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Abstract: Normal brain function requires an intricate balance of excitation and inhibition. Local
interneurons that secrete GABA contribute the major inhibitory input to pyramidal neurons in the
cerebral cortex. Cortical inhibitory interneurons show great diversity in their synaptic
connectivity, electrophysiological properties and peptide content and may perform distinct
functions in the cortical circuit. Not surprisingly, alterations in GABAergic function have been
implicated in various psychiatric and neurological conditions, most notably in epilepsy,
schizophrenia, and autism. In spite of their potential significance, GABAergic interneurons have
been seldom studied in postmortem neuropathological examination of pediatric developmental
disorders. A previous study (Fertuzinhos et al, Cerebral Cortex September 2009) showed that in
Holoprosencephaly, a neurodevelopmental disorder with incomplete separation between the right
and the left hemisphere, specific populations of GABAergic interneurons are reduced. The
majority of cortical GABAergic interneurons are produced in the ganglionic eminence (GE), a
neuroproliferative zone overlying the future basal ganglia. To further characterize interneuron
deficit in Holoprosencephaly, we used immunohistochemical markers that label interneurons
produced in the medial (Sox 6) and caudal (COUP-TFII, Calretinin) divisions of the GE.
Preliminary results in a small set of fetal human brains with lobar holoprosencephaly indicate a
complete absence of Sox 6+ neurons and an abnormal distribution of COUP-TFII and
Calretinin+ neurons. These data indicate that different GABAergic proliferative zones are
differentially affected in cases of Alobar Holoprosencephaly.
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Abstract: The recent emergence of Zika virus (ZIKV) has been linked to severe nervous system
abnormalities in infants, such as microcephaly, and the autoimmune disorder, Guillain-Barr¢, in
adults. The World Health Organization predicts that by the end of this year three to four million
people will be infected with the Zika virus, a virus now known to be transmitted by mosquitoes
and through sexual contact in humans. Very little is known regarding the basic biology of this
virus and its implications in the developing brain, fueling the need to investigate the interactions
of ZIKV with neural cells. So far, studies have shown that ZIKV affects the morphology and
survival of neural stem cells and neural progenitor cells. In our study, we sought to assess the
effect of ZIKV on neural stem cells (NSCs) and mature neurons using liquid chromatography-
tandem mass spectrometry (LC-MS/MS) and multielectrode arrays (MEAs), respectively. We
were able to determine the impact of infection on the secreted proteome “secretome” of NSCs as
well as how the infection impacts the neuronal firing capabilities of mature neurons. Our results
show that the ZIKV strain of African lineage is able to replicate in mouse NSCs and leads to a
significant downregulation in secretion of proteins into the extracellular environment. These
studies provide mechanistic detail on how ZIKV impacts the differentiation, survival,
development, and function of neural stem cells and neuronal cultures. Support for this study was
provided by the College of Medicine, the Field Neurosciences Institute, and the John G. Kulhavi
Professorship in Neuroscience at CMU.

Disclosures: O.V. Lossia: None. M.T. Ocean: None. E.D. Petersen: None. B. Srinageshwar:
None. U. Hochgeschwender: None. G.L. Dunbar: None. M.J. Conway: None. J. Rossignol:
None.



Poster

028. Neuronal Morphology and Cell Death

Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 28.03/A3

Topic: A.01. Neurogenesis and Gliogenesis

Title: Apoptotic signaling through p75SNTR in response to BDNF requires Rab5 and JNK
activity

Authors: *C. A. CABEZA, C. ESCUDERO, F. BRONFMAN;
Pontificia Univ. Catolica De Chile, Santiago, Chile

Abstract: Introduction: During the development of the sympathetic nervous system, the p75
neurotrophin receptor (p75NTR) triggers apoptosis upon binding to BDNF. Apoptotic signaling
through p75 requires activation of the stress kinase, JNK that increases the regulated receptor
proteolysis in response to pro-apoptotic ligands. The cleavage facilitated ubiquitination of the
DNA binding protein NRIF, a zinc finger protein that interacts with the intracellular domain of
p75, resulting in nuclear translocation of NRIF. Moreover, this leads a second wave of activation
of JNK. All this is required for a long-term apoptotic signaling of p75. Rab5 regulates the
trafficking of receptors by regulating early endosomes dynamics. Results of our lab have shown
that p75 transiently interacts with the Rab5 positive endosomes in sympathetic neurons (SCGs)
and accumulates in other endocytic organelles. Our aim was to clarify the role of Rab5 positive
endosomes on p75 signaling and the relevance of JNK in retrograde apoptotic signaling of p75.
Material and Methods: We used SCGs prepared from postnatal day one rats. We over-
expressed a constitutively active (Rab5CA) or dominant negative (RabSDN) Rab5 mutants in 6
DIV SCGs and then we treated with BDNF for 30 hrs. We evaluated NRIF translocation and
cleaved caspase-3. Moreover, we used compartmentalized culture of SCGs to evaluate INK
activation in axons. In addition, we used SP600125 a JNK inhibitor to evaluate the role of this
kinase in the internalization and apoptotic signaling of p75. Results: When a Rab5SCA mutant
was expressed, p75 was accumulated in Rab5 positive organelles and we observed an increase
nuclear translocation of NRIF in response to BDNF. Nevertheless, when Rab5 activity was down
regulated by expressing a Rab5SDN a down-regulation of NRIF nuclear translocation and
cleavage of caspase-3 was observed in response to BDNF. Moreover, we evaluated the
retrograde activation of JNK by BDNF. Inhibition of JNK activity by SP600125 decreases the
internalization and apoptotic signaling of p75. Discussion: Our results suggest that although p75
transiently interacts with Rab5 positive endosomes, this interaction is required for BDNF-
mediated NRIF nuclear translocation and cleavage of caspase-3. In addition, we determine a new
role of JNK in the internalization and retrograde apoptotic signaling of p75.
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Title: Ventricular zone disassembly and delamination of radial glia progenitors triggers alpha-
beta hydrolase domain containing 4 (ABHD4)-mediated cell death in the embryonic neocortex
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Abstract: Epithelial-mesenchymal transition (EMT) of epithelial cells and delamination of the
non-radial glia-fated daughter cells after asymmetric divisions in the embryonic cortex share
several common features. It is presently unclear however, whether an anoikis-like protective
apoptosis is also present in the developing cortex and if there is, how non-radial glia-fated
daughter cells escape it during their migration? Here, we demonstrate that interference with
classic cadherin-dependent adherens junction function in radial glia progenitor cells initiates
disassembly of the ventricular zone. In turn, this leads to the abnormal dispersion of Pax6-
positive cells into the SVZ, and halts proper cell migration into the cortical plate due to an
elevated caspase-dependent cell death response in the electroporated area. Prior studies
suggested that endocannabinoid signaling controls cell migration in the developing neocortex,
and that cannabinoid ligands regulate cell death processes in various in vitro models. Notably,
we found that Abhd4, a serine-hydrolase, which functions as an N-acyl-
phosphatidylethanolamine (NAPE) lipase, and produces a precursor lipid for the biosynthesis of
the endocannabinoid anandamide, is highly and specifically expressed in the ventricular zone
during cortical development. In addition, expression of 4bhd4 (but not of its hydrolase-dead
point mutant version) induces apoptosis in vitro in the immortalized neuroepithelial modell NE-
4C cells, as well in the generally apoptosis-resistant HEK293 cells. Furthermore, in utero
electroporation of Abhd4 into the lateral ventricles triggers a similar cell death response. Most



importantly, however, we also found that loss of Abhd4 eliminates increased neocortical cell
death induced by breaking up cadherin connections between radial glia cells. Together, these
results demonstrate that Abhd4 is a necessary and sufficient proapoptotic member of the pathway
between ventricular zone disassembly due to adherens junction disruption and caspase-dependent
apoptosis.
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Abstract: Angiopoietin-1 (angptl) is a selective endothelial cell growth factor that binds to its
receptor Tie2 and regulates vessel development and vascular stabilization. Besides its crucial
role in angiogenesis, it also acts as a proneurogenic peptide involved in neuronal differentiation
and affects the brain size in fish. How angptl regulates neurogenesis is still largely unknown.
The present study focuses on the role of angptl during zebrafish development. By quantitative
PCR (qPCR), the transcripts of angptl, angpt2b and tie2 were detected at one-cell stage and
showed a robust expression at the prim-5 stage (24 hours post-fertilization). The spatiotemporal
patterns showed that these angiogenic factors were expressed in the eyes, heart, hypochord and
aortic arch arteries in the head and trunk. To elucidate the function of angptl, we investigated a
zebrafish mutant, angpt1**'**%, carrying a nonsense mutation resulting in a stop codon at Q261.
The angptImutant embryos showed a smaller size of head and body length compared with the
wild type-like siblings, and exhibited cardiac edema, embryonic CNS hemorrhage, poor blood
circulation and blood accumulation in the pericardial sac. They did not survive beyond 5 dpf.
Additionally, at 3 dpf, a significant reduction of #yrosine hydroxylase I transcript was detected in
angptl-deficient fish; however, the mRNA level of tiel, angpt2b, tyrosine hydroxylase 2 and
histidine decarboxylase were unaffected. These results demonstrate that lack of angpt1 leads to
aberrant embryonic brain and cardiovascular development.
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Abstract: Microglia are resident macrophages of the brain and colonize the cerebral cortex
during early development. Recent evidence demonstrates that microglia shape brain development
and that disrupting microglial function during early development may be a factor in
neurodevelopmental diseases such as Schizophrenia and Autism. The functional role(s) of
microglia in the normally developing brain are not well understood. In the healthy adult cerebral
cortex microglia are distributed evenly throughout the grey matter of the cerebral cortex, and the
cells have a relatively small soma with many finely ramified processes. Microglia displaying this
morphology have traditionally been termed ‘resting’ cells. In contrast, after damage like injury or
stroke, and in neuropathological conditions microglia take on an ‘activated” morphology
characterized by a large soma and a few thick processes, or an amoeboid shape. Activated
microglia concentrate in regions of injury or pathology and are a hallmark of pathology.
Interestingly, recent work has shown that as microglial cells begin colonizing the normally
developing brain they concentrate in distinct regions including cellular proliferative zones, and
display the activated morphology that is characteristic of pathology in the adult brain. We have
found that microglia display distinct morphological profiles within different structures of the
developing cerebral cortex. Here we map out the distribution of microglial cells in the
developing brain and correlate morphology with cell location. We show that microglia in the
subventricular zone (SVZ) of the developing cerebral cortex are more likely to exhibit an
amoeboid shape. Microglia in the SVZ have a large soma, and few short thick processes. In
contrast, microglial cells closer to the ventricle in the ventricular zone have a smaller soma and
more elaborate processes than microglia in the SVZ. We also note that amoeboid microglia
lacking any processes are found in discrete structures. The few microglia that are located within



the developing cortical plate exhibit a “rod” like shape and a radial orientation. Correlating
microglial cell morphology with location in the developing brain may offer clues to the varied
functions associated these cells in the developing cortex.
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Abstract: Cytoplasmic Ca®" actively engages in diverse intracellular processes from protein
synthesis, folding and trafficking to cell survival and death. Dysregulation of intracellular Ca**
levels is observed in various neuropathological states including Alzheimer’s and Parkinson’s
diseases. Ryanodine receptors (RyRs) and IP; receptors (IP;Rs), the main Ca®" release channels
located in endoplasmic reticulum (ER) membranes, are known to direct various cellular events
such as autophagy and apoptosis. Here we investigated the intracellular Ca® -mediated regulation
of survival and death of adult hippocampal neural stem (HCN) cells utilizing an insulin
withdrawal model of autophagic cell death. Despite comparable expression levels of RyR and
IP;R transcripts in HCN cells at normal state, the expression levels of RyRs — especially RyR3
— were markedly upregulated upon insulin withdrawal. While treatment with the RyR agonist
caffeine significantly promoted the autophagic death of insulin-deficient HCN cells, treatment
with its inhibitor dantrolene prevented the induction of autophagy following insulin withdrawal.
Furthermore, CRISPR/Cas9-mediated knockout of the RyR3 gene abolished autophagic cell
death of HCN cells. This study delineates a distinct, RyR3-mediated ER Ca®" regulation of
autophagy and programmed cell death in neural stem cells. Our findings provide novel insights
into the critical, yet understudied mechanisms underlying the regulatory function of ER Ca*" in
neural stem cell biology.
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Abstract: Organophosphate pesticides (OPs), a subset of acetylcholinesterase-inhibiting
chemicals, are widely used to protect crops, homes and businesses from insects. Despite a US
ban on residential use of organophosphates, widespread use of these pesticides continues in large
scale agriculture. Developing countries have no pesticide restrictions and rely heavily on OPs
residentially as well as agriculturally. Because it is difficult to mitigate exposure to these
pesticides, it is important to understand both the short and long term effects of exposure to these
compounds. Here we examine the effects of chlorpyrifos exposure on the sensory neurons of
developing Xenopus laevis over a 21-day period. At concentrations above 0.1 pM, we observed
reduced survival by day 4. At concentrations above 1 uM, nearly all tadpoles died by day 6. We
examined two subpopulations of sensory neurons, dorsal root ganglia and Rohon-Beard neurons,
and show increased defects in neural migration at developmental stages 33, 47, and 52.
Chlorpyrifos exposure leads to decreased neuronal growth coupled with large scale neural
migration defects. Rohon-Beard neurons fail to develop in a linear fashion within the dorsal
spinal column, especially in stage 33 tadpoles. Exposure levels of 5 uM and above lead to more
severe neural migration defects such that Rohon-Beard neurons often reside outside the spinal
column. Dorsal root ganglia neurons also show irregular neural patterns at these higher
concentrations. To assess the level of apoptosis, we use Acridine Orange. Preliminary data shows
apoptosis occurs within the external skeletal muscle of the tadpoles. This pesticide-induced cell
death increases with increasing chlorpyrifos concentrations. Our results provide evidence that
OPs have profound neurological effects in developing vertebrates and ongoing studies will
investigate and provide a more complete analysis of sensory neuron defects caused by OP
exposure.



Disclosures: M. Bryson: None. F. Watson: None. E. Fradinger: None. T. Holder: None. M.
Quellhorst: None.

Poster
028. Neuronal Morphology and Cell Death
Location: Halls B-H
Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 28.09/A9
Topic: C.05. Neuromuscular Diseases
Support: NHMRC Project Grant 509319
NHMRC Project Grant 454749
NHMRC Fellowship (PMB)
Bethlehem Griffiths Foundation Grant
Motor Neurone Disease Research Institute of Australia Grant
Henry Roth Foundation Grant
Motor Neurone Disease Research Institute of Australia Fellowship (JDA)

Title: Mutant SODI1 species induce toxicity in astrocytic cultures: bystander effects occur in a
continuum of astrogliosis
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Abstract: Astrocytes contribute to the death of motor neurons via non-cell autonomous
mechanisms of injury in amyotrophic lateral sclerosis (ALS). Since mutations in the gene
encoding Cu/Zn superoxide dismutase (SOD1) underlie the neuropathology of some forms of
familial ALS, we explored how expression of mutant SOD1 proteins affected the biology of
murine astrocytes in culture. Primary cultures of astrocytes were established from forebrains of
C57BL6 mouse pups (postnatal day 1.5; at least n=3 independent cultures), and were subcultured
after 10 days into 48-well plates (1 x 10" cells/cm®) and maintained until confluent. Cells were
transfected with constructs expressing wild-type SOD1-EGFP, A4V SOD1-EGFP or G85R



SOD1-EGFP, using Transfast according to the manufacturer’s instructions. 72 h after
transfection, astrocytes expressing A4V SOD1-EGFP displayed impaired mitochondrial activity
(~45%, MTT assay) and L-glutamate transporter activity (~25%, ['H]-D-Aspartate uptake),
relative to those transfected with wild-type SOD1-EGFP. Astrocytes transfected with A4V
SOD1-EGFP also demonstrated altered F-actin and Hoechst staining, indicative of cytoskeletal
and nuclear changes, while altered GM130 labelling suggested fragmentation of Golgi apparatus.
SOD1 inclusion formation shifted from discrete to “clumpy” over 72 h. A4V SOD1-EGFP more
rapidly produced inclusions than G85R SODI1-EGFP and formed more “clumpy” aggregates.
A4V SODI-EGFP, but not wild-type SOD1-EGFP, exerted a substantial, time-dependent effect
on GFAP expression, and ~60% of astrocytes were stellate and hypertrophic at 72 h. Spreading
toxicity was inferred, since at 72 h ~80% of bystander cells exhibited hypertrophy and stellation.
This evidence suggests that mutant SOD1-containing astrocytes release destructive species that
alter the biology of adjacent astrocytes. This panoply of mutant SOD1-induced destructive
events favours recruitment of astrocytes to non-cell autonomous injury in ALS.
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Abstract: Nuclear bodies are membraneless subnuclear organelles rich in RNAs and proteins
involved in various nuclear processes, including RNA biogenesis (maturation and splicing),
stress response, transcription and DNA replication. Integrity of many nuclear bodies such as
gems, Cajal bodies (CBs), histone locus bodies (HLBs), promyelocytic leukaemia (PML) bodies
is essential for the normal functioning of mammalian cells. Each nuclear body carry out specific
function and disruption of these sub-nuclear bodies leads to pathological conditions with human
diseases such as neurodegenerative disorders, including spinal muscular atrophy (SMA). SMA is



an autosomal recessive disease caused by the low levels of full length survival motor neuron
(SMN) protein. Zinc finger protein ZPR1 interacts with SMN and is required for the
accumulation of SMN in nuclear bodies. The interaction of ZPR1 with SMN is disrupted in SMA
and SMN fails to accumulate in gems and CBs in cells derived from SMA patients. The severity
of SMA disease correlates negatively with the number of SMN containing nuclear bodies. In this
study, we have investigated the effect of the low levels of ZPR1 and SMN on the integrity of
sub-nuclear bodies such as CBs, HLBs and PML bodies identified by the signatory proteins p80
coilin, LSM11 and PML respectively in cultured cells. Knockdown of ZPR1 and SMN was
achieved by using antisense oligonucleotides and RNA interference (RNA1) respectively. We
show that the reduced expression of ZPR1 or SMN causes disruption of Cajal, HLB and PML
nuclear bodies and marker proteins p80 coilin, LSM11 and PML are mislocalized. We examined
the effect of disruption of these nuclear bodies on transcription, replication and integrity of
genomic DNA. We report that the disruption of ZPR1 or SMN containing nuclear bodies results
in fragmentation of DNA and activation of DNA damage and repair pathways proteins such as
YH2AX, 53BP1, pATM, pATR and pDNAPKc. Results from the present study show that the
disruption of sub-nuclear bodies causes activation of DNA damage and repair pathways that
leads to defects in transcription and DNA replication. This finding suggests that DNA damage
may contribute to neurodegenerative disorders, including SMA.
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Abstract: Amyotrophic lateral sclerosis (ALS) is a rapidly progressing age-related
neurodegenerative disease that affects ~30,000 Americans. ALS causes degeneration of the



upper and lower motor neurons, leading to paralysis. Currently, there are no effective treatments
for ALS and only ~50% of patients survive beyond three years after diagnosis. A recently
discovered expanded hexanucleotide repeat in the first intron of the C9orf72 gene is the most
common known genetic cause of familial and sporadic ALS. The repeat expansion is not thought
to cause disease through alteration of C9orf72 function. Rather, the expanded repeat is
transcribed in both sense and antisense directions to produce repeat-containing RNAs that are
then translated in multiple reading frames to yield up to five distinct dipeptide repeat proteins.
This unusual mode of translation is termed Repeat Associated-non-ATG (RAN) translation. It is
controversial whether the expanded repeats cause ALS through RNA toxicity, RAN translated
dipeptide toxicity, or both. Using codon-varied transgenes, we created a ‘dipeptide-only’ model
in the nematode C. elegans to better understand the mechanisms of dipeptide toxicity. The
arginine rich dipeptides, PR and GR, were toxic in C. elegans when expressed in multiple cell
types, including motor neurons. This toxicity was dependent on both the length of the dipeptide
as well as its subcellular localization. Genetic inhibition of the insulin pathway, a conserved
regulator of ageing, delayed age-onset toxicity caused by PR dipeptides, suggesting that
physiological age rather than chronological age is a determinant of PR toxicity. Currently, we are
performing RNAseq and using unbiased forward and reverse genetic screens to identify
modifiers or arginine-containing dipeptide toxicity. Defining these modifiers will allow us to
determine potential mechanisms for dipeptide toxicity and may lead to new disease biomarkers
and/or therapies.
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Abstract: Nicotinamide mononucleotide adenylyltransferase (NMNAT) is a conserved enzyme
in the NAD synthetic pathway. It has also been identified as an effective and versatile
neuroprotective factor. However, it remains unclear how healthy neurons regulate the dual



functions of NMNAT and achieve self-protection under stress. My previous study has shown that
Drosophila Nmnat (DmNmnat) is alternatively spliced into two mRNA variants, RA and RB,
which translate to protein isoforms with divergent neuroprotective capacities against
spinocerebellar ataxia 1 (SCA1)-induced neurodegeneration. Isoform PA/PC translated from RA
is nuclear-localized with minimal neuroprotective ability, and isoform PB/PD translated from RB
is cytoplasmic and has robust neuroprotective capacity. Under stress, RB is preferably spliced in
neurons to produce the neuroprotective PB/PD isoforms. The results indicate that alternative
splicing functions as a switch that regulates the expression of functionally distinct DmNmnat
variants. Neurons respond to stress by driving the splicing switch to produce the neuroprotective
variant and therefore achieve self-protection.I am now applying this concept to the study of
C9orf72. In this study, I will explore three questions: (1) whether the divergent neuroprotective
capacities of NMNAT isoforms also occur in C9orf72 ALS/FTD; (2) whether the protection is
cell autonomous; and (3) whether this neuroprotective effect is cell-type specific.
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Abstract: Peripheral nerve injury (PNI) affects approximately 20 million Americans annually,
costing the healthcare system over $150 billion each year. Although current therapies attempt to
promote nerve regeneration, only 50% of persons fully regain motor and sensory function, while
others retain poor motor control and suffer from life-long, debilitating neuropathic pain. Injured
peripheral axons can regenerate, but this is rarely complete due to the slow rate of regeneration.
Clearly, a new therapeutic approach for accelerating peripheral nerve regeneration is needed.
Although miRNA and anti-miRNA therapy has proved fruitful in normalizing dysregulated
protein expression in other diseases, clinical use of this therapeutic modality in pain and PNI has
yet to be realized. The absence of translational application of miRNA therapeutics stems mostly



from our limited understanding of the molecular mechanisms underlying nerve injury and
regeneration. Because nerve regeneration requires a complex coordination of finely regulated
events, understanding these molecular mechanisms is key for designing an effective bio-
pharmacological intervention. In this study, we present novel findings of spatial and temporal
expression of miRNA let-7a and 23b post-PNI, and elucidate their relationship with Nerve
Growth Factor (NGF) and Glutaminase (GLS) expression. Three experimental and three sham
surgery groups of male, Sprague-Dawley (SD) rats (n=6 per group) underwent sciatic nerve
crush (SNC). The animals were euthanized and the sciatic nerve (SN), the dorsal root ganglia
(DRG) and the spinal cord (SC) at the level of SN innervation (L4-L6 levels) were collected at 3
time points: 1) 24 hours (Group 1), 2) 4 days (Group 2) and 3) 7 days (Group 3) post-injury. The
SN proximal to, at the location of, and distal to the site of injury was collected. Protein and
miRNA expression was measured using Western Blot and RT-PCR. A sham surgical control
group (n=6 per group) was paired to each experimental group. The SN was visualized, but not
crushed in the sham surgery group. We observed differential expression of the miRNAs and
proteins at the different sites following SNC (SN, SC and DRGs). Furthermore, we observed an
inverse relationship between the miRNA let-7a and 23b and NGF and GLS expression,
respectively. Finally, the differential expression followed a temporal trend. To our knowledge,
this study is the first to assess miRNA let-7a and 23b and NGF and GLS expression in sciatic
nerve injury model. As such, we provide a novel insight onto possible therapeutic targets in vivo
for improving functional outcome following nerve injury.
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Abstract: The majority of physiological processes follows a circadian pattern and is under direct
or indirect control of the intrinsic clock. To investigate whether adult neurogenesis in diurnal



vertebrates, like human, follows a circadian pattern, and the timing of specific phases of the cell
cycle, we used zebrafish as a model, in view of its robust circadian clock system, diurnality, and
abundant adult neurogenesis. We employed real-time RT-PCR (qPCR) analysis of mRNA
expression for D, E, A2 and B2 cyclins involved in specific phases of the cell cycle, and
immunohistochemical analysis of markers for S-phase (BrdU and EdU) and G2/M phase (pH3)
of the cell cycle. The results demonstrated the presence of a robust daily rhythm of cell
proliferation in adult brain and determined that while many cells can repeat the cell cycle the
following day, a large proportion of neuronal progenitors can cycle with longer than 24h periods.
The number of neuronal progenitors dividing on any given day remains stable, with BrdU/EdU
pulse-chase studies revealing gradual decline in the number of older neuronal progenitors being
compensated by the emergence of new cells, and reflecting the neuronal stem cell activity. This
is a powerful model to determine optimal timing for pharmacological and physical interventions
that can promote adult neurogenesis, and to characterize time-dependent adverse impact of
diverse agents on adult neurogenesis.
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Abstract: Introduction: We hypothesized that Alzheimer’s disease (AD) systemic milieu
(blood/serum) modulates hippocampal neurogenesis (HN). The systemic environment is a



recognized modulator of HN and carries factors implicated in AD. Increasing evidence has
demonstrated that adult HN plays an essential role in learning and memory. In addition, altered
HN is an early hallmark of AD. Given that HN occurs in one of the earliest affected brain
structures in AD, the gradual impairment of memory and learning observed during the disease
progression might be linked to changes in HN.

We aimed at establishing how the systemic environment influences HN in AD using an in vitro
assay of human hippocampal neurogenesis. Our goal was also to apply our assay in predicting
conversion from mild cognitive impairment (MCI) to AD.

Materials and Methods: Human multipotent hippocampal progenitor cell line HPCOA07/03C
was exposed to human serum from 1) individuals with MCI that converted to AD (MCI
converters) and 2) individuals that were initially diagnosed with MCI but did not develop any
disease (MCI non-converters). Serum from each annual follow-up visit was used to model
changes in HN with disease progression. Statistical analyses involved linear mixed effects
models for repeated measures and stepwise logistic regression.

Results: We determined that decreased proliferation, increased neurogenesis and increased cell
death are signatures of disease progression towards conversion to AD. Proliferation of
HPCOAO07/03C cells in the presence of serum from MCI converters leads to significantly higher
proliferation rate and apoptotic cell death as compared to the effects of serum from MCI non-
converters. In addition, exposure to serum during both proliferation and differentiation of the
HPCOAO07/03C cells is associated with increased levels of newborn neurons and elevated
apoptotic death when serum donors were MCI converters as compared to MCI non-converters.
Finally, we built a statistical model predicting the likelihood of conversion from MCI to AD at
baseline. Among the predictors of conversion are education and baseline assay readouts
(proliferation rate, average cell count during proliferation, cell death during differentiation). The
ROC curve shows that our model is very good at discriminating (AUC=0.9675) who will
develop AD, with 92.11% converters correctly classified and 94.12% MCI non-converters
correctly discriminated.

Conclusion: Our data highlights the importance of the systemic environment for HN in AD and
our assay could be used as a biomarker of disease progression and conversion to AD.
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Title: Astrocyte-derived neurogenesis layer II-11I of the adult cerebral cortex
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Abstract: The cerebral cortex plays a key role for higher-order cortical functions and is
traditionally viewed as a non-neurogenic region. However, it remains controversial whether
continuous, transient, or no neurogenesis occurs in the adult cerebral cortex. A microcircuit of
sensory input from cortical layer IV is projected to layer II-III that in turn drives layer V.
Excitation of excitatory neurons in layer II-11I is controlled by fewer GABAergic interneurons,
providing a rationale for why newborn layer II-III interneurons should contribute to cortical
plasticity. Similar to other neurogenic regions, expression of neuroblast markers in cortical layer
II-I1T is regulated by enriched environment, stress, and injuries. Using flow cytometry, we
confirmed the presence of neuroblasts antigens in cortical layer II-III of adult mice. Using
bromodeoxyuridine (BrdU) pulse-chase and genetic fate-mapping experiments, we demonstrate
that glial fibrillary acidic protein-positive astrocytes can give rise to layer II-III neuroblasts
during adulthood. Adult-born layer II-III neuroblasts differentiated into GABAergic interneurons
in mice. Patients diseased from non-brain related disorders and pulsed with BrdU displayed
significant numbers of BrdU+ cells in layer II-1II of the cerebral cortex. In conclusion, we
identify limited numbers of astrocyte-derived neuroblasts in the adult brain. Identifying cortical
astrocytes as a novel source of immature neurons and GABAergic interneurons has wide-spread
implications for cortical plasticity, regeneration and brain repair.
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Abstract: Revealing the molecular mechanisms underlying neural stem cell self-renewal is a
major goal towards understanding adult brain homeostasis. The self-renewing potential of Neural
stem cells (NSCs) must be tightly regulated to maintain brain homeostasis. We find the
expression of the anticoagulant Protein S (PROS1) in adult hippocampal NSCs, and show that
genetic ablation of Pros/ in neural progenitors increased both NSC proliferation and self-
renewal. Mechanistically, we identified the upregulation of Bmi-1 signaling to cell-
autonomously promote NSC self-renewal in Pros/-ablated cells. Rescuing Pros! expression
restores Bmi-1 signaling, and reverts the proliferation and enhanced self-renewal phenotypes
observed in Pros-deleted cells. Enhanced proliferation in Pros1-deleted NSCs was found to be
mediated through dysregulated Notch1 signaling. Our study uniquely uncouples between
increased NSC proliferation and depletion of the NSC pool, due to concomitant increased self-
renewal. By manipulating PROS1 expression, we provide a novel model in which both Notch1
and Bmi-1 pathways are dysregulated, allowing to investigate the balance between these two key
pathways, and their impact on adult neurogenesis. We provide a first indication that the balance
between Bmi-1 and Notch signaling pathways is important, and may lead to new outcomes.
Conclusion: We identify PROSI as a novel regulator of NSC biology. PROS1-deleted NSCs are
affected at multiple levels: quiescence/proliferation, self-renewal/differentiation and daughter-
cell fate determination. Our findings provide novel insight into maintaining brain homeostasis.

Disclosures: T. Burstyn-Cohen: None. K. Zelentsova: None. Z. Talmi: None. G. Abboud-
Jarrous: None. T. Sapir: None. T. Caputcha: None.



Poster
029. Adult Neurogenesis Mammalian Systems
Location: Halls B-H
Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 29.06/B5
Topic: A.02. Postnatal Neurogenesis
Support: NIH Grant ROINS045702
NIH Grant ROIHL104173
NIH Grant ROIHL128546
IDDRC P30HD40677
NIH Grant ROIHD074593
Title: Subnormal neurogenesis and cortical growth in a piglet model of congenital heart disease

Authors: *P. D. MORTON', L. KOROTCOVA?, B. K. LEWIS®, V. KUMAR’, F. SHAIKH",
E. SHORT?, J. ZHANG’, S. MORI’, J. A. FRANK®, V. GALLO®, R. A. JONAS’, N.
ISHIBASHYI;

'Cardiovasc. Surgery, Childrens Natl. Med. Ctr., Washington, DC; Children’s Natl. Heart Inst.
and Ctr. for Neurosci. Res., *Children’s Natl. Heart Inst. and Ctr. for Neurosci. Research,,
*1Children’s Natl. Heart Inst. and Ctr. for Neurosci. Res., Children’s Natl. Med. Ctr.,
Washington, DC; >Children’s Natl. Heart Inst. and Ctr. for Neurosci. Res., Children’s Natl. Med.
Ctr., Washingtion, DC; *Dept. of Radiology and Imaging Sci., NIH, Bethesda, MD; 'Dept. of
Biomed. Engin. and The Russell H. Morgan Dept. of Radiology and Radiologi, Johns Hopkins
Sch. of Med., Baltimore, MD; *Ctr. for Neurosci. Res., Children’s Natl. Med. Center,,
Washington, DC; ’Children’s Natl. Heart Inst. and Ctr. for Neurosci. Res., Children's Natl. Med.
Ctr., Washington, DC

Abstract: Many patients suffering from severe/complex congenital heart disease (CHD) display
significant neurodevelopmental deficits and subnormal cortical development associated with
reduced cerebral oxygenation during fetal life and early infancy. Due to technical/ethical
barriers, the cellular mechanisms underlying cortical dysmaturation and function in CHD remain
elusive and hinder therapeutic advances. Therefore, novel models utilizing gyrencephalic species
to recapitulate subnormal cortical brain development in CHD will be essential in determining the
cellular mechanisms underlying brain dysmaturation. We have developed a neonatal porcine
hypoxia model to address these key issues. Magnetic resonance imaging (MRI) revealed that
chronic hypoxia reduced cortical volume and folding of the frontal cortex. Under normal
physiological conditions, we found that the porcine subventricular zone (SVZ) shares unique
anatomical/structural similarities with the human SVZ; including nearly identical laminar



organization with an astrocyte ribbon. In addition, we identified a subregion of the SVZ with an
abundance of multipotent neural stem progenitor cells (NSPCs) that supply the frontal cortex
with newborn neurons during early postnatal development. /n vivo cell labeling demonstrated
that chronic hypoxia limits the contribution of SVZ-derived neurons to postnatal cortical
development. Finally, a decrease in the number of immature neurons was displayed within the
frontal cortices with no changes in apoptosis. These findings suggest that chronic hypoxia
reduces the generation of neuronal producing NSPCs in the SVZ which delays/impairs
corticogenesis. Since the SVZ generates neural NSPCs capable of replenishing damaged neurons
and glia in the brain throughout the human lifespan, novel therapies designed to protect or
replenish SVZ-derived NSPCs may restore cortical growth and improve neurological function in
patients born with CHD.
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Abstract: The normal aging process in the brain results in increased susceptibility to damage
from brain insults like stroke, inflammation, and degeneration. Calorie restriction (CR) can
improve physiological markers of health during aging, including extending lifespan and
protecting against age-related damage to the brain. The largest source of neural stem cells in the
adult brain is the subventricular zone (SVZ). We sought to determine the effect of long-term CR
on neurogenesis and the neural stem cell niche in the SVZ of young and aged mice. Here, we



show that aged mice fed standard control chow have fewer SVZ-derived neurons in the olfactory
bulb, indicating that aging impairs neural stem cell function. Long-term CR preserved neural
stem cell function and resulted in a significant increase in neurogenesis in aged mice compared
with ad libitum- fed controls. Confocal imaging and fluorescent staining of SVZ wholemounts
revealed an increase in both the total number and reactivity of microglia in the aged control
mouse, suggesting increased inflammation in the neural stem cell niche during aging.
Remarkably, these age-related inflammatory markers were not observed in the long-term CR
aged mice, which appeared no different from young control and young CR mice included in the
study. We observed a protective effect of CR on aging related dysregulation of vascular-
associated chemoattractants important for stem cell activity. However, CR did not protect against
rarefaction of the SVZ vasculature in the aged brain. Altered proliferation profiles in the aged
SVZ have suggested a change in cell fate determination, and CR maintains the expression of
lin28a, a modulator of stem cell differentiation that declines in the aged brain. The maintenance
of 1in28a levels in the aged SVZ by CR suggests a potential mechanism by which CR protects
the SVZ neural stem cell population in the aging brain.
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Abstract: Decreases in cognitive performance due to aging, stress and/or sleep deprivation can
often be associated with specific changes in the brain. An area of the hippocampus known as the
dentate gyrus is one of the few areas in the adult human brain that can produce new neurons
throughout the lifespan, a process called neurogenesis. Aging, stress and/or sleep deprivation are
suggested to decrease the rate of neurogenesis through reduced activity in the dentate gyrus
resulting in a corresponding reduction in cognitive performance in healthy adults. Neumentix ™



Phenolic Complex K110-42 is a natural extract derived from spearmint containing greater than
66 phenolic constituents that has been shown to improve working memory after 90 days of
supplementation in healthy adults with age associated memory impairment. One reason for the
observed improvements with Neumentix was hypothesized to be an increase in the rates of
neurogenesis in the dentate gyrus of the hippocampus. Therefore, the purpose of this study was
to determine if Neumentix could enhance neurogenesis in rat hippocampal cells at
physiologically relevant concentrations in a cell culture assay. Four concentrations of Neumentix
were tested on primary hippocampal cells treated with the test item, vehicle, or fibroblast growth
factor, for a total of 48 h. Digital images were analyzed for the % of Bromdesoxyuridine (BrdU)
positive neurons compared to the total number of neurons. Cells, which were labeled by BrdU,
NeuN and 4',6-diamidino-2-phenylindole (Dapi), were classified as proliferating neurons.
Neurons were defined as cells positive for NeuN and Dapi. Analyses showed that primary
embryonic hippocampal neurons responded differentially to various concentrations of
Neumentix. Overall, there was a treatment effect as determined by one-way ANOVA
(p=0.0169). A Fisher's LSD pairwise comparison showed the treated cultures in the lowest dose
group (0.02083 mg/L. Neumentix) displayed significantly greater levels of neurogenesis than
vehicle treated cultures (p=0.0228) indicating that Neumentix may support working memory by
acting to increase rates of neurogenesis in the adult hippocampus.
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Abstract: Neural stem cells (NSCs) from the subventricular zone (SVZ) of the lateral ventricle
are implicated in adult neurogenesis and brain repair. The Sonic Hedgehog (Shh) pathway is
important for regulating adult NSC proliferation, but its roles on particular NSCs (quiescent vs.



activated) and the neurogenic population of the SVZ, are not known (Ruat et al, Top Med Chem,
2015). Using immunofluorescence and FACS techniques to distinguish all SVZ neurogenic
populations, including quiescent vs activated NSCs, we dug out the role of Shh pathway on the
maintenance of adult neurogenesis. We observed that, in adult transgenic Fluorescence
Ubiquitination Cell Cycle Indicator (FUCCI)-Green mice that allow tracking the S-G2/M phases
with green fluorescence (Sakaue-Sawano et al, Cell, 2008), proliferating quiescent NSCs
(gNSCs) and activated NSCs (aNSCs) are increased 3 days after intraventricular Shh injections.
This effect is specific to qNSCs and aNSCs and not their progeny, the transit amplifying cells or
immature neuroblasts. Then, we investigated whether a pharmacological blockade of the Shh
pathway could modify the cell proliferation effect observed above. Treatment with the Smo
antagonist MRT-83 (1uM) (Roudaut et al, Mol Pharmacol, 2011) reduced the number and size
of neurospheres in vitro, thus mirroring in vitro data with Shh. The number of proliferating
qNSCs and aNSCs from the SVZ populations was decreased 3 days after intraventricular
injection of MRT-83, although not significantly for aNSCs. Thus, blocking of the Shh pathway
in vivo does not alter significantly NSCs proliferation at short term, which might be related to the
low basal expression of the pathway in SVZ cells as investigated by qRT-PCR of Glil-3.
Experiments are in progress to further investigate the role of the Shh pathway on QNSCs and
aNSCs using a genetic mouse model of Shh activation through the conditional deletion of the
Shh receptor Patched in NSCs using the GLAST marker (Ferent et al, Stem Cell Reports, 2014).
These data contribute to explore how Shh orchestrates the balance between qNSCs and aNSCs in
the SVZ with important implications for understanding adult neurogenesis under normal
homeostatic conditions or during injury.
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Abstract: Tanycytes of the median eminence are neurogenic progenitors that responds to
changes in weight gain and metabolism. In this study we assessed the effects of lateral
hypothalamic area (LHA) deep brain stimulation (DBS) on the neurogenesis rate of median
eminence tanycytes in a well-characterized rodent model of obesity. We used high frequency
DBS to stimulate LHA of male young rats (P45) subjected to high-fat diet (HFD). Tungsten
electrodes were implanted within LHA using stereotaxic coordinates, fixed to the skull and
connected to subcutaneous pulse generators. Generator parameters were initially adjusted before
implantation and included biphasic rectangular pulses of 130 Hz, 60us pulse duration and 1 V of
amplitude. Animals received a scheme of daily continuous DBS stimulation during 30
consecutive days. During the first 15 days of LHA DBS, animals were administered with BrdU
I.P. injections in order to measure the hypothalamic proliferation rate. Rats were perfused after
physical assessments for immunohystochemical staining. Control sham animals showed a
significant higher increase in weight gain compared to stimulated partners. Food intake was
consistently pronounced in sham animals subjected to HFD compared to animals in ON state
with LHA stimulation. Only sham animals with HFD showed differences in weight gain and
food-intake when compared to controls with normal chow. BrdU expression in tanycytes within
the median eminence was markedly modified by DBS scheme in ON stimulation rats only.
Neuronal proliferation rate was positively correlated with gain weight. Interestingly, newborn
neurons were positive for POMC and Neuropeptide Y, and were physiologically reactive to
intraperitoneal leptin injections. In conclusion, LHA DBS modifies feeding behavior by
modulating neuronal proliferation rates within hypothalamic neurogenic niches.
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Abstract: Parkinson’s disease (PD) is characterized by a severe movement disability and several
non-motor symptoms, including depression, anxiety and cognitive impairments in a sizeable
proportion of patients. The latter symptoms are also typical features of affective disorders and
have been associated with deficits of adult hippocampal neurogenesis (AHN). Despite of this,
studies of neurogenesis in models of PD and, in particular, the importance of mitochondria for
AHN are limited. Mutations in the mitochondrial kinase PINK 1 cause recessive familial PD.
PINK1 and Parkin cooperate to protect neurons against oxidative stress, maintain mitochondrial
integrity and promote the selective degradation of depolarized mitochondria through mitophagy.
Here we show that adult hippocampal neural stem cells (aNSC) lacking PINK1 display
mitochondrial dysfunction and impaired AKT signal transduction, associated with decreased
proliferation of aNSC in culture and in the hippocampus of PINK1-deficient mice. Moreover,
doublecortin-positive neurons in the dentate gyrus of PINK1-deficient mice show abnormal
dendritic morphology and their maturation is impaired. Our results link impaired mitochondrial
function and AKT signaling in aNSC with abnormal AHN in a model of recessive Parkinsonism.
Taken together, these studies suggest that mitochondrial and cell signaling defects - in particular
in PD patients with PINK 1 mutations - may lead to abnormal mood and cognition through
impairments of AHN. Targeting mitochondria and metabolism of adult NSC to increase
neurogenesis in the hippocampus may be a promising strategy for the treatment of affective
disorders and the mitigation of related symptoms in PD and other neurodegenerative conditions.
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Abstract: In mammals, the sub-granular zone (SGZ) in the dentate gyrus is one of a few brain
regions that exhibit extensive adult neurogenesis. The SGZ neurogenesis is tightly regulated by a
balance between cell proliferation and apoptosis to keep the total number of neurons constant in



the SGZ. Although the molecular mechanisms that regulate adult neurogenesis have been studied
extensively, the role of ion channels and membrane excitabilities in modulating adult
neurogenesis remain to be precisely elucidated. Recent studies have found that mice lacking
functional Kv1.1 channels have enlarged brain due to excessive adult neurogenesis in the SGZ;
however, the molecular and cellular mechanisms by which Kv1.1 suppresses adult neurogenesis
are still largely unexplored. We found that, using mosaic analysis with double markers (MADM)
in adult mouse SGZ, neurons lacking functional Kv1.1 were more abundant than wild-type
neurons that produced from the same progenitor cells; in contrast, astrocytes lacking Kv1.1 did
not exhibit proliferation advantage over the wild-type astrocytes. Next, we recorded from Fezf2-
GFP expressing neural progenitor cells that were not coupled by gap junctions in the brain slice,
and we found a subset of these neural progenitors had a more depolarized potential in the Kv1.1
knockout background. Lastly, we found daily injection of GNF5837, a pan-TrK antagonist,
suppressed the over-population of neuronal progenitor cells in the Kv1.1 knockout mice. Our
data suggest that Kv1.1 regulates adult neurogenesis in the SGZ in a cell-autonomous manner, as
Kv1.1 hyperpolarizes the neuronal progenitor cells and suppresses BDNF-Trk signal in the SGZ.
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Abstract: Resilience to stress-related emotional disorders is governed in part by early-life
experiences. Here we demonstrate experience-dependent reprogramming of stress-sensitive
hypothalamic neurons, which takes place through modification of neuronal gene expression via
epigenetic mechanisms. Specifically, we found that augmented maternal care reduced
glutamatergic synapses onto stress-sensitive hypothalamic neurons and repressed expression of
the stress-sensitive gene, Crh. In hypothalamus in vitro, reduced glutamatergic
neurotransmission recapitulated the repressive effects of augmented maternal care on Crh, and
this required recruitment of the transcriptional repressor REST/NRSF. Increased NRSF binding
to chromatin was accompanied by repressive epigenetic changes in vitro and in vivo. ChIP-Seq
analyses of NRSF targets identified gene networks that, in addition to Crh, contributed to the
augmented care-induced phenotype, including diminished depression and anxiety. Together,
these findings provide the first causal link between enriched neonatal experience, synaptic
refinement, and induction of epigenetic processes within specific neurons. They uncover a novel
mechanistic pathway from neonatal environment to emotional resilience.
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Title: Brain-5, a novel regulator of activity-dependent cellular plasticity and synaptic integration
in the adult brain
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Abstract: The discovery of ongoing neurogenesis in the adult mammalian brain has prompted
efforts to investigate the mechanisms of this astonishing plasticity. The mouse olfactory bulb
(OB) features lifelong neuronal integration and thus serves as an ideal model system to examine
how new cells rewire the adult brain. We discovered a local population of interneurons in OB
that secretes the neuropeptide corticotropin releasing hormone (CRH) onto developing neurons,
which in turn upregulate expression of the CRH receptor (CRHR1) as they mature. Genetic
experiments showed that signaling by local CRH-secreting interneurons is required for normal
rates of survival of developing neurons, and is both necessary and sufficient for production of
synaptic machinery in development. CRHR1 is a Gg protein-coupled receptor that
transcriptionally activates the receptor-expressing cell in the presence of its ligand. We
hypothesize that in the adult brain, local CRH binds to CRHRI to initiate cell-intrinsic programs
of survival and synaptogenesis. To determine the identity of these transcriptional programs, we
profiled gene expression changes associated with CRHR1 activity in developing neurons of the
OB. We found that local CRH signaling dynamically regulates expression of the brain-specific
Homeobox-containing transcription factor Brain-5 (BRNS). To test whether expression of BRNS5
suffices to enhance normal levels of survival or synaptogenesis, we targeted developing neurons
in the adult OB to overexpress BRNS. Neurons that overexpressed BRNS displayed a higher
propensity toward survival and exhibited greater success at recruiting strong functional synaptic
connections in the olfactory circuit than controls. Conversely, loss of BRNS during neuronal
development reduced the number of excitatory connections onto adult-born neurons of the OB.
These findings suggest that the transcriptional programs directed by BRNS5 downstream of local
CRH signaling influence neuronal survival and functional development. Together, our studies
reveal a novel regulatory pathway by which local neuropeptidergic signaling in the adult brain
activates specific genetic programs to govern cell and circuit plasticity.
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Authors: *M. RAMANI', N. AMBALAVANAN', L. MCMAHON?;
'Pediatrics, “Cell Develop. and Intergrative Biol., Univ. of Alabama At Birmingham,
Birmingham, AL

Abstract: Background: Very preterm infants are at high risk (30-40%) for developing
neurodevelopmental impairment (NDI) even in the absence of obvious brain injury. Many
preterm infants with a relatively uncomplicated neonatal intensive care course have poor
executive and memory function later in life. The etiology of NDI in children born preterm
without apparent brain parenchymal injury is unknown. We recently showed that adult mice
exposed to neonatal hyperoxia had deficits in spatial and recognition memory associated with
smaller hippocampal volumes. Oxygen is known to increase inflammation and causes cell death
in developing brain. Long-term changes in the strength of synapses (long-term potentiation) are
critical for the formation and maintenance of memory. We hypothesized that neonatal hyperoxia
exposure results in neurobehavioral impairment by (a) deficits in long-term potentiation and/or
(b) increase in inflammation. Methods: C57BL/6 mouse pups (n = 2 litters per condition; at least
10/group) were exposed to hyperoxia (85% oxygen) or air, from postnatal day 2 to 14 (P2-P14;
roughly corresponding from very preterm equivalent to early infancy in human brain
development) and then returned to air. We assessed neurobehavioral assessment (14 weeks of
age), long-term potentiation studies (6 weeks of age) and hippocampal IL-18 mRNA levels
(P14). Results: In adult mice, neonatal hyperoxia induced spatial navigation deficits and
increased exploratory behavior (Figure A, B, C). Young adult mice (6 weeks of age) exposed to
neonatal hyperoxia had deficits in long-term potentiation (Figure D). Neonatal hyperoxia
increased hippocampal IL-1 § mRNA levels (Figure E). Conclusion: Oxygen exposure during
the critical developmental period of the brain increases hippocampal IL-1 B, leading to
permanent impairment of long-term potentiation and results in neurobehavioral impairment. This
model suggests therapeutic strategies that target the hyperoxia-induced hippocampal
inflammation may potentially be of benefit in the prevention of neurodevelopmental impairment
in preterm infants.
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Abstract: In adult rodents, the subventricular zone (SVZ) is the largest germinal zone, where
new neurons are continuously generated and migrate to the olfactory bulb. Type B neural stem
cells (NSCs) in this region give rise to type C transit amplifying cells, which, after several rounds
of division, turns into migrating neuroblasts. Apart from various intrinsic mechanisms, this
neurogenic process is under tight spatial and temporal control of niche factors. Exploring
important factors regulating neural stem cell behavior offers great value for treating nervous
system diseases. CCN1 is an extracellular matrix protein, belonging to the CCN family. It is
abundant in various cancers. Here we find that CCN1 is specifically expressed by the ependymal
cells, the important niche cells in the SVZ, and binds to neural stem and progenitor cells.
Conditional ablation of the gene in ependymal cells impairs cell proliferation as well as
neurogenesis which involves decreased AKT phosphorylation. In vitro overexpression of CCN1
dramatically increased cell proliferation and decreased neural differentiation. We are interested
in exploring the underlying mechanisms as well as increasing our knowledge on adult brain
development. We hope that this could be beneficial to neural stem cell therapy and neurological
diseases.

Disclosures: Q. Shen: None.

Poster

029. Adult Neurogenesis Mammalian Systems
Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 29.17/B16

Topic: A.02. Postnatal Neurogenesis

Title: Diazepam binding inhibitor (DBI): a novel protein for the induction of postnatal
neurogenesis in the spinal cord?

Authors: L. NEW, E. TEDFORD, J. SMITH, J. HEE, J. DEUCHARS, *S. A. DEUCHARS;
Univ. of Leeds, Leeds, United Kingdom

Abstract: The ependymal cell (EC) layer surrounding the central canal (CC) of the postnatal
mammalian spinal cord is considered a neurogenic niche, proliferating extensively after injury
and contributing to the development of the glial scar. Understanding the niche, its
microenvironment, and how its proliferative behaviour may be manipulated is essential if we are
to harness endogenous mechanisms to aid spinal repair. This study examines ways in which
GABA and its opposing ‘partner’ DBI may contribute to the balance of proliferation vs. relative
quiescence of the ECs. To determine the effects of GABA on spinal cord proliferation, GAD67-
GFP mice (4-6 weeks n=3), which have reduced GABA levels as a result of replacing one allele
of GAD67 with GFP, and wild type (WT) C57Bl1/6 (4-6 weeks n=3) mice were injected I.P with



the thymidine analogue 5-Ethynyl-2’-deoxyuridine (EdU). Animals were anaesthetised (60mg/kg
pentobarbital 1.P) and perfused transcardially with 4% paraformaldehyde. The thoracolumbar
spinal cord was sectioned (40pum) and post hoc fluorescent detection of EdU was performed.
EdU+ve cells were counted (n=3 N=36) at both the CC and the grey and white matter. For
immunohistochemical (IHC) investigation of DBI and its ‘mitochondrial receptor’ TSPO in the
spinal cord, tissue from WT C57BI1/6 mice (4-6 weeks, n=9 and 15+2 days, n=3) was prepared as
above. Tissue was processed for DBI immunoreactivity (IR) and double labelling fluorescence
IHC for other cellular markers including; glial fibrillary acid protein, neuN, panQKI, nestin,
sox2, Ibal, CD24, S100B. GAD67-GFP mice were used to identify cerebrospinal fluid
contacting cells (CSF-cCs). GAD67-GFP animals, which have significantly lower levels of
ambient spinal GABA compared to control, (assessed by HPLC P <0.05), exhibited greater
levels of proliferation than WT animals at both the CC (0.2778 4+ 0.1099 vs. 3.361 + 0.3589 cells
P <0.0001) and across the spinal cord (11.28 + 1.811 vs. 35.17 & 2.846 cells, P <0.0001) This is
likely due to the reduction in ambient GABA, thus releasing inhibition on proliferation. In both
adult and juvenile animals, intense DBI IR was detected within the EC layer. A lack of
colocalisation of DBI with GFP in GAD67-GFP mice suggests that DBI is absent from CSF-cCs,
whereas sox2, a neural stem cell marker labelling ECs, colocalised with DBI at the CC. These
results suggest that DBI is found in the spinal EC population. The EC layer is also TSPO IR.
Further experiments will seek to link the two complementary players GABA and DBI together,
exploring the ways in which DBI can be used to modulate GABAaR, and therefore influence
proliferation and differentiation of ECs within the spinal cord.
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Abstract: Introduction:

During early brain development, the intricate regulations of neurons include, gene expression,
morphology and circuitry establishment within/between regions. Failure to fine-tune these
spatiotemporal regulations could have long lasting functional consequences later on in life.
Previously, our lab has shown that P7 sevo treated mice have social behavior and cognition
deficits later on in life. Subsequently, we identified specific brain microRNAs (miRNAs) to be
associated with early-life sevo treatment.

Methods:

Postnatal day 7 (P7) C57/BL6 male pups were exposed to 2-2.3% sevo in a 40% oxygen (O2)
60% nitrogen (N2) gas mixture for 2 hours. The expression of brain miRNAs was examined
using the nCounter miRNA Expression Assay (Nanostring Technologies) and validated using
Real-Time PCR (BioRad). Morphology experiments were done by using cell cultures from 7
days in vitro (DIV) primary cortical neurons. Paired-pulse extracellular recording was conducted
on CA 1 region of the hippocampus slices.

Results:

miRNA profiling from P7 brains identified differentially expressed miRNAs as a result of sevo
treatment. We further validated expression changes of miRNA 15a from the hippocampus and
miRNA 145 from the whole brain by RT-PCR. At the morphological level, we observed a
reduction in axonal growth (as indicated by axon specific GFP) and dendritic branching (as
indicated by dendritic specific protein Map 2) after application of miRNA 145 inhibitor in 7
DIV. At the electrophysiological level, paired-pulse tests showed adult sevo treated group has a
trend toward increased inhibition compared to control. The opposite was observed in P7 sevo
treated groups, a trend toward increased facilitation was shown when recorded at P7 and P10.
Conclusions:

P7 sevo-associated miRNA 145 is critical for early brain development such as dendritic
branching and axonal growth. Furthermore, after P7 treatment, hippocampus neurons showed
increased excitatory responses when measured at P7 and P10. We are in the process of
examining the roles of miRNAs in neuronal excitation/inhibition balance. Our understanding on
the role of miRNAs has provided us one of the putative mechanisms of early-life sevo induced
neuronal toxicity.
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Title: Neurovascular ligand-receptor systems modulate post-stroke neurogenesis and
angiogenesis

Authors: *N. ABDULJAWAD, A. J. BRUMM, M. MACHNICKI, S. T. CARMICHAEL;
Neurol., Univ. of California Los Angeles, Los Angeles, CA

Abstract: Ischemic stroke initiates a process of tissue repair that includes the development of
new blood vessels (angiogenesis) and the proliferation of neural progenitor cells (NPCs).
Previous work has shown that NPCs born in the subventricular zone (SVZ) after stroke localize
to angiogenic blood vessels in damaged tissue (peri-infarct), forming a neurovascular unit in
which angiogenesis modulates neurogenesis. However, the blood vessel-secreted trophic factors
that mediate this targeted migration and neurogenesis remain unknown. Whole-genome
expression profiling of peri-infarct vasculature and stroke-responsive neuroblasts 7 days post-
stroke, the time point at which post-stroke angiogenesis and neurogenesis reach their peak,
reveals upregulation of four ligands of interest in angiogenic vascular cells, along with
upregulation of their respective receptors in stroke-responsive neuroblasts: colony stimulating
factor 1 (CSF1), thymic stromal lymphopoietin (TSLP), protein S alpha (PROS1), and Wnt5a.
To investigate the effects of these molecular signaling systems on post-stroke angiogenesis and
neurogenesis, two in vitro culture systems were used. Primary NPCs, isolated from the adult
mouse SVZ and expanded as neurospheres for 2 passages, and mouse cerebrovascular
endothelial cells (MCVECs) were transduced with lentivirus designed to either overexpress or
knockdown each ligand. NPC and MCVEC proliferation in response to each treatment was
measured using EQU DNA synthesis assays. NPC differentiation following treatment was
measured through immunocytochemical phenotyping of NPCs. Finally, MCVEC development
was measured using tube formation assays. Data from these assays are currently being
quantified. Results will provide insight into novel molecular signaling systems that potentially
regulate endothelial cell and neural progenitor cell function after stroke in vivo.
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Title: The study of sonic hedgehog signaling pathway in development of cerebellar granule cells

Authors: *X. JIAO, N. ASHTARI, K. BAILEY, M. R. BALAEI, S. GHAVAMI, M. DEL
BIGIO, H. MARZBAN,;
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Abstract: Introduction: The cerebellum is responsible for motor control and cognitive
functions. The cerebellar cortex can be divided into three layers consist of different cell types,
such as granule cells (gcs), Purkinje cells (Pcs) and Bergmann glial cells. During the
development, the granule cell precursors arise from the cerebellar rhombic lip and initially
migrate rostrolaterally in subpial stream pathway of the cerebellar primordium to form the
external germinal zone (egz). Thereafter, the granule cell precursors radially proliferate and then
move to granule layer (gl) and differentiate into mature gcs. In this process, sonic hedgehog
(Shh) secreted by Pcs is an important promoter of granule cell precursors proliferation. A
lysosomal acid phosphatase 2 (Acp2) mutant mouse (nax) shows a significant gcs reduction in
the cerebellum. We hypothesize that the Shh signaling pathway is interrupted by the Acp2
mutation and causes cerebellar gc neurodevelopmental disorders.

Methods: We used the nax and the wild-type sibling mice as control in this study. /n vivo and in
vitro immunohistochemistry and Western-blotting are used to detect the molecular expression.
Results: In nax mouse the number of gcs is greatly reduced compared with wild-type sibling
mice. The Shh expression is down regulated from P12, while the expression of Pax6 by gc
precursors in the external germinal zone is down regulated at around P7 and it is maybe due to
the decreased number of gcs. The immunostaining shows reduced expression of N-Myc which is
an essential downstream effector of Shh pathway in nax MEF cells. N-Myc expression is less
from P10 to P18 in nax as compared to control.

Conclusion: The absence of Acp2 impacts on the gcs proliferation prior to the Shh to cease gcs
proliferation during cerebellar development. The significant reduction in the proliferation and
probably differentiation of gcs in nax mouse reveals that the Shh signalling pathway in gcs is
interrupted by Acp2 mutation and causes cerebellar gc neurodevelopmental disorders.
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Title: Meninges are a niche for neural precursor cells

Authors: I. DECIMO', V. BERTON', A. PINO', S. DOLCI', M. MARCHETTO', F. PARI',
*G. F. FUMAGALLI', F. BIFARL;
'Univ. of Verona, Verona, Italy; Univ. of Milan, Milan, Italy

Abstract: Brain and skull developments are tightly synchronized allowing the cranial bones to
dynamically adapt to the brain shape. Meninges are the stromal tissue that represent the physical
interface between brain and skull. Meningeal cells produce trophic signals necessary for normal
corticogenesis and bone development. Different cell populations have been described in
meninges including cells that can function as endosteum of the cranial vault. Recently, we and
other groups described the presence in meninges of a cell population endowed with neural
differentiation potential in vitro and, after transplantation, in vivo. However, whether meninges
may be a niche for neural progenitor cells during embryonic development to adulthood is not
known. In this work we provide the first description of the distribution of neural precursor
markers in rat meninges during development up to adulthood. We describe that meninges share
common properties with the classical neural stem cell niche: 1) meninges are unexpected highly
proliferative tissue; ii) they contain cells expressing neural precursor markers such as nestin,
vimentin, SOX2 and DCX and iii) meningeal tissue is enriched with extracellular matrix
components (fractones) known to bind and concentrate growth factors. This study underlines the
importance of meninges as a potential niche for endogenous precursor cells during development
and in adulthood.
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Abstract: Adult neurogenesis results in the generation of new neurons or glia cells in the
subgranular zone (SGZ) of the dentate gyrus. This process involves both cell populations that
dynamically switch between pools of proliferative and quiescent cells, and cells that definitely
leave the cell cycle to maturate into neurons or glia cells. Interestingly, the hilus of the
hippocampus also has proliferative cells whose mitotic activity responds to environmental
signals. It has been shown that seizures or hypothyroidism affect the number of proliferative
cells in this region. However, the impact of these changes is poorly understood; since the lineage
of proliferative cells and their differentiation process is still unknown. The aim of this work was
to characterize the population of proliferative cells present in the hilus of the hippocampus. For
this, male Wistar rats (90 days old) were administrated with BrdU (6 times, every 2 hours).
Twenty four hours after the last injection, the animals were anesthetized and perfused. Brains
were dissected and dorsal hippocampus was serially sectioned. Slices were processed for
immunofluorescence. The total number of proliferative cells (BrdU+), precursor cells
(Sox2+/BrdU+); neural restricted progenitor cells (NRPs; DCX+/BrdU+); oligodendrocytes
progenitor cells (OPCs; NG2+/BrdU+); and proliferative mature astrocytes (PMA;
S100p+/BrdU+) were quantified in the hilus and in the SGZ. The results showed that
approximately 77% of proliferative cells were precursor cells in both regions studied. Interesting,
in the hilus OPCs proliferation (57%) is favored over NRPs (42%); while in the SGZ, NRPs
proliferation (66%) is favored over OPCs (10%). Finally, it was found that mature astrocytes do
not proliferate in either SGZ or hilus. These results demonstrate the presence of OPCs and NRPs
in the hilus of the hippocampus and suggest that this region contributes to the formation of
oligodendrocytes and neurons in the adult brain.
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Abstract: Growth Arrest Specific 1 (Gasl) is a pleiotropic molecule linked to the outer cell
membrane by a glycosylphosphatidylinositol (GPI) anchor. Because of its high structural
similarity with the glial cell line derived neurotrophic family receptors (GFRas), Gas1 is capable
of inducing cell cycle arrest and apoptosis of glioma cell lines and of primary cultures of human
gliomas by inhibiting the intracellular signaling pathway mediated by GDNF. On the other hand,
Gasl acts as a co-receptor for the morphogen Sonic Hedgehog (SHH) enhancing its signaling.
Moreover, Gas1 is expressed in the developing mammalian brain, specifically in progenitor cells,
thus indicating a role in the proliferation and differentiation of neural cells. In an effort to
understand the function(s) of Gasl in the neural stem cell (NSC) population we sought to
determine its expression in both cancer stem cells (CSC) obtained from the glioma cell lines C6
and U87 MG and in stem cells isolated from primary cultures of the subgranular zone of the
hippocampus and the subvbentricular zone of the mouse brain. CSC and NSC were isolated from
free floating gliomaspheres and neurospheres, respectively, and characterized by the expression
of specific markers, including CD133, nestin, Sox2 and GFAP. We determined by RT-PCR and
immunocytochemistry that healthy NSC express Gasl, but that Gas1 is no longer found in CSC.
These results indicate that Gas1 has an important role in the control of the cell cycle of NSC and
that this regulation is lost in CSC.
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Abstract: There is increasing awareness that the brain serotonin system as a unified system is
actually far more complex functionally and structurally. Specific subsets of raphe neurons have
different connectivity patterns, electrophysiological properties, and molecular profiles. However
molecule profiles that define specific subpopulation are not well studied. We demonstrated that,
from late gestation to adulthood in the mouse, MET receptor tyrosine kinase (MET) is
specifically expressed in a remarkably small subset of 5-HT neurons that includes the classic B6
subgroup in the dorsal raphe nuclei (DRN). Detailed mapping from embryonic day 16 to
postnatal day 14 reveals that MET is expressed almost exclusively in the caudal part of DRN as a
paired nucleus situated just below the aqueduct, corresponding to the B6 subgroup. Small
population of MET+ neurons is also found in subset of median raphe (B5) 5-HT neurons.
Remarkably, the location of MET-expressing 5-HT neurons (5-HT™"™") in the developing rhesus
monkey brainstem is highly conserved. This group of unique 5-HT neurons may thus function in
a conserved fashion across species. In mice, conditional deletion of Met only in the 5-HT
neurons causes social behavioral deficits. The connectivity of 5-HT™""" neurons involved in
mediating social behavior, and the impact of deleting Met¢ on the circuitry of this 5-HT subgroup,
is unknown. We set to further characterize this 5-HT™""" subgroup by 1) analyzing its molecular
signature using public available database and by 2) determination of their target sites on the
forebrain. Using developing mouse brain database in Allen Brain Atlas we found 14 genes,
including 4 neurotransmitter/neuropeptide receptors and 2 potassium channels, expressing in the
DR region exhibiting a B6-specific manner. Tract tracing experiments shows that almost all the
5-HT axons innervated ventricular/subventricular regions are MET+. Gene expression of
candidates is being evaluated in WT and Pez-1“" x Me™ mice.
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Abstract: Adult neurogenesis is a continuous process of addition of new neurons into the
nervous system after birth. Newly born neurons in the dentate sub granular zone integrate with
dentate gyrus granule neurons and play a role in learning and memory. Adult neurogenesis
declines in an age dependent manner in albino rats. However pattern of adult neurogenesis in
pigmented Dark Agouti (DA) rats is not known. Objective of the present study was to explore
the pattern of neurogenesis at different ages in DA rats and compare it with age matched Wistar
rats. DA rats aged 1, 2,4,6,8 and 10 months were euthanized with CO, and perfused with saline
followed by 4% paraformaldehyde. Brains were dissected and processed for doublecortin (DCX,
marker for new neurons) immunostaining. Number of newly born neurons in the dentate gyrus
were quantified. Unfixed hippocampal tissues were used for Western blot analysis of DCX
content. Hippocampal tissues from age matched Wistar rats were processed in the similar way
for comparison. Data were analyzed with one way ANOVA and Bonferroni’s test. Neurogenesis
declined progressively in both DA and Wistar rats. Number of new neurons in the dentate gyrus
of 1 month and 2 months old DA rats were similar to each other as well as to age matched Wistar
rats(p>0.05). However neurogenesis commenced to decline as early as 4 months in DA rats as
number of new neurons significantly less in them compared to age matched Wistar rats (p<0.05).
At 6, 8 and 10 months of age, neurogenesis further declined in DA rats compared to Wistar rats
(p<0.01). Neuronal count data was supported by Western blot analysis for DCX content in the
hippocampus. In conclusion, extent of adult hippocampal neurogenesis in DA rats is significantly
less and declines at an earlier age than in Wistar rats. Mechanism, cause, and functional
implications of such a decreased neurogenesis at an early age needs to be explored further.
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Title: Assessment of single nucleotide variants in genes encoding eif2a kinases in autism
simplex families
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Abstract: Autism spectrum disorder (ASD) is a heritable neurodevelopmental disorder
characterized by the early onset of social and communication deficits, repetitive behaviors, and
cognitive inflexibility. Multiple lines of evidence suggest that dysregulated translational control
is one molecular mechanism underlying ASD neuropathology. Exome sequencing of Simplex
families with a child affected by autism revealed numerous heritable and de novo autism-
associated single nucleotide variations (SN'Vs) within genes encoding for proteins responsible
for maintaining translational homeostasis. We assessed three affected genes; EIF24K2, EIF2AK3
and EIF2AK4, which encode protein kinase R (PKR), PKR-like ER kinase (PERK), and the
evolutionarily conserved general control nonderepressible 2 (GCN2) kinase, respectively. All
three kinases are activated under conditions of cellular stress, which results in phosphorylation of
elF2 on its o subunit. Phosphorylated elF2a terminates global protein synthesis and enhances the
translation of mRNAs containing 5’UTRs with unread open reading frames, including the
transcription factor ATF4. We hypothesized that heritable and de novo missense and nonsense
ASD-associated SNVs in genes encoding the elF2a kinases would alter their protein structure
and kinase function, and would significantly dysregulate global protein synthesis leading to
abnormal development and cognitive function. We discovered that multiple ASD-associated
SNVs in elF2a kinases result in altered kinase activity as measured by changes in elF2a
phosphorylation and global protein synthesis levels. Consistent with our hypothesis, PERK and
GCN2 haploinsufficient mice display atypical cognitive function and ASD-like behaviors. All
together our findings suggest that impaired PKR, PERK and GCN2 function occurs in multiple
individuals with ASD.
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Abstract: Multiple genetic studies have implicated significant roles of exonic deletions in genes
coding for pre-postsynaptic complex, such as neurexins, neuroligins and scaffolding protein
SHANKS, in the susceptibility to autism spectrum disorders (ASDs). Most previous studies on
autism candidate genes were based on animal models or cultured neurons, which do not
represent patient-specific models of neurodevelopment. Here we assess the feasibility using
urine-derived induced pluripotent stem cells (iPSCs) to build patient-specific models of neural
development, and study the functional effects of SHANKS3 knockdown. Two inhibitor systems
(SB431542, Drosomophorin) were used to induce human urine-derived iPSCs into neural stem
cells (NSCs). We then introduced shRNA targeting SHANK3 into NSCs by lentivirus to model
SHANK3 deletion, then investigated dynamic activity of developing neuron cells using live cell
microscope. We collected fixed cells to analyze the dendrite length and number of branches of
early stage neurons, and identified dysregulated molecular pathways by transcriptome
sequencing. Urine-derived iPSCs and NSCs can be differentiated into neurons and astrocytes in
our in vitro culture system in a highly reproducible manner. After shRNA targeting SHANK3
was introduced into NSCs, SHANK3 expression decreased ~50%. We observed abnormal
dynamic activity of neurite outgrowth after SHANK3 KD in the beginning of neural
development, where neurites develop into axons much earlier than control. We also found that
both the total dendrite length of neuron and the number of branches decreased substantially after
SHANK3 knockdown, especially the number of secondary branches. Our results demonstrated
that decreased SHANKS3 expression affects the fate of neural development, especially axon
growth. Our study also suggested that urine can be a feasible and sustainable source for non-
invasive collection of patient-specific iPSCs for building in vitro models of neural development.
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Abstract: Autism spectrum disorders (ASD) are genetically heterogeneous, but different ASD
genes may cluster into a smaller number of pathways, including the protein kinase mammalian
target of rapamycin (mTOR). mTOR is a key molecule that regulates protein homeostasis by
promoting protein synthesis and inhibiting macroautophagy (autophagy thereafter), a
homeostatic degradation process whereby cellular protein and organelles,e.g. damaged
mitochondria, are engulfed by autophagosomes, digested in lysosomes and recycled to sustain
cellular metabolism. We recently discovered that autophagy deficiency in response to aberrant
mTOR hyperactivation contributes to the synapse pathology of ASD. While the precise
mechanism driving autophagy-related pathology remains obscure, mitochondrial dysfunction is
likely a critical precipitating factor and a downstream mediator of the cellular and physiological
responses to faulty autophagy. Here, we examined the effect of mTOR hyperactivation on
mitochondrial autophagy (mitophagy) in both Tsc2+/- and Fmr1X-Y ASD mouse models, both
of which exhibit excessive mTOR activity. Removal of damaged mitochondria through
autophagy requires two steps: induction of general autophagy and priming of damaged
mitochondria for selective autophagic recognition. We found impaired general autophagy in both
Tsc2+/- and Fmr1X-Y mutant mouse brains, demonstrated by decreased LC3-II and increased
p62 protein levels. We analyzed the content of autophagy receptor proteins, including Nbrl,
Bnip3, Optineurin and p62, on mitochondrial fraction of each mouse line. These are cargo-
recognizing molecules which bind to the surface of damaged mitochondria and regulate the
recruitment of the autophagy machinery to the damaged mitochondria, a process called
mitochondrial priming. Compared to control mice, both Fmr1X-Y and Tsc2+/- mutants showed a
decrease in mitochondria-bound autophagy receptor proteins Bnip3 and p62, suggesting
impairment in mitochondrial priming. Our results indicate that mitochondria autophagy is
downregulated in both Tsc2+/- and Fmr1X-Y ASD mouse brain due to both reduced autophagy
induction and impaired mitochondrial priming.
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Abstract: There is an urgent need for effective treatment strategies for autism spectrum disorder
(ASD), with a prevalence rate of more than 1 in 100. One of the most common genetic variations
found in ASD is a copy number variation (CNV) on human chromosome 16, accounting for
approximately 0.5-1% of all ASD cases. While several brain regions have been implicated in
ASD, such as the dorsal raphe (DR) and nucleus accumbens (NAc), the neural circuit mechanism
and the projection specific pathway underling social impairment in ASD is largely unknown.
Studies have implicated the serotonergic system (SHT) in the pathophysiology of ASD, with
SHT neurons in the dorsal raphe (DR) sending projections throughout the forebrain.

