edema at and around the injury site.
This accumulation has been shown to correlate with injury severity
and neurological outcome in both humans and animal models of
spinal cord injury. The astrocytic water channel aquaporin-4
(AQP4) plays an important role in the regulation of water homeostasis under normal physiological conditions. Current evidence suggests that AQP4 water channels are the major route for accumulation of cytotoxic edema within cells and resolution of
vasogenic edema from the extracellular space following spinal cord
injury. To date, there is no evidence indicative of a mechanism by
which AQP4 expression is regulated, only that its expression is
dysregulated after injury. AQP4 is anchored to astrocytic end feet
through interaction with alpha-syntrophin (αSyn) and the
dystrophin-associated protein (DAP) complex to which it belongs.
Preliminary data from our lab suggests a downregulation of both
__________________
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AQP4 and αSyn protein expression following spinal cord injury
when tissue water content is at its peak. This information points to
the possibility that loss of αSyn at perivascular astrocytic membranes results in loss of AQP4 and the inability to clear accumulation of water within the tissue parenchyma following trauma.
Here we characterize the expression of AQP4 and αSyn protein following a severe contusion spinal cord injury in rats. Further insight
into the regulation of AQP4 and its anchoring proteins could help
lead to more effective therapies to attenuate edema formation, preserve tissue integrity and improve functional outcome.

PS08-33
CORTICOSTERONE INDUCES GLIAL DISTURBANCES
AND WHITE MATTER TRACKS STRUCTURAL CHANGES
DURING SUBACUTE PHASE POST-STROKE
Katarzyna Zalewska1, 2, Giovanni Pietrogrande1, 2, Lin Ong1, 2
Sarah J. Johnson 1, 3, Frederick R. Walker 1, 2, Michael Nilsson 2
1
University of Newcastle, School of Biomedical Sciences and
Pharmacy and the Priority Research Centre for Stroke and Brain
Injury, Newcastle, Australia
2
Hunter Medical Research Institute, Stroke recovery, Newcastle,
Australia
3
University of Newcastle, School of Electrical Engineering and
Computer Science, Newcastle, Australia

PS08-32
CHARACTERIZING THE ROLE OF CYSTEINYL
LEUKOTRIENES IN HIV-1 GP120 ASSOCIATED BRAIN
INJURY
Nina Yuan, Ana Sanchez, Marcus Kaul
UCR School of Medicine, Biomedical Sciences, Riverside, USA
Individuals infected with human immunodeficiency virus (HIV)-1
often develop HIV-associated neurocognitive disorders (HAND).
Studies in our laboratory indicate that p38 MAPK is essential for
the neurotoxic phenotype of HIV gp120-stimulated macrophages
and microglia, as well as the induction of neuronal apoptosis
triggered by macrophage-derived toxins and proinflammatory molecules. Microarray analyses of human macrophages stimulated with
HIV envelope protein gp120 and of brains of transgenic mice expressing the viral gp120 under the control of a modified GFAP promotor in astrocytes (gp120tg mice) suggested the involvement of
cysteinyl leukotrienes (cysLTs) in HIV neurotoxicity.
Leukotrienes (LTA4, LTB4, LTC4, LTD4, and LTE4) are the product
of the 5-lipoxygenase (5-LOX) metabolism of arachidonic acid.
CysLTs (LTC4, LTD4, and LTE4) are formed by the addition of
cysteine derivatives. Two distinct CysLT receptors exist, CysLTR1
and CysLTR2 (Kanaoka & Austen reported a third CysLTR).
CysLTs are most notably researched for their role in the pathophysiology of asthma but their role in the brain is largely unknown.
We have found that cysteinyl leukotrienes (CysLTs) are released by
both HIV-1 infected and gp120-stimulated macrophages, and
knockdown of p38 MAPK down-regulates cysteinyl leukotriene
synthase (LTC4S). Herein, we describe the characterization of
CysLTR1 deficiency in gp120tg mice by immunofluorescence
staining, RNA analysis, as well as behavioral studies.
Supported by R01 MH087332, MH104131, and MH105330 (NIH)

It is well known that patients after stroke will experience severe
and unremitting levels of chronic stress, with detrimental effects on
the recovery process. Up to date, however, it is not clear which part
of the stress response plays the most important role in this process.
Here we focused on one of the most promising candidates:
corticosterone; final product of the HPA axis activation. HPA axis
dysregulation and increased cortisol level after stroke have been
showed to be associated with increased morbidity and mortality,
lower functional recovery and depression. Currently, growing
amount of evidences suggest involvement of white matter tracks in
recovery of loss functions after stroke. Therefore, in our current
studies we investigated the impact of stress level CORT administration on white matter tracks during sub-chronic stage of recovery
after vascular occlusion in motor cortex. Moreover we studied
CORT impact on tissue loss, thalamic territories and associated
behavioural changes.Our data show that occlusion targeting motor
cortex changes the structure of corticospinal track. This correlates
with results of clinical studies. CORT treated group exhibits increase of tissue loss after stroke compare to stroke alone. We also
demonstrate that CORT administration after stroke reduces astroand microgliosis in secondary neurodegeneration areas without
changes in neuronal loss with associated decrease of endurance and
muscle strength. These findings have implications for studies
focused on identifying ways to mitigate the negative effects of stress
during the sub-chronic stages of post- stroke recovery process.
Moreover our results shows important role of microglia and astrocytes in recovery post stroke.

PS08-34
THE IMPACT OF GLIOMA CANCER CELL STEMNESS ON
EXOSOME PHENOTYPE
Oliver Mrowczynski, A.B Madhankumar, Jeffrey Sundstrom
Yuanjun Zhao, Becky Slagle-Webb, Elias Rizk, Brad Zacharia
James Connor
Penn State Health, Dept. of Neurosurgery, Hershey, USA
Glioblastoma is the most common central nervous system
malignancy in adults with a devastating median survival of only 14
months. The current arsenal of treatment modalities including
surgical resection and combination chemoradiation have been
largely ineffective. One reason proposed for the ineffectiveness of
our current therapeutic regimen of glioblastoma is glioma stem cells
(GSCs). We investigated the hypothesis that the communication of
GSCs to their microenvironment through exosomes is a key factor
__________________
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to the enhanced cellular proliferation and the development of resistance to therapeutics. Exosomes are nanometer sized vesicles
released by cancer cells that contain DNA, RNA, and protein
critical to the interaction of a cell with its microenvironment. Two
properties of exosomes were analyzed: 1) exosome function and 2)
exosome profile. Exosomes secreted by patient derived-glioma stem
cells (GSC-exosomes) increased cellular proliferation, radiation resistance, temozolomide resistance, and doxorubicin resistance. We
further profiled the GSC-exosomes to begin to probe the underlying
mechanism of this phenomenon. Profiling showed specific changes
to protein favoring therapeutic resistance and cellular proliferation.
__________________
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GSC exosomes have increased expression of proteins involved in
radiation and chemotherapeutic resistance (Ex. CDK4 and Notch),
cellular proliferation (Ex. Cyclin B1 and Cyclin D2), angiogenesis
(Ex. VEGF-A and EGFR), glioma cell stemness and de-differentiation (Ex. EPHA2, Cathepsin B), and cell invasion and
metastasis (Ex. ITGA3, COL4A2). The results of our study provide
a novel exosome-based mechanism that may underlie the
aggressiveness of glioma cancer stem cells. Furthermore, we
elucidate key factors carried by glioma stem cell-derived exosomes
that may lead to enhanced therapeutic resistance and increase in
tumor burden.
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SAPPÎ±-OVEREXPRESSING NEURAL STEM CELLS
IMPROVE COGNITION IN HEALTHY SAMR1 MICE
Brent Aulston1, 2, Gary Odero1, Gordon Glazner1, 2
1
St. Boniface Hospital, Division of Neurodegenerative Disease,
Winnipeg, Canada
2
University of Manitoba, Pharmacology and Therapeutics,
Winnipeg, Canada
Secreted amyloid precursor protein alpha (sAPPα) cleaved and
liberated from full length amyloid precursor protein (APP) is a
known neuroprotectant with a central role in learning and memory.
Given the long term survivability of neural stem cell (NSC) grafts
implanted into the brain, NSCs genetically modified to over-produce sAPPα may be able to overcome the challenges associated
with sAPPα use in human patients by delivering a supply of endogenously produced sAPPα for several months following a single
procedure. Therefore, we tested the effects of sAPPα-overexpressing NSCs (sAPPα(+/-) NSCs) grafts in brains of healthy animals.
The goals of this study were to 1) confirm long term survivability of
sAPPα(+/-) NSC grafts, 2) determine the differentiation characteristics of sAPPα(-/-) NSCs compared to sAPPα(+/-) cells and 3) analyze
if sAPPα(+/-) cells could improve cognition beyond sAPPα(-/-) NSCs.
With this work, we found that both sAPPα(-/-) and sAPPα(+/-) NSCs
survived implantation into the hippocampus long term (8 weeks)
and that both types of cells differentiated primarily into astrocytes,
as determined by IHC labeling with GFAP antibodies. Interestingly,
while sAPPα(-/-) NSCs failed to provide any cognitive benefit to
healthy SAMR1 mice, animals injected with sAPPα(+/-) NSCs had
faster escape times in the training phase of the MWM (day 2) compared to both sAPPα(-/-) NSC and artificial cerebrospinal fluid
(ACSF) treated groups. Furthermore, sAPPα(+/-) NSC treated mice
had better performance in the retention phase of the MWM as
determined by a greater number of platform crosses and a greater
amount of time spent in the target quadrant compared to both
groups. These results demonstrate the sAPPα(+/-) NSCs can increase
learning and memory capabilities beyond that of sAPPα(-/-) NSCs
and therefore may be a promising and practical therapeutic for disease induced cognitive dysfunction.

PS09-02
NEUROPROTECTIVE ROLE OF TINOSPORA CORDIFOLIA
AN INDIAN MEDICINAL HERBââ%82%ACâ„Â¢S IN MPTP
INDUCED PARKINSONIAN MICE MODEL
Hareram Birla, sachchida Nand Rai, Saumitra Sen Singh
Walia Zahra, Surya Pratap Singh
BHU, Biochemistry, Varanasi, India
Parkinson’s disease (PD) is the second most common neurodegenerative disorder. Despite deep investigations, no effective
therapy is yet available to stop its onset or delay its progression.
Recent studies have suggested the involvement of inflammatory
processes in neurodegeneration and has gained increasingattention
by the researchers.About 95% cases of PD is sporadic and one of
the reason behind it is the growing occupational use and exposure
__________________
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of herbicides or pesticides, organic solvents and environmental
toxins. Oxidative stress and neuroinflammation are the major cause
of PD pathogenesis. With aging, endogenous antioxidant system is
not able to balance the level of oxidants which further damages
cellular pathways and develop local inflammation. It might contribute to the cascade of events leading to neuronal degeneration.Thus,
we have tried to highlight the possible therapeutic strategies to
down regulate these inflammatory processes that plays key role in
the progression of PD. Various pathways have come to light that
could link dopamine-dependent oxidative stress and microglial
activation. This may attribute to the pathogenic mechanisminvolved
in chronic inflammatory response, i.e., characteristic of PD.Studies
have shown that the activated microglia affects neuronal injury
through production of glutamate, pro-inflammatory factors, reactive
oxygen species and causes neurodegeneration. Medicinal plants like
Mucunapruriens, Withaniasomnifera etc. have shown effectiveantiParkinsonian activity and also reduced drug induced side effects. In
this study,we have tried to evaluate the neuroprotective effect of
aqueous extract of Tinospora cordifolia (TCAE) against MPTP (1methyl-4-phenyl-1,2,3,6-tetrahydropyridine) induced Parkinsonian
mouse model. TCAE have significantly reducedthe oxidative stress
and neuroinflammation occurring in the nigrostriatal tissues and
have simultaneously increased the counts of Tyrosine hydroxylase
positive cells in Substantia nigra of the MPTP induced PD mouse
model. Hence, it is concluded from our data that TCAE might be a
potential neuroprotective drug candidate in the case of PD.

PS09-03
TRANSFERRIN TREATMENT PROMOTES
DIFFERENTIATION OF CORTICAL NEURONS IN VITRO
Tomás Carden, María Julia Pérez, Juana María Pasquini
Instituto de Química y Fisicoquímica Biológicas "Profesor
Alejandro C. Paladini" (IQUIFIB), UBA-CONICET, Ciudad
Autónoma de Buenos Aires, Argentina
Transferrin (Tf) is a glycoprotein best known for its role in iron
delivery. However, multiple groups have attributed iron-independent functions to it. In some tissues, it has been reported to favor
proliferation and differentiation of certain cell types. As a matter of
fact, previous studies performed in our laboratory have shown that
apoTransferrin accelerates the differentiation of oligodendrocytes in
vitro as well as in vivo (Escobar Cabrera et al., 1997; Paez et al.,
2005), that it commits neural stem cells from neurosphere cultures
toward an oligodendroglial lineage (Silvestroff et al., 2012) and that
it can also modulate proliferation and activation of microglia in
vitro.
In the present work, we aimed to determine the effects of Tf addition to the culture medium on neuronal cultures. As a first approach,
we assessed Tf effects on Neuro-2a cells (N2a), a mouse neuroblastoma cell line which, once differentiated, share many properties
with neurons, including process outgrowth, expression of selective
neuronal markers and electric activity. We first examined the Tf-Tf
receptor system in our model and verified that N2a are capable of
internalizing Tf added to the culture medium. Next, we studied a
number of cellular response parameters and concluded that Tf increases N2a survival through a decrease in apoptosis. Finally,
__________________
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neurite outgrowth assays revealed that Tf treatment accelerates
neurite outgrowth.
We then tested if the aforementioned pro-differentiation effects of
Tf observed in N2a cells also occurred in primary cultures of
cortical neurons, and found that, indeed, neurons also respond to Tf
addition differentiating at a higher rate than their control
counterparts.

PS09-04
CURCUMIN ALLEVIATES OXIDATIVE STRESS AND
MITOCHONDRIAL DYSFUNCTION IN ASTROCYTES
Amita Daverey, Sandeep Agrawal
University of Nebraska Medfical Center, Neurosurgery, Omaha,
USA
Oxidative stress plays a critical role in various neurodegenerative
diseases, thus alleviating oxidative stress is a potential strategy for
therapeutic intervention and/or prevention of neurodegenerative diseases. In the present study, alleviation of oxidative stress through
curcumin is investigated in A172 (human glioblastoma cell line)
and HA-sp (human astrocytes cell line derived from the spinal cord)
astrocytes. H2O2 was used to induce oxidative stress in astrocytes
(A172 and HA-sp). Data show that H2O2 induces activation of astrocytes in dose- and time dependent manner as evident by increased
expression of GFAP in A172 and HA-sp cells after 24 and 12 h
respectively. An upregulation of Prdx6 was also observed in A172
and HA-sp cells after 24 h of H2O2 treatment as compared to
untreated control. Our data also showed that curcumin inhibits oxidative stress-induced cytoskeleton disarrangement, and impedes the
activation of astrocytes by inhibiting upregulation of GFAP,
vimentin and Prdx6. In addition, we observed an inhibition of oxidative stress-induced inflammation, apoptosis and mitochondria
fragmentation after curcumin treatment. Therefore, our results suggest that curcumin not only protects astrocytes from H2O2-induced
oxidative stress but also reverses the mitochondrial damage and
dysfunction induced by oxidative stress. This study also provides
evidence for protective role of curcumin on astrocytes by showing
its effects on attenuating reactive astrogliosis and inhibiting
apoptosis.

PS09-05
POLYPHENOLIC COMPOUNDS PROTECT ASTROCYTES
AFTER OXIDATIVE STRESS
Amita Daverey, Sandeep Agrawal
University of Nebraska Medfical Center, Neurosurgery, Omaha,
USA
The two most studied polyphenolic compounds, curcumin (Cur)
and resveratrol (Res), have been reported to protect oxidative
damage of astrocytes. In addition, their mechanism of action on
astrocytes is not fully understood. The present study is designed to
examine the comparative antioxidative effect of Cur and Res on
astrocytes by studying their potential to protect H2O2 induced oxidative stress at 4h and 24h time exposure. The effect of Cur and Res
on cell viability, ROS production, inflammation and astrogliosis
__________________
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was compared. Also, the effect of these two on Nrf2 expression and
its translocation to nuclear compartment was investigated. The
results showed that both Cur and Res significantly increase astrocytes survival in oxidative stress at both time points, however, Res
demonstrated better effect on cell viability than the Cur. With Res,
all groups show significant inhibition of ROS production at both
time points, whereas with Cur displayed significant inhibition of
ROS production at 4h, suggesting that Cur is more active on ROS
inhibition for shorter period of time. Comparing the expression of
NF-kB, Cur showed better anti-inflammatory action on NF-kB
while, Res did not have any effect of NF-kB expression at 4h. Interestingly, Cur showed an upregulation of nuclear Nrf2 expression at
24h whereas Res displayed no effect after 24h incubation. Both Cur
and Res inhibited the H2O2 induced translocation of Nrf2 into
nucleus. In conclusion Res showed better effects on astrocytes
survival and reduced ROS production than Cur. However, Cur
demonstrated better anti-inflammatory response on astrocytes than
Res.

