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Abstract: Neurons derived from induced pluripotent stem cells (iPSCs) are increasingly
employed to model human neurological diseases. However, these neurons are reset to an
embryonic stage during the reprogramming process and thus inappropriate to model adult-onset
neurodegeneration. In contrast, direct reprogrammed neurons without going through a stem cell
stage maintain age-associated features of their origin. By combining small molecules and
transcription factors for direct reprogramming, we have established a very robust and efficient
approach to produce spinal motor neurons from adult human fibroblasts. The neurons converted
from healthy humans maintain age-associated features and become functionally mature by firing
repetitive action potentials and forming neuromuscular junctions in co-culture. In contrasts,
motor neurons converted from fibroblasts of adult human patients with amyotrophic lateral
sclerosis (ALS) show degenerative features, such as poor survival and inability to control muscle
contraction. A candidate approach revealed that the small molecule kenpaullone can rescue most
of these disease phenotypes. To identify additional small molecules for therapeutic development,
we further conducted an unbiased screen of nearly two thousand compounds. The screening
process and positive hits will be discussed during the meeting.
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Abstract: Direct reprogramming of somatic cells into induced neurons (iNs) has opened up the
possibility not only to use these as a source of cells for brain repair therapies but also to study
disease processes in patient-derived neurons. We and others have successfully reprogrammed
human fibroblasts into functional neurons, although conversion efficiency using adult human
fibroblasts has remained low. We have developed a new improved conversion protocol that relies
on transduction with a polycistronic vector containing Ascll and Brn2, as well as sShRNA
targeting REST and in combination with a dual SMAD signaling inhibition. Using this protocol
we achieve high efficiency conversion of adult skin derived fibroblasts and are evaluating the
conversion capability of skin fibroblasts from sporadic Parkinson’s disease (PD) patients (n=8)
and matched controls (n=8). Generated neurons exhibit mainly glutamatergic and GABAergic
phenotypes and are electrophysiologically functional. Unbiased quantification of neuronal purity
and yield reveals a similar propensity to convert between control (64.0% + 11.0 neuronal purity)
and PD lines (62.8% + 13.0) after 35 days of reprogramming. However, a trend toward a
increase in cell death during the reprogramming process can be seen in PD lines, which also
exhibit a significantly bigger cell body. qPCR analyses of neuronal markers shows that both PD
and control lines express MAP2, Synapsinl, Tau and SNCA gene expression in similar levels.
These preliminary results suggest that iN cells from sporadic PD patients reprogram in a similar



fashion as that of healthy individuals and could thus serve as a tool to model intracellular
pathological features associated with PD. As such, we are now assessing iN vulnerability to
stressors such as rotenone and preform fibrils of asyn. This study will provide insights into how
we will need to approach disease modeling using lines from sporadic cohorts of subjects in terms
of inter-individual variability and the effect of PD on the reprogramming process itself, which
will serve as the basis for wider PD modeling using iNs.
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Abstract: Neurogenesis involves a complex interplay between morphogens and transcription
factors to initiate genetic programs that promote neuronal differentiation and subtype
specification. However, at the same time unwanted genetic programs have to be shut down. In
addition, signaling pathways such as Notch repress proneural transcription factors and neuronal
differentiation to maintain progenitor cells. This raises the intriguing question how
differentiating neurons can escape this inhibition and turn of unwanted transcription programs to
enable neurogenesis.

Studying the conversion of fibroblasts to neurons we found that the neuronal reprogramming
factor Mytl1 can access most of its physiologic targets in fibroblasts and acts predominantly as
repressor through recruitment of the Sin3/HDAC complex to silence many non-neuronal
programs including the fibroblast-specific transcriptome. One of the repressed pathways is Notch
by silencing of several members, explaining how newborn neurons can escape Notch activation
during normal development. Based on our findings, we propose that active and sequence-specific



repression mechanisms exist to generally suppress many unrelated lineage programs enabling
cell fate choice and stability involved in development and disease.
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Abstract: Advances in our understanding of genetic pathways that specify neuronal cell fates
during neuronal development have directly enabled directed differentiation of pluripotent stem
cells into specific neuronal subtypes. This knowledge has been further leveraged to directly
convert (reprogram) fully differentiated somatic cells into neurons. However, the efficiency in
converting primary adult human somatic cells - the ideal source of cells for patient specific
disease modeling and regenerative therapy — into functionally mature neurons remains to be
improved. Here, we demonstrate that the brain-enriched microRNAs alone, miR-9/9* and mir-
124 (miR-9/9*-124), robustly induce a neurogenic state in young and old human fibroblasts.
These microRNA-induced neurons are characterized by over 80% of cells positive for the
neuronal markers TUBB3, MAP2 and NeuN. In monoculture, a majority of cells are capable of
firing single and multiple action potentials. In order to demonstrate the potential of guiding the
miR-9/9*-124-induced state guiding towards a specific neuronal subtype, we screened a pool of
transcription factors (TFs) known to promote motor neuron (MN) identity during development.
We identified two TFs capable of directing miR-9/9*-124 conversion into MNs with a high
efficiency, whereas these TFs alone were not sufficient to reprogram primary human adult
fibroblasts into neurons. Converted motor neurons stain positive for the hallmark MN markers



MNX1 and CHAT, fire multiple action potentials and exhibit spontaneous activity in mono-
culture, demonstrating that our conversion method generates mature, excitable cells even in the
absence of glial and other neuronal support. Co-culturing with human myotubes revealed that the
converted MNs are able to form neuromuscular junctions. Transcriptional profiling of neurons
that were reprogrammed by miR-9/9*-124 alone revealed a dramatic upregulation of hallmark
neuronal genes with a concurrent downregulation of fibroblast genes, whereas MN-inducing TFs
resulted in further enrichment of MN-specific genes. Our results demonstrate the potential of
utilizing miR-9/9*-124 as a foundation for subtype-specific direct conversion and demonstrate
the potency of microRNAs in overcoming cell fate barriers.
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Abstract: The cerebellum is anatomically and functionally a complex structure. This is reflected
by an extraordinary heterogeneity of neuronal and astroglial phenotypes, with distinct
morphological and spatial features. While the mechanisms of neuronal diversification have been
partially clarified, astrogliogenesis remains poorly explored. In this study, we investigated the
genesis and the development of the repertoire of astroglial phenotypes. In order to study the
lineage relationships among different astroglial phenotypes, we performed in vivo clonal analysis
of embryonic ventricular progenitors using Star Track plasmids. We found clones containing
both cortical and white matter (WM) astrocytes, separately or as members of the same family.
The clone composition indicated the existence of four major embryonic progenitor types
producing either granular layer (GL) or WM astrocytes, or a mixed progeny composed of
Bergmann glia (BG) and GL astrocytes. In parallel, analysis in Confetti mice revealed that,
postnatally, radial progenitors in the PCL divide in situ to generate both BG and GL astroglia.
Moreover, early in embryonic development, another progenitor type produces big heterogeneous



clones that comprise WM, GL and BG astrocytes. Afterwards, this capability is significantly
reduced. Of note is the fact that this reduction parallels the increase in fractions of homogeneous
clones, suggesting a progressive fate restriction as development proceeds. Furthermore, in WM-
GL-BG clones, astrocytes in the WM are overall fewer than their cortical counterparts. Double-
thymidine and birthdating analyses showed that differences in the number of cells of each
astrocyte subtype within a single heterogeneous clone are associated with layer-specific
proliferative behaviour of precursors during the entire first postnatal week. In particular, the cells
in the WM stop proliferating earlier than those in the cortex and those of the PCL (i.e. immature
BG) reveal the highest amplification rate. Additionally, BG display different proliferative
rhythms in crowns and fissures during early postnatal development, suggesting a contribution to
cerebellar foliation.

In conclusion, our study demonstrates that cerebellar astrogliogenesis occurs from distinct
embryonic progenitors, with a progressive shift from multipotency to fate-restriction that occurs
according to a well-defined spatiotemporal pattern. Notably, besides the commonly known origin
of cerebellar astrocytes from the ventricular neuroepithelium, here we highlight the existence of
a secondary progenitor pool, represented by radial cells in the PCL capable of generating both
BG and GL subtypes.
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Abstract: Spinal cord injury (SCI) often leads to a permanent loss of neurons and the disruption
of neuronal circuitry with a consequence of paralysis and long-term disability. However, the
adult mammalian spinal cord lacks any intrinsic neurogenic capacity rendering it incapable of
self-repair through neuron regeneration. New neurons were recently shown to be generated
through in vivo reprogramming; nonetheless, the low number of these newly born neurons highly
limits their potential clinical use in the future. In this study, we aimed to boost the number of
reprogrammed neurons by understanding the reprogramming process induced by SOX2 in the
adult spinal cord. We conducted a series of in vivo screens through gene overexpression or
knockdowns. These genes include important factors for neurogenesis, cell reprogramming, and
signaling pathways. A specific signaling pathway was identified to be critically involved in
controlling SOX2-mediated in vivo reprogramming in the adult spinal cord. As a consequence,
the overall production of in vivo reprogrammed neurons was greatly boosted in the adult spinal
cord with mild or severe injuries. Subtype analyses revealed a predominant glutaminergic
phenotype, although GABAergic and other subtypes were also readily detectable. A detailed
examination of this boosted reprogramming process will be presented during the meeting.
Together, our ability to successfully produce a large population of long-lived and diverse
subtypes of new neurons in the adult spinal cord provides a cellular basis for regeneration-based
therapy for SCI.
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Abstract: Mammalian central nervous system (CNS) possesses very limited self-repair
capability as very few newborn neurons are constantly generated during the adulthood.
Regeneration of functional neurons under the CNS injured or diseased condition remains a major
challenge for functional recovery. To generate neurons locally, one big reservoir can be glial
cells. In response to CNS injury, glial cells including astrocytes are activated to proliferate and
become hypertrophic to occupy the injured CNS area, forming scar-like tissue in the chronic
stage after injury. Previous work including our own (Guo et al., Cell Stem Cell, Best of 2014),
have demonstrated that reactive astrocytes can be in vivo reprogrammed into functional neurons
in mouse brain and can potentially be utilized for brain repair. However, this glia-to-neuron
conversion largely depends on virus-based gene delivery and requires complex brain surgery
procedures. To make such glia-to-neuron reprogramming technology more applicable for future
clinical trial, here we report a convenient chemical-based reprogramming method. We
demonstrate that sequential exposure to a cocktail of small molecules can successfully reprogram
human astroglial cells into neuron-like cells in 8 days with conversion efficiency around 67%.
These human astrocyte-converted neurons can survive for more than 4 months in culture and
form functional synaptic networks, as shown by robust synchronous burst activities. We further
demonstrate that both transcriptional and epigenetic regulations play critical roles in astrocyte-to-
neuron reprogramming. After injected into the lateral ventricle of mouse brains, the small
molecule-reprogrammed human neurons can survive for at least one month and migrate out of
the ventricles to integrate into local brain circuits. Our study opens a new avenue using small
molecules to reprogram reactive glial cells into functional neurons for brain repair.
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Abstract: Reprogramming of brain-resident glia and non-neural cells emerges as a novel
approach toward brain repair (Heinrich et al., Nat Cell Biol, 2015). We have recently shown that
forced expression of Sox2 and Ascll can lineage-convert cells of pericyte origin isolated from
the adult human brain into induced neurons (Karow et al., Cell Stem Cell, 2012), while the same
factors can reprogram NG2 glia into DCX-positive neurons in the lesioned adult mouse cerebral
cortex in vivo (Heinrich et al., Stem Cell Reports, 2014).

In this study we addressed whether the functional synergism of Sox2 and Ascll in pericyte-to-
neuron reprogramming is based on a molecular synergism. Towards this end, we performed
genome-wide RNA-Sequencing of FAC-sorted pericytes undergoing Ascll- and Sox2-induced
reprogramming. Brain pericytes were obtained from three different individuals and transduced
with retroviruses encoding Ascll, Sox2 or both factors as experimental group and reporter-only
as control. Given the protracted reprogramming of adult brain pericytes, cells were FAC-sorted
at day 2 and 7 to determine early changes in gene expression. Surprisingly, our transcriptome
analysis revealed that Ascll, a transcription factor postulated to act as pioneer factor in fibroblast
reprogramming (Wapinski et al., Cell, 2014) fails to transactivate its targets in pericytes. While
Sox2 alone did not significantly change gene expression, co-expression of both factors resulted
in the significant transactivation of neurogenesis genes, including of those that have been
characterized before as Ascll direct targets (Raposo et al., Cell Reports, 2015). Moreover,
consistent with many of the Sox2/Ascll expressing cells becoming GABA-positive, co-
expression of these transcription factors resulted in the induction of master regulators of
interneuron generation. This data suggest that Sox2 co-expression has a massive influence on
Ascll-dependent gene expression.

This work was supported by the German Research Foundation (DFG), Federal Ministry of
Education and Research (BMBF), the Bavarian State Ministry of Sciences, Research and the
Arts (ForIPS).
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Abstract: Adult neural crest stem cells (NCSC) are of extraordinary high plasticity and
promising candidates for a use in regenerative medicine. Several locations like skin, adipose
tissue, dental pulp or bone marrow have been described in rodent. However, very few
information is available concerning their correspondence in human tissues. The main objective
of this study was therefore to characterize NCSC from adult human bone marrow. In this
purpose, we compared human bone marrow stromal cells to human adipose tissue and dermis,
already described for containing NCSC. We performed comparative analyses in terms of gene
and protein expression, as well as functional characterizations. It appeared that human bone
marrow, similarly to adipose tissue and dermis contains NESTIN' / SOX9"/ TWIST" /| SLUG" /
P75 ) BRN3A™/ MSII'/ SNAILI cells and were able to differentiate into melanocytes and
Schwann cells. Moreover, when injected into chicken embryos, all those cells were able to
migrate and follow endogenous neural crest migration pathways. Altogether, the phenotypic
characterization and migration abilities strongly suggest the presence of neural crest-derived
cells in human adult bone marrow.
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Abstract: The early-onset form of Alzheimer’s Disease (EOAD) is a rare condition caused by
autosomal-dominant inheritance of familial disease genes. So far, three loci have been shown to
cause EOAD, encompassing mutations in the amyloid precursor protein (4PP) and genes
encoding for subunits of the y-secretase PSENI and PSEN2. However, recent analysis in EOAD
patients carrying neither APP nor PSEN1/2 mutations identified SORLI as the top-scoring
disease gene with five previously unknown mutations that were not retrieved in healthy
individuals (Pottier et al., Mol. Psychiatry, 2012). SORLI encodes for SORLA, a neuronal
sorting receptor known to decrease AP levels by two distinct mechanisms. It acts as a trafficking
factor that directs APP to the Golgi compartment, protecting it from being proteolytically
processed by secretases at the cell surface and in endosomes. In addition, SORLA binds newly
produced AP and moves it to lysosomes for catabolism. We have shown previously that the
EOAD SORLI mutation G511R disrupts the ability of SORLA to sort AP to lysosomes, resulting
in increased AP levels (Caglayan et al., Sci. Transl. Med., 2014). To investigate the functional
impact of additional EOAD SORLI mutations, we generated SYS5Y cell lines overexpressing
wild-type or the N924S, N1358S, and G1618D mutant variants of SORLA and determined the
level of APP processing products in these cell lines. The N924S and G18681D SORLA variants
showed normal activity and reduced AP levels to a similar extent as the wild-type receptor. In
contrast, cells overexpressing N1358S SORLA showed increased AB40 and AB42 levels as
compared to wildtype cells, resembling a SORLA null phenotype. Expression levels and
subcellular localization of the N1358S variant were similar to that of the wildtype receptor. Also,
the analysis of interaction by BIACore and FLIM/FRET showed similar affinities of APP
binding to wildtype and mutant SORLA. Currently, we conduct an unbiased screen of the
interactome of wildtype and N1358S SORLA variants to elucidate the molecular mechanism by
which the N1358S mutation impacts the protective function of SORLA on amyloidogenic
processes and potentially causes EOAD.
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Abstract: The retromer complex is an important factor in the traffic of amyloid precursor protein
(APP) through the endosomal network, where it regulates APP cleavage primarily by directing
APP away from endosomes and reducing processing by beta and gamma secretases. Stabilization
and enhancement of retromer and retromer interacting proteins may be beneficial for AD by
reducing pathogenic APP cleavage. Conversely, this protein complex harbors variants that may
increase AD risk (1). We have previously generated human induced pluripotent (hiPSC) lines
from 13 patients and controls from the UCSD Alzheimer’s Disease Research Center (ADRC)
and documented relevant AD phenotypes from stem-cell derived neurons (2). In the current
study, we used this cohort of human cell lines to test the effects of pharmacological retromer
stabilizing chaperones, which have previously been shown to reduce APP processing in mouse
primary neurons (3). We have found that, in stem cell-derived human neurons, treatment with the
retromer stabilization compound R33 increases VPS35 levels and decreases APP processing in
both SAD patient neurons and controls. Overexpression of SORL1, a protein that binds both
APP and tethers it to the retromer complex similarly reduces APP processing in these neurons.
Interestingly, and for the first time, we also show that this compound reduces phosphorylation of
Tau on threonine 231. The reduction of phospho-Tau is highly correlative with the reduction in
pathogenic APP processing, but, interestingly, can also occur in APP null cells, suggesting that
retromer can also affect tau phosphorylation independently of APP. Our results reinforce the
validity of targeting the retromer complex for therapeutic development in AD and also suggest
dual regulation of phospho Tau by retromer, involving both APP dependent and independent
mechanisms, in human neurons.