Through the use of optogenetic and viral-mediated gene transfer approaches, we found that
activation of non-specific, as well as SHT specific DR neurons and their projection to the NAc
increased sociability. Conversely, inhibition of the DR SHT neurons and their projection to the
NAc decreased sociability. Utilizing a mouse line with a conditionally inactive 16p11.2
chromosomal segment, we determined that whole brain deletion and DR specific deletion of
16p11.2 decreased sociability, Furthermore, this deficit was reversed through optogenetic
activation of the DR following 16p11.2 deletion, demonstrating the critical nature of DR SHT
activity in social interactions. Future studies will assess how 16p11 deletion in DR 5-HT neurons
affects the physiology of these cells and the circuits in which they participate.
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Abstract: In humans the 16p11.2 deletion syndrome is caused by a loss of a chromosomal
segment that encodes about 25 genes. This microdeletion results in variable deficits and features
of autism, developmental delay and intellectual disability are common. Mouse models of
16p11.2 deletion syndrome have been developed and these animals have several behavioral
abnormalities and are typically hyperactive. Serotonin neurotransmission has long been
associated with autism, yet it remains poorly understood if altered serotonin neurotransmission
could represent a common deficit in autism generated by distinct genetic or environmental
factors. In this study, we studied the function 5-HT2A receptors in 16p11.2 deletion mice (Del)
and their wild-type (WT) littermates (Jackson Labs B6129S-Del(7SIx1b-Sept1)4Aam/J; Horev et
al., PNAS 2011). To evaluate the status of 5-HT2 receptors we administered the agonist, DOI,
and measured head twitch and ear scratch response, both mediated by 5-HT2A receptors. We
found that Del mice are relatively insensitive to DOI compared to their WT siblings. Next we
examined the effects of the 5-HT2A antagonist M100907. This was done in the context of acute
stress (swim), as this stimulus is known to activate the serotonin system. Typically rodents
exhibit active coping or escape-directed strategies when initially exposed to the swim, and with
time, active coping is gradually replaced by passive coping (floating). This pattern of behavioral
adaptation in the swim is evident in WT siblings over a 15 min time-course. However, Del mice
are more active initially, and they perseverate with an active coping strategy throughout the test.
Immunolocalization of the immediate early gene product Fos showed the relative engagement of
the lateral septum and prefrontal cortex and during this task. In WT mice, 0.01 mg/kg M100907
administered prior to the swim test had no significant effect on coping strategy. However
dramatically in Del mice 0.01 mg/kg reduced active coping throughout the test, and partially
restored the adaptive shift from active to passive strategy, attenuating the behavioral deficit in
comparison to their WT siblings. In addition Del mice were hypersensitive to the effects of
M100907 on Fos expression compared to WT mice. These effects correlated with regional and
cellular distribution of 5-HT2A receptors. Taken together these data reveal alterations in 5-
HT2A receptor function in the mouse model of 16p11.2 deletion syndrome.
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Abstract: Mutations and deletions of the transcription factor FOXPI are causative for autism
spectrum disorder (ASD) and intellectual disability (ID). Previous work has shown that whole-
brain Foxpl conditional knockout mice (cKO) display ASD-related phenotypes, and we have
identified the brain-region specific transcriptional program of Foxp1 in Foxp! heterozygous
mice. However, the circuit-specific contribution of Foxp1 to ASD and ID-related phenotypes
remains to be determined. In order to answer this question, we crossed EmxI.Cre"” mice with
Foxp "™/ mice to generate Foxpl ¢cKO (Foxp1°“°) mice with loss of Foxp! specifically in the
pyramidal neurons of the neocortex and hippocampus. Using immunohistochemistry and
histology, we find morphological abnormalities in the neocortex and hippocampus of Foxpl“<°
mice. Correlated with these findings, Foxp°“° mice display alterations in ASD-related
behaviors, including deficits in hippocampal-based learning and memory. Future experiments
will focus on identifying the molecular and cellular mechanisms underlying these phenotypes.
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Abstract: Autism spectrum disorder (ASD) is a pervasive developmental disorder characterized
by disturbances in social interactions, verbal and non-verbal communication, as well as restricted
and repetitive patterns of interest and behavior. Despite the high prevalence of ASD, its etiology
and pathophysiology are still largely unknown and heterogeneous. In the last couple of decades,
thousands of studies investigating the etiology of ASD have been published and several
environmental as well as genetic factors proposed to be associated with ASD when compared to
controls. Methionine cycle is an important metabolic cycle in the body, not only because it is the
main source for sulfur-containing amino acids, but it also provides the cells with several
metabolites that are vital for many cell functions, such as the methylation process and
antioxidant activity. Recently, several studies have proposed an association between the
pathophysiology of ASD and the alteration in methionine metabolism including increased
concentrations of homocysteine (Hcy), decreased DNA methylation, and increased oxidative
stress. Genetic studies have demonstrated that genetic polymorphisms in several enzymes
functioning in the cycle may alter it. For example, C677T polymorphism of the methylene-
tetrahydrofolate reductase (MTHFR) gene coding the enzyme responsible for the conversion of
5,10-methyleneTHF to the 5- methyleneTHF, leads to a 60% decrease in the activity of the
MTHFR enzyme and an increase in homocysteine levels, especially in people with low levels of
B vitamins. Likewise, genetic polymorphisms of the enzyme methionine synthase reductase
(MTRR) and cystathionine b-synthase (CBS) genes, which are also enzymes involved in the
methionine cycle may alter the cycle and hence increase the risk of ASD. Therefore, the goal of
this study was to examine the association between the genetic variations in the enzymes of
methionine metabolic cycle with ASD. To do that, the presence of the most common
polymorphisms of MTHFR, MTRR, and CBS genes was tested using PCR-RFLP method and
compared between 1) a group of Jordanian autistics, 2) their unaffected siblings, and 3) unrelated
health controls. Our preliminary data demonstrates a higher frequency of polymorphisms in the




mentioned genes in autistics compared to the unrelated controls. These data indicated that
genetic polymorphisms which lead to alteration in the methionine cycle may increase the risk of
ASD.
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Abstract: Restricted interests and repetitive behaviors (RRBs) are a core diagnostic criteria in
autism spectrum disorder (ASD). Phenotypic expression of RRBs encompasses a range of
behaviors from motor stereotypy to cognitive rigidity. To date there lacks effective treatments to
alleviate various RRBs expressed in ASD. Mouse models of syndromic forms of autism offer an
approach to understand the underlying pathophysiology and test potential treatments to alleviate
RRBs in ASD. Loss of the SHANK3 gene has been identified as the cause of a monogenic form
of autism. Deletion of the SHANK3 gene in mice leads to repetitive behaviors, e.g. self-
grooming, that are comparable to that observed in ASD. Therefore, the Shank3"™“™¢” (Shank3)
mouse can be used to test possible treatments to alleviate RRBs in ASD. A recent study found
that a partial 5-HT A receptor agonist reduces irritability in ASD. It is possible that a similar
treatment may also alleviate RRBs in ASD. Therefore, the present study investigated whether the
partial 5-HT s receptor agonist, tandospirone, is effective in reducing self-grooming behavior in
male Shank3 mice. Thirty minutes prior a self-grooming test mice received an intraperitoneal
injection of sterile water, 1.0 or 3.0 mg/kg tandospirone. Grooming behavior was measured for
10 minutes in an empty plastic cage. As previously reported, Shank3 null mice exhibited
elevated grooming behavior. Preliminary results indicate that treatment with tandospirone at the
1 and 3 mg/kg dose reduced grooming behavior in Shank3 null mice. The preliminary results



raise the possibility that treatment with a partial 5-HT) s receptor agonist may be effective in
treating RRBs in ASD.

Disclosures: J. Dunn: None. ML.E. Ragozzino: None.

Poster
030. Genetics of Autism and Autism Models
Location: Halls B-H
Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 30.09/C7
Topic: A.07. Developmental Disorders
Support: NIH Grant 1IFOSMH097457-01
NIH Grant 4RO0IMHO083728-07

Title: Expression of mutant DISC1 in Purkinje cells increased their spontaneous activity, leading
to behavioral phenotypes consistent with aspects of autism spectrum disorders

Authors: *A. V. SHEVELKIN'?, B. N. ABAZYAN?, C. YANG?, O. A. MYCHKO? T. J.
KAJSTURA?Z J. C. TRONCOSO?, D. J. LINDEN?, M. V. PLETNIKOV?;

'P K. Anokhin Inst. Norm Physiol, Moscow, Russian Federation; Johns Hopkins Univ. Sch. of
Med., Baltimore, MD

Abstract: Disrupted-In-Schizophrenia-1(DISC1) and its variants have been associated with
neurodevelopmental disorders, including schizophrenia and autism spectrum disorders (ASD).
Purkinje cells (PC) are neurons with highest expression of DISC1 in the brain. In order to
explore the role of DISC1 in cerebellar physiology and associated ASD-relevant behaviors, we
generated a mouse model of inducible and selective expression of dominant-negative form of
DISCI1 (truncated mutant human DISC1) in PC of anterior lobuli of the cerebellum (II-V and
internal side of VI).

We measured the volume of the cerebellum and PCs in mice at postnatal day 21 and assessed the
behavioral phenotype in male and female mice of 3-7 months of age using a series of tests
relevant to schizophrenia and ASD, including novelty-induced activity, elevated plus maze, Y
maze, object and place recognition, fear conditioning and rotarod. Mutant DISC1 male but not
female mice demonstrated abnormal social interaction, hyperactivity and deficient novel object
recognition, with no group differences in elevated plus maze, spontaneous alteration or spatial
recognition in Y maze.

Neither the total number of PC nor the volume of the cerebellum were significantly altered in
mutant DISC1 mice. No up-regulation of cellular markers of inflammation was observed in



mutant mice. Whole-cell patch clamp and loose patch recordings in brain slices found larger
amplitude and increased frequency of mEPSCs and spontaneous spiking in PCs, but no changes
in intrinsic excitability, Rinpy and paired-pulse ratio in mutant DISC1 mice.

Our findings indicate that mutant DISC1 might alter physiology of PC to lead to cognitive and
social abnormalities in mice. This may have the potential to advance our knowledge of the role
of DISC1 in maturation and function of the cerebellum related to neurodevelopmental disorders.
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Abstract: Autism Spectrum Disorder (ASD) is a heterogeneous disorder spanning a variety of
symptoms involving sensory processing, repetitive behaviors, as well as, deficits in
communication and social interactions. The neuromodulator serotonin (5-HT) is known to play
an important role in normal brain development and has been implicated in perceptual and
behavioral abnormalities in ASD. In fact, 5-HT has been considered a biomarker for ASD in
about ~ 25-30% of all cases (Cook, 1990; Veenstra-VanderWeele and Blakely, 2012). Using a
mouse model of ASD expressing a human coding variant in the 5-HT transporter (SERT,
SLC6A44), the present study set out to characterize potential changes in cytoarchitecture and



connectivity patterns of cortical sensory regions that might be linked to alterations in serotonin
availability during development. The Gly56Ala substitution mutation at the N-terminus has been
shown to produce a hyperactive SERT, clearing away more 5-HT than in the wild type form.
With SERT being transiently expressed in thalamocortical axons during embryonic development,
our initial analysis examines the anatomical effects of altered 5-HT clearance on the distribution
of thalamocortical axons in the adult. Additionally since previous work showed that there is a
greater concentration of SERT in projections deriving from unisensory thalamic nuclei than from
multisensory nuclei (Lebrand et al., 1996), we expected that differential effects on
thalamocortical development might be observable in different regions of cortex depending on
their thalamic input source. Primary visual cortex (V1) and multisensory region V2L were
subsequently selected for analysis. Utilizing the presence of vesicular glutamate transporter 2
(VGIuT2) as a proxy to investigate thalamic projections to these areas, our data reveals a
significant difference in the distribution of thalamocortical terminals in the adult knock in (KI)
mice. KIs exhibited more broadly distributed VGluT2-positive terminals beyond layer IV in V1
but not in V2L compared to wildtype littermates (129S4/S6). Specifically, thalamic terminals
appeared to encroach into supragranular layers suggestive of less precise targeting. Furthermore,
since no differences were observed in V2L, alterations in 5-HT availability during development
may preferentially impact unisensory regions, potentially leading to unisensory processing
deficits. This change may have cascading effects shaping, for example, integration of visual
sensory cues with other sensory signals further explaining some of the observable symptoms in
ASD.
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Abstract: Motivation. During the postnatal stages the development of functional brain circuits
depends critically on the genetic background as well as on neuronal activity driving the
formation of new synapses. Alterations of genes regulating migration and synapse formation
during development can therefore cause neurodevelopmental disorder like Autism spectrum
disorder (ASD). However, how abnormal development at the cell level impacts on functionality
at the circuit level is currently unknown. Here we use Fmr/KO and CNTNAP2-KO mice, two
well-established mouse models for ASD, to comprehensively characterize the brain circuits that
show delayed or abnormal development in these mice when compared to wild type controls.
Experimental setup. Fmr/KO mice, CNTNAP2-KO mice and respective wild type control
littermates are longitudinally evaluated during early development (juvenile stage 30 days post-
natal, adolescent stage 60 days post-natal, adult stage 120 days post-natal). At each stage, we
performed MRI scanning to evaluate structural and functional connectivity changes. The dataset
are acquired on a 7T Bruker scanner, equipped with a transmit-receive mouse brain cryogenic
coil. Well-established protocols are applied to sedate and monitor mice during the MRI
acquisition'. Rs-fMRI time series is acquired using gradient echo EPI sequence (2000
repetitions, TR=1s). Thereafter, a multi-shell diffusion-weighted sequence is applied (90
directions, b-values ranging 0-3000). Brain connectivity will be analyzed focusing on specific
neural networks. Diffusion-weighted data will be modeled as tensor (DTI) as well as constrained
spherical deconvolution (CSD), followed by global tractography®. Rs-fMRI will be cleaned from
artifacts and analyzed using several established methods'”, including independent component
analysis (ICA), total correlations and network dynamics analyses. Expected output and impact.
We will test whether neuroimaging connectivity biomarkers are sufficiently sensitive for
detecting differences between the neuro-phenotype of the different mouse models already at
young age. This longitudinal experiment will further reveal how circuit development of the
autistic brain deviates from normal dynamics depending on the genetic background. This study
will provide new insights relevant for developing neuroimaging biomarkers for early diagnosis
and monitoring of ASD in human patients. ' Zerbi, V., et al. NeuroImage 123, 11-21, (2015).
Christiaens, D. et al. Neurolmage 123, 89-101, (2015). 3 Nasrallah, F. A., et al. Neuroimage 86,
417-424, (2014)
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Abstract: Duplications of 15q11.2-q13.1 (Dup15q syndrome) account for 1-3% of autism
spectrum disorder (ASD) and also confer a high risk for intellectual disability (ID) and epilepsy.
The duplicated region includes three y-aminobutyric acida receptor (GABAAR) subunit genes.
Case reports have identified spontaneous beta oscillations (SBOs) in clinical
electroencephalogram (EEG) recordings from children with Dup15q syndrome. SBOs resemble
beta activity induced by drugs that modulate GABA, suggesting upregulation of GABAAR
subunit genes.

We measured SBOs from resting-state EEG recordings of children with Dup15q syndrome (n =
11) and compared these recordings to age-matched typically developing (TD) children (n =9)
and age-and-IQ-matched children with nonsyndromic ASD (n = 10). No children in the study
were taking benzodiazepine or similar drugs known to induce beta activity. Relative power in
delta, theta, alpha, betal, beta2, and gamma bands was computed for 9 regions of interest and
analyzed using repeated measures analysis of variance (ANOVA), with multiple testing
corrected for using false discovery rates (FDR). In a larger cohort (n = 27) of children and adults
tested across two sites, we examined age, duplication type, and epilepsy status as predictors of
beta power using simple linear regressions.

Resting betal (12 — 20 Hz) and beta2 (20 — 30 Hz) power was significantly (p < 0.05, FDR
corrected) stronger in Dup15q syndrome as compared with both control groups. Effect sizes for
comparisons of beta2 power as measured with Cohen’s d were as follows: d = 1.73, Dup15q —
ASD; d=1.63, Dupl5q — TD. Beta2 power was significantly predicted by epilepsy status in
Dupl5q syndrome (R*=0.17, p < 0.05).

SBOs are a biomarker of a genetically distinct subgroup of children within the autism spectrum.
Quantification of this biomarker could improve diagnosis, prognostication, and measurement of
target engagement and outcomes in clinical trials, a model that can inform similar investigations



in the quickly expanding number of high-risk genetic syndromes associated with
neurodevelopmental disorders.

beta1 power

beta2 power
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Title: Regulatory small non-coding RNAs in the superior temporal sulcus and primary auditory
cortex brain regions of Autism Spectrum Disorders display sexual dimorphism
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Abstract: Autism spectrum disorders (ASD) are neurodevelopmental disorders which display
social interaction deficits and repetitive behaviors. ASD is sexually dimorphic and more
prevalent in boys than girls. Sexually dimorphism in ASD neuropathology has been reported.
Thus we investigated whether there is molecular sexual dimorphism in the ASD brain
transcriptome. We focused on small non-coding RNAs (sncRNA, including miRNA), which are
a major class of regulatory RNAs. We investigated two brain regions: the superior temporal
sulcus (STS) and primary auditory cortex (PAC). STS is an association cortex involved in social
perception, joint attention, face perception and speech perception and is implicated in ASD. PAC
is a primary sensory cortex modulating auditory processing.

We aimed to identify:1) sexually dimorphic and regionally dysregulated sncRNA expression in
STS and PAC in postmortem male and female human brains of ASD compared to TD controls;
and 2) potentially affected pathways based on predicted sexually-dimorphic dysregulated
miRNA targets.

Affymetrix miRNA 3.0 arrays were run on 34 samples (5 ASD Female, 5 ASD Male, 2 TD
Female, 6 TD Male; two brain regions — STS, PAC; 4-58 years of age; two of the 18 subjects had
only one brain region available). Mixed Regression Model was used to identify sexually
dimorphic differentially expressed sncRNA (p<0.005, |fold-change[>1.2).

There were 27 and 9 sexually dimorphic sncRNA in ASD STS and PAC, respectively, and 85
sexually dimorphic sncRNA regionally dysregulated in ASD between the two brain regions.
Based on the predicted targets of the dysregulated miRNAs, there were many more immune
pathways over-represented (Benjamini-Hochberg corrected p<0.05) in female (70) than in male
(14) in the regional STS vs PAC comparison, with 12 immune pathways in common between
male and female. A number of pathways with targets of sexually dimorphic miRNAs have been
implicated in ASD, such as axonal guidance, PI3K/Akt Signaling. Moreover, in the common
pathways in male and females, there were a number of different mRNA predicted targets.
Sexually dimorphic sncRNA expression in ASD brains may contribute to ASD pathophysiology.
Even though common pathways may be affected in male and female, different branches of these
pathways may be aberrant in the two sexes, which highlights

the necessity for sex-specific treatment and prevention. This study also highlights the importance
of the immune system in ASD, and its sexually dimorphic nature. Future studies will need to
confirm these findings.
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Abstract: Increased gene copies of UBE3A4 underlie the autism-related behavioral traits
observed in individuals with maternally inherited 15q11-13 triplications (idic15). Here we
demonstrate that restricting excess UBE3A to the nuclear compartment impairs sociability by
repressing the expression of Cblnl, a key node in an autism gene network of interacting proteins
that transsynaptically bridges NRXN and GRID family members that are frequently deleted in
autism. Cb/nl mRNA is negatively regulated by neuronal activity and we show that chemically
induced epileptic seizures synergize with UBE34 dosage to impair sociability through an Ube3a-
dependent mechanism that involves glutamatergic neurons located in the ventral tegmental area
(VTA). Deleting Cblnl in VTA glutamate neurons disrupts social behavior by weakening
glutamatergic synaptic transmission. Finally using chemogenetics, we demonstrate that normal
glutamatergic synaptic transmission emanating from VTA is necessary and sufficient for intact
social behavior.
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Title: OTUD7A is a novel candidate driver gene of neurodevelopmental abnormalities in
15q13.3 microdeletion syndrome
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Abstract: Copy number variations (CNVs) are chromosomal deletions or duplications that
confer high risk for many neuropsychiatric conditions. The 15q13.3 CNV microdeletion is
associated with high risk for epilepsy, intellectual disability, schizophrenia and autism spectrum
disorder (ASD), and most reported cases are heterozygous for this deletion. However, the
neurodevelopmental abnormalities underlying the clinical phenotypes and the gene(s) driving
these phenotypes remain unknown. To study this CNV, we are utilizing a heterozygous 15q13.3
microdeletion mouse model that displays characteristic behavioural features of 15q13.3
syndrome, including epilepsy, increased stereotyped behaviour and deficits in spatial learning
and memory. RNA-sequencing and gene set enrichment analysis (GSEA) of cortical brain tissue
from WT and heterozygous mice revealed that differentially expressed genes are highly enriched
in forebrain development. We next analyzed postnatal neuronal morphology, which revealed
alterations in dendritic arborization and dendritic spine morphology in excitatory cortical
pyramidal neurons. Additionally, preliminary biochemical experiments revealed a decrease in
post-synaptic density fraction proteins with a concomitant increase in presynaptic fraction
proteins in heterozygous mice, further suggesting that synaptic connectivity may be altered in
15q13.3 heterozygous mice. To understand the pathophysiology of 15q13.3 microdeletion



syndrome, we dissected candidate driver genes using whole-genome sequencing (WGS) and
brain-critical exon analysis of human transcriptome data. WGS of ASD quartet families
identified 4 De Novo variants in one of the genes within the deletion, OTUD7A. OTUD7A is
also the only gene within the deletion containing a brain-critical exon that is highly enriched in
the brain, suggesting a novel role for this gene in brain function. GSEA of human protein
expression data revealed that genes that are highly co-expressed with OTUD7A are highly
enriched in pathways involved in synaptic connectivity. Additionally, preliminary biochemical
experiments showed that OTUD7A is localized to the post-synaptic density of neurons in the
mouse brain, further supporting a role for OTUD7A in synaptic connectivity. Future work will
focus on further elucidating the role of OTUD7A and associated pathways in brain development
and determining whether loss of OTUD7A can account for the observed synaptic defects in the
mouse model.

Disclosures: B.K. Unda: None. M. Uddin: None. S. White: None. N. Holzapfel: None. V.
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Abstract: Background - Lateral asymmetry in the brain is common in most biological systems.
Differences in that asymmetry can provide insight into functional and/or behavioural variations
in the population. Studies have shown asymmetry differences in autism compared to typically
developing controls. Previous work on the mouse highlights several regions of asymmetry in the
mouse brain (Spring et al. 2010), including the striatum, hippocampus, and areas within the



thalamus and cortex. Objectives - Using 26 different mouse models related to autism as a
representative sample of an autistic population, we hypothesized asymmetry differences
compared to wild-type (WT) would be found in the autistic population that would be indicative
of functional and/or behavioural variations. Methods - In total 593 mouse brains were examined
from 26 different mouselines related to autism (Ellegood et al. 2015). Imaging was performed
using pre-established methods (Lerch et al. 2011). Acquisition images were flipped/mirrored
along the midline axis and registered, first to the original image and then all together.
Comparisons were made between the flipped and original image to assess asymmetry and across
mouselines. Baseline asymmetry was established using 76 C57B16/J mice. Areas of significant
voxelwise asymmetry were used to form regional asymmetry networks. 11 different areas were
identified, and mean effect size differences in asymmetry were calculated in those 11 areas for
the WT and mutant in each of the 26 models. Significant differences between the WT and mutant
group were calculated using a linear model and multiple comparisons were controlled for using
False Discovery Rate (FDR). Results and Discussion - Of the 11 regional networks/areas that
were examined we found a loss in lateral asymmetry in 5 areas. The strongest losses were found
in areas in the hypothalamus and thalamus (p=0.01, FDR=11%) as well as a corpus callosum to
motor cortex network (p=0.01, FDR=11%). Additional losses of asymmetry were found in a
memory network involving the striatum, hippocampus and amygdala (p=0.03, FDR=13%), and a
brainstem network (p=0.03, FDR=13%). The models with the strongest asymmetry loss in those
5 areas were Cntnap2, NI3, En2, XO and BTBR in that order. The loss of asymmetry in the
corpus callosum to motor cortex network could be related to functional deficits as several lines
have motor abnormalities (e.g. En2, Gtf2i, Mecp? etc.). Similarly the loss of asymmetry in the
memory network may be related to cognitive deficits in several lines (e.g. Shank3, 15q11-13,
Cntnap? etc.). Overall, we found specific areas where normal lateral asymmetry was lost in the
brain of autism related mouse models.
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Abstract: Genome-wide association studies (GWAS) have identified many genomic loci
associated with the risk of schizophrenia and autism, and additional sequencing efforts are in
progress for bipolar disorder and ADHD. The field has a need for strategies to mine this wealth
of genetic information to understand disease etiology and progression and to inform treatment
strategies. One major obstacle is that the cellular and anatomical substrates of
neurodevelopmental disorders are largely not known. We propose that new knowledge of the
affected neurons and circuits can be gained by determining whether genomic loci mutated in
patients are enriched for genes and pathways characteristic of specific neuronal populations. This
requires a more comprehensive understanding of neuronal subtype-specific molecular profiles
than currently available. To this end, we are building a critical resource of gene expression data
from multiple subtypes of projection neurons isolated from the murine neocortex and, in parallel,
from human cortex at both fetal and adult stages.

The approach we used to label neurons does not require genetic labeling and is thus particularly
valuable for large-scale transcriptomic studies in human samples, as it allows for the
simultaneous isolation of multiple neuronal classes from the same tissue sample. As the number
of neuronal classes profiled grows, this type of resource will provide a platform to interface
GWAS data with neuronal class-specific expression profiles to facilitate the identification of the
classes of neurons most likely affected and to clarify the developmental timing of disease
susceptibility.
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Title: Matrix metalloproteinase 9 overexpression recapitulates neurophysiological changes
induced by early exposure to valproic acid in a Xenopus tadpole model for neurodevelopmental
disorders
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Abstract: Prenatal exposure to valproic acid (VPA), a commonly prescribed antiepileptic
medication, is known to greatly increase risk for autism and other neurodevelopmental disorders
(NDDs). Prior experiments in our lab had shown that early developmental exposure of Xenopus
tadpoles to VPA resulted in behavioral and electrophysiological abnormalities consistent with
various NDDs. The etiology of autism, and NDDs, is hypothesized to arise from misexpression
of synaptic proteins that function to stabilize, maintain, and refine synapses. Matrix
metalloproteinase 9 (MMPY), an endopeptidase involved with synaptic refinement, has been
associated with various NDDs, and microarray and qPCR data from our lab revealed that chronic
exposure of tadpoles to VPA, caused significantly altered expression MMP9 mRNA in the CNS.
Knocking out MMP9 expression, in a Fragile X mouse model, has been shown to rescue the
Fragile X phenotype. Here we find that pharmacological inhibition of MMP9 activity recues
neurophysiological and behavioral abnormalities induced by early developmental exposure to
VPA. Although these findings highlight the potential role of MMP9 in neurodevelopmental
disorders it remains unknown if dysregulation of MMP9 is sufficient to cause the abnormalities
observed with VPA exposure. Thus, we overexpressed MMP9 in the optic tectum of developing
tadpoles and conducted electrophysiological recordings from tectal neurons. We found that
MMP9 overexpression caused increased synaptic transmission, elevated network connectivity
and excitability, and reduced intrinsic cell excitability. These results recapitulate the observed
effects of VPA on the developing neural circuit and suggest a shared mechanism by which
genetic, epigenetic, and environmental risk factors may induce neurodevelopmental disorders.
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Abstract: Alterations in excitatory glutamatergic signalling together with increased astrocytic
activation and neuroinflammation have been observed in the brain of individuals with autism
spectrum disorder (ASD). Within the ASD brain, the metabotropic glutamate receptor 5
(mGluRS5) has been found to be downregulated in expression in the DLPFC, with mGluR5
modulators having the potential for clinical benefit for syndromic ASD. At the glutamatergic
tripartite synapse, astrocytes play an important role in regulating the pre- and post-synaptic
glutamate receptors as well as intercellular glutamate levels. Within the ASD brain elevated
levels of excitatory amino acid transporters (EAAT1 and EAAT?2) and glia fibrillary associated
protein (GFAP) have also been found. For this investigation we utilised human primary foetal
and adult human astrocytes to investigate astrocytic glutamatergic signalling in response to a
neuroinflammatory insult. Primary human foetal and adult astrocytes were exposed to
Polyinosinic:polycytidylic acid (Poly I:C) [100ng/ml] for 24 hours and 1 week to induce acute
and chronic activation states. Following on we assessed levels of pro-inflammatory cytokines
using enzyme-linked immunosorbent assay (ELISA), mRNA expression of glutamatergic and
astrocytic markers using qPCR, and mGIuRS binding activity via [3H] methoxyPEPy radioligand
binding assay. Astrocytes exposed to poly I:C showed elevated levels of pro-inflammatory
cytokines IL-6 and Rantes versus controls. We also observed a reduction of mGIuRS5 binding
activity in cells exposed to Poly I:C, together with a reduction in mRNA expression of GRMS5
(p<0.05), and the main CNS glutamate transporter EAAT2 (p<.001), as well as increased
expression of mGluRS downstream element SHANKS3 (p<.001). Finally, we observed a
reduction in mRNA expression of the astrocyte cytoskeletal markers ALDHI1L1 (p<.005) and
GFAP (p<.005). Our findings demonstrate that during astrocytic activation mGIluRS signalling is
reduced and is accompanied by a reduction in EAAT2 expression that is suggestive of a reduced
capability to clear extracellular glutamate. These findings point to reduced mGIluRS signalling in
the ASD potentially associated with abnormal astrocyte functioning and an increased
vulnerability to glutamate mediated excitotoxicity, however further post-mortem work is
required to confirm this. Our findings of reduced GFAP are to an extent counterintuitive
following Poly I:C exposure but may not be reflected at the protein level. Conversely, reduced
GFAP and ALDHI1 may represent a decrease in structural astrocytic proteins that are indicative
of a reduced capacity to carry out normal functioning.
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Abstract: Autism, a severe neurodevelopmental disorder, becomes increased in young age. In
human patients, cerebral and cerebellar developmental abnormalities are reported. Especially,
reduction in size and number of Purkinje cells in cerebellum is revealed in both the postmortem
human studies and some drug-administrated adult animals. Several chemicals are known to play
some roles in onset of autism . Valproate (VPA) is one of the candidates of inducer of autism.
Chlorpyrifos (CPF), an organophosphorus agent, is also known as an autistic inducer likewise
VPA. In this study, we investigated cerebellar cytological and behavior changes in development
with some drug administrations. VPA is known as a HDAC inhibitor. The effects of other
HDAC inhibitors, suberoylanilide hydroxamic acid (SAHA), and MS-275, were also
investigated. Additionally, CPF or tributyltin (TBT) were tested. Each drug was administrated to
embryonic day 16 p.o. (VPA; 600mg/kg, MS-275; 4mg/kg, CPF; 4.3mg/kg, and TBT; 20mg/kg
of mother weight, respectively) or i.p. (suberoylanilide hydroxamic acid, SAHA; 50mg/kg of
mother weight).

In cerebellar development, the soma of Purkinje cells form a single layer and elongate their
dendrites with synapses during the first two weeks. In VPA-administrated rat, we have
observed the elongation of Purkinje cell dendrites started earlier and reached all over the
molecular layer even in P12. It was observed also in SAHA, or CPF administrated rat, while in
MS-275, or TBT administrated rats, it was not. The behavior of VPA- or CPF-administrated
animals was observed as same as control animals in the first week, however, VPA-administrated
became differentiated from others in the second week. MS-275, or TBT-administrated animals
showed unique behavioral development.

After the facilitation of Purkinje cell development in these drugs in the first week, excess gyrus
in cerebellar lobules, especially in lobe V to VII, was formed in the second week. During the



developmental progress, this excess gyrus was eliminated with some Purkinje cells.

Recently, some recovery effects from autism with bumetanide, or oxytocin administration have
been reported. We investigated the neuronal effects of these drugs to the VPA-induced autistic
model animals. We suggest that drug-induced autistic model rat would become useful to evaluate
the recovery effect of a drug.
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Abstract: The amygdala is a complex cluster of nuclei located in the rostral portion of the
temporal lobe. It plays a prominent role in modulating socioemotional processing, yet little is
known about the postnatal neuronal development of this structure in humans. Understanding
these developmental processes is critical for untangling a number of neuropsychiatric disorders
that have been associated with amygdala dysfunction such as anxiety disorder, depression, and
autism spectrum disorder (ASD). Structural and functional imaging studies have demonstrated an
altered age-related growth trajectory and activation of the amygdala across the lifespan in
individuals with autism. The cellular substrates of these lifelong alterations are not well
understood. We performed a stereological analysis of neuron number and size in subregions of
the amygdala utilizing postmortem tissue from 50 human brains (28 ASD, 22 Typical)
representing the largest study of its kind to date. In typical development, the number of neurons
in the amygdala increases with age from childhood through adulthood by 23% in the basal
nucleus and 15% in the accessory basal nucleus. In contrast, individuals with autism on average
show an initial 15% increase in neuron number during childhood in the basal, accessory basal,
and central nuclei relative to age-matched typically-developed brains. This initial increase is
followed by a pronounced reduction in neuron number in autism with increasing age in all



amygdala subregions, including lateral, basal, accessory basal, and central nuclei, such that by
adulthood there is, on average, a 17% decrease relative to the typical adult brain. These findings
provide the first evidence of the normal pattern of lifelong neuronal development and maturation
in the postnatal human amygdala and demonstrate that these typical processes are disrupted in
autism, resulting in an age-related loss of neurons across amygdala nuclei in adults with ASD.
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Abstract: This work compares the expression of synaptic plasticity-associated protein GluR1, a
subunit of the AMPA receptor, in the basolateral complex of the amygdala (BLA) in the valproic
acid (VPA) rat model of autism spectrum disorder vs. saline-treated controls, after fear
conditioning and extinction. Fear extinction is a process in which a conditioned fear response is
suppressed by the formation of a new memory that competitively opposes the fear-association.
The BLA plays a vital role in extinction of conditioned fear response and is heavily modulated
by reciprocal connections with the infralimbic cortex (IL). Because extinction is a form of new
learning, it involves both memory acquisition and consolidation and is therefore dependent on
the cellular and molecular processes that mediate synaptic plasticity. Extinction of conditioned
fear is impaired in rats prenatally exposed to VPA. Fear extinction learning in neurotypical
animals promotes increased GluR1 synaptic expression in the IL and extinction learning related
to cocaine withdrawal promotes increased synaptic GluR1 in the IL and decreased synaptic
GluR1 in the BLA; however, little is known about the molecular and synaptic state of the BLA in
VPA exposed rats, and how potential synaptic dysfunction in this region might contribute to
extinction impairment. To examine the effect of prenatal exposure to VPA on the expression of
synaptic GluR1 in the BLA, 500 mg/kg VPA or saline were injected (i.p.) to pregnant dams on
embryonic day 12.5. Two month-old male offspring were subjected to auditory fear-conditioning
followed 24 hours later by extinction training. VPA exposed rats showed extinction deficits
when tested on day three (F(1,14)=12.89; p=0.003). Animals were sacrificed 45 minutes
following retention testing. Tissue punches were taken from the BLA for western blot analysis of
phosphorylated GluR1 at the Ser831 and Ser845 sites. No difference in phosphorylated levels of
GluR1 at Ser831 was seen. Expression levels of phosphorylated GluR|1 at the Ser845 site were
significantly increased in the BLA of VPA exposed rats compared to saline controls (t(15)=2.13;
p=0.02). Phosphorylation of Ser845 is associated with increased GluR1 subunit synaptic
trafficking, which could alter the ion selectivity of resultant AMPARs and affect plasticity.
These results indicate that the VPA animal model of ASD presents normal acquisition but
impaired extinction memory consolidation, and suggest that this impairment is associated with
abnormal AMPA receptor subunit trafficking in the BLA.
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Abstract: Autism spectrum disorders (ASDs) are complex neurodevelopmental disorders
characterized by stereotyped behaviors, and impairments in social interaction and
communication. While a majority of autism is idiopathic, several genetic and environmental
factors have been shown to be involved in its diverse etiology and symptoms, posing a serious
challenge to the development of therapeutic strategies. Many symptoms of idiopathic autism are
also seen in other neurodevelopmental disorders, suggesting that these symptoms may converge
upon a unifying molecular nexus — the phosphoinositide-3 kinase (PI3K) pathway. PI3K is a key
regulator of signaling and protein synthesis and is implicated in several monogenic forms of
autism including fragile X syndrome (FXS), the most common known genetic cause of autism.
We have recently shown that a prefrontal cortex-selective genetic knockdown of the PI3K
catalytic subunit, p110p, rescues specific cognitive deficits in a FXS mouse model. We have also
found that a p110p subunit selective inhibitor ameliorates the increased protein synthesis rate in
synaptoneurosomes from the FmrI knockout mouse model and human FXS patient cells.
Dysregulated protein synthesis has been shown to be a key feature of several
neurodevelopmental disorders; however our knowledge of the molecular pathogenesis in human
neurons has, until recently, been largely limited to studies conducted in post-mortem tissue from
patients. In this study, we extend our investigation of the therapeutic value of targeting
overactive PI3K signaling in fragile X syndrome and autism to a more translationally relevant
model, using human patient induced pluripotent stem cells (iPSCs). Using both BONCAT and a
flow cytometry-based assay in multiple control and patient iPSC-derived neural progenitor cells
(NPCs) to measure novel protein synthesis, we have found that patient-derived NPCs exhibit
increased global protein synthesis compared to control NPCs. Furthermore, treatment with a



p110p inhibitor reduced the exaggerated protein synthesis rate in FXS patient-derived NPCs.
Thus, this work suggests that patient iPSC-derived neural progenitor cells recapitulate molecular
phenotypes seen in the mouse model, and can be used as valid model for critical pre-clinical
testing and comparison of therapeutic strategies.
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Abstract: The neuropeptide, oxytocin has attracted tremendous attention as potential therapeutic
treatment for various social deficits in recent years. However, the neurobiological basis of
oxytocin on pro-social behaviors is still poorly understood. Here we report an activity-dependent
regulation of oxytocin receptor (OXTR) stability and trafficking in cultured neurons. When
neuronal activity is increased, the steady-state level of OXTR is rapidly increased by up-
regulation of protein synthesis and down-regulation of ubiquitin-proteasome (UPS)-dependent
degradation. Conversely, when neuronal activity is decreased, the steady-state level of OXTR is
decreased by up-regulation of receptor internalization and UPS-dependent degradation.
Furthermore, we have established a stable multi-site in vivo recording system of single-unit
spikes from different brain regions simultaneously, permitting better exploring relevant neuronal
circuitry underlying oxytocin’s effect on pro-social behavior. In a preliminary study, we found
that intravenous application of oxytocin alters neuronal firing pattern from continuous into burst
activities in several brain regions implicated in social circuitry. We are currently exploring how
this is relevant to social behaviors, and determining the molecular mechanisms underlying
OXTR trafficking and degradation.
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Abstract: Background: Environmental challenges to the maternal immune system during
pregnancy increase the likelihood of neurodevelopmental disorders, such as Autism, appearing in
the progeny. While previous studies show that the mother’s inflammatory response is implicated,
how inflammation during pregnancy can disturb brain development remains unknown.
Microglia, the brain’s resident immune-cells, have been recently shown to be critically involved
in normal brain development, shaping connections between neurons by pruning superfluous
synaptic spines. Objective: To show that maternal immune activation (MIA) alters microglia’s
spine pruning function and lead to behavioral disturbances. Methods: Using our established
mouse model of MIA induced by bacterial Lipopolysaccharide (LPS), we quantified spines and
assessed alterations in some molecular signals involved in pruning, within the offspring’s brain.
Additionally we assayed the offspring’s behaviour during development. Results: Prenatal LPS
resulted in a significant increase in the number of spines in dentate gyrus neurons. In addition,
we show reduced hippocampal expression of fractalkine and its microglial receptor (CX3CR1),
which are involved in mediating the pruning process. In both cases these changes were only
noted in the male offspring of LPS challenged dams. Interestingly, C3, a compliment protein
involved in tagging spines for microglia pruning, was less expressed in male pups independent of
treatment. We further found an LPS effect in the offspring’s duration of ultrasonic vocalizations.
Conclusions: Our results provide an early indicator that microglial function is altered in the brain
of maternally challenged progeny and that the effects in the brain appear to be specific along sex
lines. In addition, we find early-onset alterations in communication in the offspring of infected
mothers, a hallmark of disorders like Autism.
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Abstract: Autism Spectrum Disorders (ASDs) affects 1 out of 68 children in the US. Despite the
growing number of diagnosed children worldwide, the underlying biological mechanisms are
unknown, and there are no effective medications. Mutations in the Shank family of proteins are
a highly prevalent and penetrant genetic risk factor for ASDs given their role as essential
scaffolding molecules at synapses. While the genetic heritability of autism is high, environmental
factors (such as prenatal zinc deficiency) might promote the onset and manifestation of ASDs.
Considering the role of the zinc ion as a signaling molecule in the brain and its ability to bind
and activate Shank3, it could offer a potential mechanism for gene/environment interaction.
Identifying specific downstream targets of zinc deficiency and Shank mutations will facilitate the
development of new treatments for ASDs. One such potential molecule implicated in previous
Shank and zinc studies is AMPAR (the major group of glutamate receptors in the nervous
system). Here, we ask how zinc, Shank and their interaction regulate AMPAR by using a
combination of electrophysiology and imaging approaches in dissociated neuronal culture. We
found that AMPAR-mediated synaptic current is strengthened by zinc addition during early
synaptic development, particularly relevant since ASDs manifest at a young age when the brain
is highly vulnerable to genetic mutations or environmental insults. The effect of zinc on AMPAR
activity is subunit-specific, suggesting the involvement of this signaling pathway in particular
phases of plasticity. Interestingly, Shank2 and Shank3 display different synaptic expression
pattern over neuron development, which hints at their potential contribution to the developmental
dependence of AMPAR’s zinc sensitivity. This work demonstrates that zinc regulates the
function of AMPAR early in development potentially through its interaction with Shank3. It also



identifies modulation of AMPAR function as a potential therapeutic strategy for autism patients
with history of prenatal zinc deficiency.
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Abstract: Language delays and deficits have been considered a defining feature of autism
spectrum disorder (ASD). Currently, only co-morbid manifestations of the disorder can be
alleviated, but not the core symptoms. Notably, the most common genetic linkages to ASD
include ones that alter the extracellular-signal-regulated kinase (ERK) pathway. Here, we
hypothesized that ERK signaling is dysregulated in ASD and that interventions aimed at
normalizing this pathway can alleviate the core symptoms of the disorder. We tested this
hypothesis in the BTBR mouse model because it robustly exhibits all of the core behavioural
features of ASD. We found that the levels of both active MEK and ERK proteins were
significantly increased in the neocortex of juvenile (postnatal day 35, or P35) BTBR mice
compared with age-matched B6 animals. To test if pharmacological inhibition of ERK signaling
would mitigate ASD-like behaviour in BTBR mice, we injected i.p. both B6 and BTBR mice
from P24 to P35 with U0126 (12.5 mg/kg/day), a highly selective and potent MEK inhibitor.
Using liquid chromatography-tandem mass spectrometry, we first confirmed that the
concentration of U0126 in neocortex homogenate after i.p. injection was above its ICsy. In
addition, 1.p. injection of U0126 reduced pERK levels in the neocortex of BTBR mice.
Behavioural testing revealed that while U0126 treatment did not affect body weight or motor
activity of either BTBR or B6 animals compared with vehicle-injected controls, it increased the
number of ultrasonic vocalizations (USVs) emitted by BTBR mice during male-female
encounters, without altering the average duration, peak frequency, or maximum amplitude.
Further analysis showed that similar to what has been reported in neonatal mice, USVs in
juvenile B6 mice were mostly clustered into strings of calls separated by relatively long pauses.



In contrast, the USVs from BTBR mice showed only modest string organization, with larger
proportion of calls not associated with a string structure, as well as fewer total number of strings
and calls per string during the test. U0126 treatment increased the proportion of calls associated
with string structure and the total number of strings emitted from BTBR mice. Thus, U0126
treatment improved both the volume and structure of vocalizations from BTBR mice. In
addition, we also examined the effect of U0126 treatment in the 3-chamber sociability assay, and
found that the BTBR mice showed a trend toward improvement. Together, our data indicate that
regulating ERK signalling ameliorates deficits in vocal communication of the BTBR model of
ASD, suggesting that targeting this pathway could have potential therapeutic benefit.
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Abstract: Introduction: We have recently reported that fetally derived neuronal exosomes
(FNESs) can be isolated from maternal plasma and their proteins analyzed as a non-invasive
method for evaluating fetal neurodevelopment. We have also found that, in some cases, response
to a toxin such as ethanol (EtOH) results in more dramatic reductions in markers of synaptic
function and neuronal survival in FNEs than in paired fetal synaptosomes (SYNAPs). This may
be due to homeostatically reduced loading of these key proteins into exosomes to preserve levels
in damaged neurons. We hypothesized that biomarker levels would remain highly correlated
between FNEs and paired SYNAPs. Methods: We performed an IRB-approved, matched case-



control study in women 9 -19 weeks' gestation (GA). Heavy EtOH cases were compared to
controls matched for GA and fetal gender (n=10/group). Maternal plasma exosomes were
precipitated (ExoQuick) and the fetal subset enriched (anti-Contactin-2/TAG1 streptavidin bead
absorption). Synaptosomes (SYNPs) were prepared from fetal brain tissue and protein levels
quantified by ELISA. Results: The majority of markers of synaptic function and neuronal
survival showed moderate to strong correlation between protein level in SNYPs and FNEs
(Table 1). We previously identified SNP, REST, NG and Synapsin-2 as highly discriminatory in
FNEs with little or no overlap between cases and controls. Three of these 4 most promising
biomarkers had highly significant FNE-SNYP correlations. SNYP NG may correlate poorly due
to its post-synaptic role. Conclusions: These results represent additional evidence that
developing neurons release exosomes into the fetal circulation from where they are able cross the
placenta into the maternal circulation. Our novel methods for isolating FNEs from maternal
plasma provide potentially clinically relevant biomarkers of acute and/or chronic neurotoxic
exposures between 9 and 19 weeks GA. Both EtOH and viral infections may ultimately result in
fetal microcephaly through an imbalance between progenitor cell production/differentiation and
cell death. Therefore FNE-based assays may ultimately prove useful in predicting microcephaly
in an earlier gestational age window than fetal ultrasound and magnetic resonance imaging.

Table 1. Correlations between Median Protein Levels in FNEs and SYNAPs
(Spearman’s p, non-parametric)

Marker Rho [P
value
Synaptophysin (SNP) 0.61 0.004
Synaptotagmin-2 .008 10.98
Restriction element-1 silencing transcription factor (REST) 0.5510.01
Growth Associated Protein 43 (GAP43) 0.180.44
Neurogranin (NG) 0.210.38
Synaptopodin 0.4710.04
Brain-derived neurotrophic factor (BDNF) 0.56 10.01
Synapsin-2 total 0.86 <0.001
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Abstract: Fragile X Syndrome (FXS), a leading genetic cause of autism and intellectual
disability, is characterized by language deficiencies, impaired social reciprocity and auditory
processing deficits. The Fmr1 knockout (KO) mice replicate most of these FXS-associated
auditory deficits which are likely the result of an impaired excitatory-inhibitory (E/I) balance due
to reduced excitatory drive onto inhibitory cells, a reduced number of PV interneurons or
increased firing rate of excitatory neurons and their high firing probability during UP states in
KO mice. In this study, we analyzed the density of parvalbumin (PV)-positive inhibitory
interneurons in developing auditory cortex of KO mice. We also investigated the formation of
perineuronal nets (PNNs), which are thought to regulate the functions of PV interneurons. We
found a significant increase in PV cell density in both wt and KO mouse auditory cortex from
P14 to P60. PNN formation was also observed during the same period with a major increase in
PNN-positive cell density at P21 and P30. PNNs were mostly observed in layer 4 but not layers
2/3 or 1 of the auditory cortex. Further analysis showed lower PV cell density, PNN density, and
lower numbers of PV cells enwrapped with PNNs in layer 4 of KO mice as compared to WT
animals at P21 but not P30. Matrix metalloproteinase-9 (Mmp-9), a protein that is a target of
Fmrp transcriptional regulation, also regulates enzymatic cleavage of the extracellular matrix, in
particular PNNs around PV-positive interneurons. We found abnormally high Mmp-9 levels in
the developing auditory cortex of KO mice which may explain impaired PNN formation
observed at P21. We therefore investigated the effect of full and partial deletion of Mmp-9 and
found a restoration of PV and PNN cell density in the auditory cortex of Fmrl/mmp-9 double
KO mice at P21. Density of PV/PNN positive neurons and the percentage of PV cells enwrapped
with PNN was also restored to WT levels. We further investigated whether irregular PV cell
maturation in the KO contributed to auditory cortex deficits by analyzing the expression of
neuropeptide Y (NPY), a marker that is expressed in immature PV cells. We found increased
expression of NPY in PV cells in the KO auditory cortex and an increased propensity of NPY
cells to be enwrapped by PNNs at P30, which was not observed in wt or double KO mice. These



findings indicate that elevated Mmp-9 levels may be responsible for the abnormal development
and maturation of PV/PNN in the auditory cortex of Fmrl KO mice leading to impaired
excitatory-inhibitory balance and the development of auditory processing deficits. This work was
supported by grants from FRAXA Research Foundation and NIH 1U54HD082008.
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Abstract: The human MET gene encodes the MET receptor tyrosine kinase, which a replicated
risk for autism spectrum disorder (ASD) and is implicated in the structural and functional brain
development. MET plays a pleiotropic role in embryogenesis and modifies a large number of
neurodevelopmental events. In the mouse forebrain, MET expression in the dorsal pallium is
turned on at late embryonic stage, peaks during the first two postnatal weeks, and precipitously
down-regulated after the third postnatal week. Our previous works suggest that MET signaling
controls synaptogenesis and the time of maturation in the developing hippocampus and the
prefrontal circuits. Here, using a transgenic mouse model with controllable MET over-
expression, we show that continued MET expression after the third postnatal week in mouse
forebrain leads to excessive neurite growth, and profuse generation of small, immature dendritic
spines. These morphological and functional impairments may be caused by enhanced neurite
growth, and/or impaired dendrite/spine developmental pruning. In addition, two photon in vivo
imaging in MET over-expression neurons suggest impaired synapse pruning. Therefore, normal
time-delimited MET signaling, particularly the timely downregulation of MET expression is
critical in regulating the timing of neuronal growth, glutamatergic synapse maturation and
cortical circuit function. Dysregulated MET signaling may lead to pathological changes in



forebrain maturation and connectivity, and thus contribute to the emergence of neurological
symptoms associated with ASD.
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Abstract: Autism genetic studies have identified multiple genetic risk factors with protein
products localizing to the glutamate synapse. Moreover, mouse models of autism often show

disruptions of glutamatergic transmission and excitatory/inhibitory balance, even when the gene

product under study is not localized to the synapse. These data suggest that impaired
glutamatergic transmission may be a central component of many different genetic and

environmental causes of autism. To test this ‘synaptic hypothesis of autism’, we have assembled

a quantitative multiplex immunoprecipitation (QMI) assay to measure dynamic protein-protein
interaction networks at the glutamate synapse in mouse models of autism. The QMI assay

immunoprecipitates a given protein onto a microbead substrate, and quantifies the abundance of
co-immunoprecipitated proteins in shared complexes using fluorescently tagged antibodies read

by a flow cytometer. Using this principle, we can simultaneously measure 100+ binary protein
combinations of autism-linked and related gene products using Luminex addressed beads. We
have analyzed seven independent genetic and environmental mouse models of autism and
quantified the differences in the synaptic protein interaction network in the hippocampus and
frontal cortex. Our results show that when one synaptic protein is genetically altered (e.g.
Shank3), the abundance of other, seemingly unrelated protein complexes is affected (e.g. a
complex containing Homerl and PSD95). By comparing protein network changes in different
mouse models using graph-theory-based techniques, we are beginning to identify a set of



proteins in shared complexes that are altered in multiple models of autism. We predict that a
better understanding of both levels of individual protein abundance and, critically, the amount of
interaction among synaptic proteins, will enable the identification of convergent molecular
pathways shared among different models of autism and allow the classification of biologically
relevant sub-groups of the disorder.
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Abstract: An increasing number of studies have reported the implication of an altered trace
metal homeostasis, in particular abnormal zinc and copper levels, in several neurological
disorders including Autism Spectrum Disorders (ASD) and Alzheimer’s disease (AD). This non-
genetic risk factor may unfold not only in response to nutritional deficiencies, but may also be
caused by the occurrence of abnormal accumulations of trace metal binding proteins that induce
local changes in trace metal homeostasis. S100B, an EF hand calcium binding protein of the
S100 protein family, has been recently reported to be prone to aggregation. SI00B is mostly
expressed in the brain where it accounts for 0.5% of soluble proteins and mainly exists as a
homodimer. Besides its calcium-binding property, S100B proteins also bind two zinc ions per
dimer. Elevated serum levels of SI00B have been reported in cases of ASD as well as AD, both
disorders that also show alterations in metal ion homeostasis and neuro-inflammation. Taken this
into account, we investigated the effects of abnormal S100B protein aggregates on neuronal
metal ion homeostasis and down-stream effects on synapse formation, composition and function



at different developmental stages in in vitro cell culture systems and in vivo in mouse models.
We could show that S100B binds zinc under physiological conditions in vitro. After the exposure
of neurons to elevated levels of dimeric or tetrameric S100B, indeed intracellular zinc levels
were affected. Rescue experiments confirmed that the effects were caused directly by zinc-
binding to S100B. The reduction in zinc levels leads to impaired postsynaptic scaffold formation
affecting proteins of the SHANK family, such as SHANK?2 and SHANK3 in vitro. SHANK?2 and
SHANK3 proteins have previously been identified as candidate genes for ASD. Intriguingly, a
dysregulation of S100B has been reported in other cases of ASD. We conclude that an altered
trace metal homeostasis can be caused by abnormal protein aggregations of SI00B and might
lead to synaptic dysfunction.
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Abstract: Autism Spectrum Disorder (ASD) is a pervasive developmental disorder. We
previously detected persistent angiogenesis in ASD brains that had many of the characteristics of
intussusceptive angiogenesis (IA; Azmitia et al, 2016). We now report on further studies aimed
at exploring the details of this form of splitting angiogenesis that involves proliferating pericytes
and recruitment of precursor endothelial cells. The present work used postmortem brains of 10
children/young adults with ASD and their age matched controls. Specific mouse monoclonal
antibodies against membrane-associated proteins selected for study were Ulex Europaeus
Agglutinin lectin (UEA-1) (Vector Laboratories, Burlingame, CA), CD34 (Abcam Cambridge,
MA) and nestin (Millipore, Temecula, CA). UEA-1 showed pleiotropic binding of endothelial
cells, while nestin identified proliferating pericytes and CD34 labeled precursor endothelial cells.
The cellular labeling of vascular cells was found in all layers of the gray and white matter of the



STC in both pre-capillary arterioles and capillary vessels. We confirmed our previous
observation of nestin labeling pericytes seen principally in ASD brains of all ages (2.8-28 years)
but only in young controls (<2.1 years). UEA-1 labeling endothelial cells in both ASD and
control brains, however, compared to control brains where the staining along the fiber length of
endothelial cells was homogenous, in ASD brains branch points (nodules) were more heavily
stained at all ages (control: 2.1-30 years, ASD: 2.8-28 years). CD34 labeling endothelial cells
were seen principally in ASD brains of all ages (2.8-28 years) but only in young controls (<2.1
years). As seen with UEA-1, the CD34 label showed a non-homogeneous distribution of the
label along the fiber length. In ASD brains, CD34 labeling along the fiber was especially dense
at branch points, thin branches and terminal endpoints of the vessel. In cortex from autism
patients, co-localization of proliferating pericytes (nestin) and endothelial cells (UEA-1) in
branching blood vessels were identified, whereas in control brains only UEA-1 labeling was seen
throughout cortex Interestingly, we documented pericyte vessels devoid of endothelial cells
branching off both large arterioles and capillaries in ASD. These results are in support of
previous in vitro studies (Nehls et al., 1992; Balabanov. 1998; Otani et al., 2000; Witmer et al.,
2004) suggesting an important role of proliferating pericytes in leading and recruiting precursor
endothelial cells in the formation of intussuceptive angiogenesis.
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Abstract: Maternal obesity during pregnancy has been associated with increased risk of
neurodevelopmental disorders, including autism spectrum disorder, in offspring. Here we report
that maternal high fat diet (MHFD) induces a shift in microbial ecology that has a negative
impact on offspring social behavior. Social deficits and gut microbiota dysbiosis in MHFD
offspring are prevented by co-housing with offspring of mothers on a regular diet (MRD) and
transferable to germ-free mice. In addition, social interaction induces synaptic potentiation (LTP)
in the ventral tegmental area (VTA) of MRD, but not in MHFD offspring. Moreover, MHFD
offspring had fewer oxytocin immunoreactive neurons in the hypothalamus. Using
metagenomics and precision microbiota reconstitution, we identified a single commensal strain
that corrects oxytocin levels, LTP, and social deficits in MHFD offspring. Our findings causally
link maternal diet, gut microbial imbalance, VTA plasticity and behavior, and suggest that
probiotic treatment may relieve specific behavioral abnormalities associated with
neurodevelopmental disorders.
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Abstract: The amygdala, a medial temporal lobe structure implicated in social and emotional
regulation, undergoes an aberrant growth trajectory in individuals with autism spectrum disorder
(ASD), which includes precocious growth early in childhood followed by cell loss in adulthood.
The goal of this study is to determine if the aberrant amygdala growth in children with ASD may
be attributable to alterations in neuronal dendritic morphology.

Tissue from 34 postmortem human brains (age range 4-46) was assembled from the NIH
NeuroBioBank at the University of Maryland, the BEARS program at UC Davis MIND Institute,
Autism BrainNet and the Harvard Brain Tissue Resource Center. Blocks of amygdala tissue
approximately 1.5x1.5x0.5cm were excised from the temporal lobe and neurons were visualized



using a modified Golgi-kopsch staining technique. After dehydration and embedding in
parlodion, 150um sections were cut on a sliding microtome. 10 lateral nucleus neurons per case
were selected (fully impregnated, central within the slice and free from obscurities) to be traced
using Neurolucida software (MBF Biosciences). Spine counts were collected from one dendrite
per neuron. Measures of dendrite morphology such as total dendritic length, segment count and
spine density were analyzed using Neurolucida Explorer and statistical analyses conducted in
SPSS.

The success of Golgi-kopsch staining in post-mortem human tissue was in line with previous
studies (Rosoklija et al., 2014) allowing complete data collection from 13 TD and 14 ASD cases.
There was a positive correlation between total dendritic arborization and age in both TD and
ASD amygdala. There was no difference in dendritic arborization between diagnostic groups.
However, spine density was significantly different between diagnostic groups across age
(F3.26=4.36, P=0.014). Younger cases (<16 years old) of ASD have a greater spine density than
TD controls. While spine density remains relatively constant in the amygdala into adulthood in
TD, there is a significance decrease in spine density as people with ASD age.

This study shows a clear difference in spine density between young ASD and TD cases, which
possibly represents an underlying difference in amygdala innervation or pruning mechanisms in
ASD brains that may contribute to social and emotional impairments into adulthood.

Disclosures: R.K. Weir: None. M.D. Bauman: None. C.M. Schumann: None.