PS09-06
AKT AND ITS DOWNSTREAM EFFECTORS MTORC1 AND
GSK3Î+ CONTRIBUTE TO PTEN DELETION EFFECT ON
CNS AXON REGENERATION
Yang Hu, Haoliang Huang, Qizhao Wang
Stanford University School of Medicine, Department of
Ophthalmology, Palo Alto, USA
Injured mature CNS axons do not regenerate in mammals, unless
there is inhibition of phosphatase and tensin homolog (PTEN).
PTEN acts as a brake for phosphatidylinositol-3 kinase (PI3K),
deletion of which is thought to activate the PI3K-AKT-mTOR
pathway. However, mTOR complex 1 (mTORC1) downstream of
AKT activation also initiates feedback inhibition of PI3K-AKT.
Thus it is still questionable whether AKT is responsible for the
effect of PTEN deletion on axon regeneration. By exploiting the
anatomical and technical advantages of retinal ganglion cells and
the crushed optic nerve as an in vivo CNS axon injury model, we
show here that blocking either all three isoforms of AKT together or
their downstream effectors, mTORC1 and GSK3β, significantly reduces axon regeneration in PTEN KO mice. This result suggests
that both AKT-dependent and AKT-independent pathways downstream of PTEN contribute to CNS axon regeneration. Interestingly,
combining PTEN deletion with AKT overexpression or GSK3β
inhibition achieves significantly more potent axon regeneration,
consistent with partial activation of AKT in PTEN KO mice and
synergy between AKT-dependent and AKT-independent pathways.
Better understanding of the complex cross-regulating mechanisms
in this pathway will help to generate improved therapeutic strategies
for CNS repair. It is therefore critical to elucidate the AKT-independent pathway downstream of PTEN deletion in the future.
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ANTIOXIDATIVE POTENTIAL, IMMUNOHISTOCHEMICAL
AND NEUROPROTECTIVE EFFECT OF ETHANOLIC
MORINGA OLEIFERA LEAVES EXTRACT ON THE INTRA
Idorenyin Umoh1, Theresa Ekanem2
1
University of Uyo, Uyo,, Human Anatomy, Uyo, Nigeria
2
University of Calabar, Calabar, Human Anatomy, Calabar, Nigeria

THE NEUROPROTECTIVE EFFECTS OF EDARAVONE ON
THE PLASMA MEMBRANE CALCIUM-ATPASE
Asma Zaidi, Paul Ramlow, Lauren McLean
Kansas City University of Medicine and Biosciences, Biochemistry,
Kansas City, USA

The effect of ethanolic Moringa oleifera leaves extract on inferior
colliculus of quinine treated Wistar rats was studied. Fifty Wistar
rats weighing 100 – 200mg were randomly assigned into 5 groups
of 10 rats each and were fed with growers mash and water given ad
libitum. LD50 of Moringa oleifera leaves was determined using
modified Lorke’s method. Group 1 served as control. Groups 2 and
3 were administered 10mg and 20mg/kg body weight of quinine
hypochloride intramuscularly (IM) 8 hourly respectively for 7days.
Group 4 was administered 250mg/kg of Moringa oleifera leaves
extract orally and 10mg/kg of quinine. Group 5 rats received
500mg/kg of Moringa oleifera leaves extract orally and 20mg/kg of
quinine for 7 days Five rats in each group were sacrificed on the 8th
day, under chloroform anaesthesia, the remaining 5 sets 7 days post
quinine withdrawal. Blood was collected for biochemical assay of
antioxidative enzymes (Catalase (CAT), Superoxide Dismutase
(SOD) and Lipid Peroxidase (Malanodialdehydes MLD). The brain
was harvested and processed for immunohistochemical studies on
the inferior colliculus using Avidin Biotin Complex method with
Glial Fibrillary Acid Protein (GFAP) as marker. The biochemical
findings indicated that Moringa oleifera leaf is rich in
phytochemicals. There was significantly (p < 0.01) decreased of
CAT and SOD while MLD increased (p > 0.01) significantly in the
quinine treated group compared to the control. However, combination of the leaf extract and quinine revealed increased antioxidative enzymes and decreased MLD. Immunohistomorphological
observations revealed neuronal distortions, nuclear degenerations
and increased infiltration of immunoreactive astrocytes in quinine
treated groups. Incorporation of Moringa oleifera leaf extact to the
quinine treated group and withdrawal of quinine treatment after 7
days, revealed neuronal regenerations and restoration of cytoarchitecture of Inferior colliculus with great reduction of astrogliosis. Therefore, these results revealed that Moringa oleifera leaf
extract has ameliorative effect on inferior colliculus when incorporated with quinine therapy.
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The plasma membrane Ca2+-ATPase (PMCA) is an ion transporter
that pumps Ca2+ out of neurons to maintain precise levels of intracellular Ca2+ essential for optimal function and neuronal survival.
Previous studies from our laboratory have shown that PMCA
activity and protein levels are significantly reduced in the aging
brain and in neurodegenerative disorders such as Parkinson’s disease (PD). PMCA also undergoes dramatic inactivation and proteolytic degradation upon exposure to reactive oxygen species
(ROS) and PD mimetics. Reduction of PMCA diminishes neuronal
viability and increases their vulnerability to stressful stimuli.
Edaravone is a free radical scavenger that has been used clinically
to improve neurological recovery following stroke. The current
study was designed to determine the protective effects of edaravone
on PMCA. N2a cells were pre-treated with edaravone in a time and
dose-dependent manner. Cells were then exposed to a PD mimetic
(6-hydroxydopamine, 6-OHDA). PMCA activity was measured by
monitoring the Ca2+ -dependent ATP hydrolysis and PMCA protein
levels were determined by immunoblotting. Exposure of cells to 6OHDA for 24 hours caused significant PMCA inactivation, loss of
PMCA protein and increase in intracellular calcium. Pretreatment
with edaravone, prevented the loss of PMCA activity. This protection was both dose- and time-dependent. However, pan-PMCA
protein levels were not found to increase, suggesting an alternative
mechanism behind the protective effect of edaravone. Ongoing
studies are being conducted to determine whether edaravone reduces free intracellular calcium. Our results will shed light on the
efficacy of edaravone in protecting the PMCA against PD mimetics.
Development of agents that protect the PMCA and preserve calcium
homeostasis will be a novel therapeutic approach to the prevention
and/or treatment of neurodegenerative disorders.
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EVALUATING DEMYELINATION AND REMYELINATION BY
DIFFUSION TENSOR IMAGING AND
IMMUNOHISTOCHEMISTRY
Kelley Atkinson1, Jeong Bin Lee2, Sung Hoon Kim3
Jonathan Hasselmann1, Neil Harris4, Andre Obenaus2, 5
John Katzenellenbogen3, Seema Tiwari-Woodruff1
1
University of California, Riverside, Division of Biomedical
Sciences, Riverside, USA
2
Loma Linda University, Division of Physiology, Loma Linda, USA
3
University of Illinois at Urbana-Champaign, Department of
Chemistry, Champaign, USA
4
University of California, Los Angeles, Department of
Neurosurgery, Los Angeles, USA
5
University of California, Irvine, Department of Pediatrics, Irvine,
USA

PROTEOMIC ANALYSIS OF SUPERNATANTS OF
CULTURED B CELLS FROM MULTIPLE SCLEROSIS
PATIENTS COMPARED TO CONTROLS
Joyce Benjamins1, Liljana Nedelkoska1, Hanane Touil3
Paul Stemmer2, Nicholas Carruthers2, Amit Bar-Or3, Robert Lisak1
1
Wayne State Univ Sch Med, Dept Neurol, Dept
Microbiology/Immunology/Biochemistry, Detroit, USA
2
Wayne State Univ, Institute of Environmental Health Sciences,
Detroit, USA
3
University of Pennsylvania, Perelman School of Medicine,
Department of Neurology, Center for Neuroinflammation and
Neurotherapeutics, Philadelphia, USA

Background: Diffusion weighted imaging (DWI) is an advanced
magnetic resonance imaging technique that non-invasively identifies demyelination and axonal injury in neurodegenerative disorders such as multiple sclerosis (MS). By measuring the diffusivity
of water through coherent projection fiber tracts, this technique can
evaluate white matter integrity and may be used diagnostically in
MS and as a translational biomarker.
Objective: To assess the sensitivity of diffusion tensor imaging
(DTI) to histopathological changes by comparing DTI and immunohistochemical (IHC) measures of myelination and axonal health
during chronic demyelination and remyelination (RM).
Methods: C57BL/6 mice received 9 weeks normal diet (normal), 9
weeks cuprizone (CPZ) diet (DM), 9 weeks CPZ with 2 weeks
normal diet (RM) + vehicle, or RM + Indazole-Chloride (Ind-Cl), a
remyelinating and neuroprotective estrogen receptor β ligand. DWI
data were acquired ex vivo and fitted to a tensor model to derive
parameters indicating tissue microstructure. Myelin, oligodendrocyte numbers (OLs), and axon damage in callosal white matter
tracts were assessed by IHC.
Results: Radial and axial diffusivity were increased and fractional
anisotropy (FA) was decreased in DM mice vs normal. IHC showed
decreased myelin density and OLs with blebbing axons. Neither
diffusivity nor FA was changed between RM + Ind-Cl and RM +
vehicle, but IHC revealed increased myelin density and OLs with
decreased axon blebs in RM + Ind-Cl relative to RM + vehicle
controls.
Conclusion: While DTI imaging is sensitive to demyelination and
can serve as a translational tool to measure disease, standard DTI
acquisitions may not be sensitive enough to measure subtle axon
remyelination differences during white matter repair.
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Background: B cells mediate pathogenesis in multiple sclerosis
(MS) in part by mechanisms unrelated to immunoglobulin (Ig) production. Supernatants (Sup) from cultured B cells from MS patients
but not normal controls (NC) are cytotoxic to rat oligodendrocytes
(OL) (Lisak et al. 2012), and rat and human neurons (Neu). Killing
is independent of complement, and does not correlate with Sup
levels of IgG, IgM or cytokines tested. Death of OL and Neu
involves apoptosis and is caused by factors > 300 kDa (Lisak et al.
2017).
Objective: To compare proteomic profiles of > 300 kDa fractions of
MS and NC B cell Sup.
Methods: B cells isolated by flow cytometry were cultured for 2448 hours in X-Vivo 10 serum free medium. GeLC-mass
spectrometry analysis was performed on > 300 kDa fractions from 2
MS, 2 NC and medium. MaxQuant software was used to search data
against the Uniprot Human Database.
Results: Over 200 of the 779 proteins detected in both MS and NC
were characteristic of exosome-enriched fractions from B cells
(Buschow et al. 2010) including CD20, MHC Class I and II, Ig
peptide chains, complement(C)3 beta, pro-IL-16, annexins, heat
shock protein 90, 14-3-3 protein and proteasome-related proteins,
with MS enriched in proteins related to cell surface and gliogenesis,
NC in proteins related to ribosomes and splicesomes.
Conclusions: Both MS and NC fractions are enriched in proteins
characteristic of B cell exosomes. MS and NC differ in enrichment
of proteins related to regulation of cellular components.
Funding: National Multiple Sclerosis Society, #4929A2/3 (RPL,
JAB, AB-O); MS Society of Canada #204209 (AB-O); Parker
Webber Chair in Neurology Endowment, DMC Foundation/WSU
School of Medicine (RPL); DMC Foundation #2015-1242 (JAB);
NIH P30 ES020957, P30 CA022453, S10 OD010700 (PMS)
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PS10-03
SEMAPHORIN4A AND H-FERRITIN UTILIZE TIM-1 ON
HUMAN OLIGODENDROCYTES: A NOVEL
NEURO-IMMUNE AXIS
Brian Chiou1, Elisabeth Lucassen2, Asha Kallianpur3, 4
James Connor1
1
Penn State College of Medicine, Neurosurgery, Hershey, USA
2
Penn State College of Medicine, Neurology, Hershey, USA
3
Cleveland Clinic/Lerner Research Institutue, Genomic Medicine,
Cleveland, USA
4
Case Western Reserve University Lerner College of Medicine,
Molecular Medicine, Cleveland, USA
Dysregulated myelin production, demyelination, or hypomyelination by oligodendrocytes can lead to a variety of neurological
defects, including both motor and cognitive deficits stemming from
compromised action potential transmission. One of the primary
reasons for irregular myelin deposition may revolve around the
direct death of oligodendrocytes, however the causes for this death
have yet to be discovered. Deficiency of trophic factors relating to
the survival of oligodendrocytes, combined with direct interactions
with the immune system, are favored paradigms that are increasingly implicated in demyelinating diseases of the central
nervous system. One emerging family of immune-related molecules
that have immune-mediated disease properties is the semaphorin
family. Implicated in diseases such as rheumatoid arthritis and
asthma, the semaphorin family has been shown to be a key
component of immune disease progression. Work by our lab and
others have previously shown that Sema4A and H-ferritin interact
through the T-cell immunoglobulin and mucin domain (Tim-2)
receptor in mice. H-ferritin has been identified as the iron delivery
protein for oligodendrocytes, whereas Sema4A causes a direct cytotoxic effect. However, the expression of Tim-2 has not been
detected in humans; much of our work has focused on studying a
related human family member, Tim-1. In our current work, we
demonstrate that, similar to rodent oligodendrocytes, human oligodendrocytes undergo apoptosis when exposed to Sema4A and take
up H-ferritin to meet iron requirements via Tim-1. Furthermore, Hferritin rescues Sema4A-mediated cytotoxicity, suggesting
competitive binding between the two proteins. In a series of pilot
studies, we show that Sema4A is detectable in the CSF of multiple
sclerosis patients and HIV-seropositive persons and induces oligodendrocyte cell death. Together, these results identify a novel iron
uptake mechanism for human oligodendrocytes and a direct
connection between oligodendrocytes and the immune system.

PS10-04
CONDITIONAL NEURONAL KNOCKOUT OF CRMP2
IMPROVES EAE
Douglas Feinstein, Kathy Kowal, Natalia Marangoni
Sergey Kalinin, Kenneth Hensley
University of Illinois, Dept. Anesthesiology, Chicago, USA
We previously showed that treatment of EAE mice with LKE
(lanthionine ketimine ethyl ester) reduced clinical signs and neuropathology. To determine if LKE has direct neuroprotective actions,
we examined its effects on primary mouse cerebellar granule cells
(CGCs). LKE significantly reduced spontaneous cell death in CGCs
__________________
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following a change in culture media, and reduced excitotoxic cell
death due to glutamate. LKE also increased neurite process number
and length in these cells. A key target of LKE is CRMP2 (Collapsin
Response Mediator Protein-2), a member of a family proteins that
regulates neurite growth and retraction; axonal transport; and neurotransmitter release. To determine if actions of LKE are mediated
through CRMP2, we generated mice with conditional knockout
(cKO) of CRMP2 from neurons. Homozygous CRMP2 floxed mice
were crossed to CamK2a-CreER(T2) mice, treated with tamoxifen
at age 8 weeks, and 2 weeks later immunized with MOG35-55 peptide
to develop a chronic disease. Disease onset and incidence were
similar in cKO and wildtype mice; however CRMP2 cKO significantly reduced average clinical signs in female mice, with modest
benefit in male mice. Regulation of CRMP2 by LKE involves
Cdk5-mediated phosphorylation of serine residue 522. To test if
S522 phosphorylation is required for LKE effects, we generated
CRMP2 S522A knock-in mice in which the serine is substituted
with alanine. Results of EAE studies using S522A mice will be presented.
This work is supported by a grant from the National Multiple
Sclerosis Society.

PS10-05
DELETION OF OLIGODENDROGLIAL LOW DENSITY
LIPOPROTEIN RECEPTOR-RELATED PROTEIN 1
PROMOTES MYELIN REPAIR
Anthony Fernandez-Castaneda1, 4, 5, Rebecca Beiter1, 4, 5
David Johanson3, Megan Chappell3, Jeffrey Dupree2
Christopher Overall4, 5, Alban Gaultier4, 5
1
University of Virginia, Neuroscience Graduate Program,
Charlottesville, USA
2
Virginia Commonwealth University, Anatomy and Neurobiology,
Richmond, USA
3
University of Virginia, College of Arts and Sciences,
Charlottesville, USA
4
University of Virginia, Neuroscience, Charlottesville, USA
5
University of Virginia, Center for Brain Immunology and Glia,
Charlottesville, USA
Multiple sclerosis (MS) is a debilitating inflammatory disease of
the central nervous system (CNS) in which the myelin sheath
surrounding axons is destroyed. As a result of chronic demyelination, denuded axons are susceptible to neurodegeneration and MS
patients accumulate disabilities throughout their lifetime. Interestingly, the healthy CNS is composed of highly proliferative oligodendrocyte progenitor cells (OPCs) with the capacity to differentiate
and myelinate denuded axons. After an MS episode, OPCs are
recruited to lesion sites but fail to differentiate into myelinating
cells. Low density lipoprotein receptor-related protein 1 (LRP1) is a
member of the LDL receptor gene family that functions in receptormediated endocytosis and cell signaling. LRP1 is expressed broadly
in the CNS, including in OPCs, and seems ideally positioned to
influence OPC function in vivo. Using an animal model lacking
LRP1 in the oligodendrocyte lineage, we show that myelin appears
normal in young adults, but myelin regeneration was significantly
accelerated in the absence of LRP1 using the cuprizone model.
RNA-sequencing of the remyelinating corpus callosum shows a
pro-myelinating signature in mice lacking LRP1 in OPCs.
__________________
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Mechanistic exploration shows that OPCs lacking LRP1 might
secrete factors that can decrease the inflammatory response of
myeloid cells explaining our enhanced remyelination. Overall, these
studies suggest that targeting LRP1 in OPCs could be of therapeutic
value for MS patients.