Abstract references: 1. Vardarajan et al., 2012. Neurobiology of Aging. 2. Young et al., 2015.
Cell Stem Cell. 3. Mecozzi et al., 2014. Nature Chemical Biology.
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Abstract: The vacuolar protein sorting 10 protein domain (VPS10P-D) receptors are type-I
transmembrane proteins, which direct target proteins to their destined location in secretory or
endocytic compartments of neuronal and non-neuronal cell types. In mammals, this gene family
encompasses five receptors, termed sortilin, SORLA, SORCS1, SORCS2, and SORCS3.
Importantly, many genetic studies have associated VPS10P-D receptors with the pathogenesis of
Alzheimer’s disease (AD). The underlying molecular mechanisms have best been elucidated for
SORLA and sortilin that control amyloid-beta peptide levels in the brain by modulation of APP
processing and by clearance of amyloid-beta peptides, respectively. However, the molecular
basis of the association of other VPS10P-D receptors with onset and progression of AD is poorly
understood. Here, we studied the role of SORCS1 and SORCS3 in amyloidogenic processes
using several mouse models of AD. Because SORCS1 and SORCS3 are encoded by two closely
linked genes on human chromosome 10q23-q25, and share a high degree of sequence similarity,
we reasoned a possible functional redundancy of both receptors. Thus, we studied mice with
either single of dual receptor deficiencies generated by sequential targeting of the murine Sorcs/
and Sorcs3 loci. Consistent with our assumption, levels of amyloid-beta peptide were unchanged
in mice with individual Sorcs! or Sorcs3 gene defects as compared to control animals when
introduced into the PDAPP or 5xFAD strain of APP transgenic mice. However, the levels of
amyloid-beta peptides in cortex and hippocampus were significantly reduced in animals lacking



both receptors. This phenotype was most obvious in female animals, in line with the gender
specific effects of these receptors observed in other paradigms before. Dual receptor deficiency
did not impact the levels of soluble (s) APP-alpha or sAPP-beta in the brain suggesting a distinct
function for both receptors in modulation of amyloid-beta peptide production or catabolism.
Current proteomics approaches are directed at elucidating the molecular mechanism whereby
SORCSI1 and SORCS3 cooperate to enhance amyloid-beta peptide levels in the brain and to
promote AD-related processes.
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disease that is characterized
neuropathologically by inclusions of both neurofibrillary tangles (NFTs) and amyloid plaques
(AP). In contrast, a recently defined neuropathological condition, primary age-related tauopathy
(PART), is defined by the accumulation of NFTs in the absence of AP. Age is a significant risk
factor for NFT and A accumulation since it is rare that aging individuals >70 years-old have
neither pathology, and therefore it is unclear why some individuals develop AD and others
develop PART. We consider two potential hypotheses: the “risk” hypothesis suggests that
individuals with AD have two risk factors for developing both NFTs and Af relative to PART;
the “resilience” hypothesis suggests that individuals with PART have a protective factor that



minimizes the risk of AP burden. Case-control genome-wide association studies have identified
single nucleotide polymorphisms (SNPs) associated with AD risk relative to controls, but
“controls” are often poorly defined and may include individuals who are also at risk of AD, or
have preclinical AD pathology. By investigating SNP genotypes in AD relative to PART we can
specifically address the risk and resilience hypotheses. We evaluated 225 individuals with a
neuropathological diagnosis of PART (N=77) or AD (N=178). All individuals were genotyped
for 20 SNPs previously identified through genome-wide association studies as risk factors for
AD. Genotyping was performed with brain DNA using a Fluidigm-based protocol. To evaluate
whether SNP genotypes were associated with reduced risk of AP pathology we first evaluated
logistic regressions models (PART vs. AD) with a dominant coding for each SNP (0 or 1+ risk
alleles) while controlling for age at death. We then also compared minor allele frequency (MAF)
for significant associations relative to MAF in a reference control dataset, 1000genomes. We
observed that 2 SNPs were associated with reduced risk of AB: rs4938933 (OR=2.70; p=0.0005;
PART MAF = 0.14; AD MAF = 0.48) and rs983392 (OR=2.50; p=0.0012; PART MAF = 0.15;
AD MAF = 0.48). A comparison to control references revealed a MAF of 0.38 and 0.23,
respectively. Together, MAFs for these SNPs is significantly reduced in PART relative to both
AD and controls. We interpret these findings as potential evidence for AP resilience in PART.
Both SNPs are in high linkage disequilibrium and located in the MS44 gene cluster. Members of
the MS4A gene family have been suggested to play an important role in immunoresponse. While
the biological basis of these associations requires additional research, our results provide a
candidate genetic mechanism for A resilience in aging.
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Abstract: A large amount of evidence has linked brain vascular dysfunction to the onset of
Alzheimer’s Disease (AD). A strong association between cognitive decline and cerebrovascular
abnormalities is supported by data that AD brains exhibit impaired brain vasculature pathology
(1,2) which precedes neurodegenerative changes and cognitive decline (3,4,5). Angiogenesis, a
process that modulates the structure and function of the vasculature, is controlled by growth
factors including ephrinB ligands (EFNB) and EphB receptors (EPH)(6,7). EPHB4 receptor
interacts with EFNB2 ligand at the surface of endothelial cells promoting cell sprouting.
Sprouting is regulated by the recruitment of angiogenic complexes of Raf-1 and Rok-a kinases to
the Vascular endothelial (VE)-cadherin (8). Mutations in Presenilin 1 (PS1) are responsible for
most cases of familial AD (FAD). We have shown that PS1/y-secretase promotes the EPHB4-
induced cleavage of EFNB2, sprouting of endothelial cells (9) and Raf-1/ Rok-o/VE-cadherin
angiogenic complexes (10). To examine whether PS1 FAD mutations affect vascular integrity
and angiogenesis we examined their role in brain neovascularisation after ischemic insult. We
induced ischemia using middle cerebral artery occlusion (MCAO) in wild type (WT) and knock-
in mice carrying PS1 FAD mutations. Lesion was detected by DWI imaging and restoration of
cerebral blood flow (CBF) in the lesion area, an indicator of neovascularization, was quantified
using perfusion MRI (T7). Neovascularization was quantified in the lesion area using collagen
IV staining. To identify molecular mechanisms via which PS1 FAD mutations affect brain
angiogenesis we performed co-immunoprecipitation experiments measuring Raf-1/Rok-o/VE-
cadherin complexes which we have found to depend on PS1/y-secretase (10). We show that
MCAO-induced brain lesion remains significantly longer in FAD brains compared to WT and
that recruitment and activation of astrocytes in the lesion area lasts much longer in the PS1 FAD
brains indicating a prolonged tissue scar formation compared to WT. Neovascularization and
blood volume restoration in the lesion area are also significantly decreased in the PS1 FAD
brains compared to WT. In addition, endothelial cells carrying PS1 FAD mutations fail to form
tubes, sprouts and angiogenic complexes in response to EPHB4 in vitro suggesting a mechanism
by which PS1 FAD mutations may impair angiogenesis. Together our data indicate that PS1
FAD brain vasculature may be compromised due to defective angiogenesis, rendering the brain
more vulnerable to ischemic toxic insults leading to increased cell death and neurodegeneration.
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Abstract: The enzymatic processing of amyloid precursor protein (APP) in the central nervous
system (CNS) is catalyzed by neuronal and glial a-, B-, and y-secretases: A Disintegrin and
Metalloproteinase 10 (ADAMI10), BAPP Cleaving Enzyme-1 (BACE1), and Presenilin-1
(PSEN1), respectively. Amyloid-B (AB) products of APP cleavage are considered pathologic
sequelae of both chronic neurodegenerative illnesses, such as Alzheimer’s Disease (AD), and
acute CNS hypoxia and traumatic injury. Therefore, APP proteases serve as indirect biomarkers
for AB-producing neuroinflammation. Recent literature supporting the “pathogen hypothesis” of
AD shows a strong association between bacterial and viral pathogens and AP production.
Although the mechanism of pathogen-induced neurodegeneration of AD remains unclear,
astrocytes, a key player of the CNS innate immune response and producer of A, have been
implicated. To test the hypothesis that the bacterium, Chlamydia pneumoniae (Cpn), promotes
the production of AP in the CNS, human astrocytes were infected with Cpn for 6-72 hrs. The
protein and mRNA expression of ADAM10, BACE1, and PSEN1 proteases were localized by
confocal microscopy and quantified by western blot and RT-PCR. Our results showed that
relative to that of uninfected astrocytes, membrane-localized fluorescent labeling of BACE1 and
cytoplasmic labeling of PSEN1 was enhanced at 24 and 48-72 hrs. post-infection (hpi),
respectively, whereas ADAMI10 labeling was unaltered. Immunoblot-quantified levels of
BACEI and PSENI1 followed a similar temporal increase from 24 to 72 hpi, with significance at
48 and 72 hrs. BACE1 and PSEN1 mRNA expression was significantly upregulated (p<0.05);
BACEI by 1.5 fold at 48 hpi and PSEN1 by 1.7 fold at 6 hpi. Interestingly, increases in
intracellular Ap;.4; labeling corroborated increases in BACE1 and PSEN1 protein levels at 48 to
72 hpi. These findings are the first to suggest that acute Cpn infection promotes the formation of
AP through upregulation of glial -, and y-secretases at the protein and genetic level.



Furthermore, this study provides further evidence for a direct link between a respiratory
pathogen and the pathologic neurodegeneration of AD.
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Abstract: Impaired clearance of amyloid-f peptide (AB) has been postulated to significantly
contribute to the amyloid accumulation typical of Alzheimer’s disease. Among the enzymes
known to degrade AP in vivo are endothelin-converting enzyme (ECE)-1, ECE-2, and neprilysin,
and evidence suggests that they regulate independent pools of AP that may be functionally
significant. To better understand the differential regulation of A concentration by its
physiological degrading enzymes, we characterized the cell and region-specific expression
pattern of ECE-1, ECE-2, and neprilysin by in situ hybridization and immunohistochemistry in
brain areas relevant to Alzheimer’s disease. In contrast to the broader distribution of ECE-1,
ECE-2 and neprilysin were found enriched in GABAergic neurons. ECE-2 was expressed by
somatostatin-positive interneurons in hippocampus and neocortex, with transcripts detected both
in soma and in regions with strong somatostatin innervation. Consistent with the possibility that
ECE-2 mRNA may be transported to synapses for local translation, ECE-2 was active in isolated
synaptosomes. Neprilysin was expressed mainly by parvalbumin-positive interneurons. While
neprilysin mRNA was mostly confined to the soma, neprilysin protein was found enriched in
regions with strong parvalbuminergic input, indicating that neprilysin catalytic activity may be
concentrated at the presynaptic ends of parvalbumin interneurons. The identification of
somatostatinergic and parvalbuminergic synapses as hubs for AP degradation is consistent with
the intriguing possibility that Af may have a physiological function related to the regulation of
inhibitory signaling. Impaired degradation leading to AP accumulation at inhibitory synapses



could disturb this putative function and result in synaptotoxicity, ultimately leading to cognitive
impairment.
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Abstract: Extensive parenchymal and vascular amyloid deposits are classic pathologic
hallmarks of Alzheimer’s disease (AD). Amyloid beta (A), the main component of these
fibrillar deposits, is also a normal soluble constituent of biological fluids and brain interstitial
fluid. How this soluble-to-fibrillar conversion is regulated is a hot topic of intense scrutiny, with
current data pointing to a dysregulation of brain clearance as the leading mechanism.
Biochemical and proteomic analysis of brain deposits and biological fluids reveal a high degree
of AP heterogeneity that goes far beyond the classical AB40/Ap42 dichotomy, displaying
numerous post-translational modifications and exhibiting multiple truncations at both N- and C-
terminal ends of the molecule which likely reflect the local action of resident enzymes. In spite
of innumerable studies focusing in AP, the relevance of N- and C-terminal truncated species in
the mechanism of AD pathogenesis remains largely understudied. Using novel antibodies
specifically recognizing AP N-terminally truncated at position 4 or C-terminally truncated at
position 34 we provide a clear assessment of the differential topographical localization of these
species in brain specimens from AD cases as well as from different APP transgenic models.
Immunoprecipitation combined with mass spectrometry demonstrate the presence of selected C-



and N-terminal truncated fragments in brain homogenates whereas their differential fractionation
characteristics in water-soluble and formic acid-soluble brain extracts as well as their selective
access to the cerebrospinal fluid provide a clear indication of their dissimilar
biochemical/biophysical properties. Additional studies with synthetic homologues confirmed the
differences in solubility and revealed contrasting oligomerization/fibrillization characteristics of
these species. /n vivo brain removal studies following intrahippocampal inoculation of
radiolabeled AP fragments differentially truncated at their N-and C-terminal end further
established a direct correlation between degree of oligomerization and clearance propensities
with oligomerization significantly increasing brain retention. Overall, the data indicate that C-
terminal degradation at position 34 leads to the production of more soluble, clearance-driven
fragments whereas N-terminal truncation at position 4 generates poorly soluble, aggregation
prone peptides with high amyloidogenic propensity and the potential to exacerbate the fibrillar
deposits self-perpetuating the amyloidogenic loop.
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Abstract: Alzheimer’s disease (AD) is associated with Type-2 diabetes mellitus
epidemiologically, and studies performed in mouse models of AD suggest a mechanistic
relationship whereby amyloid B-peptide (AP) drives metabolic derangement in the periphery.
However, many preclinical models of AD rely on expressing a familial-AD mutation of the



amyloid precursor protein (APP), and A is only one cleavage product of APP. The additional
fragments (B-CTF, AICD, sAPPa, sAPPp) have been shown to interpose their own consequences
on cellular metabolism. In order to determine the effects of neuronal expression of AB42 alone in
vivo, we used the transgenic BRI-AB42 mouse model, which produces only AB1-42 released
from the surface of neurons. Elements of metabolism in both CNS and peripheral tissues were
assessed, with and without the influence of a high-fat, high-sucrose (“western”) diet. We found
increased markers of insulin resistance in both the CNS and periphery in the transgenic mice,
including impaired glucose tolerance and diminution of cerebral insulin receptor substrate 1
(IRS1); synaptophysin levels in the hippocampus were diminished and hyperphosphorylated tau
was evident. However, AB-transgenic mice lacking endogenous mouse APP maintained normal
glycemic control. Together, our data indicate that AP has systemic metabolic influences on
pathways involved in glycemic control and that APP is required for the peripheral effects on
blood glucose. These findings add intriguing nuances to the hypothesis that AR may contribute to
both normal metabolic control and its derangement in diabetes; they also highlight a caveat to the
use of models that overexpress APP.
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Abstract: Abnormally altered amyloid beta metabolism leads to Alzheimer's disease (AD).
Especially in sporadic AD, which lacks robust genetic components, a decrease in the degradation
of amyloid beta may contribute to the increased amyloid beta levels. In previous work, we