Poster

032. Genetic Animal Models of Neurodevelopmental Disorders
Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 32.01/C34

Topic: A.07. Developmental Disorders

Title: Deletion of CTNNBI in inhibitory circuitry contributes to autism-associated behavioral
defects

Authors: *F. DONG', J. JIANG', C. MCSWEENY', D. ZOU", L. LIU'?, Y. MAO';

'Biol., Penn State Univ., University Park, PA; *First Affiliated Hospital, Guangxi Med.
University,, Nanning, China; 3Dept. of Chem. and Biology, Col. of Science, Natl. Univ. of Def.
Technol., Changsha,, China

Abstract: Mutations in B-catenin (CTNNBI1) have been implicated in cancer and mental
disorders. Recently, loss-of-function mutations of CTNNB1 were linked to intellectual disability
(ID), and rare mutations were identified in patients with autism spectrum disorder (ASD). As a
key regulator of the canonical Wnt pathway, CTNNBI has an essential role in



neurodevelopment. However, the function of CTNNBI in specific neuronal subtypes is unclear.
To understand how CTNNBI deficiency contributes to ASD, we generated CTNNB1 conditional
knockout (cKO) mice in parvalbumin interneurons. The cKO mice had increased anxiety, but
had no overall change in motor function. Interestingly, CTNNB1 c¢KO in PV-interneurons
significantly impaired object recognition and social interactions and elevated repetitive
behaviors, which mimic the core symptoms of patients with ASD. Surprisingly, deleting
CTNNBI in parvalbumin-interneurons enhanced spatial memory. To determine the effect of
CTNNBI1 KO in overall neuronal activity, we found that c-Fos was significantly reduced in the
cortex, but not in the dentate gyrus and the amygdala. Our findings revealed a cell type-specific
role of CTNNBI gene in regulation of cognitive and autistic-like behaviors. Thus, this study has
important implications for development of therapies for ASDs carrying the CTNNB1 mutation or
other ASDs that are associated with mutations in the Wnt pathway. In addition, our study
contributes to a broader understanding of the regulation of the inhibitory circuitry.
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Abstract: Epilepsy and mental retardation limited to females (EFMR) is a genetic disorder
caused by mutations in the protocadherin 19 (PCDH19). The clinical characteristics of EFMR
include seizures, fever sensitivity, as well as varying degree of intellectual disability and autistic
behaviors. PCDH19 has been implicated in cell adhesion and cell-cell interactions in vitro, but its



role during in vivo development has not been characterized yet. Here, we found that PCDH19
expression is increased during early development while fading in adulthood in the rat
hippocampus and cortex. By three-electrode in utero electroporation coupled with RNA
interference (siRNA), we downregulated PCDH19 expression in pyramidal neurons migrating to
both somatosensory or motor cortex in vivo. We found that PCDH19 siRNA-treated animals
presented ectopic positioning of neurons. Furthermore, PCDH19 siRNA-treated animals also
showed an impaired morphology. Moreover, we found that downregulation of PCDH19 in utero
in the somatosensory cortex resulted in decreased number of ultrasonic vocalizations in pups at
P9. We are currently investigating the physical and functional interaction of PCDH19 with other
adhesion molecules and signaling pathways previously implicated in autism. These data suggest
that PCDH19 has a crucial role in the correct development of the cortex in vivo that may relate to
autism-related behaviors in PCDH19-downregulated animals.
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Title: Autism animal model exhibits abnormal norepinephrine innervation and increased stress
circuit activity following forced swim.
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Abstract: Autism spectrum disorder (ASD) is a pervasive neurodevelopmental disorder
characterized by impairments in social interaction and the presence of repetitive/restricted
behaviors. The neural patterning transcription factor En2 is involved in development of the
embryonic mid-hindbrain region where monoamine neurons emerge, and has been associated
with ASD. Our previous studies indicate that En2 knockout (KO) mice exhibit abnormalities in



social interaction, depression related tasks (forced swim), fear conditioning and spatial learning,
all associated with diminished hippocampal neurogenesis, norepinephrine (NE) levels, and NE
fiber innervation. While these deficits in neurogenesis and NE systems suggest abnormalities in
the stress system, nothing is known about NE fiber innervation and neural activity in other limbic
regions (amygdala and paraventricular nucleus of the hypothalamus, PVN), and responses to
acute stress. To examine this issue, postnatal day 60-70 wild type (WT) and KO mice (N=3-
6/genotype) were assessed for protein levels of NE transporter (NET) and tyrosine hydroxylase
(TH, the rate-limiting enzyme for NE biosynthesis) using western blotting.
Immunohistochemistry was used to quantify NET positive fibers in the amygdala and PVN as
well as c-fos expression before and after swim stress. En2 KO mice exhibited a 1.7-fold increase
in TH protein levels (p<0.02) and 1.5-fold increase in NET levels (p<0.002) in the amygdala
compared to WT controls. NET fiber counts were also increased, by 2.6-fold in the basolateral
amygdala (p<0.004) and 1.7-fold in the PVN (p<0.016) in KO mice. Finally following swim
stress, KO mice exhibited a 2.25-fold increase in c-fos in the PVN (p<0.006), while there were
no changes in the ventral hippocampus. These observations indicate that NE fiber innervation is
increased in some En2-KO limbic system regions, a result that contrasts with reduced NE fibers
in the dorsally localized hippocampus. We tentatively conclude that region-specific
dysregulation of NE fibers in the En2-KO leads to increased PVN and decreased hippocampal
neural activities that in turn impact depression-related tasks, fear conditioning, and social
interactions. More broadly, these studies of a neurodevelopmental animal model are defining a
surprising array of monoamine system abnormalities in the forebrain that may be a consequence
of disordered early development of hindbrain regulatory pathways.
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Abstract: Gamma-aminobutyric acid (GABA) is the main inhibitory neurotransmitter in the
brain; its fast inhibitory action is mediated through GABA4 receptors (GABAA-R). Several
studies in patients with autism spectrum disorder (ASD) have demonstrated abnormalities in
GABAA\-R expression in different brain areas. Alterations in the GABAergic neurotransmission
have also been reported in experimental models of ASD. This evidence suggests that a
dysregulation in this system could be involved in ASD pathogenesis. The main goal of this study
was to evaluate the expression of B, subunit of the GABAA-R (GABAA-R f3,) in the
hippocampus and cerebellum from developing rats prenatally exposed to valproic acid (VPA).
Wistar pregnant females were injected with VPA (600 mg/Kg, i.p.) during the twelfth embryonic
day (E12); control rats were injected with saline solution. On the fourteen postnatal day, rats
from VPA (3 females and 11 males) and control (7 females and 7 males) groups were
anesthetized, perfused with 4% phosphate-buffered paraformaldehyde and 40-pum-thick brain
sections were obtained at the level of the dorsal hippocampus (coronal sections) and the
cerebellar vermis (sagittal sections). Colorimetric immunohistochemistry was performed in order
to detect GABAA-R B, in CA1, CA2, CA3 fields (oriens, pyramidal and radiatum strata) and
dentate gyrus (granule layer and hilus) from hippocampus, as well in the ten lobes of the medial
vermis (molecular and granular layers). Presence of GABA4-R B in the brain was determined
semi-quantitatively by a densitometrical analysis. Results showed a significant reduction of
GABAA-R B, inmunoreactivity in the pyramidal layer of CA2 region in the VPA group
compared with the control group. A similar decreased was detected when VPA males were
compared with control males. No statistical differences in GABA-R [, expression were
observed between experimental groups at any lobe from cerebellar vermis. Nevertheless, VPA
females had lower GABA-R [3; inmunoreactivity in the molecular layer of lobes III and IX and
in the granular layer from lobes IV and IX compared with control females. Furthermore, VPA
females showed a lower GABAA-R B, expression in the granular layer from lobes I, III, IV and X
and in the molecular layer from lobes II, III, V and X in comparison with VPA males. These data
demonstrate that prenatal exposure to VPA reduces the expression of GABAA-R [3; in the
hippocampus and support that a GABAergic dysfunction could be implicated in the pathogenesis
of ASD. Additionally, prenatal VPA exposure produces changes in cerebellar GABAA-R 3,
expression depending on the gender.
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Abstract: The role of the innate immune system in the defence against exogenous pathogens is
well established. In contrast, its role in the central nervous system needs further investigation.
Immunological analysis revealed that mice with a triple deficiency of the nucleic acid
recognizing Toll-like receptor (TLR)-3, 7 and 9 lose control of endogenous retroviruses of the
MuLV type in the hematopoietic system. Surprisingly, we noticed that a significant number of
these triple TLR deficient mice exhibited spontaneous seizures. Although disorders of the innate
immune system have been implicated in the etiology of epilepsy, convincing evidence for a
causal role has yet to be reported. Like most patients with epilepsy TLR379 deficient mice
appear behaviourally normal between seizure episodes. Here, we show that cFos, an immediate
early gene that is upregulated by seizures, was up regulated in the hippocampus. This suggests
that these mice experience seizures that involve temporal structures, e.g. hippocampus.
Therefore, these mice may prove to be a novel model of temporal lobe epilepsy, providing
insight into the mechanisms underlying the role of viral infections or impaired innate immunity
in neuronal diseases, such as epilepsy.
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Title: Protocadherin-19 downregulation affects the surface expression of associated GABAsRs
and increases seizure susceptibility in rats
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Abstract: PCDH19-Female Limited Epilepsy (PCDH19-FLE) is a debilitating neurological
condition characterized by early onset seizures, intellectual disability and autistic features.
PCDH19 (Xq22) encodes for the cell-adhesion protein protocadherin-19 (pcdh19) whose
function is largely unknown. Our data indicate that PCDH19 is highly expressed in the rat brain,
especially in the cortex and hippocampus. Consistent with a cell-adhesion role, pcdh19 is
expressed on the plasma membrane and is recruited at cell-cell contacts in cultured hippocampal
neurons. Furthermore, pcdh19 shows a synaptic distribution and pcdh19 levels affect the
expression of synaptic markers, suggesting pcdh19 involvement in neuronal wiring. By yeast
two-hybrid screening we found that pcdh19 interacts with the alphal subunit of the GABAA
receptor (GABAAR). Pcdh19 and GABAAR coimmunoprecipitate in neurons and pcdh19
shRNA-mediated downregulation reduces GABAR surface expression, suggesting the
involvement of pcdh19 in GABAAR trafficking. Consistently with a GABAergic defect, pcdh19
shRNA-mediated downregulation in vivo by in utero electroporation affects neuronal migration
and morphology. Furthermore rats expressing pcdh19 shRNA in the hippocampus show higher
susceptibility to-pentylentetrazol-induced seizures at postnatal day 7 (P7) compared to control
animals. We hypothesize a role for PCDH19 in the regulation of neuronal excitability both at the
circuit level, through its adhesive properties, as well as at the cell-autonomous level, through the
regulation of GABAAR trafficking and hence inhibitory transmission.
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Abstract: CDKLS5 disorder frequently appears as a pattern of neurological deficits including
severe early-life epilepsy, intellectual disability, and autism. It results from loss-of-function
mutations in cyclin dependent kinase-like 5 (CDKLYS), a kinase that is enriched in the brain and
upregulated postnatally. The onset of seizures and intellectual disability in CDKLS5 disorder
occur during a developmental period where the excitation-inhibition (E-I) balance is already
shifted to favor excitation. Normally, heightened excitation during this time facilitates
synaptogenesis and neural circuit formation. However, when this sensitive balance is
dysregulated it can result in epilepsy and autism. To understand alterations in the E-I balance in
CDKLS disorder, we investigated neuronal network activity and plasticity during development a
CDKLS5 knock-in (KI) mouse model using slice electrophysiology. The CDKL5 KI mouse model
is based off of a human mutation that causes truncation of the protein in the kinase domain,
rendering the protein nonfunctional. The mice are grossly similar to their WT litter mates
although their weights are significantly lower than WT at postnatal day (P)21 (n=14, p=0.0176).
Slice recordings for all experiments were done at CA3-CA1 synapses. At P21, input-output
curves obtained from CDKLS5 KIand WT litter mates indicate that CDKLS5 KImice have
significantly greater network excitability (n=10, p<0.0001). Additionally, after a repetitive
stimulation paradigm (20 pulses, 100 Hz), the CDKLS5 KImice exhibited heightened short-term
plasticity. There was no difference in paired pulse facilitation at P21, indicating that presynaptic
function is not altered in CDKLS5 KImice. No animals were observed to be spontaneously
seizing. These results show that CDKL5 KI mice have significantly elevated network activity
and heightened plasticity due to alterations in postsynaptic function. Ongoing studies are
evaluating differences in excitatory and inhibitory postsynaptic receptor expression and function.
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Abstract: Sanfilippo Syndromes, MPSIII A-D, result from deficits in lysosomal enzymes that
specifically degrade heparan sulfate, a type of sulfated glycosaminoglycan. In humans, MPSIII
typically presents during early childhood following a period of developmental delay,
accompanied by hyperactivity and autistic-like social behaviors. The appearance of these
behaviors in MPSIIIA mouse models arises by the third postnatal week. Heparan sulfate
accumulation and lysosomal expansion occurs in the developing MPSIIIA brain. In fact,
excitatory synaptic function is reduced in the cerebral cortex of developing MPSIIIA mice,
which correlates with the onset of behavioral symptoms. Current work is focused on ascertaining
the mechanism causing reduced excitatory synaptic function in the developing MPSIIIA brain.
MPSIIIA mice exhibit synaptic deficits and behavioral phenotypes similar to mice deficient in
heparan sulfate biosynthesis, suggesting changes in extracellular heparan sulfate may cause
synaptic dysfunction in the developing MPSIIIA brain. Our work investigates the role of heparan
sulfate fine structure on excitatory synaptic function and contributions to synaptic pathology in
MPSIIIA mice.
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capacity and adult neurogenesis
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Abstract: Working memory capacity, a critical component of executive function,
developmentally expands from childhood to adulthood. This developmental process halts its
upward trajectory during adolescence and increasingly lags behind toward adulthood in
individuals with autism spectrum disorder (ASD), suggesting that this process is functionally
relevant to the developmental trajectory of neuropsychiatric disorders. However, the cellular and
neuronal substrates contributing to this process are not understood. As duplication/triplication of
human chromosome 22q11.2 is one of the copy number variants (CNVs) consistently and
robustly associated with developmental neuropsychiatric disorders, we used this genetic variant
as an entry point to delve into the cellular substrates for this developmental atypicality. Using a
region- and cell-specific gene expression approach, we over-expressed catechol-O-methyl-
transferase (COMT) or Tbx1, two 22q11.2 CNV-encoded genes, in adult neural stem/progenitor
cells in the hippocampus of C57BL/6J mice. Mice were tested for spontaneous alternation in a T-
maze, a measure of spatial working memory, at either 1 month or 2 months of age. Following
behavioral analysis, mice were sacrificed and the location of gene-transduced cells within the
granule cell layer of the hippocampal dentate gyrus was examined. In a separate experiment,
cells were taken from the hippocampus of C57BL/6J mice and cultured and passaged to isolate
adult neural stem/progenitor cells. Cells in culture were then tranfected with plasmid carrying
either COMT or Tbx1, and the rate of proliferation and apoptosis was examined. Mice increased
working memory capacity from 1 to 2 months of age, corresponding to adolescence to young
adulthood. Over-expression of COMT in adult neural stem/progenitor cells reduced the
maximum working memory capacity at 2 months, but not at 1 month of age. Similarly, over-
expression of Tbx1 in the same cell population at 2 months reduced working memory capacity.
Moreover, over-expression of COMT or Tbx1 reduced the rate of migration of progenies of adult
neural stem/progenitor cells in the hippocampus granule cell layer. When COMT or Tbx1 was
over-expressed in adult neural stem/progenitor cells in vitro, their proliferation was reduced
without elevating the rate of apoptosis. Our data provide evidence for the novel notion that
elevated levels of these 22q11.2 genes deter the typical developmental maturation of working
memory capacity via an altered rate of proliferation--and migration of progenies--of adult neural
stem/progenitor cells in the hippocampus.
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Abstract: A major consequence of premature birth is the early loss of the placenta and its
hormonal contributions to development. Less dramatic, but more common, placental dysfunction
also alters placental endocrine function, including the placental progesterone derivative
allopregnanolone (ALLO). ALLO, a critical neurosteroid that acts as a potent GABA receptor
allosteric modulator, has been implicated in many neurodevelopment processes (neurogenesis,
outgrowth, and survival, synapse stabilization). ALLO may also be neuroprotective: It inhibits
toxin-induced cell death, protects against excitotoxicity, and increases in vivo in response to
immune challenge and hypoxia. Although ALLO can be produced de novo in fetal brain, the
major source of fetal ALLO is the placenta. Despite the importance of placental ALLO, until
now, limited tools were available for direct investigation of the effects of placental ALLO
alterations on neurodevelopment and behavior. We therefore generated a mouse model in which
ALLO production is suppressed only in the placenta using a placenta-specific lentiviral
knockdown of the enzyme responsible for ALLO production, 3aHSD. In this model, we showed
a specific reduction in the number of cortical intermediate progenitor cells in the subventricular
zone, validating the importance of placental ALLO production. We have now produced a new
mouse model (4KR1c¢14"™), with LoxP sites surrounding the AKR1c14 gene site (encoding
3aHSD) allowing inexpensive, efficient and flexible ALLO manipulation. Upon crossing with a
placenta-specific Cyp19-CRE mouse, we show that recombination occurs in placenta but not
brain, and AKRIc14 mRNA is significantly reduced in placenta but not in brain. We also show a
compensatory increase in Cypllal (the rate-limiting enzyme in all neurosteroid synthesis from
cholesterol) in both brain and placenta in the AKRIc14™". This increase has been observed in
preeclamptic human placentas, supporting use of this mouse as a preclinical model. We are
currently investigating the effects of 3aHSD knockout on developing and adult cortical
phenotypes and on behavior. ALLO and its synthetic analogs will be used to target
developmental and behavioral deficits. Better understanding of the role of placental ALLO may



lead to therapeutic treatments to improve developmental outcomes in high-risk fetuses and
infants.
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Abstract: Bardet-Biedl syndrome (BBS) is a genetically heterogeneous, autosomal recessive
disorder. The phenotype includes severe retinal degeneration, early onset obesity, cognitive
impairment, polydactyly and renal malformation. Approximately half of all individuals with
Bardet-Biedl syndrome experience developmental disabilities ranging from mild impairment or
delayed emotional development to severe mental retardation. Investigation of BBS proteins
prove to be undeniably important to the field of molecular genetics and molecular biology as it
led to emergence of a new class of human disorders, the ciliopathies, disorders of primary cilia.
Cilia, a membranous antenna like organelle, were found on almost all cells including neurons. It
is believed now that primary cilia is involved in various cellular functions by modulating cell
signalling via specialised receptors integrated into its membrane that includes somatostatin
receptor 3, melanin-concentrating hormone receptor 1, serotonin receptor 6, dopamine receptor
type 5. Loss of BBS proteins has been proved to be vital for the function of cilia. Recent MRI
study in patients affected with BBS revealed a high rate of unilateral or bilateral hippocampal
dysgenesis as well as reduced volume of hippocampus. Specifically Bbs4 models reveal
ventriculomegaly of the lateral and third ventricles, thinning of the cerebral cortex and reduced
volume of hippocampus. Our study aims to investigate the mechanisms of how loss of ciliary
Bbs proteins leads to cognitive impairment and learning difficulties. We hypothesise that
impaired neuroplasticity may contribute to development of cognitive impairment in BBS.



Despite the varied genetic and nongenetic factors that contribute to intellectual disability, this
condition has been consistently associated with changes in dendrite and dendritic spine structure.
We have analysed the morphology of dentate gyrus of hippocampal neurons and have found 50%
reduction in dendritic spine density across the whole dendritic tree. We have also found that loss
of spines is not restricted to hippocampus but affects other brain structures such as frontal cortex
and basolateral amygdala. Interestingly, we have found that the spine loss occurs within the first
3 postnatal weeks and it results from the increased autophagy and impaired mTOR signalling
during this period. Notably, aerobic exercise can partly reverse this “loss of spine” phenotype in
BBS mice models.
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Abstract: RASopathies are a family of related syndromes caused by perturbations in the
RAS/RAF/MEK/ERK signaling cascade that typically exhibit neurological deficits, such as
intellectual disability, motor delay, and epilepsy. The precise role of aberrant ERK/MAPK
signaling or mutation-specific alterations in nervous system pathogenesis remains poorly
understood. RASopathy mutations in upstream MAPK components, such as Nf1, Shp2/Ptpnl 1,
and Ras have been well-studied, whereas less is known about the precise deficits associated with
downstream mutations. Here, we assessed the contributions of a Noonan Syndrome-linked,



RAF1 gain-of-function mutation, Raf1 L613V+/', to cellular and behavioral phenotypes in the mouse
g p yp

forebrain. We report that Raf1“*”*"*" mutants do not exhibit a significantly altered number of
NEUN/RBFOX3-labeled neurons in the cortex. In contrast, we observed a statistically
significant increase in the number of GFAP" astrocytes in the adult mutant cortex and
hippocampus. No significant changes in the number of activated microglia labeled with IBA1
were noted. OLIG2" oligodendrocytes were increased in number in the adult cortex but not in the
hippocampus, providing evidence that responses to RAF1 mutations are region-specific.
Analysis of myelin sheath thickness in the corpus callosum revealed no change in average g-ratio
or the proportion of myelinated to unmyelinated axons. To better understand the behavioral
ramifications of altered nervous system development, we tested learning and memory in

Rafl L6ISV*E mutants using the Morris water maze and cued fear conditioning. Significant changes
in locomotor or anxiety-like behavior were not detected. However, following five days of Morris
water maze testing, we found that Raf7*%"*"*"" mutants performed better than controls by
exhibiting decreased swim distance to the hidden platform by day three. In fear conditioning,
mutants and controls showed similar increases in freezing to tone during three tone-footshock
pairings. Following exposure to cued fear conditioning, mutants exhibited a significant increase
in freezing to tone 24 hrs later and impaired extinction to tone when compared to controls.
Overall, these data suggest that the observed alterations in forebrain glial development are not
sufficient to diminish learning in Raf7**"*"*" mutants and highlight the importance of mutation-
specific mechanisms in the RASopathic nervous system.
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Abstract: The faiep rat is a well characterized autosomal recessive mutant that has a unique
myelin disorder with early hypomyelination followed by severe demyelination of white matter in
the brain and certain tracts of the spinal cord. We have shown that a unique disturbance of



oligodendrocytes occurs with the progressive accumulation of microtubules (MTs) in the cell
body and processes leading to a defect in the transport of MBP mRNA. In addition, changes in
the polarity of MTs in oligodendrocyte processes has been suggested to disrupt myelination and
the maintenance of the myelin sheath.

Previous mapping studies on the taiep rat had identified a candidate interval for the causative
gene on chromosome 9. Since the defect was observed in oligodendrocytes, it seemed likely that
the gene may be regulated by the Sox10 transcription factor, which is required for multiple facets
of oligodendrocyte development. Therefore, gene expression profiling data and Sox10 binding
site maps in rat spinal cord by ChIP-seq were used to identify candidate causative genes in the
chromosome 9 interval. From this analysis, one primary candidate gene was selected, Tubb4a,
since point mutations in this gene have been identified in humans with a white matter disorder.
Sequencing cDNA from taiep spinal cord identified a homozygous mutation in Ala353 in the
Tubb4a gene, which was absent in wild type littermates. Mutations in flanking residues (352 and
354) have been found in humans with MRI evidence of hypomyelination. The affected residue is
positioned within the binding interface between beta-tubulin and alpha-tubulin.

Mutations in the Tubb4 gene in humans result in an incompletely characterized leukodystrophy
known as Hypomyelination and Atrophy of the Basal Ganglia and Cerebellum (H-ABC). The
taiep rat may provide an ideal model in which to study the putative CNS changes in this rare
human disorder.
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Abstract: Dyslexia is a common neurodevelopmental disorder, affecting over 3 million
individuals per year in the US. Dyslexia is characterized by difficulties in learning to read and
write despite typical intelligence and educational opportunity. The etiology indicates a strong but
complex genetic basis, with heritability estimates ranging from 40% to 80%. Although the
neurobiological and genetic mechanisms underlying dyslexia remain poorly understood, several
dyslexia candidate risk genes have been identified. One of these candidate risk genes -
doublecortin domain containing 2 (DCDC?2) - has been shown to play a major role in neuronal
migration, as well as cilia function. Disruption of these functions during neurodevelopment could
contribute to the dyslexic phenotype. At a behavioral level, variants of DCDC2 have been
associated not only with dyslexia per se, but also intermediate phenotypes such as impairments
in phonological processing and working memory. To further explore the relationship between
DCDC?2 and dyslexia, a genetic knockout (KO) of the rodent homolog of DCDC?2 (Dcdc2) was
created. Initial studies showed that cortical pyramidal neurons from Dcdc2 KO mice exhibit
increased excitability and decreased temporal firing precision (Che et al., 2015). Behavioral
assessments also showed that Dcdc2 KOs display deficits in auditory processing, as well as
working memory (Truong et al., 2015). These findings parallel observations from the clinical
population. More recently, a specific mutation in DCDC?2 has been strongly linked to deficits in
motion perception - a skill subserving reading success. It has been suggested that the decreased
temporal precision of AP firing and spontaneous NMDAR-mediated activity in KO mice may
contribute to the link between DCDC?2 and motion perception deficits. Since motion perception
skills have not yet been assessed in the Dcdce2 KO mouse model, the current study was designed
to evaluate the association between DCDC2 and motion perception. Specifically, we developed a
novel motion perception task based on published human assessments, utilizing touchscreen
technology and operant conditioning in a modified Pairwise Discrimination task. Subjects were
exposed to visual stimuli known as Gabors (adjusted for mouse vision to provide higher contrast
and longer display), as used to assess individuals with dyslexia. Our overall goal was to replicate
the clinical finding that DCDC2 plays a role not only in auditory processing and working
memory, but also in visual motion perception. Abnormalities in these processes could relate to
impairments in the acquisition of reading skills.
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Abstract: Autism Spectrum Disorders (ASD) is a set of neurodevelopmental disorders
characterized by a complex behavioral phenotype, encompassing deficits in social and cognitive
domains. Accepted core symptoms are heterogeneous, and range from atypical social
interactions and language impairments to repetitive behaviors. To date, causal mechanisms
underlying ASD remain poorly understood, but likely include a complex combination of
polygenic and environmental risk factors. The genetic influence in ASD is strong, with
heritability rates ranging from 70-90%, however over 1,000 risk genes have been identified
making the underlying genetic architecture complex. One of these genes, calcium voltage-gated
channel subunit alphal C (CACNA1C) has been recently associated to ASD. Specifically, a
single de novo missense mutation to the 8 A exon of CACNAIC gene, which codes for the
voltage-gated L-type Ca2+ channel (Cav1.2), results in a rare disorder known as Timothy
syndrome (TS) (Splawski et al. 2004). TS is strongly associated with cardiac arrthytmias, ASD
and neurological dysfunction such as language impairments, seizures and intellectual disability.
A genetically engineered knock-in mouse with a heterogeneous TS2 (G406R) mutation in the L-
type calcium channel containing a neomycin resistance cassette was developed to study. This
mouse model (Ts2-neo) provides us with a platform to investigate the role of calcium channel
inactivation and calcium signaling related to brain development and ASD. Previous behavioral
studies that examined Ts2-neo mice found that these animals exhibit normal general health and
anxiety level but, display restricted respective behavior, altered social behavior and ultrasonic
vocalizations as well as enhanced tone-cued and contextual memory following fear conditioning
(Bader et al., 2011). The purpose of the current study is to further behaviorally characterize Ts2-
neo mice by assessing their performance on a wide variety of paradigms. Results indicate that the
loss of Ca.V1.2 inactivation in this mouse model affects motor learning, auditory processing,
social and repetitive behaviors but does not have an impact on spatial learning and memory.
These results further validate the role of CaV1.2 channels are playing in ASD and support prior
work done with this model. Following behavioral examination, all subjects’ brains were
extracted and underwent a neuroanatomical Nissl-stain assessment of various white matter and
cortical structures.
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Abstract: Human genetic variation in the gene CACNA I C altering expression of the Cavl.2 L-
type calcium channel (LTCC) has been strongly associated with enhanced risk for the
development of neuropsychiatric disorders including major depression, bipolar and
schizophrenia. Furthermore, a missense mutation (G406R) of the Cav1.2 LTCC that results in
reduced channel inactivation associated with Timothy Syndrome has been modeled in the TS2-
neo mouse model of autism spectrum disorders (ASD). Here, we ask whether alterations in
Cav1.2 LTCC function and expression influence a common neural circuit in the ascending
serotonin (SHT) system. First, we assessed SHT system abnormalities in the TS2-neo mouse.
Following an acute stressor (forced-swim), behavioral analyses and immunofluorescent co-
labeling of Tph2 and C-Fos reveals that TS2-neo mice exhibit enhanced active coping behavior,
enhanced SHT neuron activity, and altered SHT1A-dependent feedback inhibition in both caudal
and rostral subregions of the dorsal raphe nucleus (DRN). These alterations are accompanied by
enhanced SHT and SHIAA content in forebrain regions including the orbitofrontal cortex, dorsal
striatum and dorsal hippocampus. Next, we sought to determine whether temporally controlled
knock-out of SHT neuron Cav1.2 LTCCs also produces behavioral alteration and changes in
SHT neuron activity. To this end, we crossed Tph2-icre/ERT2 mice with Cav1.2-loxP/Ail4-
TdTomato mice (Tph2-Cav1.2KO). Following tamoxifen treatment, preliminary results suggest
that Tph2-Cav1.2KO mice display altered behavior on the forced-swim and open-field
paradigms. Additional behavioral characterization and analysis of SHT neuron activity within the
DRN will provide context regarding these deficits. Collectively, our results suggest that
disruptions of Cav1.2 LTCC function in the TS2-neo mouse and Cav1.2 LTCC expression
within SHT neurons may alter a common neural circuit in the ascending SHT system. This



provides a potential neurological mechanism through which alterations in the gene CACNAIC
may enhance risk for development of a broad range of psychiatric and developmental disorders.
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Abstract: Transcription factors (TFs) establish molecular codes that orchestrate the assembly of
neural circuits. The Aristaless Related homeobox (4rx) protein is a TF within such regulatory
network controlling early stages of GABAergic interneurons development. However, Arx
remains expressed in mature interneurons, suggesting a divergent, yet unknown, function. We
previously showed that postnatal ablation of Arx, in interneurons, resulted in abnormal EEG,
altered synaptic transmission, and impaired long term plasticity (LTP) in the hippocampus. Here,
we begin to investigate the molecular basis for the synaptic impairments induced by postnatal
ablation of Arx.

We temporally controlled Arx expression by crossing a floxed Arx mouse (4rx ) with a
tamoxifen-inducible Cre™®- mouse, resulting in complete loss of Arx 30 days after injection. To
identify the mechanisms by which 4rx impaired synaptic transmission and plasticity, we targeted
intracellular Ca®* handling given its implication in limiting plasticity at CA2 synapses. We
reasoned that if achieving and maintaining homeostatic Ca*" levels are the factors limiting LTP
expression, then elevation of external Ca*" or chelation of excess intracellular Ca®" could reverse
these deficits and rescue LTP. To that end, we recorded field excitatory postsynaptic potentials
(fEPSPs) at the CA 1 synapse in response to Schaffer collaterals (SC) stimulation in Arx™ and
Arx™; Cre™ mice in normal recording solution or in solution containing high extracellular Ca*

ilil



or BAPTA-AM. We measured the input-output (I/O) coupling of fEPSPs to assess synaptic
transmission under those recording conditions. To measure LTP, baseline fEPSPs were recorded
for 30 min in normal recording solution or in high Ca>" or BAPTA-AM for the last 5 min of
baseline recordings and post-tetanus fEPSPs were recorded in normal conditions.

Our results demonstrated that Arx™; Cre™ mice had reduced LTP and perfusion with higher
external [Ca*'] during induction partially restored CA1 LTP to Arx™ slices. This restoration of
CAI1 LTP in Arx™; Cre™ mice was also noted when Ca®" influx was partially blocked by
reducing the extracellular Ca**/Mg*" ratio. Application of BAPTA-AM partially attenuated the
impairment in I/O coupling of fEPSP and completely restored CA1 LTP to Arx™ slices.

Our results suggest that the cellular machinery required for LTP expression remains intact
following loss of Arx but this postnatal loss of Arx resulted in elevation of postsynaptic Ca>" that
limits SC-CA1 LTP. These data suggest that modulation of Ca*" buffering capacity may be
temporally targeted for therapy in patients with Ar»x mutations and more broadly in epilepsy.
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Abstract: Disruptions in striatal organization and dysfunction in corticostriatal circuits are
implicated in multiple neurodevelopmental spectrum disorders, such as OCD, ADHD, and
autism. Currently, we have limited understanding of the molecular and cellular events that



contribute to the development of shared versus unique neuropsychiatric behaviors associated
with these disorders. To address this issue, we have begun studying mice with Eph receptor or
ephrin deletions (E/E) as models for investigating how disruptions in the function of cell-cell
signaling molecules that regulate neuronal migration, axon guidance, and synaptogenesis
produce corticostriatal circuit abnormalities and spectrum disorder behavioral endophenotypes.
During development, E/E expression is tightly regulated temporally and regionally in striatum
(matrix neurons express EphA4 and matrisome neurons express EphA7 receptors) and cortex
(EphA7 is highly expressed in specific cortical subregions). Moreover, there is an inverse
correlation in the topographic organization of corticothalamic and corticostriatal axons
expressing high levels of ephrinAS with thalamic and striatal regions expressing high EphA7
levels. Although mice with ephrinAS5 gene deletions have abnormal corticothalamic and
thalamocortical projections, it is not known whether there are disruptions in corticostriatal
projections or what behavioral abnormalities these mice exhibit. Thus, the present study
behaviorally characterized ephrinA5” mice and examined whether these mice have altered
striatal compartment organization and corticostriatal synaptic function. Using
immunohistochemical procedures, we determined that ephrinA5”" mice possess a normal
striosome/matrix organization but exhibit expansion of the matrisome compartment compared to
controls. Behavioral analyses indicated that ephrinA5”" mice exhibit hyperactivity in both the
open field and elevated plus maze and have impaired learning in the Morris water maze and
accelerating rotarod task. Using whole-cell voltage clamp and traditional stimulating techniques
in acute brain slices from BAC-drd2-eGFP:ephrinA5” mice, we detected several measures of
synaptic transmission that differed between control and ephrinA5” mice. This included the ratio
of AMPA- and NMDA-mediated components of synaptic transmission on spiny projection
neurons and glutamate release probability. Together, these results support a developmental role
for ephrinAS in striatal organization and corticostriatal synaptic functions involved in regulating
important cognitive and motor behaviors affected in neurodevelopmental spectrum disorders.
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Abstract: De-novo mutations in GRIN2A gene, coding for the NR2A subunit of NMDA
receptors (NMDAR), are linked to developmental brain disorders such as mental retardation,
epilepsy, autism, and schizophrenia. A large scale GWAS study has revealed GRIN2A as a risk
gene for schizophrenia. NR2A plays a critical role during early postnatal brain development as it
undergoes an increase in expression in parallel with a decrease in expression of NR2B. While
administration of general NMDAR antagonists during the second postnatal week affects durably
prefrontal parvalbumin interneurons via oxidative stress, specific NR2A antagonists also impact
the maturation of these neurons. The goal of the study was to assess the effect of a lack of NR2A
(GRIN2A KO) on parvalbumin interneurons in the medial prefrontal cortex, and whether the
observed anomalies of this type of interneurons in GRIN2A KO mice are the consequence of an
enhanced susceptibility to redox dysregulation. While the number of parvalbumin
immunoreactive (IR) neurons and the perineuronal net (PNN) surrounding many of these
interneurons were normal in young adult (P60) KO mice, the PNN was less developed in young
(P20) KO compared to WT mice. This suggested a delayed maturation of the PNN in GRIN2A
KO mice. In both ages, KO mice had the tendency to display higher immunoreactivity for 8-oxo-
dG (an oxidative stress marker) than age-matched WT mice. Our primary findings revealed a
susceptibility to redox dysregulation in GRIN2A KO mice. Indeed, an additional oxidative
challenge (dopamine uptake inhibitor, GBR12909) applied during early postnatal life (P10-P20)
significantly increased oxidative stress in KO but not WT mice. GBR12909-treated KO mice had
also a decreased number of parvalbumin-IR neurons and a further weakening of the PNN. These
effects were prevented by a treatment with the antioxidant, N-acetylcysteine. The expression of
sulfiredoxin 1 (from the peroxiredoxin system) and the modulatory subunit of glutamate-cysteine
ligase (from the glutathione system) were significantly reduced in KO compared to WT mice,
suggesting that antioxidant capacities were weakened in mice lacking NR2A. Early postnatal
oxidative challenge had long term consequences in KO mice as it led to oxidative stress, reduced
number of parvalbumin-IR neurons, and abnormal PNN at early adulthood (P60). Moreover, an
early-life treatment with GBR12909 reduced the power of fast oscillatory activity in prefrontal
slices of adult KO but not WT mice. Altogether, these indicate that functional impairment of
NR2A-containing NMDAR confers a susceptibility to redox dysregulation, which can have long
term impact on parvalbumin interneuron networks.
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VU Univ., Amsterdam, Netherlands

Abstract: Oligophrenin-1 (OPHN1) is a Rho GTPase-activating protein whose dysfunction leads
to syndromic intellectual disability. Absence of OPHNI has been shown to affect synaptic
function and morphology of dendrites and spines in cultured neurons, as well as in acute
hippocampal slices. However, little is known about the effect of OPHN1 on other regions of the
brain. Furthermore, it is not known whether the role of OPHNI at the synapse depends on the
developmental stage of the animal. The medial prefrontal cortex (mPFC) is involved in decision
making and social behaviour, making it a promising target for the study of neurodevelopmental
disorders. To study the effect of OPHN1 dysfunction throughout development, we assessed
synaptic function in mPFC slices from OPHN1 knockout mice at several ages using whole-cell
electrophysiology. We find a reduction of both glutamatergic and GABAergic synaptic
transmission that is dynamic and dependent on age, indicating that OPHN1 functions in a
developmentally regulated manner.
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Title: Do neuroanatomical abnormalities in Pax6-deficient mice change as a function of age?
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LAUDERDALE';
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Abstract: The PAX6 gene encodes a highly conserved transcription factor required for various
aspects of anatomical and functional development of the eye and brain. Heterozygous loss-of-
function mutations in PAX6 cause aniridia in humans and the Small eye trait in rodents. Although
aniridia is best known as a panocular eye disorder, the condition has a number of structural and
functional abnormalities in the brain. Previous studies of patients with aniridia using structural
magnetic resonance imaging (MRI) have shown changes in interhemispheric connectivity, grey
matter volume, and accelerated age-related cortical thinning. The full scope of neuroanatomical
changes in humans, and the conservation of these changes in model organisms remain poorly
understood. We predicted two major contributors to the changes in adult brain structure and
function: 1) structural changes that occur as a result of altered development, and 2) structural
changes in brain regions that require PAX6 for maintenance throughout adulthood. The current
study evaluated neuroanatomical consequences of Pax6 haploinsufficiency using the PAX6"®
Neul* mouse model to distinguish between developmental and age related changes across the
lifespan. This study employed MRI using a 7T Agilent system to acquire structural brain images
using 3D T2 weighted fast spin echo sequences. Thirty-two mice (16 PAX6>> ¥ 16 wild-type
littermates; 50% age 4-5 months, 50% 12-13 months, outbred background) underwent MRI scans
under isofluorine (TR/TE 400/44 msec, nt=4). Following in vivo imaging, animals were
euthanized following approved protocols, and their brains sectioned for histological comparison.
PAX6%? " mice 4-5 months old show significant volume increases in grey matter in the
medial olfactory bulb, cerebral cortex, midbrain, and cerebellum. Increases in white matter
volume were seen in the posterior corpus callosum forceps, arbor vitae, dorsal hippocampal
commissure, and cerebellum. Comparisons to histological sections show that MRI grey matter
changes reflect abnormalities in restricted cell layers in several brain regions, particularly in the
medial olfactory bulb and dentate gyrus of the hippocampus. White matter changes reflect
overall differences in tract size. In addition, preliminary results comparing age groups suggest
changes in specific brain structures are exacerbated in older PAX6°? ¥“" mice, indicating that
disruption of Pax6-dependent maintenance functions in the adult brain leads to an accelerated
aging phenotype. Overall, this model provides a comparison for human aniridia towards
identifying conserved neuroanatomical consequences of PAX6 deficiency.

Disclosures: ML.K. Grant: None. A.M. Bobilev: None. K.K. Johnson: None. K. Hekmatyar:
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Abstract: Recent evidence has pointed out that imprinted genes, which exert fundamental roles
in embryonic development, are also important in the regulation of sleep and cognitive processes
in adulthood. Moreover, sleep abnormalities and cognitive defects are hallmarks of several
neurodevelopmental disorders, suggesting that neurodevelopment is a pivotal time window for
the formation of sleep and cognition. However, the link between developmental mechanisms and
sleep remains largely unknown. Recently, our group has demonstrated that loss of imprinting in
the GNAS locus dramatically affects sleep physiology and cognitive functions in mice. GNAS
main product, Gas, codifies for the G protein a-subunit, essential for the generation of
intracellular second messenger cAMP. In order to further understand the role of Gas in neural
development and sleep formation, we knocked down its expression with 3-electrode intrauterine
electroporation in mice hippocampus and frontal cortex during development. Our results
demonstrate that Gas is involved in pyramidal neuron morphology and migration during
neurodevelopment. Specifically, Gas knocked down neurons are characterized by more and
longer branches; while the 20% of them are misplaced in the stratum radiatum of the
hippocampus and the layer I of the frontal cortex. Moreover, we discovered that Gas
downregulation during development has also a modulatory effect on sleep and memory
consolidation later in life. Specifically, Gas downregulation in hippocampal neurons leads to a
detrimental effect in NREM quality, and dramatically reduces the contextual freezing response
of these animals following fear conditioning. Overall, this work provides new insights into the
link between genomic imprinting, neurodevelopment, sleep and cognition.
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Abstract: DISCI has been identified as a schizophrenia risk factor and has an important role in
brain development. We have used a transgenic mouse that expresses a fragment of the DISC1 c-
terminal (DISC1-cc) and acts as a dominant negative when activated for 24-48 hours by a single
injection of tamoxifen. Transient activation of the mutant protein at P7 results in schizotypic
behaviour in the mouse (Li ef al, 2007) and a loss of experience dependent plasticity and LTP in
layer 2/3 of adult barrel cortex (Greenhill et al 2015) Schizophrenia has been strongly linked to
dysfunction in the prefrontal cortex with both functional and structural deficits documented.
Therefore we set out to investigate whether following P7 disruption of DISC1 signalling,
synaptic plasticity is similarly affected in the prefrontal cortex to the barrel cortex. We recorded
from layer 3 neurons in medial prefrontal cortex, stimulating the hippocampal input in a
modified coronal slice. We used two protocols to induce LTP, a theta burst protocol, consisting
of trains of 5 pre-synaptic stimulations followed by 5 post-synaptic spikes at a frequency of
20Hz and an HFS protocol consisting of trains of presynaptic stimulation at S0Hz. We applied
dopamine chronically or acutely; either perfusing slices in ACSF containing 3uM dopamine or
used a spritzer to apply a 10s puff of 50uM dopamine at the end of the theta burst protocol.
Using a low concentration of picrotoxin (2.5 pM or 5uM) in addition to the 3uM dopamine
produced significant LTP in wild types (143 + 78% change in mean amplitude) but not in
DISC1-cc mice following P7 DISC1 disruption (15 + 16% change in mean amplitude, effect of
genotype p<0.001). Dopamine was necessary for induction of LTP in WTs (change in mean
amplitude = 3 + 24% in absence of dopamine). Our results suggest that development of LTP in
adult prefrontal cortex requires normal DISC1 function at P7, in common with barrel cortex. The
lack of adult LTP cannot be explained by an alteration in the inhibitory system, as the
impairment in LTP is present in DISC1-cc mice in the presence of a GABA antagonist, which in
turn implicates the deficit in the function of the excitatory synapses.

Disclosures: N.R. Hardingham: None. K. Fox: None.
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Abstract: En2 is a transcription factor with canonical function in mid-hindbrain development.
Its roles in cerebellar patterning are well-studied, and gene deletion (En2-knockout, En2-KO)
produces diverse cerebellar defects. However, almost nothing is known about En2 function
outside the mid-hindbrain, despite several studies finding low-level expression in forebrain areas
including hippocampus. Significantly, En2-KO mice display deficits in forebrain-related
behaviors including spatial memory, fear conditioning, and social interaction. En2-KO
hippocampus exhibits structural deficits including reduced weight, size, and neuron number. At
P21, En2-KO dentate gyrus contains 17% less granule cells, and exhibits 2-fold increase in
neural stem cell (NSC) proliferation and 70% increase in cell death. While we showed decreased
monoamine innervation contributes to these defects, we hypothesize that En2 expression in
hippocampus also contributes to dysregulated neurogenesis. This study examines possible
cellular roles for En2 in hippocampal NSC development by using neurosphere cultures. To
define cell-autonomous effects, dissociated cells from P7 En2 wild-type (WT) and KO mice
were incubated in defined media with EGF and FGF until neurospheres formed. We assessed
neurosphere size and number, and markers of proliferation (BrdU) and apoptosis (cleaved-
caspase3, pyknosis). We detected expression of En2 mRNA in (WT) but not KO-derived
neurospheres. Expression was also detected through immunostaining of an En2-LacZ reporter.
Consistent with the heterogeneous composition of neurospheres, the LacZ reporter was only
detected in a subset of cells, whose identity is being defined by double labeling with neural
markers Sox2, Tbr2, and Tujl. Compared to WT spheres, KO spheres exhibit a 22% increase in
diameter (p<0.01), as well as 2-fold increases in proliferation (P<0.005) and apoptosis (p<0.05),
consistent with the phenotype observed in dentate gyrus in vivo. The majority of proliferating
cells (~90%) in both genotypes were Sox2+ suggesting that En2 may have a role in maintaining



quiescence of NSCs or promoting differentiation. Overall, these studies suggest En2 expression
plays a cell-autonomous role in regulating proliferation and survival in hippocampal NSCs. In
turn, these findings in culture prompt further investigation in vivo, where there is absence of
En2-LacZ signal, and no apparent evidence of mRNA by in situ hybridization. More broadly
these observations suggest that En2 may influence hippocampal development and function
through both cell autonomous and non-cell autonomous mechanisms.
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Abstract: Introduction: A mouse mutant called nax (naked-ataxia); resulting from a
spontaneous mutation in Lysosomal Acid Phosphatase (4cp2) gene shows severe cerebellar
defects and neuronal degeneration in its cerebellum. Cerebellum is a brain region important for
motor control and cognition. In the 4cp2 mutant mouse, three layer cortex (Granule cells (gcs),
Purkinje cells (Pcs) and Molecular layer) were found to decrease significantly and monolayer
Pcs turn to multi-layered Pcs that ectopically invade the molecular layer. Reelin is an important
large extra-cellular signaling protein important in Pcs monolayer formation in cerebellar cortex.
It is expressed by gcs and is required for Pcs distribution from the clusteric stage to establish a
monolayer of Pcs between the molecular and granular layers of the cerebellar cortex. We
hypothesize that the establishment of mono layered Pcs is independent to the Reelin pathway,
however rely on Reelin through MAPK signaling pathway.

Methods: Acp2 mutant mice were used for this study and molecular expression and distribution
were assessed by immunohistochemistry and Western blotting.

Results: The cerebellar cortex of the Acp2 mutant mice reveals the presence of Pcs in a
randomized, dispersed manner spanning the entire molecular layer rather than a monolayer in the
cerebellar cortex. The pattern of Reelin expression shows a down-regulation in both wild type
and nax mouse, while lower amount of protein is detected in nax mutant at P4 (around Pc layer



formation) compared to wild type. Pcs differentiation is severely delayed in the 4cp2 mutant
cerebellar cortex while the presence of Reelin is comparable with wild type during early
postnatal development. It is indicative of Reelin effect during clustric stages however failed to
form mono layer Pcs.

Conclusion: It is concluded that multilayer Pcs may be due to the failure of appropriate cross-
talk between Acp2 and the Reelin signaling pathway during early postnatal cerebellar
development.

Disclosures: N. Ashtari: None. X. Jiao: None. M. Rahimi Balaei: None. K. Bailey: None. S.
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Abstract: Neurofibromatosis I is a common genetic disorder that results in tumor formation and
predisposes individuals to a range of cognitive and behavioral symptoms, including deficits in
attention, visuospatial skills, learning, language development, sleep, and autism spectrum
disorder-like traits. The nf7-encoded neurofibromin protein (Nf1) exhibits high conservation,
from the common fruit fly, Drosophila melanogaster, to humans. Drosophila is a powerful
model with which to investigate the signaling cascades upstream and downstream of Nfl, and
exhibits similar behavioral phenotypes to mammalian models. In order to understand how loss
of Nfl affects motor behavior in flies, we combined traditional infrared beam based activity
monitoring with video analysis of grooming behavior. In nf7/ mutants, spontaneous grooming
was increased up to 7x. This increase in activity was distinct from previously-described
dopamine-dependent hyperactivity, as dopamine transporter mutants exhibited slightly decreased
grooming. In addition, we verify the utility of a published set of conditional driver lines to
produce reliable and precise grooming behavior targeted towards specific body parts. Here, we
use optogenetic stimulation of a red-shifted channel rhodopsin, CsChrimson, to produce
grooming in an open field arena. Overall, these data suggest that loss of nf7 results in increased



activity that is at least in part manifested as increased grooming, providing a platform to dissect
the molecular genetics of neurofibromin signaling across neuronal circuits.
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Abstract: Thrombospondin (TSP), a gliotransmitter, has been implicated in promotion of
synapse formation through binding to the a,5-1 subunit of neuronal voltage-gated Ca®* channels
in rat retinal ganglion cell cultures, as well as through neuroligin-1 in rat hippocampal neurons.
In Drosophila melanogaster, 0,6-3 and neuroligin-2, with functional homology to a,0-1 and
neuroligin-1, promote formation of boutons at the neuromuscular junction and neuroligin-2
mutants display abnormal locomotion. Additionally, TSP has been shown to be involved in
tendon adhesion in D. melanogaster (D-TSP). Given TSP’s role in the nervous system, this study
aims to utilize D. melanogaster to study the effects of TSP at multiple levels of action:
developmental expression and associated behavioral phenotypes. Characterization of the
expression of TSP in the larvae brain through whole-mount immunohistochemistry is underway,
and affinity chromatography and qPCR will be used to validate the microscopy results.
Preliminary locomotion analysis of D-TSP knockout larvae in open crawling chamber suggests
reduced reverse crawling and turns. Future studies hope to probe the role of TSP in the D.
melanogaster embryo and adult to understand its function within the framework of development.
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Abstract: The effects of dopaminergic receptor ligands on cognitive function have been widely
studied in rodents, yet limited research has assessed the effects of these compounds on cognition
in nonhuman primates. Thus, the purpose of this experiment was to assess the sensitivity of the
National Center for Toxicological Research (NCTR) operant test battery (OTB) to detect the
effects of acute administration of dopamine (DA) receptor agonists and antagonists in rhesus
monkeys. Here, we sought to determine the differential sensitivity of tasks in the NCTR OTB to
manipulations of the DA system and characterize the effects of these compounds in a preclinical
model with greater relevance to humans. The test battery is thought to measure aspects of
motivation, learning, color and position discrimination, time estimation, and short-term memory
and has been proven to be sensitive to an array of psychotropic compounds. Quinpirole (0.001-
0.75 mg/kg), sulpiride (0.3-10.0 mg/kg), SCH 23390 (0.03-0.3 mg/kg), SKF38393 (0.03-3.0
mg/kg), and corresponding vehicles were administered to young adult males trained to perform
the NCTR OTB, which consisted of progressive ratio, incremental repeated acquisition, temporal
response differentiation, conditioned position responding, and delayed matching to sample tasks.
Results revealed all four dopaminergic compounds differentially affected OTB performance. The
D2/D3 agonist, quinpirole, produced the most disruptive effects, decreasing accuracies in all of
the tasks with some impairments occurring at doses that did not affect response rates. The D1/D5
partial agonist, SKF38393, did not impair accuracy in any of the tasks and produced minimal
effects on response rates while leaving cognitive abilities relatively intact. The D1 antagonist,
SCH 23390, and the D2/D3 antagonist, sulpiride, were both found to decrease response rates
while having limited to no effects on accuracies, suggesting that these compounds, at the doses
given here, primarily disrupt motor behaviors while having modest or no effects on cognition. In
summary, these results demonstrate that the NCTR OTB is sensitive to detecting differential
effects of compounds that act at D2/D3 receptors and D1/D5 receptors, indicating that this
battery is a valid tool for detecting undesirable effects associated with pharmacological
manipulations of the DA system. Further, the data suggest this battery can be used to assess the



effects of current and future drugs designed to treat aspects of disorders/diseases related to DA
system disruption, such as schizophrenia, Parkinson’s disease, and attention deficit hyperactivity
disorder. Supported by NCTR/FDA E6979

Disclosures: J.L. Walters: None. J.J. Chelonis: None. M.P. Gillam: None. J.C. Talpos:
None. M.G. Paule: None.

Poster
033. Dopamine
Location: Halls B-H
Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 33.02/D28
Topic: B.07. Synaptic Transmission
Support: FONDECYT N° 110392
FONDECYT N° 1150244

Title: Lateral septum stimulation induces and increase in GABA and dopamine extracellular
levels in the rat ventral tegmental area

Authors: I. M. VEGA', H. E. YARUR', *K. GYSLING?;
1Dep‘[. of Cell. and Mol. Biol., *Pontificia Univ. Catolica De Chile, Santiago, Chile

Abstract: The lateral septum (LS) is involved in positive reinforcement as shown by James Olds
and Peter Milner in 1954. The LS belongs to a complex limbic circuit in which the ventral
tegmental area (VTA), prefrontal cortex (PFC), and the nucleus accumbens (Nac) connections
play a critical role in the motivated behavior. The dysfunction of this circuit is crucial in diseases
such as addiction. Dopamine (DA) is the key neurotransmitter of this circuit, and is mainly
released from VTA neurons that connect the VT A with the rest of the limbic circuit, inducing
and regulating motivated behavior. In this sense, the regulation of dopamine release in the VTA
is critical for the activity of VT A dopamine neurons and for the functional integration of the rest
of limbic system areas. In this study we performed in vivo dual-probe microdialysis to reveal the
neurochemical relationship between LS and VTA, when we stimulate the LS such as Olds and
Milner.We observed a significant increase in the extracellular levels of GABA and DA in the
VTA after a depolarizing stimulus in the LS. We also observed that the infusion of
muscimol/baclofen in LS resulted in a significant decrease in VTA GABA levels after LS
stimulation but not in VTA DA levels that remain unchanged. We also studied the effect of LS
stimulation after VTA infusion of bicuculline (GABA-A receptor antagonist) or CPG-52432
(GABA-B receptor antagonist). These results showed that in the presence of bicuculline in the



VTA, DA VTA levels did not increase after LS stimulation but VTA GABA extracellular levels
increased.Thus, our data suggest that there is a gabaergic projection from the LS to VTA
gabaergic interneurons and that its activation results in a disinhibition of VTA dopaminergic
neurons. Further studies should prove if this proposed connections are involved in the positive
reinforcement effects induced by LS stimulation.
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Abstract: Men and women show different rates of diagnosis of various psychiatric illnesses.
Men are more commonly diagnosed with schizophrenia and substance abuse disorders, while
major depression and anxiety disorders are more common in women. These epidemiological
patterns suggest that biological sex differences may underlie the gender disparities in
vulnerability to psychiatric disease. To study the sex differences in the neurobiology relevant to
psychiatric illnesses, we have used a novel paradigm for simultaneously testing two different
motivated behaviors, namely approach and avoidance, in rats. Furthermore, we tested the effect
of an experimental model of anxiety on these two. Rats are first trained on two separate tasks: (1)
to perform a nose-poke action to obtain a reward and (2) to perform a lever-press action to avoid
an impending foot-shock. Once the rats are trained to a criterion of >70% on these two tasks,
they enter the testing phase in which both tasks are presented during the same session. This
allows concurrent measurement of reward seeking and punishment avoidance. Male and female
rats showed similar rates of successful reward attainment, and anxiety caused a similar reduction
in correct reward trials completed in males and females. While females acquired the avoidance
behavior faster than males, males showed a greater rate of shock avoidance once the behavior



was stable. In males, anxiety diminished performance on avoidance trials, while the drug had no
effect in female avoidance behavior. We are currently exploring the neural correlates of these
behaviors by recording from VTA dopamine neurons.
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Title: Agitating dopamine d1 receptor prevents long-term special memory loss.
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Abstract: Dopamine D1 receptors 1 (D1 receptors) have a function of memory improvement
according to the previous studies, but it is unclear whether agitating D1 receptors can prevent
memory loss or extend memory. In our study, we hypothesized whether D1 receptor agonist,
SKF 38393 could prevent spatial memory loss using Barnes Maze test (BM test). We found that
the acquired spatial memory through three trials per training for four days in BM test has
maintained for 21 days, and the memory had begun to fade down from the 14" day after training.
So on the 14" Day after training administration of SKF 38393 for 7 days has prevented the
natural memory extinction process, and administration of the D1 receptor antagonist, SCH 23390
blocked this process. In the western blotting, administration of SKF 38393 increased the
phosphorylation of PKA and CREB, which indicated that SKF 38393 ameliorated memory
consolation through cAMP-PKA-CREB signaling pathway. These results suggest that dopamine
D1 receptors are associated with the consolation of long-term spatial memory by cAMP-PKA-
CREB signaling pathway. Key words: SKF 38393; Long-term memory; Dopamine D1 receptor;
Memory persistance

Disclosures: J. Zhang: None.



Poster
033. Dopamine
Location: Halls B-H
Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 33.05/D31
Topic: B.07. Synaptic Transmission
Support: NIH F30 DA040996
NIH DA 35821
NIH NS 95809
NIH T32 GM007250

Title: Regional heterogeneity of dopamine D2-receptor signaling in the dorsal striatum and
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Abstract: The striatum is the input nucleus of the basal ganglia and is involved in goal-directed
behaviors, motivation, and reward processing. Subdivided into the dorsal striatum (DStr) and
nucleus accumbens (NAc), both regions are made up predominantly of medium spiny neurons
(MSNs) and receive dense dopaminergic innervation from the midbrain. Despite these
similarities, the DStr and NAc have different afferent and efferent connections as well as unique
behavioral functions. Regional differences in dopamine release properties and reuptake have
been identified using fast scan cyclic voltammetry, but it is important to understand how these
differences correspond to differences in postsynaptic receptor activation in these striatal
subregions. To examine how the synaptic release of dopamine activates D2-receptors on MSNs
in the DStr and NAc, G-protein activated inwardly rectifying potassium (GIRK2; Kj; 3.2)
channels were virally overexpressed in the striatum and the resulting outward currents were used
as a sensor of D2-receptor activation. Optogenetic stimulation of dopamine terminals evoked
robust D2-receptor mediated inhibitory postsynaptic currents (IPSCs) in GIRK2-expressing
MSNs. D2-IPSCs recorded in the NAc were significantly slower than those in the DStr. Regional
differences in reuptake, spillover, terminal density, and transmitter diffusion distance were
examined as potential explanations for the difference in D2-IPSC kinetics. The finding that D2-
IPSCs have different kinetics in the dorsal and ventral striatum may have important
consequences for how D2-receptors encode dopamine signals in these striatal subregions.
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Abstract: GABAergic interneurons control neuronal excitability, integration, and plasticity &
have been shown to be altered in various neurological diseases that have cognitive impairment as
a core symptom. In schizophrenia for example, post mortem studies have consistently shown
transcriptional dysregulation in GABAergic interneurons, in particular fast-spiking interneurons
containing the calcium binding protein parvalbumin (PV). To model this, our lab uses mice with
genetic deletion of PGC-1a, a transcriptional coactivator that has been shown to be altered in a
several neurological disorders. Previous data from our lab has shown that the
inhibitory/excitatory (I/E) ratio is increased in PGC-1a-/- mice at the Schaffer collateral - CA1
pathway in hippocampus, caused by enhanced inhibition and increased GABA release from
interneurons. PGC-1a-/- mice also have enhanced gamma oscillation power and impaired nesting
behavior, indicating hippocampal circuit dysfunction. GABAergic inhibitory synaptic
transmission has been shown to be modulated by dopamine (DA) in hippocampus. In particular,
DA D4 receptors have been observed to be located on PV+ GABAergic interneurons in
hippocampus, and have been shown to be important for regulating gamma oscillations. Here we
use PGC-1a-/- mice to investigate the interaction between dysfunction of the dopaminergic and
GABAergic systems caused by interneuron transcriptional dysregulation. We find that DA has a
disinhibitory effect on synaptic responses in WT and PGC-1a-/- slices, although there was no
significant difference in the magnitude. We observed that blocking D4 receptors resulted in an
increased field potential in PGC-1a-/- mice due to disinhibition. These data suggest that there is
a tonic effect of D4 activation to enhance feedforward inhibition in PGC-1a-/- slices, which may
contribute to the enhanced I/E ratio in these mice. We also found that specific D4 receptor
antagonists rescued the deficit in basal synaptic transmission observed in PGC-1a-/- mice, and
normalized the increased power of hippocampal gamma oscillations and the deficit in nesting



behavior. This suggests that alterations in the DA system’s modulation of inhibition, through
changes in D4 receptor effects, are involved in the circuit dysfunction caused by deletion of
PGC-1a. These results also provide mechanistic support for atypical antipsychotics that have a
higher affinity for D4 receptors, like Clozapine, in the treatment of cognitive symptoms of
neurological disorders.
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Abstract: Dopaminergic (DA) neurons from ventral tegmental area (VTA) project to both, the
core and shell subregions of the Nucleus Accumbens (NAc) in these regions DA release is
induced by natural stimuli as well as by drugs of abuse. DA synaptic transmission is critically
involved in reward-motivated behaviors, which are altered in addiction. Also, glutamate (GLUT)
is packaged and released by a subset of mesolimbic DA neurons, eliciting Excitatory
Postsynaptic Currents (EPSCs) onto medium spiny neurons in NAc. There is no precise
information about the modulation of GLUT release from DA midbrain terminals by
Methylphenidate (MTP). Using electrical stimulation to selectively activate midbrain DA fibers,
we compared the properties and modulation of EPSCs measured using whole-cell recordings in
rat brain slices. Rats (18 weeks old) that showed sensitization to methylphenidate in an open-
field paradigm, and naive control rats, were anesthetized with isoflurane and killed by
decapitation. Brains were quickly removed, mounted, and sliced. Slice preparation and whole
cell patch clamp recordings were performed using standard techniques. For electrical
stimulation, a glass pipette filled with ACSF was placed in the NAc shell and a rectangular pulse
(0.2 ms) was applied every 2 min. The amplitude of the current pulse (100-250 pA) was adjusted
to use the minimal current needed to generate a maximal and stable response. In both groups of
rats, electrically induced EPSCs were inhibited by a DA receptor D2R agonist and showed a
marked paired-pulse depression that required 2 min for a full recovery. MTP depressed EPSCs



amplitude by 50% in control rats, and until 80 % in sensitized rats. But, in both groups, MTP
enhanced the overall DA transmission from midbrain DA neurons. AMPA and NMDA receptor-
mediated EPSCs were equally inhibited by MTP in sensitized rats, suggesting a presynaptic
mechanism of action. These findings demonstrate that MTP inhibits DA and glutamate release
from midbrain DA neurons via presynaptic D2R but has differential overall effects on their
transmissions in the NAc. Suggesting that MTP, by blocking DA reuptake, facilitates the
feedback inhibition of DA and glutamate release from these terminals.
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Title: Kinetic characterization of stimulation-evoked striatal dopamine release in a 6-
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Abstract: Background Dopamine (DA) is an important neurotransmitter, exhibiting critical
roles in neurologic function during Parkinson’s disease (PD). As such, the ability to characterize
DA responses to therapeutic interventions such as deep brain stimulation (DBS) has important
implications for studying the pathophysiology of disease. The non-linear and time-varying
dynamics of stimulation-evoked DA responses have been characterized using mathematical
models of DA release in healthy anesthetized animals. However, the complex relationship
between electrical stimulation and consequent stimulation-evoked DA release has yet to be
characterized in a Parkinsonian animal model. Thus, this study characterizes DA responses in the
striatum of 6-hydroxydopamine (6-OHDA) lesioned rats in response to medial forebrain bundle
(MFB) DBS. Methods The MFB was electrically stimulated in urethane-anesthetized 6-OHDA
lesioned male Sprague-Dawley rats using a comprehensive range of stimulation parameters.



Concurrently, striatal DA release was measured using fast scan cyclic voltammetry in
combination with carbon fiber microelectrodes. Evoked responses were characterized using a
multi-compartment parametric model of DA release. The resulting kinetics were then compared
to the kinetic responses from healthy anesthetized rats. Results Preliminary data suggest that the
kinetics of stimulation-evoked DA release can be described using compartmental models and
that these models can describe the forward relationships between electrical stimulation
parameters (i.e., stimulus pulse width and amplitude) and stimulation-evoked extracellular
dopamine responses. Further analysis will determine whether these relationships are altered
following 6-OHDA lesioning. Conclusions Characterization of DBS induced DA release in a
model of PD is an important step towards understanding neurotransmitter dynamics in the
context of neurologic disease and therapeutic interventions. Ultimately, this work will aid in
understanding the neurochemical effects of DBS and further the development of novel
therapeutic strategies.
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Abstract: The major target of dopamine (DA) signaling is the medium spiny neurons (MSN5)
located in the nucleus accumbens and the dorsal striatum of the brain. The majority of MSNs are
classically categorized as belonging to either the direct or indirect pathway, defined by the
expression of either D1 or D2 receptors (D1R or D2R), respectively. Sensitivity towards cortical
inputs is regulated by, amongst others, DA. Local changes in DA levels have opposite effect on
the direct and indirect pathways; In D1R positive neurons DA increases cAMP and protein
kinase A (PKA) signaling, whereas DA leads to a decrease in cAMP/PKA signaling in D2R



positive neurons.

In this study we investigate the spatiotemporal regulation of PKA activity in striatal neurons in
response to dopamine stimulation in an isolated MSN culture system. This approach allows us to
study individual neurons with great temporal and spatial specificity. Using a FRET based
biosensor of PKA activity (AKAR3) we are able to distinguish downstream effects of DIR
activation reflected by intracellular time-dependent changes in the FRET ratio. Single neurons
show significant FRET ratio changes upon stimulation with physiologically relevant
concentrations of dopamine (100nM) illustrating the viability of this assay as a tool to monitor
discrete signaling events in MSNs. Moreover, our data reveal a high degree of heterogeneity in
the concentration-dependent PKA activation downstream of D1R in these neurons. Further, we
show that D1R expression levels can modulate this observed variability in potency. Altogether,
these findings illustrate the possibility of a hitherto unknown mechanism of action of DA-
induced striatal signaling.
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Abstract: In the striatum, cholinergic interneurons (Chls) regulate dopamine (DA) release by
activating nicotinic acetylcholine receptors (nAChRs) on DA terminals. However, it is unclear
how post-synaptic dopamine D2 receptors (D2Rs) on medium spiny neurons (MSNs) respond to
acetylcholine-mediated DA transmission. Here we compared D2R activation through two
different pathways: either direct midbrain DA release or Chl evoked release. To examine this, G
protein-coupled inwardly rectifying potassium channels (GIRK?2) were overexpressed in striatal



MSNs while ChR2 was expressed in DA neurons in DAT-Cre mice or Chls in ChAT-Cre mice.
Optogenetic stimulation of both Chls and DA terminals evoked D2-receptor inhibitory
postsynaptic currents (D2-IPSCs) in GIRK expressing MSNs. D2-IPSCs in both cases were
abolished by D2R antagonist sulpiride (400nM), however only D2-IPSCs evoked by optogenetic
activation of Chls were abolished by the nAChR antagonist DHBE (1 uM). D2-IPSCs evoked by
a single electrical stimulus were reduced by ~40% by DHBE (1 uM) indicating that electrical
stimulation drove the release of DA both directly from DA terminals and also by the disynaptic
release from Chls. Bursts (5 stimuli at 40 Hz) of DA terminal stimulation potentiated the
amplitude of D2-IPSCs by about 20% compared with single optogenetic stimulation. Bursts of
ChlI stimulation (5 stimuli at 40 Hz), however, did not potentiate the amplitude of IPSCs. This
was likely due to desensitization of nAChRs as a result of Chl burst firing. In addition, the opioid
receptor agonist U69593 (300nM) and the opioid receptor agonist DAMGO (1uM) inhibited D2-
IPSCs evoked by optogenetic stimulation of Chls. Taken together, the data suggests synchronous
activation of Chls regulates D2R activation in the striatum and probably also indicates a
differential regulation pattern of opioids on D2R activation mediated by Chls and DA neurons
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Abstract: Extrasynaptic o320 GABA receptors are considered to be an important drug target.
However, subunit stoichiometry and arrangement of these receptors is difficult to establish. To
predefine subunit arrangement, we constructed concatenated receptors. The 6 subunit was
substituted in any of the five positions in the a;f,y, receptor with v, replaced by .. a4, B2 and &
subunits were concatenated to dimeric and trimeric subunits. Five pentameric GABA receptors
were built with two different ways from the combination of trimers and dimers, and two
representative pentameric constructs were engineered. The resulting receptors were expressed in
Xenopus oocytes and their electrophysiological and pharmacological properties were



characterized using the two-electrode voltage clamp technique. We determined GABA ECs in
the presence of THDOC (30, 21-dihydroxy-5a-pregnan-20-one), sensitivity to DS2 (the d-
selective 4-chloro-N-[2-(2-thienyl)imidazo[1,2-a]pyridine-3-yl benzamide) and ethanol. All
functional receptors were sensitive to DS2 and none of them was affected by ethanol. The
subunit arrangement of auf,0 GABA, receptors seems to be flexible as the 6 subunit can assume
multiple positions in a receptor pentamer.

Disclosures: N. Wongsamitkul: None. R. Baur: None. E. Sigel: None.

Poster

034. GABAA Receptors

Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 34.02/E4

Topic: B.02. Ligand-Gated Ion Channels

Support: Swiss National Science Foundation grant 315230 156929/1
Title: Multiple sites of action of CGS 9895 on GABA receptors

Authors: *M. C. MALDIFASSI, R. BAUR, E. SIGEL;
Univ. of Bern, Bern, Switzerland

Abstract: GABA receptors are the main inhibitory neurotransmitter receptors in the brain and
are targets for numerous clinically important drugs such as benzodiazepines, anxiolytics and
anesthetics. Previously, CGS 9895 was described as a positive allosteric modulator acting
through the a+/B- interface in the extracellular domain of GABA4 receptors. The localization of
the binding site was based on a steric hindrance approach, rather than on direct effects of point
mutations. In the current study we further characterized modulation by this compound that seems
to have six sites of action. We investigated GABA receptors expressed in Xenopus laevis
oocytes using voltage-clamp electrophysiology. We have identified the a; Y209 residue present
at this interface as a key residue for CGS 9895 modulation. Additionally, the interaction between
this residue and various structural analogs was characterized, allowing tentative positioning of
CGS 9895 versus a;Y209. Not all compounds were found to be sensitive to mutations at the

a1 Y209 residue. In addition, the interaction of CGS 9895 with flurazepam was characterized.
Flurazepam is hypothesized to act at the same subunit interface in the extracellular domain. We
also provide evidence that the GABA, receptor harbors additional modulatory sites for CGS
9895 at each of the subunit interfaces in the trans membrane domain.
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Abstract: The continuous presence of an agonist drives its receptor into a refractory state,
termed desensitization. However, it is still unknown whether a competitive antagonist can
reverse the agonist-induced desensitization and facilitate receptor recovery from desensitization.
In this study, we tested the hypothesis that a competitive antagonist, SR95531, can facilitate the
recovery from functional desensitization of the a132y2 GABA4 receptor. The a1p2y2 GABAA
receptor was expressed in Xenopus oocytes, and receptor function was evaluated using the two-
electrode voltage-clamp technique. Our results demonstrated that after termination of GABA
perfusion, the GABA-response recovery was faster in the presence of SR95531. Furthermore,
SR95531 co-application with GABA during the steady-state GABA-induced current caused
rebound of the GABA-induced current after removal of SR95531. The SR95531 co-application-
induced current rebound was much higher than the steady-state desensitization level. This
SR95531-induced current rebound was time dependent and concentration dependent. The
concentration dependence of the current rebound had a high potency component and a low
potency component. Interestingly, these two components were similar to the two potency
components of the SR95531 inhibition of the steady-state current. In addition, bicuculline
exhibited a similar facilitation of desensitization recovery. Finally, our results are consistent with
that SR95531 has low affinity to the desensitized receptor but high affinity to the non-
desensitized receptor. In conclusion, competitive antagonists can facilitate recovery of the
alB2y2 GABAA receptor from desensitization by two mechanisms: binding to the desensitized
receptor and converting it to the non-desensitized state and binding to the resting state receptor
and preventing re-desensitization.
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Abstract: GABA4 receptors are ligand gated channels members of the family of four
transmembrane domain receptors, which also comprise the nicotinic, SHT3; and glycine receptors.
This family includes multiple genes encoding for several individual subunits, allowing
expression of a vast repertoire of functional proteins with specific physiological and
pharmacological properties. In human this is readily illustrated by the observation that 19 genes
encoding for distinct GABA, receptor subunits have been identified and are known to be
expressed in specific areas of the brain. Further pharmacological complexity is brought by the
incorporation of three or more distinct subunits in a single receptor complex. For example,
GABA| receptors are typically composed of two oyi-6), two By1-3) and one other subunit (y(i-3), d,
g, T or B) and the specific combination of subunits that make up a functional receptor can exert
distinct biophysical and pharmacological properties to the channel.