PS10-06
ENDOCYTOSIS OF FUNCTIONALIZED LIPIDIC
NANOCAPSULES BY OLIGODENDROCYTES
Catherine Fressinaud1, 2, Anita Umershka2, Joël Eyer2
Patrick Saulnier2
1
University Hospital, Neurology Department, Angers, France
2
University of Angers, INSERM 1066/CNRS 6021, Angers, France
Lipidic nanocapsules (LNC) could serve as putative vector for
targeted cell therapy. We have studied the potential of LNC
vectorized with NFL-TBS.40-63 peptide to reach specifically oligodendocytes (OL). This peptide is known to penetrate into OL
through endocytosis, and has proremyelinating effects (Fressinaud
and Eyer, 2015). OL cultures from newborn rat brain grown in
chemically defined medium, were treated with LNC (Anton et al.,
2010) labelled with DiD (dialkyl aminostyryl analog), and adsorbed
or not with NFL-TBS.
Intracellular location of LNC (100 nm diameter) was revealed by
confocal microscopy, and DiD labelled OL were quantified. The
effects of LNC on OL development were characterized by double/
triple immunocytochemistry using known markers of OL progenitors (A2B5), differentiated OL (CNP), or mature OL (MBP).
Experiments were run in triplicate.
The uptake of NFL-TBS vectorized LNC was specific to OL: more
than 80% were labelled versus around 20% with non vectorised
LNC. In addition astrocytes did not uptake LNC.
Confocal microscopy demonstrated the intracellular colocation of
DiD-LNC and OL markers. LNC were abundant in the perinuclear
region and sometimes in large processes of OL.
Treatment of OL with LNC up to 4 days did not alter their normal
differentiation or maturation. Highly differentiated OL with
numerous processes, ramifications and membranous extension were
present as well as in controls.
Several endocytic pathways appeared involved.
Internalization of LNC with appropriate diameter and concentration
does not alter OL development.
This endocytic process is strongly upregulated by the adsorption of
NFL-TBS.40-63 on LNC, and is specific to OL. LNC
fonctionalized by NFL-TBS.40-63 could represent efficient vectors
to deliver targeted therapeutics in MS.
References:
1. Anton N., Mojzisova H., Porcher E., Benoit J.P., Saulnier P. Int J
Pharm. 2010;398:204-9.
2. Fressinaud C., Eyer J. J. Neurosci. Res., 2014; 92:243-53.
3. Fressinaud C., Eyer J. Neuroscience, 2015 ; 298 :42-51.
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PS10-07
OLIGODENDROGLIOPATHY IN THE OBIDEN MOUSE
Alexander Gow, Daniel Radecki, Cherie Southwood
Wayne state university, Genetics, Detroit, USA
Multiple Sclerosis (MS) is a multi-faceted disease for which the
relevance of pathologic features to etiology is evolving. In
particular, extensive clinical trials data for recent disease-modifying
therapies report strong suppression or modulation of peripheral
immune system infiltration into the CNS, but success in halting disease progression has been unexpectedly variable or modest. Thus,
there are growing expectations that the current understanding of MS
etiology may be too narrowly focused or incomplete. Indeed a
recent omics pilot study out of Stanford University has suggested
that RNA editing is involved in pathogenesis of demyelinating
lesions, leading to oligodendrocyte metabolic stress and death, as
well as circulating antibodies against novel translation products
encoded in the open reading frames of edited PLP1 transcripts.
In light of the Stanford study, OBiden mice developed in our
laboratory are relevant to MS pathophysiology. In this model of
oligodendrogliopathy, degenerative changes emerge from the
episodic expression of a mutant form of PLP1 (the myelin-synthesisdeficient mutation) in mature oligodendrocytes beginning at 2
months of age. By 6 months, OBiden mice have sustained multiple
demyelination/remyelination cycles and exhibit focal gliosis, hypomyelination and behavioral abnormalities. By 12 months of age, the
disease has progressed to include focal demyelinating lesions,
axonal swellings in cortex and white matter tracts, memory loss and
electroencephalography deficits in interhemispheric theta band
coherence. Approximately 50% of the mice also express circulating
antibodies against the PLP1msd protein, analogous to MS patients.
Finally at the molecular level, we observe changes in the axon
initial segment of deep layer pyramidal neurons in rostral entorhinal
and cingulate cortices as well as hippocampus of OBiden mice. We
find similar changes to deep layer neurons in frontal cortex from
MS patients, suggesting analogous pathophysiology in both species.
In summary, several hallmark features of MS are recapitulated in
OBiden mice, the etiology of which is adult-onset metabolic stress
in oligodendrocytes.
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PS10-08
CYP51 INHIBITION ENHANCES OLIGODENDROCYTE
FORMATION
Zita Hubler1, Dharmaraja Allimuthu1, Matthew Elitt1
Ilya Bederman2, Elizabeth Schick1, Eric Garrison3
Mayur Madhavan1, Molly Karl3, Daniel C. Factor1, Zachary Nevin1
Yuriy Fedorov4, Robert H. Miller3, Paul J. Tesar1, Drew J. Adams1
1
Case Western Reserve University School of Medicine, Department
of Genetics and Genome Sciences, Cleveland, OH, USA
2
Case Western Reserve University School of Medicine, Department
of Pediatrics, Cleveland, OH, USA
3
George Washington University School of Medicine and Health
Sciences, Department of Anatomy and Regenerative Biology,
Washington, DC, USA
4
Case Western Reserve University School of Medicine, Small
Molecule Drug Development Core, Cleveland, OH, USA
Differentiation of Oligodendrocyte Precursor Cells (OPCs) to
oligodendrocytes via small molecules is a potential therapy for
incurable diseases of demyelination such as multiple sclerosis.
Oligodendrocytes are cells that make myelin which insulates neurons in the brain and spinal cord. In adults, OPCs can divide to
maintain a stable pool of progenitor cells or differentiate into oligodendrocytes to allow for remyelination. However, in certain diseases the OPCs do not differentiate, but continue to exist in their
progenitor state. Therefore, in vitro drug screens have been
performed to find small molecules which encourage OPCs to differentiate into oligodendrocytes. Recently, the drug miconazole was
identified as an enhancer of oligodendrocyte formation; mice
treated with miconazole recovered from hind-limb paralysis more
rapidly than mice treated with control in mouse models of demyelination. However, the mechanism by which miconazole leads to
enhanced oligodendrocyte formation was not described. Our work
shows that miconazole and other imidazole antifungals enhance
oligodendrocyte formation from OPCs via inhibition of CYP51 in
the cholesterol biosynthesis pathway. Accumulation of the substrate
of CYP51, lanosterol, is predictive of enhanced oligodendrocyte
formation. Additionally, lanosterol alone is sufficient to enhance
oligodendrocyte
formation.
In
contrast,
depletion
or
supplementation of cholesterol does not enhance oligodendrocyte
formation. We have shown this mechanism is conserved in vitro, in
vivo, and in human cells. In summary, we describe the mechanism
of action of imidazole antifungals for enhancing oligodendrocyte
formation and illuminate a novel therapeutic target for remyelinating therapies.

PS10-09
PATIENT IPS CELLS AS A MODEL FOR LBSL
Philippe Hubo1, Christina Nemeth1, 2, Mingyao Ying2, 3
John Laterra2, 3
1
Kennedy Krieger Institute, Moser Center for Leukodystrophies,
Baltimore, USA
2
Johns Hopkins University School of Medicine, Neurology,
Baltimore, USA
3
Kennedy Krieger Institute, Neurology, Baltimore, USA
LBSL (Leukoencephalopathy with brainstem and spinal cord
involvement and lactate elevation) is a genetic neurodegenerative
disorder affecting most prominently the pyramidal tracts and the
__________________
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proprioceptive system. In addition to physical effects, cases with
cognitive impairment have also been observed. LBSL onset occurs
most frequently in childhood and leads in most cases to wheelchair
dependency. It is due to mutations of DARS2, a nuclear encoded
gene which encodes for mitochondrial aspartyl tRNA synthetase.
Most patients are compound heterozygotes and carry a splice site
mutation that may result in tissue specific alternative splicing. Still,
the pathways which lead to variable phenotypes and progressive
demyelination are poorly understood.
â€%8BStudying this disorder is challenging as there are no biomarkers to assess or predict severity of the disorder. Patient induced
pluripotent stem cells (iPSC) were created by the Cedars Sinai Stem
Cell Core and grown in our lab to establish a reliable and reproducible model to examine the molecular mechanisms of this disease. Neuronal differentiation will be achieved by inducing Neurogenin 2 expression using a lentivirus construct with Neurogenin 2
expression under the control of a TetO promoter. Selection of
successfully transfected cells is done by puromycine slection. Preliminary examination of control and LBSL iPSCs show a growth
advantage in LBSL patient iPSCs and a reduced Ngn2 expression.
Splice site efficiency, expression of DARS2 and morphology of
iPSCs will be determined prior to differentiation into motor neurons. Stages of motor neuron differentiation will be tracked for
abnormal splicing and mitochondrial function (oxidative stress
measures). Further characterization of mature motor neuron
morphology, growth, and function will be examined to determine if
these cells are susceptible to deficits of DARS2 functioning.

PS10-10
GENE EDITING TO STUDY MOLECULAR ALTERATIONS
IN CANAVAN DISEASE, A CHILDHOOD WHITE MATTER
DISORDER
Shalini Kumar, Christine Sheih, Nirut Suwanna, Reuben Matalon
Jean de Vellis
University of California, School of Medicine, Los Angeles, USA
Background: Canavan Disease (CD) is a childhood fatal white
matter disorder caused by mutation in the Aspartoacylase (Asps;
acy2) gene expressed in oligodendrocytes. The Aspa enzyme
metabolizes N-acetylaspartate (NAA) to generate acetate and
aspartic acid. Acetate is released as acetyl-CoA, to provide lipid
during myelination. Acetyl-CoA is also utilized in metabolic processes hence CD is also considered a metabolic disorder. However,
acetate therapy did not work in two CD infants once the disease
symptoms had started. To date no therapy has been able to cure CD.
Working with mouse models of CD, we have focused on early
stages of brain development to examine molecular and biochemical
pathways relevant to myelination and metabolic effects on all cell
types. Our findings revealed early developmental involvement of
multiple genes and pathways in CD mice in all cell types. It raises a
question if these observed effects are direct, indirect, or off-targetmediating effects responsible for fatality. Here we report gene
editing to correct the Aspa gene mutation in the new born mutant
mouse brain cells to address these issues.
Aims and Methodologies: To (i) validate structural and metabolic
developmental genes recognized in glial and neuronal cells due to
ASPA mutation, ii) confirm developmental myelination by cortical
Compound Action Potential (CAP)-recording (iii) perform ASPA
__________________
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gene editing via RNase homologous recombination using correct
donor DNA, and (iv) validate gain of functions in gene edited-cells.
Results and conclusion: Our CAP-recording results performed in
corpus callosum tissue of Aspa KO Vs WT at P30 demonstrated an
absence of myelinated neurons in the KO. The genetic and
metabolomic pathway analysis of our results strongly suggest
changes in plasma membrane lipids and proteins critically required
for structural stability and function. Changes or lack of certain
metabolites, especially lipid and lipid associated proteins are known
to impact the stability of membrane structure and its function for
cell maintenance, reorganization and maturation. We report a panel
of altered genes that code for critical myelin genes and myelin-associated membrane stabilizing proteins that are severely downregulated in mouse CD CNS. Here we describe downregulation of Ezrin,
Radixin, and Moesin, family of actin binding proteins for its role in
myelination, and Ndel gene during early development migration and
stability of neurons during myelination. We report reversal of these
gene expression in edited KO cells.

measured.
Conclusions: Our results suggest that chronically demyelinated
mice undergo well-defined EEG changes that can be spatially
mapped with multielectrode array (MEA) analysis. High-density
MEA is a valuable tool to examine time course, anatomy, and
mechanisms underlying demyelination-induced changes in neural
excitability, which may include pathology of white matter
commissural axons and reduced inhibitory cortical innervation by
PV-expressing GABAergic interneurons.

PS10-11

Gray matter (GM) atrophy is known to be one of the best predictors of long term disability in multiple sclerosis (MS). Recent
evidence has further revealed that localized GM atrophy in MS is
associated with clinically relevant disabilities. However, the mechanisms underlying GM atrophy remain largely unknown. In this
study, we used voxel-based morphometry (VBM) to characterize the
pattern of GM atrophy in the early stages of the most widely-used
animal model of MS, experimental autoimmune encephalomyelitis
(EAE). We identified GM atrophy throughout the cerebral cortex,
cerebellum, caudoputamen, and thalamus in mice with EAE compared to controls, consistent with previous literature. Our investigation revealed that axonal damage and loss in the spinal cord was
strongly correlated with voxelwise GM loss within motor and
sensory regions of the cortex. This finding suggests that axonal
damage and loss plays a key role in permanent GM atrophy.
Understanding the organization of atrophy and related pathology
will elucidate the cellular underpinnings of GM volume loss and potentially lead to the development of better neuroprotective therapies
for patients with MS.

MULTIELECTRODE ARRAY ANALYSIS OF
DEMYELINATION-INDUCED EEG CHANGES IN THE
CUPRIZONE MODEL
Andrew Lapato1, 2, Carrie Jonak1, 2, Devin Binder1, 2
Seema Tiwari-Woodruff1, 2
1
UC Riverside School of Medicine, Biomedical Science, Riverside,
USA
2
UC Riverside, Center for Glial-Neuronal Interaction, Riverside,
USA
Background: Multiple sclerosis (MS) patients are 3-6X more
likely to develop epilepsy than the overall population, however,
translational studies examining the pathophysiology underlying MS
epileptogenesis are limited.
Objective: We deployed in vivo multielectrode array (MEA)
monitoring of multisite EEG activity to assess changes associated
with demyelination-induced seizures in the cuprizone (CPZ) model
of progressive MS.
Methods: Adult male C57/Bl6 mice were fed 0.2% CPZ (n=3) or
standard diet (control; n=3) for 12 weeks and subsequently
implanted with 30-channel multielectrode arrays bilaterally over the
dorsal surface of the skull. Baseline EEG was acquired over 30
minutes in each anesthetized mouse. Recordings were then analyzed
for power analysis of defined oscillation frequency ranges (delta,
theta, alpha, beta, gamma) and averaged within group (CPZ vs.
control).
Results: CPZ-demyelinated mice exhibited significant differences
in overall and region-specific EEG power vs normal controls. The
frontal region demonstrated the most dramatic increases in EEG
power across multiple frequency bands, but was most notable in the
gamma range (30-100Hz) (p < 0.05). Immunohistochemical
analyses demonstrated pronounced demyelination of the primary
and secondary motor cortices and subcortical white matter of CPZdiet mice. This was accompanied by elevated Iba1+ microglia/
macrophages and the appearance of damaged axons and blebbing
with increased SMI-32+ reactivity in the cingulum/forceps minor. In
addition, parvalbumin (PV) staining trended toward reduced intensity and percent of cortical area
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PS10-12
AXONAL DAMAGE IN SPINAL CORD IS ASSOCIATED
WITH GRAY MATTER ATROPHY IN SENSORIMOTOR
CORTEX IN MICE WITH EAE
Allan MacKenzie-Graham, Cassandra E. Meyer, Josephine L. Gao
James Ying-Jie Cheng, Hadley Johnsonbaugh, Mandavi R. Oberoi
Stefano Lepore, Florian Kurth, Noriko Itoh, Rhonda R. Voskuhl
University of California, Los Angeles, Neurology, Los Angeles, USA

PS10-13
CONDITIONAL KNOCKOUT OF DARS2 RESULTS IN
WHITE MATTER ATROPHY AND NEUROBEHAVIORAL
CHANGES IN MICE
Christina Nemeth1, 2, Sophia Tomlinson1, Connor Murray1
Melissa Rosen1, Dan Wu3, Carol Tiffany1, Mike Johnston1, 2
Aleksandra Trifunovic4, Ali Fatemi1, 2
1
Kennedy Krieger Institute, Neuroscience, Baltimore, USA
2
Johns Hopkins School of Medicine, Neurology, Baltimore, USA
3
Johns Hopkins School of Medicine, Radiology and Radiological
Science, Baltimore, USA
4
CECAD Research Center, Institute for Mitochondrial Diseases and
Aging, Cologne, Germany
Mutations in DARS2, encoding mitochondrial aspartyl-tRNA
synthetase (mtAspRS), result in a rare, progressive, neurological
__________________
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disease termed leukoencephalopathy with brainstem and spinal cord
involvement and lactate elevation (LBSL). LBSL manifests as MRI
T2 signal abnormalities in cerebral white matter and spinal cord,
and presents with variable clinical phenotype ranging from
spasticity and ataxia, to cognitive impairment and autism. Because
complete deletion of DARS2 in embryonic lethal in the mouse,
conditional knock-outs of DARS2 were designed using Cre-lox
recombination in PDGFRα-expressing oligodendrocyte precursors
or CAMKII-expressing neurons. PDGFRαCre+;Dars2fl/fl animals
show a progressive behavioral phenotype with reduced locomotion
and rearing in open field with age, consistent with slowly progressive ataxia seen in LBSL. While PDGFRαCre+;Dars2fl/fl mice
show little brain or spinal cord pathology, CamKIICre+;Dars2fl/fl mice
show severe, progressive cortical atrophy and hyperactivity by 35
weeks of age. These changes are paralleled by increased expression
of IBA1+ microglia and GFAP+ astrocytes in the cerebral cortex,
and reduced diameter of the corpus callosum. Furthermore, cell specific deletion of DARS2 may have effects on spinal cord
morphology, as detected by electron microscopy. The increased
severity of phenotype in CamKIICre+;Dars2fl/fl mice supports reports
of neuronal long-tract involvement and the susceptibility of neurons
to reduced DARS2 over a primary defect in glial cells. Furthermore,
high numbers of mtDNA-encoded proteins and mitochondrial
tRNAs in the brain, in addition to the high metabolic needs of the
brain, may contribute to the sensitivity of the central nervous system
to defects in DARS2. Conditional knock-out models of DARS2 may
help to elucidate the cell-specific dependence on the gene, and
together, may serve as templates from which treatment strategies
can be assessed.