identified neprilysin as the major amyloid beta-degrading enzyme. We subsequently found that
neprilysin activity is regulated in the neurons by somatostatin, a neuropeptide decreased with
aging and in AD possibly due to the death of somatostatinergic interneurons. Here we have
identified the somatostatin receptor (SSTR) subtypes responsible for the regulation of neprilysin
by doubly knocking out SSTR subtypes expressed in cortex and hippocampus in a combinatorial
manner. Remarkably, a simultaneous knockout of two of the SSTR subtypes led to a specific
downregulation of neprilysin both in vitro and in vivo. These findings indicate presence of
functional redundancy among the two SSTR subtypes in the regulation of neprilysin. In addition,
genetic deficiency of these two receptors led to increased amyloid beta levels and impaired
memory in the mice, indicating an important role of these two receptors in cognitive function.
Here we will present the identity of the SSTR subtypes involved in the regulation of neprilysin.
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Abstract: Retromer dysfunction is implicated in a number of nervous system disorders,
including Alzheimer’s disease. Retromer is a pentameric protein complex that plays key roles in
endosomal trafficking, both, in a retrograde direction to the trans-Golgi network, and in
recycling cargoes from the endosome to the plasma membrane. Disruption of endosome-to-Golgi
trafficking by malfunctioning retromer is hypothesised to increase pathogenic processing of
APP. The Seaman laboratory has screened a genome-wide siRNA library to identify novel
components of the endosome-to-Golgi retrieval pathway. Taking these findings further, the goal
of this project is to identify components of the endosome-to-Golgi pathway that influence the
localisation and processing of APP. Forty novel components of the endosome-to-Golgi retrieval
pathway were individually silenced and the effect on APP processing and Af secretion was



analysed. PLD3 was identified as a component of retrograde trafficking and, interestingly,
silencing PLD3 significantly increased levels of secreted AB. We have characterised the
intracellular localisation of PLD3 and have explored its role in endosome-to-Golgi trafficking
and APP processing. We present our findings here.
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Abstract: Microglia are important immune cells in the Central Nervous System (CNS) playing
multiple physiological roles in defense against foreign pathogens, removal of cellular debris, and
maintenance of tissue redox homeostasis. Microglia have been observed to surround Amyloid-f3
(AP) senile plaques in Alzheimer’s disease (AD) brains. In fact, impaired microglia-mediated A}
clearance resulting in the buildup of AP has been implicated in AD pathology.Cytosolic
phospholipase A, (cPLA;) is an enzyme that plays a role in modulating membrane phospholipids
and production of lipid mediators. In microglial cells, cPLA2 is activated in response to
stimulation by endotoxin and activation by ERK1/2. In this study, we investigate the role of
cPLA2 in the processing of AP in microglial cells. Inhibition of cPLA; activation reduces Af}
uptake in human and mouse immortalized microglia by up to 90%. However, inhibition of
cPLA; does not alter the degradation of internalized A which occurs within the lysosomes of
microglia. Moreover, our data fit well with a 1% order kinetic model and the ratio of Ap uptake
rate constant to degradation rate constant (k,p/kq) decreases linearly with an increasing dose of
cPLA,; inhibitor. This work demonstrates that cPLA; is a key enzyme governing the dynamics of
AP clearance by microglial cells. Further understanding the mechanism of the cPLA2-induced
AP uptake process by microglia will contribute to our current understanding of AD pathology.
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Abstract: Progressive accumulation of specific protein aggregates, is a defining feature of many
major neurodegenerative diseases, including Alzheimer's disease (AD). Several studies
emphasize synaptic transfer of aggregation-prone proteins such as amyloid beta peptide (Ap),
from neuron to neuron as one disease mechanism. This prion like spread of oligomeric A3
continues to other brain regions along the synaptic connections, thereby contributing to the
development of the disease. However, the cellular mechanisms of this spread are not known nor
weather it is possible to interfere with the transfer. In this study we investigated whether
exosomes have any direct role in transferring pathogenic oligomeric AP (0Ap) from one cell to
another. We show that oA co-localized with the exosome protein Flotillinl in AD patients’
brains. Interestingly, the level of 0AB was significantly higher in exosomes isolated from AD
brains compared to controls. In addition, using our newly developed neuronal 3D co-culture
model using induced pluripotent stem cells (iPSC), we observed that donor cells internalized
intact AD brain exosomes carrying oA and transferred the protein to neighboring cells.
Subsequently, the transfer of exosomes containing oA induced toxicity in the acceptor cells as
demonstrated by MTT assay. To deepen the mechanistic role of exosomes in transferring oA,
iPS cells were treated with fluorescently labeled oA and after 48h exosomes were isolated from
the medium. The characterization and presence of oA in secreted exosomes isolated from
conditioned media was confirmed by tunable resistive pulse sensing and size exclusion



chromatography. In addition, iPS cells fed with isolated exosomes internalized oA, thus
demonstrating that oA can be transmitted from neuron-to-neuron via exosomes. Interestingly,
the cellular transfer of 0AP containing exosomes could be inhibited using dynasore, an inhibitor
of dynamin dependent endocytosis and using siRNA targeting TSG101 and VPS4A to down-
regulate exosome biogenesis and secretion. In conclusion, our study shows that AD brain
exosomes contain a high level of 0AB and exosomes can spread oA from cells to cells via, thus
potentially contributing to neurodegeneration. Blocking exosome secretion or uptake decreases
oA transfer significantly. These results have important implications for understanding the
disease propagation in AD pathogenesis and targeting exosomes as a new therapeutic approach.
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Abstract: Neurodegenerative diseases, such as Alzheimer’s, Parkinson’s diseases, are incurable
and debilitating conditions that result in progressive neurodegeneration which may start 20-30
years before the symptoms are noticed. Developing specific and sensitive predictive biomarkers
is one of the major challenges so far for establishing therapeutic strategies for these diseases. The
major barrier is lack of highly sensitive and reliable tools to measure the gradient difference of
molecules at the pre-symptomatic stage. Recently we have established such a tool for detecting
multiple molecules simultaneously, in a supersensitive and reliable manner. Using Quanterix



technology, we have successfully developed an ultra-sensitive, single molecule digital analyzer
platform, which can measure the molecules in plasma and tissue homogenates at serial pg/ml to
fg/ml in a very reliable manner, R square values are as high as 99 in serial dilution tests. Now we
have successfully established the tests for several cytokines and also for a neurosteroid,
allopregnanolone, in human plasma samples. Further spike and recovery experiments in diluted
samples help us accurately measure the spiked samples in calibrator into those diluted brain
samples (recovery 70-93%). The high sensitivity also indicate that these molecules can be
measured in a small size quantity/volume (less than 200pl) of samples. Therefore, this highly
sensitive and reliable measurement platform can be used to determine the blood based, early
changes of bioactive molecules for neurodegenerative disease. The results will also provide
targets for developing therapeutic strategies for these neurodegenerative diseases.
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Abstract: Oligomeric forms of beta-amyloid, tau, and TDP-43 play important roles in
Alzheimer’s disease (AD), and therefore are promising biomarkers. We previously generated
single chain antibody fragments (scFvs) that selectively bind disease related variants of these
proteins including A4, C6T and E1 which bind different beta-amyloid oligomers, D11C which
binds oligomeric tau, and AD-TDP1 and AD-TDP2 which bind TDP-43 variants. To determine



if these protein variants were useful early biomarkers for AD, we first analyzed 11 human sera
samples obtained from patients ~2 years prior to an initial diagnosis of MCI, and while the
biomarker profile varied from case to case, all displayed elevated reactivity relative to
cognitively normal age-matched controls. To determine specific protein variant profiles
indicative of different stages of AD, we next examined longitudinal human plasma from four AD
(encompassing time points prior to initial MCI diagnosis to after conversion to AD) and two
control cases. Levels of A4 and C6T reactive oligomeric beta-amyloid were significantly higher
with all AD stages compared to the controls; levels of D11C reactive oligomeric tau increased
with AD progression, and levels of AD-TDP1 and AD-TDP2 reactive TDP-43 variants
decreased with AD progression. Pre-MCI samples were characterized by high TDP-43, moderate
beta-amyloid and low tau variant levels; MCI samples by moderate TDP-43 and tau, and high
beta-amyloid variant levels; and AD samples by low TDP-43 and high beta-amyloid and tau
variant levels. Sample time points ranged from ~7 years pre-MCI to ~9 years after AD
conversion. Bivariate correlations utilizing this range showed a strong positive correlation
between cumulative beta-amyloid, tau and TDP-43 levels with disease progression indicating an
increase in neurodegenerative processes with time in AD. Our scFv panel not only readily selects
AD cases from controls, but also discriminates between AD stages, and detects the presence of
blood-based AD biomarkers more than 7 years prior to an initial diagnosis of MCI.
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Abstract: Cognitive dysfunction and progressive memory loss characterize Alzheimer’s disease
(AD). The challenging lack of correlation between the pathological hallmarks of AD and
cognitive performance raises the urgent need for a biomarker of cognitive dysfunction and
disease progression. CREB signaling components are important factors in the formation of new
memories in the brain. We have previously shown that CREB signaling is significantly decreased
in young adults of a mouse model of familial AD (FAD). Here, we show that activated CREB
phosphorylated on Ser133 (pCREB) is decreased in peripheral blood mononuclear cells (PBMC)
of FAD mice, indicating that CREB signaling components in the PBMC could be indicative of
CREB signaling in the brain, and, by extension, cognitive function. Importantly, we show that
these changes in CREB signaling are mirrored in the prefrontal cortex and PBMC of human AD
patients. We further show that pCREB expression in PBMC during life is positively correlated to
pCREB expression in postmortem samples of prefrontal cortex of these AD patients. These
results suggest that CREB signaling in PBMC reflects expression in the brain and can be used as
a biomarker for cognitive function in AD.
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Abstract: Neurofibrillary tangles composed of hyperphosphorylated tau protein are one of the
main pathological hallmarks of Alzheimer’s disease (AD). Tau pathology can be directly
measured using neuroimaging or indirectly using fluid measurements from cerebrospinal fluid
(CSF) and more recently plasma. It has been well established that individuals with AD and mild
cognitive impairment (MCI) have increased CSF tau levels compared to cognitively normal
controls (CN). Furthermore, CSF tau has been correlated with neuroimaging phenotypes such as
decreased gray matter density (GMD) in the medial temporal regions. Plasma tau is also
significantly increased in AD and MCI, yet very limited information is available regarding
relationships with disease markers. The goal of this study was to compare the association
between atrophy indicated by GMD with central (i.e., CSF) and peripheral (i.e., plasma)
measures of tau. In this study, cross-sectional data from 90 AD, 172 MCI, and 106 NC
participants from the Alzheimer’s Disease Neuroimaging Initiative (ADNI) were collected for
the following variables: clinical, CSF total tau, plasma total tau, and structural magnetic
resonance imaging (MRI) on a 1.5T scanner. Across all participants, the relationships of CSF tau
and plasma tau with GMD were assessed on a voxel-by-voxel basis using regression models in
SPMS. For all analyses, age, gender, APOE &4 status, and total intracranial volume were used as
covariates. A composite statistical map was created to illustrate the overlap between CSF and
plasma tau associations with GMD. Results are displayed at a voxel threshold (k) of 50 voxels
and p<0.001 (uncorrected). Both CSF and plasma tau were negatively correlated with GMD in
the hippocampus, fusiform, and posterior cingulate cortex. Increased CSF tau was primarily
correlated with decreased GMD in cortical regions including the precuneus and middle temporal
gyrus. Increased plasma tau was primarily correlated with decreased GMD in subcortical regions
such as the striatum, as well as the parahippocampal gyrus. Overall, CSF and plasma tau were
negatively correlated with GMD with an overlapping but notably different pattern of association.
Most overlap occurred in AD-specific regions. These findings suggest that central (CSF) and
peripheral tau (plasma) may be reflecting related but also somewhat different pathological
substrates of AD. This may in part be due to differences in tau isoforms detected by the various
assays which is a topic warranting further investigation.
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder characterized by distributed
amyloid and tau pathophysiology throughout the brain. Recent breakthroughs in molecular
genetics have identified a trans-synaptic mechanism by which these pathologies spread across
anatomically and functionally linked cortical regions. These findings have potential for novel
biomarkers and therapeutic strategies aimed at identifying the earliest signs of pathology and
preventing its spread, prior to the onset of clinical AD.

However, the initial stages of AD pathophysiology remain ill-defined, preventing a clear picture
of what regions to target as the earliest points of spread. The prevailing model suggests that
amyloid and tau deposition first appear within the transentorhinal and entorhinal cortex (EC).
This model has been called into question by histological and in vivo structural imaging evidence
of early pathological change to the nucleus basalis of Meynert (NbM) in the basal forebrain. One
possible explanation for these competing findings is that the early emergence of pathology in
NbM and EC occurs in parallel. A second unexplored possibility points to pathological spread
from one structure to the other.

In the present study, we evaluated the hypothesis of predictive pathological spread first by
examining if volumetric MRI indices of gray matter degeneration in NbM and EC over time
exhibits interdependence and directionality. However, by itself, such a relationship does not
indicate an underlying pathology drives the interregional degenerative cascade. We therefore
integrated our volumetric measures, in the same individuals, with a molecular biomarker of
neuronal amyloid deposition that is extremely sensitive to AD pathophysiology at early
presymptomatic stages of disease.

Longitudinal changes in NbM and EC volume were examined over 2 years in age-matched older
adults ranging from cognitively normal to advanced AD. We observed a predictive spread of
degeneration from NbM to EC. Competing models of parallel degeneration or entorhinal origin
received negligible support. Comparison between cognitively matched normal adult subgroups,
delineated according to the AD biomarker, revealed abnormal degeneration in NbM, but not EC.
Abnormal degeneration in both NbM and EC was only observed at later stages of disease, among



mildly amnestic individuals. We provide unprecedented evidence that NbM pathology precedes
and predicts both EC pathology and memory impairment, challenging the widely held belief that
AD has a cortical origin.
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Abstract: Vascular dysfunction is increasingly recognized in the pathophysiology of
Alzheimer’s disease (AD), and measures of vascular dysfunction can be evaluated using
cerebrospinal fluid (CSF) and imaging-based biomarker approaches. A clinical need exists to
identify reliable biomarkers for early AD diagnosis, and to aid in identifying novel treatment
targets and evaluating the efficacy of clinical trials. Thus, we quantified novel CSF biomarkers



of responses/injury to the neurovascular unit (NVU) — comprising vascular cells, glia, and
neurons — using antibody-based single/multiplex assays, and evaluated quantitative regional
cerebrovascular integrity using multiple magnetic-resonance imaging (MRI) approaches
including dynamic contrast-enhanced (DCE)-MRI for blood-brain barrier (BBB) Kirans
permeability and diffusion tensor imaging (DTI)-MRI for analysis of fiber integrity. CSF and
MRI scans were obtained from human subjects of the USC Alzheimer’s Disease Research Center
(ADRC), Huntington Medical Research Institutes, and the Knight ADRC. CSF and imaging
biomarkers of the NVU were analyzed in relation to subjects’ cognitive status [no cognitive
impairment (NCI) vs. mild cognitive impairment (MCI)] and AD genetic risk factor
apolipoprotein E-e4 (APOE4) [carriers vs. non-carriers]. We found that Kns and CSF-based
biomarkers of BBB/vascular injury are altered in APOE4 carriers versus non-carriers with NCI
and these markers are further altered in APOE4 carriers versus non-carriers with MCI. We also
found that Kans and CSF-based biomarkers of BBB/vascular injury positively correlate with the
DTI metric mean diffusivity (MD) within the hippocampus. Furthermore, preclinical changes in
the pericyte vascular injury marker, soluble platelet-derived growth factor receptor-3
(sPDGFRp), is related to subtle impairments in executive function and attention, independent of
CSF amyloid-p (AP)42 levels, and predict longitudinal decline in memory function prior to
changes in established AD biomarkers (CSF AP and tau). Overall, these data suggest that CSF
and MRI-based biomarkers of cerebrovascular dysfunction are altered in APOE4 carriers, and
that CSF sPDGFRf may be a useful predictor of subtle deficits in neuropsychological domains
in preclinical AD and across the preclinical-MCI spectrum.
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Abstract: Introduction: Dramatic growth of the elderly population is now affecting many
countries in the world. Success in diagnosis and treatment of age-related brain diseases depends
on understanding healthy aging. The amygdala (AG) is a group of nuclei in the medial temporal
lobe involved in the neural circuits of fear and reward learning, as well as aggressive, sexual,
maternal, and feeding behaviours. AG consists of five major subnuclei groups: lateral nucleus
(LA), basal nucleus (BA), accessory basal nucleus (AB), cortical (Co) and Centro-medial (CeM)
groups. The effects of healthy aging on AG subnuclei have not been investigated in humans due
to limitations of conventional Magnetic Resonance Imaging (MRI). The goal of the present study
was apply our recently developed high-field volumetric MRI method in order to investigate how
AG sub-nuclei are affected in healthy aging.Methods: 167 healthy subjects (74 males, 93
females, 18-85) were recruited in this study. Participants were excluded if they had unstable
medical illness, history of psychiatric or neurological disorders and the use of medications that
might affect brain structure. Written informed consent was obtained and the research was
approved by the University of Alberta Health Research Ethics Board. Images were acquired on a
4.7T Varian Inova scanner. The program DISPLAY (MNI, Montreal) was used to trace
intracranial volumes (ICV) on the T1-weighted MPRAGE images and volumes of amygdala sub-
nuclei on the T2-weighted FSE images.Results: We found that total AG volume declined with
age only in males (left r=-.198 (p=.09) right r=-.317 (p=.006)) but not in females. BA AG was
the most affected by age (left r=-.326, p=.005, right r=-.377, p=.001), following by AB (left r=-
229, p= .05, right r=-.285, p=.014) and LA (left r=-.192, p= .1, right r=-.274, p=.018), while
Co and CeM AG were not affected by age. All AG subnuclei were preserved with age in
females.Conclusion: We found that in females there was a preservation of all AG subnuclei,
while in males most of the AG subnuclei undergo significant atrophy with age. Our results
suggest that there is a gradient in AG volume loss in male participants: BA and AB AG were the
most affected by age, following by LA nucleus, while Co and CeM AG were resilient to age-
related volume loss.
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Abstract: Background: One of the greatest challenges facing developed societies today is
addressing the health concerns of an aging population. Recently, we’ve seen increased evidence
that the presence of specific ApoE and BDBF polymorphisms can affect the aging brain. ApoE4
has been linked to atrophy in the volume of the hippocampus (HC), and the rate at which new
neurons are generated in the HC and their survival is attenuated with reduced BDNF levels. The
main goal of the present study was to investigate effects of ApoE and BDNF polymorphisms on
HC subregion and subfield volumes in healthy cognitive aging.