In the human, the ¢ subunit is encoded by a 506 amino acid long sequence expressed in human
on the chromosome X at location p22.33-q28 in a cluster with the gene encoding for the a3
subunit. The € subunit shows distinct distribution in the CNS and can show plasticity in
expression during certain CNS disorders. We have explored how incorporation of this subunit
into GABA receptors can exert distinct properties to the receptor.

Expression of the a3, subunits in Xenopus oocytes in a (1:1) ratio yielded functional receptors
displaying an average current to GABA of 0.36 pA and an ECsp of 3.5 uM. Co-expression in
sibling oocytes of the € resulted in current that was around ten-fold larger and that was
accompanied by an increase in sensitivity and differences in time course of the response.
Moreover, these receptors were significantly distinct from other subunit combinations such as
a1B2y2. Further evidences about the incorporation of the € in the receptor complexes are
illustrated by the pharmacological signature of these heteromeric GABA, receptors.

Taking advantage of the automated HiClamp system we review the singularities of GABAA
receptors that include the € subunit.
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Abstract: Extrasynaptically located y-aminobutyric acid (GABA) receptors type A are often
characterized by the presence of a ¢ subunit in the receptor complex. These d-containing
receptors respond to low ambient concentrations of GABA or respond to spillover of GABA
from the synapse to give rise to slow phasic and tonic currents. In certain brain regions such as
thalamocortical neurons, tonic inhibition is estimated to represent the majority of total GABA-
mediated inhibition, and has thus raised substantial interest in extrasynaptic receptors as drug
targets. Unfortunately, the 04p32/38 receptors have proven difficult to study in recombinant in
vitro expression systems due to the inherently low current levels elicited in response to GABA.
In this study, we sought to characterize the function of a range of agonists and positive allosteric
modulators at a4$26 and 04p2y2 receptors. All the agonists tested (GABA, THIP, muscimol, and
taurine) displayed between 8 and 22 fold increase in potency at the 0426 receptor. In contrast,
the modulatory potencies of steroids (allopregnanolone, THDOC and alfaxalone), anesthetics
(etomidate, pentobarbital) DS1 and DS2 were similar at a4p26 and 04p2y2 receptors. When
evaluating modulatory efficacies, the neurosteroids and anesthetics displayed highest efficacy at
a4p2y2 receptors whereas DS1 and in particular DS2 had the highest efficacy at a4p23 receptors.
Overall, none of the tested compounds displayed significant selectivity and a great need for
identifying new o-selective compounds remains. Further, 04323 and a4p2y2 receptors have such
divergent intrinsic activation properties that valid comparisons of modulatory efficacies are at
best challenging.
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Abstract: GABA receptors meet all the pharmacological requirements necessary to be
considered important targets for the action of general anesthetic agents in the mammalian brain.
In a patch-clamp study, the relative modulatory effects of 2,6-dimethylcyclohexanol
diastereomers were investigated on human y-aminobutyric acid type A (GABAA, oiB3y2s)
receptor currents stably expressed in human embryonic kidney cells (WSS-1 cells). Cis,cis,
trans,trans; and cis,trans isomers were isolated from commercially available 2,6-
dimethylcyclohexanol and were tested for positive modulation of sub-maximal GABA
responses. Co-applications of 30 uM 2,6-dimethylcyclohexanol isomers produced a range of
positive enhancements of control GABA responses with a rank order for positive modulation:
cis,cis > trans,trans > mixture of isomers >> cis, trans isomer. For example, the addition of 30
UM cis, cis isomer resulted in ~2-3 fold enhancement of the ~EC,9 GABA current while the
cis, trans isomer produced a nominal enhancement of the current.

In molecular modeling studies, the three cyclohexanol isomers bound with the highest binding
energies to a pocket within the transmembrane helices M1 and M2 of the 3 subunit through
hydrogen-bonding interactions with a glutamine at the 224 position and a tyrosine at the 220
position. The energies for binding and the hydrogen bond lengths within this pocket
corresponded with the relative potencies of the agents for positive modulation of GABA4



receptor currents (cis,cis > trans,trans >> cis,trans 2,6 dimethylcyclohexanol).

In conclusion, the stereochemical configuration of the dimethylcyclohexanols is an important
molecular feature in conferring positive modulation of GABA 4 receptor activity and for binding
to the receptor, a consideration that needs to be taken into account when designing novel
anesthetics with enhanced therapeutic indices.
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Abstract: Propofol is an allosteric activator of the y-aminobutyric acid type A (GABA4)
receptor. Photo-labeling studies with propofol analogues have identified potential interaction
sites in the transmembrane domain of the receptor at both the "+" and "-" sides of the B subunit.
We have examined the functional contributions of the putative binding sites at the B-o and a-f3
interfaces in direct gating of the o133 GABA4 receptor by propofol. Electrophysiological assays
were performed on human a1B3 GABA receptors expressed in Xenopus oocytes, using standard
two-electrode voltage clamp. Individual tryptophan mutations at the "-" side of the B3 subunit at
Y143 in loop 7 of the extracellular domain, or F221 or Q224 near the extracellular end of the
first transmembrane segment in the B3 subunit (BM1), or the "+" side of the $3 subunit at M286
in M3 had a modest effect on receptor activation by propofol. Combination of f3(M286W) with



one of B3(Y143W), B3(F221W), or B3(Q224W) strongly reduced gating efficacy of propofol.
Control experiments with GABA showed no systematic effect of mutations. Structural modeling
revealed that the mutated residues at the "-" surface of B3 contribute to a cavity predicted to bind
propofol with favorable energies, while the mutated residue at the "+" surface of B3 contributes
to a distinct pocket in the transmembrane domain that binds propofol and other general
anesthetics. We propose that 13 GABA4 receptors can be activated by propofol interactions
with the B-B, a-P or B-a interfaces where distinct regions control channel gating.

Disclosures: A.S. Evers: None. M.M. Eaton: None. A. Germann: None. R. Arora: None. L.
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Abstract: Compounds derived from the antihistamine diphenylpyraline (DPP) have been
demonstrated to be high affinity GABA4 receptor agonists. As a result, we hypothesized that
DPP itself could also be a GABA, receptor agonist. GABA 4 receptors consisting of a.132
(injected 1:1 ratio) or a1B2y2s (injected 1:1:5 ratio) subunits were expressed in Xenopus oocytes.
GABA and DPP induced currents were measured using a two-electrode voltage clamp set at -60
mV. GABA and DPP were applied for 20-30 s (until peak current). Perfusion with a modified
Ringer’s was set at 5 ml/min, with drugs washed out 3-5min between applications. DPP currents
were reported as the % maximum as measured by 1 mM GABA. DPP concentrations ranged
from pM to uM. Dose response curves were fit to one or two site models, varying the slope; the
best fit is reported. At a1B2 receptors, in the absence of GABA, DPP was a strong GABA,
agonist, able to induce up to 98% of maximal current with an ECs, of 0.18 pM. However, higher
concentrations of DPP (still no GABA) inhibited its own current, down to 24% of maximal
GABA current, with an ICs of 7.8 nM. At a1p2y2s receptors, DPP alone induced current to
about 60% of maximal, with a similar pM ECs, as the a1p2 receptors. DPP did not cause any
significant antagonism of its own currents in the a1p2y2s receptors. We conclude that DPP is a



high affinity GABA4 agonist with potential antagonistic actions depending on the receptor
subunit composition. These results may explain some of the side effects, such as drowsiness, of
many commercially available antihistamines.
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Abstract: Aim of investigation:

Loss of inhibitory dorsal horn neurons leads to chronic pruritus in mice, while acute activation of
such neurons inhibits itch. We tested the hypothesis that drugs that enhance GABAergic
inhibition in the dorsal horn would reduce scratching behavior in mice.

Methods:

Behavioral tests were done in wild-type mice and in GABA, receptor triple point mutated mice
in which only a single GABA, receptor subtype was left diazepam (DZP) sensitive. Acute itch
was induced by intradermal cheek injection of a-methyl-serotonin, histamine or chloroquine. To
assess effects on chronic itch, atopic dermatitis was induced by repeated application of
oxazolone. Scratching bouts were quantified as a measure of itch. We tested the anti-pruritic
effects of the classical benzodiazepine agonist DZP in triple GABA receptor point mutated
mice and of the non-sedative a2- and/or a3-GABA, receptor-preferring agents TPA023B,
TP003, and N-desmethyl clobazam (NDMC) in wild-type mice.

Results:

Activation of 02- and a3-GABA 4 receptor in the GABA, receptor point-mutated mice reduced
scratching behavior in both acute and chronic itch, while a5 GABA, receptors had only minor



effects. The a2- and a3-GABA, receptor-preferring agents TPA023B, NDMC and TP003 also
reduced scratching in acute and chronic itch models. Tolerance to the anti-pruritic effects did not
develop after a 10-day treatment with TPA023B or NDMC. Electrophysiological recordings in
spinal cord slices demonstrated that TPA023B enhances GABAergic inhibition in gastrin
releasing peptide (GRP) positive dorsal neurons, which are known to be required for the relay of
pruritogenic signals within the spinal cord. Finally, we show that the spinal expression patterns
of MrgprA3 and GRP, markers of primary and secondary pruritoceptors, overlap with those of
a2-and a3-GABA4 receptors. No such co-expression was seen for al-and a5S-GABA4 receptors.
Conclusion:

Our findings suggest that a2- and a3-GABA receptors are promising targets for the
development of novel antipruritic agents.
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Abstract: De novo mutations in the y-aminobutyric acid type A (GABA,) receptor B3 subunit
gene GABRB3 were found in three cases, two heterozygous and one mosaic, with early infantile
epileptic encephalopathy (EIEE) (Zhang Y, et al. 2015). We determined the impact of GABRB3
mutations on GABA4 receptor function and biogenesis. GABA, receptor al and y2L subunits
were co-expressed with wild-type and mutant 3 subunits in HEK 293T cells. Currents were
measured using whole cell and single channel patch clamp techniques. Surface expression was
determined using surface biotinylation and confocal microscopy. Potential structural



perturbations in mutant GABA, receptors were explored using structural simulations. We found
that the EEIE-associated GABRB3(L170R), GABRB3(T288N), and GABRB3(A305V) mutations
located along the axis between the N-terminal domain and the channel pore reduced whole cell
currents by decreasing the gating of the receptor. GABA 4 receptors containing different mutant
B3 subunits had reduced cell surface expression at different levels but without total loss of
surface receptors. In addition, structural simulations predicted mutation-induced rearrangements
of neighboring subunits that may underlie both assembly and channel kinetic defects of GABAA
receptors, which may contribute to the pathogenesis of EEIE. Although it is difficult to predict
what effect a mosaic mutation would have, our results suggest that the impact on GABA
receptors function is comparable to that of heterozygous GABRB3 mutations. This work was
supported by the NIH RO1 NS 33300 grant to RLM.
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Abstract: The cerebellum plays a fundamental role in fine motor control, mainly due to
GABAergic neurotransmission. Differential distribution of distinct types of GABA receptors at
cerebellar inhibitory synapses has been reported and seems to contribute to specific function at
each type of synapses (synaptic or extrasynaptic), due to their peculiar characteristics. As
neurons, glial cells express a plethora of GABA4 receptor subunits.

In the present work, we assessed the expression of GABA, receptors which comprised the
GABAp subunits in GFAP" cells located in the roof of the fourth ventricle and in the granular



layer of cerebellum during early postnatal development. Immunofluorescence revealed the
presence of GABAp in GFAP" cells during postnatal development, in contrast, expression in the
adult was restricted to Purkinje neurons and a subset of ependymal glial cells.

Astrocytes from cerebellum express functional GABA which are inhibited by bicuculline (100
uM) and TPMPA (IC50, 5.9 £ 0.6 uM), indicating the presence of a GABAp component.
GABAQp subunits are assembled as homo- or heteropentamers. Co-immunoprecipitation and
double immunofluorescence demonstrated protein—protein interactions between GABAp!1 and
GABAu«l1 in the plasma membrane. Three populations of GABA4 receptors in astrocytes were
identified: 1) classic GABAA, 2) bicuculline-insensitive GABAp, and 3) GABAA—GABAp
hybrids. Clusters of GABA4 receptors were distributed in the perinuclear space and along the
processes of GFAP" cells. Time-lapse microscopy showed clusters of GABAp2-GFP were
relatively immobile, with mean displacement of 9.4 + 0.9 pm (in 30 min) and a net distance
traveled of 1-2 pm (in 30 min), due mainly to diffusion directional movement or simple
diffusion. Modulation of GABAp dynamics may be a novel mechanism of extrasynaptic
transmission regulating GABAergic control of GFAP" cells during early postnatal development.
The relative low mobility of GABAp2 in astrocytes together with the distribution of endoplasmic
reticulum in the processes suggested the possibility of the presence of ribosomes in this space;
thus we labeled the ribosomal binding proteins RpL29 and RpSS5 with fluorescent tags and
explored their distribution in GFAP" of cerebellum maintained in organotypic culture. We
detected abundant label of both proteins in distal processes of GFAP', moreover we found all
along the processes co-localization of ribosomal proteins with the endoplasmic reticulum,
suggesting the possibility that synthesis of proteins may occur in these sites. Therefore, the local
protein synthesis may be the mechanism by which glial cells dynamically modulate at the
synapsis.
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Abstract: Background: Usually neurotransmitter signalling is associated with the central
nervous system (CNS). But the evidence for neurotransmitter signalling outside of the CNS is
increasing. It takes place in cells of the immune system where immune cells can secrete
neurotransmitters and do often express neurotransmitter receptors (1). Immune cells can also
encounter neurotransmitters while travelling throughout the body. Thus, neurotransmitter
signalling may have an important role in immune functions.

Aim: We examined if human peripheral blood mononuclear cells (PBMCs) can express
receptors activated by GABA or glutamate and if their expression is influence by physiological
conditions such as gender, pregnancy and depression.

Materials and Methods: The PBMCs were isolated by density gradient centrifugation of the
EDTA blood. The mRNA expression of all subunits of GABA-A (19 subunits), GABA-B (2
subunits), ionotropic glutamate (18 subunits) receptor (iGluR) and 6 chloride transporters in the
PBMCs was accessed by real time RT-qPCR and compared in four experimental groups: men,
non-pregnant women, healthy pregnant women and depressed pregnant women.

Results: Most of the GABA-A and iGlu receptor subunit mRNAs were expressed in the PBMCs.
Out of those, the GABA-A rho2, GluK4, GluK5, GIuN2C and GluN2D subunits had higher
expression level than other subunits. In pregnant women, the GABA-A delta and rho2 subunits
were upregulated while in depressed pregnant women, the betal and epsilon subunits expression
were altered (2). In depressed pregnant women, the GABA-B1 was up-regulated (2). The
cotransporters NKCC1 and KCC4 were down-regulated in all pregnant women (2). Similar to
GABA-A and GABA-B receptor subunits, the expression of specific iGlu receptor subunits was
changed by pregnancy and depression.

Conclusions: The results are consistent with the immunomodulation of PBMCs by the
neurotransmitters GABA and Glutamate and their receptors. The human PBMCs differentially
express neurotransmitter receptors subunits and chloride transporters that are modified by
gender, pregnancy and depression. The results indicate that cross-talk is taking place between the
nervous and the immune system.

1. Barragan A., et al. Acta Physiol. 2015; 213(4):819-827.

2. Bhandage A.K., et al. Acta Physiol. 2015; 213:575-585.
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Title: Metabolic hormones modulate GABA-A receptors mediated synaptic and tonic currents in
rat hippocampal and amygdala neurons.

Authors: *B. BIRNIR, S. V. KOROL, O. BABATEEN, Z. JIN;
Dept. of Neurosci., Uppsala Univ., Uppsala, Sweden

Abstract: INTRODUCTION. The inhibitory neurotransmitter GABA (gamma-aminobutyric
acid) activates GABA-A receptors generating phasic and tonic inhibition in neurons and
regulates neuronal networks activity. Glucagon-like peptide-1 (GLP-1) is a gut hormone that
promotes insulin secretion in a glucose-dependent manner. Interestingly, GLP-1 and insulin
receptors are found in many brain regions. We studied how GLP-1 and its analogs plus insulin
affected inhibitory synaptic and tonic currents in hippocampal pyramidal neurons and amygdala
neurons.

METHODS. Brain slices from Wistar rats and whole-cell patch-clamp were used to record
GABA-A receptors mediated currents in the hippocampal and amygdala neurons. Quantitative
RT-PCR was run on samples from rat brain samples. Imnmunohistochemistry was used to identify
the receptors in the brain slices.

RESULTS. GLP-1 and its mimetics transiently enhanced amplitudes and frequency of
spontaneous inhibitory postsynaptic currents (sSIPSCs) and enhanced inhibitory tonic current in
CA3 neurons. Insulin enhanced GABA-A mediated tonic conductance in hippocampal CA1
neurons. The GLP-1 and insulin receptors mRNAs and proteins were detected in the
hippocampal and amygdala samples. In amygdala neurons, acute application of insulin increased
GABA-A mediated synaptic currents and reduced the action potential firing frequency.
CONCLUSIONS. Our results show that GLP-1 and insulin enhance sIPSCs and extrasynaptic
GABA-A receptors in hippocampal and amygdala neurons demonstrating that metabolic
hormones influence function of these brain structures.

Korol SV et al. (2015) Diabetes 64:79.

Jin Z, et al.(2011). PLoS One 6: €16188.
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Abstract: Exposure of developing female rats to estradiol during the perinatal period affects
brain sexual differentiation and induces a long-lasting dysregulation of the gonadal axis with
decreased progesterone secretion, and a persistent reduction in brain concentrations of its
neuroactive metabolite allopregnanolone. Given that allopregnanolone is a potent modulator of
GABA receptor (GABAAR) expression and function, we evaluated whether neonatal estradiol
treatment, alters GABAAR expression and function in the hippocampus of adult female rats.

On the day of birth, pups received a single administration of B-estradiol 3-benzoate (EB; 10 pg in
50 ul of sesame oil, s.c.) or vehicle. Experiments were performed in 90-120 days old rats. Given
that GABAAR subunit expression varies in response to steroid fluctuations that occur during the
estrus cycle, vehicle-treated rats in the proestrus and diestrus 1 phases were used as controls.
Neonatal EB treatment increased the abundance of extrasynaptic a4 (+47%) and 6 (+30%)
subunits (p<0.05), and decreased the abundance of synaptic al (-36%), a4 (-32%), and y2 (-
36%) subunits (p<0.05), compared to vehicle-treated rats in proestrus. Plasma allopregnanolone
levels in the same rats were higher in diestrus 1 vehicle-treated rats vs. proestrus ones (+30%,
p<0.05), and were decreased by neonatal EB treatment compared to vehicle-treated rats in
proestrus (-69%, p<0.001) and diestrus 1 (-76%, p<0.001). Modulation of GABAergic tonic
currents recorded in DG granule cells was increased in EB-treated rats and vehicle-treated rats in
diestrus 1, compared to vehicle-treated rats in proestrus, with a THIP-induced larger shift in
holding current and greater increase in the noise variance (p<0.05). EB treatment also altered
GABAergic phasic currents with a decrease in decay time (p<0.05).

The changes in the expression and function of GABAARs, induced by neonatal EB treatment,
may not be related to the fluctuations in allopregnanolone concentrations, given that vehicle-
treated rats in diestrus, which have opposite neurosteroid levels than EB-treated rats, show the
same functional changes in GABAARs as EB-treated rats. Rather, these changes may represent a
compensatory mechanism to counteract the persistent long-term reduction in allopregnanolone



concentrations, induced by neonatal estradiol treatment. These enduring changes in GABAAR
plasticity may be relevant for regulation of neuronal excitability in the hippocampus and for the
etiology of psychiatric disorders that originate in development and show sex differences.
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Abstract: Valerenic acid (VA) is a major constituent of common Valerian, a prevalently used
herbal medicinal plant that selectively modulates GABA receptors comprising 3, or 33
subunits. VA’s anxiolytic and anticonvulsive properties without concomitant sedation combined
with a promising pharmacokinetic profile make this compound an interesting drug candidate "2,
The aims of this study were the synthesis of simplified molecules maintaining subunit-selective
properties based on the VA scaffold and their in vitro and in vivo characterization.

A pharmacophore model based on the known [,/3 subunit-selective GABA modulators VA,
loreclezole, etomidate, suggested a series of novel VA analogues. Their effect on GABA-
induced chloride currents (Igapa) through GABA 4 receptors composed of a;;-3y2s subunits
expressed in Xenopus laevis oocytes was analysed by means of the two-microelectrode voltage
clamp technique. Pentylenetetrazole-tests (PTZ) were performed to investigate potentially
anticonvulsant activity.

Efficacy of Igapa enhancement by derivatives AR-013, AR-016, SM-226-1 and SM-392-1 was
comparable to that of VA, while slightly reduced potency was observed. Compound SM-408-2
diplayed selectivity for GABAA4 receptor containing 3, or B3 subunits and was significantly more
potent and efficient than VA. PTZ-induced seizure threshold was shifted by SM-408-2 at



concentrations of 0.1 mg/kg bodyweight indicating potent anticonvulsant activity. The other
studied compounds were either less efficacious or did not display significant potentiation of
IcaBa at concentrations >30 pM.

Our data suggest that pharmacophore based development of ,3-selective VA analogs may be a
promising approach for development of non-sedating anxiolytics and anticonvulsants. SM-408-2
displayed higher in vitro and in vivo potency than VA and may thus serve as a scaffold for the
development of novel, selective GABA 4 receptor modulators.

1) Hintersteiner J, Haider M, Luger D, Schwarzer C, Reznicek G, Jager W, and others. 2014.
Esters of valerenic acid as potential prodrugs. Eur. J. Pharmacol. 735:123-131.

2) Khom S, Strommer B, Ramharter J, Schwarz T, Schwarzer C, Erker T, and others. 2010.
Valerenic acid derivatives as novel subunit-selective GABAA receptor ligands -in vitro and in
vivo characterization. Br. J. Pharmacol. 161:65-78.
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Abstract: 4,5,6,7-tetrahydroisoxazolo (5,4-c)-pyridine-3-(ol) (THIP) is a GABA receptor
agonist that displays ‘superagonism’ on d-containing receptors and partial agonism on y-
containing receptors. Radioligand binding studies have shown that THIP competes with GABA,
indicating that THIP binds to the same site as GABA. However, the selectivity of THIP on 6-
containing receptors over y-containing receptors remains elusive. It is believed that the é subunit
replaces the y subunit to form a stoichiometry of B-a-f-a-6. We hypothesize that there is an
additional binding site for THIP that resides on the interface of a4-0 and that this site confers
THIP sensitivity for d-containing receptors.

In this study, THIP activation on a4B1-36 and a4p1-3 GABA receptors expressed in Xenopus
laevis oocytes were compared using two-electrode voltage clamp electrophysiology. To further
determine where THIP binds, mutations on a4 principal site were generated and their effects



towards GABA and THIP on a4f23 and a42 receptors were studied.

THIP potency at a4p2-36 and a4p2-3 was similar while THIP was more potent at a4313
compare to a4p1. THIP acted as a superagonist on all of the receptors, except for a4p1 where
THIP displayed full agonism. Although there were no changes to the GABA concentration-
response curves for the mutants, a significant change on the efficacy of THIP was observed for
all receptors. The amino acids tested in the experiments contribute in part to the efficacy of THIP
at a4-containing receptors.
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Title: Hispidulin alleviates methamphetamine-induced hyperlocomotion and impairment of
prepulse inhibition via cerebellar alpha6-containing GABA-A receptors
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Abstract: Previously, we found that a patient with intractable motor tic disorder was responsive
to the ground leaf juice of a local herb, Clerodendrum inerme (CI). Her tics subsided 1 hour after



taking CI.' Using methamphetamine-induced hyperlocomotion (MIH)* and impairment of
prepulse inhibition of acoustic startle response (PPI) in mice, we identified an active CI
constituent, hispidulin. It is a flavonoid reported to be a positive allosteric modulator (PAM) of
GABA 4 receptors consisting of various a subunits, including the a6 subunit (06 GABAAR) that
mainly exists in cerebellar granule cells. In a screening assay for 92 neurotransmitter
receptors/degradation enzymes/transporters, we found hispidulin displayed significant (>50% at
10 uM)) binding affinity only at GABAaRSs (ICsp. 0.73~1.78 uM) and catecholamine-o-methyl-
transferase (COMT) (ICso. 1.32 uM). We further elucidated whether COMT and cerebellar
a6GABAARs are action targets of hispidulin for its alleviation of MIH and PPI impairment.
Hispidulin given by either i.p (10-30 mg/kg) or intra-cerebellar (i.c.b., 10 nmol) injection,
significantly alleviated MIH and PPI impairment. The i.c.b. effect of hispidulin was prevented by
i.c.b. furosemide, a non-competitive t6GABA 4R antagonist, and was mimicked by i.c.b. Ro 15-
4513, a a6GABAAR PAM, but not by i.c.b. diazepam, an a6GABA sR-inactive benzodiazepine.
Conversely, i.ch. diazepam did not affect MIH or PPI impairment, while it reduced MIH when
given systemically at doses (4-10 mg/kg, i.p.) having significant benzodiazepine adverse effects,
including sedation, anxiolysis and motor-impairment. Hispidulin at systemic doses effectively
alleviated MIH did not affect apomorphine-induced hypolocomotion and stereotypy behaviors. A
typical COMT inhibitor, OR-482 (10 mg/kg. i.p.), did not affect MIH. These results suggest that
hispidulin alleviates MIH and PPI impairment in mice via acting as a PAM of cerebellar
asGABAARs. This study also suggests the potential for using selective 0acGABAAR PAMs as a
novel treatment for neuropsychiatric disorders with sensorimotor gating deficit.

! Fan et al. (2009) J. Child Neurol. 24:887.

? Huang et al. (2015) J Ethnopharmacol 166:18.
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Title: The cerebellar alpha6-containing GABA-A receptor: A novel target for neuropsychiatric
disorders
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Abstract: Previously, we found that hispidulin, a constituent of a local herb that effectively
remitted tic attacks in a patient with intractable motor tic disorders, significantly alleviates
methamphetamine-induced hyperlocomotion (MIH) and impairment of prepulse inhibition of
acoustic startle response (PPI), via acting as a positive allosteric modulator (PAM) of cerebellar
06 subunit-containing GABA, receptors (a6GABAARs)." Since hispidulin is also a PAM of
other GABARs, here we used Compound 6, a newly developed PAM selective for
a6GABAARs” as a tool to examine the role of cerebellar a6GABAARs in animal models
mimicking Tourette syndrome (TS) and other neuropsychiatric disorders with sensorimotor
gating deficit. These include MIH and PPI impairment, apomorphine-induced climbing
behaviors, and stereotypy behaviors induced by intra-dorsal striatal injection of the siRNA of
SlitTrk. The latter a TS model we established’ based on the findings that SIiTrk is only expressed
in adult striatal cholinergic interneurons that are reduced in postmortem brains of TS subjects.
Compound 6 (10 mg/kg, i.p.) significantly alleviated MIH and PPI impairment. These effects
were antagonized by intra-cerebellum microinjection of furosemide, a selective at6GABAAR
antagonist. Compound 6 did not affect apomorphine-induced stereotypy climbing behaviors, but
significantly reduced the stereotypy behaviors in mice induced by siRNA of SlitTrk. At the same
dose, Compound 6 has no motor-impairing, sedative or anxiolytic activity. These results suggest
that Compound 6 successfully gets into the brain to alleviate MIH and PPI impairment possibly
via enhancing cerebellar inhibitory control on the striatal dopaminergic activity through
positively modulating a6GABAARSs in cerebellar granule cells, but not affect dopamine receptor
response directly. Cerebellar at6GABAARs may be a new target for the treatment of TS or
neuropsychiatric disorders with sensorimotor gating deficit, and a6GABAAR selective PAMs
may be a novel therapy for these neuropsychiatric disorders.

'Lee et al. Hispidulin alleviates methamphetamine-induced hyperlocomotion and impairment of
prepulse inhibition via cerebellar alpha6-containing GABA-A receptors. Neuroscience 2016, San
Diego, CA, USA.

*Varagic et al. Subtype selectivity of alpha+beta- site ligands of GABA receptors: identification
of the first highly specific positive modulators at alphatbeta2/3gamma2 receptors. Br J



Pharmacol 169:384.
’Du et al. The role of Slitrk-1 gene in striatal cholinergic interneurons in behavioral

manifestations mimicking Tourrette syndrome. Neuroscience 2015, Prog. No. 686.17, 2015,
Washington DC, USA.
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Abstract: Migraine is one of the most common neurological disorders occurring in 20% of
women and 6% of men. While the underlying cause of migraine remains unknown, a key finding
is that the brains of migraine patients are hyperexcitable. Cortical inhibition mediated by
GABAergic interneurons is thought to play an important role in regulating brain excitability and
the development of cortical spreading depression (CSD). CSD is a neurological process that
underlies migraine aura and can lead to activation of the migraine pain pathway. Neurosteroids
are brain-derived hormones which can be directly synthesized de-novo within individual neurons
and glia and are potent allosteric modulators of GABA-A receptors. Frequent triggers of
migraine including stress, diet, the menstrual cycle and pregnancy are known to increase
neurosteroid levels. The aim of this study was to examine the role of neurosteroids, such as
allopregnanolone, on migraine using an in-vitro model of CSD. Using a combined intrinsic
optical imaging (I0S) and patch-clamp electrophysiology approach we determined that
application of endogenous and synthetic neurosteroids paradoxically increases the probability of
inducing CSD by up to 40%. This was in contrast to the GABA-A delta specific agonist THIP
(gaboxadol) which failed to increase the probability of inducing CSD. To investigate the
underlying mechanism we performed a detailed analysis of the action of neurosteroids on
inhibitory cortical synaptic neurotransmission. We found that in contrast to THIP, neurosteroids
preferentially act to increase phasic and tonic inhibition onto inhibitory interneurons while



decreasing inhibition onto excitatory pyramidal neurons. These results suggest neurosteroids
facilitate CSD by selectively disinhibiting the cortex which may increase the incidence of attacks
of migraine with aura.
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Abstract: Gamma-Aminobutyric acid (GABA) is the main inhibitory neurotransmitter in the
central nervous system. GABA, receptors exist in an enormous diversity of subtypes. Six o,
three f3, three vy, the J, €, 6, m, and three p subunits can, and most of them actually do, assemble
into a multitude of different homo- or hetero-pentameric receptors, each of them displaying
unique pharmacological properties. Selective modulation of GABA4 receptors containing the a5
subunit is believed to have considerable therapeutic potential in several psychiatric and
neurological conditions characterized by cognitive dysfunction.

Some a5-preferring (selective) compounds have already been identified, such as the chiral
imidazobenzodiazepine SH-053-2F-R-CH3 (Gallos et al., 2015) and other structurally similar
compounds.

Aim of the current study was to compare the binding affinities and electrophysiological
efficacies of several different benzodiazepines; all of them structural variations of well-known
compounds and predicted to be potentially a5-selective. Efficacies were tested using two-
electrode voltage clamp recordings in rat recombinant GABA-R subtypes expressed in Xenopus



oocytes. Potencies were investigated by inhibiting [3H]flunitrazepam binding to human kidney
293 cells, transiently transfected with expression plasmids coding for different GABAA-R
subunits.

Surprisingly, results indicated that benzodiazepine-derivatives with similar chemical
modifications showed dissimilar trends for their efficacies, affinities and “a5-selectivity”.
Specifically, comparing chiral derivatives (R-, S-methyl isomers) showed slight differences for
some compounds, while for another compound one enantiomer had a greatly reduced activity
and binding affinity compared to the other enantiomer. Accordingly, this suggests that some
compounds interact differently with the GABA-receptor binding pocket than others and
stimulates further interest for better understanding the structure binding relationship between
various ligands and their binding sites on different GABA4-R subtypes.

Literature:

Gallos G, Yocum GT, Siviski ME, Yim PD, Fu XW, Poe MM, Cook JM, Harrison N, Perez-
Zoghbi J, Emala CW, Sr. (2015) Am J Physiol Lung Cell Mol Physiol 308:1.931-942.

Disclosures: P. Scholze: None. A.A. Elgarf: None. F. Steudle: None. G. Li: None. J.M.
Cook: None. M. Ernst: None.

Poster

034. GABAA Receptors

Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 34.21/E23

Topic: B.02. Ligand-Gated Ion Channels

Support: NSF CNIC award ID 1322626

Title: Investigations into the pharmacology and physiology of gabaergic neurotransmission in
planaria.

Authors: *L. RAMAKRISHNAN;
Chem., St. Cloud State Univ., Saint Cloud, MN

Abstract: Planaria (flatworms) belonging to the phylum Platyhelminthes, possess a mammalian-
like bilaterally symmetric nervous system and all major neurotransmitters. Though the presence
of GABA and its metabolic enzymes in the nervous system of planaria are proven, its
pharmacological and physiological actions remain poorly understood due to lack of direct
evidences supporting the presence of specific GABA-binding receptor proteins. Planarians
exhibit seizure-like movements (pSLM), defined as asynchronous paroxysms (e.g. C-like
movements, twitching behaviors), after being exposed to pro-convulsants such as, glutamatergic



agonists or GABAergic antagonists. We characterized pharmacological alteration of GABAergic
neurotransmission in planaria using Picrotoxin (PTX), a classical convulsant that acts exclusively
on GABAergic neurotransmission. We also conducted behavioral pSLM testing of four potential
anticonvulsant drugs, which have been previously tested in rat and mice epilepsy models. The
chosen drugs, which are structurally related in terms of having a lactam functional group, are: 2-
phenylbutyramide (2-PBA), N-carbamoyl-2-phenylbutyramide (NC-2PBA), 3-ethyl-3-
phenylpyrrolidin-2-one (3-EPPD) and 3-methyl-3-phenylpyrrolidine-2,5-dione (3-MPPD). The
results from the screenings demonstrated potential anticonvulsant activity by 2-PBA and NC-
2PBA but not by 3-EPPD and 3-MPPD. Further testing of 2-PBA up to a maximal concentration
of 1 mM demonstrated 50-60% alleviation of 5 mM picrotoxin-induced pSLM activity. To
investigate expression and localization of GABAergic proteins in planarian nervous system, we
plan to conduct glutamate decarboxylase and GABAergic protein gene silencing using siRNAs
which will be delivered using alanine-based cationic polymer nanoparticles. We have conducted
proof of concept studies in HEK293 cells expressing GFP, wherein GFP gene silencing was
induced by delivering siRNA targeting GFP mRNA was delivered using cationic polymer
nanoparticles.
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Abstract: Semilunar granule cells (SGCs) are a class of excitatory dentate projection neurons
distinguished from the classical granule cells (GCs) by their somato-dendritic morphology and
intrinsic physiology. In young adult 30-40 day rats, SGCs have greater synaptic and
extrasynaptic (tonic) GABAergic inhibition than GCs. This study was conducted to identify



whether SGCs are anatomically and physiologically distinct from GCs regardless of animal age
and to determine the developmental changes in intrinsic physiology and inhibitory regulation of
SGCs during early life. Acute hippocampal slices from 11-150 postnatal day (PD) male Wistar
rats particularly at two early developmental time points: late neonatal (PD11-13) and adolescent
(PD28-42) were used to obtain whole cell recordings from SGCs in the inner molecular layer and
GCs. Current and voltage clamp recordings were used to record intrinsic physiology and
spontaneous inhibitory synaptic currents (sIPSCs). Tonic GABA currents were measured as the
baseline current is blocked by Gabazine (10 pM). All recorded cells were filled with biocytin
and processed to distinguish SGCs by the semilunar shape of the soma in the inner molecular
layer and wide dendritic arbors compared to GCs. Morphological reconstructions revealed SGCs
with greater dendritic angle than GCs in sections from PD11-150 rats. SGC firing rate (120pA-
200pA) was significantly higher in late neonatal than adolescents. Although input resistance was
not different between the two groups, the membrane sag in response to hyperpolarizing current
injection was significantly higher in late neonatal rats compared to adolescent rats suggesting
reduction in SGC H-currents during development. Analysis of synaptic currents revealed that
sIPSC frequency in SGCs was consistently higher than in GCs from age-matched rats. Frequency
of sIPSCs in SGCs and GCs was significantly higher in adolescent rats. Tonic GABA current
amplitude in SGCs was also significantly greater than in GCs in adolescent rats. However, in
keeping with developmental expression of tonic GABA currents in other cell types, tonic GABA
currents amplitude was low and not different between SGCs and GCs in late neonatal rats. These
data demonstrate that SGCs are distinct from GCs in morphology and inhibitory synaptic inputs
from early in development. We speculate that complementary changes in H-currents and tonic
GABA currents may underlie the relative stability of SGC input resistance during development.
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Authors: *S. JOSHI', K. RATASEKARAN®, J. WILLIAMSON?, J. KAPUR?;
lDept of Neurol., “Univ. of Virginia, Charlottesville, VA; Univ. of Texas, Dallas, VA

Abstract: We determined the role of neurosteroid-6 subunit-containing GABAA receptor (6-
GABAR) interaction in epileptogenesis following statue epilepticus (SE).

SE was induced in adult rats by lithium-pilocarpine. The surface expression of 6-GABARs was
determined using biotinylation assay and Western blotting. The neurosteroid modulation of tonic
current was studied by whole cell patch clamp technique. The GABAR subunit mRNA
expression was determined by real-time PCR. The time course of onset of spontaneous seizures
following SE was studied by continuous video-EEG monitoring.

We compared the time course of changes in 9, a4 and y2 subunit expression following SE to
onset of epilepsy, marked by the 2" spontaneous seizure, which ranged between 7-18 days.
There was a specific and early down-regulation of 3-GABAR expression before the animals
became epileptic. The total and surface expression of & subunit was reduced in hippocampi of 7
days post-SE (7-SE) animals. In contrast, the expression of a4 and y2 subunits was unchanged at
this time. The expression of mRNAs of these subunits matched with the expression of their
proteins. The reduction in -GABAR expression as accompanied by diminished neurosteroid
modulation of tonic current of DGCs in 7-SE animals.

We tested the effect of inhibition of neurosteroid synthesis on the onset of epilepsy. Animals
were treated with finasteride at 4 days post-SE prior to the appearance of spontaneous seizures.
Finasteride-treated animals (86%) experienced seizures; however, seizures did not occur in
vehicle-treated or untreated animals. Finasteride treatment also accelerated the onset of epilepsy,
2" spontaneous seizure. The time to 2™ spontaneous seizure ranged from 5-8 days in finasteride-
treated animals, which was significantly shorter than that in vehicle-treated or untreated animals
(7-18 days).

Next, we prevented the down-regulation of 6-GABAR expression and determined whether it
suppressed epileptogenesis. NMDAR blockade with MK801 or ketamine during SE prevented
the reduction in reduction in 6 subunit mRNA and protein expression, without terminating or
shortening the duration of SE. The neurosteroid modulation of tonic current of DGCs was also
preserved in MKS801- or ketamine-treated animals. Lastly, MK801 treated animals did not
develop epilepsy during 30 days post-SE monitoring, whereas only a fraction of ketamine-treated
animals became epileptic.

These studies revealed that reducing neurosteroid synthesis prior to seizure onset hastened
epileptogenesis and suppression of 6-GABAR downregulation inhibited epileptogenesis.

Disclosures: S. Joshi: None. K. Rajasekaran: None. J. Williamson: None. J. Kapur: None.
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Abstract: Glycine and type A y-aminobutyric acid receptors (GlyRs and GABAARs) are ligand-
gated ion channels that mediate fast inhibitory neurotransmission in the nervous system. Direct
modulation of GlyRs and GABAsRs by a number of cannabinoids has been previously
described. However, the direct effect of cannabidiol (CBD) and cannabidivarin (CBDV) on these
receptors has not yet been studied in depth. To further interrogate the effect of CBD and CBDV
on glycinergic and GABAergic systems, we examined the affinity of CBD and CBDV for
GABAAR ligand, benzodiazepine, CI” channel and GABA transporter binding sites by
radioligand binding and used whole-cell patch-clamp recordings to examine the effect of CBD
and CBDV on CI" conductance mediated by transiently expressed GlyR and GABARs.
Radioligand binding reveals that CBD and CBDV possess no appreciable affinity for the
GABAAR ligand or benzodiazepine binding sites (displacement of [’H]muscimol or
[*H]diazepam) or the GABA transporter at concentrations up to 10uM. However, both CBD
(ICso 2.57 uM) and CBDV (ICs 2.47 uM) displaced specific binding of [*H]picrotoxinin from
the GABAAR CI channel. Electrophysiological examinations reveal a direct positive enhancing
effect of CBD and CBDV on glycine and GABA mediated CI currents (Igiy and Igaga).
Furthermore, the extent of Iy and Igasa potentiation is dependent on the receptor subunit
composition: Cl” currents mediated by GlyR a3S and GABAARs containing ol and a2 subunits
show the greatest potentiation. These findings uncover subtype-specific modulation of inhibitory
receptors by CBD and CBDV, offering new opportunities for therapeutic intervention in the
nervous system.
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Abstract: Diminished synaptic inhibition in the superficial dorsal horn is believed to underlie
several chronic pain syndromes. Here, we describe electrophysiological and behavioral changes
in a genetic mouse model of diminished spinal synaptic inhibition, i.e. in mice that lack a major
GABA receptor (GABAAR) a subunit (02) from the spinal cord and the spinal terminals of
peripheral sensory neurons (hoxb8-gabra2”™ mice). We first characterized changes in GABAergic
inhibition in the superficial dorsal horn where 62GABARs are abundantly expressed. These
experiments were done on a VGAT::ChR2 transgenic background to allow optogenetic activation
of inhibitory neurons in spinal cord slices. In hoxb8-gabra2”™ mice, light-evoked GABAergic
IPSC amplitudes were reduced by about half (p = 0.017) with no significant change in decay
kinetics. Despite the reduction in synaptic inhibition, hoxb8-gabra2” mice did not show
behavioral sensitization to acute painful stimulation, suggesting the presence of a yet-to-be



identified homeostatic plasticity mechanism. Hoxb8-gabra2” mice did not only show unchanged
sensitivity to acute pain but also developed normal pain sensitization in the CCI model of
neuropathic pain, indicating that altered expression and posttranslational modification of
a2GABAARs are not essential for neuropathic hyperalgesia. However, the antihyperalgesic
effects of systemic application of the GABAsR modulator HZ-166 were virtually abolished in
hoxb8-gabra2'/' mice, and, in line with this observation, modulation of GABAergic IPSCs by
HZ-166 was strongly reduced. These results indicate that adaptive changes can compensate for
diminished spinal inhibition to restore normal pain sensitivity and that, although a2GABAARs
are not required for the induction of neuropathic hyperalgesia, they are essential for the
antihyperalgesic actions of the novel benzodiazepine site agonist HZ-166.
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Abstract: Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis has been implicated
in the pathophysiology of postpartum depression, largely based on endocrine changes in patients.
However, investigation into the pathophysiological mechanisms underlying postpartum
depression has been limited due to the lack of animal models. Our research team has
characterized two independent mouse models which exhibit abnormal maternal care and
depression-like behaviors during the postpartum period which share a common
pathophysiological mechanism, involving the inability to suppress the stress-induced activation
of the HPA axis during pregnancy and the postpartum period. The stress-induced activation of
the HPA axis is normally suppressed during pregnancy and lactation, which is thought to be a



protective mechanism to prevent adverse effects of stress hormones on the fetus. Our lab recently
discovered a critical role for the K'/CI" co-transporter, KCC2, in the stress-induced regulation of
the HPA axis at the level of corticotropin-releasing hormone (CRH) neurons in the
paraventricular nucleus of the hypothalamus (PVN). To determine whether disinhibition of the
HPA axis plays a role in mood disorders associated with the postpartum period, we generated
mice which lack KCC2 specifically in CRH neurons (KCC2/Crh mice). KCC2/Crh mice exhibit
the inability to suppress the HPA axis during pregnancy and the postpartum period, which is
associated with an increase in pup mortality, abnormalities in maternal care, and depression-like
behaviors during the postpartum period. Silencing CRH neurons governing the activity of the
HPA axis using Gi DREADDs stereotaxically injected into the PVN of KCC2/Crh mice,
decreases the abnormal maternal care and depression-like behaviors in postpartum KCC2/Crh
mice. Conversely, activating CRH neurons in the PVN using Gq DREADDs increases pup
mortality, induces abnormalities in maternal care, and depression-like behaviors in postpartum
CRH-Cre mice. These data suggest that the inability to suppress the HPA axis during pregnancy
and the postpartum period plays a role in postpartum depression-like behaviors and deficits in
maternal care in mice.

Disclosures: J.L. Maguire: F. Consulting Fees (e.g., advisory boards); SAGE Therapeutics. A.
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Abstract: Classical benzodiazepine (BZD)-GABA receptor (GABAAR) pharmacology states
that positive BZDs allosterically shift the GABA dose-response curve leftwards in a parallel
manner. Potentiation (enhanced receptor activation) of GABAARs depends on the BZD used and



the subunit composition of receptors, specifically the a and y subunit isoforms that make up the
high-affinity binding site for BZDs on GABARs. Using the clinically-relevant BZD,
midazolam, we have shown that the degree of potentiation measured depends on the type of
protocol used to expose receptors to midazolam, affecting the time course of action and decay of
potentiation. We used whole-cell patch clamp recording of HEK293T cells expressing oxfB2y2
GABARs and exposed cells to submaximal GABA concentrations with and without midazolam
(10nM-10uM). First, we found that the degree of potentiation depends on the a subunit isoform.
At 1uM midazolam (in presence of EC;o GABA), a1-3 and a5-containing receptors showed
between 200-350% enhancement of GABA current with a2/3 showing greater enhancement than
al/5 (n=5-12 cells per group). We tried several exposure protocols to get consistent, reversible
midazolam potentiation before choosing a protocol that depended on exposing the receptors to
GABA after midazolam exposure ended, producing a rapid onset to peak potentiation. Second, a
GABA dose-response on a,,y, receptors in the presence of 1uM midazolam showed a
significantly smaller (»p<0.05, t=2.395, df=21) half-maximal (ECs) concentration (35.9 + 8.3
uM) relative to the ECsg in the absence of midazolam (76.8 = 17.1 uM) (mean + SEM). The Hill
coefficient was also significantly increased (p<0.05, t=2.533, df=21) from 1.00 to 1.435 in the
presence of 1uM midazolam while the maximum peak current remained unchanged. We found
that these findings are consistent with simple allosteric kinetic schemes where BZDs selectively
alter the binding of each GABA molecule. Therefore, the assumption of a parallel leftward shift
in the GABA dose-response curve in the presence of midazolam does not adequately explain the
continued midazolam potentiation seen in the presence of GABA after midazolam exposure has
been stopped unless we consider other factors like lipid partitioning, low-affinity BZD sites and
the possibility that the Hill equation may misrepresent the types of concentration effects seen in
our experimental data.
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Abstract: During puberty, synaptic pruning occurs in multiple regions of the brain, including the
CA1 hippocampus (Yildrim et al., 2008; Afroz, Parato et al., 2016) and prefrontal cortex (Rakic
et al. 2011). Dysregulation of pruning is linked to disorders such as schizophrenia (Glantz and
Lewis, 2000) and autism (Hutsler and Zhang, 2010). Schizophrenia normally develops after
puberty, indicating that adolescent pruning may be a factor. (Rolls et al., 2005; Paus et al., 2008).
We have recently shown (Afroz, Parato, et al., 2016).that adolescent synaptic pruning in CAl
hippocampus is due to the emergence of 0436 GABARSs on dendritic spines. These receptors
produce a shunting inhibition which impairs activation of NMDA receptors and reduces
expression of Kalirin-7 (Kal7), a Rho-GEF (guanine nucleotide exchange factor) which is
necessary for spine stability (Ma et al., 2011).

Another region of the brain which undergoes synaptic pruning is CA3, which is a hippocampal
region that facilitates the encoding and retrieval of associations, particularly of spatial locations
in rodents, and pattern separation in humans (Deuker et al., 2014). Studies have found that
scavenging plays a role in pruning in CA3 (Shi et al., 2015), but the possible trigger for this
process is not known.

Thus, we examined spine density using Golgi staining and assessed o4 and Kal7 levels across
adolescence in the female mouse (puberty, ~PND 35, assessed by vaginal opening; post-puberty,
PND 56) using immunohistochemical techniques. We found that GABAR 04 expression
increases by 53% at puberty in the CA3 hippocampus (p<.05). Knock-out of a4 prevented the
post-pubertal decrease in spine density observed in wild-type (pubertal WT, 1.6 + 0.1 sp/um;
post-pubertal WT, 1.2 + 0.1 sp/um, post-pubertal a4-/-,1.6 £ 0.1 sp/um; p<.05). Analysis of
spine types, revealed a 48% decrease in mushroom spines (p<.05), an effect prevented by 04
knock-out. We also measured a 14% decrease in Kal7 levels from pre-puberty to puberty
(p<.05), which would decrease spine stability, an outcome not seen in the o4 -/- CA3
hippocampus (p<.05), suggesting a mechanism for the high level of spine density in this group of
animals. Our data suggest that pubertal expression of 046 GABARs triggers synaptic pruning in
CA3 hippocampus via decreased expression of Kal7.
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Title: The developmental decrease in neuronal chloride concentration is independent of slicing
trauma in thalamo-cortical brain slices
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Abstract: The intraneuronal chloride concentration ([CI');) is critical for determining the polarity
of signaling at GABA, synapses in the central nervous system. Sectioning hippocampal brain
slices increases [Cl]; in the superficial layers. It is unknown if this same effect occurs in the
neocortex and thalamus. Therefore, we aimed to study whether cutting trauma also increases [CI
]i in the neocortex and thalamus, and whether the effects of trauma change during development.
Neuronal [CI']; (Clomeleon expressing neurons) was imaged by multiphoton microscopy in acute
thalamo-cortical brain slices at developmental ages ranging from post-natal day 5 (P5) to P20.
We observed: 1) [CI']; is higher in the most superficial areas in both neocortical and thalamic
brain slices at all ages tested and, 2) there is a developmental decrease in [Cl']; that is
independent of acute trauma caused by brain slicing. We conclude that [Cl]; has a developmental
progression during P5-20 in both the neocortex and thalamus. However, in both brain regions
and during development the neurons closest to the slicing trauma have an elevated [Cl];. We
hypothesize that this is due to a disruption of the extracellular matrix in addition to the sectioning
of neuronal processes.
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Abstract: Chloride is a minor neuronal cytpolasmic anion whose concentration is maintained by
secondary cation-chloride cotransporters. Electrophysiological estimates of cytoplasmic neuronal



chloride concentrations are notable for the variance between neurons and also between different
compartments of the same neuron. Recently published and preliminary studies from investigators
in our group utilizing multiphoton microscopy and transgenic chloride-sensitive fluorophores
have confirmed the variance in chloride concentration varies in different brain regions (e.g. in
cortical vs. subcortical neurons), different neurons, and different cytoplasmic milieus, including
cell bodies, dendrites and even different segments of the same dendrites. If chloride
concentrations differ in these microdomains, and this underlies the variance in
electrophysiological measures of the reversal potential for GABA, receptor-mediated chloride
currents (EGABA), then the local EGABA should be predictable from the fluorophore data. To
test this idea, we are characterizing the chloride microdomains using both microscopic analysis
of the high-sensitivity chloride fluorophore Super Clomeleon, and by simultaneous
electrophysiological measures of the local EGABA in organotypic slice cultures of murine
hippocampus. These studies will shed light on neuronal chloride homeostasis and the existence
of functionally significant neuronal chloride microdomains.
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Abstract: The adrenal glands regulate physiological responses to stressors, in part by secretion
of the catecholamines, epinephrine and norepinephrine. A variety of peptides, including opioid
peptides, are thought to be co-stored with catecholamines in dense core vesicles in adrenal cells.
The opioid system is strikingly complex, and the precise interaction between opioid peptides and



catecholamines is not well understood. We have used fast-scan cyclic voltammetry coupled to
carbon-fiber microelectrodes to study the kinetic properties of the opioid/catecholamine
interaction in a rat adrenal slice preparation. These experiments are complicated by the fact that
many peptides, both endogenous and synthetic, foul the electrode surface and interfere with
catecholamine detection. To address this issue, a sawhorse waveform was developed to clean the
electrode surface, enabling reproducible measurements. This allows simultaneous monitoring of
the application and clearance of exogenous opioid peptide (met-enkephalin or its synthetic
analog DAMGO), and the effects of this manipulation on local catecholamine dynamics. We
found that an acute application of M-ENK or DAMGO, which is specific to the mu opioid
receptor, evokes catecholamine release that is sensitive to blockade by naltrexone, a non-
selective opioid receptor antagonist. Further, these mu opioid receptor agonists facilitate
nicotine-evoked catecholamine release. DPDPE, a delta opioid receptor agonist, does not elicit a
physiological response. These results demonstrate that M-ENK evokes catecholamine secretion
in the adrenal medulla by binding to mu opioid receptors, providing a chemical mechanism by
which opioid peptides can regulate an organism’s response to physiological and environmental
demands.
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Abstract: The kappa opioid receptor is a Gi,-coupled G-protein-coupled receptor that binds
endogenously to the peptide dynorphin. A mounting body of evidence suggests that the receptor
is involved in affective states such as pain, consciousness, stress, and mood. Interestingly, many
of the receptor’s effects appear to invoke opposing effects to those of the mu-opioid receptor, the
receptor that classically mediates the various effects of morphine, heroin, and other addictive
opioids. Along these lines, selective kappa-opioid antagonists such as JDTic have shown marked



effects at attenuating depression, anxiety, and drug-dependence in animal models and may have
potential as drugs for treating these disorders. In 2015, we reported the discovery of AT-076, the
first small-molecule opioid pan antagonist, which had nanomolar affinity at all four opioid
receptors: mu-, delta-, kappa-, and nociceptin. AT-076 was discovered from a medicinal
chemistry and structure-activity relationship (SAR) study of the common opioid antagonist core
scaffold, trans-(3R,4R)-dimethyl-4-(3-hydroxyphenyl)piperidine, a pharmacophore that is also
present in other opioid antagonists such as the kappa-selective antagonist JDTic, mu-selective
antagonist LY246736 (Alvimopan), and the non-selective opioid antagonist LY255582. Unlike
JDTic, however, AT-076 has high binding affinity for the nociceptin opioid receptor. We have
continued to explore the SAR of this scaffold at the various opioid receptor subtypes and
synthesized several AT-076 analogues. We report here the initial in vitro pharmacological
characterization of these analogues. Of particular note are AT-496 and AT-501, which possess
exceptionally high binding affinity for the kappa opioid receptor. Both compounds also display
modest selectivity for the kappa opioid receptor, where they bind with picomolar Kj, over the
mu- and nociceptin opioid receptors, where they bind with nanomolar K.
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Abstract: G protein-coupled receptors (GPCRs), are seven transmembrane receptors that
orchestrate cellular responses required for most physiological functions, making GPCRs obvious
pharmacological targets for psychiatric disease. Around 140 GPCRs, are termed “orphan”
receptors (0GPCRs), meaning that they have yet to be paired with a putative endogenous ligand



and/or paired with a physiological function and roughly 80 have enriched expression in the
central nervous system. Thus, these 0GPCRs represent an untapped resource for psychiatric drug
discovery yet, a detailed in vivo characterization of brain oGPCRs has been lacking. Here, using
two distinct methods of in situ hybridization (ISH), indirect DIG-labeled riboprobes and a direct
method, RNAscope®, the neuroanatomical expression of 77 oGPCRs are examined in the mouse
brain. oGPCR expression patterns were scored across 14 brain regions, and hierarchical
clustering compiled the o GPCRs into a heatmap revealing three categories of expression: (1)
widespread expressing o0GPCRs suggest uniform roles across the brain, (2) moderate expressing
oGPCRs suggest refined function in neuronal networks and (3) discrete expressing o0GPCRs
suggest tightly controlled roles in brain function. Further cross-species analysis of our data of the
77 oGPCRs was done with publicly available mouse and human data-sets, to find our analysis
highly correlated. For 26 oGPCRs, the pattern of expression was remarkably found in brain
regions with critical roles in reward and aversion pathways, sites of deficit in psychiatric disease.
We next obtained human brain tissue from the Douglas Bell Canada Brain Bank for these 26
oGPCRs, total RNA was prepared from 8 control subjects across the 14 brain regions
corresponding to those analyzed in the mouse and then submitted to a highly sensitive and direct
method of digital gene expression analysis with the Nanostring nCounter system®. This robust
analysis correlated highly with our mouse ISH data for the 26 oGPCRs, adding translational
value to their unique expression profiles. Taken together, we provide the first cross-species
comparison of the expression of 77 oGPCRs in the mouse and human brain, this collective
exposes Gpr26, Gpr85, Gprl01, Gpr149 as novel candidates for development of new psychiatric
drugs.
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Abstract: Mu opioid receptor (MOR) signaling modulates synaptic transmission and thus plays
a pivotal role in regulating reward behaviors relevant to addiction. However, the molecular and
synaptic mechanisms of opioid signaling in the context of drug addiction are poorly understood.
Interestingly, the single nucleotide polymorphism (SNP) rs1799971 (OPRM1 A118G) in the
human MOR has been linked to impaired MOR trafficking and signal transduction and has been
implicated in increased predisposition to drug abuse disorders and alcohol use disorders. The
A118G SNP produces a non-synonymous amino acid substitution, replacing an asparagine with
an aspartate at position 40 (MOR N40D). Although heterologous expression systems and animal
studies suggest altered receptor trafficking, ligand binding affinities and altered intracellular
signaling, these studies have provided largely inconclusive and even conflicting evidence
regarding the cellular and molecular mechanisms of the MOR N40D SNP. To investigate the
molecular, cellular, and synaptic consequences of this SNP in a human neuronal context, we
derived human neurons, using the induced neuronal (iN) cell technology, from induced
pluripotent stem (iPS) cell lines generated from multiple human subjects carrying either
homozygous N40 or D40 alleles. Our compelling preliminary data reveal that D40 MOR iNs
exhibit more potent inhibition of synaptic release following MOR activation by DAMGO ([D-
Ala®, NMe-Phe’, Gly-ol’]-enkephalin) when compared to N40 MOR expressing iNs.
Furthermore, pre-exposure of these human neurons to DAMGO for 24 hours diminishes their
sensitivity to DAMGO, possibly due to the desensitization and internalization of membrane
MORs following prolonged activation of the receptors. Moreover, N40 MOR carrying human
neurons regained partial sensitivity to DAMGO during a 7-day pre-exposure paradigm, whereas
D40 failed to re-sensitize. We thus hypothesize that human N40 and D40 MORs have
differential membrane recycling dynamics. We are currently testing this hypothesis. Our system
using iNs carrying human MOR gene variants provides the unique opportunity to study the
neurophysiology of MOR regulation on synaptic transmission in a human system and will likely
provide novel information about the neurocircuitry of reward behavior.
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Abstract: Trafficking of mu-opioid receptors from the cell membrane into cytoplasm is one of
the key mechanisms underlying desensitization of these receptors which is implicated in
tolerance and dependence to narcotic opiates. Usually, endocytosis of mu-opioid receptors is
analyzed qualitatively by utilizing cells transfected with mu-opioid receptor tagged with such
haptens as HA and c-myc at their N-termini followed by immunocytochemical detection using
tag-specific secondary antibodies conjugated to fluorescent dyes. We have developed a more
efficient protocol to monitor receptor endocytosis by employing Alexa 594 conjugated rabbit
monoclonal antibodies against the N-terminal part of OPRM1. Treatment of HEK293 cells
transfected with GFP tag at its N-terminus of rat OPRM1 with agonist of mu-opioid receptors
DAMGO produced strong internalization of receptors which was blocked by antagonist
Naloxone. The specificity of internalization was confirmed by detecting complete overlap of
green (GFP) and red (Alexa 594) fluorescence using confocal microscope. The extent of mu-
opioid receptor internalization has been further analyzed using the High Content Screening
(HCS) platform, allowing automated examination hundreds of cells treated with drugs. The
advantage of this new technique is that it can be applied to native neuronal cells because they do
not require transfecting with hapten-containing mu-opioid receptor constructs. By measuring the
fluorescence intensity of mu-opioid receptors localized on the cell membrane and in the
cytoplasm, it becomes possible to accurately quantify internalization of mu-opioid receptors.
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Abstract: Purine nucleotides such as ATP and ADP modulate the communication between cells
throughout the nervous system. In the mouse olfactory bulb (OB), the first olfactory relay
station, ATP is released from sensory axons together with glutamate as a neurotransmitter and
stimulates calcium signaling in glia cells. It has recently been shown that ATP also evokes
neuronal network activity in the OB, though the origin of this effect could not be identified so
far. We used spatiotemporal defined photolysis of caged ATP and caged ADP in acute mouse
OB slices to investigate purinergic modulation in glomeruli, specific processing units of the OB.
Therefore, we released the active molecules locally restricted to glomeruli and recorded the
response in mitral cells and external tufted cells conveying to this glomerulus by whole-cell
patch clamp. The release of ATP led to a P2Y receptor-dependent increase in synaptic activity
and a prominent depolarization of mitral/tufted cells (MC/TC). This depolarization was reduced
in synaptic isolation (TTX, NBQX, DAP-V, CPCCOEt, ZM241385, DPCPX). However, under
these conditions ATP as well as ADP still caused a P2Y;-mediated inward current in MCs.
Given the increase in membrane conductivity underlying the induced inward current at negative
holding potentials, we conclude that purine nucleotides seem to modulate unspecific cation
channels in mitral cells. Our results show, that purinergic signaling is present in one of the
processing units in the OB and presumably is able to modulate the processing of odor
information.
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Title: The caffeine-binding adenosine A2A receptor induces age-like HPA-axis dysfunction by
targeting glucocorticoid receptor function
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Abstract: Caffeine is associated with procognitive effects in humans by counteracting
overactivation of the adenosine A, receptor (A2aR), which is upregulated in the human
forebrain of aged and Alzheimer’s disease (AD) patients. We have previously shown that an
anti-As4R therapy reverts age-like memory deficits, by reestablishment of the hypothalamic-
pituitary-adrenal (HPA) axis feedback and corticosterone circadian levels. These observations
suggest that A,aR over-activation and glucocorticoid dysfunction are key events in age-related
hippocampal deficits; but their direct connection has never been explored. We now report that
inducing AR overexpression in an aging-like profile is sufficient to trigger HPA-axis
dysfunction, namely loss of plasmatic corticosterone circadian oscillation, and promotes
reduction of GR hippocampal levels. The synaptic plasticity deficits triggered by GR in the
hippocampus are amplified by A,aR over-activation and were rescued by anti-A;a therapy;
finally, we demonstrate that A;aR act on GR nuclear translocation and GR-dependent
transcriptional regulation. We provide the first demonstration that A;4R is a major regulator of



GR function and that this functional interconnection may be a trigger to age-related memory
deficits. This supports the idea that the procognitive effects of A;oR antagonists, namely
caffeine, on Alzheimer’s and age-related cognitive impairments may rely on its ability to
modulate GR actions.
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Abstract: Brain inflammation is a common occurrence following responses to varied insults
such as bacterial infections, stroke, traumatic brain injury and neurodegenerative disorders. A
common mediator for these varied inflammatory responses is prostaglandin E; (PGE;), produced
by the enzymatic activity of cyclooxygenases (COX) 1 and 2. Previous attempts to reduce
neuronal inflammation through COX inhibition, by use of nonsteroidal anti-inflammatory drugs
(NSAIDs), have met with limited success. It is well-known that inflammation and cell injury
leads to the release of significant amounts of adenosine triphosphate (ATP). Here, we show that
exogenous ATP modulates the inflammatory response of LPS-activated macrophage and
neuronal cell-lines by 2-5 fold. We have further identified P2Y6 as one of the purinergic
receptors involved in this pathway through the use of specific agonists and antagonists. We also
find the involvement of p38 mitogen-activated protein kinase in this pathway. Targeting the P2
receptors, therefore, provides a therapeutic alternative to reduce inflammation in the brain. It
paves the way for P2 receptor-based anti-inflammatory drugs (PBAIDs) which will retain the
activities of essential COX enzymes, yet will significantly reduce inflammation by decreasing
the enhanced production of PGE; by extracellular ATP.
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Abstract: The neuropeptide galanin was tagged at its N terminus with TAMRA or FAM to study
trafficking and binding in live PC12 and HEK?293 cells. We explored some of these important
processes with the help of two quantitative methods: Fluorescence Correlation Spectroscopy
(FCS) and its dual-color, two channel variant, Fluorescence Cross-Correlation Spectroscopy
(FCCS) as well as Fluorescence recovery after photo bleaching (FRAP). Using these approaches
we characterized the cellular dynamics and lateral diffusion at both the nano- and microscale
levels. Our results show that in both cell lines functional GalR1-EGFP and GalR2-EGFP were
expressed on the plasma membrane and internalized into cytoplasmic vesicles after stimulation
with tagged galanin. Moreover, galanin receptors co-localize, co-migrate and form complexes
with galanin peptide in live cells, and the complexes dissociate before being delivered to the
lysosome. Inhibition of cholesterol-dependent GalR1 internalization by exposure to methyl-f-
cyclodextrin or cholesterol oxidase reduced formation of the GalR1-galanin complex, and
induced faster lateral diffusion of GalR1 on the membrane. In contrast, cholesterol depletion did
not visibly alter lateral mobility of GalR2 and formation of the GalR2-galanin complex. Our
study indicates that galanin receptor subtypes exhibit subtle differences with regard to lateral
diffusion and that they are differentially dependent on cholesterol.
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Abstract: The neuropeptide oxytocin (OT) is a highly conserved neural modulator and is known
to contribute to social and fear behaviors. OT positive axons and OT receptors (OTR) are found
in the insula of rat but little is known regarding the physiological consequences of OT acting in
this region. We sought to describe the effects of OT on synaptic transmission in layer 5/6
pyramidal neurons of the insular cortex. Studies were done using visualized whole cell patch
clamp recordings and extracellular field potentials from 300um slices taken from 6 to 9 week old
male Sprague Dawely rats; data were included for analysis if they were found in the deep layers
of Agranular or Granular insular cortex 2.8mm (+/- .5mm) caudal to bregma and appeared to
have pyramidal morphology (confirmed by biocytin staining with patch-clamp experiments or by
visual inspection on field potential experiments). Bath application of OT (500 nM) decreased of
the mEPSC amplitude and increased the inter-event intervals (IEI), ps < 0.05. However,
preliminary data shows that in 3 out 4 cells spontaneous excitatory post-synaptic currents
(sEPSCs) the IEI was decreased with no clear change in amplitude and sIPSCs amplitude and IEI
were unchanged. OT did not influence evoked excitatory post-synaptic potentials (fEPSPs) per
se (N=8), but OT applied during low frequency stimulation (LFS, 900 stimulations at 1Hz)
appeared to promote long term depression (N=3) when compared to control (N=3); data
collection is ongoing. Together these data suggest that OT may alter both presynaptic glutamate
release probability and postsynanptic AMPA receptor kinetics to promote LTD-like
neuroplasticity.
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Abstract: Orexin-A and orexin-B, are neuropeptides produced by perifornical and lateral
hypothalamic neurons that project throughout the brain and bind two different G protein-coupled
receptors, orexin-1 receptor (OX1R) and orexin-2 receptor (OX2R). OX1R signals through Gq
coupling whereas OX2R has been reported to be coupled to Gq or Gi/Go. The modulation of the
OXRs has the potential to impact various pathophysiological conditions such as stress, anxiety,
pain, disturbances of the sleep-wake cycle, addiction and feeding disorders. Biological
experiments are most often performed with immortalized cell lines because they are readily
available and can be expanded without limitation. However, cell lines may differ from the in vivo
situation in important aspects such for instance the presence of accessory proteins needed for the
signal transmission and the presence of the native receptor coupling machinery. It becomes
essential to confirm in primary cells the pharmacology of ligands originally identified on
recombinant systems. The aim of this study was to identify and characterize the functional
activity of endogenously expressed OXRs in a physiological cell line. Human cervical carcinoma
cells, C33A and human neuroepithelioma cells, MCIXC were studied for this scope. The gene
expression was studied by RT-PCR whereas functional expression and antagonism profile were
characterized by calcium mobilization measurement and D-myo-inositol-1-monophosphate (IP1)
accumulation, respectively. Both cell lines expressed OX2R mRNA, whereas OX1R mRNA only
in C33A cells. Increasing concentrations of orexin-A- and orexin-B-induced a calcium response
only in C33A cells with a potency of 8.06+0.02 and 8.65+0.01, respectively (n=3). No calcium
response was observed in MCIXC. To determine the relative effect of OX1R or OX2R in the [Ca
*]i mobilization induced by orexin-A, C33A cells were pre-incubated with either the OXIR
selective antagonist SB-334867 or OX2R selective antagonist INJ-10397049 or with the dual
OX1R/OX2R antagonists ACT-078573 or MK-6096. Increasing concentrations of all five
compounds fully inhibited the calcium response induced by orexin-A with fpKi value of 6.06 +
0.04 for SB-334867, 9.00 £ 0.05 for JNJ-10397049, 9.66 + 0.06 for ACT-078573 and 9.94 +
0.05 for MK-6096. These potency values were confirmed with the IP-1 accumulation assay.
These results indicate the lack of a Gq/PLC-coupled OX2R in MCIXC cells. Moreover, the
calcium mobilization induced by orexin-A in C33A cells is exclusively mediated by OX2R



indicating that C33A cell line could represent a useful tool for the pharmacological
characterization of new chemical entities.
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Title: Wnt-5a/Frizzled-9 regulates dendritic spine formation through Gao and GPy

Authors: *V. T. RAMIREZ, E. RAMOS-FERNANDEZ, N. C. INESTROSA;
Pontifical Catholic Univ., Santiago, Chile

Abstract: Wnt ligands play crucial roles in the development and regulation of synapse structure
and function. Specifically, Wnt-5a acts as a secreted growth factor that regulates dendritic spine
formation in rodent hippocampal neurons, resulting in postsynaptic development that promotes
the clustering of the postsynaptic density protein-95 (PSD-95). Here, we focused on the early
events occurring after the interaction between Wnt-5a and its Frizzled receptor at the neuronal
cell surface. Additionally, we studied the role of heterotrimeric G proteins in Wnt-5a- dependent
synaptic development. We report that Frizzled9 (FZD9), a Wnt receptor related to Williams’
syndrome, is localized in the postsynaptic region, where it interacts with Wnt- 5a. Functionally,
FZD9 is required for the Wnt- Sa-mediated increase in dendritic spine density. FZD9 forms a
pre-coupled complex with Gao and Gy under basal conditions that dissociates after Wnt-5a
stimulation. Accordingly, we found that G-protein inhibition abrogates Wnt-5a- dependent
pathway in hippocampal neurons. In particular, the activation of Gao appears to be a key factor
controlling the Wnt-5a-induced dendritic spine density. In addition, we found that GBy is
required for the Wnt-5a-mediated increase in cytosolic calcium levels and spinogenesis. Our



findings reveal that FZD9 and heterotrimeric G proteins form a crucial protein complex that
regulates Wnt-5a signaling and dendritic spines in cultured hippocampal neurons.
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Abstract: The nonapeptide oxytocin (OT) is an important modulator of social behavior. OT
binds to the oxytocin receptor (OTR) and activates multiple G proteins that exert diverse effects
on cell function, including stimulation of cAMP (Gs), inhibition of adenylyl cyclase (Gi/0),
stimulation of potassium channel currents (Gi), and activation of phospholipase C (Gq). In
mammals, the nonapeptide OT sequence is highly conserved (Cys-Tyr-Ile-GIn-Asn-Cys-Pro-
Leu-Gly; Leu®OT). Five novel OT ligand variants were recently discovered in New World
Monkeys. In marmosets (Callithrix), an amino acid change to proline occurs in the 8" position of
the peptide (Pro®-OT). Here we used stably transfected CHO cells expressing marmoset (nOTR)
or human (hOTR) oxytocin receptors to assess OT-OTR signaling. To assess OTR activation of
Gq, functional assays were performed using fluo-3 to measure OT-induced intracellular Ca**
mobilization. To assess OTR coupling to Gi, a FLIPR Membrane Potential (FMP) assay was
performed to measure OT-induced changes in membrane potential. The FMP assay reports
hyperpolarization occurring as a consequence of stimulation of K channel currents. OT-
stimulated [*°S]GTPyS binding assays were used to directly assess OTR activation of Gi/o.
Pro®-OT was more efficacious than Leu®-OT in mOTR CHO cells in Gg-mediated Ca*"
mobilization assays, with both peptides displaying similar subnanomolar potencies. In contrast,
the potency and efficacy of Pro®-OT and Leu®-OT as stimulators of intracellular Ca*" in hOTR
cells did not differ. Membrane potential assays demonstrated Leu®-OT to be substantially more
potent and modestly more efficacious than Pro®-OT in both mOTR- and hOTR-expressing cells.
Surprisingly, in both hOTR and mOTR cells, Leu®-OT-induced hyperpolarization was largely
insensitive to treatment with PTX, suggesting a minor role for Gi/o-activation in OT-induced



membrane hyperpolarization. To explore the role of Ca* -activated potassium channels in OT-
induced membrane hyperpolarization we tested the effects of pretreatment with charybdotoxin,
paxilline and Tram-34. Only Tram-34, a selective blocker of the intermediate conductance (IK)
channel K¢,3.1, attenuated the hyperpolarizing response to OT ligands. A dependence of the
hyperpolarization on intracellular Ca®" was confirmed by its elimination with BAPTA-AM.
Analysis of OT-stimulated [*>S]GTPyS binding to hOTR membranes revealed that Pro®-OT may
function as an inverse agonist at the hOTR. A more thorough understanding of these distinct
pharmacologic signatures for Leu®-OT and Pro®-OT interaction with OTRs may provide insight
into therapeutic targeting of OTRs.
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Abstract: Pituitary adenylate cyclase-activating polypeptide (PACAP) has been implicated in
the pathophysiology of migraine. PACAP binds to the vasointestinal peptide receptors and
PACAP receptors (PACI receptors). To further understand the mechanism of PACI mediated
signaling in migraine, we generated mouse monoclonal antibodies against PAC1 receptors. We
show that the antibody 1.8.1 blocks PACAP-induced cAMP production in cells overexpressing
rat or human PAC1 receptors with nanomolar potency. To explore whether these functional
antibodies could be used to map PACI receptor localization in tissues, we further tested 1.8.1
binding on fixed cells overexpressing rat, mouse or human PACI receptors using
immunocytochemistry. Immunofluorescence was detected in cells overexpressing the rodent or
human PACI receptors, but not in parental cells. The specificity of 1.8.1 for
immunohistochemical applications was confirmed by comparing staining in fixed tissues from
PACI1 knock out mice versus wild-type littermates. In trigeminal and sphenopalatine ganglion of



wild-type mice, 1.8.1 labelled a fraction of the neurons and in the spinal trigeminal nucleus, 1.8.1
labelled the neuropil. In the same tissues PAC1 knock out mice showed only faint fluorescent
labeling, which was considered non-specific. Fluorescent staining of 1.8.1 in rat tissues was
compared to in situ hybridization (ISH) with specific PAC1 receptor probes. Neurons in the
trigeminal ganglion were less intensely stained than in the sphenopalatine ganglion. The degree
of the fluorescent signal corresponded to a lower ISH signal in the trigeminal ganglion compared
to the sphenopalatine ganglion. Likewise, staining of the spinal trigeminal nucleus matched the
ISH signal in this area. The only discrepancy was found in the dura blood vessels, where staining
was detected, but no ISH signal. Together these data contribute to our understanding of PAC1
receptor localization in the trigeminovascular system and as it may relate to migraine
pathophysiology.