PS10-14
IN VIVO MEASUREMENT OF SPINAL MOTOR-EVOKED
POTENTIALS IN PRECLINICAL MODELS OF MULTIPLE
SCLEROSIS
Petti Pang, Carlos Pedraza
Sanofi, Neuroscience Research Therapeutic Area, Framingham,
USA
Multiple sclerosis (MS) is a neurodegenerative autoimmune disease, characterized by inflammation leading to demyelination and
axonal loss. Inflammatory, demyelinating lesions in MS and animal
models of the disease are localized in the brain and spinal cord
(SC), and reliable in vivo neurological functional readouts to assess
myelin and neuronal integrity are necessary for research and development of MS therapeutics. Previous studies from our lab
showed electrical conductance changes in the SC of mice induced
with Experimental Autoimmune Encephalomyelitis (EAE), by
measuring spinal axonal motor-evoked potentials (sMEPs). In this
work, we aimed to determine the main source of neuronal deficit in
EAE (CNS vs PNS) as electrically stimulated sMEPs are induced in
SC and detected in the gastrocnemius muscle involving both CNS
and PNS responses. Our findings indicate that reduction in sMEPs
in EAE is primarily mediated by the CNS component as PNSmediated axonal conductance was not impaired. This is of high
relevance as neurological disabilities in MS pathology are primarily
the result of neuronal degeneration in the CNS. Measurements of
axonal conduction will support the assessment of drug effects on
myelin integrity and neuronal function. We are currently evaluating
__________________
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the electrophysiology measurements of CNS neuronal function by
sMEPs in other in vivo demyelination models including focal
lysolecithin-induced lesions in SC. This functional readout should
be used in combination with histology to assess de/remyelination
and correlate neuronal function and axonal integrity, which provides
a valuable tool to advance research on remyelination enhancing
therapeutics for MS.

PS10-15
THE ROLE OF GLUTAMATERGIC SIGNALING ON
REMYELINATION AFTER SPINAL CORD INJURY
Nicole Pukos, Molly Larson, Dana McTigue
The Ohio State University, Neuroscience, Columbus, USA
Traumatic spinal cord injury (SCI) results in tissue damage that is
exacerbated by secondary pathophysiological mechanisms.
Specifically, 50% of oligodendrocytes (OLs) die in spared tissue
within 24h post-injury. Surviving OLs are post-mitotic and cannot
divide to replace lost OLs. Instead, oligodendrocyte progenitor cells
(OPCs) proliferate and differentiate into new OLs that remyelinate
axons in demyelinated lesions. After SCI, axon remyelination is
robust acutely but declines with time, despite the continued presence of demyelinated axons. Evidence from chemical demyelination studies shows glutamate is packaged in vesicular glutamate
transporter (Vglut)-positive vesicles and stored along demyelinated
axon shafts. Glutamate release from these axons is activity-dependent and promotes OPC migration, differentiation, and myelination
of electrically active axons. Here, we will test the hypothesis that
VGlut2 accumulates in axons after SCI and predicts OPC-axon
contact points. For this, we collected spinal cords from naïve and
SCI mice from 7d to 6 months post-injury (mpi) to examine Vglut2
distribution in axons. This revealed the number of VGlut2+ puncta
in spared white matter increased continuously after SCI to a peak 8fold greater than naïve at 28dpi. Puncta numbers remained significantly elevated for at least 6mpi. The number of VGlut2+ puncta
within axons contacted by OPC processes was also quantified. In
naïve tissue, ~6% of VGlut2+ puncta were contacted by an OPC
process. OPC/VGlut2 contacts increased significantly by 7dpi and
rose to a peak at 28dpi when 34% of VGlut2 puncta had an OPC
contact. The number of double-labeled contacts remained elevated
at 10wpi but declined significantly to ~15% double-labeled puncta
at 6mpi. Since the total number of VGlut2 puncta remains elevated
through 6mpi, OPCs must disengage with VGlut2+ axons between
10wpi and 6mpi. These results suggest axonal glutamate release
promotes OPC contacts with axons after SCI and may play a role in
remyelination. Overall this work shows for the first time that OPCs
contact VGlut2-enriched regions of axons after CNS trauma, and
suggests that loss of such contacts may contribute to chronic postSCI demyelination.
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BLOCKING HYALURONIDASE ACTIVITY ACCELERATES
OLIGODENDROCYTE MATURATION AND FUNCTIONAL
REMYELINATION
Larry Sherman1, Weiping Su1, Taasin Srivastava2
Steven Matsumoto1, Stephen Back2, Fatima Banine1
Kesturu Girish3
1
Oregon Natl Primate Research Center, Division of Neuroscience,
Beaverton, USA
2
Oregon Health & Science University, Department of Pediatrics,
Portland, USA
3
Tumkur University, Department of Studies and Research in
Biochemistry, Tumakuru, India

THE CARBOXYL-TERMINUS OF CONNEXIN 43
CONTROLS THE STRUCTURE AND COMPOSITION OF
OLIGODENDROCYTE-ASTROCYTE GAP JUNCTION
NEXUSES
Randy Stout1, 2, David Spray2
1
New York Institute of Technology College of Osteopathic
Medicine, Department of Biomedical Sciences, Old Westbury, USA
2
Albert Einstein College of Medicine, Dominick P. Purpura
Department of Neuroscience, Bronx, USA

Myelination delay and remyelination failure following insults to
the central nervous system (CNS) impede axonal conduction and
lead to motor, sensory and cognitive impairments. Myelination and
remyelination are often inhibited or delayed due to the failure of
oligodendrocyte progenitor cells (OPCs) to mature into myelinating
oligodendrocytes (OLs). Digestion products of the glycosaminoglycan hyaluronan (HA) accumulate following CNS damage
and have been implicated in blocking OPC maturation, but how
these digestion products are generated and signal to block OPC maturation is unclear. We have develoepd a novel, highly specific
hyaluronidase inhibitor and utilized it to demonstrate that
hyaluronidase activity prevents OPC maturation in vitro and in a
model of perinatal white matter injury. We further show that
blocking hyaluronidase activity accelerates myelination following
perinatal brain injury and remyelination in adult demyelinating
lesions. This novel agent is being tested in a preclinical trial using a
new non-human primate model of inflammatory demyelination. In
addition, we find that specific HA digestion products are generated
through a combination of HA interactions with the HA receptors
CD44 and Toll-Like Receptor 2 (TLR2), and that the resulting HA
digesstion products block OPC maturation through a mechanism
that includes activation of Toll-Like Receptor 4 (TLR4). TLR4
activation leads to alterations in a pathway involving AKT and
FOXO3 that regulate Olig2- and Brg1-dependent transcriptional
activation of genes required for OL maturation and myelination.
These findings indicate that HA accumulation leads to the inhibiton
of OPC maturation and delays in myelination or remyelination
through a mechansim that involves the generation of specific HA
digestion products by hyaluronidases within CNS lesions, and that
these products signal through a signaling cascade that regulates a
transcriptional program to promote OL differentation. These findings also indicate that hyaluronidase inhibtors could be efficacious
for acclerating myelination or remyelinaton.

Gap junction coupling is critical for normal myelination in rodent
and human brains. The basis of such requirement is currently
unknown. The identity and potential interactions of proteins
(connexin isoforms) that make up the heterotypic connections between astrocytes and oligodendrocytes are under debate. Our recent
published and unpublished research on the astrocyte gap junction
protein Connexin 43 (Cx43) indicates that specific residues within
the carboxyl-terminus of Cx43 control the cellular localization and
mobility of not only other astrocyte connexins, but also a variety of
other astrocyte-expressed proteins in strikingly diverse ways.
We present evidence obtained through Fluorescence Recovery After
Photobleach showing that Cx43 controls the mobility of another
astrocyte gap junction protein (Cx30) as well as the localization and
mobility of glutamate transporters, aquaporin water channels, and
other astrocyte proteins. In order to understand how these newly
revealed actions of astrocyte gap junction proteins translate to the
heterotypic gap junction complexes (aka Gap Junction Nexuses)
that join astrocytes to oligodendrocytes we developed new fluorescent protein tagged connexins (Cx43, Cx47, Cx32, Cx30) in
combination with other new transgene tools. Live, high-resolution
microscopy allowed us to identify molecular interactions at the
oligodendrocyte-astrocyte gap junction Nexus in cell culture model
systems. We found that the carboxyl-terminus of astrocyte
connexins controls formation and function of oligodendrocyteastrocyte connections through a stabilizing domain in the carboxylterminus of Cx43 that contains cysteine residues. This knowledge
will be needed before we can reveal the ways gap junctions support
myelin formation/maintenance and how the astrocyte-oligodendrocyte gap junction Nexus is altered in inflammatory disease states
such as multiple sclerosis. We are now expanding such research to
the level of multi-cell and in vivo models to apply supramolecularlevel discoveries that made possible through in vitro
experimentation to models of demyelinating disease.

PS10-18
REPURPOSING AN FDA APPROVED CARDIAC
GLYCOSIDE FOR MYELIN REPAIR THERAPY IN
COMBINATION WITH IMMUNE TOLERANCE IN MULTIPLE
SCLEROSIS
Haley Titus, Stephen Miller
Northwestern University Feinberg School of Medicine,
Microbiology and Immunology, Chicago, USA
Multiple Sclerosis (MS) is a CNS autoimmune disease characterized by demyelination and neurodegeneration. Currently, there are
no available therapies marketed for myelin repair in MS. The aims
of my work included prevention of disease progression and
__________________
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promotion of CNS repair and neuroprotection. In an effort to
repurpose FDA approved medication to expedite therapies to
patients, we tested a cardiac glycoside (Na+/K+ ATPase) and
revealed it promoted an increase in the oligodendrocyte cell lineage
in vitro and in vivo, in the non-T cell-mediated Cuprizone model of
demyelination/remyelination promoted a quicker restoration of
myelin integrity, and improved clinical score throughout the autoreactive Th1/Th17 driven C57BL/6 Chronic experimental autoimmune encephalomyelitis (EAE) time course. Currently available
disease modifying therapies for MS are global immunosuppressants
and have limited efficiency. We are able to induce immune
tolerance, through induction in autoreactive T cells using i.v.
infusion of nanoparticles coupled with or encapsulating myelin
peptides (Ag-PLG), to selectively regulate known immune responses without compromising the entire adaptive immune system.
We have demonstrated an effective means of ameliorating disease in
a mouse model of MS that effectively reduces disease burden in
relapsing-remitting (RR-EAE) and chronic-progressive (C-EAE)
mouse models. Prophylactic administration can prevent disease
induction, but more importantly therapeutic administration can stop
disease progression in mice. The hypothesis was that to effectively
target disease course and severity in MS, regulated by autoimmunity
and neurodegeneration, a combination of selective immune regulation and myelin repair therapy is required. Combination therapy
using Ag-PLG immunoregulatory therapy and the cardiac glycoside
completely ameliorated clinical disease severity. These promising
results provide pre-clinical evidence for future clinical studies in
MS undertaking this combinatorial therapeutic approach.

PS10-19
MIR-27A INHIBITS MATURATION OF
OLIGODENDROCYTE PRECURSOR CELLS TO MATURE
OLIGODENDROCYTES
Ajai Tripathi, Haley Courtney, Christina Volsko, Ranjan Dutta
Cleveland Clinic Foundation, Neuroscience, Cleveland, USA
Micro RNAs (miRNAs) are single stranded, 19-23 nucleotide
long, non-coding RNAs that regulate gene expression at posttranscriptional level by complementary binding to 3’UTR regions of
target genes. Modulation of gene expression by miRNAs plays
central role in neurodegenerative diseases. Recently, miRNA expression within cerebrospinal fluid (CSF) has been reported to be
correlated with neurological disability or disease progression in
multiple sclerosis (MS) patients. Our studies also identify several
miRNAs that target genes associated with failed remyelination in
MS brains. This failure in remyelination is commonly associated
with presence of immature oligodendrocytes (OLs) within lesions in
MS brains. Investigating mechanisms that could inhibit maturation
of OLs, we identified miRNA, miR-27a-3p, which showed aberrant
expression in MS samples (serum/plasma/brain) and associated with
disease progression. In vitro functional assay shows that transient
transfection of chemically synthesized miR-27a-3p (mimic) in
oligodendrocytes progenitor cells (OPCs) inhibits differentiation of
OPCs into mature oligodendrocytes (OLs). Expression of miR-27a
led to significant increase in levels of Chondroitin sulfate proteoglycan 4 (Cspg4/Ng2) protein without increase in proliferation of
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the OPCs. At transcriptional level, expression of miR-27a showed
dysregulation of genes involved in Wnt-β-catenin signaling
pathways. Taken together, our results indicate that miR-27a may
play a major role in arresting OPCs in the immature state leading to
failure in remyelination.
Grant Support: NIH, NINDS (NS096148) and the National Multiple
Sclerosis Society, USA (RG 5298) to RD.

PS10-20
DECIPHERING THE ROLE OF ACTL6A IN MYELINATING
GLIA
Eric Tsai1, Jeffrey Dupree2, Patrizia Casaccia3, 1
1
Icahn School of Medicine at Mount Sinai, Neuroscience, New
York, USA
2
Virginia Commonwealth University School of Medicine, Anatomy
and Neurobiology, Richmond, USA
3
CUNY Advanced Science Research Center, Neuroscience, New
York, USA
Within the vertebrate body, myelination is accomplished by two
different types of myelinating glia: oligodendrocytes in the Central
Nervous System (CNS) and schwann cells in the Peripheral
Nervous System (PNS). The developmental programs of both oligodendrocytes and schwann cells have been shown to be modulated
by external mechanical forces. These mechanical forces have been
demonstrated to cause transcriptional and epigenetic changes within
both types of myelinating glia. Using in vivo characterizations of
lineage-specific conditional knockout mice and in vitro models of
compression and tension, we have identified ACTL6a, an actinrelated protein that is a component of multiple chromatin
remodeling complexes, as a possible mediator of mechanical signals
within both oligodendrocytes and schwann cells.