Methods: 140 healthy volunteers (64 M, 76 F, ages 18-85) were recruited. Exclusion criteria
were neuropsychiatric disorders, and a MOCA score <26. A TAGC analysis was performed from
cheek swabs. Ultra-high resolution HC images were acquired using a T2-weighted, 2D FSE
sequence on a 4.7T Varian scanner. HC subfields were manually segmented into the cornu
amonis (CA), dentate gyrus (DG), and subiculum (Sub). Subjects were coded for presence of an
e4 allele (ApoE), and the presence of the met variant of BDNF. Memory was assessed using the
Wechsler Memory Scale, 4™ Edition (WMS-IV). We then performed a One-way MANOVA to
determine the effects of polymorphisms on total HC volume, its subregions and subfields.
Written, informed consent was obtained, and the research was approved by the University of
Alberta Health Research Ethics Board.

Results: Subjects with ApoE2 allele(s) had significantly larger total HC volume (p=.021), HC
Head volume (p=.008), total CA (p=.009), total Sub (.008), HC Head CA (p=.011), head Sub
(p=.04) and HC Body Sub (p=.04) compared to groups with e3 and e4 alleles, after controlling
for age and gender. For BDNF, significantly smaller DG volume in the HC Body (p=.022) and
HC Head (p=.001) were observed in subjects with BDNF met variant compared to no met
variant, controlled for age/sex, with a trend towards smaller total DG volume (p=.06), total HC
(p=.058) and HC Head (p=.057) volumes. Neither ApoE nor BDNF polymorphisms had a
significant effect on performance in the memory indexes in the WMS-IV.

Conclusions: ApoE polymorphisms e3 and e4 were associated with reduced global HC volume,
HC head, and global volumes of CA and Sub, compared to e2 carriers. This was shown in our
sample of screened, cognitively healthy adults, suggesting that ApoE4-induced HC atrophy
might precede any cognitive loss. In contrast, subjects with BDNF met variant had smaller DG
volumes within the HC Head and Body.
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Abstract: Introduction:

Functional MRI (fMRI) has been used to identify individuals at-risk for dementia, yet these
findings rely on the false assumption that the hemodynamic response function (HRF) to neuronal
stimuli is independent of age, and is similar in both healthy and diseased patients. Given that the
HRF changes with aging and disease, we hypothesized that false positives would increase when
aging and disease-related hemodynamic changes were ignored.

Methods:

We test this hypothesis using an fMRI study comparing functional activations among Y ounger
Healthy (n=14), Older Healthy (n=14) and Older Dementia patients (n=13). We first performed
two standard statistical analyses comparing the activation differences seen between (Older
Healthy, Younger Healthy) patients, and then (Old Healthy, Old Demented) patients using a both
standard multi-level GLM analyses with a fixed HRF. We then repeated this analysis using
models in which the hemodynamic effects of aging and disease are estimated within each subject
using FLOBS in FSL.

Results:

Within older patients, over 50% of the statistically significant differences for dementia
disappeared from significance when using proper HRFs, with the number of statistically
significant “different” voxels going from 12,644 to 5,449. When comparing older healthy and
younger healthy patients, 32% fewer voxel differences were observed after accounting for the
changing hemodynamic response (5,903 vs. 4,030).

Conclusions:

Deviations in the HRF have a practical and measureable impact, diluting the quality of fMRI
research studies since observed activations are usually attributable to a neuronal - and not a



hemodynamic - source. More generally, this confirms that hemodynamic changes which occur
with aging and disease are measureable using even standard fMRI imaging techniques.
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Abstract: White matter abnormalities have been shown in the large deep fibers of Alzheimer’s
disease patients (Sachdev et al., 2013; Matsuda, 2013; Liu et al., 2011). However, the late
myelinating superficial white matter comprised of intracortical myelin and short-range
association fibers has not received much attention. In order to investigate this area, we extracted
a surface corresponding to the superficial white matter beneath the cortex, and then applied
acortical pattern-matching approach which allowed us to register and subsequently sample
diffusivity along thousands of points at the interface between the gray matter and white matter in
44 patients with Alzheimer’s disease (Age: 71.02+5.84, 16M/28F) and 47 healthy controls (Age
69.23+4.45, 19M/28F). In patients we found an overall increase in the axial and radial diffusivity
across most of the superficial white matter (p < 0.001) with increases in diffusivity of more than
20% in the bilateral parahippocampal regions and the temporal and frontal lobes. This pattern
appears to be strongly related to the described progression of Alzheimer’s disease (Braak et al.,
1999). Furthermore, diffusivity correlated with the cognitive deficits measured by the Mini-
Mental State Examination scores (p < 0.001). The superficial white matter has a unique
microstructure and is critical for the integration of multimodal information and during brain



maturation and aging. Here we show that there are major abnormalities in patients and the
deterioration of these fibers relates to clinical symptoms in Alzheimer’s disease.
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Abstract: The goal of this study was to enable antibody based PET imaging of amyloid-p (Ap)
protofibrils, which are suggested to cause neurodegeneration in Alzheimer’s disease (AD). This
was achieved by increasing the brain uptake of the A protofibril selective antibody mAb158 by
means of transferrin receptor (TfR) mediated transcytosis across the blood-brain barrier. A
bispecific fusion protein was created by chemically conjugating a F(ab’)2 fragment of mAb158
to the TR antibody 8D3. This fusion protein, 8D3-F(ab’)2-158 displayed a 15-fold increased
brain uptake compared with F(ab”)2-158 72 h post injection. Ex vivo experiments demonstrated
that the brain retention of 1251 radiolabelled fusion protein increased with age and correlated
closely with brain levels of AP protofibrils in ABPP transgenic mice (tg-ArcSwe), whereas it was



low in wild type (wt) mice. PET imaging with 1241 labelled fusion protein confirmed the ex vivo
results, showing a high signal in >12 months old tg-ArcSwe mice, and it increased further with
age while remaining low in wt mice of all ages. The PET-signal correlated with brain levels of
AP protofibrils but not with total brain levels of AB40 and AB42, suggesting that the PET signal
reflected protofibril levels rather than plaque load. By recombinantly expressing the bispecific
fusion protein 8D3-rec158 we were able to further increase brain uptake another 10-fold
compared with the chemically conjugated variant, which is a strong step towards enabling
clinical antibody-based PET. The concept of bispecific fusion proteins with the means to cross
the blood-brain barrier to enable in vivo PET imaging may be viable for other CNS targets also.
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Abstract: A previous study claimed isolation of muscle-derived extracellular vesicles (EVs)
from the bloodstream by demonstrating muscle-specific miRNA content. In our Lab, we have
pioneered studies of neural origin-enriched EVs (isolated by immunoprecipitation towards neural
antigens) as source of biomarkers for Alzheimer’s disease. We modified these
immunoprecipitation techniques to target muscle-specific antigens and characterized isolated
EVs to demonstrate enrichment for muscle-origin. First, we isolated total EVs from plasma of
normal subjects using a high-yield precipitation method (Exoquick), followed by
immunoprecipitation against various dystrophin glycoprotein complex proteins, such as a-
sarcoglycan (SGCA); we also performed immunoprecipitations for EpCAM and
NCAM/L1CAM from the same plasma samples as controls (for epithelial and neural EVs,



respectively). Immunoprecipitation for SGCA yielded 4% of the total EV population. To
characterize putative muscle-origin SGCA+ EVs against controls, we performed a series of
Western blots for muscle-specific proteins CKMM, PYGM, MusK and TMODA4, loading equal
numbers of each EV type, therefore, controlling for differential yields. We demonstrated that
putative muscle-origin SGCA+ EVs contained equal amounts of common exosomal markers
TSG101, Flotl, and CD9, but were highly enriched for CKMM, PYGM, MusK and TMODA4,
relative to LICAM+, EPCAM+ and total EV populations; human muscle tissue served as
positive control. To further characterize putative muscle-origin EVs, we performed a series of
protein arrays for metabolic, apoptotic, and autophagy-related factors and demonstrated unique
signatures. We have provided evidence that EVs of myocytic origin can be isolated from plasma
and contain a range of potential biomarker molecules. In ongoing studies, we are exploring the
utility of muscle-derived EVs as a diagnostic platform for sarcopenia and other skeletal-muscle
diseases.

A. N =1 healthy subject, EVs derived from single B. EVs derived from plasma samples of 4 healthy
plasma sample via alternative immunoprecipitations subjects via alternative immunoprecipitation for
for MUSK, SGCA, NCAM, L1CAM SGCA, LICAM, EPCAM were pulled and compared to

total EVs and muscle tissue homogenate.
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Abstract: Neural cell adhesion molecule LICAM may be used for enriching blood extracellular
vesicles (EVs) for neuronal origin. Our previous studies generated evidence that AB42, pTaul8l,
and phospho-insulin receptor substrate-1 (pSer312-IRS-1 and p-panY-IRS-1) in plasma
L1CAM+ EVs may be diagnostic biomarkers for Alzheimer’s disease (AD). In the present study,
we are analyzing samples from the Baltimore Longitudinal Study of Aging (BLSA) to replicate
previous findings and assess whether candidate biomarkers predict AD diagnosis in the clinical
and preclinical stage. We studied 969 samples from 373 BLSA participants, 128 diagnosed with
AD during a given visit, 128 age and sex-matched controls followed over the same time, and 117
control subjects followed prospectively. Besides samples from the visit when AD diagnosis was
made, we studied samples from 2 to 8 visits before. The average times between diagnosis and the
two preceding visits were 2.3 and 4.5 years respectively; the average number of visits was 2.6.
We have completed isolation of total plasma EVs using Exoquick®, as well as
immunoabsorption with anti-L1CAM antibody to isolate LICAM+ EVs. Protein quantification is
ongoing using electrochemiluminescence-based assays (Mesoscale Discovery) for AB38,40 and
42, total-tau, pTaul81, pSer312-IRS-1, p-panY-IRS-1, and the EV markers Alix and TSG101. In
addition, EV concentration and size are being determined by Nanoparticle tracking analysis
(NTA). Biomarker concentrations will be normalized to EV concentration, Alix and TSG101.
For quality control, in each Mesoscale plate, we include one sample from a single isolation batch
to assess between-plate variance. A separate control sample isolated with each set of samples is
being used to assess between-isolation variance. For measured analytes, the mean values and the
range (mean = SD; range) are: AB42 (2.5£1.6; 0.1-8.7 pg/ml), AB40 (7.2+6.1; 1.1-30.1 pg/ml),
AB38(39.1£22.9; 2.3-115.7 pg/ml), total Tau (27.8+7.9; 9.0-52.0 ng/ml), pTaul81
(39011£21594; 3488-111649 arbitrary units (AU)), pSer312-IRS-1 (3462+5662;110-45115 AU),



p-panY-IRS-1 (526.81+£587.73;103-4942 AU), Alix (1350.6+1138.2; 360-3612 ng/ml) and
TSGI101 (849+635;181-1674 pg/ml). Average concentration (mean+SEM) of LICAM+ EVs was
1.3E11 + 9.6E9 particles/ml with mode size (mode=SEM) of 137.8+6.8 nm. Investigators
conducting EV isolation and assays will remain blinded until we complete all measurements.
Statistical analysis will be performed by co-investigators from a different Laboratory with
experience in statistics in BLSA cohorts. Final statistical results are still pending, but will be
completed by the time of presentation.
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Abstract: Alzheimer’s disease (AD) pathology reflects the accumulation of toxic metabolites in
extracellular compartments of the brain. Clearance of these spaces is facilitated by the flow of
interstitial fluid (ISF), including cerebrospinal fluid (CSF) that originate from cerebral ventricles.
Entorhinal cortex and neighboring regions of the medial temporal lobe are among the first
regions to display extracellular plaques and intracellular neurofibrillary tangles in AD. To
investigate ISF/CSF clearance from this area we focused on a connection with the olfactory
system through to the cribriform plate. Metabolite-laden ISF/CSF for the medial temporal lobe
flows along sheaths that cover the lateral olfactory, olfactory trigone, and olfactory tract, ending
at the olfactory bulb. Cranial nerve (I) fibers projecting to the olfactory bulb originate in the
olfactory nasal epithelium and pass through apertures in the cribriform plate as bundles. As with
all of the cranial nerves, sheaths covering cranial nerve I provides for the CSF outflow. We
investigated whether changes in cribriform plate morphology may reduce the clearance of CSF
from the olfactory bulbs. We evaluated cribriform plate morphology from >20 post-mortem AD
subjects and controls using dissection, histology, CT imaging and image analysis. The cribriform
plate was excised from each subject and scanned for bone density using a high-resolution CT



scanner. CT scans were evaluated for aperture size and placement using Amira software. Each
plate was then dissected and photographed to reveal the extent of aperture occlusion by Dura
mater covering the cribriform plate. The brain of each sample was evaluated for a clinical
diagnosis of AD using established histopathology that stained for amyloid-beta deposits,
neurofibrillary tangles, and Lewy bodies. We found evidence of age-dependent cribriform plate
ossification in the majority of subjects with clinically defined AD.
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Abstract: Protein aggregation plays a central role in pathogenesis of a number of
neurodegenerative diseases, and significant efforts to better understand and control this process
are ongoing. Alteration of the aggregation pathway either to produce less toxic structures or to
increase aggregate clearance is a promising therapeutic route. Both antibodies and small
molecules have been extensively studied for this purpose. Here we present the results of our
studies on the effect of both small-molecule modified polymers and antibodies on aggregation of
a-synuclein as well as analysis of the mechanism of aggregation of TDP-43.