Disclosures: S. Miller: A. Employment/Salary (full or part-time): Amgen Inc.. E. Ownership
Interest (stock, stock options, royalty, receipt of intellectual property rights/patent holder,
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Title: Melanin-concentrating hormone-mediated signaling induces cilium shortening via Gi/o-
dependent Akt phosphorylation
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"Hiroshima Univ., Hiroshima 739-8521, J apan; *Kurume Univ., Kurume, J apan

Abstract: Primary cilia are microtubule-based organelles present on nearly every cell in the
mammalian body. The cilium has an important chemosensory function in many types of cells
and ciliary dysfunction is associated with ciliopathies such as polycystic kidney disease and
obesity. Although the ciliary membrane is contiguous with the plasma membrane, ciliary
localization of protein is tightly regulated and only certain molecules are permitted to traffic
there. Melanin-concentrating hormone (MCH) is the natural peptide ligand for two G-protein-
coupled receptors (GPCR), MCHR1 and MCHR2. The MCH-MCHRI1 system has been
implicated in the regulation of feeding, sleep and emotional processing in rodents. Recently,
MCHRI expression was detected in primary cilia of the central nervous system. However, the
underlying function and signaling pathway via MCHR1 located in primary cilia is unclear. Here
we show that treatment of MCH significantly reduces cilia length in hTERT-RPEI epithelial
cells (hRPE1) transfected with MCHR1. Quantitative analysis indicated that the rate of MCH-
induced cilia shorting progressed in time-dependent manner during the first 3 h with an EC50
value of 0.49 nM. MCH elicits receptor internalization, calcium mobilization, ERK activation,
and inhibition of cAMP accumulation in MCHR 1-expressing hRPE1 cells. However, these
fundamental signaling pathways seem to be independent of the pathway that causes cilia
shortening. Notably, we found that MCH causes an increase in Gi/o-dependent Akt activity, and
that this pathway would be the principal step in the initial stage of MCH-induced ciliary
shortening. These data suggests that MCH-MCHR1 governs the sensitivity by controlling the
length of the cell’s sensory organelle. Further characterization of MCHR1 as a ciliary GPCR
provides a potential molecular mechanism to link defects in cilia with obesity. Further studies
will be required to determine whether the MCH-MCHRU1 axis is directly involved in controlling
the cilia length in vivo, and in turn its physiological roles in the brain.
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Abstract: Leptin is an anorexigenic hormone acting through activation of specific leptin
receptors, which belong to the G-protein-coupled receptors (GPCRs) family. Leptin causes a
slow long-lasting depolarization in neurons of the nucleus of the solitary tract (NTS). However,
the precise identity of the cells expressing the leptin receptor and the mechanism underlying the
leptin-induced depolarization are still unknown. Our study has two main goals: 1- to uncover the
expression of individual genes that identify neuronal subpopulations of cells expressing the
leptin receptor; and 2- to identify the identity of the ion channel(s) mediating the action of leptin
in these different cellular populations. To pursue these goals we combine genetic tagging of
leptin receptor expressing neurons, electrophysiological recordings and single cell RT-PCR to
test the expression of a list of channels and neuropeptides. We found that NTS leptin receptor
expressing neurons appear to belong to two at least distinct populations, one expressing galanin
and one expressing CCK. Additionally, in virtually all of the cells harvested we detected the
transcript for the leakage channel NALCN. Together our data suggest that leptin receptor
expressing NTS neurons form different subpopulations and that in all of them NALCN channels
could in part mediate the depolarizing action of leptin.
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Title: Oxytocin increases excitability and burst firing of CA2 pyramidal neurons and tunes their
synaptic output



Authors: *N. N. TIRKO', M. MITRE?, R. C. FROEMKE?, M. V. CHAO? R. W. TSIEN';
'NYU Neurosci. Inst., New York Univ. Sch. of Med., New York, NY; “Skirball Inst., NYU Sch.
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Abstract: Oxytocin neuromodulation is important in many regions of the mammalian brain
responsible for social behaviors, and acts to increase information salience and circuit plasticity.
We find that CA2, a distinct hippocampal area that is critical for social memory in mice, robustly
expresses oxytocin receptors (OTR) and contains a high density of oxytocinergic axons
originating from the paraventricular nucleus.

Oxytocin has been shown to employ various mechanisms to alter circuit function including
disinhibition, increased inhibitory tone, and potentiation of excitatory inputs. In CA2 we find that
OTR activation strongly modulates both excitatory neurons and fast-spiking PV-positive
interneurons, raising two lines of questions: what mechanisms underlie OTR modulation of cell
behavior, and how does OTR modulation of excitation and inhibition within CA2 ultimately alter
circuit output?

To study the mechanisms downstream of OTR activation, we examined CA2 pyramidal cells.
Application of the oxytocin receptor agonist (TGOT) depolarizes the cells (~5 mV; 100% of
cells recorded) and increases total membrane resistance and excitability. Additionally, action
potential (AP) amplitude and afterhyperpolarization magnitude both decrease, leading to
repetitive spiking and high frequency burst activity (~30 Hz). The mechanisms underlying these
effects are downstream of G-protein coupled receptor activation of phospholipase C (PLC). We
find that PLC activation leads to both reduction of M-current conductance, which depolarizes the
cell and increases membrane resistance, and PKC-mediated modulation of voltage-gated Na"
channels (VGSC), which reduces their maximal conductance and voltage-dependent availability.
The effects of TGOT can be mimicked by a combination of M-current inhibition and PKC
activation.

Reduction in M-current conductance and phosphorylation of VGSC both shape the firing activity
of CA2 pyramidal cells, but so does inhibitory transmission. Pharmacologically blocking
inhibition reduced frequency and increased duration of AP bursts. What is the relevance of the
burst characteristics? Using optogenetic stimulation, we show that AP burst pattern and
frequency are important for controlling the output onto CA1 pyramidal cells, the primary target
of CA2 axons. High frequency bursts more efficiently transfer excitatory charge to CA1 cells.
We hypothesize that OTR modulation of both excitation and inhibition in CA2 tunes its output
onto CAl, potentially sculpting hippocampal information transfer during periods of oxytocin
release in vivo.
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Abstract: G-protein coupled receptors (GPCR) are capable of form homomers and heteromers
providing new properties in the signaling and/or regulation of the respective GPCRs. It has been
shown that D1 dopamine receptors (DAD1) are capable of form a heteromer with type-2a
corticotropin releasing factor receptors (CRFR2a) when both receptors are heterologously co-
expressed in HEK293t cells. The evidence suggests that their heteromerization changes the
subcellular localization of both receptors and could modulate their signaling in the cell system.In
order to further study the consequences of DAD1/CRFR2a heteromerization, we have
determined the impact of their heteromerization in the recycling of DADI. To this end, we have
analyzed the behaving of a mutated form of DAD1 lacking its recycling domain using protein
immunoprecipitation and immunofluorescence microscopy. The results showed that activation of
DADI1 does not modify the level of DAD1/CRFR2a heteromerization and that the recycling of
DADI is not necessary for DAD1/CRFR2a heteromerization. However, data showed that the
endocytosis of DADI increases its heteromerization with CRFR2a. Interestingly, we observed an
increase of CRFR2a in the early endosome compartment when is co-expressed with DAD1 and
the mutated form of DAD1. We are evaluating the effect of the agonist in the signaling of
DADI, CRFR2a and the heteromer DAD1/CRFR2a by cAMP and ERK signaling. Thus, our data
suggest that heteromerization of CRFR2a with DADI increases the availability of functional
CRFR2q.
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Abstract: Gonadotropin-releasing hormone (GnRH) is the most upstream neuroendocrine
activator of reproduction in vertebrates. A GnRH-like molecule was previously identified in the
mollusk, Aplysia californica, interestingly, this GnRH (ap-GnRH) does not appear to have a
reproductive role. In our earlier study, we cloned the full-length cDNA of a Type II putative ap-
GnRH receptor (ap-GnRHR). This receptor contains two potential translation start sites, each
accompanied by a Kozak sequence, suggesting the translation of both a long and a short form of
the receptor is possible. The putative ap-GnRHR maintains the conserved structural features and
motifs of other Type Il GnRH receptors and shares high sequence identity with the octopus
GnRHR. The expression of the putative ap-GnRHR short form is ubiquitous in all tissues
examined, whereas the expression of the long form is confined to the central nervous system,
hermaphroditic duct, ovotestis and osphradium. The goal of this study is to examine, through a
series of functional characterizations, if these two receptor isoforms are authentic ap-GnRHR.
The cDNA encoding the long or the short receptor was subcloned into the pAWG vector and
transfected into Drosophila S2 cells, a protostomian cell line. Transfected cells were subject to a
radioreceptor assay using '*’I-labeled ap-GnRH as a radioligand. Further, they were treated with
various concentrations of ap-GnRH or a related peptide, Aplysia adipokinetic hormone (ap-
AKH), and measured for the accumulation of cAMP and inositol phosphate (IP). Radioreceptor
assay revealed that only the long form of the receptor selectively bound to the radioligand, with
cold ap-GnRH displacing the bound radioligand at ECsq of 3.54 x 10™® M. Cells transfected with
either form of the receptor did not respond to ap-GnRH or ap-AKH treatment with cAMP
accumulation. However, cells transfected with the long receptor increased intracellular IP in a
dose-dependent manner when treated with ap-GnRH, leading to a 3- to 6-fold increase in IP
accumulation over controls. The results from our studies show that despite the more prevalent
expression of the short receptor, only the long receptor is a bona fide ap-GnRHR. Our study also
cautions against the naming of a receptor based solely on sequence homology before a thorough
functional characterization.
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Abstract: The accurate migration, precise signaling and pulsatile activity of Gonadotropin-
releasing hormone-1 (GnRH) neurons are crucial for the onset of puberty and fertility in both
male and female mammals. Our lab generated transcriptome data of primary GnRH neurons that
showed high levels of melanocortin receptor 1 (Mc1R) mRNA. The McR subfamily, known to
play a role in pigmentation, inflammation, exocrine secretion and energy homeostasis, consists
of 5 members (Mc1-5R) that are G-protein coupled receptors. The broad agonist for McRs, a-
Melanocyte-stimulating hormone (a-MSH), derived from proopiomelanocortin (POMC), had
been shown to increase calcium oscillations in murine GnRH neurons in acute adult brain slices
via Mc3R and Mc4R. We sought to determine whether Mc1R modulates GnRH neuronal activity
and the signal transduction pathway utilized. Experiments performed include 1) RT-PCR of
single GnRH neurons and 2) calcium imaging to pharmacologically address the function of
McRs in the GnRH neuronal population. RT-PCR verified the presence of Mc1R, Mc3R and
MCc5R transcript in a subset of neurons. Calcium imaging demonstrated that a subset of GnRH
neurons was activated by a-MSH application. Notably, this activation occurred using a low
concentration, 5 nM, implicating activation via Mclr. After blockade of GnRH neuronal inputs
using an amino acid blocker cocktail, a-MSH still activated GnRH neurons, indicating direct
postsynaptic activation. Future experiments will examine whether expression and function of
McRs in GnRH neurons change during development.

Disclosures: C. Haering: None. S.S. Constantin: None. S. Wray: None.
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Abstract: Neurotransmitter (NT) switching is a newly appreciated form of plasticity in the
mature brain (Spitzer, 2015). However the environmental cues that trigger it, the extent to which
it occurs throughout the CNS and its functions are largely unknown. We have searched for
activity-dependent NT switching in motor circuitry where the mechanism underlying plasticity
remains obscure.

We began by comparing the number of neurons expressing c-Fos in motor nuclei of mice with
free access to running wheels to the number in sedentary control mice. We found that mice that
exercised by running for 1 week showed a 5-fold increase in the number of c-Fos+ cells in the
midbrain pedunculopontine nucleus (PPN) accompanied by a 33% decrease in the number of
choline acetyltransferase (ChAT+) neurons and a 51% increase in the number of glutamate
decarboxylase 1 (GADI1+) neurons. Stereological counts showed that the decrease in number of
ChAT+ neurons in the PPN occurred exclusively in the caudal region that projects to the brain
stem, STN, VTA, and the thalamus, but not in the rostral PPN or in the adjacent LDT nucleus.
The number of neurons losing ChAT (n=605+19) matched the number of neurons gaining GADI1
(n=575+156). TUNEL staining revealed the absence of apoptosis and Ki67/DCX staining
demonstrated the absence of neurogenesis. Moreover, the number of neurons expressing nitric
oxide synthase 1 (NOS1) that is highly co-localized with ChAT in the caudal PPN did not
change.

To determine functional correlates of NT switching in the caudal PPN, we performed behavioral
analyses and found that runners progressively increased the running episode duration and
acquired better motor control during self-training on running wheels. They also performed better
than controls on the rotarod motor learning/coordination test; no significant difference was seen
in the locomotor activity test or analysis of metabolism. To test for causal relationships, we are
determining whether overexpressing ChAT via stereotaxic injection of ChAT-Cre mice with
AAV-DIO-ChAT prevents the acquisition of motor learning by running.

To find out whether ChAT loss and GAD1 gain occur in the same cell population, we are



combining sensitive FISH with IHC to triple-stain ChAT mRNA, GAD1 mRNA and NOS1
protein to see whether levels of ChAT and GAD1 change in the same population of neurons.
This study is expected to be pertinent to understanding the mechanism underlying motor learning

as well as neurological disorders of the motor system.
Supported by the Ellison Medical Foundation and the W.M. Keck Foundation to NCS.
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Abstract: Neuroplasticity is the ability of the brain to adapt in response to internal and external
stimuli. Although much progress has been made in the characterization of classical forms of
synaptic plasticity (Feldman et al., 2009), the mechanisms underlying changes in brain structure
and function are not completely understood. The discovery of a form of plasticity called
neurotransmitter (NT) respecification or switching, in which a neuron acquires a new function by
losing, gaining or replacing a neurotransmitter (Spitzer, 2015), adds complexity to the nervous
system but casts new light on these mechanisms. We have investigated whether NT switching
contributes to the plasticity of the hippocampus, focusing our attention on adult neurogenesis.
Environmental enrichment and voluntary running increase neurogenesis in the subgranular zone
(SGZ) of the dentate gyrus (DG) in adult mice (Vivar et al., 2013). Here we demonstrate that
running not only increases neurogenesis and improves learning performance but also changes the
NTs expressed in a neuronal population in the hilus of the DG. Adult mice that have engaged in
voluntary running for 1 week display a robust decrease in the number of neurons expressing
neuropeptide Y (NPY) and a parallel increase in the number of neurons expressing the
glutamatergic marker, VGluT1. However, the number of somatostatin (SST) neurons in the hilus
and the number of NPY neurons in the CA1 (stratum oriens) remain constant. No cell death or
neurogenesis is involved: experimental animals do not exhibit changes in apoptosis (TUNEL) or
in the number of BrdU-DCX positive cells in the hilus after 1 week of voluntary running.



Together our data suggest that hilar NPY neurons acquire a glutamatergic phenotype when
losing NPY. NPY knockout mice show reduced neurogenesis (Decressac et al., 2011) and hilar
NPY neurons project to the outer molecular layer (Deller & Leranth 1990), the target zone of the
input from the entorhinal cortex (EC; Forster et al., 2006). We hypothesize that the changes in
the number of NPY and glutamatergic neurons act as a regulatory mechanism for neurogenesis
and change the response of granule cells to the EC. Viral manipulation of the expression level of
NPY and VGIuT1 will allow us to understand the function of NT switching in the hilus with
respect to neurogenesis. Our strategy is to prevent the loss of NPY and gain of glutamatergic
phenotype during running by stereotaxically injecting Cre-dependent viruses encoding NPY and
small interference (si) VGIuT1 into the DG of NPY-Cre mice (Shi et al., 2013) before the onset
of the running period.

Disclosures: S. Zambetti: None. J.O. Connors: None. N.C. Spitzer: None.
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Abstract: The nervous system responds to changes in endogenous activity and the external
environment by modulating its function through various forms of neuroplasticity, many of which
occur at the synapse. It has been believed that neurotransmitters are fixed and invariant in the
brain. However, recent work has demonstrated neurotransmitter switching, a newly recognized
form of neuroplasticity, both in the developing and adult nervous system. Neuronal activity has
been shown to play an essential role in neurotransmitter switching in the developing nervous
system, acting by a non-cell-autonomous mechanism through the release of BDNF (Guémez-



Gamboa et al., 2014; Marek et al., 2010).

Here we have investigated the role of neuronal activity in neurotransmitter switching in the adult
nervous system. Previous work from our lab demonstrated that exposing adult rats to a long-day
photoperiod (19L:5D) decreases the number of dopaminergic neurons in the paraventricular
nucleus of the hypothalamus (PaVN) compared to the number in a balanced-day photoperiod
(12L:12D). We have now suppressed the activity of different neuronal populations in the PaVN
with viral and genetic tools to determine the effects on transmitter switching in dopaminergic
neurons.

To suppress overall PaVN neuronal activity, a Cre-dependent AAV virus expressing inwardly
rectifying potassium channels (AAVdj-DIO-Kir) was stereotaxically injected into the PaVN
along with a Cre-expressing AAV virus under the Synapsin promoter (AAV1-Syn-Cre). To
suppress the activity of PaVN excitatory neurons, AAVdj-DIO-Kir was injected with a Cre-
expressing AAV virus under the CaMKII promoter (AAV9-CaMKII-Cre). To suppress the
activity of dopaminergic neurons, TH (tyrosine hydroxylase)-Cre transgenic rats were injected
with AAVdj-DIO-Kir.

Preliminary results show that 1) Suppressing overall neuronal activity does not affect the number
of dopaminergic neurons in the PaVN after 12L:12D; 2) Suppressing activity of excitatory
neurons decreases the number of dopaminergic neurons in the PaVN after 12L:12D without
affecting the number of neurons expressing nitric oxide synthase, suggesting that the effect is
specific; 3) Specifically suppressing activity of PaVN inhibitory dopaminergic neurons blocks
transmitter switching after 19L:5D without changing TH expression after 12L:12D, suggesting a
cell-autonomous activity-dependent mechanism for neurotransmitter switching in the adult brain.

Disclosures: D. Meng: None. S. Leutgeb: None. K. Deisseroth: None. N.C. Spitzer: None.
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Abstract: Expression of appropriate neurotransmitters (NTs) is essential for development and
function of neural circuits (Misgeld et al., 2002; Root et al., 2008). However, the NT expressed
by a neuron is not immutable and fixed, but capable of change in response to alteration in
electrical activity — both during development and in adult stages (Borodinsky et al., 2004;
Demarque and Spitzer, 2010; Dulcis et al., 2013; Meng et al., SfN 2016). This NT switching is
proposed to play a key role in normal development and maintenance of homeostatic plasticity
(Demarque and Spitzer, 2012), but imbalances in excitation-inhibition are frequently reported in
neurodevelopmental disorders. Accordingly, we are investigating if and how inadvertent and
unwanted NT switching contributes to these disorders, specifically autism and autism spectrum
disorders. We have focused on prefrontal cortex (PFC), a key player in the emergence of the
autism phenotype both anatomically and behaviorally (Amaral et al., 2008.

Our strategy is to compare NT expression between the PFC of control mice and environmental
models of autism (EMA) obtained by injecting valproate or poly inosine:cytosine in pregnant
dams at E12.5 (Shi et al,. 2009; Sui et al., 2012). EMA mice at P10 showed a ~50% decrease in
GADG67+ neurons (inhibitory neuron marker), specifically in the medial PFC when compared to
controls. No such difference was detected in the lateral PFC. We found a parallel increase in the
number of VGluT1+ cells (excitatory neuron marker) in the medial PFC of EMA mice. TUNEL
staining revealed no change in apoptosis and NeuN counts were comparable between EMA and
control groups. Moreover, there was no change in number of nitric oxide synthase (NOS1)+
cells, suggesting that the observed NT switching is specific. These data indicate that there may
be respecification of GAD67+ neurons in the medial PFC in EMA, with VGIuT1 as the
switching partner.

We are currently seeking a marker for the subpopulation of neurons that loses GAD67, using
antibodies to calcium-binding proteins and peptide transmitters, which will enable prevention of
NT switching and determination of the consequences for behavior. In order to learn if the
changes persist into adulthood, we will examine EMA mice at P90 for the expression of these
NTs.

This study is expected to be pertinent to understanding the behavioural alterations resulting from
unintended and unanticipated NT switching. The results will provide insight into the way
multiple causative factors give rise to the common set of behavioural symptoms seen in autism
spectrum disorders.

Disclosures: S.K. Godavarthi: None. N.C. Spitzer: None.
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Abstract: Ubiquitination is a key regulator of synapse development and function. Addition and
removal of ubiquitin is an important mechanism that regulates the abundance of glutamate
receptors at synapses. We previously identified Ubiquitin Specific Protease-46 (USP-46) as the
first deubiquitinating enzyme (DUB) to regulate glutamate receptors. We showed that usp-46
loss-of-function mutants have decreased levels of the AMPA-like glutamate receptor GLR-1 in
the ventral nerve cord (VNC) of C. elegans. USP-46 deubiquitinates GLR-1 and promotes its
degradation in the lysosome. USP-46 has low enzymatic activity and overexpression of the DUB
by itself does not affect GLR-1 levels, suggesting that USP-46 activity is tightly controlled in
neurons. We and others have shown that the WD40 repeat proteins, WDR-48 and WDR-20,
interact with USP-46 and increase its catalytic activity in vitro. We previously found that co-
expression of both WDR proteins increases GLR-1 abundance in the VNC in a USP-46-
dependent manner. Here we show that neuronal expression of either WDR-48 or WDR-20 alone
results in a small increase in USP-46 protein abundance in vivo, whereas co-expression of the
WDR proteins results in a large 3-4 fold increase in USP-46 protein levels. These data indicate
that the WDR proteins promote the abundance of USP-46 in vivo. We tested the hypothesis that
the WDR proteins promote USP-46 protein levels by stimulating USP-46 to deubiquitinate itself
in trans by measuring the effects of WDR protein co-expression on the abundance of a
catalytically-inactive version of USP-46(C>A). We found that the WDR proteins were still able
to increase the levels of USP-46(C>A) by 3-4 fold, suggesting that USP-46 does not regulate its
own stability. Since USP-46 levels and activity are sensitive to the expression levels of the WDR
proteins and synaptic activity can regulate GLR-1 levels, we are currently investigating whether
the expression and/or localization of the WDR proteins are altered in various synaptic activity
mutants.
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Abstract: Homeostatic intrinsic plasticity maintains neuronal firing within an optimal operating
range; its dysfunction is hypothesized to cause multiple neuronal hyperexcitability disorders
including epilepsy and chronic pain. However, the molecular players mediating homeostatic
intrinsic plasticity and the sites of their actions remain largely unknown. We have recently
reported that chronic activity blockade by voltage-gated sodium (Nay) channel antagonist
tetrodotoxin (TTX) leads to homeostatic regulation of action potential firing rates in
hippocampal culture neurons, and identified K, 7/KCNQ potassium channel genes and current as
possible key players of this regulation. Kv7/KCNQ channels composed of Kv7.2/KCNQ2 and
Kv7.3/KCNQ3 subunits are voltage-gated potassium channels that potently limits repetitive and
burst firing of action potentials in neurons. Consistent with their ability to inhibit excitability,
they are preferentially enriched at the plasma membrane of the axon with the highest
concentration at the axon initial segment (AIS). Here, we investigated the extent to which
chronic activity blockade alters expression of K,7 channels, and their interacting proteins
including calmodulin (CaM), Ankyrin-G, AKAP79/150, and syntaxin-1A. Immunoblot analysis
showed a significant reduction in the expression of K, 7.3, CaM, and AKAP79/150 in
hippocampal neurons after 48 h TTX treatment. In contrast, syntaxin 1A level was enhanced by
TTX treatment. Immunocytochemistry revealed a noticeable decrease in K,7.2 expression
specifically at the axonal initial segments (AIS) of hippocampal neurons upon 48 h TTX
treatment, whereas the same treatment increased the level of AIS marker Ankyrin-G and
shortened the distance from soma to the start of the AIS. The investigation of chronic inactivity-
induced changes of CaM, AKAP79/15, and syntaxin 1A in the axon is ongoing. These results
suggest that alterations of Kv7 channel protein complex at the AIS may in part contribute to the
expression of homeostatic intrinsic plasticity.
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Abstract: Homeostatic plasticity describes the ability of neurons to regulate their own synaptic
input and excitability. These regulations usually occur after ex- or intrinsic perturbations, which
affect those neuronal properties. However, the majority of studies regarding homeostatic
plasticity were done using cell cultures, slices or electrophysiology. In this study we tried to link
homeostatic plasticity of distinct brainstem neurons directly to its elicited behavior in larval
zebrafish by making use of a combination of non-invasive imaging techniques, behavioral
observations and pharmacology.

We extrinsically altered properties of the life-saving escape response (C-start) and its command
neurons (Mauthner (M)-cells) by significantly decreasing the water temperature. We used
simultaneous live-cell calcium imaging of both M-cells to indirectly measure their neuronal
activity and monitored the linked C-start escape latency over 10 h (100 min at 28.5°C and 500
min at 19.5°C) in semi-fixed larvae. The latency of an acoustically elicited C-start shows a rapid
adaptation after an initial cooling-induced slowdown. Throughout the experiments the M-cell
[Ca®']-signal correlates significantly with the latency: it is lower in the beginning of the cold
phase (AF/F: 22 %) and is fully compensated at the end of the experiments (AF/F: 40 %). The
surprising correlation of the M-cell [Ca®*']-signal and C-start latency suggests a common
mechanism of adaptation.

To identify this mechanism, we repeated the experiments using antidromic (AD) stimulation.
Hence, instead of activating the sensory input, we evoked an action potential directly in both M-
cells, still causing calcium influxes in both M-cell somata. Again we found an adaptation after an
initial decrease of the [Ca”']-signal, suggesting that the adaptation cannot solely be due to
mechanisms at the input level. However, both the NMDA receptor antagonist MK-801 as well as



the gap junction blocker carbenoxolone blocked adaptation in AD-stimulated larvae.
Homeostatic plasticity is linked to NMDA receptors by altering the number of NMDA receptors
at synapses or changing their NR2 subunit composition. Gap junctions as part of club endings in
the M-cells lateral dendrite are responsible for electrical transmission and therefore involved in
regulating synaptic strength. In this study, we not only demonstrated a concurrent and
remarkable rapid adaptation of a behavior and its underlying neural network to an environmental
perturbation, but also suggest that this adaptation depends on homeostatic plasticity affecting
NMDA receptors as well as synaptic strength through gap junctions.
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Abstract: Accumulating evidence indicates that extinction process does not reflect loss of the
original memory, but rather reflects the emergence of a new learning, which in turn requires
consolidation in order to be stored in the long term. On the other hand, it is considered that
synaptic strength is homeostatically regulated in order to maintain the circuit stability that is
crucial for memory storage. Thus, homeostatic plasticity dynamically adjusts the capacity of
synapses to express plastic changes depending on previous experience. In particular, training in
several behavioral tasks modifies the possibility to induce long-term potentiation (LTP). Our
previous studies in the insular cortex (IC) have shown that induction of LTP in the basolateral
amygdaloid nucleus (BLA)-IC projection previous to conditioned taste aversion (CTA) training
modifies the extinction process of this task. In this regard, we have also reported that prior
training in CTA prevents the subsequent induction of LTP generated by high frequency



stimulation (HFS) in the same pathway. Here, we evaluate the effect of CTA extinction training
on the ability to induce subsequent LTP in the BLA-IC projection in vivo. Thus, 48h after CTA
extinction animals received HFS in BLA in order to induce IC-LTP. Our results show that
extinction training allows the induction but not the maintenance of IC-LTP. These findings
reveal that extinction training is able to modify the permanence of subsequent synaptic plasticity
on IC, suggesting a homeostatic regulation on this pathway. Supported by: PAPIIT IN215816
and CONACYT 417634
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Abstract: Multiple genes have been discovered that may contribute to Autism Spectrum
Disorders (ASDs). It is unclear at this point if there is an underlying neurophysiological deficit
that is common to the Autism caused by the various linked genes. Our previous results
demonstrated that lack of MeCP2, an ASD associated gene leads to a deficit in Synaptic Scaling
(SS) (Blackman et. al.2012.). SS is a form of synaptic plasticity that controls synaptic strength
and firing rate homeostasis both in vivo and in vitro. To determine if aberrant SS is a common
underlying feature of ASDs, we investigated if the loss of another ASD associated gene
SHANK3 causes deficits in SS. SHANK3 is known to be an important regulator of synaptic
plasticity and mutations in this gene have been reported in human subjects suffering from ASD.
Our results show that cultured cortical neurons expressing a short hairpin directed against
SHANK3 are unable to scale up synaptic strength. In addition, SS leads to accumulation of
Shank3 at synapses. Interestingly, our preliminary data also shows that treatment of SHANK3-
deficient neurons with a therapeutic dose of Lithium can rescue scaling in vitro. These results are
consistent with the hypothesis that failure to regulate synaptic strength via scaling may



contribute to autism pathogenesis in different genetic backgrounds. Finally, since scaling can be
measured quickly and accurately using electrophysiology and fluorescence microscopy in

vitro, pharmacological rescue of scaling in general can serve as an ideal assay for high
throughput screening of drugs to treat ASDs.
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Abstract: In response to changes in whisker experience of adolescent mice, cortical neurons in
layers 2/3 of the murine barrel cortex can exhibit two general forms of EDP: input-specific
coding plasticity (CP) and homeostatic plasticity (HP). CP refers to changes in neuronal
transmission and connectivity of individual synapses and is thought to enable information
storage within a neuronal network. HP is most often a global phenomenon that acts as a negative
feedback mechanism to keep the activity of a neuronal network within a set operating range. To
determine possible astrocyte roles in both CP and HP we utilised IP3-R2 knock out (KO) mice,
in which astrocytes exhibit diminished [Ca2+] responses. To evoke CP, all but one whisker
(single-whisker experience - SWE) were removed unilaterally for 18 days, followed by regrowth
for 5-9 days. To evoke HP, all whiskers were trimmed unilaterally for 1, 3, 7, 14, 25 and 32 days
and re-attached on the day of recording. We found no significant differences in the magnitude of
principal and surround responses in undeprived WT and KO mice and in the amount of plasticity



induced in SWE animals (all pairs p>0.05, U-test, N=20). In all-whisker-deprived WT animals
the principal whisker responses showed rapid depression 1 day after deprivation (t-ratio 7.3,
p<0.0001, N=15), started to recover at 3 days, were above control levels at 7-14 days (t-ratio 3.7,
p<0.003, N=15), indicating HP, and back to control levels at 25-32 days. However, IP3-R2 KO
mice exhibited a linear decay in magnitude of responses with deprivation time which was
significant after 14 days (p<0.05, N=6) with an impaired HP rebound at 25 and 32 days which
was not significant (p>0.05, N=10). In acute slice experiments, the LTD/LTP induction
frequency curve was shifted towards LTP in the KO mice and mimicked in WT recordings by
patch electrode filling of astrocytes with the calcium chelator BAPTA. These data implicate
astrocytes as potent regulators of experience-dependent coding depression and homeostatic up-
regulation of whisker-evoked responses.
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Abstract: Previous studies have shown that cortical layer 2/3 neurones show Hebbian forms of
synaptic plasticity. The layer 4 to layer 2/3 pathway shows both LTP and LTD. LTP is absent in
this pathway in mutants lacking autophosphorylation of CaMKII, as is experience dependent
potentiation induced by single whisker experience. LTD occurs in this pathway in the deprived
whisker's barrel-column, but can be occluded by whisker deprivation. In this study, we wished to
determine whether homeostatic plasticity could also be detected in layer 2/3 neurones. We
deprived C57BL/6J mice of all whiskers unilaterally for 1, 3, 7 or 14 days and measured
principal whisker responses to a standard whisker deflection. Responses were depressed after a
single day of whisker deprivation but returned toward baseline after 3 days in a homeostatic
fashion despite continued whisker input deprivation. Principal whisker responses slightly
overshot baseline values after 7 and 14 days deprivation. The homeostatic response was



prevented in mice lacking synaptic scaling (C57BL/60laHsd, Ranson et al 2012, PNAS 109,
1311) and by administration of XPro1595 (Xencor, CA), a selective inhibitor of soluble TNF.
TNF-alpha has itself been implicated in synaptic scaling (Stellwagen and Malenka 2006, Nature
440, 1054). We conclude that layer 2/3 neurones exhibit both Hebbian and homeostatic
components of synaptic plasticity in the barrel cortex.
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Abstract: In order for neural circuits to function well, overall activity levels must be kept within
an optimal range for neurotransmission by homeostatic plasticity mechanisms. The process of
homeostatic strengthening of excitatory synapses in response to chronic activity deprivation is
mediated by the glial release of tumour necrosis factor alpha (TNF), which modulates synaptic
receptor trafficking. While it has become clear that glia play a critical role in some forms of
homeostatic plasticity, the glial source—whether from astrocytes or microglia—has been a
matter of some debate.

Here we show that both astrocytes and microglia can supply TNF depending on the context. In
dissociated neuron-glial cultures we show that astrocytes are capable of supplying TNF during
homeostatic plasticity, and that this occurs at least in part by the modulation of mRNA

levels. We show that 48 hour activity deprivation of cultures with tetrodotoxin (TTX) results in
an increase in TNF mRNA levels as well as an increase in surface GluA1 levels. Depletion of
microglia from these cultures does not prevent the production of TNF in response to activity
deprivation, nor does it prevent the increase in surface GluA 1, suggesting that astrocytes are
capable of producing TNF that results in AMPA receptor trafficking in this context. In addition,
we use organotypic hippocampal slice cultures in order to investigate glial release of TNF in a



situation more closely representing in vivo conditions. We find that in this system, microglia are
capable of supplying TNF in response to activity deprivation. Together, these experiments
suggest that both microglia and astrocytes can serve as a source of TNF during homeostatic
plasticity, and that the glial subtype responsible for TNF release is context-dependent. These
experiments will allow a deeper understanding of the mechanisms by which different glial
subtypes can contribute to the functioning of synapses.
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Abstract: Forms of homeostatic plasticity have been shown to help maintain neuronal output
within a physiologically appropriate range. Failure of homeostatic regulation is thought to be a
component of diseases such as migraine, ataxia, and epilepsy. Our lab uses the Drosophila
neuromuscular junction (NMJ) as a model synapse. The best-characterized model of homeostatic
plasticity at the fly NMJ is the potentiation of vesicle release following glutamate receptor
perturbations. Perturbing the postsynaptic glutamate receptors causes a decrease in the amplitude
of spontaneous release events and triggers a retrograde signal, leading to a compensatory
increase in the number of vesicles released per evoked potential. The number of vesicles released
per evoked potential is called quantal content, and this increase in quantal content is termed
homeostatic potentiation.

From this paradigm, we assume a relationship exists between the amplitude of spontaneous
release events and quantal content. If the system regulating these phenomena is truly
homeostatic, we expect that the quantal content should change in response to all changes in
spontaneous activity amplitude. One way we have tested this is through studying the reversibility



of homeostatic potentiation. We have found that upon removal of the glutamate receptor
perturbation midway through development, quantal content decreases to control levels. We are
currently studying reversibility in both sustained and acute time scales, as well as studying which
molecular factors are necessary for reversibility.

A second experimental paradigm can be used to induce a homeostatic decrease in quantal
content. Overexpression of the vesicular glutamate transporter, or VGlut, causes an increase in
the amplitude of spontaneous release events, which is offset by the homeostatic depression of
quantal content. Through an ongoing genetic screen, we have identified factors that have a deficit
in evoked release only in the context of homeostatic depression, which in turn exacerbates the
decrease in quantal content. We are interested in determining whether the same factors required
for homeostatic depression are also required for the reversal of homeostatic potentiation. Finally,
we are studying the reversibility of homeostatic depression.
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Title: Presynaptic scaling of active zone size and number homeostatically tunes global synaptic
strength
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Abstract: Synaptic structure can change in subtle and dramatic ways throughout the
development, growth, maturation, and aging of the brain, yet synaptic strength is typically
maintained within remarkably stable physiological ranges. We have investigated mutations and
manipulations that lead to extreme changes in synaptic growth and structure at



the Drosophila neuromuscular junction. Although these conditions lead to enlarged synaptic
vesicle size and inhibited or exuberant synaptic growth, remarkably, synaptic strength is
maintained at wild type levels. These synapses have increased quantal size due to excess
neurotransmitter release per synaptic vesicle, but express a compensatory, homeostatic decrease
in presynaptic release, termed presynaptic homeostatic depression (PHD). Using quantitative
imaging and analysis of synaptic architecture, we find that scaling of active zone size
compensates for reciprocal changes in active zone number to achieve stable levels of synaptic
strength. We further show that when actives zones are not tuned in this way, basal synaptic
strength deviates from wild type. Finally, synapses simultaneously expressing PHD and active
zone scaling can also homeostatically potentiate synaptic strength when postsynaptic receptors
are acutely blocked. This demonstrates the extraordinary plasticity and stability of this synapse,
where three homeostatic signaling systems can dynamically respond to diverse challenges and
still maintain stable levels of synaptic strength. Together, this suggests that when this synapse is
confronted with extreme changes in active zone number, homeostatic tuning of active zone size
achieves stable synaptic strength.
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Abstract: Synapses have the remarkable ability to adaptively modulate synaptic strength in
response to perturbations that would otherwise destabilize neurotransmission. However, little is
known about how synapses respond when confronted with conflicting homeostatic challenges.



We have interrogated the trans-cellular dialogue orchestrating the homeostatic control of
synaptic strength in response to three perturbations to structure and function at the glutamatergic
Drosophila neuromuscular junction. First, manipulations that increase synaptic vesicle size lead
to excessive glutamate release, increased quantal size, but normal synaptic strength due to a
homeostatic decrease in quantal content, termed presynaptic homeostatic depression (PHD).
Second, acute pharmacological or chronic genetic perturbations to postsynaptic glutamate
receptors leads to a decrease in quantal size but normal synaptic strength due to a retrograde
homeostatic increase in presynaptic release, termed presynaptic homeostatic potentiation (PHP).
Third, we have found that presynaptic active zone size inversely scales in mutants with extreme
changes in active zone number, maintaining stable transmission. We have combined these three
manipulations at a single synapse over acute and chronic times to elucidate the interface between
these homeostatic signaling systems.

We find that synapses expressing active zone scaling and PHD can acutely express PHP to
maintain stable synaptic strength, demonstrating a remarkable ability to coordinate diverse
homeostatic expression mechanisms. Further, genetic mutations that lead to PHP can be
expressed together with active zone scaling or PHD through development to stabilize synaptic
strength. However, when a synapse confronts all three challenges over chronic time scales, active
zone scaling and PHD are fully expressed, but PHP signaling is completely silenced. Indeed, we
find no evidence that PHP signaling is ever permitted to advance beyond the postsynaptic cell.
As aresult, this silencing leads to a maladaptive, non-homeostatic reduction in
neurotransmission, where the homeostat governing synaptic strength ceases to operate.
Surprisingly, we find that expression of active zone scaling and PHD interferes with the Tor-
dependent modulation of postsynaptic translation required for chronic forms of PHP. Thus,
synapses expressing PHD and active zone scaling retain the adaptive ability to acutely potentiate
synaptic strength. However, when these challenges are integrated over chronic time scales,
potentiation is silenced due to an anterograde disruption of postsynaptic translational signaling.
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Title: Differential expression of JAK2-STAT3 during homeostatic plasticity
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Abstract: Many studies have been published about Hebbian synaptic plasticity which is synapse
specific. However, not enough mechanisms were found about homeostatic plasticity which is
activity-dependent but not synapse-specific. In this study, we found differential expression of
JAK2-STATS3 proteins after 48 hr after bicuculline (Bic) treatment, but not after tetrodotoxin
(TTX) treatment NMDA receptor dependent manner. Interestingly, mRNA level of all known
JAKSs and STATS did not altered after Bic treatment in the same condition. Moreover, we also
could find time-dependent increment of STAT3 mRNA which have long poly A tail after Bic
treatment. And it is well known that STAT3 mRNA contains consensus CPE site. These data
suggest that JAK2-STAT3 pathway may have important role in homeostatic plasticity. And they
also suggest that regulation of CPE-mediated local translation might be crucial for regulating
homeostatic plasticity.
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Abstract: Membrane trafficking pathways must be exquisitely coordinated at synaptic terminals
to maintain proper functionality, particularly during adaptive responses to high activity and to
perturbations of neurotransmission. We have generated null mutations in Drosophila in the
central Biogenesis of Lysosome-Related Organelles Complex-1 subunit pallidin to test whether
this complex may be a fundamental mediator of adaptive synaptic responses to stress. We find



that pallidin is not required for synapse morphology or structure at the neuromuscular junction.
However, pallidin is necessary to sustain the synaptic vesicle pool under high frequency
stimulation, where we observe a loss of early endosomes with a concomitant increase of tubular
endosomal structures. The schizophrenia susceptibility factor dysbindin binds to pallidin and is
necessary for presynaptic homeostatic potentiation, an adaptive increase in presynaptic release in
response to perturbation of postsynaptic glutamate receptor function. We find that dysbindin, like
pallidin, is also necessary to sustain neurotransmission during high activity. Surprisingly,
dysbindin achieves homeostatic potentiation through a modulation of the readily releasable
synaptic vesicle pool, while pallidin is not necessary for this process and potentiation is fully
expressed in pallidin mutants. We provide additional evidence that the majority of dysbindin is
localized to synaptic vesicle pools, while pallidin localizes primarily to the presynaptic
cytoskeleton. Together, our data reveals shared and distinct functions of pallidin and dysbindin
in activity- and plasticity-dependent trafficking of synaptic vesicles.
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Abstract: Neuronal activity is highly sensitive to changes in oxygen tension. Numerous studies
have revealed signaling pathways and molecular mechanisms underlying the neuronal
degeneration observed with hypoxia/ischemia. However, there is still a lack of information on
the pathophysiological basis of ischemia. In this study, we examined the impact of
hypoxic/ischemic conditions on neuronal ensemble activity patterns in the mouse brain using in
vivo extracellular electrophysiological recordings from up to 8 sites in the thalamus, dorsal



hippocampus, and neocortex, while cerebral hypoperfusion was induced by unilateral common
carotid artery occlusion (CCAOQ), a technique that reduces the blood supply to the forebrain.
After a few minutes, the occlusion triggered a rapid change in the power of the local field
oscillations. In the hippocampus, but not in the neocortex, corpus callosum and thalamus, the
absolute power changes at all frequency ranges (relative to the baseline) became less pronounced
with time, and no significant changes were observed 30 min after the occlusion-induced
hypoperfusion. Next we focused on the hippocampal neuronal activity and tested how more
severe ischemic damage alters its network activity by photothrombosis, a model of ischemia that
significantly reduces blood supply, which induces neuronal degeneration in a small area of the
brain. Similar to CCAO, hippocampal LFP power showed an immediate change in response to
photothrombosis and kept decreasing significantly 60 min after the onset of photostimulation.
These results suggest that LFP power within the hippocampus never returned to the pre-
photostimulation baseline when significant ischemia related to neuronal degeneration was
induced. We also tested whether continuous ischemic challenge induced by the occlusion for up
to 1 week alters neuronal activity. In the hippocampus, corpus callosum and the thalamus, the
chronic occlusion did not lead to a reduction in the power of the local field oscillations.
However, in the neocortex, there was a tendency that its neuronal activity decreased. These
results indicate that certain neuronal populations have the ability to maintain internal
neurophysiological homeostasis against ischemic challenge.
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Abstract: Sensory systems are developed to be able to sense the environment around us. It is
well accepted that the information of past experience is stored as changes in the strength of



synapses. Homeostatic regulation of these synapses is required to maintain stability in the neural
circuits in response to prolong changes in sensory experience. Experience-dependent
homeostatic synaptic plasticity (EHP) has been shown in various model systems including mouse
primary visual cortex. Short dark exposure of an animal induces homeostatic scaling up of
excitatory synaptic strength, measured in terms of a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptor (AMPAR) currents. In contrast, two hours of brief light
exposure following dark exposure, scales down the synaptic strength to normal levels. We found
that metabotropic glutamate receptor 5 (mGluR5) acts as an activity sensor to scale down the
synapses with light exposure. These receptors are coupled to synaptic proteins by a scaffolding
protein, Homerl. Constitutively Homer1 exists as dimers and can couple mGIuRS5 to its other
synaptic targets and downstream signaling molecules. But upon high neuronal activity, neurons
express its splice variant called Homerla (H1a), which acts as monomers and competitively
binds mGIluR5. Hence, H1a dissociates mGluRS5 from the other targets. We found using Hla
knockout mice that mGluRS and H1a interaction is required for scaling down synapses in visual
cortex with visual experience. To rule out potential developmental effects of knocking out Hla
as well as cell autonomous effects, we are currently using a genetic strategy to acutely knockout
Hla in a subset of neurons. So far our results suggest that Hla acts as a sensor of acute increase
in neural activity and switches the mode of mGIuRS signaling in order to maintain homeostasis
in the visual cortex.
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balance
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Abstract: For normal brain functions such as learning and memory to take place, the operational
dynamic range of neural circuits must be maintained homeostatically, but the underlying
molecular and synaptic mechanisms are largely unknown. Here we show that the activity-
dependent transcription factor Npas4 plays a key role in setting the homeostatic balance of the
hippocampus microcircuit and that it does so by selectively modulating the mossy fiber inputs to
CA3 pyramidal neurons. Genetic manipulation of Npas4 selectively altered excitatory synapses
on pyramidal neurons in CA3, but not in CA1. Both global knockout and selective deletion of
Npas4 in CA3 led to a dramatic increase in the frequency of miniature excitatory synaptic
currents (MEPSCs) in CA3 pyramidal neurons, while re-expression of Npas4 in CA3 in the
global knockout mouse was sufficient to rapidly restore this synaptic deficit to the wild type
level. Npas4 modulates excitatory inputs to CA3 pyramidal neurons through selectively altering
synaptic inputs from dentate gyrus granule cells through the mossy fiber pathway, which is one
of the many inputs converged onto CA3 pyramidal neurons. We found that mossy fiber synapses
were homeostatically modulated to maintain the balance of the hippocampal circuit. Npas4
expressed in CA3 pyramidal neurons acutely modulates the size of thorny excrescences (TE), the
distinct postsynaptic structure of mossy fiber synapses formed on CA3 pyramidal neurons. In the
absence of Npas4, kainic acid-induced homeostatic down-sizing of TE is blocked. Furthermore,
we have identified a previously unknown transcriptional target of Npas4 that mediates
homeostatic modulation of TE. Our study therefore identified a molecular and synaptic
mechanism controlled by Npas4 that is required to maintain the homeostatic balance of the
hippocampus microcircuit. Consistent with this idea, Npas4 total knockout mice are significantly
more susceptible to kainic acid-induced seizure. Given our previous finding that Npas4 is
selectively required in CA3 for contextual memory formation (Ramamoorthi ef al. Science,
2011), these new results indicate a critical role for circuit balance in learning and memory.
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Abstract: Homeostatic signaling systems are thought to interface with other forms of plasticity
to ensure flexible yet stable levels of neurotransmission. The role of neurotransmitter receptors in
this process, beyond mediating neurotransmission itself, is not known. Through a forward
genetic screen using electrophysiology in Drosophila, we have identified the non-NMDA
ionotropic glutamate receptor subunit DKaiRID to be required presynaptically for the
homeostatic potentiation of synaptic strength. We find that DKaiRID is necessary in motor
neurons to enable both acute and long term expression of homeostatic plasticity without altering
synapse morphology or ultrastructure. DKaiRID confers robustness to the calcium sensitivity of
baseline synaptic transmission, with significantly reduced release at lowered extracellular
calcium, while high extracellular calcium restores both neurotransmission and homeostatic
potentiation. Importantly, acute pharmacological blockade of DKaiRID disrupts homeostatic
plasticity, indicating that this receptor operates at or near presynaptic release sites to potentiate
both baseline and homeostatic release. We also demonstrate that calcium permeability through
DKaiRID is necessary for the calcium sensitivity of baseline transmission, but is not required for
homeostatic signaling. Finally, we have identified an additional receptor and auxiliary subunit
that may work with DKaiRID to facilitate presynaptic homeostatic potentiation. We propose that
DKaiRID is a glutamate autoreceptor that confers robustness to promote synaptic strength with
active zone specificity.
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Abstract: By continuously recording extracellular signals from ensembles of single neurons in
primary visual cortex of freely behaving rats during the critical period for ocular dominance
plasticity, we recently demonstrated that 1) individual neurons in freely behaving animals have a
firing rate set-point, and 2) when firing rates are perturbed by monocular deprivation (MD), the
homeostatic return to the set-point is expressed during waking and not sleep. This observation
raises the important question of whether sleep inhibits an otherwise ongoing homeostatic
process, or whether normal sleep/wake cycles are essential for the expression of firing rate
homeostasis.

To answer this question, we recorded activity from ensembles of cortical single units in juvenile
rats (postnatal days 24-34) continuously for 10 days during a monocular deprivation (MD)
paradigm. As expected, amongst neurons that were “online” for the entire recording, firing rates
dropped during early MD. To directly assess the role of wake and sleep during 24h at the height
of the homeostatic (late) phase of MD, we enhanced every other naturally occurring waking state
using non-stressful techniques such as novel object introduction and tactile stimulation.
Enhanced waking states did not affect firing rates of neurons in the non-deprived (control)
hemisphere, while the same behavioral epochs resulted in substantial increases in homeostatic
recovery of firing rates.

Our control data indicate that extended waking in a familiar environment is insufficient to drive
changes in neuronal firing rates in the primary visual cortex. In contrast, data from neurons in the
deprived hemisphere strongly support the conclusion that sleep inhibits homeostatic plasticity
during late MD, and that enhanced waking expands the time window for the expression of
homeostasis. These results raise the possibility that various plasticity mechanisms may require
temporal segregation, or that brain-state related changes in chemical composition may preclude
homeostatic plasticity during sleep.
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Abstract: Homeostatic plasticity maintains neuronal firing and synaptic strength within
physiologic limits. Prolonged blockade of neuronal activity for 2 days in culture and in vivo
causes a compensatory increase in firing rates as well as synaptic strength. Interestingly, activity
blockade for 2-4 weeks in vivo causes temporal lobe epilepsy, implicating homeostatic plasticity
in epileptogenesis. However, the molecular mechanism underlying homeostatic plasticity is not
fully understood. We have recently reported that prolonged activity blockade by the voltage-
gated sodium channel antagonist tetrodotoxin (TTX) leads to homeostatic increases in action
potential firing rates, and decreases in multiple K+ channel transcripts in cultured hippocampal
neurons (Lee and Royston et al., 2015). This TTX-induced scaling of intrinsic excitability and
down-regulation of K+ channel genes is mimicked by inhibition of NMDA receptors (NMDAR)
but not L-type voltage-gated Ca2+ channels (VGCC) (Lee and Royston et al., 2015). Here, we
show that the same prolonged activity blockade leads to homeostatic increases in miniature
excitatory postsynaptic potentials, and such synaptic scaling is mimicked by inhibition of L-type
VGCCs but not NMDARSs. These results together indicate that homeostatic scaling of intrinsic
excitability involves upstream activity sensors and their downstream signaling pathways that are
distinct from those underlying homeostatic scaling of synaptic strength. We further found that
prolonged inhibition of neuronal activity or NMDARSs but not L-type VGCCs markedly
decreased BDNF transcripts and TrkB activity. Based on these preliminary results, we are
currently testing the hypothesis that down-regulation of BDNF-TrkB signaling pathways upon
reduced NMDAR activity leads to transcriptional down-regulation of K+ channel genes and the
expression of homeostatic scaling of intrinsic excitability.
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Abstract: Alterations in synaptic activity trigger homeostatic responses that modulate synaptic
strength; these responses manifest as changes in postsynaptic receptor expression and retrograde
regulation of transmitter release. The Drosophila larval NMJ provides an excellent experimental
paradigm for studying synaptic homeostasis: removal of the GIuRIIA glutamate receptor subunit
decreases single channel mean open time, thereby reducing miniature synaptic currents;
however, evoked synaptic currents remain comparable to wild type, implying a retrograde
compensatory signal to enhance neurotransmitter release. We have hypothesized that a change in
synaptic calcium influx, as a result of the genetic removal of GIuRIIA, plays a role in retrograde
signaling. To address this hypothesis, first we tested whether synaptic calcium influx is altered
by genetic manipulation of GluR subunits. To achieve this, we combined two-electrode voltage
clamp and calcium imaging using a synaptically targeted fluorescent calcium indicator,
SynapGCamp3. Genetic removal of the GIuRIIA subunit or overexpression of a GluRIIA mutant
transgene (GluRIIAM™), in which a methionine near the opening of the pore was mutated to an
arginine, both strongly reduced synaptic calcium influx. Both of these genetic manipulations
strongly enhanced presynaptic release. These findings partially support our hypothesis by
highlighting a link between reduced synaptic calcium influx and retrograde enhancement of
presynaptic release, but raise the question of whether increasing calcium influx in these
combinations would block retrograde signaling. To address this, we turned to an obligatory GluR
subunit at the NMJ, GIuRIIC. GIuRIIC does not contain the signature pair of glutamine (Q)
residues near the pore of the channel that are shared by most glutamate receptor subunits; this
glutamine pair is thought to confer calcium permeability to the channel. We reasoned that
engineering a pair of glutamines in this position in GIuRIIC (GluRIIC??) could increase synaptic
calcium permeability at the NMJ. We could then test whether restoring calcium permeability to
GluRIIA mutants would suppress homeostatic compensation in these animals. Our imaging and
electrophysiological examination supports this prediction. Overexpression of GIuRIIC?® restored
synaptic calcium influx and suppressed the enhancement in presynaptic release observed in
GluRIIA mutant larvae. These findings provide strong evidence in support of our hypothesis that
alteration in synaptic calcium influx plays a critical role in triggering the retrograde
compensatory signal at the NMJ.
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Abstract: Prolonged changes in network activity induce homeostatic plasticity at excitatory
synapse by regulating postsynaptic a-amino-3-hydroyle-5-methyl-4isoxazolepropionic acid
receptors (AMPAR) and N-methyl-D-aspartate receptors (NMDAR), both of which are primary
mediators of excitatory synaptic transmission. Previously, we reported that chronic activity
blockade of hippocampal neurons induces synaptic scaling by decreasing the expression and
activity of Striatal-Enriched protein tyrosine Phosphatase (STEPs;), which plays a critical role in
the dephosphorylation of NMDAR subunit GluN2B and AMPAR subunit GluA2. However, very
little is known about the role of STEP¢; in homeostatic downscaling of excitatory synaptic
strength following chronic elevation of neuronal activity, and the signaling pathway involved. In
this study, we induced chronic elevation of hippocampal neuronal activity by inhibiting GABAa
receptors through the treatment of bicuculine (BC) or picrotoxin (PTX) for 24-48 h. Such
prolonged activity elevation enhanced STEPg; protein expression and decreased Tyr-
phosphorylation of GluA2 and GluN2B from 24-48 h. Consistent with the ability of STEPg; to
induce internalization of AMPAR and NMDAR through dephosphorylation, we found that
prolonged activity elevation for 24-48 h decreases surface expression of GluA2 and GluN2B
expression. We are currently investigating how chronic activity elevation increases STEPs;
expression by examining the signaling pathways downstream of NMDAR and L-type voltage-
gated calcium channels. Further insights into the functional implication of STEPg; in synaptic
down-scaling would be provided by experimental results using pharmacologic and genetic
inhibition of STEP.
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Abstract: Homeostatic scaling is believed to regulate neuronal firing through global, non-
Hebbian, adjustments to synaptic weights while maintaining the information stored through
Hebbian plasticity mechanisms. While scaling has clearly been demonstrated in neurons in
culture, true physiological functions of homeostatic scaling in vivo are not known. Sleep plays an
essential role in normal cognitive functions. Evidence suggests that the benefits of sleep may
occur via synaptic mechanisms, including a global weakening of synapses. Using sub-cellular
fractionation, biochemistry and quantitative proteomics, we characterized the changes that occur
in forebrain excitatory post-synaptic densities (PSD) through the dark/light cycle in mice. During
the light phase when mice spend more time asleep we observed reduced levels of synaptic
AMPA receptors and reduced AMPA receptor phosphorylation consistent with global synaptic
weakening. These changes are driven by the immediate early gene Homerla which is kept at low
levels in the PSD during wake by the neuromodulator noradrenaline. During sleep, Homerla
remodels the mGluR 1/5 signaling complex which is important for the consolidation of contextual
memory. These findings reveal part of the molecular mechanisms at play during sleep and
suggest that the physiological function of homeostatic scaling-down may be to renormalize
synaptic strength during sleep.
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Abstract: Experience dependent critical period plasticity has been extensively studied in the
visual cortex. Adjustments of excitatory and inhibitory synaptic strength are believed to be a
major mechanism by which cortical networks adapt to sensory input over a range of timescales
from seconds to days. During the developmental critical period, the most dramatic consequence
of occluding vision through one eye (monocular deprivation) is a rapid loss of excitatory
synaptic inputs to parvalbumin expressing (PV) inhibitory neurons in visual cortex. Subsequent
cortical disinhibition by reduced PV cell activity allows for excitatory ocular dominance
plasticity. However, the molecular mechanisms underlying critical period synaptic plasticity are
unclear. Neuregulinl (NRG1) is essential for the normal development of the nervous system, and
signaling through its tyrosine kinase receptor ErbB4 has been implicated in synaptic plasticity
and GABAergic circuit development. We test whether NRG1/ErbB4 signaling regulates
functional circuit connections of PV interneurons and excitatory neurons during the critical
period of visual development. Here we show that brief monocular deprivation during the critical
period down-regulates neuregulinl (NRG1)/ErbB4 signaling in PV neurons (but not excitatory
neurons), causing retraction of excitatory inputs to PV neurons. Exogenous NRGI1 rapidly
restores excitatory inputs onto deprived PV cells through downstream PKCdependent activation
and AMPA receptor exocytosis, thus enhancing PV neuronal inhibition to excitatory neurons.
NRGI1 treatment prevents the loss of deprived eye visual cortical responsiveness in vivo. Our
findings reveal molecular, cellular and circuit mechanisms of NRG1/ErbB4 in regulating the
initiation of critical period visual cortical plasticity.
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Abstract: Homeostasis is a fundamental form of feedback regulation that precisely maintains the
functionality of a system at set point levels of activity. Sleep is an ancient behavior under
homeostatic control, yet despite intensive study, the biological function of sleep remains
enigmatic. Synaptic plasticity is likely to change during sleep, but the relationship between these
processes is unclear and controversial. The Drosophila neuromuscular junction has been
established as a model system to study the homeostatic control of synaptic plasticity. At this
glutamatergic synapse, acute pharmacological perturbation of postsynaptic glutamate receptors
triggers a retrograde signal that results in an increase in presynaptic release, restoring proper
levels of synaptic strength, a process termed presynaptic homeostatic potentiation (PHP). Using
an electrophysiology-based forward genetic screen to isolate genes necessary for PHP, we have
identified a sleep gene, insomniac. Interestingly, insomniac encodes an adaptor that targets
substrates for protein ubiquitylation and degradation. Intriguingly, the sleep homeostat has been
reported to be impaired in this mutant. Together, these findings provide amongst the first genetic
and molecular links between the homeostatic control of sleep and synaptic plasticity. We find
that insomniac is expressed in both presynaptic motor neurons and postsynaptic muscles, but is
needed in the postsynaptic cell to drive the acute induction and expression of PHP. While we
find no major defects in synaptic growth or architecture in insomniac mutants, Insomniac is
localized to Golgi and ER structures, suggesting that modulation of the postsynaptic secretory
pathway may be a target of the retrograde homeostatic signaling system. Finally, we have
identified a putative substrate that colocalizes with Insomniac in Golgi and ER structures and
implicates unconventional protein secretion in the induction of homeostatic plasticity. An



attractive hypothesis is that Insomniac controls postsynaptic secretory pathways to
homeostatically modulate synaptic strength, and, perhaps, sleep behavior.
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Abstract: Forms of homeostatic neuroplasticity endow neurons and circuits with an ability to
maintain physiologically appropriate levels of synaptic output. Broken control of neuronal circuit
function is hypothesized to contribute to conditions such as epilepsy and ataxia, as well as
complex neurodevelopmental disorders like autism. Yet the molecular signals that direct the
homeostatic control of synaptic outputs are poorly defined. We address this gap genetically by
utilizing a model synapse, the glutamatergic Drosophila neuromuscular junction (NMJ). At the
NMJ, genetic and pharmacological manipulations can decrease the sensitivity of postsynaptic
receptors to single vesicles of neurotransmitter (quantal size). Decreased quantal size triggers
retrograde, muscle-to-nerve signaling that drives increased transmitter release. In recent years,
the NMJ has been key in characterizing conserved presynaptic processes that trigger a rapid
homeostatic potentiation of neurotransmitter release. By contrast, almost nothing is known about
how postsynaptic cells control the homeostatic potentiation of presynaptic neurotransmitter
release or how the NMJ monitors its output over long periods of time. Through genetic screening
and electrophysiological analyses, we have characterized how two classical tyrosine kinases in
the postsynaptic muscle work to maintain the homeostatic signaling capacity of the NMJ
throughout development. Our data demonstrate that the first one of these tyrosine kinases, C-
terminal Src kinase (Csk), limits expression of the Neural Cell Adhesion Molecule (NCAM)



homolog Fasciclin II (FasII). Limiting FaslI expression is necessary in order to propagate
muscle-to-nerve homeostatic signaling. In the absence of Csk function, excess FasII/NCAM
protein at the NMJ appears to inhibit the activity of a second tyrosine kinase in the muscle, the
Drosophila Heartless (Htl) FGF Receptor. Htl and its signaling effectors are required for
homeostatic potentiation and activation of the protein translation factor, Target of Rapamycin
(TOR). TOR is an instructive factor previously shown to drive the long-term maintenance of
synaptic homeostasis. We hypothesize that postsynaptic Htl/FGFR tunes synaptic strength
throughout development by relaying multiple anterograde (nerve-to-muscle) and retrograde
(muscle-to-nerve) signals.
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Abstract: Alcoholism causes significant suffering, and further insight into the causes and
consequences of this disease is necessary to provide more effective treatment. Recent research
suggests not only that alcohol impacts microglia - the resident macrophages of the brain - but
that microglia may contribute to the detrimental effects of alcoholism. Therefore, further
investigation of the effects of alcohol on microglia may provide new insight into the causes of
alcoholism. To more thoroughly define the effects of alcohol on microglia, BV2 microglial cells
were treated with ethanol. The ethanol was allowed to evaporate away, thereby mimicking acute
intoxication and withdrawal. Expression of various immune genes was examined at different
time points. At early time points, while ethanol was still present, decreased expression of
inflammatory genes TNF and Ccl2 was observed. However, at later time points, after the ethanol
had evaporated, expression of TNF and Ccl2 was increased. These results suggest a dynamic,
biphasic effect of ethanol on microglia. To further examine this dynamic effect, BV2 microglial
cells were treated with lipopolysaccharide (LPS), a potent inflammogen, either during or after
ethanol exposure. The presence of ethanol blunted LPS-induced expression of TNF and Ccl2.