PS10-21
THE ROLE OF MTOR IN OLIGODENDROCYTE AND
MYELIN STABILITY
Teresa Wood, Marisa Jeffries, Luipa Khandker, Isis Ornelas
New Jersey Med Sch, Rutgers Biomedical & Health Sci, Dept
Pharmacology, Physiology & Neuroscience, Newark, USA
Myelin deficits during development can result in diseases such as
leukodystrophies, and loss of myelin after development leads to
demyelinating diseases such as Multiple Sclerosis. The process of
myelination is highly regulated through multiple signaling
pathways, including the PI3K/Akt/mTOR pathway. Disruption of
this pathway in mice compromises developmental myelination and
may affect long-term myelin integrity. Deletion of mTOR in the
oligodendrocyte lineage by CNP-Cre deletion of mTOR floxed
alleles results in a delay in oligodendrocyte differentiation and
initiation of myelination as well as long-term hypomyelination of
the spinal cord [1]. In contrast, these mice exhibit normal developmental myelination of the brain, suggesting heterogeneity in cellular
response to loss of mTOR. We have undertaken mRNA transcriptome analysis of oligodendroglia from spinal cords and brains of
mTOR conditional knockout (cKO) animals lacking mTOR in
__________________
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oligodendroglia. Sequencing data reveal that despite the lack of a
developmental phenotype, mTOR cKO brain oligodendroglia
exhibit alterations in several cellular pathways. Interestingly, these
changes are remarkably similar to the alterations seen in spinal cord
oligodendroglia with loss of mTOR. Consistent with these findings,
we observe hypomyelination in the brains of aged mTOR cKO
mice, suggesting compromised myelin stability. Despite the lack of
developmental hypomyelination in the brain, the transcriptional
changes due to dysregulation of mTOR signaling might predict that
these oligodendrocytes are more vulnerable to insult. We are
currently testing whether early changes in gene expression in
mTOR cKO mice result in increased susceptibility to demyelination. Interestingly, preliminary data suggest increased oligodendrocyte vulnerability to demyelination by cuprizone. Future studies will
determine the mechanisms downstream of mTOR that regulate
oligodendrocyte and myelin stability.
Reference:
1. Wahl, S.E., et al., Mammalian target of rapamycin promotes
oligodendrocyte differentiation, initiation and extent of CNS myelination. J Neurosci, 2014. 34(13): p. 4453-65.

group. CAP amplitudes did not show any difference between +V or
+R groups. However, a significant increase in latency was observed
in +R groups during DM and normal diet-induced remyelination.
Conclusion: Rapamycin can be used with CPZ diet to induce
efficient demyelination. Caution must be observed while interpreting this data as the presence of rapamycin increased the latency of
CAPs, indicative of increased demyelination and decreased remyelination.

PS10-22

Intraspinal transplantation of mouse neural precursor cells (NPCs)
in susceptible mice infected with the neurotropic JHM strain of
mouse hepatitis virus (JHMV) results in remyelination associated
with axonal sparing. However, the mechanism by which these cells
physically engage demyelinated axons has not been well characterized. Herein, we have determined that VCAM-1 is upregulated on
NPCs treated with proinflammatory cytokines IFN-g and TNF-a.
Similarly, cytokine treated primary cortical neurons were found to
upregulate the VCAM-1 ligand, VLA-4, following injury as did
axons within JHMV demyelinating lesions. Furthermore, NPC
differentiation into oligodendroglia is enhanced following culturing
NPCs on VLA-4-coated plates; however, differentiation of VCAM1 ablated NPCs resulted in cell death. CRISPR-mediated ablation of
VCAM-1 in NPCs resulted in impaired survival following intraspinal transplantation into JHMV-infected animals. Collectively,
these findings reveal an important role for VCAM-1 signaling in
enhancing survival and differentiation of NPCs.

DEMYELINATION IN THE PRESENCE OF
MTOR-INHIBITOR, RAPAMYCIN DOES NOT ALTER
FUNCTIONAL AXON CONDUCTION
Hana Yamate-Morgan, Kelli Lauderdale, Joshua Horeczko
Urja Merchant, Seema Tiwari-Woodruff
UC Riverside, Biomedical Sciences, Riverside, USA
Background: A major drawback of the cuprizone (CPZ) diet
model, is the sporadic occurrence of spontaneous oligodendrocyte
(OL) differentiation and axon myelination, confounding subsequent
measurements of regenerative effects. The mammalian target of
rapamycin (mTOR) promotes OL differentiation, proliferation and
extent of CNS myelination. Rapamycin, an inhibitor of mTOR, has
been used to improve comprehensive demyelination. The addition
of rapamycin during CPZ diet inhibits OL proliferation, differentiation and spontaneous remyelination. However, it remains
poorly understood whether extensive demyelination induced by the
presence of rapamycin causes irreversible axon damage.
Hypothesis: The objective of this study was to understand the effect
of rapamycin during demyelination. Our hypothesis is that the presence of rapamycin will induce axon damage and have
consequences on functional axon conduction.
Design: Male C57BL6 mice on CPZ diet were treated with vehicle
(DM+V) or rapamycin (DM+R) for 4.5 weeks. Groups of mice
were switched to normal diet for three weeks: [DM+V]+ND and
[DM+R]+ND, respectively. Callosal compound action potentials
(CAPs) were recorded and immunohistochemistry was performed to
assess myelin and OL status.
Results: Significant demyelination was observed in both DM+V
and DM+R. Only DM+R showed increased levels of SMI-32, an
indicator of axonal damage. The number of OL progenitors (OPCs)
and OLs were not different between DM groups. Equal amount of
astrogliosis in DM groups, but significant microglial activation in
DM+R was observed. Myelin intensity and inflammatory response
were unchanged in RM groups. A significant decrease in OPCs and
an increase in astrogliosis were observed in the [DM+R]+ND
__________________
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PS10-23
VCAM-1 EXPRESSION ON TRANSPLANTED NEURAL
PRECURSORS INFLUENCES SURVIVAL AND
DIFFERENTIATION IN A VIRAL MODEL OF MULTIPLE
SCLEROSIS
Soumya Yandamuri1, Brett Marro3, Syed Raza2, Thomas Lane2, 1
1
University of Utah, Bioengineering, Salt Lake City, USA
2
University of Utah School of Medicine, Pathology, Salt Lake City,
USA
3
The Scripps Research Institute, Immunology and Microbial
Science, La Jolla, USA

PS10-24
NODAL PATHOLOGY AS A PREDICTOR OF SUBOPTIMAL
REMYELINATION AFTER SPINAL CORD INJURY
Rim Yoseph1, 2, Molly Larson3, 2, Dana McTigue PhD3, 2
1
Neuroscience Graduate Program, The Ohio State University,
Columbus, USA
2
Center for Brain and Spinal Cord Repair, The Ohio State
University, Columbus, USA
3
Department of Neuroscience, The Ohio State University,
Columbus, USA
The extent and clinical significance of demyelination following
spinal cord injury (SCI) is contentious. While oligodendrocytes
(OLs) are regenerated after SCI, remyelination of spared axons is
often incomplete. In myelinated CNS axons, nodes of Ranvier
(NoR), are highly organized and include paranodal protein, Caspr,
__________________
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flanked by juxtaparanodal voltage-gated K+channels (Kv1.2).
Nav1.6 voltage-gated Na+ channels are clustered in the node to
support signal propagation. Evidence in demyelination models
shows that myelin loss disrupts nodal protein organization and that
Na+ channels switch from Nav1.6 to embryonic Nav1.2 isoform.
This suggests that Na+ channel subtype-switching may also indicate
suboptimal remyelination. Currently, structural abnormalities in the
node after SCI have not been evaluated. Thus, here we tested the
hypothesis that: 1) SCI induces aberrant Kv1.2 and Caspr distribution on spared axons; 2) SCI causes Na+ channel-subtype switching.
Adult mice received a moderate SCI and were perfused at 7 days
post-injury(dpi), 18dpi, 28dpi, 10 weeks post-injury(wpi), and 6
months post-injury(mpi). Results show both Caspr and Kv1.2 spread outside of their nodal domains by 7dpi SCI in the lesion
epicenter. While approximately 95% of Naïve Kv1.2 and Caspr
lengths are < 5um, by 7 dpi, ~40% of Kv1.2 and ~60% of Caspr
profiles in the epicenter were > 5um. Excessively long profiles, as
well as the number of dysregulated nodes, progressively increased
chronically and by 6mpi, a 75% increase in dysregulated nodes was
evident 2mm away from the epicenter. Increased expression of
embryonic subtype Nav1.2 on spared corticospinal tract axons was
evident by 7dpi and persisted for at least 6mpi. Collectively, these
data suggest that endogenous remyelination is suboptimal and that
spared tissue is increasingly inhibitory to myelin repair. Nodal proteins whose dysregulation persists chronically may potentially serve
as therapeutic targets that can restore functional remyelination and
facilitate meaningful clinical recovery.

PS10-25
2+

SELECTIVE DELETION OF VOLTAGE-GATED CA
CHANNELS IN REACTIVE ASTROCYTES ATTENUATES
ASTROGLIOSIS AND PROMOTES MYELIN
REGENERATION
Norma Zamora, Veronica Cheli, Diara Santiago Gonzalez
Vilma Spreuer, Pablo Paez
University at Buffalo, Pharmacology and Toxicology, Buffalo, USA
Astrocytes exhibit excitability by way of ionic fluxes, particularly
in the form of intracellular calcium oscillations. Levels of intracellular calcium are critical for the regulation of many cellular
events including migration and proliferation. We have previously
reported that voltage-gated calcium channels, specifically the L-type
Cav1.2 subunit, are centrally involved in triggering astrocyte
reactivity in vitro. To determine whether the L-type Cav1.2 channel
contributes to astrocyte activation in vivo, we promoted astrogliosis
with cuprizone-induced demyelination in an inducible conditional
knockout mouse in which the Cav1.2 channel was deleted in GFAP
positive astrocytes. Our results suggest that after promoting demyelination with cuprizone treatment, there is a reduction in the degree
of astrocyte and microglia activation and astrocyte proliferation in
the Cav1.2 conditional knockout mice. Furthermore, our data
indicate that this reduction in astrocyte and microglial activation is
beneficial for the remyelination of the mouse brain. Specifically,
__________________
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selective deletion of Cav1.2 channels in reactive astrocytes lead to
an increase in oligodendrocyte progenitor cell proliferation as well
as a significant increase in the number of mature oligodendrocytes
and myelin protein synthesis during the remyelination phase of the
cuprizone model. Therefore, our results indicate that voltage-gated
calcium channels play an essential role in the induction and proliferation of reactive astrocytes; and attenuation of these channels
may be effective in diseases where astrogliosis play a detrimental
role.

PS10-26
MODULATING MOLECULAR CHAPERONES IMPROVES
DEMYELINATING NEUROPATHY IN A MOUSE MODEL OF
CHARCOT-MARIE-TOOTH 1X
Xinyue Zhang1, Brian Blagg2, Rick Dobrowsky1
1
University of Kansas, Pharmacology and Toxicology, Lawrence,
USA
2
University of Kansas, Medicinal Chemistry, Lawrence, USA
X-linked Charcot-Marie-Tooth (CMT1X) disease is the second
most common form of CMT and is caused by mutations of the gap
junction beta-1 gene (GJB1) which encodes the protein connexin 32
(Cx32). The loss of function of Cx32 accounts for the symptoms of
CMT1X due to the development of a mixed axonal and demyelinating neuropathy. Cx32 deficient mice (Cx32def) are an accepted
model of human CMT1X and are useful for evaluating novel
pharmacologic approaches to treat CMT1X, which are desperately
needed by patients. “Novologues” are orally bioavailable, non-toxic
small molecules that improve metabolic and clinical indices of
diabetic peripheral neuropathy by modulating the expression of the
molecular chaperone heat shock protein 70 (Hsp70). We have also
identified that novologue therapy has promising efficacy in improving neuromuscular function in the Cx32def animal model of
CMT1X. Recent evidence suggests that c-jun could be a potential
target for treating CMT1X since elevated levels of c-jun can promote demyelination. Young Cx32def mice exhibit an early
axonopathy and treating 3-month-old Cx32def mice for 1 month
with the novologue, KU-596, dose dependently decreased c-jun expression in Schwann cells of the femoral nerves and improved
motor nerve conduction velocity (MNCV) and compound muscle
action potential. Older Cx32def mice develop a demyelinating
neuropathy and treating 6-month-old Cx32def mice for 3-months
with KU-596 improved grip strength and MNCV. The therapeutic
effects of KU-596 depend on Hsp70 since grip strength and MNCV
were not improved by 3 months of drug therapy in Cx32def x
Hsp70 knockout mice. Collectively, our data indicate that
modulating Hsp70 could be beneficial in treating CMT1X possibly
due to effects on decreasing the expression of c-jun. Since
novologues are entering Phase 2 trials, this therapy shows promise
as a rapidly translatable treatment for CMT1X.
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FILTERING WHOLE GENOME SEQUENCING OF TWINS
AFFECTED BY MULTIPLE SCLEROSIS: BOTTLENECK OF
"PERSONALIZED GENOMICS"
Anne Boullerne1, Xiaoyi Raymond Gao2, Stefan Green3
Douglas Feinstein1
1
University of Illinois at Chicago, Dept Anesthesiology, Chicago,
USA
2
University of Illinois at Chicago, Dept Ophthalmology, Chicago,
USA
3
University of Illinois at Chicago, DNA Services Genomic core
facilities, Chicago, USA

TRANSCRIPTIONAL REGULATORS OF ASTROCYTE
REACTIVITY
Joshua Burda1, Aly Rogers1, Timothy O'Shea1, Jae Kim1, Yan Ao1
Riki Kawaguchi2, 3, Giovanni Coppola2, 3, 4, Michael Sofroniew1
1
University of California, Los Angeles, Neurobiology, Los Angeles,
USA
2
University of California, Los Angeles, Neurology, Los Angeles,
USA
3
University of California, Los Angeles, Psychiatry, Los Angeles,
USA
4
University of California, Los Angeles, Semel Institute for
Neuroscience and Human Behavior, Los Angeles, USA

Our laboratory aims to identify new genetic risk factors through
whole genome sequencing (WGS) of five siblings, including a set of
twins, all affected by multiple sclerosis. While next-generation
sequencing provided high quality coverage (50X Illumina), the
subsequent complex computation is prone to error revealed by the
twins. The first most intensive step reassembles billions of small
sequences against a human reference genome. The second step compares the reassembled individual genome to the human reference
genome, typically generating 4-6 million variants. The initial
analysis by bioinformatics generated over 300,000 differences,
whereas only 20 are expected between monozygotic twins. We set
out to develop filtering protocols aimed to reduce their divergences.
The first Sanger analysis of 10 variants revealed no difference, but
was instrumental to identify common artifacts and refine filtering
criteria. We established a collaboration with a local bioinformatician
who mapped 2 additional times and called 3 additional times using
the two latest versions of the human reference genome
(GRCh37.p19 and hg38). This led to stark differences at both
mapping and calling levels in favor of our collaborator. Half 302
known risk factors for multiple sclerosis were found shared by the
twins, awaiting validation by Sequenom to identify the best calling
protocol. Selected variant candidates of single nucleotide polymorphisms (SNPs) and insertion/deletion (InDels) are directly visualized for confirmation and solve the problem of InDels prone to
Illumina sequencing artifact, that cannot be validated easily by
Sequenom or Sanger. The analysis is in progress with the aim to develop a filtering strategy that can be applied regardless of the caller
algorithm, without the need of control or patient populations, and
crucially not necessitating writing a custom software. Ultimately,
we hope this work will lead to faster and more reliable
“personalized genomics” using WGS.

Astrocytes respond to diverse central nervous system (CNS)
insults with functional changes that can range broadly from
modulating inflammation to impacting on neural tissue remodeling
and synaptic plasticity. Genetic regulation of these responses is
poorly understood. Here, using large scale genomic meta-analyses
of mouse and human-derived data, we identified transcriptional
regulators of astrocyte reactivity in multiple diverse CNS disorders.
Over 20 transcriptional regulators were common across all 9 disorders investigated. These regulators included both previously
known molecules such as STAT3 and select SMADs, and newly
identified molecules, whose critical roles are being validated by
conditional gene deletion in mouse models of CNS injury and disease. Numerous additional transcriptional regulators were found to
be selective to subsets of disorders and some to only a single disorder. Notably, there was significant disorder selective bias of
downstream molecules targeted by these regulators. Our findings
strongly support a model whereby astrocyte reactivity is highly
diverse and disorder dependent rather than a stereotypic response
constant across disorders. We provide a framework for understanding and potentially modulating the genetic control of astrocyte
reactivity in different contexts. Supported by NIH-NINDS
NS084030 and F32NS096858, Paralyzed Veterans America, the Dr.
Miriam and Sheldon G. Adelson Medical Foundation, and Wings
for Life.

PS11-03
ACTIVATION OF THE ANTI-AGING AND
COGNITION-ENHANCING GENE KLOTHO BY
CRISPR-DCAS9 TRANSCRIPTIONAL EFFECTOR
COMPLEX
Cidi Chen1, 3, Ella Zeldich1, 3, Yuexuan Li1, Carmela Abraham1, 2, 3
1
Boston University School of Medicine, Dept Biochemistry, Boston,
USA
2
Boston University School of Medicine, Dept Pharmacology and
Experimental Therapeutics, Boston , USA
3
Klogene Therapeutics, Inc, R&D, Boston, USA
Multiple lines of evidence show that the anti-aging and cognitionenhancing protein Klotho fosters neuronal survival, increases the
anti-oxidative stress defense and promotes remyelination of demyelinated axons. Thus, upregulation of the Klotho gene can potentially
alleviate the symptoms and/or prevent the progression of
__________________
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age-associated neurodegenerative diseases such as Alzheimer’s disease and demyelinating diseases such as multiple sclerosis. Here we
used a CRISPR-dCas9 complex to investigate single-guide RNA
(sgRNA) targeting the Klotho promoter region for efficient transcriptional activation of the Klotho gene. We tested the sgRNAs
within the -1 to -300 bp of the Klotho promoter region, and identified two sgRNAs that can effectively enhance Klotho gene transcription. We examined the transcriptional activation of the Klotho
gene using three different systems: a Firefly luciferase (FLuc) and
NanoLuc luciferase (NLuc) coincidence reporter system, a NLuc
knock-in in Klotho 3’-UTR using CRISPR genomic editing, and
two human cell lines: neuronal SY5Y cells and kidney HK-2 cells
that express Klotho endogenously. The two sgRNAs enhanced
Klotho expression at both the gene and protein levels. Our results
show the feasibility of gene therapy for targeting Klotho using
CRISPR technology. Enhancing Klotho levels has a therapeutic potential for increasing cognition and treating age-associated neurodegenerative, demyelinating and other diseases, such as chronic
kidney disease and cancer.