Dopamine is known to direct aggregation of a-synuclein into oligomers via both covalent and
non-covalent interactions. In order to explore the importance of direct dopamine-a-synuclein
interaction of this activity, we synthesized a highly branched polymer modified with dopamine
and tested its effect on a-synuclein aggregation. We found that the dopamine-modified polymer
was much less effective in diverting a-synuclein aggregation to oligomers than dopamine itself



indicating that direct interaction of dopamine with the protein is important for its action.
Anti-a-synuclein antibodies have been used as therapeutic agents as well. However, most
antibodies are too large to cross the blood-brain barrier effectively and thus their levels in the
brain are significantly lower than that of a-synuclein. We have examined the effects of
substoichiometric concentrations of anti-synuclein antibodies on a-synuclein aggregation. We
found that the antibody against residues 121-125 of a-synuclein significantly delayed its
aggregation at 1: 100 or lower antibody to protein ratios, and a few more antibodies were
effective at higher ratios. Antibodies against this site have been previously shown to be effective
in vivo.

We have also investigated the mechanism of aggregation of TDP-43, a protein playing an
important role in ALS. We examined formation and interconversion of aggregates of this protein
as well as their structure and morphology.
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Abstract: Parkinson’s disease (PD) has a multifactorial etiology, hypothesized to result from
combination of genetic and environmental factors. Several gene mutations cause rare familial
PD. Conversely, genome wide association studies (GWAS) have identified genetic risk factors in
the general population that could participate in the onset of sporadic PD. A current theory posits
that this genetic variability can synergize and precipitate the effects of pathogenic gene
abnormalities. Thus, we are investigating the convergence of alpha-synuclein (aSyn) and the
novel GWAS hit RIT2 onto cellular mechanisms that might be altered in PD. While aSyn
mutations are well established causes of familial PD, that SNCA locus variability is the most
reproducible susceptibility factor and that aSyn inclusions are the pathologic hallmark of the vast
majority of PD cases, little is known about RIT2 and its coded protein Rin. Importantly, RIT2
gene expression is enriched in the dopamine (DA) neurons of the substantia nigra (SN) and is
reduced in PD brains. Rin belongs to the Rit subfamily of Ras-like small GTPases and mediates



neuritogenesis through p38 MAPK and ERK pathways. Notably, Rin mediates the internalization
of the DA transporter through direct interaction. We used the human aSyn overexpressor
Drosophila model and knocked down its ortholog Ric through RNA interference: aSyn-induced
motor deficits were attenuated, indicating a functional genetic interaction. Consistently, we
detected a strong trend for increased Rin protein expression in the cortex of Thyl-aSyn
transgenic mice, while mRNA levels in the same area were unchanged. Thus, we studied the
expression of Rin in the mouse brain. Rin is expressed in the DA neurons of the SN and their
striatal DA terminals. Lastly, we are using SK-N-SH neuroblastoma cell lines overexpressing
aSyn or Rin to study their physical molecular interaction and consequent modulation of
intracellular signaling. Our data confirm that Rin is expressed in PD-relevant areas in the mouse
brain and point towards a functional interaction with aSyn. Modulation of this interaction in cell
models of increasing complexity (cell lines, primary neurons, human iPSC-derived DA neurons)
will indicate a possible pathologic mechanism that could be targeted for therapy.
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Abstract: Parkinson’s Disease (PD) converges into a common pathogenic pathway of
mitochondrial defects that are supported by genetic, pathological and pharmacological evidence.



Although initially a-Synuclein (a-Syn) studies associated to PD have focused on its role on
aggregation and toxicity and away from the mitochondria, recently, growing interest is dedicated
to the possible role that a-Syn exerts over the mitochondrial quality control. Biophysical
properties of WT a-Syn or the dominant mutations A30P and A53T a-Syn suggest differential
lipid binding affinities, which can give a hint on a-Syn interaction mechanism with
mitochondria. To test whether a-Syn drives a mitochondrial phenotype we developed different
human PD neuronal models derived from hESC or genetically modified hIPSC to analyze the
effect of WT, A30P and A53T a-Syn on mitochondrial axonal transport, membrane potential and
morphology. Initially, by live imaging of fluorescent mitochondria in axons we analyzed whether
WT a-Syn or PD related mutants impairs the axonal transport of mitochondria. Significant
defects in mitochondrial flux were observed for A53T a-Syn overexpression and milder defects
for WT and A30P. Interestingly, a significant reduction in mitochondrial size plus an increase in
axonal mitochondrial density was observed upon A53T a-Syn overexpression. These defects
correlated with a high to low ratio of a-Syn localization within the mitochondrial fraction for
AS53T, WT and A30P, respectively. Therefore, we designed a mitochondrial targeting system
based on FKBP-FRB dimerization that delivers a-Syn to the outer mitochondrial membrane
(OMM) to test whether a-Syn interaction with the mitochondrial membrane in human neurons
mediates the morphology effect. Surprisingly, we found that WT a-Syn delivery to the OMM
reduced the size of the mitochondria to similar levels than A53T a-Syn, while A30P induced no
effect. These results provide direct evidence of membrane interaction derived effect of a-Syn on
mitochondrial size. Finally, CRISP-t/CAS9 genome edition in hIPSC were generated to test
whether the N-terminal domain of a-Syn mediates fragmentation. Human neurons derived from
CRISP modified IPSC revealed the opposite to fragmentation with abnormal elongated and
ramified axonal mitochondria. Interestingly, the mitochondrial enlarged phenotype was lost after
AS53T a-Syn overexpression in this neurons. All together, our findings identify a new and
relevant neuronal physiological role for a-Syn in the maintenance of mitochondrial morphology
that when impaired by a-Syn overexpression or mutations can lead to abnormal fragmentation
phenotypes observed as a common feature of PD.
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Abstract: The identification of early disease markers for Parkinson’s disease (PD) is essential,
since the disease is already in an advanced state when motor symptoms become obvious. Large-
scale omics data analysis from animal models may help to identify perturbations in molecular
pathways before histological or behavioural changes appear. Thus, identifying early disease-
related mechanisms can facilitate the development of human biomarkers and new therapeutic
approaches. To enable a disease-specific analysis of perturbed molecular pathways from omics
data, we have compiled a significant amount of literature-based knowledge (>1000 PMID) on
PD into a molecular interaction map. This “PD map” is a constantly updated, freely accessible
knowledge repository (http://pdmap.uni.lu), enabling the upload of omics data and interpretation
in a PD-related cellular context. In this study, ventral midbrain (containing Substantia Nigra
(SN)) from transgenic mice moderately overexpressing E46-mutated alpha-synuclein (about 1.5x
over endogenous) was prepared from 3, 9 and 13 month old animals. This mouse line shows mild
PD-like pathology (e.g. striatal TH deficits) starting at 9 months of age, but no loss of SN
tyrosine-hydroxylase positive neurons. RNA was prepared and analysed on DNA microarrays.
Differentially expressed genes were uploaded to the PD map and displayed within the molecular
network. Data from the 3 months time point showed a distinct under-expression of genes (e.g.,
TH, DDC, DAT, VMAT?2) related to dopamine metabolism and secretion. In addition an over-
expression of genes involved in receptor mediated calcium signalling was detected. Interestingly,
no motor symptoms, loss of TH positive neurons or striking alpha-synuclein aggregations were
visible at this early age. Gene expression analysis using the PD map highlights early molecular
changes in the ventral midbrain of alpha-synuclein over-expressing mice. Direct perturbation of
dopamine and calcium signalling related cellular pathways by alpha-synuclein, e.g., through
interaction with upstream transcription factors such as NR4A2, might be a key mechanism in
early PD pathogenesis, independent of high-molecular, aggregated alpha-synuclein and actual
degeneration of SN neurons.
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Abstract: The alpha-synuclein gene is the strongest genetic risk factor for Parkinson’s disease
(PD), a major neurodegenerative disorder. Under pathological conditions, excess physiological
alpha-synuclein may undergoes fibrillization to form toxic fibrils. Once formed, these pre-
formed fibrils can be released into the extracellular microenvironment where they are
internalized by neighbouring cells. Here they can act as seeds to promote further fibrilization of
monomeric alpha-synuclein. This action provides a possible explanation for the progressive
development of Lewy bodies in the brain of PD patients.

Currently the mechanism(s) involved in the uptake of pre-formed alpha-synuclein fibrils are
poorly understood. Therefore in order to study cell-to-cell transmission of fibrils and identify
genes/pathways specifically involved in their uptake, we developed a high-throughput assay. We
designed fluorescently labeled pre-formed fibrils that enabled us to monitor internalization in
Hela cells and performed a whole genome siRNA screen, targeting approximately 22,500 genes.
Preliminary analysis has shown that loss of a number genes associated with Coatomer protein
complex formation greatly inhibits the internalization of pre-formed fibrils by Hela cells. We are
currently validating hits using a more focused secondary screen. Hits that survive will then be
studied using primary murine cells and human iPSCs. Finally we will attempt to identify
pharmacological agents that can target the proteins and pathways of most interest and hopefully
this will form the basis of treatments capable of slowing down disease progression in patients.
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Abstract: Recent studies have suggested the existence of strains of aggregated a-synuclein
which may partially explain the variable phenotypes associated with synucleinopathies (1). The
ubiquitin-proteasome system (UPS) and the autophagy-lysosomal pathway (ALP) are
compromised in the presence of a-synuclein aggregates. The mechanism of clearance of
insoluble a-synuclein aggregates remains unclear. This study characterized wild type (WT) and
familial Parkinson’s disease (PD)-linked mutant A53T in vitro pre-formed fibrils (PFFs)
generated in high and low-salt buffers and examined whether the strain of a-synuclein PFF
and/or the presence of the mutation differentially affects the seeding potency and clearance
pathway of a-synuclein inclusions in a PD cell model. Strains of PFFs were prepared by
aggregation of WT and A53T recombinant a-synuclein at 37°C, shaking for 14 days with
different buffers, and characterized by Thioflavin-T binding, dynamic light scattering, electron
microscopy, and proteinase K (PK) digestion. To determine seeding efficiency and effects on
clearance, the number of a -synuclein aggregates and co-localization with proteins involved in
the UPS and ALP were assessed using confocal and high content imaging. PFFs generated in
high-salt conditions were more resistant to PK treatment compared to low-salt PFFs. Different
strains of WT and A53T PFFs were internalized, recruited endogenous a-synuclein and induced
the formation of intracellular protein deposits reminiscent of Lewy body (LB) inclusions. Higher
seeding potency was observed with the AS3T PFFs generated in low-salt compared to high-salt
buffer. This difference was less pronounced for the WT PFFs. Irrespective of the presence of the
mutation or the buffer, a-synuclein aggregates were phosphorylated and co-localized with p62
but not with Lamp-1, suggesting that these inclusions are targeted for autophagy but may not be
delivered to autophagolysosomes for degradation. A subset of inclusions was ubiquitinated. This
study reveals that strains of PFFs display unique biophysical properties that result in differences
in seeding potency, but all led to the formation of inclusions with features similar to human LBs.
Inclusions were associated with the autophagy machinery but could not be degraded, suggesting
that this pathway is compromised. A deeper understanding of the strains of a-synuclein
aggregates and their associated neurotoxicity will be critical when targeting treatments towards



specific conformations of misfolded a-synuclein. Reference: (1) Bousset L, et al. (2013)
Structural and functional characterization of two alpha-synuclein strains. Nat Commun. 4:2575.

Disclosures: A. Pandraud: A. Employment/Salary (full or part-time): Eli Lilly and Company.
C. Kerridge: A. Employment/Salary (full or part-time): Eli Lilly and Company. P. Craig: A.
Employment/Salary (full or part-time): Eli Lilly and Company. S. Bose: A. Employment/Salary
(full or part-time): Eli Lilly and Company.

Nanosymposium
013. Alpha Synuclein in Parkinson's Disease: From Astrocytes to Epigenetics
Location: SDCC 5B
Time: Saturday, November 12, 2016, 1:00 PM - 4:15 PM
Presentation Number: 13.07
Topic: C.03. Parkinson’s Disease
Support: Swedish Research Council
Parkinson's Foundation
Alzheimer's Foundation
Ahlen Foundation
Hedlunds Foundation
Title: Accumulation and spreading of alpha-synuclein oligomers in human astrocytes

Authors: *J. ROSTAMI', S. HOLMQVIST?, V. LINDSTROM', J. SIGVARDSON’, M.
INGELSSON', J. BERGSTROM', L. ROYBON®, A. ERLANDSSON';

'Publ. health and caring sciences, molecular geriatrics, Uppsala Univ., Uppsala, Sweden; “Dept.
of Exptl. Med. Sci., Lund Univ., Lund, Sweden; BioArctic Neurosci. AB, Stockholm, Sweden

Abstract: Parkinson’s disease (PD) is characterized by intracellular protein inclusions called
Lewy bodies, composed mainly of aggregated alpha-synuclein. Although, alpha-synuclein
deposits are primarily found in neurons, they also appear frequently in glial cells at advanced
disease stages. Many lines of evidence suggest a prion-like propagation of aggregated alpha-
synuclein during PD progression, but the cellular mechanisms behind the spreading is still
elusive. The aim of this study was to clarify the role of astrocytes, the most prominent glial cell
type, in alpha-synuclein propagation. For this purpose, human astrocytes, derived from
embryonic stem cells were treated with Cy3-labelled monomeric or oligomeric alpha-synuclein
for 24 h. Following exposure, the cells were thoroughly washed and incubated for 0, 3 or 6 days



in alpha-synuclein free medium. Using time lapse microscopy and immunocytochemistry we
investigated intracellular localization, toxic effects and spreading of alpha-synuclein between the
astrocytes. Our results demonstrate that human astrocytes engulfed both alpha-synuclein
oligomers and monomers. Interestingly, we found that the monomers were quickly degraded,
while the oligomers accumulated in the astrocytes. By immunocytochemistry, we showed that
the accumulated alpha-synuclein oligomers co-localized with the lysosomal marker, LAMP-1, at
the earliest time point. However, the co-localization disappeared over time, leaving large
deposits of alpha-synuclein in the astrocytes, indicating an incomplete digestion. Staining with
specific markers for various organelles revealed that the alpha-synuclein deposits localize to the
region of the trans-golgi network. Furthermore, a clear effect of the oligomer exposure was
observed on mitochondria hemostasis which was also confirmed by electron microscopy. In
addition, time-lapse recordings demonstrated frequent cell-to-cell transfer of alpha-synuclein
inclusions in the astrocyte culture. Interestingly, the astrocytes appeared to use different
spreading mechanisms, depending on the size of the inclusions that were transferred. In
summary, our results identify a possible role of astrocytes in the spreading of alpha-synuclein
pathology.
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Title: Accumulation of alpha-synuclein in cultured astrocytes can be prevented by oligomer
selective antibodies
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Abstract: Protein inclusions referred to as Lewy bodies and Lewy neurites are a pathological
hallmark for several neurodegenerative disorders, including Parkinson’s disease (PD). The
inclusions consist predominantly of insoluble fibrillary alpha-synuclein, but also include soluble
oligomeric forms of the protein that are known to be particularly toxic. Apart from neuronal
inclusions, deposition of alpha-synuclein aggregates has been demonstrated in glial cells,
including oligodendrocytes and astrocytes. To elucidate the significance of such inclusions, we
have investigated engulfment, degradation and toxic effects of oligomeric alpha-synuclein in a
co-culture system of primary neurons, astrocytes and oligodendrocytes. The cultures were
exposed to 500 nM Cy3-labeled, HNE-induced alpha-synuclein oligomers for 24 h. The cells
were then thoroughly washed and the uptake, digestion and toxicity of alpha-synuclein were
studied at different time points, using immunocytochemistry, time-lapse microscopy, electron
microscopy and Western blot analysis. Our results show that alpha-synuclein oligomers are
engulfed by all three cell types, but that astrocytes rapidly internalize particularly large amounts
of the protein. Moreover, we show that astrocytes start to degrade the ingested alpha-synuclein
oligomers by the lysosomal pathway, but cannot fulfill the digestion. The overburden of the
astrocytes degrading capacity results in long-term intracellular storage of alpha-synuclein and
consequently detrimental processes, including mitochondrial damage. Passive immunotherapy,
directed against alpha-synuclein oligomers/protofibrils has been suggested to be a promising
treatment strategy for PD. However, the exact cellular mechanism behind the effect of these
antibodies remains unclear. Interestingly, we here demonstrate that oligomer selective antibodies
can efficiently prevent the formation of alpha-synuclein deposits in cultured astrocytes. Being
the most numerous glial cell type in the central nervous system, astrocytes have a great impact
on the brain environment and we suggest that processing of pathological alpha-synuclein by
astrocytes should be taken into consideration when developing new treatment strategies for PD
and other alpha-synucleinopathies.
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Abstract: Parkinson's disease (PD) is the second most common neurodegenerative disorder. It is
characterised by the loss of dopaminergic neurons in the midbrain and the presence of
intracellular aggregates, known as Lewy bodies (LB), in the surviving neurons. The aetiology of
PD is unknown but a causative role for a-synuclein (aSyn; SNCA) has been proposed. This
protein is the main component of LBs and point mutations (A30P, E46K, A53T, H50Q and
G51D) and copy number variations in the SNCA gene have been linked to PD. Although the
function of aSyn is not well understood, a number of pathological mechanisms associated with
aSyn toxicity have been proposed.