However, treatment with LPS following ethanol treatment and evaporation increased expression
of TNF and Ccl2. To determine whether alcohol induced similar effects in vivo, C57BL/6 mice
were gavaged with an acute dose of ethanol. Expression of various immune genes was examined
at different time points. Similar to the results obtained in vitro, TNF expression was decreased
during intoxication but increased during withdrawal. Other immune genes such as Ccl2, IL-1B
and IL-6 only increased during withdrawal. Microglial-specific genes such as CD68 also
increased during withdrawal. Overall, these results suggest that alcohol has dynamic, biphasic
effects on microglia. During acute intoxication, ethanol exhibits an anti-inflammatory effect,
while withdrawal from ethanol has a pro-inflammatory effect. These results may lead to a greater
understanding of the causes and consequences of alcoholism and potentially provide new
insights for treatment.
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Abstract: It is now appreciated that drugs of abuse - including alcohol - promote a neuroimmune
response from glia, primarily microglia, which may play an important role in mediating
addictive-like behaviors. For example, alcohol consumption is linked to an increase in innate
immune receptors, Toll-Like-Receptors [TLRs], within the CNS in humans and rodents.
However, because central immune signaling pathways are pleiotropic and redundant, the
elucidation of specific molecular pathways underlying excessive alcohol-induced
pathophysiology, and therefore effective interventions, has been difficult. One major difficulty is
that TLRs may be broadly expressed in CNS tissue. For example, TLR4 is expressed in neurons,
astrocytes, and endothelial cells, in addition to microglia. Thus, the specific contribution of
microglial TLR responses after excessive alcohol consumption has yet to be deciphered.
Therefore, to better understand the pathogenesis of alcohol addiction, the innate immune



response specifically from microglia vs. other cell types after binge chronic intermittent ethanol
(CIE) consumption was examined. To do so we used a novel transgenic mouse line in which
TLR function is specifically ablated only in microglia within the CNS (CX3CR1-Cre x
MyD88"). Male CX3CR1-Cre”” x MyD88" mice (8 weeks old) were exposed to either CIE
(20% w/v) or chronic intermittent water (CIW, controls) for 16 days (10 doses). Blood was
collected in a parallel group after ethanol dosing to measure blood alcohol levels (BALs). Mice
were sacrificed 24 hrs after the last ethanol dose and the brain was extracted and flash frozen.
Brains were sectioned, punches of the central amygdala and prefrontal cortex were taken, and a
Toll-like receptor-signaling pathway PCR array was examined. Both CIE and CIW groups
showed normal weight gain and reached BALs of ~100 mg/dL. Any changes in the gene
expression profiles between the CIE and CIW groups would prove beneficial to understanding
the role of microglial TLR-MyD88 signaling. Future directions include examining the gene
expression profiles of CIE adolescent mice versus adult mice.
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Abstract: Neuroinflammation and aberrant neuroimmune responses are common characteristics
of a variety of neurodegenerative diseases and psychiatric disorders, including alcohol use
disorder (AUD). Alcohol exposure has been shown to induce diverse neuroimmune responses
between brain regions in both animal models and humans. In this study, we focused on
microglia, the resident immune cells of the brain and critical regulators of the brain’s innate
immune response. We used a 2BC-CIE (two-bottle choice - chronic ethanol intermittent vapor
exposure) paradigm to induce ethanol dependence in C57BL/6J mice and examined expression
of microglial markers (Iba-1 and CD11b) via immunohistochemistry in the central amygdala
(CeA) and prefrontal cortex (PFC) - brain regions that play an integral role in the development of
alcohol dependence. During early ethanol withdrawal (4-8 h), we found an increase in Iba-1
expression and total optical density (OD) in the PFC but not in the CeA. However, chronic
ethanol increased ramification of CD11b+ microglia in the CeA. Further morphological analyses
of CD11b+ microglia in the PFC are currently under investigation. In a separate study, we
systemically administered a TLR4-inhibitor, T5342126 (57 mg/kg, injected i.p for 14 days) and
found that it reduced the OD of Iba-1 in the CeA of both ethanol-dependent and non-dependent
mice. Overall, our data indicate that the development of alcohol dependence involves brain
region-specific dysregulation of microglial responses, which may contribute to ethanol-induced
neuroadaptive changes in the neural networks of those regions. Thus, understanding brain-region
specific mechanisms behind chronic ethanol-induced neuroimmune responses and how these
responses change throughout different stages of addiction is critical for further development of
novel immune-based therapies, specifically for the treatment of AUD.
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Abstract: Binge drinking, the most common pattern of alcohol intake in the United States, is
characterized by discrete episodes of high blood alcohol content. Binge drinking damages brain
structures such as the hippocampus and medial prefrontal cortex (mPFC), causing cognitive
impairments. Using a rodent model of binge alcohol damage, we have found decreased granule
neurons in the dentate gyrus (DG) and altered microglia morphology in the mPFC. In contrast to
binge drinking, exercise benefits neural health; we have shown voluntary exercise restores the
binge-damaged DG. The beneficial actions of exercise appear to be due in part to its profound
effect on glia. Thus, investigating the interactive effects of binge alcohol and exercise allows us
to explore how glia respond to neural damage and recovery. This area of research is also
clinically relevant due to the positive association between alcohol and exercise, such that
drinkers tend to be more physically active than abstainers.

We are investigating the interactive effects of binge and exercise on the number and morphology
of microglia in the mPFC. Adult female Long-Evans rats were gavaged with ethanol (25% w/v)
in nutritionally complete diet every 8 hours for 4 days. Control animals received isocaloric
control diet. After 7 days of abstinence, rats remained sedentary or exercised for 10 days. We
found increased microglia in the mPFC of exercised control animals, and binged animals
independent of exercise. Morphological analysis revealed a subpopulation of larger, thicker
microglia consistent with descriptions of primed microglia. These primed microglia were found
in all animals regardless of experimental condition, however, the binge exercise group had the
most. In a separate cohort of animals that exercised for 4 weeks post binge, we found that binge
exercise animals had a significant decrease in microglia compared to binge sedentary and control
exercise animals. Thus, longer periods of post-binge exercise are associated with a decrease in
microglia. Furthermore, computational arbor analytics of remaining microglia revealed that the
binged animals (regardless of exercise) had microglia with thicker arbors and significantly less
branching. It appears that despite a binge-induced increase in microglia, prolonged post-binge
exercise significantly reduces microglia numbers. Furthermore, the remaining microglia display
a phenotype indicative of partial activation, suggesting that it is the primed microglia that survive
prolonged post-binge exercise. We are continuing to investigate how binge alcohol coupled with
exercise alters microglia and the implications of this for overall neural health and functioning.
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Abstract: Hyperthermia (typically greater than 38°C)-induced febrile seizures are the most
common type of seizures in early childhood. Prolonged febrile seizures could afterwards initiate
the development of acute encephalopathy consisting of a cluster of seizures and postictal coma,
which is often followed by the development of epilepsy. The induction of delayed seizures after
febrile seizures indicates the prolonged impairment in the excitatory versus inhibitory balance
(E/I balance) of synapses; however the cellular and molecular link between hyperthermia and E/I
imbalance is missing. Here we report that microglia, the brain-resident immune cells, disrupt the
synapse E/I balance in dentate circuits with the phagocytic capacity. Microglia detected the
increase in brain temperature during experimental febrile seizures by the Ca2"-influx through
activation of transient receptor potential vanilloid 4 (TRPV4), which is a thermosensor activated
by >34°C. The TRPV4-mediated Ca2 " -influx led microglia to preferentially engulf inhibitory
synapses, resulting in a decrease of the density of inhibitory synapses in the dentate gyrus.
Finally, minocycline, an inhibitor of microglial activation, decreased the delayed seizure severity
after febrile seizures. Thus, our study provides a novel mechanism by which the brain
hyperthermia impairs the synapse E/I balance via activation of microglia.
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Abstract: Microglia are the resident tissue macrophage of the central nervous system. Within the
brain, microglia are the only cells expressing the Triggering Receptor Expressed on Myeloid
cells-2 (TREM2). Humans completely lacking a functional TREM2 pathway develop early onset
dementia, while mutations in the ligand-binding pocket of TREM?2 are associated with increased
risk of Alzheimer’s disease. Until recently, microglia were characterized primarily for their
tissue defense and tissue repair functions but now microglia are realized to play key roles in
modulating synaptic maturation. Here we examined the synaptic maturation within the CA1
region of the hippocampus. Histologically, we find that TREM2 deficient mice have reduced
numbers of vGlutl+ puncta indicative of fewer excitatory synapses, without any apparent
deficiencies in GAD65+ puncta indicative of unchanged numbers of inhibitory synapses. To
determine whether these histologic measures were associated with physiologic changes, we
recorded excitatory and inhibitory synaptic currents (EPSCs and IPSCs) from the CA1 region of
hippocampus. In brief, we found alterations in EPSC amplitudes but not IPSC amplitudes. Long-
term dynamics, measured by comparing the ability to induce long-term potentiation (LTP), were
also affected. These data illustrate that primary defects in microglia are sufficient to cause
alterations in synaptic development.
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Abstract: Microglia are the resident brain macrophage, long recognized to support brain
function in both health and disease. Recently, microglia are recognized to contribute to synaptic
editing and/or maturation in a C1q dependent fashion. Triggering Receptor Expressed on



Myeloid cells-2 (TREM2) is an immunomodulatory receptor expressed on microglia within the
brain. Individuals lacking a TREM2 pathway develop early onset cognitive dementia (Nasu-
Hakola disease), whereas individuals with mutations in the ligand binding pocket of TREM?2
have increased risk of Alzheimer’s disease. Therefore, we hypothesized that synaptic maturation
in TREM2 deficient mice or might be altered either inherently or as a consequence of potentially
aberrant responses to systemic inflammation. Therefore, we quantified vGlutl+ and GAD65+
puncta in the hippocampus of TREM2KO and wild-type (WT) mice at postnatal day 15 +/-
systemic immune challenge. While systemic inflammation causes a sustained decrease in
vGlutl+ puncta in WT mice, we found that in untreated TREM2KO mice the numbers of
vGlutl+ puncta were decreased to the levels similar to immune challenged WT mice brain. We
found that both homeostatic (developmental) and immune challenge induced editing of vGlutl+
puncta was dependent on C1q in WT mice, while immune challenge induced editing was also
dependent on CCR2 and an apparent influx of blood derived macrophages. By contrast, the
numbers of vGlutl+ puncta in untreated TREM2KO mice were already reduced to levels similar
to immune challenged WT mice. Furthermore, the decreased numbers of vGlutl+ in TREM2KO
mice was not dependent on Clq nor CCR2. Taken together these data reveal that (1) both
microglia and brain infiltrating macrophages can regulate excitatory synapse maturation during
systemic inflammation; (2) TREM2 prevents non-C1q and macrophage mediated synaptic
editing during normal development; (3) defects in microglia can alter developmental maturation
of brain function in the absence of induced injury or infection.
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Abstract: Microglia, the innate immune cells of the central nervous system (CNS), respond
rapidly and dynamically to homeostatic perturbations of the CNS milieu. In the healthy
unperturbed brain, microglial processes make frequent contracts with neurons at synapses,
impacting synaptic remodeling and turnover of dendritic spines. However, it remains unclear
what receptors and signaling pathways govern microglial surveillance and synapse monitoring.
Noradrenaline is a powerful signal that can affect many aspects of synaptic function and
plasticity. Because microglia express high levels of B2 adrenergic receptors (AR) compared to
other cell types in the brain, we asked whether noradrenergic tone could alter microglial behavior
with respect to synapses through B2 AR signaling. To begin to test this hypothesis we have
manipulated B2 AR signaling pharmacologically using the following agents: Nadolol (BBB
impermeant BAR antagonist), Clenbuterol (BBB permeant 2 AR agonist), and ICI 118-51 (BBB
permeant B2AR antagonist). We paired nadolol with clenbuterol to stimulate 2 AR centrally
without concomitant peripheral stimulation. We then evaluated changes in basic microglial
physiology through a combination of in vivo two-photon microscopy and immunohistochemistry
staining for Iba-1 and CD68. We have found that stimulation of B2 AR signaling in vivo reduces
microglial motility and pseudopodia formation and causes microglia to assume a less ramified
morphology. Thus our next question was if these changes in basic microglial function could
impact microglial interactions with neurons and ocular dominance plasticity. Using intrinsic
optical signal imaging we have shown that pharmacological manipulation of 2 AR signaling
impairs ocular dominance plasticity during the visual critical period in mice. We are now testing
the direct involvement of microglia in this impairment through cre-mediated excision 2 AR
specifically in microglia. Based on our results we believe that B2 AR signaling serves important
roles in modulating microglial physiology and our future experiments will begin to address how
the endogenous ligand, norepinephrine, is involved in mediating the effects observed. These
results and future findings will improve our understanding of the signaling mechanisms that
govern microglial interactions with synapses and impact activity-dependent synaptic
modification.
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Abstract: Autism spectrum disorders (ASDs) are neurodevelopmental disorders caused by
various genetic and environmental factors resulting in the abnormalities of synapses. Microglia
are suggested to be related with ASDs and play a role in refining synapses during development.
Autophagy and related pathways are also suggested to be related with ASDs. However, the
precise roles of autophagy in microglia on synapses and ASDs are unknown. Here we show that
microglial autophagy refines synapses and regulates neurobehaviors. We found that atg7 deletion
in the myeloid cell specific lysozyme-M cre mice showed social behavioral defects and repetitive
behaviors, characteristic features of ASDs. These mice also showed increased dendritic spines,
synaptic markers and altered connectivity between brain regions indicating defects in synapse
refinement. Degradation of synaptosomes was impaired in atg7-deficient microglia and
immature dendritic filopodia were increased in neuron cultures with atg7-deficient microglia.
Our results first demonstrate the role of microglial autophagy in synapse regulation and
neurobehaviors. We anticipate our results to be a starting point for more comprehensive
understanding of microglial autophagy in ASDs and putative therapeutics development.
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Abstract: Clinical studies have linked microhemorrhages with cognitive decline, although how
these small bleeds impact cognition is not understood at the cellular level. We used optical
approaches to create microhemorrhages and image the cellular responses in the brain of mice.
Irradiation with tightly-focused femtosecond laser pulses ruptured targeted penetrating arterioles,
producing a hematoma of ~150-um diameter in the cortex. Such lesions did not cause neural
death, but did drive an increase in the number of nearby activated inflammatory cells. Such
inflammation could have a profound impact on neural health and function. Here, we aim to
understand the relative role of brain-resident and blood-derived inflammatory cells. We used
chimeric transgenic animals with different inflammatory cell populations labeled with
fluorescent proteins, and mapped the spatial and temporal profile of the cellular response after a
microhemorrhage. We observed brain-resident microglia activate soon after the
microhemorrhage and the doubling of their density adjacent to the lesion is the dominant aspect
of the inflammatory response. A small number of blood-derived inflammatory cells were also
found, with ~3 proinflammatory monocytes (CCR2+) entering the brain during the first two days
after the lesion, and ~3 patrolling monocytes (CX3CR1+) entering after two days. The doubling
of microglia density one day after the lesion could be due to migration and/or proliferation of
microglia. Using time-lapse imaging, we observed microglia immediately send processes to, and
then migrate over one day toward, the ruptured arteriole. For microglia within 150 um of the
targeted vessel, the migration speed was 0.9 um/hr over the first 16 hours and then slowed. We
used EDU staining to look for signs of microglia proliferation and found just one EDU positive
microglia out of 163 (5 hemorrhages across 2 mice). Together these data suggest that the
microglia density increase after a microhemorrhage is almost exclusively due to migration. Over
two weeks the microglia density returned to baseline. To determine if apoptosis played a role in
this decrease, we used TUNEL staining at four days after the lesion and found no TUNEL-
positive microglia (0 out of 93 microglia; 6 hemorrhages across 2 mice). In summary, small
brain bleeds trigger migration of nearby microglia toward the lesion, doubling the microglia
density, and drive the infiltration of a very small number of inflammatory and patrolling
monocytes. In ongoing work, we are exploring how this inflammation could affect the health and
function of nearby brain cells and thus drive cognitive decline.
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Abstract: Multiple sclerosis (MS) is an autoimmune demyelinating disease of the central
nervous system (CNS) that causes debilitating symptoms due to a loss of neuron conductivity.
Encephalitogenic CD4+ T helper (Th) cells inappropriately respond to myelin antigens and
invade the CNS, producing a variety of pro-inflammatory cytokines that activate resident innate
immune cells, namely microglia and astrocytes, resulting in exacerbated or protracted
neuroinflammatory responses that are thought to contribute to MS pathology. Autoreactive Th17
cells in particular are pathogenic in many inflammatory disorders, including MS, and make up a
substantial portion of the inflammatory infiltrate in active lesions presenting in MS patients.
While the molecular determinants influencing sensitivity and responsiveness of the affected
brain to these inflammatory insults remain poorly understood, genetic studies have identified
many potential disease risk alleles. Indeed, evidence suggests that APOE may act as an MS
modifier, specifically influencing disease progression, severity, and cognitive outcomes,
although observations in humans have been inconsistent. Because APOE genotype is known to
differentially influence glial inflammatory responses to a broad range of insults, we decided to
examine how 4APOE genotype modulates microglial and astrocyte activation in response to Th17
cell signaling cues. Our results support a role for APOE in MS neuroinflammation and expand
our understanding of CNS inflammatory mechanisms, allowing for additional characterization of
novel cellular and molecular therapeutic targets for MS.
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Abstract: Microglia are highly motile cells that play a pivotal role in monitoring brain
homeostasis by constantly probing the environment and responding to extracellular cues. They
are involved in stroke-related pathologies by undergoing complex long-lasting transcriptional
and functional changes. However the acute response of microglia to the metabolic stress of
ischemia remains unclear. Here, we used two-photon imaging in vivo and in acute brain slices to
monitor the initial effect of hypoxia on the morphological phenotype and dynamic properties of
microglia. The highly ramified morphology of resting microglia is rapidly transformed during
oxygen depletion with extension of fine actin-dependent filopodia followed by retraction of
microtubule-dependent ramifications. This rapidly reversible switch in morphology drives
significant changes in microglial sensing, affecting the capacity of microglial cells to respond to
tissue damage. During short hypoxic insults, we show that this initial phenotypic switch is
induced by microglia sensing the accompanying acidic shift in the extracellular environment.
Concurrent observations indicate that rapid extension and retraction of actin filament-rich
filopodia at the tip of major ramifications is an integral part of the microglial sensing behavior.
This finely tuned random-searching dynamic process depends on compartmentalized cAMP
signals, and overproduction of intracellular cAMP triggers dysregulated filopodia extension and
retraction of ramifications, thereby leading to a phenotype similar to that observed during
hypoxia. Characterizing the highly specialized sensing structures of microglia and defining the
molecular cues responsible for the functional switch of microglial behaviour observed upon
oxygen depletion will likely provide promising targets for stroke treatment.
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Abstract: Panic disorder (PD) is a complex anxiety disorder characterized by spontaneous,
recurrent panic attacks consisting of intense fear, cardiovascular, and respiratory symptoms.
Altered acid-base homeostasis has been observed in PD patients. CO; inhalation, an inducer of
acidosis, evokes panic attacks in PD patients. Recent studies from our lab reported a role of
microglial acid sensing and pro-inflammatory cytokine IL-1f in CO2-evoked fear (Vollmer et al
Biological Psychiatry 2016). CO2 evoked microglial activation occurs within the subfornical
organ (SFO), an area lacking the blood-brain-barrier and relevant to homeostasis. However,
mechanisms transducing microglial acid sensing and inflammation to panic-relevant behavior are
currently unknown. The current study investigated a potential role of renin angiotensin system
(RAS) as an effector transducing microglial acid sensing to CO2-evoked fear. Microglial-RAS
interactions have been recently reported, and importantly, RAS polymorphisms have been
reported in PD patients . Angiotensin expressing neurons are abundant in the SFO and our recent
studies show expression of IL-1b receptors on these neurons suggesting potential link between
RAS and inflammatory mechanisms. Angiotensin II-type I receptor antagonist, losartan, was
delivered intracerebroventricularly (ICV) in the vicinity of the SFO. Losartan or vehicle injected
mice were exposed to CO, inhalation for 10 min. Fear (freezing) was measured during the 10
min CO, exposure and 24 hr post-CO; during exposure to context alone. A significant
attenuation of freezing was observed in losartan treated mice during CO, (46%; p<0.05) and
during conditioned contextual fear (47%; p<0.05). cFos immunohistochemistry revealed a
significant decrease in cFos+ cells within the lateral hypothalamus (LH: 40%, p<0.05) and
periaqueductal gray (PAG: 20%, p<0.05), brain regions connected to the SFO that regulate
panic-relevant fear, cardiovascular and respiratory responses. Tracing studies are currently being



performed to validate this circuitry. Collectively, our data suggest SFO microglial inflammation-
RAS interactions in transducing CO,-evoked fear, providing a novel mechanistic basis for
understating panic pathophysiology.

Disclosures: A. Winter: None. R. Sah: None. L. Vollmer: None. R. Ahlbrand: None. E.
Krause: None.

Poster
037. Microglia I
Location: Halls B-H
Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 37.14/G3
Topic: B.12. Glial Mechanisms
Support: NSFC Grant 31190061
NSFC Grant 31490592
NSFC Grant 31501128

Title: Cytosolic immature cathepsin D controls F-actin-mediated lamellipodia extension in
microglia

Authors: *Y. LIU', T. ZHANG', L. QIN', Y. ZHANG? X.LI', J. YANG', Y. HU', Z. GUO',
H.LOU', M. HO®, S. DUAN';

'Dept. of Neurosci., Zhejiang Univ., Zhejiang, China; *Affiliated Hosp. of Nantong Univ.,
Nantong, China; 3Tongji Univ. Sch. of Med., Shanghai, China

Abstract: Rapid moving cells such as microglia evolve complex mechanisms that dynamically
shape cytoskeleton to provide structural cues for injury-induced migration. During structural
reorganization, endosome/lysosome-related enzymes, with their degradative function, have been
implicated in signaling migration, debris uptake, and injury repair. However, to date, how these
enzymes modulate cytoskeletal dynamics remain mysterious. Here we present evidence that the
immature 48kDa lysosomal enzyme cathepsin D (cathD) translocates to the microglial cytosol
via a mechanism that depends on Hsp70-mediated membrane permeability. Upon ATPyS
stimulation, cytosolic cathD localizes to the F-actin lamellipodia at the leading edge, where
directional migration begins to occur. Down regulation of cathD expression using siRNA, drug
inhibitor, or in cathD-deficient microglia leads to the maintenance failure of lamellipodia
protusions, albeit initial extensions remain unaffected. Intriguingly, cathD interacts with the
actin-severing protein cofilin and controls the availability of G-actin monomers via cofilin
phosphorylation. On the other hand, treatment with cytochalasin D rescues the cathD-mediated



lamellipodia maintenance defects, pinpointing a role for cathD in controlling the amount of
available raw materials, rather than the functional extension for actin filament assembly. Taken
together, our results identify a key lysosomal factor that exhibits an unconventional cytosolic
localization during ATP-evoked responses in microglia. Cytosolic cathD contributes to actin
filament assembly and cytoskeleton reorganization via regulating cofilin activity. These findings
underlie the mechanism of microglial migration and significantly advance our understanding in
how microglia respond to pathological injury.
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Abstract: Microglia, the brain resident macrophages, play important roles in life-long brain
maintenance and in pathological conditions. In addition, these cells are crucial players during
central nervous system development. Yet, the mechanisms that regulate the dynamics during this
maturation process has not been fully elucidated. Using genome-wide single-cell transcriptomic
analysis and chromatin profiling we revealed that microglia undergo three temporal
developmental stages in synchrony with the brain: early, pre-, and adult microglia, which are
under the control of distinct regulatory circuits. Environmental perturbations, such as disrupted
microbiome or prenatal immune activation, led to dysregulation of the developmental program,
particularly in terms of inflammation. Knockout of MafB, a transcription factor which is
predominantly expressed in the adult microglia, resulted in disturbance of homeostasis and
increased expression of inflammatory genes. Together, our work identifies the circuits of a



microglia developmental programs that maybe associated with susceptibility to
neurodevelopmental disorders.
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Abstract: Behavioral flexibility is one of the most important behavioral constructs that is
required for adaptability. This behavior is affected under stress conditions, and its disturbance is
involved in many neuropsychiatric disorders, in particular schizophrenia. Nonetheless, molecular
and cellular mediators for this behavior are unclear.

To address this question, we used LPS-treated mice (a model frequently used to represent brain
pathology upon stressors such as immune inflammatory or oxidative stress). We found that the
mice displayed behavioral inflexibility in a paradigm using rule shifting. Interestingly, the
behavioral deficits were ameliorated by a compound (1R,3R)-1,3-dymethyl-2-propargyl-
1,2,3,4tetrahidrosiquinoline (called RR). RR is a potent blocker of the nuclear GAPDH cascade
(Hara et al. Nat Cell Biol. 2005). Therefore, we next validated whether the nuclear GAPDH
cascade was indeed activated after LPS treatment. We found that the cascade was activated
selectively in microglia. Several studies in behavioral neuroscience have indicated the
involvement of the prefrontal cortex for behavioral flexibility. Consistent with this notion, we
observed selective activation of the nuclear GAPDH cascade in cortical, but not striatal,
microglia. Together, we now propose that a nuclear pool of GAPDH that is known to modulate
epigenetic and transcriptional machinery specific to microglia may be a key molecular and
cellular mediator for behavioral flexibility.



To extend this preclinical observation into clinical settings, we have looked for molecular and
cellular markers that correlate with behavioral inflexibility (e.g., deficits in Wisconsin Card
Sorting Test) in patients with schizophrenia (SZ). We found that autofluorescence in
lymphoblasts is significantly higher in SZ, compared with matched controls, which is
independent of medication. In particular, the extent of the behavioral inflexibility was correlated
with the levels of impairment in the cellular autofluorescence. As far as we have tested multiple
independent behavioral constructs in humans, behavioral flexibility is the only one that shows
correlation with autofluorescence. Importantly, the aberrant autofluorescence has been
normalized by RR, the blocker of the nuclear GAPDH cascade.

Together, we propose that: 1) The activation of the nuclear GAPDH cascade in cortical microglia
is involved in a mechanism responsible for behavioral flexibility. 2) Autofluorescence that may
reflect the activation of the nuclear GAPDH cascade pathway is a possible high throughput
biomarker for behavioral inflexibility in schizophrenia.
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Abstract: Microglia are the resident macrophages of the central nervous system (CNS), which
continually survey the brain for infectious agents, amyloid plaques and unnecessary neurons and
synapses. Upon activation, microglia generate an inflammatory response, which can lead to
neuronal cell death in a number of neurodegenerative diseases. This involves activation of the
NLRP3 inflammasome and subsequent release of proinflammatory cytokines (Guo et al., Nat.
Med., 2015). We recently found that microglial surveillance is regulated by the resting
membrane potential, which is set by the tonic activity of THIK-1, an anaesthetic-sensitive two-
pore domain K" channel highly expressed by microglia in the brain (Madry et al., submitted). In
addition to their tonic activity, THIK-1 channels are activated by brain damage or ATP, causing



a strong hyperpolarisation via K efflux, which may be an important trigger for inflammasome
activation. Indeed, we now report that THIK-1 also plays an important role in regulating the
microglial inflammatory response. Acute hippocampal slices from P12 rats were exposed for 3 h
to lipopolysaccharide (LPS) followed by 3 h incubation with LPS and ATP. The supernatants
were collected and the amounts of released interleukin (IL)-1B and TNFa were quantified by
ELISA. LPS alone (but not ATP) induced a release of IL-13 and TNFa, however the production
of IL-1P (but not of TNFa)) was greatly increased after application of LPS and ATP together.
Blocking THIK-1 with tetrapentylammonium (TPA) abolished the release of IL-13 and TNFa in
response to LPS alone, or to LPS with ATP, whereas 4-AP and charybdotoxin had no effect,
excluding a role for voltage- and Ca*"-activated K" channels. Pharmacological inhibition of
THIK-1 channels by TPA also abolished the cell death induced by LPS and ATP, as measured
by assaying LDH released into the supernatant. Our results show that, in addition to controlling
microglial surveillance, THIK-1 is also necessary for microglia to generate an inflammatory
response, and raise the possibility of therapeutic targeting of THIK-1 in neuroinflammation-
driven diseases.
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Abstract: Alpha 7 subunits of nicotinic acetylcholine receptors (nAChRs) are expressed in
microglia and are involved in the suppression of neuroinflammation. Over the past decade, many
reports show beneficial effects of nicotine, though little is known about the mechanism. Here we
show that nicotine inhibits lipopolysaccharide (LPS)-induced proton (H") currents by using
primary cultured microglia. (Methods) The H' channel currents were measured by whole-cell



patch clamp method under voltage-clamp condition. The morphological change was observed by
immunocytochemical method. The expression level of H' channels was measured by western
blotting. Neurotoxicity was tested by using primary cultured neurons from mouse hippocampus
and cortex and LPS-treated microglial conditioned medium. The number of live neuronal cells
with or without LPS application was checked by using Cell Counting Kit-8. (Results) H"
currents in cultured newborn mouse brain microglia recorded at physiological temperature were
specifically activated at positive potentials by 24-h LPS pretreatment. Increased H' current in
activated microglia was attenuated by blocking NADPH oxidase, confirming its physiological
role of electrical charge compensation following negatively charged superoxide generation in the
extracellular compartment. Nicotine produced a dose-dependent inhibition of LPS-activated H"
current, with an apparent ICso of 112.1 nM. Morphological changes associated with LPS-induced
microglial activation were almost completely reverted by nicotine. Nicotine reverted only H"
current levels but not increased HVCNI protein expression upon LPS exposure of cultured
microglia. The inhibitory effect of nicotine was exerted via nAChRs, being completely
counterbalanced by pretreatment with specific alpha7 nAChRs inhibitors such as alpha-
bungarotoxin or methyllicaconitine. Nicotine pretreatment of LPS-stimulated microglia was able
to inhibit neurotoxic effects of microglial-conditioned cell culture medium. (Discussion) These
results suggest that alpha7 nAChRs in microglia may be a therapeutic target in
neuroinflammatory diseases.
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Abstract: Kynurenine 3-monooxygenase (KMO) plays a key regulatory role in the kynurenine
pathway (KP) of tryptophan degradation, which contains several neuroactive metabolites.
Impairment of KMO has been implicated in several major brain diseases including Huntington’s
disease and schizophrenia. In the mammalian brain, KMO has been suggested to be
predominantly localized in microglial cells (Alberati-Giani et al., 1996; Heyes et al., 1996;



Guillemin et al., 2001), but verification in vivo has not been provided so far. The present study
was designed to examine possible impairments in KP metabolism in the mouse brain after
depleting microglial cells in the central nervous system through pharmacological inhibition of
the colony stimulating factor 1 receptor (CSF1R). The CSFIR inhibitor PLX5622 depletes
microglia in normal mice by 80% after 1 week of treatment, as determined by anti-IBA-1
immunohistochemistry (Dagher et al., 2015). In the current tests, separate male C57BL/6J mice
(~2-month-old) were fed PLX5622 (1200 ppm in chow) for 21 days, while controls received
normal chow. Animals were euthanized either on day 22 (control: n=6; treated: n=6) or, after
receiving normal chow for an additional 21 days, on day 43 (n=3). To verify the depletion of
microglia in the forebrain, the expression of several marker genes was assessed in one
hemisphere using real-time PCR. KMO expression, KMO activity, KYNA and 3-
hydroxykynurenine (3-HK) levels were determined in parallel using the second hemisphere. As
expected, expression of the marker genes Aif1 (-89%), Csf1r (-97%), Cx3crl (-97%), Siglech (-
97%) and Tmem119 (-90%) was dramatically reduced on day 22 but had recovered by day 43. In
contrast, PLX5622 did not cause any significant changes in either KMO expression or KMO
activity at any timepoint. The brain levels of KYNA and 3-HK were also unchanged. Taken
together, our data suggest that microglial cells do not harbor the majority of KMO in normal
adult mouse brain. Possible compensatory events following PLX5622 treatment, as well as
alternative scenarios in dysfunctional states, are currently under investigation.
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Abstract: Prenatal stress, including maternal immune activation (MIA), has long term effects on
brain and behavior. It is becoming increasingly clear that environmental factors such as prenatal



stress, in addition to genetic factors, play an important role in the etiology of
neurodevelopmental and neuropsychiatric disorders. Prenatal stress has sex-specific effects, with
males showing the most pronounced deficits in behaviors when exposed to early prenatal stress.
Many neurodevelopmental and neuropsychiatric disorders show a sex bias in incidence. E.g. for
every girl diagnosed with an autism spectrum disorder, there are 4 males. Microglia are the main
innate immune cells of the brain and respond quickly to injury and inflammation. Chronic
activation of microglia can have detrimental effects and is observed in patients diagnosed with a
neurodevelopmental disorder. Prenatal stress can activate microglia which can last well into
adulthood. Besides microglia’s immune function, these cells are also involved in the
masculinization process. Blocking male-specific neonatal microglia activation prevents
masculinization of brain and behavior in male rodents (Lenz et al. J. Neurosci. 2013). We
hypothesize that males that are exposed to MIA experience two hits on their neonatal microglia
(due to MIA and due to masculinization) - versus one hit in females - which may explain the
male-specific effects of prenatal stress on behavior later in life. Time pregnant C57BL/6J mice
were sc injected with 0.30 mg/kg LPS in saline, or vehicle only at gestational day 7. Neonatally,
6 experimental groups were created within each litter. To induce masculinization in females
0.625ug PGE2 in 1pl saline (or vehicle only for controls) was injected icv in each hemisphere at
postnatal day (PD)0 and PD1. To block masculinization in males 25ug indomethacin in DMSO
in saline (or vehicle only for controls) was injected sc at PDO and PD1. One additional male and
female were left in the nest to serve as full controls. At PD4 the pups were sacrificed and their
brains, fixed in PFA, used for immunohistochemistry. Data will be presented on quantitative (#
microglia) and qualitative measures of microglia activation (cell morphology and excretion
profile indicating M1 or M2 activation) in brain areas relevant to neurodevelopmental disorders
(amygdala, hippocampus, mPFC). Additionally, preliminary behavioral data, focusing on
anxiety, cognition, repetitive, and social behaviors will be presented. Our data may help
elucidate the underlying mechanism of the sex-specific effects of prenatal stress and contribute
to the understanding of the male-biased incidence of neurodevelopmental disorders.
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Title: Alterations in glial iron homeostasis in hypoxic conditions and effects of induced
hypothermia on iron regulatory proteins in cell culture
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Abstract: Fetal and neonatal inflammatory responses may contribute towards neonatal brain
injury and developmentally related disabilities such as cerebral palsy as well as cognitive deficits
later in life. Pathogenesis of the brain white matter lesions in newborns involves damage related
to hypoxia with inflammation-induced brain injury. Microglia and astrocytes do not only initiate,
but also contribute to the growth of lesions within the white matter as well as representing a
potential strategic target for treatment in hypoxic disorders. The proper homeostasis of cellular
iron transporters and proteins involved in iron storage, are important to prevent excess iron
overload or iron starvation in cells. In this study we aimed to show the effects of hypoxia on iron
related proteins and cytokine production in glial cells, and assess if hypothermic preconditioning
has any effect on iron levels and molecules involved in regulating iron homeostasis.Microglia
and astrocyte cell cultures were prepared from the cerebral cortex of neonatal C57BL/6 mice
(n=3). Both cell types were incubated in hypoxic conditions for 12 hours. Effects of hypoxia
with glucose deprivation on iron transport protein expression were evaluated at the mRNA level
by quantitative real-time PCR. Cellular iron accumulation was evaluated using Perl’s
histochemistry. Cytokine levels have been studied using commercial ELISA kits. Hypoxia
stimulated the expression of the ferritin in both cell types. Histochemical staining of accumulated
iron in the cells correlated with ferritin expression. In addition to proinflammatory cytokine
levels, iron-influx proteins TfR1 and DMT-1 increased after hypoxia especially in microglia.
Iron-efflux protein ferroportin increased after hypoxic conditions in both cells. Hypothermic
preconditioning prior to hypoxia decreased the cellular iron significantly in microglia.
Hypothermia increases the expression of transport protein levels differently. In conclusion, in our
study, hypoxic conditions accompanying glucose deprivation stimulated iron accumulation in
microglia and astrocytes and triggered the expression of iron homeostasis proteins differently.
Increased cellular iron and its efflux from glial cells might create a signal to trigger inflammatory
responses which play role in hypoxic ischemic injury. Hypothermic preconditioning decreased
the ferritin expression especially in microglia, which might suggest that the hypothermic control
of cellular iron transporters and iron levels has a regulatory effect especially on the inflammatory
pathways stimulated with hypoxic injury.
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Title: Role of spinal microglia in DCP-induced contact dermatitis.

Authors: *B. CHOI, H. MIN, S. LEE;
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Abstract: Studies indicate an important role of spinal cord glial cells in central sensitization of
not only pain but also itch sensation. In diphenylcyclopropenone (DCP)-induced contact
dermatitis leading to chronic itch state, astrocyte activation caused by scratching stimulus
triggers activation of STAT3/LCN2 signaling cascade and contributes to enhancement of itch
signal sensation at the spinal cord level. Meanwhile, it was also reported that spinal microglia are
activated through CX3CL1/CX3CR1 signaling in 2,4-dinitrofluorobenzene (DNFB)-induced
contact dermatitis model. In this regard, we tested if spinal cord microglia activation is involved
in chronic itch in DCP-induced contact dermatitis model. After 5 consecutive days of DCP
challenge, a significant activation of spinal cord microglia was detected in the spinal dorsal horn.
Inhibition of the DCP-induced microglia activation by intrathecal injection of minocycline
attenuated scratching behavior, suggesting putative involvement of spinal cord microglia
activation in itch sensitization. The mechanisms of spinal cord microglia activation after chronic
DCP treatment have been further explored. Our data suggest that, similar to spinal cord
astrocytes, spinal cord microglia activation affects chronic itch sensation.
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Title: Transforming growth factor - betal attenuates pro-inflammatory activation in microglia
through ALKS5-dependent signaling
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Abstract: Microglia are the residential immune cells in the brain and play important roles in the
maintenance of tissue homeostasis under physiological conditions. The abnormally activated
microglial cells have been found in a variety of neuropsychiatric disorders and
neurodegenerative diseases. During the neuroinflammation, over-activated microglia undergo a
morphological change, synthesize and release various cytotoxic mediators such as pro-
inflammatory cytokines and reactive oxygen species. Overproduction of these cytotoxic
mediators could disrupt the normal brain development and neuronal function which are
considered to be pathophysiological mechanisms in psychiatric disorders. Transforming growth
factor - beta 1 (TGFp1) is a pleiotropic cytokine and a potent regulator of neuroinflammation and
cytotoxicity. TGFf1 plays a critical role in supporting microglial development and maintaining
functional microglial signature in the brain. Here, we investigated the anti-inflammatory
mechanism of TGFB1in LPS- stimulated primary microglial cells. We examined both the
canonical and non-canonical pathways in TGFB1-treated microglial cells. Western blot and
immunocytochemistry results showed that Smad2/3 signaling was selectively activated in
primary microglia. TGFB1 treatment could effectively reduce proinflammatory cytokines and
iINOS expression in LPS-activated microglial cells. The further mechanism studies found that
TGFp1 induced TGFp receptor ALKS expression in microglia cells. In addition,
pharmacological inhibition of ALKS signaling partially diminished the anti-inflammatory effects
of TGFf1 in LPS stimulated microglia. Further experiments are ongoing to investigate the role
of TGFp1 in regulation of inflammatory signaling in microglial cells. Our data suggested that
activation of TGFB/ALKS signaling in microglia could effectively alleviate microglia mediated
neuroinflammation.

Disclosures: Q. Chen: A. Employment/Salary (full or part-time): Astellas Research Institute of
America, Astellas Pharma. B.V. Cheung: A. Employment/Salary (full or part-time): intern in
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Astellas Research Institute of America, Astellas Pharma. M. Matsumoto: A.
Employment/Salary (full or part-time): Neuroscience Research Unit, Drug Discovery Research,
Astellas Pharma Inc. H. Ito: A. Employment/Salary (full or part-time): Astellas Research
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Abstract: In neurodegenerative diseases, chronic inflammation hampers regeneration and
exacerbates the pathology. It is mainly caused by excess activation of microglia, the immune
cells in the central nervous system (CNS). Recently, small RNAs have been shown to regulate
gene expression at multiple levels. In particular, the Piwi subclass of the Argonaut family binds
to a cohort of small RNAs called piwi-interacting RNAs (piRNAs). Though pilot studies have
established that piRNA/Piwi mainly function to silence transposons in germline cells, it is found
that mouse hippocampal neurons express piRNAs and that numerous piRNAs were differentially
regulated in a rat stroke model. Hence, we investigated the role of Piwi in regulating the
activation of microglia. Our data showed that inflammatory signals could strongly induce the
expression of Piwil4 in murine BV-2 cells, a microglial cell model. The induced Piwil4 protein
was mainly localized in the cell nucleus. In the loss-of-function assays, we detected a significant
decrease in the LPS-induced expression of pro-inflammatory genes. On the other other hand,
some anti-inflammatory and wound healing factors were upregulated by Piwil4 knockdown. In
addition, we also observed that in LPS-treated microglia, the depletion of Piwil4 led to decreased
production of reactive oxygen species and nitric oxide, both of which not only eliminate
pathogens but also damage healthy nerve tissue if not contained properly. Accordingly, when
dopaminergic neuronal cells were exposed to conditioned medium collected from Piwil4-
depleted LPS-activated microglia, less cell toxicity and death were observed. We further found
that Piwil4 could regulate the nuclear accumulation of NF-kB and its chromatin binding to target
genes. In addition, the activation of p38 MAPK, as well as JNK, was also affected by Piwil4
knockdown. As a result, the AP-1-regulated gene expression could be attenuated. Hence, our
study reveals that Piwil4 can modulate microglial activation at the transcriptional level,
providing a novel strategy to fight against chronic inflammation in neurodegenerative diseases.
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Title: Brain-derived neurotrophic factor promotes a neuroprotective phenotype in microglia
during stress or inflammation
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Abstract: Both chronic stress and peripheral inflammation reduce expression of brain-derived
neurotrophic factor (BDNF) in the brain and may contribute to depression. We have previously
observed that BDNF deficient (BDNF ") mice are more susceptible to both inflammation- and
stress-induced depressive-like behaviors. In both cases, BDNF ™~ mice exhibited a significantly
greater shift in kynurenine metabolism toward overproduction of neurotoxic metabolites when
compared to wild type (WT) controls. BDNF"" mice also failed to up-regulate the anti-
inflammatory cytokine interleukin-10 (IL-10) after stress when compared to WT controls. We
aimed to investigate whether BDNF is directly involved in the cellular regulation of these
neuroinflammatory factors in the context of stress or immunological challenge. Because
microglia are the principle cells responsible for neurotoxic metabolism of kynurenine within the
brain, we first sought to determine whether BDNF directly regulates microglial expression of
kynurenine pathway enzymes. BV-2 mouse microglial cells were treated with vehicle or
corticosterone (CORT, the major hormone involved in stress responses) in the presence or
absence of BDNF in order to model the effects of stress in BDNF competent or deficient
conditions. After 6h, CORT increased microglial kynurenine monooxygenase (KMO) expression
with and without BDNF. However, after 24h, BDNF treatment reduced indoleamine-2,3-
dioxygenase (IDO) expression in CORT-treated microglia. This pattern of expression in response
to CORT and BDNF suggests that BDNF reduces the activity of the KP in microglia. In similar
experiments aimed to address the role of BDNF regulation of microglia under inflammatory
conditions, BV-2 microglia were treated with vehicle or lipopolysaccharide (LPS, an
inflammatory stimulus) in the presence or absence of BDNF. BDNF treatment reduced LPS-



induced expression of microglial pro-inflammatory cytokines tumor necrosis factor-o (TNFa),
interleukin-1p (IL-1P), and the activation marker ionized calcium-binding adapter molecule-1
(IBA1). Importantly, BDNF treatment increased microglial IL-10 expression after exposure to
LPS. These data suggest that BDNF modulates the metabolic and inflammatory responses of
microglia, which may be involved in conferring vulnerability/resilience to stress- or
inflammation-induced psychiatric disorders.
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Abstract: Microglia, the resident immune cells of the central nervous system (CNS), have
recently been demonstrated to have a central role in a number of aspects of neural development,
including cell proliferation, neurogenesis, synaptogenesis and programmed cell death. Microglial
function in the foetal brain has been shown to be sensitive to environmental insults with some
suggesting a link with neurodevelopmental defects. Of the environmental insults, maternal
immune activation (MIA) has been repeatedly associated with the pathogenesis of several
neurodevelopmental conditions in the offspring. We thus hypothesized that microglia could be
involved in neuronal and behavioural defects in the offspring that have been exposed to MIA. In
addition to the type and severity of infection, the stage of embryonic development is a significant
factor in this hypothesis and to test the signfiicance of this we decided to target a very early stage
of gestation, namely the time when microglia first migrates to the fetal brain. Microglial
precursors originate from the yolk sac and invade the brain very early (Embryonic day (E) 9.5) in
the developmental process. In the present study, we tested the effect of an immune challenge
(lipopolysaccharide, LPS) at E9.5 on the microglial migration process conducting a combination
of molecular (gene expression), imaging (two-photon, confocal imaging and 3D reconstruction)
and a battery of behavioural approaches. The disruption of early microglia migration by maternal



inflammation resulted in dysfunctional microglia and subsequent neuronal and behavioural
defects in offspring. Our results will contribute to our understanding of the role of microglia in
early prenatal infection on later-life behavioral deficits.
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Title: Measurements of hydrogen peroxide in line and their change by hypoxia and microglia
modulation
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Abstract: Hydrogen peroxide (H,0O,) is a prominent member of the Reactive Oxigen Species
(ROS) family, which can be produced and or release by different cell-types. Episodes of
hypoxia, and the subsequent reoxygenation, result in the accumulation of ROS and the induction
of oxidative stress. These hypoxic conditions can promote the increase of extracellular H,O,
concentrations. On the other hand, microglia can modulate circuit activity and the response to
hypoxic events. Thus, dynamic measurements of H>O, concentrations are a valuable tool for the



understanding of microglia function during hypoxia. In this study, we developed a new technique
for measuring H,O, concentration in brainstem slices with one second resolution. This method
consists of mixing the extracellular fluid obtained from the brainstem slices with an enzymatic
reactor composed by horseradish peroxidase and Amplex UltraRed, which generates a derivate
(resorufin) that fluoresces at 590 nm when excited at 560 nm. Resorufin excitation was induced
with a laser beam whereas the fluorescence intensity was determined with a photomultiplier. By
this procedure the fluorescent signal intensity was proportional to H>O, concentration. Our data
show that both hypoxia and microglial-activation with lipopolysaccharide (LPS) increase
extracellular H,O, concentration. When microglia is activated by LPS (500 ng/ml), the H,O»
concentration increased dramatically to 18.3+0.5 uM, compared to baseline levels which were
1.6+£0.4 uM. This increase lasted as long as LPS was present in the bath and did not return to
normal levels upon the application of Minocycline (30 uM; a microglial inhibitor; 17.8+0.6 uM).
However, when Minocycline was administered as pretreatment, LPS-induced microglia
activation produced a reduced release of H,O,, only reaching a concentration of 4.7+1.7 uM. On
the other hand, hypoxic conditions sustained for 15 consecutive minutes produced an increased
in H,O, concentration of 5.0+0.3 uM, whereas during reoxygenation the H,O, concentration
remained elevated at 5.6+£1.0 pM. Interestingly, this increase produced by transient hypoxia
lasted for at least 90 minutes.Pretreatment with Minocycline, 60 minutes before hypoxia, reduces
by 64% the increase in H>O, concentration during hypoxia (1.8+£0.6 uM) but only by 17% during
reoxygenation (4.65+0.2 pM). Interestingly, Minocycline reduced H,O; concentration by itself.
These data support the use of this technique for the determination of H,O, release from microglia
with high temporal resolution, in vitro. Furthermore it would allow to correlate changes in neural
function with the release of this ROS, both under normal and pathological conditions.

Disclosures: K. Pardo-Peiia: None. F. Pefia-Ortega: None. A. Morales-Villagran: E.
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Title: Effects of early life infection and iron deficiency upon neurodevelopment in the neonatal
piglet
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Abstract: During the postnatal period the developing brain is vulnerable to insults including
nutrient insufficiency and infection that may lead to disrupted development and cognitive
dysfunction. Iron deficiency (ID) is the most common micronutrient deficiency worldwide.
Pregnant women and young children are most vulnerable to ID. Iron is a necessary cofactor for a
variety of biological processes in both the immune and neurodevelopmental domains, including
synthesis of lipids for myelination and meeting the metabolic demands of the growing brain.
Since ID and the associated anemia often presents with immunodeficiency, the objective of this
study was to investigate negative impacts on neurodevelopment, microglial phenotype and
immune function manifested by early life ID coupled with respiratory infection using a neonatal
piglet model. On postnatal day 2 (PD 2) piglets were divided into four groups, and fed either
control or ID milk replacer. Piglets were inoculated with either vehicle or porcine reproductive
and respiratory syndrome virus (PRRSV; P-129) on PD 8. Baseline blood samples were collected
prior to inoculation (PD 7) and repeated once weekly. Rectal temperatures, feeding score and
sickness behaviors were measured daily until piglets were sacrificed on PD 28 for tissue
collection. Hematocrit and hemoglobin were reduced by ID but not PRRSV infection. Both
groups of PRRSV infected piglets displayed increased serum viremia on PD 14. However,
PRRSYV piglets fed control diet displayed decreased viremia on PD 21 and PD 28, while those
fed an ID diet displayed similar viremia throughout, suggesting that ID impaired immune
function necessary for viral clearance. Similarly, ID piglets infected with PRRSV initially
displayed reduced sickness behavior score compared to those fed control diet, which
progressively worsened while PRRSV piglets fed control diet displayed improved sickness score
after PD 20. Brain weight was reduced by PRRSV infection but not ID. Primary microglia
isolated from brain displayed increased MHCII expression and phagocytic activity in PRRSV
infected piglets compared to uninfected piglets. However, ID did not impair microglial MHCII
expression or phagocytosis. Taken together, these data suggest that ID decreases peripheral
immune function leading to decreased viral clearance, but immune activity in the brain is
protected from acute ID. Future areas of inquiry for this project include evaluating microglial
cytokine production and gene expression in the context of ID and PRRSV infection, especially
genes pertaining to glycolytic and oxidative metabolism, a key difference between pro-
inflammatory (M1) and pro-resolving (M2) phagocytes.
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Abstract: We have previously documented that the deletion of the prostaglandin E2 (PGE2) EP1
receptor undermined microglial phagocytosis in vivo. However, the related mechanism still
remains unknown. CD36 is a type II scavenger receptor that mediates microglial phagocytosis.
Moreover, it was reported that microglial CD36 contributes to hematoma clearance after
intracerebral hemorrhage (ICH). In this study, we sought to identify the effects of two EP1
receptor agonists on phagocytosis and CD36 receptor recycling in microglial cultures.

The EP1 agonists 17-phenyl trinor-PGE2 (17-pt-PGE2) and ONO-DI-004 were used in our study
to treat mouse primary microglial cultures. Fluorescent latex beads or CFSE-labeled red blood
cells (CFSE-RBCs) were added to microglial cells at a concentration of 10 beads/RBCs per cell
for live-cell imaging. Immunocytochemistry was also performed with antibodies against ionized
calcium-binding adapter molecule 1 (Ibal, a microglial marker). Furthermore, we analyzed
CD36 receptor recycling in primary microglial cells by using an established receptor recycling
assay.

The primary microglial cells were incubated with fluorescent latex beads and treated with the
EP1 agonist 17-pt-PGE2 for 120min. We found that 10uM of 17-pt-PGE2 significantly increased
the number of attached beads to microglial cells from 40 to 120min of incubation. Furthermore,
we analyzed CD36 receptor recycling using an established receptor recycling assay and the
quantitative results showed that 10uM of 17-pt-PGE2 treatment markedly increased the positive-
staining area of recycled CD36 receptor in microglial cells. We then treated primary microglial
cells with another EP1 agonist, ONO-DI-004, for 120min at the concentration of 5 and 10uM,
respectively. The fluorescent area of CFSE-RBCs after ice-cold PBS washing was markedly
increased with 10uM ONO-DI-004 treatment. In the live-cell imaging experiment, 10uM of



ONO-DI-004 treatment also significantly increased the number of attached CFSE-RBCs to
microglial cells from 25 to 60min of incubation.

Together, this study demonstrates that the PGE2 EP1 agonists 17-pt-PGE2 and ONO-DI-004 can
promote microglial phagocytosis in vitro and that enhanced CD36 receptor recycling could
mediate these effects.
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Abstract: Translocator protein 18 kDa (TSPO) is a glial protein that is extensively used as a
biomarker of neuroinflammation. We have previously shown that TSPO ligands (TSPO-L)
induce cellular functions in microglia consistent with an activated state, suggesting an important
role of TSPO in the inflammatory response to brain injury. In particular, exposing microglia to
TSPO-L (1-100 nM) induces ROS production that can be abrogated by NADPH oxidase (NOX)
inhibitors, suggesting an association between TSPO and NOX, a multi-subunit enzyme that is
highly enriched in microglia and is a major source of ROS in the CNS. To further elucidate the
relationship between TSPO and NOX, we determined the source of ROS production resulting
from microglia exposure to TSPO-L. Intracellular and extracellular ROS production was
inhibited by NOX inhibitors, but not by a mitochondria permeability transition pore inhibitor,
indicating that the source of ROS production is from NOX and not from mitochondria. These
findings were confirmed using the mitochondria specific ROS probe MitoSOX. To assess if
TSPO and NOX are interacting, we performed co-immunoprecipitation experiments. The results
indicate that gp91phox and p22phox co-immunoprecipitated with TSPO supporting a functional
protein-protein interaction. Our findings provide novel insight on the potential function and
subcellular localization of TSPO in microglia. To further explore the subcellular localization of
TSPO, we performed triple-label immunofluorescent confocal imaging of TSPO with the



mitochondrial protein VDAC and the principal NOX subunit gp91phox, both of which revealed
significant colocalization. We are currently confirming our results using immuno-EM labeling.
Together our findings suggest a novel interaction of TSPO with NOX in primary microglia with
significant implications for a new understanding of TSPO glial cell biology and for the
development of therapeutic strategies [supported by NIEHS grant ES007062 to TRG].
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Abstract: Autophagy have a critical role in many process, including elimination of
dysfunctional organelles, repair mechanism and programmed cell death. Reactive Oxygen
Species (ROS) which is one of the autophagy inducer is not clearly elucidated in microglia. In
this study, we demonstrated that mitochondrial ROS which was induced by mitochondrial fission
can promote autophagy in microglia. Moreover, inhibition of mitochondrial fission or
mitochondrial ROS could downregulates the formation of autophagosome. Notably, regulatory
effect between mitochondrial ROS and autophagy is mediated by only p62 not LC3B. Taken
together, these results suggest that the increased autophagy induced by LPS can be decreased by
inhibition of mitochondrial ROS through downregulation of p62. Our results indicate that
concrete regulatory effect between mitochondrial ROS and autophagy in microglia.
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Abstract: Overlap between Alzeimer’s disease (AD) and epilepsy is becoming widely accepted.
Going in line with the evidence of co-occurrence of both conditions in human patients, a number
of transgenic AD mouse models were shown to have spontaneous epileptiform discharges,
disturbed rhythmic activity or higher sensitivity to seizure inducing drugs. We used unilateral
intrahipocampal injection of kainic acid to mimic temporal lobe epilepsy in a familial AD mouse
model. In the hippocampus, kainic acid-mediated induction of an epileptic focus causes
progressive neurodegeneration of CA1 pyramidal cells, granule cell dispersion and non-
convulsive recurrent seizures that persist for months. Adult ArcticAbeta mice, that overexpress
human APP with Arctic and double Swedish mutations showed increased sensitivity to kainic
acid in comparison to the wild-type controls. Increased mortality of the transgenic mice was
observed in the first few weeks after the injection. Adult neurogenesis was previously implicated
in the epileptogenesis and was separately shown to be affected in familial AD mouse models. We
studied adult neurogenesis in ArcticAbeta mice to understand their sensitivity to kainic acid.
Adult transgenic mice had increased rate of cell proliferation and reduced cell survival in the
subgranular zone of the dentate gyrus. Adult born neurons in ArcticAbeta mice were shown to
have decreased number of dendritic spines and reduced dendritic branching during maturation.
Those findings are another set of evidence showing that adult neurogenesis can be affected by
the overexpression of mutated forms of APP. In addition to other factors (see Tilo Gschwind’s
poster) those changes in adult neurogenesis could contribute to the epileptogenesis in AD-mice.
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Abstract: The most prevalent age-related dementia, Alzheimer’s disease (AD), causes synaptic
dysfunction and neuronal reorganization, along with a chronic neuroinflammation. These
features are similar to those seen in temporal lobe epilepsy (TLE). As observed in AD patients,
marked variations in cognitive performance can occur due to undetected epileptic seizures of
limbic origin.

The aim of this study is to investigate how a genetic predisposition for AD affects
epileptogenesis in an animal model for TLE. For this purpose, transgenic mice overexpressing
human APPgye arc (arctic AP mice; a model of familial AD) were injected with kainic acid (KA)
into the dorsal hippocampus to induce an epileptic focus, which leads to local inflammation and
non-convulsive spontaneous recurrent seizures. Intrahippocampal electrodes were implanted to
characterize seizure activity after KA injection. Neurodegeneration, loss of interneurons, axonal
sprouting, endothelial inflammation as well as activation of innate and adaptive immune cells
were assessed immunohistochemically to determine the contribution of inflammation and
immune responses on the histopathological alterations caused by KA-injection. The acute effect
of KA on hippocampal circuitry was analyzed using a combination of local field potential and
whole cell patch clamp recordings in acute hippocampal slice.

Compared to wildtype littermates, AD transgenic mice exhibit a much higher vulnerability
towards KA, in vivo and in slices. The causal investigation for this phenotype unraveled a
possible link between AD-like pathology and epilepsy.
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Abstract: Severe degeneration of Locus Coeruleus noradrenergic (NA) neurons has been
reported in Alzheimer’s Disease (AD), and loss of noradrenergic tone may contribute to
progression of pathology, neuroinflammation and cognitive dysfunction. Beta adrenergic
receptors (ADRB1 and ADRB2) on neurons, microglia and astrocytes modulate learning and
memory, regulate neuroinflammation and govern compensatory and protective mechanisms for
neuronal function and survival. Pharmacological and genetic disruption of noradrenergic tone
has been shown to exacerbate amyloid beta deposition, markers of neuroinflammation, and
behavioral deficits in mouse models of AD. We have previously implicated acute activation of
ADRBI in restoration of cognitive deficits in mouse models of AD. In a series of studies we
aimed to determine effects of chronic low level activation or antagonism of the ADRB1 receptor
on behavioral, pathological, and neuroimmune endpoints in mouse models of AD. Using
selective beta-adrenergic pharmacology in a transgenic model in which mice express a mutated
form of human amyloid precursor protein, transgenic and wildtype male mice were chronically
dosed with vehicle or with either a selective ADRB1 partial agonist, xamoterol (0.3-1.0 mg/kg
daily s.c. injection) or a selective ADRBI1 antagonist, metoprolol (5 mg/kg daily s.c. injection).
Mice were dosed for approximately 3 months and run through a series of behavioral tests during
the last 6 weeks of dosing (Activity Chamber, Y-maze, Morris Water Maze, and Fear
Conditioning). At conclusion, plasma was collected and brains were perfused with saline and
hemi-brains were flash-frozen or paraformaldehyde-fixed for neurobiological analyses. Chronic
dosing with a selective ADRB1 partial agonist, xamoterol, improved and metoprolol impaired
contextual fear conditioning. Chronic dosing with metoprolol exacerbated deficits in spatial
learning in transgenic mice. Modulation of ADRB1 altered amyloid beta pathology and
modulated indices of neuroimmune activation (microglia/macrophage immunoreactivity, and
immune-related mRNA and protein expression). These data support the hypothesis that ADRB1
activation regulates pathology and cognitive function in mouse models of AD and may do so by
modulating neuroimmune function.
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Abstract: Vascular health is correlated to the incidence and severity of Alzheimer’s disease
(AD). In mouse models of AD (APP/PS1) we tested the hypothesis that occlusions of the
microvasculature could alter amyloid-beta (Af) accumulation using in vivo time-lapse
multiphoton microscopy of amyloid plaques and vasculature. We found that femtosecond laser-
induced occlusions in single capillaries or small arterioles beneath the brain surface generated a
shift in the type of AP deposits observed over the period of one week. For larger pre-existing
plaques, occlusions caused an increase in the intensity of AP labeling with methoxy-X04 (labels
fibrillar AB, Fig. a). We then varied the types of microvascular lesions to confirm that these
results were not artifacts of our laser-induced lesion model. We used photothrombosis with
intravenously-injected rose bengal to occlude several arterioles and capillaries in a region (Fig.
b). This larger injury demonstrated a similar increase in labeling intensity in pre-existing plaques
after injuries. Some plaques also disappeared after the lesion. This suggests that “diffuse”
plaques can turn into to dense plaques, potentially explaining the observation of both types of
plaque in humans and animals. These results suggest that microvascular lesions can alter the
deposition and clearance of AP and confirm that AP plaques are not static, but can change in
response to vascular lesions.
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Title: Investigating the effects of hypertension on a transgenic model of Alzheimer disease
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Abstract: Characterizing the role of hypertension in neurodegeneration could have important
clinical implications and may be crucial for the study of Alzheimer disease (AD) etiology.
Neurovascular pathology, which can result from systemic vascular disease, disrupts CNS
proteostasis and can lead to AD. Inflammation, BBB dysfunction, and neurovascular uncoupling
have all been proposed as mechanisms by which neurovascular pathology can disrupt CNS glia
and neurons, but it remains to be resolved whether hypertension can cause these pathogenic
processes. We hypothesize that hypertension can increase inflammation, astrogliosis, and BBB
breakdown in a transgenic rat model of Alzheimer disease, and initiate cognitive impairment.
This transgenic strain of Fischer 344 rats (TgF344) overexpresses mutant amyloid precursor
protein with Swedish and Indiana mutations but does not develop overt pathology; this presents a
model that can be used to test whether hypertension can induce early stages of AD-related
changes. The TgF344 rats received 8 weeks of continuous angiotensin II (Ang-II) infusion by
subcutaneous osmotic minipump to induce hypertension. Control groups for strain and Ang-II
were also studied (n=13-15). Elevated blood pressure impaired both wildtype and transgenic rats
in delayed match-sample testing in the Morris Water Maze, with a trend of greater impairment in
the transgenic strain. Brain tissue cross-sections were analyzed for activation of microglia,
astrogliosis, and vascular associated pathology. Tissue analysis indicates that the transgenic
strain has increased activation of microglia in white matter which is further exacerbated by
hypertension. Spontaneous neuropathology has not been previously reported in the transgenic
strain, but increased microglia activation suggests the presence of abnormal white matter
inflammation. White matter pathology may account for the greater cognitive effect that
hypertension had on the transgenic group. These findings prompt further investigation of the
pathological interaction between elevated blood pressure and overexpression of the mutant
human amyloid precursor protein.
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Abstract: There is a strong clinical correlation between Alzheimer’s disease (AD) and
microvascular disorders. In mouse models of AD, our lab has found blood flow dysfunction in
brain capillaries, suggesting the need to study the function of vascular networks at the capillary
level. However, the ability to deliver blood flow continuously to all neurons also depends on
connections between vessels, requiring that we also characterize the topology of brain vascular
networks. Here, we use graph theory and topological metrics to characterize the connectivity of
brain capillary networks in AD and control mice.

We imaged cortical vascular networks using in vivo two-photon excited fluorescence microscopy
in APP/PS1 (AD) and littermate, wild type (WT) mice (3 mice per group; ~1,100 vessels per
mouse; Fig. a). Then, we represented the vascular network using graphs in which individual
vessels are defined by the path they take through the tissue and their connections to other vessels
(Fig. b).

Two metrics suggested interesting differences between WT and AD mice. The average shortest
path length is the mean of the smallest number of vessel segments that joins all pairs of vessel
junctions. In AD animals this metric was 10.5 = 0.6 vessels (mean + standard deviation), which
was just 8% lower (p = 0.07, t-Test) than in WT animals (11.4 £ 0.7 vessels). The average
clustering measures the tendency of vessels in the network to group together; higher numbers
imply that vessels and their neighbors have more connections to each other. In AD animals this
metric was 37% (p=0.09) lower than WT animals. This metric is related to the redundancy of
networks connections, which enables the vascular system to maintain blood supply even with
occluded vessels, suggesting that capillary networks in AD mice are less connected and
redundant than in WT animals.