PS11-04
SUBSTANTIA NIGRA TYROSINE HYDROXYLASE+
NEURONAL DEGENERATION IN HIV-1 TG RATS:
ASSOCIATION WITH NEUROINFLAMMATION
Jean Harry, Whitney Rosenblatt, Christopher McPherson
NIEHS, National Toxicology Program Laboratory, Research
Triangle Park, USA
Despite the introduction of combined antiretroviral therapy
(cART), human immunodeficiency virus-1 (HIV) remains present
and active in the central nervous system (CNS) contributing to
cognitive and motor impairment termed HIV-associated neurocognitive disorders (HAND). Animal models have suggested a role
for altered synaptic connections, axonal transport, dopaminergic
function, and inflammation in the process. The HIV-tg rat expresses
all of the HIV viral genes except the gag-pol replication genes and
exhibit features seen in HIV including behavior deficits and
synaptic-dendritic alterations. Using this rat, we examined the association between motor function, learning and memory,
dopaminergic neurons, inflammation, and microglia reactivity. Male
HIV-tg rats showed diminish motor performance with a shorter
latency to fall on an accelerating roto-rod and longer avoidance
latencies in an active avoidance paradigm at 6 and 12 weeks of age.
No differences in motor activity were observed. The number of
tyrosine hydroxylase (TH)+ neurons in the substantia nigra were
significantly less in HIV-1 tg rats at 8 months of age. No difference
in TH+ neuronal number was observed at 2, 3, or 5 months of age
suggestive of a degeneration of neurons rather than any developmental difference in neuronal generation. Examination at an age
preceding neuronal degeneration, the SN, striatum, hippocampus,
and frontal lobe were examined for alterations in microglia and
astrocyte morphology and mRNA levels for inflammatory related
genes. At 6 months of age, no morphological differences were observed and mRNA levels were not significantly different in HIV-1
Tg rats as compared to controls for Iba-1, IL-10, ICAM, CXCR3,
IL-1a, IL-1b, IL-1RA, IL-6, TGFb. Thus, the data supports an effect
upon dopaminergic system however, this is a progressive change
and does not appear to be preceded by a pro-inflammatory response.

2018 Transactions of the American Society for Neurochemistry ®

PS11-05
ER STRESS INHIBITS NONSENSE MEDIATED DECAY
Jeff Li
University of California Riverside, Biomedical Science, Riverside,
USA
Nonsense-mediated RNA decay (NMD) selectively degrades
mutated and aberrantly processed transcripts that contain premature
termination codons (PTC). Cellular NMD activity is typically
assessed using exogenous PTC-containing reporters. Guided by that
NMD directly targets some endogenous alternatively spliced transcripts, we developed a broadly applicable strategy to reliably and
conveniently monitor changes in cellular NMD activity after
overcoming inherently problematic aspects of assaying endogenous
NMD targets. Our new method was validated genetically for distinguishing NMD regulation from transcriptional control and alternative splicing regulation. Applying this robust method for
screening, we identified NMD-inhibiting stressors and also found
that NMD inactivation was not universal to cellular stresses. The
high sensitivity and broad dynamic range of our method revealed a
strong correlation between NMD inhibition, endoplasmic reticulum
(ER) stress and polysome disassembly upon thapsigargin treatment
in a temporal and dose-dependent manner. We found little evidence
of calcium signaling mediating thapsigargin-induced NMD
inhibition as previously reported. Instead, we discovered that of the
three unfolded protein response (UPR) pathways activated by
thapsigargin, mainly protein kinase RNA-like endoplasmic
reticulum kinase (PERK) was required for NMD inhibition. Finally,
we reported that ER stress compounded TDP-43 depletion in the
upregulation of cryptic NMD isoforms that have been implicated in
the pathogenic mechanisms of amyotrophic lateral sclerosis and
frontotemporal dementia.

PS11-06
REGULATION OF DROSOPHILA NMNAT BY MIR-1002
Joun Park, Kai Ruan, Yi Zhu, Chong Li, Jennifer Brazill
R. Grace Zhai
University of Miami Miller School of Medicine, Department of
Pharmacology, Miami, USA
Nicotinamide mononucleotide adenylyltransferase (NMNAT) is
an essential enzyme found in every cell on the planet. It catalyzes
the formation of NAD+, an essential biomolecule in many processes
throughout the cell. In addition, NMNAT has been found to have
highly conserved neuroprotective functions due to its chaperone
functions. While humans have 3 NMNAT genes, Drosophila
Melanogaster has a single NMNAT gene. Drosophila NMNAT premRNA has 7 exons and is spliced into 2 mRNA variants, RA and
RB. A previous study has shown that complementary sequences in
the 4th intron and 5th exon (Box 1 and Box 2, respectively) must
base-pair to form a stem-loop to splice out the 5th exon, thus
forming the RA mRNA variant. When the stem-loop is not formed,
the 5th exon is preferentially spliced in, producing the RB variant.
Here we present dme-miR-1002, a microRNA with the ability to
influence the splicing of NMNAT. miR-1002’s binding sequence on
NMNAT RB 3’UTR overlaps with Box 2 in the 5th exon of NMNAT
pre-mRNA, thus blocking the formation of the stem-loop. This interferes with the splicing of exon 5, and upregulates NMNAT RB.
__________________
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We have found that miR-1002 does not affect NMNAT mRNA
stability in the canonical 3'UTR microRNA downregulation
pathway. However, we have found that miR-1002 promotes the
splicing of NMNAT into the RB variant, and this process is dependent on miR-1002 binding to its seed sequence in exon 5 of
NMNAT pre-mRNA.This work presents a novel mechanism
through which microRNAs can regulate gene expression. By
influencing the splicing of genes, this work opens a new level
through which microRNAs can control mRNAs.

PS11-07
THE WMN1 ENHANCER REGION IN INTRON 1 IS
REQUIRED FOR EXPRESSION OF HUMAN PLP1
Pankaj Patyal, Hamdan Hamdan, Nermian Kockara, Patricia Wight
University of Arkansas for Medical Sciences, Physiology and
Biophysics, Little Rock, USA
The myelin proteolipid protein gene (PLP1) encodes the most
abundant protein present in myelin from the central nervous system
(CNS). Its expression must be tightly controlled as evidenced by
mutations that alter PLP1 dosage; both overexpression (elevated
PLP1 copy number) and lack thereof (PLP1 deletion) result in Xlinked genetic disorders in man. However, not much is known about
the mechanisms that govern expression of the human gene. To
address this, transgenic mice were generated which utilize human
PLP1 (hPLP1) sequences [proximal 6.2 kb of 5´-flanking DNA to
the first 38 bp of exon 2] to drive expression of a lacZ reporter
cassette. LoxP sites were incorporated around a 1.5-kb section of
hPLP1 intron 1 since it contains sequence orthologous to the wmN1
region from mouse which, previously, was shown to augment expression of a minimally-promoted transgene coincident with the
active myelination period of CNS development. Frt sites were also
incorporated in hPLP1 intron 1 in order to remove most of the
(8,579 bp) intron. Eight transgenic lines were generated with the
parental, 6.2hPLP(+)Z/FL, transgene. All lines expressed the transgene appropriately in brain as evidenced by staining with X-gal in
white matter regions and olfactory bulb. Immunostaining against
cell-type-specific markers revealed that the 6.2hPLP(+)Z/FL transgene is expressed in oligodendrocytes and oligodendrocyte precursor cells (OPCs), as well as in olfactory ensheathing cells
(OECs) and neurons. Removal of the ‘wmN1’ region from
6.2hPLP(+)Z/FL with a ubiquitously expressed Cre-driver caused a
dramatic reduction in β-gal activity, throughout development, in the
resulting 6.2hPLPΔwmN1 subline. These results demonstrate for
the first time that the wmN1 enhancer region: (i) is functional in
hPLP1; (ii) works in collaboration with its native promoter – not
just a basal heterologous promoter; (iii) is required for high levels of
hPLP1 gene activity; (iv) has a broader effect, both spatially and
temporally, than originally projected with mouse Plp1 (mPlp1).
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PS11-08
HISTONE HYPERVARIANTS H2A.Z.1 AND H2A.Z.2 PLAY
INDEPENDENT ROLES IN NEURONAL
ACTIVITY-INDUCED TRANSCRIPTIONAL PROGRAMS
Ramen Saha, Carissa Dunn
University of California Merced, MCB, Merced, USA
The histone variant H2A.Z is an essential and conserved regulator
of eukaryotic gene transcription. However, the exact role of this
histone in the transcriptional process remains perplexing. In
vertebrates, H2A.Z has two hypervariants, H2A.Z.1 and H2A.Z.2,
that have almost identical sequences except for three amino acid
residues. Due to such similarity, functional specificity of these
hypervariants in neurobiological processes, if any, remain largely
unknown. In this study with dissociated rat cortical neurons, we investigated functions of H2A.Z hypervariants in regulating basal and
activity-induced gene transcription. Hypervariant-specific RNAi
and microarray analyses revealed that H2A.Z.1 and H2A.Z.2 regulate basal expression of largely nonoverlapping gene sets, including
genes that code for several synaptic proteins. In response to neuronal activity, rapid transcription of our model gene Arc is impaired
by depletion of H2A.Z.2, but not H2A.Z.1. This impairment is
partially rescued by codepletion of the H2A.Z chaperone, ANP32E.
In contrast, under a different context (after 48 h of tetrodotoxin,
TTX), rapid transcription of Arc is impaired by depletion of either
hypervariant. Such context-dependent roles of H2A.Z hypervariants, as revealed by our multiplexed gene expression assays, are
also evident with several other immediate early genes, where regulatory roles of these hypervariants vary from gene to gene under
different conditions. Together, our data suggest that H2A.Z hypervariants have context-specific roles that complement each other to
mediate activity-induced neuronal gene transcriptional programs.

PS11-09
BRAIN IRON LOADING ALTERS GABAERGIC FUNCTION
AND IMPAIRS DNA METHYLATION
Qi Ye1, Malav Trivedi2, Helal Alsulimani1, Richard Deth2
Jonghan Kim1
1
Northeastern university, Pharmaceutical Science, Boston, USA
2
Nova Southeastern University, Pharmaceutical Science, Fort
Lauderdale-Davie, USA
Mounting evidence has suggested that epigenetic dysregulation
plays an important role in abnormal neurochemical signaling in
psychiatric disorders. Since many processes in the epigenetic regulation are coupled with cellular redox metabolism, any factors that
perturb cellular redox environment could trigger epigenetic
dysregulation and promote psychiatric-like behavior. Iron is an
essential metal for brain function, but excess iron induces oxidative
stress. Although several studies have demonstrated an association
between iron overload and psychiatric disorders, the exact mechanism remains elusive. The goal of our study is to investigate the role
of iron in the epigenetic regulation of neurochemical pathways and
psychiatric-like behavior. The H67D HFE-mutant mice, a model of
brain iron accumulation, and their control wild-type mice were
examined for anxiety/impulsivity behavior using an elevated plus
maze. H67D mice exhibited reduced anxiety-like behavior by 70%.
We further quantified the levels of labile (redox-active) iron in the
__________________
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brain by fluorescence-based assay. The labile iron levels were increased by 32% in the H67D brain. Consistently, the H67D brain
showed increased isoprostane, a marker for oxidative stress, by
57%. To explore if decreased anxiety-like behavior in H67D mice
was due to impaired GABAergic function, we quantified the levels
of GABA and GABA-associated molecules in the brain. H67D mice
displayed decreased GABA by 32% with up-regulation of GABA-A
receptor α2 subunits (GABRA-α2) by 93% in the brain. Moreover,
__________________
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levels of methylated DNA in the whole brain were decreased by
21% in H67D mice. In addition, the levels of DNA methyltransferase (DNMT-1), the primary enzyme for gene methylation, were
reduced by 10% (p = 0.001). These results indicate that iron loading
in the brain impairs DNMT-1 and thereby causes hypomethylation
in DNA, which up-regulates the expression of GABRA-α2 and promotes abnormal emotion behavior.
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PS12-01
DISTINCT INHIBITORY REGULATION OF DENTATE
GRANULE AND SEMILUNAR GRANULE CELLS
Milad Afrasiabi, Viji Santhakumar
Rutgers, New Jersey Medical School, Pharmacology, Physiology
and Neurosicence, Jersey City, USA
The dentate gyrus has been proposed to serve as a functional
“gate” that regulates inputs into the hippocampus. Apart from the
classical dentate projection neurons, Granule Cells (GCs), recent
studies have identified a new group of excitatory neurons,
Semilunar Granule Cells (SGCs). SGCs support feedback inhibition
of GCs and thereby maintain the dentate gate. We previously
reported that SGCs receive higher frequency of spontaneous
inhibitory post-synaptic currents (sIPSCs) than GCs, and unlike
GCs, show reduced sIPSCs frequency after brain injury, indicating
distinctive inhibitory regulation of the two cell types. Based on their
morphology, we propose that SGCs are not under the strong gating
feedback inhibitory regulation as GCs. Here we examined whether
parvalbumin-expressing presumed fast-spiking interneurons (PVIN) and GABAergic neurons expressing the cannabinoid receptor
type 1 (CB1R) have differential contribution to basal and evoked
synaptic inhibition in SGCs and GCs. Consistent with data from
rats, whole cell recordings and biocytin immunostaining in hippocampal sections from mice showed that SGCs can be distinguished
from GCs by somato-dendritic structure and intrinsic physiology.
SGCs receive significantly higher sIPSCs than GCs and show
sustained firing upon perforant path (PP) activation. In contrast, PP
activation resulted in greater and more sustained increase in IPSCs
in GCs compared to SGCs. Optogenetic silencing of PV-INs failed
to reduce sIPSC frequency in SGCs while optogenetic activation of
them resulted in a greater increase in sIPSC frequency in GCs than
in SGCs (GC: 719.13±141.61%, n=14, SGC: 355.59±40.16%,
n=14, p=0.02 by t-test). WIN-2 (a CB1R agonist) failed to reduce
baseline sIPSC frequency in both cell types showing that CB1R
sensitive interneurons, which include dentate CCK-expressing and
total molecular layer (TML) interneurons, have limited contribution
to baseline sIPSC frequency in GCs or SGCs. Our data demonstrate
that SGC have limited baseline and evoked inhibition from PV interneurons and may elude the robust dentate inhibitory gate.

PS12-02
BEHAVIOURAL TAGGING: A NOVEL APPROACH FOR
UNDERSTANDING THE UNDERLYING MECHANISM OF
LONG TERM MEMORY FORMATION
Mehar Naseem, Suhel parvez
Jamia hamdard university, Department of toxicology, Delhi, India
Memory formation and its consolidation is one of the most
fundamental processes of brain and to understand the underlying
mechanism is the fundamental goal of neuroscience. We aimed to
investigate the novel mechanism of “Behavioural Tagging” which is
thought to be involved in long term memory (LTM) formation and
to find the key factors playing role in consolidation of LTM.
Behavioural tagging is a process which explains how to stabilize
short-term memory induced by a weak stimulus and transforms it
__________________
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into long lasting memories when exposed to a novel environment in
a critical time window. Here we have shown that how the process of
“Behavioural Tagging” provides both setting of learning tags as
well as synthesis of plasticity related proteins (PRPs) to stabilize
LTM in adult Wistar rats. Therefore the expression of these LTP
specific PRPs at the cellular as well as molecular level have been
shown to play a significant role in both maintaining long term potentiation (LTP) and memory storage. Furthermore to confirm the
relationship between behavioural tagging, PRPs and LTM, we investigated the effects of PRPs inhibitor. The results here indicate
that memory consolidation-like events take place in various regions
of the brain including prefrontal cortex and these LTP-specific PRPs
are critical for the consolidation of an abiding plasticity and
memory storage which are the essential components in LTM
formation.
Acknowledgement: M.N. was supported by a Senior Research
Fellowship from UGC Maulana Azad National Fellowship Program. DST-SERB is gratefully acknowledged for providing funding
to SP.