In this study, fibroblasts from healthy individuals and PD patients carrying the AS3T SNCA
mutation were reprogrammed to induced pluripotent stem cells (iPSCs) and differentiated to
dopaminergic neurons (DAn) using an established protocol. DAn cultures from all iPSC lines
differentiated with the same efficiency, producing overall ~50% DAn (TH" cells) and ~80%
neurons (TUJ1" cells) indicating that they could be used for further phenotypic screening for the
effect of the A53T SNCA mutation. Mitochondrial dysfunction has been proposed to underlie
PD. Analysis of mitochondrial respiration showed decreased basal respiration (40%), maximal
respiration (35%) and spare capacity (30%) in AS3T SNCA DAn compared to controls, with no
gross differences in glycolytic activity. This difference was not due to a decrease in total
mitochondrial content as indicated by protein expression levels analysis of the mitochondrial
marker Tom20. This mitochondrial phenotype arises only in DAn, since iPSCs from both
genotypes do not show any differences in mitochondrial function or aSyn expression. Protein
expression analysis of different markers showed a trend towards ER stress and increased
Glucocerebrosidase (GBA) activity and protein levels, but no significant perturbation of
autophagy in A53T SNCA DAn. Analysis of aSyn secretion in the culture media revealed that
DAn secrete increasing amounts of the protein during in vitro maturation but no differences in



release by genotype were observed across DAn cultures. Lastly, lentiviral vectors for RNAi-
mediated knockdown of aSyn were developed to study its effect on both control and A5S3T DAn.
A ~75% reduction in protein levels was achieved compared to a scrambled control and persisted
for at least 35 days post-transduction.

To conclude, iPSC-derived DAn cultures are a promising and relevant in vitro model for
studying cellular dysfunctions in PD pathology. AS3T SNCA DAn show deficits in
mitochondrial respiration, providing an interesting insight in PD pathology.
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Abstract: Background: Alpha-synuclein (aS) is a protein linked to Parkinson’s disease (PD) and
related neurodegenerative disorders. It is mostly localized within synapses, but aS has also been
suggested to play a role in the nucleus. The aim of this study is to explore epigenetic events
through aS.

Method: Histone proteins, extracted from aS transgenic Drosophila and aS inducible SH-SYS5Y
neuroblastoma cells, were separated by SDS-PAGE, then histone marks were analyzed by
western blotting. To determine the level of histone lysine methyltransferase (HMT) and histone
lysine demethylase (KDM), mRNA levels were measured by RT-PCR. Chromatin
immunoprecipitation was performed by standard protocol using H3K9me?2 and REST antibodies.



Target genes were amplified by specific primer pairs.

Results: Overexpression of aS in male flies as well as in retinoic acid pre-treated neuroblastoma
cells led to an elevation of histone H3K9 methylation, mostly mono- (H3K9mel) and di-
(H3K9me2). The transient increase of H3K9 methylation in SYSY cells was slightly preceded by
an induction of the histone lysine methyltransferase 1C (KMT1C). Pharmacological inhibition of
G9a/KMT1C reduced the H3K9 methylations. G9a and H3K9me?2 can function within the REST
complex. REST chromatin immunoprecipitation (ChIP) survey of REST regulated genes showed
significantly increased promoter occupancy of the synaptosomal-associated protein SNAP25
gene after retinoic acid stimulation. Transcripts and protein levels of SNAP25 were decreased
after aS induction.

Conclusion: aS overexpression enhances the histone modifications H3K9mel and H3K9me?2,
likely involving G9a known to catalyze these histone modifications. While, probable G9a-
associated transcription factor REST strongly appears at the SNAP25 promoter, possibly
affecting SNARE complex assembly and hence synaptic function regulated by asS.
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Abstract: A prion-like mechanism is thought to underlie the propagation of alpha-synuclein
(asyn) pathology in Parkinson’s disease, whereby aggregated asyn is conveyed along peripheral
neuronal tracts into the central nervous system. Here, we describe single and co-culture cell-
based assays designed to recapitulate the uptake and transmission of misfolded asyn across
cellular membranes. The accumulation of misfolded asyn into non-neuronal and neuronal cells is
predominantly mediated by dynamin-dependent endocytosis. This exogenous vesicular asyn is
associated with increased rupture of the endocytic vesicle membranes, thereby permitting the



misfolded lumenal asyn to interact with cytosolic asyn expressed by the host cell. When H4
neuroglioma cells expressing asyn, coupled to either luciferase or GFP, are exposed to
extracellular oligomer-prone asyn mutants, we observed a reorganization of cytoplasmic asyn
staining into punctate structures that contain misfolded and insoluble asyn. Moreover, co-culture
of oligomeric asyn-treated cells with naive cells expressing asyn-GFP, also induced a striking
change in asyn localization in the naive cells into small punctate structures, suggesting that the
propagation of misfolded asyn from one cell population to another is induced by exposure to
oligomeric asyn.
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Abstract: o-synuclein plays a central role in synucleinopathies such as Parkinson’s disease (PD),
dementia with Lewy bodies (DLB) and multiple system atrophy (MSA), where it accumulates
and causes degeneration. Both mutations and increased copy numbers of a-synuclein are
sufficient to cause familial PD, suggesting a critical role for a-synuclein in contributing to
cellular toxicity. However, how a-synuclein toxicity disrupts the real-time dynamics of key
cellular pathways and organelles have not been clearly elucidated. Using live cell imaging, we
examined the dynamics of multiple organelles including mitochondria, autophagosomes,
lysosomes and the endoplasmic reticulum (ER) in cellular models of a-synuclein toxicity. We
found that ER dynamics are disrupted by increased levels of a-synuclein, leading to decreased
rates of ER tubulation and ER homotypic fusion events, ultimately disrupting ER morphology.
These defects in ER dynamics consequently contribute to upregulation of selective autophagy of
the ER (ERphagy) via the autophagy receptor FAM134b both under basal conditions and upon
cellular stress, suggesting that the ER may be particularly vulnerable to dysfunction in



synucleinopathies. Thus, in addition to previously reported defects in ER to golgi trafficking and
MAM (mitochondria-associated endoplasmic reticulum membrane) dysfunction, we now
demonstrate a novel mechanism through which a-synuclein contributes to ER dysfunction via
disruption of ER morphology dynamics of tubulation and fusion leading to its selective
autophagy, further highlighting the ER as a critical target of a-synuclein toxicity.
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Abstract: Parkinson’s Disease (PD) is often defined as a movement disorder, however PD is
also characterized by a large non-motor component. GI dysfunction is the most common non-
motor symptom associated with PD. PD-associated GI dysfunction affects virtually every level
of the GI tract, from esophagus to anus, primarily presenting as gastroparesis and decreased
colonic motility. Recent studies have demonstrated that the PD associated protein, a-synuclein
(a-syn), forms large inclusion within neurons of the enteric nervous system (ENS), suggesting
that a-syn pathology within the ENS may play a role in the etiology of GI dysfunction in PD.
This hypothesis has been supported by GI dysmotility in transgenic a-syn overexpressing mice.
However, a-syn overexpression within these mice occurs in cell populations throughout the
entire organism, thus, it is not clear whether the GI phenotype observed in these animals is due to
a-syn pathology in the central nervous system (CNS), ENS, or both. To determine if a-syn
accumulation solely within neurons of the ENS is sufficient to produce GI dysfunction, we
pioneered a novel surgical approach to overexpress human wildtype a-syn within the ENS using
direct injections of adeno associated virus (AAV) to the descending colon. This approach results



in robust transduction of enteric neurons and glia, with no viral genomes detected in the CNS. To
evaluate the role of a-syn in GI dysfunction adult male rats received direct injections (6 x Sul at
6x10'*vg/ml) of AAV expressing either human wildtype a-syn or a green fluorescent protein
(GFP) control transgene into the descending colon. Four and eight weeks post-surgery, colonic
motility was assayed by quantifying the time necessary to transit and excrete a bead through Scm
of the descending colon within ambulatory animals. Animals that received AAV-a-syn had
significantly impaired colonic motility, with a mean colonic transit time of 171.5 + 43.4 minutes
compared to animals that received AAV-GFP with a mean colonic transit time of 15 + 6.8
minutes. Ex vivo analyses revealed that overexpression of a-syn in the descending colon resulted
in an increase in inhibitory neuromuscular junction potentials along with a corresponding
decrease in neurogenic contractions of colonic circular muscle. AAV-a-syn also decreased basal
levels of calcium in both neurons and glia. Importantly, a quantitative histological examination
of transduced tissue revealed that a-syn overexpression did not produce any neurodegeneration.
Together, these findings suggest that a-syn overexpression in the ENS results in alterations in
neurotransmission that ultimately result in impaired colonic motility.
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Abstract: Huntington’s disease (HD) is a fatal dominantly inherited neurodegenerative disease
caused by a CAG expansion in the huntingtin gene, for which there is currently no cure.
Antisense oligonucleotides (ASOs) are emerging as a viable therapeutic approach and can be
used to selectively target production of many of the toxic proteins involved in currently
untreatable neurodegenerative diseases. ASOs are single stranded nucleotides typically 20 bases
in length that bind complementary target RNA through Watson and Crick hybridization leading
to selective degradation of the target RNA. Since ASOs do not cross the blood brain barrier,



CNS targets in patients can be accessed via intrathecal (IT) delivery to the CSF. ASO-mediated
suppression of huntingtin mRNA in animal models of HD improves motor phenotype, anxiety,
gene expression deficits and survival. The first clinical study of an ASO targeting huntingtin in
HD patients is underway (NCT02519036). One key experiment in translating the rodent work to
the clinic is determining the pharmacodynamics and pharmacokinetics of huntingtin-targeting
ASOs in a larger brain using IT delivery, the intended clinical route of administration. To this
end, we have treated non-human primates (NHP) with an ASO targeting NHP huntingtin at two
dose levels and collected tissues 1, 4, or 8 weeks post-dosing. After intrathecal delivery of the
huntingtin ASOs, huntingtin mRNA is suppressed throughout the NHP CNS, including cortical
regions, thalamus, and caudate, all key regions implicated in HD. Remarkably, target
suppression and ASO accumulation are similar in spinal cord adjacent to the injection site and in
frontal cortex, the most distal region from the injection site. Target mRNA suppression is
sustained and still present 8 weeks post-dosing. Using a novel assay to quantify total huntingtin
protein, we also confirmed huntingtin protein levels track with RNA levels. These data support
the use of intrathecal dosing to deliver huntingtin-targeting ASOs to the brain regions implicated
in HD as a potential therapeutic for the treatment of HD.
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Abstract: Peripheral biomarkers are greatly needed in the field of neurological disorders in order
to anticipate onset of disease symptoms, to monitor disease progression, and to track potential
therapeutic effects. Huntington’s disease (HD) is a fatal, inherited neurodegenerative disorder
caused by a CAG repeat expansion in the gene encoding the huntingtin protein (Htt).
Pathogenesis is associated with expression of the mutant Htt protein in the CNS; however Htt is
expressed ubiquitously throughout the body. The Htt protein is the most significant molecular
target for disease modifying therapies, and several therapeutic approaches that target its
production, processing, and/or turnover are under development or approaching clinical trials in
patients. Measurement of Htt has broad potential as a biomarker. Since non-invasive methods to
quantify Htt in the CNS do not exist, measuring Htt in peripheral cells represents an essential
step in biomarker discovery for HD. In the current study, we have measured Htt protein levels in
saliva from symptomatic HD patients (n=31), presymptomatic HD individuals (n=10) and
healthy normal controls (n=56) using an ELISA with antibodies recognizing amino acids 802-
940 of human Htt protein. This assay revealed significant increases in Htt expression in saliva
from HD individuals compared to normal controls. Further, salivary Htt levels were higher in
symptomatic HD patients compared to pre-symptomatic or transitional patients. No correlations
were detected between Htt expression and age or sex in all subjects. Further, salivary Htt levels
did not show diurnal variation. We also adapted a brain-derived neurotrophic factor (BDNF)
assay to measure levels of this protein in saliva using ELISA. No significant differences in
salivary BDNF in HD patients compared to normal controls was detected using this method. In
summary, measurements of salivary Htt offer significant promise as a relevant, non-invasive
disease biomarker for HD, and its use could be immediately implemented into both translational
and clinical research use.
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Abstract: The neurocorrelates of walking are understudied, especially related to balance and
centering body mass over the legs. However, imaging of deep brain structures in a moving
subject is not feasible with current imaging technology. Standard fMRI, PET and MEG do not
tolerate head motion, and EEG and fNIRS cannot image deep brain structures. Here we discuss
quantitative imaging of deep brain structures such as the striatum and eventually the whole brain,
during fully upright, close to natural walking behavior using a novel wearable brain imager,
Ambulatory Microdose PET (AMPET). The specially designed flexible mechanical support with
an adjustable suspension point would allow upright motion such as above a treadmill or balance
device, moves with a person's head and thus be capable of active image acquisition of an upright
person in motion. The design is built around a safety helmet with an inner friction fit that allows
it to move with the head but also suspends the weight burden off the participant. Preliminary data
acquired during active wide angle head-turning motion, shows that a prototype version can
obtain images during active motion. Using 18F-FDG imaging, we found activity detected in the
striatum, caudate and other cortical areas to be comparable to those detected via standard PET
scanner (n=2) (Bauer et al. 2016). We will discuss improvements in the head support and
stabilization for walking studies, as well as design options. In addition, we will discuss options to
increase temporal resolution by taking advantage of dynamic radiotracer imaging. Applications
for this upright neuro-imaging technology would include understanding the mechanisms of
balance, as well as normal vs. abnormal walking behaviors and gaits. Virtual reality could also
be combined with an AMPET imager in order to investigate brain activity during walking and
balance in environments not otherwise practical to bring to participants in the real world.
Ultimately, understanding the neural correlates of walking and balance will have critical
implications for rehabilitation strategies for stroke and other neurological disorders, including
TBI, Parkinson’s disease and balance disorders.
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Abstract: An impairment of the protein quality control system (PQCS) is believed to be a major
cause of age-related neurodegenerative disorders. It has been shown that modulating the PQ
machinery protects from or enhances pathological changes in cellular and animal models of
neurodegenerative diseases. However, the PQCS has not sufficiently been monitored during the
course of disease of mammalian models. To study the chronological sequence of impairment of
the PQCS, protein aggregation, neuropathological and functional changes in the brain, we are
using a protein sensor, which consists of firefly luciferase (Fluc) fused to GFP. Fluc is a
metastable protein that requires chaperone assistance for proper folding and full enzymatic
activity. A decrease in protein folding capacity of a cell can be detected by decreased enzymatic
activity of Fluc and changes in GFP distribution in the cytoplasm, as the sensor forms inclusions
when not folded correctly (Gupta R, et al. 2011. Nature methods 8: 879-84). We first tested the
sensor’s sensitivity and effectiveness in murine cortical cultures by applying different
proteotoxic stress paradigms to transfected primary neurons. Either application of proteasome
and chaperone inhibitors, heat stress or co-expression of aggregating proteins leads to the
formation of GFP+ inclusions and decreased enzymatic activity of Fluc in transfected neurons.
We next used this sensor to measure changes of the PQCS caused by the presence of a misfolded
protein. We detected a reduction of specific luciferase activity in Fluc-transfected primary
cortical cultures of the Huntington disease model R6/2. In order to monitor proteostasis defects
in vivo, we generated transgenic mice expressing the sensor in the nervous system. Promising
founder lines show expression in several brain regions. After crossing these mice to the R6/2 line
we measured a decreased functionality of the PQCS in the striatum of R6/2 mice at an advanced
disease stage (12 weeks). Interestingly, in presymptomatic 1 week-old mice we observed an
increase in Fluc folding efficiency in the hippocampus and the cerebellum, regions that remain
relatively spared at early disease stages. We are currently working on unraveling the mechanistic
basis of this finding. We plan to cross these sensor mice to different disease models to assess the
PQCS comparatively between neuropathological disorders. Also, we will monitor the PQCS