In order to study how the brain blood flow is affected during the progression of AD, we
developed a novel formalism to compare and describe the differences in the brain capillary
vascular networks.
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Abstract: We have shown that TRAIL, a proapoptotic cytokine belonging to the TNF
superfamily, is a potent inducer of neuronal death in animal models of Alzheimer's disease (AD).
TRAIL effects appear mediated by its death receptor, mouse TRAIL-receptor (TRAIL-R), also
known as mouse death receptor 5 (DRS5). In fact, immunoneutralization of TRAIL results in
restored cognitive behavior, as well as in silencing of an array of inflammatory molecules in the
AD 3x transgenic mouse brain. To further dissect the role of the TRAIL system in the AD



neuroinflammatory setting, we employed Trail-r-deficient mice. In initial in-vitro experiments,
we analysed the impact of treatment with amyloid-beta (AB) as compared to TRAIL on survival
of dispersed Trail-r-deficient embryonal hippocampal cells. Subsequently, we evaluated the
expression of TRAIL, TRAIL-R and markers for microglia and astrocytes in hippocampi of
animals following stereotactical treatment with fragment 1-42 of AB. Hippocampal cells from
Trail-r-deficient mice showed significant resistance to death induction by both AB 1-42 or
TRAIL as compared to cells Trail-r-proficient mice. Immunofluorescence experiments
performed on brains indicated that activation of microglia (Iba-1) and astrocytes (GFAP) was
blunted following stereotactical treatment of Trail-r-deficient mice with AB 1-42. Consistently,
TRAIL immunoreactivity was absent in the same animals. Moreover, western blot analysis of
hippocampal homogenates from Trail-r-deficient mice treated with AB, showed decreased
expression of IL-1, as well as of the phosphorylated form of tau protein, along with reduced
activation of caspase-3. Together, these results show that the lack of TRAIL-R is associated with
a dramatic reduction of detrimental effects of AB, providing genetic evidence that TRAIL
released during neuroinflammatory processes plays a major role in AB-induced neurotoxicity in
the mouse. On the basis of these results the TRAIL system may be envisioned as a potential
candidate for therapeutic intervention in AD.
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative process involving amyloid-f (AB)
peptide deposition and progressive memory loss. Bexarotene, a retinoid X receptor (RXR)



agonist, has been proposed as a promising therapy for AD, resolving both the amyloid pathology
and memory loss. Despite the first compelling report (Cramer et al., Science 335:1503-1506,
2012), however, multiple failures have been documented (Landreth et al., Science 340:924-g,
2013), raising concern about whether RXR agonist could in fact become a novel disease-
modifying strategy for AD. To help clarify this, we first investigated the effect of specific RXR
pan agonist HX630 in APP23 transgenic mice. Oral administration of HX630 to the 8.5-month-
old APP23 mice (5 mg/kg/day, for 17 days) did not achieve any significant memory
improvement, or brain A reduction. In contrast, oral co-administration of HX630 (5 mg/kg)
with retinoic acid receptor (RAR)a,p agonist Am80 (tamibarotene, 0.5 mg/kg) for 17 days
significantly improved memory deficits (Morris water maze) in APP23 mice and reduced the
level of insoluble AP peptide in the brains. Am80 alone produced no effect. These results thus
indicate that effective memory improvement via reduction of insoluble A peptide in 8.5-month-
old APP23 mice requires co-activation of RARa,[ and RXRs. It is suggested by our group that
higher dose of bexarotene binds to RXR in RAR-RXR heterodimer and enhances RAR signaling.
The effect of bexarotene by combinational administration with Am80 in APP23 mice, is under
investigation.
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Abstract: Introduction: Dementia is a term that encompasses various types of neurodegenerative
diseases of the brain that cause a gradual decline in mental abilities. Loss of cholinergic neurons
in the brain cholinergic system including the hippocampus is a hallmark of many dementia cases.
In this study, we report the therapeutic effects of administration of human placenta-derived
mesenchymal stem cells (pMSCs) in dementia model Sprague-Dawley (SD) rats using two
different cell injection methods: intracerebroventricular (ICV) and intravenous (IV) injections.
Methods: Dementia modeling was carried out by intraventricular injection of 192 IgG saporin,
which causes lesion of cholinergic neurons. Fifty male SD rats were divided into four groups:
normal (n=9), lesion (n=9), ICV (n=12) and IV (n=12). All rats were then subject to Morris
water maze test and subsequent immunostaining analyses using markers for human cytoplasm,
acetylcholinesterase (AChE), choline acetyltransferase (ChAT) and microglial cells at the
hippocampus.

Results: Lesioned rats showed poor performance in the Morris water maze test compared to the
normal rats. Both ICV and IV pMSC administration allowed significant cognitive recovery
compared to the lesioned rats. AChE was also significantly recovered back to normal levels at
the hippocampus in rats injected with pMSCs post-lesion. ChAT did not co-localize with
pMSCs, showing that pMSCs did not directly differentiate into cholinergic cells. Stem cell count
showed a significantly greater number of pMSCs at the hippocampal dentate gyrus in IV group
rats compared to ICV group rats. Number of microglial cells increased in lesioned rats, and was
significantly reduced back to normal levels after pMSC injection.

Discussion: Our results demonstrate that injection of pMSCs facilitates recovery of cholinergic
neuronal population and function, as well as cognitive behavior. The mechanism through which
such recovery happens does not seem to be direct differentiation of injected pMSCs into
cholinergic neurons, but rather seems to be through paracrine effects that resemble microglial
function. Further research will be necessary for elucidation of the exact mechanisms involved
and establishment of optimal parameters for successful cell homing.
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Abstract: Microglia play a pivotal role in the initiation and progression of Alzheimer’s disease
(AD) by either clearing amyloid-p (AP) deposits or releasing cytotoxic substances in response to
activation by various stimuli including AP aggregates such as oligomer (ABO). We here propose
microglial KCa3.1 channels as a novel pharmacological target for curbing the harmful effects of
Ap-activated microglia. In the forebrain, KCa3.1 is predominantly expressed in microglia, where
its activation by cytoplasmic Ca®" provides the driving force for further Ca** entry, thus
modulating Ca*" signaling and microglial activation. KCa3.1 has been shown to be involved in
oxidative burst, nitric oxide (NO) production, and microglia-mediated neuronal killing. We
previously reported that ABO-induced microglial activation and microglial neurotoxicity in vitro
required KCa3.1 activity and could be inhibited by the specific KCa3.1 blocker TRAM-34 (J
Biol Chem 286:3693, 2011). To further investigate the potential of KCa3.1 inhibition for AD
therapy, we generated the following lines of evidence: (1) A seven-day course of intraperitoneal
TRAM-34 (40mg/kg/day) inhibited microglial activation induced by intrahippocampal injection
of ABO in rats. (2) A three-week course of TRAM-34 administration to mice with induced AP
accumulation improved their performance in a hippocampus-dependent novel objection
recognition task to the control level. (3) TRAM-34 prevented APO-induced reduction of
hippocampal long-term potentiation (LTP), an effect related to the ability of TRAM-34 to reduce
microglial production of NO and IL-1. (4) TRAM-34 did not affect the ability of microglia to
phagocytose ABO. (5) Microglial KCa3.1 expression was upregulated in the brains of 5xFAD
mice and patients with AD. For future clinical development, we resynthesized senicapoc, which
is orally available, structurally similar to TRAM-34, and was shown to be safe and well tolerated



in Phase-2 and Phase-3 clinical trials for sickle cell anemia. We found that senicapoc had
excellent brain permeability with a Cpp,in/Cplasma Value about 6 in mice and rats. Senicapoc
inhibited ABO-induced microglial activation and microglial neurotoxicity similar to TRAM-34,
and mitigated microglial activation in vivo in 5xFAD mice when it was administered by
medicated diet for six months. Senicapoc-treated SXFAD mice also showed hippocampal LTP
indistinguishable from that of wild-type mice. Taken together, these observations support that
KCa3.1 is a potential therapeutic target for AD.
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Abstract: Microglia are a type of resident brain immune cells, which are neuroprotective by
phagocytosing beta-amyloids (Abeta), secreting growth factors and anti-inflammatory cytokines
in Alzheimer’s disease (AD), whereas their chronic activation leads to the secretion of
proinflammatory mediators that cause neurodegeneration. However, it has been challenging to
study the impact of microglia contribution on AD pathogenesis due to lack of relevant human
cellular models. Here, we propose a 3D human AD brain model based on a novel microfluidic
device that makes it possible to co-culture human AD neuron cells and human microglia in a 3D
microenvironment. Human neural stem cells, which were genetically engineered to overexpress
FAD-related genes, were grown in a Matrigel-filled central chamber up to 9 weeks and generated
an AD pathogenic signature, including excessive accumulation of pathogenic Abeta species.



Immortalized adult human microglia cells were co-cultured for a week in an angular chamber
connected to the neuronal central chamber and their interaction were monitored in a real-time
and at a single cellular resolution. Using this unique 3D oranotropic culture system, we found
that microglial recruitments toward 3D AD cultures are robustly elevated (~10 fold) as compared
to control wild-type 3D cultures. The elevated migratory activity was proportional to the levels
of pathogenic Abeta species. Notably, AD neuron signaling impacted broadly on microglial
immune responses by inducing more chemokines: CCL2 (2.1-fold), CCL5 (26-fold), CXCL10
(2.6-fold), CXCLI12 (1.2-fold) compared to normal neurons, and leukocyte growth factors: GM-
CSF, G-CSF, which were not induced by normal neurons. Furthermore, we observed increases in
neuronal loss in 3D AD cells with microglial cells as compared to the control cells or to AD cells
without microglial cells. Finally, we also found increases in cytokine levels including IL-1beta
(2.1-fold increase) and caspase-3 activation on AD neurons only in the case of co-culturing with
9-week differentiated AD neurons. Taking together, these clearly demonstrate that our AD brain
model is a valid AD cellular model particularly in recapitulating microglia-neuron interaction.
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Abstract: Alzheimer’s disease (AD) is the leading cause of dementia. AD is accompanied by a
~30% reduction in cerebral blood flow in both patients and mouse models, which likely
contributes to the cognitive decline and pathology. No physiological explanation for the blood
flow deficit has emerged.

We have shown that there is a five-fold elevation of the number of stalled capillaries with no



blood flow (to 1.6%) in a mouse model of AD (APP/PS1) as compared to age-matched controls.
The majority of these capillary stalls were caused by neutrophils adhered to the endothelium.
Administration of antibodies that reduce neutrophil adhesion (anti-Ly6G) led to a ~60%
reduction in the number of stalled capillaries and a ~40% increase in blood flow in penetrating
arterioles within minutes, while isotype control antibodies had no impact.

To determine the cognitive impact of improving blood flow, we performed behavioral assays that
assess cognitive and motor function after acute (3h and 24h after one dose) and chronic (after 4
weeks of injection) treatment with anti-Ly6G or isotype control antibodies (IP, 2mg/kg mouse
weight) in ~11-month old AD and wildtype mice (n = 10 per group). To measure short-term
memory we used object replacement (OR), Y-maze, and novel object recognition tests. In the
OR task, we found that after a single treatment memory function was significantly improved in
AD mice to near wildtype levels (see Fig; 2-way ANOVA and Wilcoxon post-hoc test; 3h ADy
vs. 3h AD¢y p= 0.02). These results were even more pronounced after chronic treatment for 4
weeks (see Fig; 4 weeks AD1y vs. 4 weeks AD¢y, p= 0.01). We found similar improvement in the
Y-maze and novel object tasks. In contrast, motor function/coordination deficits in AD mice
were not improved by anti-Ly6G therapy (as assessed by open field and balance beam walk).

In conclusion, treatment with anti-Ly-6G antibodies significantly improved impaired cognitive
function in AD mice, thus strengthening the hypothesis that stalled blood flow in capillaries
contributes to cognitive decline in AD.

Spatial memory improves after Ly-6G treatment
in the object replacement task.
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Abstract: PV neurons are critically involved in information processing, memory and cognition,
and dysfunction of these interneurons is observed in both aging and AD. We previously reported
that aging produces a decrease in the number of PV neurons throughout hippocampus and frontal
cortex, and demonstrated this was mediated by inflammatory induction of the innate immune
enzyme, NADPH oxidase. However, the mechanism whereby Nox activation led to PV neuron is
unclear. Nox has been shown to inhibit autophagy, and we recently observed ineffective
autophagy in aging brain. Here we asked whether age-related PV neuron loss might reflect
vulnerability to impaired autophagy. We in fact found a significant loss of PV-immunoreactive
fibers in areas where autophagy protein aggregates were observed. These aggregates included
p62 and lamp1, and often contained PV. We also noted loss of GAD67 immunoreactivity
associated with the same autophagy aggregates. GAD67 is the inducible GAD found in PV
interneurons, further support the idea that ineffective autophagy may be damaging PV
interneurons. Other inhibitory and excitatory neuronal types appeared to be spared. We then
asked why PV interneurons might be selectively targeted. PV interneurons are arguably the most
metabolically active neurons in brain, are enriched in mitochondria to support their high
metabolic demand, and are vulnerable to hypoxia and other metabolic stressors. Thus, PV
interneurons likely recycle mitochondria at an enhanced rate, relying on mitophagy for this. We
found that the mitophagy proteins parkin and pink1 colocalized with PV process, and further
observed structures which contained partially degraded mitochondria, which were PV
immunoreactive on the exterior. Based on our published data and the above results, we propose
that inflammatory stress and Nox induction works in concert with the high metabolic load
(metabolic stress) that PV interneurons experience, to impair mitophagic clearance of damaged
mitochondria. Ineffective mitophagy then further impairs metabolism in these neurons, making
them more susceptible to local autophagic injury, possibly from their own mitophagic cargo.
This could provide a link between inflammation, impaired autophagy-mitophagy, and
vulnerability of PV neurons to aging.
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Title: Stalled blood flow in brain capillaries is responsible for reduced cortical perfusion in
mouse models of Alzheimer’s disease
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Abstract: A ~30% reduction in cerebral blood flow is observed in patients and animal models of
Alzheimer’s disease (AD). Although this hypoperfusion likely contributes to cognitive
impairment and disease progression, no physiological explanation for this phenomenon has
emerged. We observed that leukocytes often plug capillaries in the brains of AD mouse models,
effectively stopping blood flow in the smallest brain blood vessels. Here, we tested the
hypothesis that these leukocytes plugs are the cause of the overall blood flow reduction.

Using in vivo two-photon excited fluorescence imaging in transgenic AD mice (APP/PS1), we
found that 1.6% of brain capillaries had stalled blood flow compared to 0.3% in age-matched,
littermate controls (AD n=28 and wild-type n=12; p<0.0001, Mann-Whitney). This capillary
stalling occurred early in disease progression, before deposition of amyloid plaques. Using in
vivo labeling approaches, we determined that ~60% of the capillary stalls were caused by
leukocytes. We found that administration of antibodies against the neutrophil receptor Ly-6G
(1AS8 clone) reduced the fraction of capillaries with stalled flow by 63%, while isotype control
antibodies did not impact the stalls (AD1x n =9, AD¢y n= 6; p = 0.0004, Mann-Whitney; Fig
1A). Blood flow in penetrating arterioles increased by 40% after anti-Ly-6G treatment in both 3-
4 month old (p <0.001, Kruskal-Wallis test with Dunns multiple comparisons correction) and



11-14 month old AD mice (p < 0.001), while isotype antibodies led to no change in flow speed
(Fig 1B). Anti-Ly-6G treatment had no impact on blood flow speed in 3-4 month old wildtype
mice.

Brain hypoperfusion likely contributes to cognitive deficits in AD patients and, by impairing
vessel-mediated clearance of amyloid-beta, may accelerate disease development. We have shown
that neutrophils plug blood flow in a small fraction of brain capillaries and that blocking this
adhesion substantially increases brain blood flow in mouse models of AD. Therapies that
interfered with this capillary plugging could complement those aimed at reducing amyloid
deposits.
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Title: Gamma oscillations attenuate amyloid pathology and trigger a distinct microglia response
in mouse models of Alzheimer’s disease
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Abstract: Gamma oscillations (20-50 Hz), a common local field potential signature in many
brain regions, are generated by a resonant circuit between fast-spiking (FS)-parvalbumin (PV)-
interneurons and pyramidal cells. Changes in gamma have been observed in several neurological
disorders. However, the relationship between gamma oscillations and cellular pathologies of
these disorders is unclear. Here, we investigated this relationship using the SXFAD mouse model
of Alzheimer’s disease (AD) and found reduced behaviorally driven gamma activity before the
onset of plaque formation or evidence of cognitive decline. Because of the early onset, we aimed
to determine if exogenous gamma manipulations could influence the progression of disease
pathology. We discovered that optogenetically driving FS-PV-interneurons at gamma frequency
(40 Hz) reduced levels of amyloid-B (AB)i-40 and AP;.42 isoforms in the hippocampus of SXFAD
mice. Neither driving FS-PV-interneurons at other frequencies, nor driving excitatory neurons,



reduced AP levels. Furthermore, driving FS-PV-interneurons at 40 Hz reduced enlarged
endosomes and amyloid precursor protein (APP) cleavage intermediates in hippocampus. Gene
expression profiling revealed an induction of microglia specific genes associated with
morphological transformation of and increased A} phagocytosis by microglia. Finally, we
showed that 40 Hz activity alleviated tau pathology in the TauP301S mouse model. Overall, our
findings uncover a previously unappreciated function of the brain’s gamma rhythms in
neuroprotection by recruiting both neuronal and glial responses to mitigate AD-associated
pathology.
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Abstract: Alzheimer's Disease (AD) is a debilitating condition affecting over 5 million
Americans that is characterized by mitochondrial dysfunction and neuroinflammation. Some
studies suggest that supplementation with nicotinamide adenine dinucleotide (NAD+) may
ameliorate AD phenotypes. Interestingly, the kynurenine pathway (KP), which arises as a result
of tryptophan metabolism to kynurenine (K'YN), is the only de novo biosynthetic source of
NAD-+. Moreover, the KP has been implicated in models of Huntington’s and AD, leading to the
hypothesis that dysregulation of the KP may disrupt endogenous NAD+ synthesis and contribute
to AD-associated mitochondrial dysfunction. We tested whether A4, oligomers, which are
necessary for development of AD phenotypes and result in a vigorous innate immune response,
affect endogenous NAD+ production in myeloid cells. Stimulating primary murine macrophages
with AP4, oligomers (1uM), we measured KP enzyme expression (QRT-PCR), mitochondrial



activity (XTT and seahorse analysis), NAD+/NADH, and ATP in the absence and presence of
KYN supplementation. A4, stimulation resulted in significant decreases in XTT activity,
NAD-+, and ATP levels (p < 0.0001) after 20 hours and decreases mRNA levels of quinolinate
phosphoribosyltransferase (QPRT) (p < 0.04), which encodes the enzyme that produces de novo
NAD+ from the KP. Analysis of SIRT3, a sirtuin responsible for resolving mitochondrial stress,
revealed a significant decrease in SIRT3 enzymatic activity (p<0.001) within mitochondria
corresponding to decreases in de novo NAD+. No changes in cell death, as measured by
propidium iodide staining, were observed between conditions. KYN supplementation rescued
ABasr-mediated loss of XTT activity, NAD+, and ATP levels, suggesting that the KP contributes
to de novo NAD+ production in the setting of immunogenic A4, stimulation. Our findings
suggest a novel role for the KP as a potential therapeutic target for generating NAD+ and healthy
mitochondrial activity in models of AD.
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Abstract: Alzheimer's disease (AD) is a common neurodegenerative disorder of mostly
unknown etiology, with the exception of some genetically inherited cases. AD is an age-related
chronic neurodegenerative disease and is the most common form of senile dementia, associated
with memory loss and failure of executive function to the point of becoming highly dependent on
expensive and intensive care. AD is characterized by the aggregation of amyloid-f3 (AP) peptide
into neuritic plaques and hyperphosphorylated tau protein accumulating into neurofibrillary
tangles (NFTs). Oxidative stress, microglial activation and inflammatory responses seem to
contribute to the pathogenesis. The receptor for advanced glycation endproducts (RAGE) is a



multi-ligand receptor of the immunoglobulin superfamily of cell surface molecules. The
formation of advanced glycation end products (AGEs), the first ligand of RAGE identified,
requires a complex series of reactions including non-enzymatic glycation and free radical
reactions involving superoxide-radicals and hydrogen peroxide. Binding of RAGE ligands
results in activation of nuclear factor-kappaB (NF-«kB). Previous studies have implicated RAGE
in the pathogenesis of AD, but to date, the specific role has not been elucidated. We hypothesize
that the detrimental actions of RAGE are triggered upon binding to its ligands, such as AGEs
(advanced glycation end products), S100/calgranulin family members, and High Mobility Group
Box-1 (HMGBI1) proteins. We have determine the role of RAGE in the pathogenesis of AD in
animal models of AD; determined the mechanism of action of RAGE engagement and activation
in AD; and determined the potential role of RAGE in the pathogenesis of AD in patients and
autopsy samples. From these studies, we have a better understanding of the role RAGE plays in
AD and to design therapeutic strategies to treat the disease.
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Abstract: Background: The APOE4 genotype is a risk factor for late-onset Alzheimer disease
(AD). Altered neuroinflammatory signaling is consistently observed in the AD brain.
Communication between neuronal and microglial cells occurs in part through triggering receptor
expressed on myeloid cells 2 (TREM2). TREM2 regulates the balance between phagocytic and
pro-inflammatory activity in microglia, and loss-of-function of this receptor is consistent with an
enhanced inflammatory state, characteristic of AD brain. Mutations in TREM2 confer increased
risk for AD, suggesting that this receptor is protective in the CNS. We evaluated the effects of
APOE4 expression on microglial functional profile in APOE3 (E3) and APOE4 (E4) targeted



replacement (TR) mice. We hypothesized that the cortex and hippocampus of E4 mice would
exhibit a pro-inflammatory bias that would increase as the mice age consistent with progression
of inflammation in AD brain.

Methods: E4 and E3 mice (4 and 6 months old) were transcardially perfused with sterile PBS.
The brain was removed and the cortex and hippocampus dissected and snap frozen for qRT-PCR
analyses.

Results: At 4 months of age, cortical TREM2 mRNA was decreased in E4 mice compared E3
mice. Arginase 1 (Argl) mRNA, associated with anti-inflammatory (M2) microglia, was
significantly decreased in the cortex of APOE4-TR mice at 4 months, while NOS2 mRNA was
not altered. In contrast, hippocampal TREM2 mRNA was increased in E4 mice, while Argl and
NOS2 were unaltered, indicating regional heterogeneity to the inflammatory changes that may be
relevant to AD. Interestingly, by 6 months of age, hippocampal TREM2 mRNA was decreased,
while Argl and NOS2 mRNAs were increased in E4 mice. With respect to age, cortical TREM?2
mRNA significantly decreased over time in both groups of mice, whereas hippocampal TREM?2
mRNA significantly decreased in E4 but not E3 mice. Cortical Argl expression increased over
time in both E3 and E4 mice while in the hippocampus only E4 mice had increased Argl mRNA.
NOS2 mRNA was decreased in the cortex of both E3 and E4 mice, while in the hippocampus,
there was a significant increase specific to E4 expression.

Conclusion: The purpose of this study was to determine whether two known risk alleles, APOE4
and TREM2, may be acting synergistically to enhance risk for developing late-onset AD. We
show that the APOE4 genotype modifies inflammatory signaling in a distinct manner in the
cortex vs the hippocampus and that the effects of APOE4 on microglial phenotype are more
pronounced in the hippocampus as the mice age. The differing inflammatory profiles in these
two regions could underlie the distinct temporal progression of symptoms known to occur in AD.
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Abstract: Microglia (MG), the brain resident immune cells, can be activated to produce pro-
inflammatory responses towards various stimuli. Classically activated M1 MG may exacerbate
neuronal death in ischemic stroke and Alzheimer’s disease. Here, we investigated the
suppression of the M1 MG using dimethyl fumarate (DMF), a fumaric acid ester approved as a
multiple sclerosis therapy. DMF may confer neuroprotective effects via activation of the nuclear-
erythroid factor 2 (Nrf2) pathway to regulate oxidative stress induced by M1 MG. We showed
that DMF suppresses molecular and functional characteristics of M1 MG induced by
lipopolysaccharide (LPS). DMF inhibited the expression of pro-inflammatory cytokines TNF-a.,
IL-1B, and iNOS and reduced the level of co-stimulatory surface molecules CD86, CD80, and
CD40 in primary cultured MG activated by LPS. In vivo, C57BL/6 mice administered DMF for
3 days prior to a systemic LPS challenge decreased frontal cortex mRNA expression of TNF-a,
IL-1B, iNOS, and IL-6. To see whether these observations were mediated through Nrf2, we
examined the induction of Nrf2 target genes HO-1, NQO1, Gclc, and Gelm. We found that Nrf2
gene targets were upregulated in both cultured MG and the mouse frontal cortex, suggesting that
DMEF activates Nrf2. Interestingly, in MG cultured from Nrf2 knockout mice, we found that Nrf2
differentially mediated the effects of DMF regarding the expression of co-stimulatory surface
molecules. Regulation of CD40 by DMF was Nrf2 independent, while modulation of CD86 and
CD80 by DMF was Nrf2 dependent. To address whether DMF impacts neurotoxicity associated
with M1 MG, we examined cell viability of hippocampal neurons exposed to conditioned media
collected from LPS or LPS/DMF treated MG. We observed that neurons receiving the
conditioned media from DMF treated MG had a significantly higher viability when compared to
neurons receiving conditioned media without DMF, suggesting a potential neuroprotective effect
of DMF. In summary, our findings demonstrate that DMF inhibits neuroinflammation through
modulating M1 MG activation by Nrf2-independent and -dependent pathways.
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Abstract: Background. Both normal aging and amyloid deposition, a biomarker for preclinical
Alzheimer’s disease, are associated with declines in cognition. Education has long been
established as a protective factor against dementia onset, a phenomenon referred to as cognitive
reserve. The present study sought to determine whether educational attainment mitigates the
impact of amyloid burden on cognitive performance across multiple domains, and whether this
relationship was modified by increasing age. Methods. 224 participants (age 55-89) from the
Dallas Lifespan Brain Study were included. All had completed extensive cognitive testing and an
F-18 Florbetapir PET scan. ANOV As were conducted of the effect of Age, Amyloid Status
(positive or negative) and Education Level (<bachelor’s, bachelor’s +) on reasoning, spatial
working memory, verbal working memory, episodic memory and processing speed, while
controlling for sex. Results. The analyses yielded a significant three-way interaction of age,
education, and amyloid status for reasoning and spatial working memory, but not verbal working
memory, episodic memory or processing speed. The High Education/Amyloid Positive Group
experienced a protective effect of high educational attainment for reasoning and spatial working
memory, performing similarly to High Education/Amyloid Negative at younger ages (55-69), but
that benefit dissipated with increasing age. In contrast, Low education/ Amyloid Positive adults
performed at a consistently poor level across age. Conclusion. These findings indicate that a high
level of educational attainment confers resilience and protects individuals carrying amyloid from
the negative effects of amyloid on reasoning and spatial working memory, though this protective
effect is mitigated by increasing age. The benefits of education were differentially beneficial to
reasoning and spatial working memory, suggesting that educational attainment is most protective
for measures of higher order, abstract processing where experience and world knowledge offers
little support for task performance.



Figure 1. Effects of Age, Educational Attainment and Amyloid Status on Reasoning
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Abstract: Mild Cognitive Impairment (MCI) and more so, Alzheimer’s disease (AD) leads to
reduced visual top-down control. Thus, decreasing efficiency in prioritizing relevant over
irrelevant information might be a potential early cognitive marker of AD (Redel et al., 2012). It
is less clear, however, whether such a gradual decline in top-down control also occurs in healthy
aging. Furthermore, neural correlates, such as, e.g., neurophysiological markers, of individual



top-down control efficiency are not defined. In the current study, two groups of younger (n = 30;
mean age = 27) and older participants (n = 33; mean age = 69)were assessed with partial report
based on Bundesen’s theory of visual attention (TVA; Bundesen, 1990). Report accuracy was
used for computationally modelling and quantifying the individual efficiency of top-down
control. Furthermore, EEG was assessed simultaneously in order to measure electrophysiological
correlates on individual top-down control. In a second session, individual visual processing
speed and visual short-term memory storage capacity were assessed based on a TV A-based
whole report in order to control for effects of these variables. ERP analyses focused on ERP
components that might be related to top-down control (Luck & Hillyard, 1994; Wiegand et al.,
2015): the Posterior positive contralateral (Ppc ) and the Posterior-Contralateral Negativity (PCN
or N2pc). We asked whether top-down control efficiency changes with age and tested whether
Ppc and PCN are related to individual top-down control in both age groups. Groups did not differ
significantly in top-down control. When participants within both groups were split into efficient
and inefficient ones with respect to top-down control, significant differences were found in the
amplitude of the Ppc and the PCN in both age groups. These differences remained significant
when controlling for visual processing speed and visual short-term storage capacity. Our findings
suggest that the efficiency of top-down control is robust and reliably reflected in individual
amplitudes of the Ppc and PCN in normally aging individuals. With respect to pathological
neurodegeneration, we suggest that top-down control and its neurophysiological correlates might
be early neuro-cognitive indicators of AD.
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Abstract: Memory for events is severely affected early on in the course of Alzheimer’s disease
(AD). This parallels neuroimaging investigations which show hypometabolism and atrophy in
brain areas involved in memory retrieval. In this study we examined the memory retrieval
network in older adults at risk of AD using a naturalistic memory task involving memory for
short videos. Previous research in young adults has shown that retrieval practice of memories for
events stabilizes them and thus improves later recall (Bird, Keidel et al. 2015). These study
highlighted posterior cingulate as a key region involved in retrieval-mediated consolidation. This
region is one of the areas affected earliest in AD. The aim of our fMRI study was to investigate
the cognitive and neural processes underpinning memory for lifelike events in older adults and
how they are impaired in the very early stages of AD.

As part of an ongoing study, we scanned a group of 54 older adults (aged 72.6 years, range 43-
88, 21 female) recruited from Memory Assessment Service clinics. In the MRI scanner,
participants watched and then silently retrieved 8 short video clips. Afterwards they described
the videos to the experimenter. Univariate analyses were conducted using SPM8 and whole-brain
searchlight representational similarity analyses (RSA) using the CosmoMVPA toolbox.

On average participants recalled 6.7 details for each video, but there was large variability in
individuals’ performance (range 1.2 - 14.8 details). In a regression analysis of memory retrieval
taking into account the amount of details remembered, better performance was correlated with
increased activity in bilateral posterior medial frontal lobe and bilateral inferior frontal gyrus
(IFG). An RSA identified a network of regions where patterns of activity during encoding
correlated with immediate recall of the same video, which included striatal as well as
hippocampal regions.

The correlation of bilateral IFG activity with the amount of detail recalled is consistent with the
proposal that these regions integrate episodic information with prior semantic knowledge (Binder
et al., 2009) and might be an indicator of compensatory activity in accordance with the Posterior-
Anterior Shift with Aging (Cabeza and Dennis 2012; Davis et al., 2008). In comparison to the
earlier study in young adults, we did not see reinstatement effects in the posterior cingulate. This
may reflect breakdown in neuronal function in this region and partially explain the generally low
group performance on the memory task.
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Abstract: Motivation: Posterior cortical atrophy (PCA) is characterized by a progressive decline
in visuoperceptual processing. Predominant sites of atrophy are occipitotemporal and parietal
cortices (OTPC), including precuneus, which has been shown to be involved in memory.
However, it is unclear whether visual episodic memory (VsEM) deficits in PCA are directly due
to precuneus atrophy. The underlying pathology of most PCA cases is Alzheimer’s disease (AD),
but episodic memory (EM) has rarely been assessed. Here, we comparatively examined VSEM
and visuoperceptual function in PCA and AD patients, and related these measures to precuneus
atrophy. Because hippocampus, besides precuneus, mediates EM, we also examined the
contribution of hippocampus (HC) to the VSEM.

Method: 17 elderly controls (Ctl), 13 PCA and 26 AD were matched in age, sex, and education.
PCA and AD were matched in disease severity. We used Rey Complex Figure (RCF) copy to
assess visuoperceptual function, RCF recall to assess VSEM, and d-prime to assess recognition
memory. All subjects underwent T1 and high-res T2 MRI. A multi atlas algorithm was applied to
label HC subfields: Cornu Ammonis (CA1), dentate gyrus (DG), and subiculum.

Results: Compared to Ctl, PCA patients were significantly impaired on RCF copy and RCF
recall but had intact d-prime; AD patients were impaired on RCF copy, recall, and d-prime.
Compared to PCA, AD patients were more impaired on Rey Copy, and d-prime. Equivalent
deficit on RCF recall was observed between PCA and AD. Multiple regression analysis showed
that only RCF copy, not d-prime, significantly predicted RCF recall in PCA; in AD, both RCF
copy and d-prime predicted RCF recall. Whole brain imaging showed that PCA had a significant
atrophy in OTPC, including bilateral precuneus and right HC; AD had a widespread atrophy in
OTPC, including bilateral precuneus and HC. Regression analyses showed that in PCA, RCF
copy was related to left superior occipital gyri, left superior and inferior parietal gyri, including
precuneus and angular gyrus (AG); in AD, to right precuneus and those same areas involved in
PCA. RCF recall in PCA was related to left AG; in AD, to right HC, right superior and inferior
parietal gyri, including AG and precuneus. Examination of HC subfields showed that right CA1
was differentially atrophied in PCA but this atrophy did not modulate VSEM. In AD, RCF recall
was related to bilateral CA1 and left DG.

Conclusion: Despite precuneus atrophy in PCA, impaired VSEM function is more directly related
to visuoperceptual impairments. In AD, VSEM is modulated in part by HC and precuneus. We
conclude that precuneus disease in PCA does not necessarily compromise VsEM function.
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Abstract: Crossing the blood-brain barrier and safely harnessing molecular dysregulation
through drugs like histone deacetylase inhibitors (HDACi) has been a major challenge in the
treatment of neurological disorders. We earlier reported the development of a triple combination
formulation (TCF) comprising the pan-HDACi vorinostat, the caging agent 2-hydroxypropyl-b-
cyclodextrin (HPBCD), and polyethylene glycol (PEG) to treat Niemann-Pick type C (NPC)
disease, a difficult- to- treat the cerebellar disorder. While vorinostat alone showed no benefit in
a mouse model, TCF boost HDACi across the blood-brain barrier, to preserve neurites and
Purkinje cells, delay symptoms of neurodegeneration, extend mouse lifespan from weaning well
into adulthood without toxicity even when used long term. Ongoing mechanistic analyses of TCF
action in the brain suggests chronic, low levels of transcriptional dysregulation can be tolerated
by reduction of the inflammatory response to rescue function of NPC1 and as well as broad
range of cellular targets (deficiencies in some of which also cause neurological disease).
Together, the data suggest that the TCF application may provide therapeutic and mechanistic
insight into a broad range of neurological diseases caused by both monogenetic and polygenetic
defects. Preclinical studies currently in progress suggest an approved optimized formulation will
enter Phase Ib trials for the first monogenetic neurological indication (NPC) within 12 months.

Disclosures: M. Alam: None. M. Getz: None. B. Combs: None. K. Haldar: None.



Poster

039. Memory and Cognition in Alzheimer's Disease and Other Neurodegenerative
Disorders

Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 39.06/G45

Topic: C.02. Alzheimer's Disease and Other Dementias
Support: HBRP, KTIA NAP 13-2-2015-0011

Title: Translational validity of the psychomotor vigilance paradigm in an acute pharmacological
model of neurocognitive decline in primates

Authors: *I. HERNADI, V. OLAH, A. TRUNK;
Grastyan Translational Res. Ctr., Univ. of Pecs, Pecs, Hungary

Abstract: Age-associated pathological decline in cognitive function have become a major
demographic health threat worldwide. Until now there are no effective pharmacological
interventions against neurocognitive disorders, such as Alzheimer’s disease (AD). In order to
develop a new pre-clinical disease model in non-human primates (NHP) we implemented the so
called ‘reverse translational” approach where we developed a unified version of the psychomotor
vigilance task (PVT) in humans and NHPs. We collected reaction time (RT) data to target stimuli
as task performance indices. Fixation times (FT) before target stimuli were distributed randomly
from 1 to 10 sec (expectancy effect). Then we investigated the effects of pharmacologically
induced cognitive impairment in NHPs. The main endpoints were to detect similarities of target
expectancy between healthy humans and NHPs, then we tested the transient adverse effects of
pharmacological amnestic agent, scopolamine (15 ug/kg b.w.) on task performance in NHPs.
Finally we measured the reversing effects of cholinesterase inhibitor donepezil (100 and 200
ug/kg b.w.) on scopolamine induced impairments of target expectancy in NHPs. Results
suggested that both humans and NHPs showed similar task performance with comparable RT
distribution (expectancy effect). In NHP subjects the prior scopolamine treatment further
increased the RT and abolished the previously observed target expectancy effects, and donepezil
pre-treatment significantly reversed impairments of task performance. Based on the present
results we conclude that the common primate PVT paradigm has high translational validity and it
may be suitable for preclinical testing of novel therapeutic interventions against cognitive
impairment.
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Abstract: Behavioral variant frontotemporal dementia (bvFTD) is a form of frontotemporal
degeneration (FTD) characterized by a progressive deterioration of social comportment and
cognition. These social limitations may be due to a loss of social knowledge or faulty
implementation of known social rules. Given that fMRI studies have associated social
knowledge with right anterior temporal activation in healthy adults, we sought converging
evidence for the neural underpinnings of social knowledge in bvFTD with predominant temporal
or frontal disease. Social knowledge was assessed using the Social Norms Questionnaire (SNQ),
which measures whether an individual can appreciate widely accepted social boundaries. We
administered the SNQ to 49 bvFTD patients, 21 Alzheimer’s disease patients (AD) and 22
healthy controls (HC). 16 temporal-bvFTD patients were identified based on the co-occurrence
of semantic variant primary progressive aphasia (svPPA) and 33 patients were classified as
frontal-bvFTD given their predominant frontal disease and associated executive deficits. Groups
were matched for age, education, and disease duration. We report SNQ Total Scores (SNQ-T;
overall measure of social norm interpretation) as well as SNQ Overadherence Scores (SNQ-O;
rigid interpretation of social norms), and SNQ Break Scores (SNQ-B; difficulty identifying
socially unacceptable behavior). We found that temporal-bvFTD have impaired SNQ-T scores
relative to frontal-bvFTD (U=91; p<0.01), AD (U=65; p<.01) and HC (U=16; p<.01). Temporal-



bvFTD also had impaired SNQ-B scores relative to frontal-bvFTD (U=53; p<0.01), AD (U=50;
p<.01) and HC (U=41; p<.01). In addition, temporal-bvFTD patients had impaired SNQ-O
scores relative to HC (U=64; p.001). Frontal-bvFTD had impaired SNQ-T and SNQ-O scores
relative to HC (U=235; p=.025) and (U=224; p=0.015) respectively. AD also had impaired SNQ-
T scores and SNQ-O scores relative to HC (U=111, p=.003) and (U=114; p=.004) respectively.
Frontal-bvFTD and AD did not differ from HC on the SNQ-B (all p>0.1). It is unlikely that
social limitations are related to disease severity since AD had lower average MMSE scores and
fewer social deficits than temporal-bvFTD. Together, we observed more overall social norm
impairments in temporal-bvFTD than any other group, and only temporal-bvFTD had impaired
break scores. These finding emphasize the role of temporal cortex in supporting social
knowledge.
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Abstract: Introduction: Although more than a third of cancer survivors treated with
chemotherapy suffer from chemotherapy-induced cognitive impairment, the underlying
mechanism has been poorly understood. Moreover, most systemic chemotherapy is performed as
a cyclic manner with multiple doses. There have been several studies which suggested that the
mechanism of chronological effect of multiple doses of chemotherapy differ from the mechanism
of the effect of single-dose chemotherapy. We aimed to demonstrate the cumulative effect on



cognitive function of systemically administered Adriamycin (DXR) in the rat models. Methods:
Nine-to-ten-week-old male Sprague-Dawley rats were injected intravenously with a weekly dose
of 2.5mg/kg DXR for 6 weeks (total 15mg/kg) or the same volume of saline as control. Rats
were assessed with a battery of behavioral tests to assess global motor performance (rotarod
test), cognitive function (object recognition test and radial arm maze test) and mood-related
responses (tail suspension test and elevated plus maze test). Changes in the protein expression in
the prefrontal cortex, the hippocampus and the cerebellar cortex in the DXR-treated and control
group were analyzed by Western blotting. Results: The DXR-treated rats displayed persistent
deterioration in the attention since day 7 and in the spatial working memory since day 1
following DXR injection as compared to controls. They showed depressive behavior since day 7
following DXR injection without anxious behavior. f-amyloid expression was increased in the
prefrontal cortex and in the hippocampus since day 7. Conclusions: Taken together, these results
indicate that cyclic chemotherapy can impair attention and working memory and may increase
the risk of depression which is accompanied by alteration of B-amyloid expression in the brain.
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Abstract: Behavioral variant frontotemporal degeneration (bvFTD) is clinically characterized by
deficits in executive function and social behavior. One source of executive dysfunction involves
a lack of cognitive flexibility, however the neuroanatomic source of this deficit is poorly
understood. Reversal learning tasks evaluate simple strategy learning and whether an individual
can flexibly adapt these strategies. We examined the neural basis of reversal learning in bvFTD
(N=25), mild Alzheimer’s disease (AD; N=12), and healthy controls (HC; N=17) who also had
structural MRI. All patients and controls were matched for demographic factors including age,
education and gender (all p>0.1). All patients and controls completed a computerized task in
which subjects chose between two multicolored fractal stimuli containing different shape and
color features. We used a probabilistic reinforcement paradigm to reinforce selection of one of
the two fractals in the first “learning” block and implicitly reinforced the novel fractal in the
second “reversal” block. We categorized subjects as “learners” if they endorsed the target
stimulus in >50% of first block trials. Of the “learners”, we categorized “reversers” as those that
endorsed the novel stimulus in >50% of second block trials. Chi-square analyses evaluated the
proportion of “learners” and “reversers” in patient groups. We observed an equal distribution of
learners between each group: 76% HC, 76% bvFTD, 58% AD (X2=1.51; p=0.68). However,
within-group analysis showed the rate of reversers was less in bvFTD (42%; X2=5.23, p=0.02)
unlike AD (57%; X2=0.003; p=0.96) and HC (77%; X2=0.001; p=0.98) who were equally likely
to reverse. The rate of reversal in bvFTD also differed from HC and AD (X2=3.80; p=0.05).
Neuroimaging analyses using voxel-based morphometry showed gray matter atrophy in
orbitofrontal cortex (BA 10, 47) and dorsolateral prefrontal cortex (BA 9) in bvFTD non-
reversers relative to HC (q<0.005 TFCE FWE-corrected). Together, the behavioral and imaging
findings suggest disease in DLPFC and OFC contribute to selective reversal learning deficits in
bvFTD by limiting cognitive flexibility and decision-making especially when contingencies and
rewards change.
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Abstract: Orientation to time, date, and place is commonly used clinically to stage and monitor
progression of Alzheimer’s disease (AD) but few studies have examined its neural substrates.
The present study aimed to compare the neural substrates underlying performance on DRS and
MMSE orientation items to the remaining items of the DRS Memory subtest and MMSE in
patients with mild to moderate AD in order to identify neural structures unique to orientation. 90
patients (M age = 78.4, SD = 7.9; 80% male; M education = 13.9, SD = 3.5) with mild to
moderate AD were recruited from the Los Angeles (LA) community and the Greater LA
Veteran’s Administration Healthcare System. Participants underwent Fluorodeoxyglucose
Positron Emission Tomography (FDG-PET) and a comprehensive neuropsychological battery in
which they were administered the DRS (N=87; M = 103.5, SD = 20.6) and MMSE (M = 19.4, SD
= 5.6). Scores on DRS orientation, MMSE orientation, remaining items from DRS Memory
(DRS Memory “other” items), and remaining items from the MMSE (MMSE “other” items)
were separately summed and correlated with cerebral glucose metabolism (CGM). PET analyses
were conducted in SPM8. Results maps were thresholded at the voxel level at p<.001. Findings
were considered significant at the cluster level p<.05, corrected using the Family Wise Error
procedure (FWE). The SPM analysis revealed multiple areas of significant positive association
between cortical metabolism and total orientation score of the DRS. Specifically,
hypometabolism related to worse performance on DRS orientation in 4 clusters spanning many
regions associated with AD pathology including the posterior and middle cingulate gyri, bilateral
inferior temporal lobe, left middle temporal lobe, and left middle occipital lobe (ps<.05). In
contrast, no significant clusters arose in correlating DRS Memory “other” items to CGM. With
regards to the MMSE, a positive association between CGM and orientation items arose across 3
significant clusters spanning the bilateral inferior temporal lobe and middle cingulate gyrus
(ps<.02). MMSE “other” items were positively associated with CGM in the left middle and
inferior temporal lobe and left inferior parietal lobe (ps<.02). Findings suggest that disorientation
in AD is related to cerebral hypometabolism in a widespread network of structures commonly
associated with AD pathology. Although orientation is commonly considered a proxy for
memory, findings reveal distinct neurobiological correlates between orientation and measures of
memory on the DRS, as well as other cognitive items on the MMSE.
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Abstract: Primary progressive aphasia (PPA) is a clinical syndrome characterized by
progressive loss of language abilities with three phenotypic clinical presentations, including
logopenic variant (IvPPA), nonfluent variant (nfvPPA), and semantic variant (svPPA). Structural
and functional neuroimaging studies have implicated unique anatomic involvements within the
language network in each variant. Resting state brain oscillations represent coordinated activity
in large groups of neurons and hence provide a tool to quantify spontaneous neuronal activity
and functional network integrity of neural circuits. We hypothesized that resting state brain
oscillations will show unique deficits within the language network in each variant of PPA and
these regional deficits will provide anatomical correlates for distinct alterations in speech-motor
control. We examined IvPPA, nfvPPA and svPPA patients using magnetoencephalogrpahy,
compared to an age-matched control group. Each patient underwent a complete clinical



evaluation including a comprehensive battery of language tests. We examined the spectral power
and whole brain resting state functional connectivity patterns of alpha frequency oscillations (8-
12Hz), and responses to auditory feedback perturbations of pitch, in each patient group,
compared to age-matched controls. We found that IvPPA patients have significantly reduced
alpha power over the posterior superior temporal, posterior parietal and occipital cortices, with a
left predominant distribution. In contrast, nfvPPA patients had significantly reduced alpha power
over inferior frontal cortex bilaterally. The two subgroups also showed unique deficits of
functional connectivity patterns, where IvVPPA patients showed reduced functional connectivity
over the left posterior superior temporal and occipital regions while nfvPPA patients showed
reduced functional connectivity of bilateral inferior frontal regions, compared to age-matched
controls. svPPA patients showed minimal spectral differences compared to age-matched
controls. We also found significantly altered auditory feedback responses in IvPPA and nfvPPA.
These results demonstrate neural correlates of region specific abnormalities and unique
spatiotemporal patterns of network dysfunction in distinct phenotypes of PPA, and provide
evidence for neural substrates of speech motor behavioral deficits in PPA .
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Abstract: Mutations in the progranulin gene (GRN) cause autosomal dominant frontotemporal
lobar degeneration (FTLD), a common cause of early-onset dementia. Symptomatic GRN
carriers develop heterogeneous clinical syndromes even within the same family. These
syndromes include behavioral variant frontotemporal dementia (bvFTD), primary progressive
aphasia (PPA), corticobasal syndrome (CBS) and Alzheimer’s disease (AD). Previous studies
have suggested that presymptomatic GRN carriers show similar gray matter volume compared to
healthy controls, but reduced task-free fMRI connectivity in the salience network, known to be
disrupted in bvFTD. To date, no studies have systematically explored whether presymptomatic
GRN carriers show alterations in four intrinsic connectivity networks (ICNs) known to be
disrupted in the four major GRN clinical syndromes. GRN carriers were deemed presymptomatic
during a clinical consensus conference and underwent an extensive neuropsychological battery.
We compared 17 presymptomatic GRN carriers (age 53.1 + 11.6 years, 10 females) to
demographically-matched healthy controls using voxel-based morphometry to delineate gray
matter differences. Using seed-based task-free fMRI, we probed: (1) the salience network, which
is atrophied in bvFTD, (2) the PPA network, (3) the CBS network, and (4) the default mode
network, atrophied in AD. Although presymptomatic GRN carriers and controls showed similar
performance on cognitive testing, carriers showed reduced gray matter in the posterior
midcingulate cortex, dorsal midinsula, and small clusters throughout lateral
frontotemporoparietal cortices (p < 0.001 uncorrected). ICN mapping showed robust regions of
enhanced connectivity in key ICN hubs for all four networks. Interestingly, increased thalamic
connectivity was a unifying feature across all ICNs studied. Only the PPA network revealed
connectivity reductions emerging in the pons and cerebellum. While presymptomatic carriers
showed areas of reduced gray matter in scattered foci, extensive regions of increased
connectivity emerged in the four ICNs that degenerate during the symptomatic phase.
Longitudinal studies will determine if such hyperconnectivity represents a compensatory
response as carriers approach symptom onset, or whether it manifests throughout the
presymptomatic phase.
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Abstract: Mild Cognitive Impairment (MCI) patients may convert into Alzheimer’s disease
(AD), the most common cause of dementia; however does not all of them. The former is called
‘MCI converters’ while the latter is called ‘MCI non-converters’. Comparing those two MCI
types has a great value to understand disease progression and may help to design early
interventions. The ‘region-specific’ differences of brain atrophy between them were previously
reported. However, difference in overall atrophy patterns was less studied. Thus, we here
provide a statistical framework of similarity-based analyses using a MRI dataset from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI). The dataset consists of T1-weighted
structural images of 101 MCI converters, 104 MCI non-converters, and 114 matched healthy
subjects where each patient has 3 volumes at the baseline, 1 year and 2 year follow-ups. First, we
constructed a similarity matrix between any pair of subjects in their cortical thickness of whole
brain which is a surrogate of brain atrophy. We obtain the cortical thickness from T1-weighted
MR images using FreeSurfer with visual validation. Due to inter-subject variability of the brain
shape, we resample the brain surfaces and its corresponding cortical thickness with 81,924
vertices using our in-house software. The pairwise similarity between any pair of subjects is
computed with both a correlation coefficient and the mutual information. Then, we performed
following statistical analyses. If the mean inter-group similarity is lower than the mean intra-
group similarity, there exists a group difference. To estimate the significance level, we used
permutation testing. We observed the significant difference between MCI groups (p<0.001). For
the correlation with non-imaging measures including the Mini Mental State Examination
(MMSE), for each patient we average similarities with the healthy subjects. Since similarity is
defined between a pair of subjects, it only captures relative locations of subjects to the others.
The averaging anchors each subject to the healthy subjects and thus enables a correlation study.
We observed a weak but significant positive correlation with MMSE (r~ 0.2), and a moderate but
significant negative correlation with age (r~ -0.37). As a longitudinal analysis, we collected



similarity at 1 year and 2 year with respect to the baseline. We compared slopes of similarity
decrease over time between groups expecting larger slopes in the MCI converters; however, it
was insignificant. Our approach may provide a complementary view of disease progression in
terms of cortical thickness. Further analyses are needed including investigation of shape
manifolds.
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Abstract: Increasing evidence supports that neurovascular dysfunction contributes to several
neurodegerative disorders. Our recent study shows that blood-brain barrier (BBB) disruption and
increased permeability, especially in the hippocampus, positively correlates with elevated levels
of soluble platelet-derived growth factor receptor-p (sSPDGFR) in cerebrospinal fluid (CSF) in
patients with mild dementia. PDGFRJ is expressed in the brain by vascular mural cells - brain
capillary pericytes and arterial vascular smooth muscle cells (VSMCs). To determine which
vascular cell type(s) contributes to increased SPDGFR in CSF, we compared PDGFRf
expression and sSPDGFR shedding in response to injury in early passage primary cultures of



human brain pericytes, brain arterial VSMCs, and brain endothelial cells. We developed
quantitative Western blot and meso-scale discovery (MSD) assays to analyze the levels of
sPDGFRp. PDGFR} protein was undetectable in endothelial cells, but was found both in
pericytes and VSMCs. PDGFR} relative protein abundance was higher by 4.2-fold (p < 0.05) in
pericytes compared to VSMCs. Compared to the basal sSPDGFRJ levels in the culture medium
(1.43 £ 0.15 ng/ml), both hypoxia (1% O,) or amyloid-f peptide (25 uM) increased shedding of
sPDGFR into the culture media compared to normoxia (21% O;) over 48 h. This was associated
with the corresponding loss of cell-associated PDGFRJ from pericytes without any change in
cellular levels of PDGFRp in VSMCs. We further validated sSPDGFRf as a CSF marker of
pericyte injury in vivo in 16-month-old pericyte deficient Pdgfi3"" mice and Alzheimer’s
Tg2576 mice which develop significant age-dependent pericyte loss. We found significant 289%
and 58% increase in CSF levels of sSPDGFR in Pdgfr8" and Tg2576 mice, respectively. Thus,
sPDGFRJ is a biomarker of pericyte injury, and elevated sSPDGFR levels in cerebrospinal fluid
in patients with dementia and/or other neurodegenerative disorders likely reflects pericyte injury.
These results together support the potential for sSPDGFRJ to be developed and validated as a
biomarker of brain pericyte injury and BBB dysfunction.
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Abstract: Vascular risk factors are associated with brain atrophy and are recognized as
important risk factors for developing dementia, including Alzheimer’s disease (AD). Education
and physical fitness have been shown to reduce dementia risk and have been associated with
larger brain volumes. The aim of the present study was to investigate the effects of different
factors on brain volumes in a large general population sample. We included participants from the
HUNT MRI study (n=1006, age 50-66 years), which is a representative sample from the Nord-



Treondelag Health Study (The HUNT Study), a large multiphase, health study on the inhabitants
in the county of Nord-Trendelag. All participants were scanned with the same 1.5T MRI
scanner. A T1 weighted MPRAGE ADNI volume was used to estimate brain volumes (cortical,
white matter, hippocampal and ventricular) using FreeSurfer 5.3. Intracranial volume (ICV) was
derived using SPM. Each volume was first standardized and corrected for differences in sex, age
and ICV using separate ANCOVAs. A multivariate regression analysis was run using the
following factors from the HUNT clinical databank: education, physical fitness (VO2-max),
smoking, blood pressure (SBP), waist-to-hip-ratio (WHR), non-fasting glucose, resting heart
rate, alcohol consumption, presence of diabetes, and serum levels of total and HDL-cholesterol,
and triglycerides. 87 subjects were excluded due to processing failure and 20 were due to brain
pathologies. Clinical information were lacking in 196 subjects, leaving a total of 703 available
for analysis. Using the brain parenchymal fraction (volume of gray and white matter divided by
ICV) as a measure of brain health, education (p=.015), SBP (p=.007), smoking history (p=.029),
VO2-max (p<.001) and WHR (p=.011) were found to be significant predictors. Education and
VO2-max were positively associated with brain parenchymal fraction whereas SBP, smoking
history and WHR were negatively associated. These five factors predicted 11.2% of the variance
in total cortical volume, 2.4% of the variance in white matter volume, 4.0% of the variance in
hippocampal volume, and 3.4% of the variance in total ventricular volume. Education (4.3%)
and VO2-max (2.3%) were the most influential factors for total cortical volume. The variance in
total hippocampal volume was best explained by WHR (1.3%), education (1.1%) and VO2-max
(1.1%). Education and VO2-max have a significant positive effect primarily on gray matter
volumes (cortical and subcortical). In our sample, these effects outweigh the negative effects of
known vascular risk factors and might provide a cheap and non-pharmacological way to improve
the overall brain health.
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Abstract: We investigated differences in ventricular and hippocampal volumes between CSF tap
test (CSFTT) responders and non-responders in idiopathic normal-pressure hydrocephalus
(INPH) patients and compared these parameters in INPH patients with that of age- and gender-
matched healthy controls. We also evaluated relationships between ventricular and hippocampal
volumes and clinical profiles in INPH patients.

We enrolled 48 patients with INPH and 29 healthy controls. Ventricular and hippocampal
volumes were measured on MRI, including 3-dimensional volumetric images.

INPH patients, when compared to healthy controls, had significantly larger ventricular and
smaller hippocampal volumes (p<0.01). No difference in ventricular and hippocampal volumes
was found between CSFTT responders and non-responders in INPH patients. And hippocampal
volumes showed significant negative correlations with Clinical Dementia Rating Scale scores
(r=-0.443, p<0.01) and Unified Parkinson’s Disease Rating Scale motor scores (r=-0.499,
p<0.01) in INPH patients.

Volumetric assessment of ventricular and hippocampal regions may have no predictive value in
differentiating between CSFTT responders and non-responders in INPH patients. Our findings
may help us understand the potential pathophysiology of unique symptoms associated with
INPH.
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Abstract: Two pathological hallmarks of Alzheimer’s disease (AD) are Tau-containing
neurofibrillary tangles and AB-containing neuritic plaques. Currently, a combination of
measurements of the 42-residue of AP peptide (AB42), total Tau, and phosphorylated Tau (pTau)
protein in human cerebrospinal fluid (CSF) is the best fluid predictor of AD progression and
therapeutic efficacy. Due to the heterogeneity and multifactorial nature of AD, multiple
biomarkers from peripheral and central nervous system need to be explored for their relevancy to
disease onset, progression, and therapeutic prognosis. In this study, we have collected peripheral
blood mononuclear cells (PBMC) and plasma from AD patients hospitalized in our Geriatric
Research Education Clinical Center (GRECC)-managed hospice Dementia Special Care Unit.
We have converted PBMC to induced pluripotent stem cell (iPSC) lines, and we have further
differentiated iPSC into human three-dimensional (3D) neurons. At autopsy, postmortem brain
tissue specimens from the same subjects were collected and processed for biochemical and Mass
Spectrometry-based analysis. AD pathology was confirmed in patients from whom we derived
blood, iPSC and 3D neurons. Quantitation of Ap and Tau by ELISA illustrated much higher
levels of AB40, AB42, and phosphorylated Tau at residues Thr 181 and Thr 231 in brain tissue
from superior and inferior frontal cortex area, compared to those from cerebellum region. Liquid
chromatography/mass spectrometry was used to analyze plasma, iPSC, 3D neurons and post-
mortem brain tissue labelled with isobaric mass tags for relative protein quantification. Our study
revealed compartmental segregation as well as association of differentially expressed proteins for
biomarker exploration. Among them, several calcium binding proteins exhibited clear link to two
AD pathological proteins, AP and Tau. We present a unique platform to discover and validate
novel AD biomarkers that can be studied in a much large population.
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Abstract: Background and Objective. Biochemical changes in the cerebrum are responsible for
pathophysiological changes in Alzheimer’s disease (AD). However, it is possible that cognitive
decline in elderly AD patients is attributable to both AD-related and additional age-related
changes. Contributing factors specific for cognitive decline and brain atrophy in elderly AD are
still unclear. To distinguish AD-specific changes from normal aging in the elderly AD, we
examined correlations between cognitive functions, MRI morphometry and cerebrospinal fluid
(CSF) biomarkers. Study design and subjects. A total of 115 subjects, 64-84 years old: 76 with
AD, 24 with mild cognitive impairment, and 15 cognitively normal elderly, were included in this
cross-sectional study. Severity of atrophy in the target volume of interest registered in the medial
temporal structures and the whole brain were measured by using MRI with voxel-based specific
regional analysis system for AD (VSRAD) program. Fifty-seven of them underwent lumbar
puncture to measure CSF amyloid-f1-42 (AB42), total tau protein (T-tau) and phosphorylated tau
(P-tau).Results. Cognitive decline was correlated with aging, severity of atrophy in the entorhinal
cortex, extent of gray matter atrophy in the whole brain, increase in CSF T-tau and P-tau, and
decrease in CSF AP42. These changes in the CSF biomarkers showed good correlation with
cognitive decline, but not with aging. Severity of the entorhinal cortical atrophy was correlated
with increase in ratios of T-tau/ AB42 and P-tau/ AB42. In multivariate analyses, elevation of P-
tau/ AP42 ratio carried independent prognostic significance for the severity of AD.Conclusion.
This study suggests that atrophy of the entorhinal cortex associated with higher CSF P-tau and
lower CSF AB42 is a pathogenetic mechanism for cognitive decline in elderly patients with AD.
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Abstract: Metabolic syndrome or systemic metabolic dysfunction (SMD) is one of the most
common disease states disproportionately afflicting the Hispanic population in the United States.
Evidence suggests that effects of SMD and neurocognitive dysfunction are bidirectional and
complex, with genetic, environmental, and behavioral causes (Biessels et al., 2014). It has been
recently shown that the underlying pathology does not resemble that of AD (Abner et al., 2016).
Studies using contrast-enhanced MRI show age-dependent blood-brain barrier (BBB) breakdown
in the hippocampus, worsening with mild cognitive impairment and correlating with injuries to
the BBB pericytes (Montagne et al., 2015). Rodent models have also implicated the
hippocampus in cognitive deficits resulting from T2DM (Stranahan et al., 2008). Consequently,
we propose to create a hippocampal network model (HNM), using meta-analytic co-activation
modeling (MACM) and structural equation modeling (SEM), to detect and quantify network
abnormalities associated with neurocognitive decline in SMD. Our immediate research goal is to
create a functional MACM of the hippocampi in order to develop the HNM that can be used to
assess cognitive impairments in individuals with SMD. Our preliminary data has found 20 key
nodes of functional connectivity with both hippocampi all of which address highly significant
behavioral paradigms known to be affected in individuals with dementia (i.e. working and
explicit memory, cognition, etc.).
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Abstract: Intoduction: Many pathological brain conditions are associated with abnormal
cerebral blood flow (CBF). As nucleus basalis of Meynert (NMB) plays a major role in
modulation of attention and visual processing, the aim of the study was to image CBF before and
after a visual task to find changes in blood perfusion at the NMB level. Methods: 20 healthy
individuals (age: 22-35) were enrolled to the study. MR experiments were performed using a
clinical 3T scanner (Prisma). Arterial spin labelling (ASL) sequence was applied before and after
visual stimuli (random dot kinematogram). The 2D EPI sequence was used: TE/TR = 15/2500
ms, flip 90°, matrix 256 x 256, 4 slices, 3 mm thick. For CBF evaluation the pulsed ASL (PASL)
with 700 ms bolus duration and 1800 ms inversion time was applied. A single PASL
measurement consisted of 45 volumes of the tag and 45 controlled images, allowing calculation
of a perfusion map. Data processing was performed using the Bayesian Inference for ASL
toolset. Results: The data showed difference between CBF before and after visual stimuli (Fig
1). It is possible to measure activity dependent CBF in NMB in healthy individuals. Potentially,
this method could be used to detect abnormalities in dementing disorders such as Alzheimer’s
Disease (AD) as it is suggested, that NMB plays a role in the pathomechanism of AD. Although
ASL provides low signal-to-noise ratio, it requires no intravenous contrast, is available on most
clinical MRI scanners and it is fast (~2 min). This makes ASL particularly appealing for
diagnostic purposes. Figure 1: Examples of the ASL images at the NMB level before (a) and
after (b) visual stimulation for one subject. The difference between images is shown in (c).
Changes in CBF within the NBM are visible in (c).
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Abstract: Dementia with Lewy bodies (DLB) is the second most common form of dementia
after Alzheimer’s disease (AD) and is characterized pathologically by alpha synuclein inclusions
forming Lewy bodies. Dementia often presents when Lewy bodies reach the cortical and limbic
areas of the brain as patients may experience cognitive decline, neuropsychiatric symptoms, and
Parkinsonisms. Since DLB frequently occurs with concurrent AD-type pathology, characterized
by neuritic plaques and neurofibrillary tangles, misdiagnoses are frequent. Patterns of cerebral
atrophy in DLB have not been as well established as in AD. Accurate differentiation between the
two types of dementia is important given the different etiologies, prognoses, and treatments. This
work seeks to identify patterns of atrophy in patients with DLB compared to AD and cognitively
normal controls (NC) to ultimately combine MRI with early structural biomarkers to improve
diagnostic accuracy and early treatment. 101 patients aged 55 to 100 years old characterized as
either NC, DLB, or AD underwent structural MRI scans with fully automated volumetric
segmentation performed with the NeuroQuant software package. A subset of qualified patients
also had CSF sample acquisition, analysis of B-amyloid 1-42 levels and APOE4 status, and brain
autopsy. Analysis was completed via SPSS Statistics with gender, age, level of education, and
intracranial volume as covariates. Groups did not significantly differ in age but did significantly
differ in gender, level of education, MMSE score (29.2+1.0 for NC, 21.6+3.6 for DLB, 21.7+4.6
for AD), and level of AB42 (350.3+107.5 for NC, 437.7+£50.3 for DLB, 174.2+70.7 for AD).
Brain parenchymal fraction (BPF) indicated whole brain atrophy, which was most severe for AD
(0.58) and intermediate for DLB (0.61), both which were significantly atrophied compared to NC
(0.64). Regionally-specific volumetric imaging showed significant differences in NC and DLB,
particularly the volumes of the hippocampus, amygdala, medial temporal cortex, fusiform cortex,
parahippocampal gyrus, lateral ventricles, and total ventricles. Significantly different between
NC and AD were the volumes of the hippocampus, amygdala, thalamus, entorhinal cortex,
medial temporal cortex, fusiform cortex, inferior parietal cortex, inferior temporal cortex,



parahippocampal gyrus and the lateral ventricle and total ventricle. Significantly different
between DLB and AD were the volumes of the amygdala, entorhinal cortex, medial temporal
cortex, fusiform cortex, inferior parietal cortex, inferior temporal cortex. All mentioned brain
regions were more severely affected in AD compared to DLB.
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Abstract: Introduction Alzheimer disease (AD) is characterized by the deposits of amyloid-
beta plaques and neurofibrillary tangles consisting of pathological tau. Several studies implicated
pathological tau in mechanisms of neurodegeneration. Although it has been reported that the
presence of amyloid-beta activates microglia, it remains unclear whether tau deposition and
microglial activation are associated with each other. [''C]PBB3 has been recently developed as a
tau imaging positron emission tomography (PET) ligand. Here, we examined the degree and the
relevance of these pathological markers by measuring the densities of tau and activated microglia
in AD patients at an early stage using positron emission tomography (PET) with [''C]PBB3 a
newly-developed tracer of tau deposition and [''C]DPA713 a second generation translocator
protein (TSPO) tracer for activated microglia. Methods Seventeen AD patients (mean age
69.9+9.6) at the clinical dementia rating (CDR) being 0.5 or 1 underwent [''C]PBB and
[''C]DPA PET measurements. The binding potential (BPxp) was estimated on the simplified
reference tissue model (SRTM) using PMOD 3.4 software. Statistical Parametric Mapping



(SPM) and region of interest (ROI) analysis were used to compare regional BPxp levels between
the AD and age matched control groups. Results Significant elevations of [''C]PBB3 BPxp were
found focally in the temporal cortex in AD patients at the CDRO.5 level and broadly over the
temporal, frontal, and occipital cortices in the patients with CDR1. TSPO imaging showed a
significant increase of [''C]-DPA713 BPxp over the extensive brain regions especially in the
temporal, frontal and occipital regions, which were found to be significantly overlapped to the
region with tau deposition. Discussion The present in vivo findings were consistent with the
pathological view of the spreading of tau pathology with AD progression. These results suggest
that microglial activation seems to coexist with the progression of tau deposition, and that these
two pathophysiological events contribute to the continuum of neuronal degeneration in AD.
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Abstract: Roughly 20% of frontotemporal degeneration (FTD) patients have a known genetic
mutation with high penetrance. Presymptomatic mutation carriers are optimal candidates for
neuroprotective clinical trials of disease-modifying agents. One challenge for trials is estimating
when an individual is likely to become symptomatic. The current literature suggests that
correlations between an individual’s age of onset and their family members’ age of onsets may
help with this issue; however, the predictive accuracy of these studies have not been assessed. In
this study, we investigate the predictive utility of the family’s mean onset in progranulin (GRN)
mutation carriers, an autosomal dominant mutation with very high penetrance (>95%) that
results in FTD. Analyses were conducted on 25 pedigrees comprised of a total of 65 individuals.
Among these, 32 have confirmed GRN mutations while 33 cases have clinical diagnoses
compatible with an FTD phenotype (e.g., behavioral-variant or primary progressive aphasia) or
related early-onset disorder. The latter 33 cases are also assumed to have GRN mutations
because they are affected family members of the 32 cases confirmed to have GRN mutations. An



average of 3.79 individuals and an average of 2.49 generations are reported per family pedigree.
Linear regression analyses reveal an association between an individual’s onset and the family’s
mean onset (5=1.2015, p<0.05). However, a leave-one out cross-validation model suggests an
individual’s predicted onset was not associated with the family’s mean onset (p=0.16). Together,
these findings suggest that while individual and family onsets are correlated with one another,
the predictive value of these associations should be interpreted cautiously. Future cross-
validation studies are necessary in larger cohorts and other FTD mutations (MAPT, C9orf72) to
evaluate the validity of age of onset estimates in presymptomatic FTD.
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Abstract: Progressive supranuclear palsy (PSP) and Parkinson disease (PD) are both
characterized by parkinsonism. However, PSP is associated with elevated cerebrospinal fluid



(CSF) phosphorylated tau (ptau) and tau pathology while PD has alpha-synuclein (asyn)
pathology. Neuropathological studies suggest that tau inclusions are abundant in white matter
(WM), while asyn inclusions are relatively restricted to grey matter (GM) in PD. Thus
multimodal neuroimaging provides a potential marker of pathology-specific longitudinal change.
Here we investigate whether CSF markers of tau phosphorylated in the threonine 181 position
(ptau) and total tau (ttau) can differentiate neuroimaging change in PSP (N=15) and PD (N=15).
All patients had a baseline and follow-up T1 MRI of GM and DTI of WM a minimum of 6
months apart (mean difference=1.05 years £0.45) and a lumbar puncture within 9 months (+14.6)
of baseline scan. We used Advanced Normalization Tools (ANTSs) to evaluate annualized GM
atrophy in 112 cortical and subcortical ROIs and annualized WM change with fractional
anisotropy (FA), in 48 WM ROIs. CSF was analyzed using ADNI standard operating procedures.
Regression related baseline ptau and ttau to annualized change in PSP and PD (all p<0.01).
Reduced ptau was uniquely associated with PSP WM change in cerebellar peduncle, bilateral
cerebral peduncle, and fornix. Increased ttau, which is more broadly related to neuronal
degeneration, was uniquely associated with PD GM atrophy in right pallidum, putamen, frontal
pole, planum temporale and left thalamus. Thus, we report a double dissociation for baseline
CSF and longitudinal neuroanatomic change, with WM decline in PSP related to ptau and GM
decline in PD related to ttau. CSF may be a useful prognostic marker to stratify patients in
protein-specific disease-modifying treatment trials.
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Title: Using event related potentials to investigate aging and Alzheimer's disease in adults with
Down's Syndrome
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Abstract: Down’s Syndrome (DS) is a genetic disorder attributed to the triplication of
chromosome 21, and is associated with premature aging and an increased risk of developing
Alzheimer’s disease (AD). AD typically presents with memory decline however some of the
earliest clinical indicators of AD in DS are compromised frontal lobe functions, such as
inhibitory control. This research project aims to test the potential value of event related potentials
(ERPs), for identifying age-related changes to cognitive functions underpinned by the frontal
lobes. ERPs are averaged responses generated from electroencephalographic (EEG) recordings
of bio-electrical activity generated by cortical neurons. The method is non-invasive and
inexpensive so could present a viable, widespread screening tool. The ERPs investigated in this
project are MMN and P3a, which are maximal over fronto-central sites and thus reflect activity
in a brain region of interest for DS-AD; and P3b which has been repeatedly suggested in the
literature to be perturbed in AD. In this study, the 36 participants with DS had significantly
smaller MMN and P3b waveforms than the 39 age- and gender- matched controls. However,
participants with DS had significantly larger P3a waveforms. The ERPs will be correlated with
age and cognitive decline measures, with a view to identifying potential markers of AD. There is
great interest in developing markers for preclinical stages of AD, so that therapeutic
interventions, when they become available, can be administered when there is still functionality
to be preserved rather than the more challenging task of restoring lost functions.
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Title: Developing neuroimaging biomarkers for classification of Alzheimer’s disease: A
correlative study between brain network centrality, cognitive functions and biochemical
measurements in clinical settings
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Abstract: Patients suffering from Alzheimer’s disease (AD) are often diagnosed after
progressively altered behavior or life style, which are difficult to distinguish from the symptoms
of mild cognitive impairment (MCI). The lack of early diagnosis and prognostic markers may
delay patients from seeking medical care. This study aimed to characterize the brain network
topology and develop neuroimaging biomarkers by employing graphical network analysis on
functional MRI connectivity data. Additionally, a correlative study between neuroimaging
biomarkers, cognitive functions and biochemical measurements was performed. A total of 47
subjects, including 13 AD patients, 13 MCI patients and 21 healthy controls (HC) were recruited
in this study. MR protocols included resting-state functional MRI (rs-fMRI) and anatomical T1
scans. The cognitive function was assessed by mini-mental state examination (MMSE) and the
biochemical measurements included albumin (ALB) and blood urea nitrogen (BUN). Region-
wise group comparisons were performed using one-way ANOVA and 2-sample t-test. The
correlation analysis was also performed on network centrality measures, MMSE scores and
biochemical measures. Multiple comparisons were corrected with false discovery rate controlling
procedure. Our preliminary results show significant differences of network centrality in left
anterior cingulate, paracingulate gyri and heschl gyrus among three groups. Compared with HC
group, the nodal centrality of those regions is decreased in AD group. Specifically, the nodal
centrality in left anterior cingulate is positively correlated with MMSE score. The biochemical
measurements, ALB and BUN, are generally correlated with network centrality. Our findings
suggest that the network centrality in specific cortical regions may potentially reflect the altered
cognitive functions or biochemical measures in AD patients. By increasing the subject numbers,
a classification model based on brain network centrality could be established by utilizing novel
machine learning algorithm and may improve the diagnostic power to identify AD in future
clinical routine.
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Abstract: Progressive synaptic degeneration with intracellular tau protein inclusion represented
as neurofibrillary tangles (NFTs) and neuronal loss is a common feature of tauopathy including
Alzheimer’s disease (AD). Cumulative evidence has indicated that synaptic loss is well
correlated with cognitive decline and memory impairment of AD patients. In fact, synaptic
dysfunction and disrupted neuronal activity caused by toxic tau aggregates have been
hypothesized as a central component of disease-related abnormalities in animal models. It is
therefore crucial to assess in vivo alteration of synaptic properties in living subject for
understanding complicated pathophysiological cascade. Especially, establishment of biomarkers
and/or methodologies which are non-invasively applicable to clinical diagnosis is greatly
appreciated. [''C]ABP688, a highly selective radioactive ligand binding to allosteric site of the
metabotropic glutamate receptor subtype 5 (mGIuRS), is a useful probe to monitor glutamatergic
excitatory synaptic status by positron emission tomography (PET) imaging. In the present study,
we investigated age-dependent change of [''C]JABP688 PET image using rTg4510 tauopathy
mouse model which typically develops NFTs and forebrain atrophy by 6 months of age.
Intravenous bolus administration of [''C]JABP688 followed by PET scan demonstrated that
region specific and age dependent decline of [''C]JABP688 binding potential (BPnd) in rTg4510
mouse model. [''C]ABP688 BPnd began to reduce in striatum at 2-3 month of age before
obvious pathological findings. Subsequently, more drastic reduction was observed in broader
regions of forebrain including both cortex and hippocampus at 5-6 months of age. Interestingly,
reduction level of [''C]JABP688 BPnd reached to plateau range by 5-6 months of age, though
MRI volumetric analysis revealed progressive atrophy in forebrain until 8-9 months of age. Our
findings suggest that [''CJABP688 PET imaging is a potent biomarker to assess excitatory
synaptic abnormality in animal model, and further investigation in combination with
pharmacology will potentially dissect more complicated synaptic status during
neurodegenerative process.