PS12-03
NEURAL CIRCUITS UNDERLYING MOUSE DEFENSIVE
BEHAVIOR IN RESPONSE TO PREDATOR ODOR CUES
Crystal Pontrello, Tyler Vahedi-Hunter, Martin Riccomagno
Sachiko Haga-Yamanaka
University of California, Riverside, Molecular, Cell and Systems
Biology, Riverside, USA
Animal behavior is triggered by external environmental cues. The
brain mechanisms responsible for generating specific and appropriate behavioral output in response to these cues are still unknown.
Animals display innate defensive behaviors such as risk assessment
and freezing in response to predator odor cues. However, the odor
cue from a single predator species can evoke a range of fear behaviors with different intensities, and conversely, different predator
odors can elicit one specific behavioral response. The way in which
the type and strength of behavioral output is determined has not
been revealed. In order to answer this question, we aim to understand the correlation between predator cue-driven neural activation
and behavioral output. In this study, we exposed mice to the saliva
of several different cats and observed their behavioral responses and
patterns of neuronal activation. Using mice that stably express
tdTomato in cFos-positive neurons (Targeted Recombination in
Active Populations, TRAP mice), we found that the number of
activated neurons in several brain regions such as the hypothalamus
and the amygdala correlated with the degree of defensive behavior
exhibited by the mouse. This suggests that the extent of neuronal
activation within this circuit determines the strength of the behavioral output. Our future studies will use genetic tools such as
Designer Receptors Exclusively Activated by Designer Drugs
(DREADD) to modify neuronal activity and drive different degrees
of fear behavior. Our study will uncover neural mechanisms underlying behavioral decision making in response to external predator
odor cues.
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PS13-01
ENDOCANNABINOIDS CONTROL GUT-BRAIN SATIATION
SIGNALING
Donovan Argueta, Nicholas V. DiPatrizio
University of California, Riverside, Biomedical Sciences, Riverside,
USA
The brain dynamically integrates peripheral signals to maintain
food intake and energy balance. Recent work from our lab suggests
a novel gut-brain signaling pathway, mediated by the endocannabinoid (eCB) system, that controls food intake and becomes
remodeled in a rodent model of western diet-induced obesity
(WDIO). We tested the hypothesis that gut-derived eCBs promote
feeding and body weight gain in WDIO by a mechanism that
includes inhibiting release of gut-derived satiation signals, which
communicate with the brain via the vagus nerve to control food intake. Separate groups of mice were fed standard low-fat and sugar
chow or high-fat and sugar “western diet” for 60 days. Behavioral
analysis of feeding patterns was assessed for 24h following treatment with the peripherally-restricted neutral cannabinoid type 1
receptor (CB1R) antagonist, AM6545, the cholecystokinin A
receptor (CCK-A) antagonist, devazepide, or in combination.
Levels of eCBs were quantified in intestinal tissues and blood via
UPLC/MS/MS in standard and western diet fed mice. To evaluate
whether eCB signaling at intestinal CB1Rs control the release of the
gut-derived satiation peptide, cholecystokinin (CCK), levels of
CCK-8 were quantified in blood plasma by standard ELISA following treatment with AM6545. When compared to standard dietfed mice, WDIO mice displayed increases in daily caloric intake
that resulted from larger meal sizes and rates of feeding, an effect
met with increased levels of the eCB, 2-AG, in intestinal tissues and
blood. Inhibition of this signaling with AM6545 completely
normalized feeding patterns to levels found in control mice, and led
to increased circulating levels of CCK-8. Furthermore, inhibiting
CCK-A receptors with devazepide completely blocked the effects of
AM6545 treatment on feeding. Our studies suggest that hyperphagia
associated with WDIO is driven by an enhancement in eCB signaling at CB1Rs in the gut, which inhibits release of CCK from
enteroendocrine cells in the upper intestine during a meal and drives
overeating by delaying satiation.

PS13-02
MODULATION OF MICROGLIA POLARIZATION BY
SPHINGOLIPID
Guanghu Wang, Liansheng Zhong, Haiyan Qin, Ahmed Elsherbini
Erhard Bieberich
University of Kentucky, Physiology, Lexington, USA
Microglia activation and neuroinflammation plays key roles in
neurodegenerative diseases. We present evident here that the
sphinster homolog 2 (Spns2), a S1P transporter, regulates microglia
states in vitro and in vivo. Spns2 deficiency in primarily cultured
microglial cells significantly reduced the production of inflammatory cytokines, while increased anti-inflammatory cytokines,
induced by lipopolysaccharide (LPS) and amyloid beta peptide1-42
(Aβ42) oligomers. This regulation is accompanied by altered Tolllike receptor 4/nuclear factor kappa B (TLR-4/NFκB) signaling,
__________________
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shown by reduced levels of phosphorylated P65 (pP65). To study
the in vivo effect of Spns2KO on microglia activation, we
stereotactically administered Aβ42 oligomers into mouse brains.
After 6 weeks, Spns2 deficient brains showed significantly reduced
microglia activation labeled by IBA1. More interestingly, Spns2
deficiency ameliorated working memory deficit that was caused by
Aβ42. These results show that Spns2/S1P signaling mediates the
polarization states of microglia during neuroinflammation, and
plays a potentially crucial role in AD pathology. (Supported by a
Scientist Development Grant from American Heart Association
National Center and a Biomedical Research Grant from American
Lung Association to GW and NIH R01 5R01AG034389 to EB).

PS13-03
EFFECTS OF MATERNAL DOCOSAHEXAENOIC ACID
(DHA) SUPPLEMENTATION ON FATTY ACIDS AND LIPID
PEROXIDATION PRODUCTS IN OFFSPRING MOUSE
Bo Yang, Runting Li, Kevin Fritsche, David Beversdorf, Grace Sun
Michael Greenlief
University of Missouri-Columbia, Department of Chemistry,
Columbia, USA
Docosahexaenoic acid (DHA, 22:6n3) and arachidonic acid (AA,
20:4n6) are the predominant polyunsaturated fatty acids (PUFAs)
found within the brain, each comprising around 10% of the total
fatty acids present. Dietary supplementation of DHA has shown
beneficial effects, including alleviating autism-associated behaviors
in a gene/stress mouse model, but the mechanism(s) of action has
not been fully understood. The 4-hydroxyalkenal species are a class
of peroxidation products of PUFAs resulting from complex
enzymatic and non-enzymatic reactions during physiological and
pathophysiological processes. Recent studies have focused on 4hydroxy hexenal (4-HHE) and 4-hydroxy nonenal (4-HNE) which
are non-enzymatic peroxidation products of DHA and AA,
respectively. These compounds exhibit electrophilic properties and
can form adducts with proteins, DNA and lipids. Recently, we developed and validated a targeted LC-MS/MS method to selectively
and simultaneously analyze 4-HHE and 4-HNE in cells and biological matrices. In this study, we determined the levels of these
alkenals in plasma, heart, and brain tissue of weanling pups after
being nursed by mothers administered DHA in the maternal diet.
Results revealed a significant increase in 4-HHE and decrease in 4HNE levels and a 7- and 5- fold increase in 4-HHE/4-HNE ratios in
plasma and heart, respectively, of the DHA offspring. Analysis of
brain tissue indicated a significant increase of 4-HHE levels in the
cortex and hippocampus, but not in cerebellum, suggesting
differences in lipid peroxidation within brain regions. Consistent
with the results of lipid peroxidation products, analysis of fatty
acids by gas chromatography (GC) revealed a significant increase in
DHA and decrease in AA levels in offspring plasma, heart and brain
regions. Taken together, this study demonstrates how maternal
supplementation of DHA can influence PUFAs concentrations and
their lipid peroxidation products in brain and body organs. This
work also provides new information regarding the use of 4-HHE/4HNE ratios as a biomarker for assessing effects of DHA under
physiological and pathological conditions.__________________
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PS13-04

PS13-05

A NOVEL INTERACTION BETWEEN PMP22 AND ABCA1
IN REGULATING CHOLESTEROL TRAFFICKING
Ye Zhou1, Sooyeon Lee1, Joshua Miles2, Hagai Tavori2
Sergio Fazio2, Lucia Notterpek1
1
University of Florida, Neuroscience, Gainesville, USA
2
Oregon Health and Science University, Medicine , Oregon, USA

NOVEL FUNCTION OF CERAMIDE FOR REGULATION OF
MITOCHONDRIAL ATP RELEASE IN ASTROCYTES
Erhard Bieberich1, Ji Na Kong2, Zhihui Zhu1, Yutaka Itokazu3
Guanghu Wang1, Michael Dinkins3, Ahmed Elsherbini1
Liansheng Zhong1, 4, Xue Jiang1, 5, Haiyan Qin1, Hsuan-Pei Lin1
Silvia Leanhart3, Wenbo Zhi3, Stefka Spassieva1
1
University of Kentucky, Department of Physiology, Lexington, USA
2
Massachusetts Institute of Technology, Department of Biology,
Cambridge , USA
3
Augusta University, Department of Neuroscience, Augusta, USA
4
China Medical University, College of Basic Meicine, Shenyang,
USA
5
China Medical University, College of Rehabilitation, Shenyang,
USA

The absence of peripheral myelin protein 22 (PMP22) is associated with shortened lifespan in rodents, and severe peripheral nerve
myelin abnormalities in various species. Cells of several tissues
from PMP22 knock-out (PMP22 KO) mice show perturbed cholesterol localization and atypical lipid raft morphology, suggesting an
unexpected role of this protein in cellular lipid metabolism. To
understand the mechanism by which PMP22 affects cholesterol
metabolism, we studied cells and tissues from wild-type (WT) and
PMP22 KO mice. Schwann cells cultured from PMP22 KO mice
exhibited marked cholesterol accumulation in the Golgi, accompanied with reduced membrane-associated cholesterol, compared to
controls. These findings were also evident in liver tissue slices,
cultured hepatocytes and embryonic fibroblasts. Additionally, protein and mRNA levels of the cholesterol carrier protein apolipoprotein E (apoE) and the cholesterol efflux transporter ATP-binding
cassette A1 (ABCA1) were significantly upregulated (3-fold and 9fold, respectively) in the absence of PMP22. Conversely, in nerve
lysates from ABCA1 KO mice, we found an ~1.5-fold increase in
PMP22 levels. Immunoprecipitation assays in nerve and Schwann
cell lysates from WT mice revealed that ABCA1 and PMP22 are
directly interacting, or are constituents of the same protein complex.
Functionally, apoE secretion from cultured PMP22 KO Schwann
cells over a 24 h assay period was reduced by ~30% compared to
WT. Furthermore, PMP22-deficient cells displayed a muted response to pharmacological activation of ABCA1 via 8-BromocAMP, an effect that was observed both as cholesterol efflux and as
cellular morphological change. Interestingly, the expression of lowdensity-lipoprotein receptor (LDLR) protein and LDLR-dependent
cholesterol intake were not affected in PMP22 KO Schwann cells.
Finally, the overload of PMP22 KO cells with cholesterol and their
reduced ability to efflux cholesterol resulted in a reduction of cholesterol regulatory mechanisms (SREBP2 pathway). Our results
indicate that PMP22 regulates cholesterol localization and efflux via
a novel and perhaps targetable functional interplay with ABCA1.
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We reported that amyloid beta peptide (Aβ42) activated neutral
sphingomyelinase 2 (nSMase2) thereby increasing the concentration
of the sphingolipid ceramide in astrocytes. Here, we show that Aβ42
induced mitochondrial fragmentation in wild type astrocytes, but
not in nSMase2-deficient cells or astrocytes treated with Fumonisin
B1 (FB1), an inhibitor of ceramide synthases. Unexpectedly,
ceramide depletion was concurrent with rapid movements of mitochondria, indicating an unknown function of ceramide for mitochondria. Using immunocytochemistry and super resolution microscopy we detected ceramide-enriched and mitochondria-associated
membranes (CEMAMs) that were codistributed with microtubules.
Interaction of ceramide with tubulin was confirmed by cross-linking
to pacFACer, a bifunctional ceramide analog, and binding of tubulin
to ceramide-linked agarose beads. Ceramide-associated tubulin
(CAT) translocated from the perinuclear region to peripheral
CEMAMs and mitochondria, which was prevented in nSMase2deficient or FB1-treated astrocytes. Proximity ligation and
coimmunoprecipitation assays showed that ceramide depletion reduced association of tubulin with voltage-dependent anion channel
1 (VDAC1), an interaction known to block mitochondrial ADP/ATP
transport. Ceramide-depleted astrocytes contained higher levels of
ATP, suggesting that ceramide-induced CAT formation leads to
VDAC1 closure, thereby reducing mitochondrial ATP release, and
potentially motility and resistance to Aβ42. Our data also indicate
that inhibiting ceramide generation may protect mitochondria in
Alzheimer’s disease. This work was funded by NIH grants
R01AG034389 and R01NS095215, and NSF grant 1615874
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THE DIVALENT METAL TRANSPORTER 1 (DMT1) IS
REQUIRED FOR ADEQUATE OLIGODENDROCYTE
PROGENITOR CELL MATURATION AND MYELINATION
Veronica Cheli1, Leandro Marziali1, 2, Diara Santiago González1
Norma Zamora1, Juana Pasquini2, Pablo Paez1
1
HJKRI - SUNY at Buffalo, Pharmacology & Toxicology, Buffalo,
USA
2
School of Pharmacy and Biochemistry, University of Buenos Aires,
Department of Biological Chemistry, Biological and Physical
Chemistry Institute, Buenos Aires, Argentina
The Divalent Metal Transporter 1 (DMT1) is a multi-metal transporter with a primary role in iron transport. Even though DMT1 has
been previously described in the CNS nothing is known about the
role of this iron transporter in oligodendrocyte maturation and myelination. We have found that DMT1 is upregulated during the development of the oligodendrocyte. In vitro, oligodendrocyte progenitor cells (OPCs) showed low levels of DMT1 expression but
higher quantities of this metal transporter were found in mature
oligodendrocytes. Blocking DMT1 production with siRNAs or by
the Cre-lox system reduce oligodendrocyte iron uptake and significantly delay OPC development in primary cultures. In vivo, a significant hipomyelination was found in DMT1 conditional knockout
mice in which DMT1 was postnatally deleted in OPCs. The brain of
DMT1 knockout animals presented an important decrease in the expression levels of myelin proteins and a substantial reduction in the
percentage of myelinated axons. This reduced postnatal myelination
was accompanied by a significant decrease in the number of myelinating oligodendrocytes and with a rise in proliferating OPCs.
Finally, using the cuprizone model of demyelination we established
that DMT1 deletion in OPCs lead to less efficient remyelination of
the adult brain. These results indicate that DMT1 is important for an
appropriate OPC maturation and suggest that this iron transporter is
essential for the normal myelination of the mouse brain.

PS14-02
ENHANCED OLIGODENDROCYTE MATURATION AND
MYELINATION IN A MOUSE MODEL OF TIMOTHY
SYNDROME
Diara Santiago-González, Veronica Cheli, Norma Zamora
Vilma Spreuer, Pablo Paez
University at Buffalo, Pharmacology and Toxicology, Buffalo, USA
To study the role of L-type voltage-gated Ca++ channels in oligodendrocyte development, we used a mouse model of Timothy syndrome (TS) in which a gain-of-function mutation in the α1 subunit
of the L-type Ca++ channel Cav1.2 gives rise to an autism spectrum
disorder (ASD). Oligodendrocyte progenitor cells (OPCs) isolated
from the cortex of TS mice showed greater L-type Ca++ influx and
displayed characteristics suggestive of advanced maturation compared to control OPCs, including a more complex morphology and
higher levels of myelin protein expression. Consistent with this, expression of Cav1.2 channels bearing the TS mutation in wild-type
OPCs triggered process formation and promoted oligodendrocyteneuron interaction via the activation of Ca++/calmodulin-dependent
__________________
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protein kinase II. To ascertain whether accelerated OPC maturation
correlated with functional enhancements, we examined myelination
in the TS brain at different postnatal time points. The expression of
myelin proteins was significantly higher in the corpus callosum,
cortex and striatum of TS animals, and immunohistochemical
analysis for oligodendrocyte stage-specific markers revealed an increase in the density of myelinating oligodendrocytes in several
areas of the TS brain. Along the same line, electron microscopy
studies in the corpus callosum of TS animals showed significant increases both in the percentage of myelinated axons and in the
thickness of myelin sheaths. In summary, these data indicate that
OPC development and oligodendrocyte myelination is enhanced in
the brain of TS mice, and suggests that this mouse model of a
syndromic ASD is a useful tool to explore the role of L-type Ca++
channels in myelination.