throughout normal aging comparing several brain regions. Our sensor mice represent a tool to
monitor the PQCS during the disease, an important basis for developing new therapies based on
improved functionality of the PQC machinery.
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Abstract: Huntingtin (HTT), the protein responsible for Huntington’s disease (HD), is
ubiquitously expressed and enriched in neurons. HTT associates with microtubule motors,
kinesin and dynein, and is involved in the movement of vesicles within axons. However the type
of vesicle or the cargo complex that HTT is present on during long distance transport within
axons is unknown. We previously found that reduction of Drosophila HTT perturbed the bi
directional movement of Rab4 GTPase containing vesicles in larval axons. Simultaneous dual
view imaging revealed that HTT and Rab4 likely move together within larval axons. Sub pixel
co localization analysis revealed that Rab4, HTT, and motor proteins co localize suggesting that
a HTT motor complex likely exists in vivo during axonal transport. Intreguingly reduction of the
HTT interacting protein 1 (HIP1) and a known Rab effector, Rip11, perturbed the movement of
both HTT and Rab4 in vivo. However, reduction of Milton (a protein with some sequence
homology to HAP1) and Nemo (a Rab8 effector) had no effect. Taken together, our observations
propose a model in which HIP1 and Rip11 may aid the linking of HTT Rab4 containing
complexes to motor proteins. Since expansion of polyQ repeats in the context of human HTT
perturbed the motility of Rab 4, perhaps normally HTT plays a key role in facilitating Rab4
motility within axons for particular Rab4 mediated functions at the synapse. These findings have



important implications for our understanding of the complex functions of HTT, which when
disrupted may initiate disease pathways.
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Abstract: CAG repeat expansion disorders like Huntington’s disease (HD) are monogenic
diseases that are caused by expansion of CAG repeat motifs in the disease-causing genes that, if
located within the coding region, translate into elongated polyglutamine (polyQ) stretches on the
protein level. HD is the most common of the nine known polyQ disorders. Aggregation of
Huntingtin (HTT) aminoterminal fragments with expanded polyQ stretches in the central
nervous system of the affected patients is a hallmark of HD. Both loss of function of the normal
protein and gain of toxic function of the mutant protein have been suggested to play a role in the
pathogenesis. Recent evidence argues that another pathogenic mechanism that contributes to
disease development is a gain of function at the RNA level. The CAG repeat RNA folds into
hairpin structures, and several proteins can bind to these structures in a repeat-size dependent
manner. The aberrant recruitment of proteins into pathological RNA structures might deplete the
cell of essential factors involved in translation and could thus represent a novel mechanism
contributing to HD pathogenesis. We have shown previously that one example of a protein
complex that binds to mutant HTT mRNA is the MID1 protein complex. This protein complex
contains, amongst other proteins, the MID1 protein, the catalytic subunit of protein phosphatase
2A (PP2Ac), and 40S ribosomal S6 kinase (S6K). Strikingly, binding of this protein complex to
mutant HTT mRNA results in an increased translation and subsequently aggregation of mutant
HTT. In this study we analyzed if MID1 also regulates other mRNAs with expanded CAG
repeats using a panel of in vitro and ex vivo assays. Our data suggest that MID1 binds to CAG
repeat mRNAs irrespective of the repeat flanking regions, suggesting that MID1 is a common
regulator of CAG repeat mRNAs. This makes the MID1 complex a very interesting target to



prevent formation of both pathological RNA-protein complexes and pathological accumulations
of mutant polyQ protein not only in HD but also in other polyQ disorders.
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abnormalities and behavioural deficits in a mouse model of Huntington disease
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Abstract: Clear evidence from human and animal studies indicates that white matter structures
are profoundly affected in Huntington disease (HD). Although its etiology is not fully
understood, white matter atrophy appears very early in the disease course suggesting that it may
be a primary event preceding neuronal loss. We hypothesize that abnormalities in white matter
reflect dysfunction caused by the direct effects of mutant huntingtin (mHTT) on
oligodendrocytes, the myelinating cells of the central nervous system. Using the BACHD mouse
model of HD, which expresses full-length human mHTT and mimics many of the behavioural
and neuropathological features of the human condition, we genetically reduced mHTT
expression in oligodendroglial cells by crossing BACHD mice to NG2-Cre mice. Using electron
microscopy analysis of myelinated fibers of the corpus callosum we show that myelin sheaths are
thinner and less compact in BACHD mice. Reduction of mHTT expression in oligodendroglial
cells rescues the deficits in thickness and compactness of myelin sheaths, supporting cell
intrinsic effects of mHTT on oligodendrocytes. We further show that silencing mHTT in
oligodendroglia improves aspects of behavioural dysfunction in the HD mice, including motor



and psychiatric-like phenotypes. Our findings suggest that the expression of mHTT in
oligodendrocytes contributes to myelin abnormalities and certain behavioural manifestations in
HD. Our study provides novel insights into the etiology of white matter pathology in HD.
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Abstract: Huntington’s disease (HD) is an inherited neurodegenerative disorder caused by
expansion of a CAG tract >35 in the huntingtin (77) gene. The disease manifests with poor
movement control, cognitive decline and psychiatric disorders. Recent studies suggest that
corticostriatal synaptic dysfunction precedes the motor phenotype in HD mouse models.
Moreover, protein interaction studies have revealed that wildtype and mutant huntingtin interact
in complexes with hundreds of different proteins, in which presynaptic proteins are prominent.
Our study focused on the potential changes in presynaptic terminals of corticostriatal synapses in
HD. We compared the YAC128 HD mouse model, expressing human huntingtin with 128
polyglutamine repeats on an FVB/N background, with FVB/N wild-type (WT) control mice.
Using immunocytochemistry and whole-cell patch clamp in corticostraital co-cultures, we found
a reduction in spontaneous release of glutamate, but an increase in Ca*-independent vesicle
release, at corticostriatal synapses in YAC128 compared with FVB/N co-cultures. We also
uncovered reduced expression of vGlutl in the cortical pre-synapses, whereas in the postsynaptic
striatal neurons, there was no change in GluA2 expression but miniature excitatory postsynaptic
current amplitude was reduced. Taken together, these data suggest decrease of glutamate in
individual vesicles. Interestingly, the number of vesicles in the presynaptic readily releasable
pool remains unchanged, but vesicle replenishment is impaired in this HD model. Currently, we



are assessing vesicle replenishment at corticostriatal synapses in acute brain slices from 6-month
old YAC128 mice after train stimulation by patch clamp recording as well as by imaging
glutamate release using the iGluSnFr fluorescent protein. Together, our studies will enhance
understanding of the corticostriatal synaptic changes contributing to early circuit dysfunction in
HD.
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Abstract: Spinocerebellar ataxia type7 (SCA7) is an autosomal dominantly inherited
neurodegenerative disorder caused by a CAG/polyglutamine (polyQ) repeat expansion in the
ataxin-7 gene. It is characterized by both cerebellar disease and retinal degeneration that
ultimately progresses to complete blindness. The normal function of ataxin-7 and the
mechanistic basis of SCA7 have yet to be fully determined; however, ataxin-7 is known to be a
core component of the transcriptional co-activator complex STAGA. As polyQ-expanded ataxin-
7 integrates into the STAGA complex, transcriptional dysregulation in the presence of polyQ-
ataxin-7 is a likely mechanism for SCA7 neurodegeneration. We utilized RNA-seq analysis to
obtain an unbiased list of down-regulated genes in the cerebellum of our PrP-SCA7 92Q-BAC
mouse model of SCA7. Pathway analysis implicated calcium homeostasis, specifically inositol
(1,4,5) triphosphate receptor (IP3R) signaling, as altered in SCA7. Cerebellar electrophysiology
and calcium response rates of neurons were altered in mPrP-SCA7 92Q-BAC mice.
Transcription factor binding site analysis of all down-regulated genes revealed putative binding
sites for peroxisome proliferator-activated receptors (PPARs), which are known Sirtuinl (Sirtl)



targets. Eight of the identified down-regulated calcium homeostasis gene promoters had putative
PPAR response element (PPRE) sites, including the IP3R gene promoter. As previous work in
yeast had identified a functional and physical interaction between yeast ataxin-7 (Sgf73) and
yeast Sirtl (Sir2), we tested if this interaction is conserved in mammals, and we found
compelling evidence for a physical interaction between Sirt] and ataxin-7, which was enhanced
by polyQ tract expansion. We also documented marked inhibition of Sirtl deacetylase activity in
the cerebellum of PrP-SCA7 92Q-BAC mice. Based upon these findings, we pursued a genetic
rescue in two different SCA7 mouse models by crossing Sirtl over-expressing mice with PrP-
SCA7 92Q-BAC mice, and with SCA7 266Q knock-in mice. We observed an amelioration of
cerebellar neurodegeneration, reduced disease progression, and significantly increased lifespan
in Sirt1-SCA7 bigenic mice. In Sirtl - SCA7 bigenic mice, we further noted significantly
increased expression of calcium homeostasis genes with PPRE binding sites in their promoters.
Our studies reveal a novel role for Sirtl in positively regulating the expression of calcium
homeostasis genes in the cerebellum in SCA7 neurodegeneration, and thus suggest that one key
aspect of Sirtl neuroprotection is calcium regulation.
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Authors: *S. WIETHOFF', C. ARBER?, S. WRAY?, Y. ZHI%, R. PATANI', H. HOULDEN';
lDept. for Mol. Neurosci., Univ. Col. London, London, United Kingdom,; 2Dept. of Mol.
Neurosci., UCL Inst. of Neurol., London, United Kingdom

Abstract: Introduction

Spinocerebellar Ataxia 15 (SCA15-) patients present with progressive cerebellar ataxia and
possible pyramidal, extrapyramidal and cortical features (1, 2). Heterozygous deletions in the
inositol-1,4,5-triphosphate-receptor type 1-gene (/7PRI) resulting in haploinsufficiency of the
ligand-gated calcium-channel on the membrane of the endoplasmatic reticulum (ER) are the



underlying genetic cause (3). ITPRI is expressed in the cerebellum and cortex with an assumed
role in calcium homeostasis & neurotransmitter exocytosis (4).

Methods

Fibroblasts were collected from 3 SCA15-patients via a skin biopsy, reprogramming was
performed via episomal gene delivery (5), iPSC-colonies picked and expanded. Two clones per
patient were validated and neurally differentiated (7).

Preliminary Results

Patient-derived iPSCs were confirmed as pluripotent via ICC and qPCR for marker pluripotency
genes, karyotypically normal apart from the heterozygous ITPR1-deletion and 5 out of 6 were
integration-free. Neural differentiation yields a high proportion of cortical neurons in patient and
control lines. Preliminary Ca-imaging trial data in fibroblasts, iPS-cells and neurons shows
disturbance of store-operated calcium entry in patient-neurons only.

Future Work

We will use ICC, live-imaging, cytotoxicity assays and electrophysiology to investigate the
interplay between ER-calcium-stores, mitochondria and cytosol impacting on cell-integrity and
transmitter exocytosis to conclude on the pathomechanism leading to neurodegeneration in
SCAI15. A phenotypic rescue will be investigated via treatment with different calcium-
stabilisators (e.g. dantrolene). In a parallel string of experiments we are developing a shorter
protocol to derive cerebellar-like cells from monolayer iPSCs even though challenging (8) in
order to study this condition in a more region-specific neuronal subtype.
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Abstract: Olfactory navigation requires comparing of, odor concentration across samples
distributed in space and time. One strategy of localizing an odor source is to compute the
difference in odor concentrations between nostrils - spatial (stereo) sampling. Another
mechanism of odor source localization is sequential (temporal) sampling: the animal chooses
direction in the olfactory surroundings by detecting concentration changes across consecutive
inhalations (hereafter referred to as AC;). While the role of the spatial strategy in olfactory
navigation has been studied in various species, mechanisms of AC; perception remain obscure.
To study the neural substrate of AC; perception, we developed an odor delivery system that
allows rapid switching and stabilization of different concentrations of an odor, such that
concentration can be changed on each sniff. We monitored activity of mitral/tufted (M/T) cells in
the olfactory bulb of mice in response to prolonged concentration presentations and to stimuli
that flicker between concentrations from sniff to sniff (AC; stimuli). We find that a subset of M/T
responses are tuned for AC,, giving large modulations of firing rate when the concentration
changes.

Our results indicate that M/T cells explicitly compute AC,, providing a signal that may guide
navigational decisions in downstream olfactory circuits.
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Title: Glomerulus-centric exploration of the chemical map in the olfactory bulb
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Abstract: In spite its essential role in everyday life, Olfaction still is probably the most obscure
of our senses. While we have largely understood how primary sensory neurons in e.g. vision
encode their relevant input space, the chemical receptive range of many olfactory receptors still
remains elusive. We profiled the receptive range of a genetically labelled olfactory receptor
(MOR18-2) using intrinsic signal imaging in anaesthesized mice. We measured its response to
214 odorants in a total of 41 animals. Using advanced image processing methods [1] we
extracted the responses of neighboring glomeruli. Based on their responses to a set of 45
diagnostic odors we identified glomeruli across individuals, enabling to relate their chemical
receptive ranges with their spatial position relative to MOR18-2 (Figure 1). We found that
MOR18-2 is embedded in a local tunotopic response domain that shares several ligands with
spatially proximal glomeruli. Furthermore, we derived a description of MOR18-2’s chemical
receptive range in terms of physico-chemical properties. With regard to those properties we
found a weak chemotopic embedding of MOR18-2 in a lateral-posterior domain of the dorsal
olfactory bulb. Our findings provide insight how the arrangement of glomeruli in the olfactory
bulb reflects the structure of chemical space.

References

[1] Soelter, J., Schumacher, J., Spors, H., and Schmuker, M. (2014). Automatic segmentation of
odor maps in the mouse olfactory bulb using regularized non-negative matrix factorization.
Neuroimage 98, 279-288. doi:10.1016/j.neuroimage.2014.04.041.
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members in the olfactory bulbs of all seven mice. Colours according to cluster colouring in A).
Scale bar 100 um. C) Median odorant spectra of all putative glomeruli in each cluster.

Disclosures: M. Schmuker: None. J. Soelter: None. J. Schumacher: None. H. Spors: None.

Nanosymposium
015. Olfaction: Sensation and Second-Order Representation
Location: SDCC 30B
Time: Saturday, November 12, 2016, 1:00 PM - 4:00 PM
Presentation Number: 15.03
Topic: D.04. Olfaction and Taste
Support: NIH R0O0 DCO11780
NIH T32-DA07290
University of Texas Southwestern Medical Center

Title: Arc-transcribing accessory olfactory bulb internal granule cells increase their excitability
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Abstract: Rodents rely on their olfactory systems for survival and reproduction. The accessory
olfactory system (AOS) is particularly important for social behaviors, including territorial
aggression. The accessory olfactory bulb (AOB) is the first and only dedicated circuit for
processing AOS sensory information, and acts as a gateway for AOS-mediated behaviors.
Though physiological and behavioral evidence suggests that plastic changes occur in the AOB
following salient behavioral events, these changes are not well understood on a cellular level. We
investigated AOB plasticity following intermale territorial aggression by examining expression
of the immediate early gene Arc, which has been implicated in diverse forms of plasticity
throughout the brain. We allowed adult male transgenic mice that express GFP in Arc-
transcribing cells (4rc-d4EGFP-BAC mice) to interact for 10 minutes in a “resident-intruder”
assay, and found significant GFP labeling in a subset of AOB neurons following behavior. The
vast majority of these Arc-transcribing cells were internal granule cells (IGCs), interneurons that
inhibit projecting mitral cells (MCs) via reciprocal dendro-dendritic synapses. In acute AOB
slices from Arc-d4EGFP-BAC mice, we found that Arc-transcribing IGCs demonstrated an
increased response to simulated sensory input, suggesting that Arc-transcribing cells are strongly
connected to MCs and well-situated to perform MC inhibition. Using optogenetics, we
confirmed that Arc-transcribing IGCs synaptically inhibit MCs, and suppress MC firing.