Disclosures: M. Shimojo: None. M. Tokunaga: None. T. Minamihisamatsu: None. S.
Uchida: None. H. Takuwa: None. Y. Takado: None. I. Matsumoto: None. M. Zhang:
None. T. Suhara: None. M. Higuchi: None. N. Sahara: None.



Poster

040. Diagnostic Biomarkers for Alzheimer's Disease
Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 40.16/H17

Topic: C.02. Alzheimer's Disease and Other Dementias
Support: NIHR Cambridge Dementia Biomedical Research

Title: Components and neural correlates of apathy and impulsivity in frontotemporal lobar
degeneration syndromes.
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Abstract: Apathy and impulsivity are common and disabling consequences of frontotemporal
lobar degeneration (FTLD) associated disorders. They are recognized as multifaceted constructs
that often coexist, although their neural mechanisms are unclear. Treating apathy and impulsivity
will become increasingly important as disease modifying treatments are developed to slow
progression. We aimed to determine the link between apathy and impulsivity and identify their
underlying dimensions and neural correlates in FTLD. The PiPPIN study recruited 204 patients
and 50 controls. The assessment battery combined patient, carer and physician questionnaires
and behavioural tasks. We derived dimensions of apathy and impulsivity using principal
component analysis (PCA) on a subset of 199 patients and controls. Voxel based morphometry
(VBM) analysis of T1-weighted MRI images was conducted on a subset of 100 FTLD patients
and controls to identify the neural correlates of the extracted components. Eight principal
components were identified, separating patient-rated questionnaires, carer-rated questionnaires
and behavioural tasks. Apathy and impulsivity measures frequently loaded onto the same
components, suggesting they overlap in their underlying mechanisms. Behavioural tasks and
questionnaires correlated poorly, with direct implications for translational studies. Furthermore,
carer and patient ratings loaded onto separate components and revealed distinct neural correlates,
highlighting differences in recognition of behavioural change. VBM found corticospinal tract
changes in proportion to the patient rated apathy/impulsivity component, likely reflecting
preserved patient awareness of disease-related motor deficits, while insight into cognitive decline
is limited. In contrast, carer ratings were associated with changes in frontostriatal circuits and
brain stem systems. We propose that these associations reflect underlying changes in social,
affective and motivational functions. This dimensional approach provides new insights into the
neural basis of apathy and impulsivity in FTLD. Our data indicate common overlapping
components related to corticospinal, thalamic and frontostriatal systems, which are differentially



sensitive to objective tests, patient and carer ratings. We propose that evaluating dimensions
observed across neurodegenerative disorders may identify novel treatment targets, synergistic
with the National Institute of Mental Health's Research Domain Criteria (‘RDoC’) approach to
psychiatric symptomatology. Therapies will offer a broader impact if they are relevant for
several different diagnoses.
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Abstract: Objective:
The entorhinal cortex (EC) is the site of the earliest pathological changes in Alzheimer's disease
(AD). This study aimed to quantify the spatial distribution of tissue loss over time in the EC and



the immediately lateral trans-EC (TEC) in participants with mild cognitive impairment.
Methods:

Structural MRI scans from 40 subjects who completed at least 3 scans over 2 years and have a
continuous left collateral sulcus were selected from the AD Neuroimaging Initiative database.
For these subjects the EC and TEC were manually segmented on T1 structural scans.

After rigid alignment a template triangulated surface was estimated characterizing the population
average of the structure. The template was then mapped to each scan in the time-series,
minimizing a sum of square error between segmentations, using two geodesic trajectories
through diffeomorphism space: 1) template to baseline, and 2) baseline to follow ups. Mapping
to each segmentation in the time-series simultaneously reduces within subject variability due to
inconsistencies in anatomical definitions.

Local measures of tissue loss were chosen based on the Jacobian of each mapping including a
determinant for volume, a determinant of the 2x2 Jacobian tangent to the template for surface
area, and a 1x1 Jacobian normal to the template for thickness. Their logarithm was fitted by least
squares to a linear model at each template vertex, with a subject specific mean and a population
average atrophy rate.

Results:

Participants were 50% female, with a mean age of 71.1 and a mean education of 16.8 years.
Results are summarized in the figure showing the estimated population average atrophy rate in
an inferior view expressed as percent per year for volume (left), surface area (center), and
thickness (right).

Conclusions:

The pattern of tissue loss detected is consistent with early stage pathology identified in autopsied
brains by Braak and Braak, with most loss in the sulcal EC. More tissue loss is seen laterally
(TEC) than medially (EC proper), suggesting that this region may be a neuroimaging biomarker
sensitive to early changes in AD.
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Abstract: Difficulty recalling names is a frustrating phenomenon that becomes more common as
we age (Cohen & Faulkner, 1986; Finley & Sharp, 1989). This study aimed to examine the
relationship between the Northwestern University Famous Faces test (NUFFACE), standard
neuropsychological tests, and Alzheimer’s Disease biomarkers in a group of healthy older adults.
Forty cognitively normal adults (mean age 77.3 £6.4, MMSE 28.3 £1.5, years of education 16.2
+2.8) participated in a neuropsychological testing session. Twenty-one also had a 1.5T structural
MRI, PIB PET scan, and APOE4 genotyping. NUFFACE scores included the percent of faces
the participant could name within 5 seconds (ID score) and the percent they correctly recognized
(REC score). Partial correlations controlling for age, years of education, and sex assessed the
relationship between NUFFACE scores, standard neuropsychological test scores, and
hippocampal volume. A voxel-based morphometry analyses was performed with SPMS using the
same covariates. PIB and APOE4 status were explored as grouping variables. The ID score
(r=.47, p=0.003) and REC score (r=.46, p=0.003) were significantly correlated with the
California Verbal Learning Test and ID score had a trend to correlation with Category Fluency (r
=.39 p =.07). Increasing age was significantly associated with lower ID and REC score (r =-.33



p = .04). PIB status (positive/negative), APOE4 carrier status, and hippocampal volume were not
significant predictors of NUFFACE scores. The VBM analyses (p = .01 k = 250) revealed the
left superior frontal gyrus, bilateral (left predominant) inferior precentral gyrus, and right
superior parietal lobe as regions positively correlated with ID and REC score. Although face
naming scores decline with age in cognitively normal adults, they are unrelated to typical AD
biomarkers. The pattern in the VBM analysis suggests the association between diminished face-
naming ability with age could be a reflection of age-related grey matter loss in frontal and
parietal regions (Kalpouzos et al., 2007; Giussani et al. 2009) and not a pathological process.
Longitudinal data will help determine if the rate of change in test performance is more likely to
be associated with pathological decline.
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Abstract: Alzheimer’s disease (AD) is the most common type of dementia and the hall marker
of disease is the excessive accumulation of amyloid beta plaque and hyperphosphorylated tau
protein. Recently researchers have doubted that excessive amyloid plaque could be a result of an
imbalance between production and clearance, not just overproduction of amyloid beta. Growing
evidences also support that only the clearance rate of an amyloid beta was impaired in the
sporadic form of AD. Although the interest about brain clearance system is increased, the
clearance happening within the cortex is not fully understood. Perivascular drainage (PVD) is
one of the clearance mechanisms in the cortex referring drainage of solutes along the basement
membrane of capillaries and arterial walls into subarachnoid space. Small molecules such as
amyloid beta are cleared through this pathway while the contribution of PVD on AD is not well
investigated.

In this study, we hypothesized that small molecules movement in the cortex is mainly dependent



both on PVD and diffusion. The PVD would give additional force macromolecules to move
further toward vessels having the driving power. Unlike diffusion, this power induces
unbalanced movement and distribution of small molecules in the cortex. We used in vivo two-
photon microscopy and wide-field CCD camera to observe the PVD through fluorescent tagged
dextran injected into brain parenchyma, and quantify asymmetry movement and decay rate of
this substance in the brain. To assess the amount of the PVD, centering on the injection site, the
analyzed area was divided into artery or vein-dominant, and the difference between those areas
was used as the indices, the uniformity index (UI) and delta area above curve (AAAC).

Injected FITC-dextran moves more and faster into artery-dominant area. The UI index
illustrating the amount of unbalanced fluorescent distribution was higher than simple diffusion.
The AAAC index that describes the difference of clearance rate between those area types was
statistically different from diffusion. In aged and AD mice, the UI index were relatively steady
and the AAAC was significantly decreased compared with normal mouse. These results
demonstrates that the PVD is impaired in AD and suggest this decreased drainage causes the
accumulation of amyloid beta around arteries like cerebral amyloid angiopathy. In addition, we
can examine the possibility of these indices as the biomarker of brain clearance functioning.
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Abstract: Abnormal tau aggregation and beta-amyloid plaque deposition are essential
pathological hallmarks of Alzheimer’s disease (AD). Whereas initial drug discovery efforts have
focused on the beta-amyloid cascade, targeting tau is now a predominant strategy for halting AD
progression since it has been shown that the density of aggregated tau correlates more closely
with neuronal dysfunction and cell death, unlike beta-amyloid. Recent efforts to develop PET
radioligands binding selectively to aggregated tau have allowed the visualization of tau
aggregates in vivo. Several Tau PET ligands, including ['*F]AV1451(T807), [''C]PBB3 and
['®F]THK 5351, are currently evaluated in AD patients. Not only will these radioligands help to



determine the pathophysiology of tau aggregation in AD but they will also allow monitoring the
therapeutic effect of new treatments in development. Therefore, characterizing the tau selectivity
of these radioligands is of prime importance. The present study was initiated to look at tau
selectivity of THK5351 in AD brain tissue. In competition binding experiments using the tau
radioligand [*’H]T808 in paired helical filament (PHF) extracts from AD brain and the beta-
amyloid radioligand [*’H]AV-45 in human beta-amyloid extracts, THK5351 was showing a
moderate predicted affinity (Ki=182 nM) for PHF tau and a poor selectivity versus beta-amyloid
(Ki= 348 nM). Tested in parallel, T807 displayed a much higher affinity for PHF tau (Ki = 1
nM) and selectivity versus beta-amyloid (Ki = 246 nM). When testing [’H]THK5351 directly in
beta- amyloid extracts, its Kd derived from saturation experiments was equal to 443 nM. When
tested on PHF tau, ["’H]THK 5351 bound to a similar site as [’H]T808 (Kd = 7 nM) but with a
lower affinity (Kd = 600 nM) and also to another site. In autoradiography experiments,
[PH]THK5351(10 and 30 nM) was compared to ["TH]JAV-45 (3 nM) and [’H]T808 (10 nM) on
AD brain sections. For comparison, immunohistochemistry with the anti-tau antibody AT8 and
the anti-amyloid antibody 4G8 was performed on adjacent sections. Whereas ["’H]T808 showed a
typical tau laminar pattern and [’H]AV-45 a typical amyloid granular pattern, ["H]THK5351
displayed a combination of both. When a high concentration of cold T807 was co-incubated with
[PH]THK5351, only the granular pattern remained. Moreover, cold THK5351 could fully inhibit
[’H]AV-45 binding whereas cold T807 was ineffective. Altogether, our data indicate that
TH5351 binds to both tau and beta-amyloid in the AD brain tissue available to us. These results
should be taken in consideration when interpreting recently available human PET data with
['"*F]THK5351.
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Title: Electroencephalogram-based functional connectivity changes in patients with prion
diseases
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Abstract: Prion diseases are universally fatal and often rapidly progressive neurodegenerative
diseases. Electroencephalography (EEG) has long been used in the diagnosis of sporadic
Creutzfeldt-Jakob disease, however, not much is known about the changes in connectivity. Here,
we characterise the EEG-based connectivity in different types of human prion disease.

In the National Prion Monitoring Cohort study we recorded encephalography on 301 occasions
in 29 healthy controls and 67 patients with prion disease. The patients had either inherited prion
disease or sporadic Creutzfeldt-Jakob disease. In the sensor space, we computed the de-biased
squared weighted Phase Lag Index (Vinck et al., 2011) as a measure of connectivity in three
frequency bands (theta, alpha, beta) for patients with asymptomatic, symptomatic inherited prion
disease, sporadic Creutzfeldt-Jakob disease and for healthy controls.

We found reduced connectivity in the alpha and beta bands in symptomatic patients compared to
healthy controls. In contrast, in the theta band the connectivity was stronger in the symptomatic
patient group than in controls (Figure 1). Moreover, similar differences were found between
patients with asymptomatic and symptomatic inherited prion disease.

To the best of our knowledge, this is the first study that reports changes in EEG-based
connectivity in different types of prion diseases. Our results suggest that this quantitative EEG-
based functional connectivity separates the symptomatic patients from controls and from
asymptomatic PRNP gene mutation carrier.
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Title: Inhibitory control in alzheimer’s disease, mild cognitive impairment and healthy aging: an
fmri study

Authors: *A. C. LUEDKE', J. FERNANDEZ-RUIZ?, A. GARCIA', D. P. MUNOZ';
ICtr. for Neurosci. Studies, Queen's Univ., Kingston, ON, Canada; 2Physiol., Natl. Autonomous
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Abstract: Alzheimer’s disease (AD) and amnestic mild cognitive impairment (aMCI) are
associated with cognitive changes including response inhibition; a capacity commonly measured
using the Stroop task. Although compensatory increases in neural activity during the Stroop task
have been reported across aging, it is still uncertain whether AD and aMCI lead to a further
increase in activity changes. The goal of this work is to elucidate the neural correlates of
inhibitory control, as measured by Stroop interference, using fMRI, in AD, aMCI, and healthy
older adults. 16 mild AD participants (mean age 74.6 = 7.6, 8 female), 16 age-matched controls
(mean age 74.5 + 7.6, 8 female), and 12 participants with aMCI (mean age 64.4 = 9.3, 6 female)
completed a rapid event-related version of the Stroop task. We contrasted incongruent minus
congruent conditions at stimulus onset to investigate neural activity related to Stroop interference
within each group, i.e. conflict between stimulus word and colour (e.g. green written in yellow).
Verbal responses were recorded, and Stroop interference (incongruent reaction time - congruent
reaction time), and number of errors were calculated. There were significant group differences
on Stroop interference and number of incongruent errors. The AD group had a significantly
greater Stroop effect, and made more incongruent errors, compared to the aMCI and control
groups. The imaging analyses showed that controls had more activity in brain areas relating to
the incongruent condition (during inhibition) compared to AD, including the inferior frontal
gyrus, precuneus, anterior cingulate, and dorsolateral prefrontal (DLPF), and orbitofrontal
cortices. aMCI participants showed similar activity to the control group, with the exception of
less activity in the DLPF and orbitofrontal cortices. In conclusion, when compared to healthy
older adults the AD group showed hypoactivations in brain areas involved in inhibitory control,
suggesting the ability to compensate when faced with interference is altered in AD. This is in
line with the behavioural data, which revealed a significantly greater Stroop interference and
more errors in AD. Despite having similar behavioural performance on the Stroop task as
controls, the aMCI group showed neural changes related to inhibitory control, less activity in the
DLPF and orbitofrontal cortices, which may suggest early changes not yet detectable
behaviourally in the Stroop task.
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Title: Longitudinal alteration of intrinsic neural activity in the striatum in mild cognitive
impairment
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Abstract: Objective: To identify neural targets for early detection and prevention of
Alzheimer’s disease (AD) associated neurodegeneration, the current study investigated the
longitudinal change of the striatum, and the relationship between striatal dysfunction and AD
pathology in mild cognitive impairment (MCI). Methods: Two-year longitudinal resting-state
fMRI data from 15 healthy control (HC) and 20 MCI participants in the Alzheimer’s Disease
Neuroimaging Initiative (ADNI) database were obtained. We analyzed the amplitude of low-
frequency fluctuations (ALFF) (0.01-0.08 Hz) and further decomposed two frequency bands
(slow-4: 0.027-0.073 Hz; and slow-5: 0.01-0.027 Hz) in the caudate and putamen, two main
components of the striatum. Measures of cerebrospinal fluid pTau and beta-amyloid,.4; from
baseline were used to calculate AB/pTau ratio. Results: Compared to the HC group, the MCI
group showed significantly greater decline in putaminal ALFF, including the slow-4 band.
Controlling for age and group (MCI vs. HC), lower baseline AB/pTau ratio was significantly
associated with greater decline of ALFF in the right putamen in the overall sample. The slow-4
band, relative to slow-5 band, showed a stronger correlation between AB/pTau ratio and decline
of ALFF in the right putamen. Conclusions: The function of the putamen declines early in the
AD-associated neurodegenerative process. The abnormality of ALFF in the putamen, particularly
the slow-4 frequency band, may be a sensitive measure of evolving AD pathology regardless of
the current clinical MCI diagnosis.
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Title: Structural MRI shows accelerated reduction in gray matter density and white matter
integrity in asymptomatic progranulin mutation carriers
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COOK?, J. C. GEE*, M. GROSSMAN';
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Abstract: Objective: Mutations in the progranulin (GRN) gene are associated with
frontotemporal degeneration (FTD) spectrum disorders due to TDP-43 inclusions. Potential
treatments are likely to halt or slow disease progression, but not reverse degeneration. Therefore,
it is essential to identify biomarkers preferably before the onset of symptoms, if possible. We use
longitudinal structural and diffusion MRI to identify regions displaying early degeneration in
asymptomatic GRN mutation carriers (aGRN+), relative to family members who are non-carriers
(aGRN-). Methods: Cognitively normal relatives of clinically diagnosed GRN+ FTD patients
were identified as either aGRN+ (N=11, mean age=46.5) or aGRN- (N=6, mean age=39.7). For
inclusion in this study, each participant completed two MRI sessions (mean intervals:
aGRN+=3.2 years, aGRN-=4.0 years) with T1-weighted and diffusion tensor imaging (DTI)
sequences. Voxel-wise difference images were created for each participant by subtracting the
follow-up cortical gray matter probability (GMP) image from the baseline GMP image.
Similarly, difference images were created using radial diffusivity (RD) to examine white matter
(WM). We expect small differences to represent normal aging related changes in both groups,
with larger values representing degeneration in the aGRN+ participants. We performed voxel-
wise whole-brain comparisons of the difference images to identify regions of greater change in



aGRN+ participants relative to aGRN- participants (p<0.03, cluster extent>600mm”). Finally, we
used DTI tractography to find WM tracts connected to any affected GM region. Results: aGRN+
participants had greater decrease in GMP than aGRN- in left inferior temporal and supramarginal
cortices. In white matter, aGRN+ participants had greater increase in RD in bilateral superior
longitudinal fasciculi (SLF) and corona radiata. These results indicate accelerated declines in
both GM density and white matter integrity in aGRN+ participants. The WM tracts connected to
the identified GM regions overlapped the clusters of worsening WM in the left SLF.
Conclusions: Longitudinal MRI provides evidence of accelerated GM and WM structural
changes in aGRN+ participants relative to aGRN- family members. The affected regions have
previously been shown to exhibit disease in clinically diagnosed GRN+ FTD patients. Thus, a
potential biomarker for treatment trials may be structural changes in these regions in aGRN+
participants.
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Title: The olfactory system and its relevance for behavioral screening and diagnostic imaging in
neurological disorders.
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Abstract: There is considerable variation in the prevalence and magnitude of olfactory
dysfunction among neurodegenerative diseases. For example, the average olfactory dysfunction
of Alzheimer’s, Parkinson’s, Huntington’s and Down syndrome is severe (clinical Smell
Identification Test scores ~20). Such findings have led to the suggestion that olfactory testing
may aid in the diagnosis of several neurodegenerative diseases. Moreover, the Down syndrome-
related dysfunction is unlikely secondary to the Alzheimer’s-like neuropathology (amyloid beta



plaques and tau tangles) associated with this disorder because it occurs at an age before this
pathology is manifest.

These deficits in odor identification, detection, discrimination, and memory manifest themselves
before the time the classic phenotypic elements of the disorders appear, although it is unknown
how far in advance the olfactory loss precedes the phenotypic expression. It is noteworthy that
patients with multiple sclerosis exhibit olfactory dysfunction proportional to plaque burden in
subfrontal lobes. It is also of interest that some patients with Creutzfeldt-Jacob disease present
with olfactory dysfunction associated olfactory tract involvement of the prion protein, lending
some credence to the concept that the olfactory pathway may represent a route of infection and
possible means of spreading the infection.

We are using transgenic Alzheimer’s mice as a preclinical model platform for developing
ethological behavioral screening tests and imaging biomarkers for pathology, and for evaluating
treatments of relevant symptoms. Resting-state fMRI has emerged as a way to probe the brain
network in disorders. Furthermore, with the establishment of functional connectivity fingerprints
in Alzheimer’s brain, and correlating this to behavioral phenotypes related to olfactory
dysfunction, we try to improve our understanding of the etiology and progression of Alzheimer’s
disease and use these tools to track disease progression and treatment response in preclinical
trials.
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Title: Confirming the network degeneration hypothesis for intrinsic brain networks and for
distinct neurodegenerative syndromes
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Abstract: The network degeneration hypothesis suggests that for a given neurodegenerative
syndrome, onset and spread of neurodegeneration is associated with a specific brain network and
its dysfunction. Here, we tested this assumption for intrinsic brain networks (IBN) in different
syndromes of frontotemporal lobar degeneration (FTLD) and two variants of Alzheimer’s
disease (AD). We expected that each syndrome is associated with reduced intrinsic functional
connectivity (iFC) in one core network and potentially in additional networks.

37 biomarker-confirmed FTLD subjects, of which 19 presented with behavioral variant
frontotemporal dementia (bvFTD) and 18 with primary progressive aphasia (PPA), and 36
biomarker-confirmed AD subjects, of which 23 presented with the amnestic variant (aAD) and
13 with posterior cortical atrophy (PCA) were assessed by resting-state functional MRI. The
following network connectivity measures were determined for canonical IBNs such as the
default mode network: (i) network iFC derived from independent component analysis and (ii)
degree centrality (DC iFC) derived from graph theory analysis within IBN boundaries.
Compared to 18 healthy controls, all four patient groups showed changed network iFC in
syndrome-associated core networks. Specifically, in aAD patients we found reduced iFC in the
default-mode network and additionally in the right and left attention networks. In PCA patients,
iFC was reduced in the dorsal attention network and additionally in the default-mode network.
For bvFTD patients, changed iFC was found in the saliency network as well as in the default-
mode, right and left attention networks. PPA patients showed changed iFC in the left attention
network and additionally in the saliency network. Furthermore, areas of reduced DC iFC
overlapped with standard IBN templates taken from the literature.

The present findings suggest that the assumptions made by the network degeneration hypothesis
applies to large-scale IBN. It seems that changes of iFC are tied to the brain’s functional network
architecture.
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Title: Memory and hippocampal volume in behavioural variant Frontotemporal Dementia.
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Abstract: Background: Behavioural variant frontotemporal dementia (bvFTD) is typified by
profound alterations to personality and behaviour. Historically, memory was considered to be
relatively preserved, but there is now increasing recognition of the impact bvFTD has upon
memory, even in the early stages of the disease. The underlying neural substrates for amnesia are
thought to differ between bvFTD and Alzheimer's disease (AD): hippocampal atrophy is
primarily implicated in AD, whilst frontal network dysfunction is hypothesised to contribute to
deficits in bvFTD. We used cutting-edge MRI techniques to investigate hippocampal sub-region
atrophy in bvFTD and AD cohorts and healthy older adults, alongside ratings of anterograde
visual and verbal memory. We hypothesise that AD and bvFTD affect distinct hippocampal
subfields.

Methods: Patients with a clinical diagnosis of bvFTD or AD and age matched cognitively
healthy control subjects underwent MR brain imaging, and completed the Montreal Cognitive
Assessment (MoCA), the Hopkin's Verbal Learning Test Revised (HVLT-R) and Brief Visual
Memory Task (BVMT).The hippocampus was segmented into 6 regions: Cornu ammonis 1, 2
and 3, Dentate Gyrus, Strata radiatum/lacunosum/moleculare and Subiculum, with separate
volumes measured for the right and left hemispheres. Ethical approval for this study was
obtained from the Frenchay NHS Research Ethics Committee.

Results: Preliminary data in 12 AD, 7 bvFTD and 49 healthy older people demonstrates
significant impairment in HVLT-R and BVMT total recall scores in both patient groups. AD and
bvFTD patients showed significant impairment on the total recall score of the BVMT and
HVLT-R (p<0.0001, unpaired t test). No differences could be detected between the AD and
bvFTD groups. Not all patients were able to undergo MR scanning: preliminary analysis showed
equivalent degrees of atrophy of all hippocampal sub-regions in the bvFTD (N=5) and AD
groups (N=6).

Discussion: This study found significant memory impairment in bvFTD, with affected
individuals performing at a level equivalent to AD on tests of both visual and verbal memory.
Intriguingly, we found no differences in the degree of hippocampal sub-region atrophy present in
bvFTD and AD. Although sample sizes are currently small, this raises the possibility that
episodic memory deficits seen in AD and bvFTD could both be due to hippocampal atrophy,
rather than having separate neural substrates. Further testing aims to increase sample size and
seek correlations between cognitive performance and specific hippocampal sub-regions.
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monitoring effects of the treatment
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Abstract: Alzheimer’s disease (AD) is the most prevalent age-related form of dementia and
currently no cure exists. Many potential therapeutics have been tested in the clinic and have
failed. Two main reasons why clinical trials of potential new AD therapeutics have not been
successful include: the late stage of intervention and the absence of sensitive, noninvasive
methods to follow the effect of treatment on pathology-related biomarkers to enable optimization
of the drug dose. We are attempting to address this problem by using an extracellular vesicle-
based approach. The ability to detect brain-derived extracellular vesicles (EVs) in blood opens a
window into the brain and creates the possibility of development of brain-specific liquid biopsy
for AD and other neurological conditions. Our new method comprises immunopanning-magnetic
isolation of brain-derived EVs from plasma with consecutive analysis of EV surface markers
using a recently developed “ExoScreen” method (Yoshioka et al., 2014) based on Perkin-Elmer’s
AlphaLISA (a bead-based luminescent oxygen channeling immunoassay) technology, and
downstream analysis of the disease stage and treatment-specific biochemical changes in EV
compositions. We are currently testing the method using AD animal models being treated with
selective BACE inhibitors and SIRT1 enhancers. We are also performing longitudinal analysis of
human plasma samples from patients with known brain imaging and mini-mental state
examination (MMSE) status to correlate brain biochemical and functional changes with the
brain-derived EV composition in blood. The method is aimed to overcome heterogeneity in
brain-derived EV quantity within plasma samples and detect small scale changes in the disease-
specific and treatment-related biomarkers. When fully developed, our method may create a non-
invasive blood-based early diagnostic test for AD, a way to monitor drug treatment effects, and
to identify novel biomarkers and targets for new AD therapeutic development.
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Abstract: The value of diagnostic biomarkers derives from their ability to monitor disease
progression and remission, as well as their predictive accuracy before the onset of the disease.
Detection of the disease even before its onset, could provide important opportunities for
prevention and/or planning therapeutic strategies. In the early stages of Alzheimer’s disease
(AD), within four years from the dementia onset, clinical diagnosis has a limited rate of success.
Furthermore, clinical diagnostic accuracy before dementia onset has not been previously
validated. Here, we present evidence for the potential predictive value of three peripheral human
biomarkers for Alzheimer’s disease (AD): Morphometric Imaging, PKCe and AD Index. The
Biomarker Severity Score as described herein may be a continuous logistic fit function on the
normalized values, between 0 and 100% of the output signal of the biomarkers for the Age-
matched control (AC) and Alzheimer’s disease (AD) patients. The gap in the severity score
between the AD patients and AC patients is greater than 40% (P<0.0023, two tailed t-test, two
samples, unequal variance) for each biomarker and indicates that each of these three biomarkers
have the potential to detect the signature of Alzheimer's disease several years before the
dementia onset(P<0.012, two tailed t-test, two samples, unequal variance ). Strategies for
detecting AD before dementia onset with these biomarkers are presented here.
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Title: High burden of vascular risk factors is associated with greater longitudinal increase in CSF
total Tau.
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Abstract: Background: Although the contribution of vascular risk to Alzheimer’s diseases (AD)
widely acknowledged, little is known how vascular conditions affect cerebrospinal fluid (CSF)
biomarkers of AD. We investigated both cross-sectional levels and longitudinal trajectories of
phosphorylated tau (p-tau), total tau (t-tau) and amyloid beta 42 in cognitively healthy subject
with high and low vascular risk burden. Methods: Data was collected from 307 (mean age 64.1 +
9.8 years, 63% female) subjects enrolled in NIH funded studies of aging and cognitive decline at
the Center for Brain Health. All subjects underwent medical, neuropsychological, neurological
and MRI examinations, and a lumbar puncture. CSF p-tau, t-tau and amyloid beta 42 were
assayed. Baseline vascular risk burden was defined based on the Framingham Cardiovascular
Risk Profile: as high > 10% (n=91) or low <10% (n=216). Longitudinal data was available for
143 subjects; mean follow-up time was 3.9 + 2.8 years. Results: At baseline high and low burden
groups did not differ in any CSF biomarker. However, subjects with high vascular burden had
greater increase in total tau longitudinally: Random effects mixed model: group*time interaction
at p=.04, with age and baseline tau levels as covariates (Figure 1). These effects were not found
for p-tau or amyloid beta 42. Conclusion: Our findings support the notion that vascular risk
factors are related to increases in CSF marker of neuronal damage. We did not find evidence that
more specific AD markers: ptau or amyloid beta 42 were affected.



LOW VASCULAR BURDEN HIGH VASCULAR BURDEN

500.00
—
-
W
c 400.00+
—
2
-
2
-
2
L 30000
(%]
Q
20000717 T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
year year

Disclosures: L. Glodzik: None. T. Butler: None. C. Randall: None. E. Tanzi: None. R.
Osorio: None. H. Rusinek: None. A. Deshpande: None. Y. Li: None. M. de Leon: None.

Poster

041. Postural Instability, FOG, and Kinematics in Parkinson's Disease
Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 41.01/15

Topic: C.03. Parkinson’s Disease

Support: MnDrive

Title: Avoiding virtual obstacles during treadmill gait in Parkinson's disease

Authors: *C. LU, M. MCCABE'?, E. TWEDELL'?, S. E. COOPER'”;
'Dept. of Neurol., “Motor Neurophysiol. Lab., Univ. of Minnesota, Minneapolis, MN



Abstract: Gait disorders are one of the most disabling symptoms of Parkinson's disease (PD)
and one of the most refractory to treatment. We evaluated people with PD and healthy controls
using a virtual obstacle avoidance task during visually cued treadmill walking.

We compared healthy controls to PD patients in the off-medication state. Participants were
instructed to step on virtual “stepping stones” (blue squares projected onto the treadmill) during
treadmill walking. Unpredictably, a stepping stone would change to an obstacle (red striped
square). The participants were coached to step short to avoid the obstacles. Treadmill speed and
the spacing of the stepping stones were set to match the walking speed and step length
determined from self-paced overground walking. We measured the time of obstacle appearance
relative to ipsilateral toe-off, and classified the following step as successful if the participant
avoided stepping on the obstacle, failed otherwise. Probability of success was strongly associated
with the time of obstacle appearance, with earlier-appearing obstacles more easily avoided.
Logistic regression analysis demonstrated more obstacles were successfully avoided when
appearing earlier. An independent ¢ test showed systematic differences between groups, with PD
patients requiring more time than controls to achieve equivalent obstacle-avoidance success
rates.

The results demonstrate that in order for PD patients to successfully avoid an obstacle, they
require a longer time to respond compared to healthy individuals. This could contribute to high
fall risk in PD in daily activities. Further studies are warranted to investigate the mechanisms
underlying the need for more response time. Possible mechanisms may include, but not be
limited to, disturbances in motor planning (i.e., deficits in sensory and time perception),
movement execution (i.e., unable to properly generate forces due to bradykinesia or delayed
movement due to freezing of gait) or disordered response inhibition.
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Abstract: Freezing of gait (FoQ) is a poorly understood symptom of Parkinson’s Disease (PD)
affecting ~53% of patients regardless of disease progression or medical therapy. Common PD
treatments, such as medication or deep brain stimulation (DBS), do not consistently provide
adequate management of FoG. There is an unmet and pressing need to develop novel therapeutic
strategies to treat medically refractory FoG. Therefore, we seek to describe the role of the
pedunculopontine nucleus (PPN), a brain stem structure found to excite spinal central pattern
generators, in walking to outline the underlying neural mechanisms and pathogenesis of FoG.
We will identify electrophysiological features of FoG for real-time detection of freezing. DBS
paradigms will be designed using the extracted features and its effectiveness will be assessed
using clinical scoring standards. Algorithms will be used concurrently to a neurologist’s
assessment of onset and cessation of FoG episodes.

All participants must meet preset criterion on the FoG-Q and a minimum of 5 freezing episodes
incited by provocation protocols. Five patients will receive bilateral globus pallidus interna (GPi)
and PPN DBS electrode implantation with two Activa PC+S Neurostimulation system,
(Medtronic, Minneapolis, MN), one for each region. These novel devices allow simultaneous
stimulation and recording from the depth electrodes using the Medtronic Nexus-D system, an
external device enabling real-time control and data. Neural data is concurrently collected from
multiple EMG+acceleration sensors (Delsys, Inc., Natick, MA), an 8-camera motion capture
system (Vicon Peak, Oxford, UK), and ground reaction forces (Bertec, Newton, MA) over two-
day monthly visits.

We have observed mu-low beta activity in GPi suppressed with medication and with increased
task intensity. Similarly, low frequency activity (<10Hz) in the PPN increases with medication
and with the intensity of the task. Using the clinical labels of FoG, low frequency activity has
been identified to correlate to FoG episodes, a threshold detector was implemented and
compared to a neurologist’s time-aligned labeling of onset and cessation of FoG episodes during
a continuous walking task. The subjects were asked to preform different tasks including freezing
inducing tasks. Our initial results are promising and consistent across 3 patients who have come
back for post-surgical recordings. There is current work in determining optimal detection and
stimulation parameters.
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Abstract: Approximately one half of people with Parkinson’s disease (PD) will develop a
debilitating symptom termed freezing of gait (FOG). FOG is characterized by sudden episodes of
inability to produce effective stepping during which the individual feels that their feet are “glued
to the floor”. These episodes are usually accompanied by a characteristic festination (“trembling
of the knees”) and are often triggered during gait initiation, turning, navigating through narrow
doorways or during obstacle avoidance. Currently, the mechanisms causing FOG are poorly
understood. Studying the pathophysiology and biomechanics of FOG is greatly hampered by the
difficulty with capturing FOG episodes in the laboratory environment. Here we report data from
rare incidents in which multiple FOG episodes were captured with quantitative methods.
Specifically, we examined if FOG episodes were preceded by a common sequence of events (e.g.
reduced or absent anticipatory postural adjustments) that precipitate the failure to achieve toe-off
and trigger festination. The data were captured during studies examining the effects of external
cueing and/or mechanical assistance on gait initiation compared to self-initiated gait (Lu et.al.,
2015; Petrucci et al., 2015). Whole-body 3D kinematics, ground reaction forces (GRFs) and
center of pressure (CoP) from two force platforms, surface EMG bilaterally from 5 lower limb
muscles, and accelerometry (3-axes) of the lower leg and thigh were collected. Freezing episodes
were defined based on: failure to achieve toe-off, and the presence of repetitive oscillations of
the lower limb (festination) and accompanying EMG bursts. There were two main findings from



the analyses of these trials. First, reduced or absent anticipatory postural adjustments were not a
prerequisite for the triggering of an FOG episode. Second, FOG episodes were preceded by a
failed unloading (no swing phase) followed by rapid loading of the intended step leg and an
unloading of the intended stance leg (reciprocal APAs). This unexpected reloading of the
intended step leg was accompanied by a paradoxical rise of the heel (sometimes simultaneously
on both sides) and flexion of the knee and hip, akin to the kinematic pattern of another push-off
phase. Rise of the heel(s) appeared to trigger reciprocal right-left oscillations (approx. 10 Hz) in
forces and EMG that characterize festination. These findings suggest that FOG is triggered by
failed execution of stepping leg unloading and an inappropriately-timed second push-off phase of
the intended stepping leg.
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Authors: *S. BERGERON'?, P, BLANCHET'”, D. MONGEON', M. BLANCHET', M.
JEAN-DESILETS', J. TREMBLAY', F. PRINCE', J. MESSIER"%;

'Univ. of Montreal, Montreal, QC, Canada; ’Inst. universitaire de gériatrie de Montréal (IUGM),
Montreal, QC, Canada; 3Services de neurologie, Ctr. Hospitalier de I'Université de Montréal
(CHUM), Montreal, QC, Canada

Abstract: Evidence suggests impaired proprioceptive processing in Parkinson’s disease (PD).
The aim of this study was to examine the impact of a proprioceptive-based exercise program on
the performance of PD patients in two complex motor tasks that critically depend on
proprioceptive processing. We assessed the performance of PD patients and aged-matched
healthy controls (HC) in a three-dimensional (3D) reaching movements (n=10 PD, n=20 HC)
and a postural stability limits tasks (n=11 PD, n=15 HC). In the reaching task, subjects



performed arm movements aimed at 3D targets defined by either vision or proprioception. The
positions of the tip of the index finger and arm segments were recorded using an Optotrak
motion analysis system (NDI inc.). In the postural task, subjects stood on a force platform
(AMTI, inc.) with bare feet at comfortable stance width and arms crossed on the chest. They
were instructed to lean as far as possible in four directions (forward, backward, rightward and
leftward) without lifting their feet or flexing their hips and to maintain this maximal leaning
position for 10 sec. Subjects were tested with and without vision. Accuracy and variability of
reaching movements and center of pressure displacements during the stabilization phase of
leaning movements were analyzed. PD patients were tested twice, before (pre-test) and after a 12
week proprioceptive training program (post-test). In the pre-test, PD patients displayed both a
greater level of 3D absolute and variable reaching errors as well as smaller limits of stability
relative to HC in the visual and proprioceptive conditions (p<0.05). Also, the between group
difference in the magnitude of stability limits was larger along the medial-lateral axis than along
the anterior-posterior axis (p<0.05). The proprioceptive training program significantly increased
the spatial accuracy and decreased the variability of reaching movements (p<0.05). Furthermore,
the program significantly increased the postural stability limits of PD patients, especially along
the medial-lateral axis (p<0.05). Notably, the exercise program normalized the reaching accuracy
and the stability limits in both the visual and proprioceptive conditions (p>0.05). These findings
suggest that a proprioception-based training program improves the proprioceptive control of
reaching and postural stability limits in PD.

Disclosures: S. Bergeron: None. P. Blanchet: None. D. Mongeon: None. M. Blanchet:
None. M. Jean-Désilets: None. J. Tremblay: None. F. Prince: None. J. Messier: None.

Poster

041. Postural Instability, FOG, and Kinematics in Parkinson's Disease
Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 41.05/19

Topic: C.03. Parkinson’s Disease

Title: A sensorimotor training that improves proprioception and transfers to untrained
movements in Parkinson's disease

Authors: *N. ELANGOVAN', P. TUITE’, J. KONCZAK';
'Sch. of Kinesiology, “Dept. of Nuerology, Univ. of Minnesota, Minneapolis, MN

Abstract: BACKGROUND AND PURPOSE: Recent research shows that sensorimotor
training that challenges the proprioceptive system improves proprioceptive acuity and translates
to improved motor function. It is well established that people with Parkinson’s disease (PD)



experience proprioceptive impairments along with motor deficits. It is unknown whether
proprioceptive function can be enhanced in PD and to what extent improved proprioceptive
function translates to improved motor performance. Here, we evaluate whether proprioceptive
function in PD can be enhanced by specialized visuomotor training that emphasizes precise
movements and determine if such proprioceptive improvements lead to improved motor
performance. We administered a sensorimotor training to PD patients using a wrist robotic
device coupled with a real-time virtual visual environment. METHOD: 12 participants (Mean
age = 61.8 yrs; mean disease duration = 2.5 yrs) diagnosed with PD were tested in their ON
medication state. Training involved tilting a virtual table to position a virtual ball on a target by
making precise small amplitude wrist flexion/extension movements. With increasing proficiency,
task difficulty increased by adjusting the responsiveness of the virtual ball. Wrist position sense
acuity and the spatial precision of an untrained goal-directed wrist reaching movements were
assessed without vision before and after training. Wrist position sense discrimination thresholds
were obtained using controlled robotic motion to passively rotate the wrist joint. Mean
movement precision error was determined using the absolute difference between passively
presented target of 15° wrist flexion and subsequent active movement to the target by the
participant. RESULTS: All 12 participants showed improvements in wrist proprioceptive
thresholds (mean: pre/post = 1.6° / 1.1°). Wrist movement precision in the untrained reaching
improved in 9/12 participants (mean: pre/post = 2.6° / 1.9°). CONCLUSION: Wrist
proprioceptive function improves after brief specialized visuomotor training in PD patients.
Movement precision in an untrained motor task also improved on average by 27% in most
participants, indicating that such sensory-based training directly benefits motor function. These
initial findings are promising and suggest that somatosensory-based training may enhance
sensorimotor function in PD.
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Title: Subthalamic neural and kinematic features of freezing of gait on and off DBS in freely
moving Parkinson’s subjects
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Abstract: Objective: Freezing of gait (FOG) is a common and debilitating symptom of
Parkinson’s disease (PD). Previous literature suggests that subthalamic nucleus (STN) resting
state high beta band power is greater in self-reported PD freezers versus non-freezers. We report
synchronized STN and kinematic data at rest and during movement including freezing episodes
(FEs) in PD subjects on and off high frequency (HF) STN deep brain stimulation (DBS).
Methods: 13 PD subjects (26 STNs), off-medication, performed a forward walking (FW) task, a
stepping in place (SIP) task on dual force plates, and a novel FW turning and barrier course
(TBC). STN LFPs were recorded from electrodes 0 - 2 or 1 - 3 of the DBS lead (model 3389,
Medtronic, Inc.) via telemetry from an investigational sensing neurostimulator (Activa® PC+S,
Medtronic Inc., FDA-, IDE-, IRB-, and CA Medicare-approved) before and while DBS was
administered through electrode 1 or 2, respectively. Kinematic data was recorded using wireless
Opal® inertial measurement unit (IMU) sensors (APDM, Inc.). Angular velocity signals from
IMUs on the lower legs were used to determine gait cycle duration, swing phase duration, and
swing angular range. Angular velocity signals from the lumbar IMU were used to determine
forward direction and delineate periods of straight walking and turning. Kinematic analysis was
performed in LabVIEW (National Instruments, Inc.) and MATLAB (The MathWorks, Inc.).
Results: 13 subjects completed FW, SIP, and TBC, 6 of whom had FEs in at least one of the
tasks. Preliminary results demonstrated that low beta band power was attenuated during walking
when compared to the resting state (standing), which was more prominent in patients who had
FEs. In some patients, there was also an attenuation of high beta power during periods of
walking with FEs, in comparison to walking without freezing. STN DBS improved FOG in all
freezers and attenuated beta band power. Conclusions: In some patients with FOG, neural signals
during periods of walking with FEs show a decrease in high beta band power when compared to
periods of walking without FEs. Analysis of the synchronized neural and kinematic signals
during different walking tasks allows for a more nuanced understanding of the neural features
associated with FOG.
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Abstract: Objective: determine safety and tolerability of adaptive or closed loop Deep Brain
Stimulation (aDBS) in the subthalamic nucleus (STN) in Parkinson’s disease (PD), using a
neural control variable to drive aDBS and to investigate the effect on resting tremor of aDBS
using either a neural or kinematic variable.Methods: Safety and tolerability of neural triggered
aDBS (NaDBS) was evaluated in13 PD subjects (16 STNs) implanted with an investigational
sensing neurostimulator plus a firmware upgrade (Activa® PC+S-NexusD3 system, Medtronic
Inc., FDA-, IDE-, IRB-, and CA Medicare-approved) to enable aDBS using neural or kinematic
control variable. The Nexus-D system is a conduit that allows bi-directional communication
between the Activa® PC+S and a portable computing device (PC). The PC is an external
platform that informs the Activa® PC+S to adjust stimulation using preset safe parameters. STN
LFPs were recorded from electrodes O - 2 or 1 - 3 of the DBS lead (model 3389, Medtronic, Inc.)
and 140 Hz DBS was administered through electrode 1 or 2, respectively. The percentage of
stimulation time with tremor less than 0.15 rad/s and the total electrical energy delivered during
aDBS as a percentage of TEED during continuous DBS (TEED.pgs), was investigated using
NaDBS or kinematic triggered aDBS (KaDBS) for > 20 minutes, in a subset of tremor dominant
(TD) PD subjects. KaDBS used limb tremor power, recorded from a Bluetooth enabled smart
watch, as the control variable.Results: Stimulation changes (ramps and voltage limits) were safe
and tolerated in all 13 subjects. The stimulation delivered was in the safe limits imposed. In one
TD PD subject during NaDBS, resting tremor was <0.15 rad/s for 33% of stimulated time and



TEEDnNapss = 15% of TEEDpgs. During KaDBS, resting tremor was <0.15 rad/s for 62% of
stimulated time and TEEDk,pgs = 13% of TEED.pgs. In another PD subject, NaDBS resulted in
no tremor for 95% of stimulated time and TEEDw.pgs = 57% of TEED.pgs, while KaDBS
resulted in no tremor for 53% of stimulated time and TEEDk.pgs = 11% of
TEEDpgs.Conclusions: 1) NaDBS was safe and tolerable in all patients tested; 2) Two TD PD
subjects tested to date responded differently to the two aDBS strategies. This suggests that aDBS
strategies need to be customized to each PD subject in the TD phenotype.
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Abstract: Tremor in all of its forms (Essential Tremor, Parkinsonian Tremor, Dystonia, etc.) is
arguably the most common movement disorder, estimated to affect approximately 10 million
people in the US. Medication and surgical interventions have significantly reduced patient
suffering, but medication is generally only partially effective, and surgical procedures are highly
invasive and reserved for severe drug-resistant tremor, leaving many tremor patients without
satisfactory treatment options. Surprisingly, tremor-suppressing devices are underexplored
despite great potential promise. However, we do not know where in the upper limb the tremor
originates (mechanically), how it propagates, and where manifests most severely, greatly limiting
our ability to create effective tremor-suppressing systems. The purpose of this study is to use
simulation to understand how tremor propagates through the upper limb, and to determine the
feasibility of determining the mechanical origin of tremor from measurements of tremor
throughout the upper limb. We have developed a mathematical model of the dynamics of the
upper limb suitable for studying tremor propagation. This model focuses on the 7 major degrees



of freedom (DOF) from the shoulder to the wrist. It takes as input the muscle activity in the 14
major muscles acting on these DOF and simulates the resulting force in each muscle, torque in
each DOF, and displacement (tremor) in each DOF. This model includes realistic parameter
values taken from the literature, including values for muscle time constants and moment arms as
well as joint inertia, damping, and stiffness. Because the displacements in each DOF are
relatively small, our linear model can capture the dynamics of this non-linear system and allow
us to take advantage of existing tools for analyzing the frequency response of linear systems. We
have begun to simulate the propagation of tremor by “injecting” tremor in various muscles or
DOF and observing patterns in the resulting tremor in each DOF. We will inject oscillatory
torque in a single DOF and then move on to combinations of multiple DOF to understand
propagation patterns and determine if it is possible to identify from the tremor in each DOF
where the tremor originated. Finally, we will determine the effect of changes in model
parameters on the propagation pattern and the ability to determine the origin of the tremor.
Establishing principles of propagation will help us move closer to our end goal, which is to
measure a patient’s tremor, determine the origin and propagation of their tremor, and design a
system to suppress their tremor in an optimal manner.
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Abstract: BACKGROUND: The relationship between freezing of gait (FOG) and postural
instability in Parkinson’s disease (PD) is not clear. We analyzed the impact of FOG on postural
control.

METHODS: 31 PD patients with FOG (PD+FOG), 27 PD patients without FOG (PD-FOG) and
22 healthy control (HC) were included and assessed in the ON state of medication. Postural
control was measured with the Fullerton Advanced Balance (FAB) scale and with center of
pressure (COP) analysis during quiet stance and maximal voluntary forward and backward
leaning.

RESULTS: The groups were well matched concerning age, disease duration and disease severity.
PD+FOG had significantly worse scores at the FAB scale (21.8 points, SD + 5.8) in comparison
to PD-FOG (25.6 points, SD £ 5.0) and HC (34.9 points, = SD 2.4) (p<0.01). During quiet stance
the average anterior-posterior COP position was significantly displaced towards posterior in
PD+FOG in comparison to PD-FOG and HC (p<0.05). The COP position in the anterior-
posterior orientation correlated with the severity of FOG (p<0.01). PD+FOG and PD-FOG did
not differ in average COP sway excursion, sway velocity, sway regularity and postural control
asymmetry.

CONCLUSIONS: Our results show that PD+FOG have reduced postural control in comparison
to PD-FOG and HC. The COP shift towards posterior during quiet stance in PD+FOG leads to a
restricted precondition to generate forward progression during gait initiation. The difference in
COP position in PD+FOG patients may contribute to the occurrence of FOG or might be an
altered stance position as a compensatory strategy to avoid forward falls.
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Abstract: People with Parkinson’s disease (PD) who experience freezing of gait (FOG) often
show reduced or absent anticipatory postural adjustments (APAs) that are required for balance
and forward propulsion during self-initiated gait. Impaired self-initiated movements in PD may
result from reduced activity in the supplementary motor area (SMA). Anodal transcranial direct
current stimulation (A-tDCS) can be used to facilitate activity in cortical regions underlying the
stimulating electrode. We investigated if A-tDCS over the SMA can transiently improve APA
magnitudes and timings in people with PD and FOG.

In our double-blinded, cross-over study, 9 PD subjects with FOG (3 females, 68 + 9 years, off
medication) underwent 2 sessions of testing (sham or A-tDCS at 1 mA for 10 min, separated by
>1 week). Structural MRI scans and Brainsight software were used to target stimulation to the
scalp surface over the SMA. Eight gait initiation blocks (5-6 trials/block) were collected: (1) pre-
tDCS, externally cued; (2) pre-tDCS, baseline, self-initiated; and (blocks 3-8) post-tDCS, every
12 min., self-initiated. For self-initiated trials, subjects stood for 3-5 seconds before walking
forward. For cued trials, subjects were given acoustic “warning” and “go” tones. Ground reaction
forces were collected from force platforms beneath the feet. APA magnitudes and timing were
quantified using Matlab (Mathworks, MA). Outcome measures included the magnitudes and
times from APA onset to: step foot peak loading force, stance foot peak unloading and loading,
peak lateral shift of the center of pressure (COP), and two peak posterior COP shifts, as well as
the time to first and second toe-off. Two-way repeated measures ANOVAs (factors: stimulation
type and trial block) were performed.

External cueing significantly increased nearly all of the APA measures magnitudes relative to
baseline self-initiated trials (p<0.001) and decreased most of the time measures (p<0.01). There
was no effect of stimulation type on APA magnitudes or timings (p > 0.13). With A-tDCS, some
APA times significantly improved for 1 person, but worsened in 2 subjects. APA magnitudes
significantly improved for 2 subjects and worsened in 2 subjects. There was no effect of visit
order.

A-tDCS applied over the SMA did not have a consistent effect on people with PD with FOG.
Results appear to be subject dependent, although this is confounded by symptom fluctuations and
trial-to-trial variability. The lack of significance could be related to A-tDCS dosing and location.
Alternatively, our results may suggest that the SMA has a limited role in self-initiated gait
impairment in people with FOG.
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Abstract: Disruptions in limb coordination, gait, and increased fall propensity are hallmarks of
neurodegenerative disorders such as Parkinson’s disease that are not ameliorated by standard
dopamine replacement therapies. Alterations of gait and fall propensity are hypothesized to arise
as top-down, cognitive control of motor output declines as a result of dual dysfunction of striatal
dopaminergic and forebrain cholinergic systems. 0432 nAChR selective nicotinic receptor
(nAChR) agonists may mimic increased cholinergic modulation of top-down control, and
therefore could represent a promising option for correcting the specific symptoms due to loss of
such modulation. In the present set of experiments, we sought to test the capacity of a4p32
nAChR agonists to ameliorate gait disruptions associated with striatal dopaminergic depletion in
rats. As a first step, two cohorts of animals (sham lesion; n=6, and unilateral 6-OHDA striatal
lesion; n=5) were trained to run on a treadmill. Parametric variations of treadmill speed and
angle were employed to provide a dynamic estimate of limb coordination and potentiate the
delineation of specific alterations following loss of dopaminergic innervation of the striatum.
Results, so far, indicate that there are no gross group differences in the capacity of animals to
learn to run on the treadmill or achieve sustained bouts (>6 s) of running at different velocities
and angles. Regarding gait symmetry and forepaw/hind paw coordination during running,
dopaminergic depletion was associated with alterations in stride length, duration, paw angle, and
unilateral inter-leg coordination. On-going experiments directly compare the capacity of 0432
nAChR agonists to normalize these alterations in lesioned animals relative to I-dopa. The
combined results of the present studies seek to extend our knowledge of the neural mechanisms
contributing to the alterations in gait that accompany neurodegenerative diseases like
Parkinson’s, and illustrate the potential benefit of novel, non-dopaminergic treatment strategies
such as 04p2 nAChR agonists.
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Abstract: Impairment of gait can manifest itself in various ways and due to pathology at any
CNS level. This implicates independent involvement of multiple CNS pathways, but these
circuitries remain poorly understood. Powerful functional-anatomical approaches are available to
unravel these circuitries in mouse models. However, a major hurdle that stands in the way of
translation involves differences between quadruped gait in mice and biped gait in humans. We
present an approach that facilitates the comparison of spatial and temporal gait parameters
between these models. We will use this approach to study parkinsonian gait.

To capture mouse data we used 9 cohorts of 8-18 C57B16J, VGaT-ires-cre, VGluT2-ires-cre,
VGluT3-ires-cre, SERT-cre, VGaT"" or VGIuT2™ mice. In each group, we manipulated a
distinct CNS target. This included 60HDA microinjections into the substantia nigra or systemic
MPTP to induce parkinsonism, and selective modulation or loss of function of forebrain or
pontomedullary cell groups using chemogenetic approaches or deletions. Gait data was captured
on a runway using high speed video analysis (MATlab). Each cohort served as its own control.
For human data, we recruited subjects with Parkinson’s Disease (PD) and controls, which
walked across a walkway (Protokinetics) at varying speeds. Step by step gait measures were
plotted as a function of velocity, and best fit regression models were determined prior to
comparing data sets.



In mice, each gait parameter behaves differently as a function of velocity. At walking speeds this
can be captured using a simple linear or non-linear regression model. Human data shows
remarkably similar relationships. Regression curves of gait parameters in the experimental
mouse cohorts shifted differentially, indicating region and cell-type specific control of individual
gait parameters. In PD subjects compared to control, curves for stride length and cadence shifted
significantly, resembling the MPTP mouse model and two pontomedullary models. This raises
the question of whether the pontomedullary reticular formation mediates part of the gait
abnormalities seen in PD.

This approach provides a powerful tool to analyze gait in both mouse models and human gait
disorders. It opens up translational opportunities to close the gap between mouse and human gait
models.
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Abstract: Gait analysis is a method for determining locomotor defects related to movement or
neurological disorders. It is a particularly valuable method for assessing the progression and
severity of a disease phenotype in humans and animal models of conditions associated with
movement disorder. Parkinson’s disease (PD) is a progressive neurological disorder, marked by
the loss of dopaminergic neurons in the nigrostriatal pathway, that is involved in the production
of voluntary movement. Some of the major clinical manifestations of PD are abnormal gait,
rigidity, slowness of movement, and shaking. The ability to recapitulate and measure such the



neurological sequelae in rodent models of PD are important for studying and evaluating potential
therapeutics. Here we describe the use of a gait analysis system, the CatWalk, to identify
objective metrics altered by lesioning of the nigrostriatal pathway in the rat brain. Previously,
studies have used CatWalk to analyze gait abnormalities in the 6-hydroxydopamine (6-OHDA)
model of PD, but these studies did not account for the effects of speed on reported gait
parameters. Here, we account for the effects of speed on CatWalk gait analysis parameters in a
unilateral 6-OHDA model of Parkinson’s Disease and show that hind paw step cycle parameters,
hind paw print area, and step sequence are significantly altered, when compared to non-lesioned
animals.
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Abstract: While slowness of movement is an obligatory characteristic of Parkinson’s disease
(PD), there are conditions where patients move uncharacteristically fast, attributed to deficient
motor inhibition or impulsivity. Here we investigate deficient inhibition in the optimal
sensorimotor integration framework, using a virtual ball catching paradigm (Faisal and Wolpert,
2008). In this time restricted task, in which time spend for perception is at the expense of time
available for execution, healthy young subjects have been reported to optimally trade-off time for
perception and time for action. An adapted version of this virtual ball catching paradigm affords
an opportunity to investigate deficient inhibition by requiring participants (PD and controls) to
withhold movement till the combined minimum uncertainty has been reached. Participants (7 PD
patients and 7 age matched healthy controls) were instructed to catch a ball falling in a parabolic
trajectory from the top of the screen. The ball disappeared as soon as movement was initiated to
catch the ball, separating the task into distinct perception and action phases. The time at which



the participant initiates movement, switching from perception phase to action phase, is called the
“switching time”’. In order to compute the optimal switching time we also collected data to
quantify sensory uncertainty and motor uncertainty independently. We determined sensory
uncertainty as a function of viewing duration and horizontal velocity of the ball and motor
uncertainty as a function of movement amplitude and movement time.

The mean switching time (+/- 1SD) for the elderly healthy controls was 620ms +/- 66 ms and
that of the Parkinson’s disease patients 592ms+/- 56ms. However, in comparison to the age
matched healthy controls, PD patients initiated movements qualitatively closer to their statistical
optimal switching time, although the performance of PD patients (47% correct) was poorer than
the elderly healthy controls’ performance (62% correct). Therefore, optimal integration of
sensory and motor uncertainty and quantitative switching times suggest contradicting results on
impulsivity in Parkinson’s disease.
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Abstract: Objective: To examine multi-modal sensory integration in patients with Parkinson’s
disease (PD) using Rubber Hand Illusion (RHI) and its influence on sensorimotor integration.
Background: To perform goal-directed actions, the brain must integrate sensory information
about the limb position from multiple sources and transform this information to appropriate
motor commands. This process is altered in PD patients as shown in reduced long-latency
afferent inhibition (LAI), a neurophysiological parameter for sensorimotor integration that



presumably involves cortical association areas. However, the underlying mechanisms of
impaired sensorimotor integration in PD remain unclear. We hypothesized that LAI is altered
during the integration of multi-modal sensory inputs. Methods: Eleven patients with PD and
twelve age-matched healthy controls (HC) were tested. In order to manipulate visuo-tactile-
proprioceptive integration, we used RHI paradigm, in which subjects viewed a rubber hand being
stroked by a brush during the application of synchronous (test condition) or asynchronous
(control condition) brush strokes on their own unseen hand. LAI was elicited by an electrical
digital nerve stimulation (DNS) to the participants’ index finger followed by transcranial
magnetic stimulation (TMS) to the primary motor cortex. The amplitudes of the conditioned
(with DNS) motor evoked potentials (MEPs) to the unconditioned (without DNS) MEPs were
measured before and immediately after the synchronous or asynchronous condition. PD patients
were evaluated either on (PD-ON) or off (PD-OFF) dopaminergic medications on two separate
days. Results: Behavioral data indicated that both PD and HC groups showed a greater degree of
the RHI in the synchronous than the asynchronous condition. Overall, LAI was significantly
reduced in PD-OFF compared to PD-ON and HC. Comparison between PD-ON and HC showed
significant interaction between condition and group. In the synchronous condition compared to
baseline, LAI decreased in HC but increased in PD-ON, suggesting altered LAI response to RHI
in PD-ON. Conclusions: In PD-OFF, LAI was reduced and was not modulated by RHI
indicating the deficit of sensorimotor integration. In the on medication condition, reduced LAI at
baseline was improved during RHI by strengthening the inhibitory effect of DNS to M1
suggesting that dopaminergic medications modulate the interaction between visuo-tactile-
proprioceptive integration and LAI

Disclosures: R. Isayama: None. G. Jegatheeswaran: None. M. Vesia: None. K. Udupa:
None. B. Elahi: None. C.A. Gunraj: None. L. Cardinali: None. A. Farne: None. R. Chen:
None.

Poster

041. Postural Instability, FOG, and Kinematics in Parkinson's Disease
Location: Halls B-H

Time: Saturday, November 12, 2016, 1:00 PM - 5:00 PM
Program#/Poster#: 41.16/J8

Topic: C.03. Parkinson’s Disease

Title: Impact of enhancing expectations on self-efficacy and motor learning in individuals with
Parkinson's disease



Authors: *Y.-C. CHUNG', R. LEWTHWAITE?, C. J. WINSTEIN', B. E. FISHER;
'Div. of Biokinesiology and Physical Therapy, USC, Los Angeles, CA; “Rancho Los Amigos
Natl. Rehabil. Ctr., Downey, CA

Abstract: Reduced self-efficacy has been demonstrated as an independent predictor of postural
instability and gait deficits for individuals with Parkinson’s disease (PD), leading to the
possibility that self-efficacy may be a potential target to improve motor performance in PD.
Studies in non-disabled adults have shown that boosting self-efficacy via increasing an
individual’s expectations for future success can enhance motor performance and learning.
However, this positive effect remains to be determined in PD. This study aims to investigate the
impact of enhancing expectation on self-efficacy and motor learning when individuals with PD
practice a novel balance task. Twenty participants with PD practiced balancing on a stability
platform by keeping the platform level for as long as possible. Participants were assigned to an
enhanced expectancy (EE) group or a control group. At early practice, the EE group received a
statement designed to enhance expectation of future task success while the control group
received no statement. Feedback was provided to both groups after each 30-s trial in the form of
time in balance, calculated as accumulated time when the platform position was within +/-5
degrees from horizontal. Task performance, as measured by time in balance and the number of
bouts when the platform was within +/-5 degrees, was assessed during practice and at a retention
test conducted 24 hours later. Self-efficacy for 3 levels of task performance (balancing for 10, 15
and 20 seconds) was assessed at 4 time points, while a motivational questionnaire was completed
by each participant following practice and retention. Self-efficacy of the EE group significantly
increased after the statement for the medium performance level only (i.e. balancing for 15s) (p=
.04). Enhanced self-efficacy did not appear to affect time in balance. No group difference was
observed in time in balance during practice (p= .88) and at retention (p=.08). However, there
was a trend that the EE group achieved similar time in balance with fewer bouts than the control
group at retention (p=.09). In addition, the questionnaire showed that the EE group reported
greater nervousness than the control group during practice (p=.03) and at retention (p=.02), an
unexpected finding that may have counteracted the effect of enhanced self-efficacy. The
preliminary results suggest that enhancing expectation appears to boost self-efficacy and result in
a modification of motor control that may reflect longer durations of balance stability in PD.
Further analysis will explore the impact of nervousness, which may reveal to clinicians the
potential importance of improving self-efficacy without inducing nervousness.
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Abstract: Objective: The mesencephalic locomotor region (MLR) is a target of interest to
generate locomotion with deep brain stimulation (DBS) after spinal cord injury (SCI). Testing
efficacy of DBS in a large animal model is an important translational step. We developed
stereotaxic techniques to target the pedunculopontine (PPN) and cuneiform nuclei (CnF) in the
MLR of Yucatan minipigs based on magnetic resonance imaging (M