PS14-03
SELECTIVE AXONAL TRANSLATION OF PRENYLATED
CDC42 MRNA ISOFORM SUPPORTS AXON GROWTH
Seung Joon Lee1, Amar Kar1, Riki Kawaguchi2, Priyanka Patel1
Pabitra Sahoo1, Kelsey Lantz1, Caylee McCain1, Giovanni Coppola2
Qun Lu3, Jeffery Twiss1
1
University of South Carolina, Biology, Columbia, USA
2
University of California, Los Angeles, Psychiatry, Los Angeles,
USA
3
Eastern Carolina University, Anatomy and Cell Biology,
Greenville, USA
The small Rho-family GTPase Cdc42 has long been known to
have a role in cell motility and axon growth. The eukaryotic cdc42
gene encodes for two different mRNAs with different C-termini and
different 3’UTRs. These C-termini have motifs for the post-translational modifications, prenylation and palmitoylation, and the
palmitoylated-Cdc42 was shown to contribute to dendrite maturation while the prenylated-Cdc42 contributes to axon specification in
hippocampal neurons. These two Cdc42 mRNA isoforms also have
different 3’UTRs and we show that the mRNA encoding prenylatedCdc42 isoform preferentially localizes into axons. The prenylatedCdc42 and not the palmitoylated-Cdc42 supports axon growth in
cultured sensory neurons, and this growth promotion requires
axonal localization of the encoding mRNA. Using siRNA rescue
approaches, we show that targeting the palmitoylated Cdc42 mRNA
into axons by 3’UTR swapping or mutating the prenylation site in
the axonally localizing mRNA shows only partial rescue when both
Cdc42 isoforms are depleted, indicating that both intra-axonal translation and intact CaaX motif for prenylation are required for the full
growth promoting effects of Cdc42.
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PS14-04
EXPERIMENTAL AUTOIMMUNE ENCEPHALOMYELITIS
EXHIBITS WORSENED VISUAL SYSTEM PATHOLOGY
COMPARED TO CUPRIZONE INDUCED DEMYELINATION
Maria Sekyi, Kelli Lauderdale, Joselyn Soto, Hawra Karim
Anna Khalaj, Seema Tiwari-Woodruff
University of California - Riverside, Bioengineering, Riverside,
USA
Visual pathology, a prevalent feature of multiple sclerosis (MS), is
characterized by impaired visual function, inflammation, demyelination, and axonal damage. Although minimally-invasive visual
assessments are increasingly used clinically to assess disease course
in MS patients, longitudinal studies investigating visual pathology
in mouse models are lacking. The lymphocyte-mediated chronic
experimental autoimmune encephalomyelitis (EAE) and the nonlymphocyte mediated cuprizone (CPZ) demyelination model may
have differential effects on visual pathway pathology due to the
enhanced inflammatory environment in EAE.
To investigate visual pathway pathology in EAE and CPZ models,
minimally invasive longitudinal optical coherence tomography
(OCT), electroretinograms (ERG), and visually evoked potentials
(VEP) data were collected on PLP-eGFP and C57BL/6 mice fed
0.2% CPZ or induced with EAE at early, peak, and late disease
stages. Immunohistochemistry was performed for assessment of
visual pathway structures.
Longitudinal assessment of retinal structures and visual pathway
function reveal significantly increased visual pathway pathology
and severity in the MOG-EAE mouse model compared to the CPZ
demyelination model. This indicates that inflammatory
lymphocytes, a key aspect of EAE pathology absent from CPZ
pathology, may exacerbate demyelination-induced changes to visual
pathway conduction.
Because MS is an inflammatory, demyelinating and neurodegenerative disease, understanding differences in visual pathology
in these two models is vital for studying MS pathology, developing
pharmacological targets and testing potential pharmaceuticals.

PS14-05
LOCAL OLIGODENDROCYTE ABLATION LEADS TO
DEMYELINATION AND FUNCTIONAL DAMAGE IN THE
MOUSE OPTIC NERVE
Ahdeah Pajoohesh-Ganji, Ranjit Bhangu, Annika Balraj
Kathryn Burke, Robert Miller
The George Washington Unoversity, Anatomy and Cell Biology,
Washington, USA
Multiple sclerosis (MS) is a neurodegenerative autoimmune disease characterized by loss of oligodendrocytes (OLs) and myelin
affecting axonal health and disturbing neuronal communication. In
order to study the direct effects of oligodendrocyte ablation and
demyelination on neurons independent of inflammation, we have
used intravitreous injections in a transgenic mouse model (mBPiCP9) in which apoptosis in a subset of Dsred mature OLs was
achieved by utilizing a chemical inducer of dimerization (CID).
Data indicate that intravitreous CID injection leads to oligodendrocytes apoptosis in the optic nerve, a 32% demyelination, and axonal
damage resulting in functional changes in the optic nerve and gene
__________________
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expression differences in the retina. Future RNA-seq studies from
FACS isolated retinal ganglion cells (RGCs) will determine whether
oligodendrocyte ablation and demyelination in the optic nerve can
cause changes in gene expression profiles of the RGCs.

PS14-06
IL-1 AND NEDD8 DEMONSTRATE DIVERGENT EFFECTS
ON PARKIN AND PINK1
Sue Griffin1, Paul Parcon1, Meenakshisundaram Balasubramaniam1
Chhanda Bose1, Martin Farlow3, Robert Mrak2
1
UAMS/CAVHS, Reynolds Institute on Aging, UAMS, Little Rock,
AR, USA
2
University of Toledo, Department of Pathology, Toledo, OH, USA
3
Indiana University School of Medicine, Department of Neurology,
Indianapolis, IN, USA
Ubiquitin-like modifier NEDD8 upregulates activity of E3
ubiquitin ligases, including parkin. In addition, inflammatory cytokines, specifically IL-1β, are known drivers of neurodegenerative
diseases, including Alzheimer’s and Parkinson’s. We hypothesize
that neuroinflammation affects the parkin/PINK1 system through
NEDD8. We note that parkin is aggregated in neurons in Alzheimer’s disease (AD) brain compared to age-matched control
(AMC). Further, parkin-tau aggregates are very prominent in AD
neurons and are surrounded by IL-1-overexpressing glia. In AD
mouse model PD-APP, we found that parkin mRNA levels are
elevated, alongside IL-1α and IL-1β. Treatment with IL-1β also
elevates parkin expression in NT2 cells in culture. This implies that
IL-1-family cytokines serve to elevate parkin activity. As parkin can
be activated by interaction with NEDD8, we found computationally
that NEDD8-parkin interaction leads to increased affinity of parkin
to E2-ubiquitin, which is a more active complex. To elucidate this
idea, we assessed NEDD8 localization in human hippocampus,
finding that NEDD8 is translocated from nucleus-to-cytoplasm in
AD neurons and that AD patients have increased colocalization of
parkin and NEDD8. To determine if IL-1β has a role in this process,
we treated primary rat neurons with IL-1β, finding IL-1β treatment
leads to nuclear-to-cytoplasmic translocation both through immunocytochemistry and subcellular fractionation/Western blot. Further,
IL-1β increased parkin-NEDD8 colocalization, as assessed by PLA.
As PINK1 activity potentiates parkin, we wondered if PINK1 would
be increased by IL-1 treatment, and found to our surprise that IL-1β
treatment led to decreases in PINK1 protein. Furthermore,
computational modeling predicts that NEDD8 could act as a
competitive inhibitor of PINK1 by blocking ubiquitin phosphorylation. As IL-1β appears to lead to increases of parkin activity
and decreases in PINK1 activity, this may explain the mitochondrial
and oxidative damage apparent in AD pathogenesis, and explain in
part how chronic neuroinflammation can lead to neuronal death.
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PS14-07
PIRIFORM CORTEX: AN UNEXPECTED TARGET IN
AUTOIMMUNE EPILEPSY
Samantha Quon, Yelena Grinberg, Juan Tamayo, Jesus Medina
Monica Carson
University of California, Riverside, Biomedical Sciences, Riverside,
USA
Epilepsy therapeutics, which target neuronal signaling, are
ineffective in 30% of patients. Novel treatment approaches are
needed. Recently, T cells were identified in epileptic brain tissue.
However, little is known about the adaptive immune system’s
involvement in epilepsy. A double transgenic mouse line with specific T cell receptors (SFE) that recognize influenza hemagglutinin
(HA) under the glial fibrillary acidic protein promoter (GFAPHA)
serves as a model in which CD4 T cell attack on astrocytes leads to
epileptogenesis. During epileptogenesis, we can detect proinflammatory signaling. Inflammation causes upregulation in GFAP, an
astrocyte protein. IgG is an abundant blood protein that, when found
in brain parenchyma, indicates where the blood brain barrier has
been breached (i.e. where astrocytes failed to function properly). By
comparing GFAP and IgG stains, we can begin to determine which
regions of the brain are being affected by our epilepsy model and
identify seizure foci. We compared GFAP and IgG stains of 13
brains (five GFAPHA/SFE; five SFE; three naïve) at varying
magnification. Quantification of GFAP positive cells per area of interest showed 2.49-fold more (p=0.0002) GFAP+ astrocytes present
in the piriform cortex of epileptic mice. Quantification of the
density of IgG stain showed 4.16-fold more (p=0.0010) IgG present
in the hippocampus and a 4.94-fold increase (p=0.0082) in the
piriform cortex of epileptic mice. Together, these data suggests that
the seizures in our epilepsy model are significantly active in the
piriform cortex and the hippocampus. Understanding more about
epilepsy etiology will help us design more effective therapeutics.

PS14-08
SEX DIFFERENCES IN 5-HT1A R KNOCKOUT AND
WILD-TYPE POST-NATAL ULTRASONIC VOCALIZATIONS,
SYNAPSE ULTRASTRUCTURE AND NEUROGENESIS
Mariya Klauber, Tatyana Budylin, Probal Banerjee
College of Staten Island, Biochemistry, Staten Island, USA
The neurotransmitter serotonin and its signaling through the 5HT1A receptor (5-HT1A-R) has been widely accepted in its
implication in adult anxiety disorders. Women are twice more likely
to be diagnosed with mood disorders than men even in childhood,
raising the possibility that there might be sex specific aberrant 5HT1A-R signaling early on. In the dentate gyrus region of the hippocampus, neurogenesis has a direct relationship to brain serotonin
levels. Mainly studied in adult mice, little has been done to understand neurogenesis in neonatal mice and its effect on later life
anxiety. We analyze postnatal day 8 (P8) 5-HT1A-R knock-out (KO)
and wild-type (WT) mice during peak neurogenesis. We question if
synaptogenesis in the CA1 region of the hippocampus might also be
affected by sex differences in the (KO) mice. Transmission Electron
Microscopy performed on KO and WT mice revealed a sex and
genotypic difference in the amount of synapses per area, as well as
__________________
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post-synaptic density lengths with (KO) females having more
synapses per area. Ultrasonic vocalizations (USVs) emitted by neonates who are separated from their mothers is an important developmental milestone used to study and predict different developmental
brain disorders. We recorded neonatal USVs in (KO) and (WT)
mice on P6, P8, and P10 and analyzed the spectrograms for
different types of calls. Developmental behavioral milestones are
being analyzed to see if neonatal KO and WT mice have aberrant
sex specific behavioral development early on, as well as maternal
retrieval and maternal response to USV call playback. On the open
field test a sex dependent difference was discovered in which KO
female mice spent less time in the combined inner-middle zones
than WT female mice, indicative of less anxious exploratory behavior. On the elevated plus maze, KO males spent significantly
more time in the protected head dipping area, which also correlated
negatively with time spent in the open arms. Further analysis will be
used to show a connection between neonatal behavior, neurobiological phenotypes and adult behavior relative to WT mice.
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AN ASSESSMENT OF OXIDATIVE DAMAGE IN
DIFFERENT REGIONS OF RAT BRAIN WITH ARSENIC
AND PROTECTIVE EFFECT OF VITAMIN E
Bhuvaneswari Devi Chinthirla1, Kiran Kumari Konduru2
1
University of California, Riverside, Molecular, Cell and Systems
Biology, Riverside, USA
2
S.P.W.D&PG College, Zoology, Tirupati, India
Induction of reactive oxygen species by arsenic (As) and
subsequent depletion of antioxidant cell defence can result in disruption of the prooxidant/antioxidant balance in mammalian tissues.
In the present study the albino rats (3 months) were exposed to low
dose of As (2.5 mg/kg body weight) and high dose of As (5 mg/kg
body weight) through intraperitoneal injection daily for a period of
3 weeks. After the period of dosage, the As exposed animals were
divided into two groups of which one group of both the doses were
given Vitamin E at a dose of 5 mg/kg bw for a period of one week.
Then the activity of oxidative enzymes i.e. Superoxide dismutase
(SOD), Glutathione peroxidase (GPx) and level of lipid peroxidation (LPx) were assayed. In this study, it was observed that the
SOD, GPx were decreased significantly with As exposure in
different brain regions (cerebral cortex, cerebellum and hippocampus). Decrease in antioxidant enzymes was more pronounced in
high dose compared to low dose. In this study, we have also observed that the LPx was increased with As exposure. The
supplementation of Vitamin-E showed protective role against toxic
influence of As on both high and low doses in all examined parameters in rat brain regions. In addition to this, we have also
examined the mRNA expression of GPx in brain regions of rats.
The Gpx expression levels were significantly decreased in Asexposure. The effect was more pronounced in high dose of As
exposure. However, supplementation with Vitamin E significantly
reversed the As induced decrease in gene expression levels of GPx.
The recovery in expression was more in low dose when compared
to high dose of As. Our results showed that the Vitamin E offered
protection from arsenic induced oxidative damage more promisingly in cerebral cortex and cerebellum than hippocampus of rat
brain.
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REVERSAL OF PERIPHERAL AND CNS MEDIATED A1
ADENOSINE RECEPTOR HYPOTENSION

DECIPHERING THE COMPLEXITIES OF
NEURODEGENERATION AND NEUROINFLAMMATION
WITH NANOSTRING GENE EXPRESSION PROFILING
Ryan Friese, Kelly Miller, Erin Piazza, Jamie Kuhar
Christina Bailey, Joseph Beechem
Nanostring, Seattle, USA

Bernard Laughlin, Isaac Bailey, Sierra Tagaban, Kelly Drew
University of Alaska Fairbanks, Chemistry, Fairbanks, USA
Introduction: A1 adenosine receptor (A1AR) agonists such as
N6-cyclohexyladenosine (CHA) are known for their neuroprotective and anticonvulsant properties and for modulation of
thermogenesis. We have demonstrated a neuroprotective,
thermolytic effect following systemic administration of CHA combined with the peripherally acting adenosine receptor antagonist, 8(p-sulfophenyl)theophylline (8-SPT). However, A1AR-mediated
cardiovascular side effects limit the translation of this drug class,
and clear understanding of the effects of this drug combination on
hypotension and bradycardia are lacking. CHA delivered into the
CNS increases parasympathetic influence on the heart to produce
bradycardia similar to what is seen during onset of hibernation.
Systemic administration of A1AR agonist produces bradycardia via
direct negative chronotropic and inotropic effects. Evidence also
supports other mechanisms of A1AR agonist modulation of blood
pressure including indirect activation of peripheral β2 adrenergic
receptors and central H1 receptors.
Hypothesis: We test the hypothesis that CHA lowers blood pressure
via increased parasympathetic tone to the heart and direct effects on
the heart.
Methods: Rats were implanted with telemetry transmitters to
monitor Tb, heart rate (HR), mean arterial pressure (MAP) and
administered drugs IP as follows, CHA, 1.0mg/kg, 8-SPT (25.0mg/
kg), Atropine(1.0mg/kg), diphenhydramine(4.0mg/kg), or propranolol (4.0mg/kg), 15min prior to CHA. Cage surface temperature
was initially cooled to 4°C and adjusted to maintain Tb at 32°C.
Results: 8-SPT with atropine reversed hypotension. 8-SPT alone increased rate of resolution in MAP to baseline value. Pretreatment
with propranolol, atropine, or diphenhydramine alone did not
influence MAP. Diphenhydramine with 8-SPT reduced the
magnitude of hypotension (-24% average one hour baseline change
after CHA) compared to pretreatment with 8-SPT (-36%) alone.
Conclusions: Our results suggest that A1AR induced hypotension
is mediated through increased parasympathetic tone to the heart in
addition to direct effect on the heart. Histamine receptor activation
may also play a role, although the resolution of MAP seen may have
been due to the anticholinergic effect of diphenhydramine instead of
H1 receptor antagonism. Reversing hypotension necessitates
addressing both mechanism with atropine and 8-SPT.

2018 Transactions of the American Society for Neurochemistry ®

Neurodegenerative diseases represent a growing health concern
and economic burden as the aging population increases and disease
rates soar. Although early diagnosis and treatment have remained
elusive, much progress has been made by applying molecular
approaches, notably gene expression and proteomic profiling, to
advance our understanding of disease at a mechanistic level.
To address the growing need for biomarkers, gene expression
signatures, and novel drug targets in neurological disease,
NanoString has collaborated with leaders in the field to develop
novel and powerful gene expression tools. These tools bring the
robustness and simplicity of the nCounter® system along with its
expertly curated and data-driven panel development approach to
areas such as Alzheimer’s disease (AD), Parkinson’s disease (PD),
Amyotrophic Lateral Sclerosis (ALS), neuropathic pain, Traumatic
Brain Injury (TBI), and infections of the CNS.
The nCounter® Neuropathology and Neuroinflammation Gene
Expression Panels were used to detect disease specific changes in
gene expression within fresh frozen, formalin-fixed, paraffinembedded (FFPE), blood, and cerebrospinal fluid (CSF) samples.
Our results show robust performance regardless of sample type or
post-mortem interval (PMI) and high concordance between fresh
frozen and fixed samples. Marked changes in gene expression
within key pathways were observed between normal and diseased
patients, correlated with disease progression. Finally, our cell type
profiling analysis enabled the measurement of changes in cell
composition within specific regions of the CNS over various stages
of disease. All data was generated in less than 24 hours from
purified RNA to results using the nCounter Analysis System.
NanoString’s goal is to bring the advanced multiplexed molecular
profiling tools that have accelerated the field of cancer drug development including pathway mapping, predictive biomarkers, biology subtyping, mixed-cell deconvolution and others to help lead
transformational progress in the important field of neuroscience.
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