Together, these results suggest that Arc-transcribing IGCs have an increased ability to inhibit
MC:s. In order to determine whether increased IGC activation was the result of strengthened
excitatory synaptic drive, we measured IGC synaptic function and dendritic spine density. We
found no differences in either spontaneous EPSC or miniature EPSC amplitude/frequency, nor
did we find a difference in spine density, suggesting that the increased excitability of IGCs was
not due to increases in excitatory synapse strength or number. To assess IGC intrinsic properties,
we used an unbiased electrophysiological assay involving 26 distinct parameters. We found that
Arc-transcribing IGCs exhibit a fast-spiking phenotype when depolarized by a current injection
and showed significantly reduced I, currents compared to controls. These results suggest that
following salient social encounters, Arc-transcribing IGCs increase their excitability through
intrinsic but not synaptic mechanisms, resulting in an increased capacity to inhibit MCs.
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Abstract: Most natural odors have sparse molecular composition. This makes the principles of
compressed sensing potentially relevant to the structure of the olfactory code. Yet, the largely
feedforward organization of the olfactory system precludes reconstruction using standard
compressed sensing algorithms. To resolve this problem, recent theoretical work has shown that
signal reconstruction could take place as a result of a low dimensional dynamical system



converging to one of its attractor states. However, the dynamical aspects of optimization slowed
down odor recognition and were also found to be susceptible to noise. Here we describe a
feedforward model of the olfactory system that achieves both strong compression and fast
reconstruction that is also robust to noise. A key feature of the proposed model is a specific
relationship between how odors are represented at the glomeruli stage, which corresponds to a
compression, and the connections from glomeruli to third-order neurons (neurons in the olfactory
cortex of vertebrates or Kenyon cells in the mushroom body of insects), which in the model
corresponds to reconstruction. We show that should this specific relationship hold true, the
reconstruction will be both fast and robust to noise, and in particular to the false activation of
glomeruli. We also show that the predicted connectivity rate is optimal without the
reconstruction assumption.
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Abstract: Sensory information is represented not only as firing rate (rate coding), but also as
temporal patterns (temporal coding) of activity in neurons. In the rodent olfactory bulb, odors
produce rich temporal patterns of activity in mitral/tufted cells; however, roles of the temporal
patterns remain enigmatic. Here we show that the temporal coding distinguishes two sensory
modalities detected by input sensory neurons: odor and airflow-driven mechanical signals. Odor
stimuli, but not changes in airflow speed, produced glomerulus-specific phase shifts in snift-
coupled oscillatory activities. We also found that the odor-evoked phase shifts are invariant
across a wide range of odor concentrations and sniff cycles, contrary to the labile nature of the
rate coding. The loss of airflow-driven oscillations impaired stability of the temporal coding,



demonstrating a role of mechanosensation in olfaction. We propose that the phase coding is a
robust encoding strategy for an odor identity under fluctuating sampling and environmental
conditions.
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Title: Fecal bile acids are potent activators of the accessory olfactory system
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Abstract: Chemosensory processing by the accessory olfactory system (AOS) is crucial for the
survival and reproductive success of rodents. Despite decades of research there are only a few
known ligands for this system. The major known sources of AOS chemosignals are urine and
tears, but we hypothesized that other animal excretions, such as feces, may also contain AOS
ligands. We investigated whether feces are a source of AOS ligands using electrophysiological
recordings of accessory olfactory bulb mitral cells (AOB MCs). We performed these
experiments in AOS ex vivo preparations that allow one to record from the AOB while candidate
ligands are delivered to peripheral sensory neurons in the vomeronasal organ (VNO). We found
that aqueous extracts of BALB/cJ female mouse feces produce widespread activation of MCs in
the anterior AOB (aAOB), which is selectively innervated by peripheral neurons expressing
members of the VIR subfamily of vomeronasal receptors. The activity elicited in the aAOB by
mouse feces was nearly equivalent to the activity elicited by female mouse urine, currently the
best-studied source of AOS chemosignals. We used liquid chromatography-mass spectrometry



(LC-MS) to identify candidate chemosignals in BALB/cJ female mouse feces extracts, and found
that these extracts were rich in bile acids. Bile acids are produced in the liver and secreted into
the gut, where they are critical for fat absorption and play additional roles in energy metabolism.
Electrophysiological recordings confirmed that many AOB MCs activated by VNO stimulation
with BALB/cJ fecal extracts also responded to pure bile acids, including cholic acid and
deoxycholic acid, at 10 uM. AOB MCs demonstrated sex selectivity for feces, and LC-MS
revealed that this difference was at least partially explained by the presence of chenodeoxycholic
acid in male but not female mouse feces. We also recorded from other AOB MCs that responded
selectively to lithocholic acid, a bile acid absent from rodent feces but present in heterospecific
feces, including mouse predators. These results reveal that feces are a potent source of AOS cues
and that bile acids are a novel class of AOS ligands. Bile acids are thus capable of providing
mice with chemosensory information about important biological variables, including sex, species
and gut flora.
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Abstract: Olfactory sensory neurons (OSNs), the sole source of sensory input to the mammalian
main olfactory bulb (OB), are generated throughout life from stem cells in the olfactory
epithelium. Each mature OSN expresses a single odorant receptor, and axons expressing the
same receptor converge to form a pair of glomeruli on the surface of the OB, generating a highly
organized odor map. As it matures, each newly generated OSN therefore faces the problem of
how to integrate into a highly organized neural circuit without disrupting existing function. We
have shown recently that OSNs form synapses and can evoke robust stimulus-locked firing of
OB neurons while still expressing immature markers. Furthermore, recent studies have shown
that immature OSNs already express odorant receptors. This raises the question of when newly



generated OSNs begin to play a functional role in olfaction.

Here, I investigated the ability of immature OSNs to detect odors in vivo. I implanted cranial
windows over the OB of 3 week-old mice expressing GCaMP6s in either immature (Gy8-
GCaMP6s) or mature (OMP-GCaMP6s) OSNs, and monitored odor-evoked responses in OSN
axons in vivo. 84% of glomeruli innervated by immature OSN axons responded to at least one
odor in a 7-odor panel (n = 133 glomeruli, 7 mice), demonstrating that immature OSNs can
detect odors in vivo. I then compared the responses of immature OSN axons to those of mature
OSN axons (n = 140 glomeruli, 7 mice). Fewer glomeruli in Gy8-GCaMP6s mice than in OMP-
GCaMP6s mice responded to each individual odor (P < 0.001, paired t-test). Furthermore, across
the odor panel, odor responses were smaller in magnitude in Gy8-GCaMP6s mice (AF/F [mean +
SD] 48 £+ 16 %) than in OMP-GCaMP6s mice (AF/F 81 + 23 %; P <0.001, 2-way ANOVA).

If immature OSNs providing input to the OB have not yet completed odorant receptor selection,
they could disrupt odor coding. To investigate this, I performed three additional analyses of odor
selectivity. First, glomeruli in Gy8-GCaMP6s mice responded to fewer odors (3.8 £ 0.2) than
glomeruli in OMP-GCaMP6s mice (4.9 = 0.2; P = 0.003, t-test). Second, a smaller proportion of
glomeruli responded to all 7 odors in Gy8-GCaMP6s mice (38 %) than in OMP-GCaMP6s mice
(62 %, P <0.001, x2 test). Finally, odor preference, defined as the quotient of the responses
evoked by the first- and second-most preferred odors for each glomerulus, was very similar in
Gy8-GCaMP6s mice (1.30 + 0.05) and OMP-GCaMP6s mice (1.32 + 0.04; P = 0.70, t-test).
Therefore, I found no evidence that sensory input from immature OSNs disrupts odor coding.
Together with other recent studies, these findings suggest that immature OSNs may play a
previously unappreciated role in olfaction.
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Abstract: Olfaction is a fundamental sense through which most animals respond to the
environment. Olfactory organs, such as the main olfactory epithelium and the vomeronasal
organ, possess sensory neurons that express specialized receptors tuned to detect odorous stimuli.
We recently described a novel subpopulation of olfactory sensory neurons in the vomeronasal
organ that non-canonically expresses receptors in the odorant receptor (OR) family, and showed
that these cells are able to detect pheromones emanating from pups. Moreover, we obtained
evidence that activation of such cells is dependent on the animal's socio-sexual status. In this
study, we investigated how the organism's internal hormonal state modulates activity in these
neurons, thereby changing how the animal detects pup odors and consequentially the display of
pup-oriented behaviors.
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Abstract: The olfactory bulb (OB) receives cholinergic input from the basal forebrain (BF) and
expresses a variety of cholinergic receptors. Recent work from our lab has shown that OB
acetylcholine (ACh) increases individual glomerular sensitivity to odors and decreases
glomerular activation thresholds. These ACh effects could enhance OB responsivity to weak or
degraded input under certain conditions. We are investigating the role of cholinergic-mediated
gain control in olfactory habituation at both the physiological and behavioral level.

To measure the physiological effects of cholinergic modulation, we imaged in anesthetized
transgenic mice expressing calcium indicators in input (olfactory sensory neurons; OSNs) and
output (mitral/tufted cells) cells. We hypothesized that OB ACh release could reinstate reduced
OB odor responses after OSN adaptation, a process known as dishabituation. We find that BF



electrical stimulation following prolonged odor presentations dishabituates OB odor responses to
near baseline levels and are currently investigating whether BFS during prolonged odor
presentations has the same effect.

To measure the behavioral effects of cholinergic modulation, we recorded odor investigation
behavior in an open field chamber during prolonged odor exposure in mice expressing channel
rhodopsin (ChR2) in cholinergic neurons and their wildtype littermates. We find that optogenetic
OB ACh release leads to increased investigation of habituated odorants, an effect not seen in
wildtype littermates. Using implanted thermistors to detect respiration, we are currently
investigating whether optogenetic OB ACh release leads to changes in sniff frequency associated
with detection of salient odorants. Preliminary data suggest that changing the visual context of
the open field also leads to increased investigation of habituated odorants. Future experiments
aim to block OB ACh release during the visual stimulation to see if the effect on odor
investigation is cholinergically mediated.

Overall, these studies establish a novel functional role for olfactory ACh release, whereby odor
representation and salience can be rapidly and dynamically modulated.
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Abstract: An individual’s response to a sensory cue can vary widely. Differences in the internal
state often account for such behavioral fluctuations. Hormones are thought to be causative but
the neural targets of endocrine action and the mechanisms that alter their activities are not fully
understood. In order to understand how internal state affects behavior, it is essential to identify
these neurons and how they are affected. We have shown for the first time, female reproductive
hormones in diestrus (non ovulatory state of the ovulation cycle) directly silence peripheral



sensory neurons (vomeronasal neurons, VSNs). This attenuates detection of attraction
pheromones in male urine and prevents the female from eliciting social behavior (Dey et al,
2016). We now show diestrus also increases sensitivity of some VSNs to a different group of
male urinary odors compared to the estrus (ovulatory) phase. Behaviorally, all estrus females
robustly investigate these odors whereas diestrus females show variable degrees of aversion.
Calcium imaging reveals progesterone (the major diestrus hormone), acts rapidly through a non
classical receptor to sensitize the VSNs. We are using transcriptome profiling, genetics and
biochemistry to identify key signaling molecules in this subset of VSN, activated by
progesterone. These instances of synchronized suppression and sensitization suggest that VSNs
are capable of extreme flexibility. Using this simple strategy, the olfactory system can generate
practically unlimited and distinct neural codes to represent odor mixes (like male urine) uniquely
in different internal states. This places the olfactory system to control state specific behaviors in
a way that no other peripheral system is able to. The results of this study will reveal how
synchronized modification of peripheral sensitivity affects overall perception of odor mixtures in
different states.

Hormones modulate olfaction
State 1

State 2

-
e=« Hormone 2

Behavior 1 Behavior 2

Disclosures: S. Dey: None. L. Stowers: None.

Nanosymposium

015. Olfaction: Sensation and Second-Order Representation
Location: SDCC 30B

Time: Saturday, November 12, 2016, 1:00 PM - 4:00 PM
Presentation Number: 15.11

Topic: D.04. Olfaction and Taste

Support: NIH Grant RO11DCO011558

Title: A family of non-GPCR chemosensors defines an alternative logic for mammalian
olfaction



Authors: *P. L. GREER', D. BEAR', ].-M. LASSANCE’, M. BLOOM", T. TSUKAHARA',
S. PASHKOVSKI', F. MASUDA', A. NOWLAN', R. KIRCHNER’, H. HOKSTRA? S.R.
DATTA';

"Neurobio., Harvard Med. Sch., Boston, MA; 2Dept‘ of Mol. and Cell. Biol., Harvard Med. Sch.,
Cambridge, MA; *Mol. and Cell. Biol., Harvard Univ., Cambridge, MA; *HMS, Boston, MA;
*Biostatistics, Harvard Sch. of Publ. Hlth., Boston, MA

Abstract: Odor perception in mammals is mediated by parallel sensory pathways that convey
distinct information about the olfactory world. Multiple olfactory subsystems express
characteristic seven-transmembrane G-protein coupled receptors (GPCRs) in a one-receptor-per-
neuron pattern that facilitates odor discrimination. Sensory neurons of the “necklace” subsystem
are nestled within the recesses of the olfactory epithelium and detect diverse odorants; however,
they do not express known GPCR odor receptors. Here we report that members of the four-pass
transmembrane MS4A protein family are chemosensors expressed within necklace sensory
neurons. These receptors localize to sensory endings and confer responses to ethologically-
relevant ligands including pheromones and fatty acids in vitro and in vivo. Individual necklace
neurons co-express many MS4A proteins and are activated by multiple MS4A ligands; this
pooling of information suggests that the necklace is organized more like subsystems for taste
than for smell. The MS4As therefore define a distinct mechanism and functional logic for
mammalian olfaction.
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Abstract: Animals need to extract information from complex and noisy environments. Even
though the animals form their internal image of the surroundings through a multisensory system,
each sense needs to be able to recognize (in some range) the identity of one stimulus regardless
of its intensity and independently of complex or noisy background (if the stimulus is biologically
relevant). Therefore the first processing level, where the sensory signal is adapted and organized,
plays a fundamental role in sensory systems. In the olfactory system the chemical cues are
detected and primarily encoded by the olfactory sensory neurons. Each specific odor recruits a
particular combination of receptors that provides the input for its internal representation. The
great neuronal convergence in the Antennal Lobe (approximately 60,000 olfactory sensory
neurons converge into around 800 projection neurons organized in 160 glomeruli in the honey
bee) requires a signal adaptation. In insects the first processing is done by the local inhibitory
neurons located in the Antennal Lobe. Nevertheless the specific form in which the signal is
adapted is not fully known. In this work we investigate the action of the different GABA
components and their role in gain control and stabilization of neural activity patterns elicited by a
range of odor concentrations. We use honey bees as model animal and perform calcium imaging
to measure the neural representations from low to high odor concentrations in the projection
neurons of the Antennal Lobe. With different GABA blockers we isolate and identify the
specific contributions of GABA-A and GABA-B components. We also introduce math and
computational models with which we confirm experiment interpretations, study the network
contribution and evaluate the robustness of this mechanism for different input patterns. We show
that the GABAergic neurons play an important role, stabilizing the pattern representation and
regulating levels of activity, allowing animals to generalize the odor identity across
concentrations. The simplicity of the system under study suggests that analogous versions could
be involved in other sensory systems and even in higher levels of processing.
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Abstract: Objective biomarkers of pathology exist for a number of diseases, and play a critical
role in their diagnosis and treatment. However, assessment of affective processes related to
mental health disorders lags far behind and currently relies on self-report. Direct measures of
brain function provide a promising area for developing biomarkers of emotion pathophysiology
and recent advances in combining neuroimaging with machine learning techniques have brought
the goal of brain-based assessment of affect within reach. For example, we have demonstrated
that fMRI activity can predict whether an individual person is experiencing high or low
emotional responses to arousing pictures with over 90% accuracy. Critically, this biomarker is
sensitive and specific to emotional responses, when compared with other salient and arousing
affective events such as thermal pain. This preliminary success raises a number of issues that
must be addressed before fMRI-based biomarkers can be used clinically, such as demonstrating:
a) robustness across laboratories and procedures, b) specificity to type of emotion and elicitation
method, and c) applicability to clinical populations. However, data sharing is currently in its
infancy and there are no easy-to-use software packages publically available to facilitate this
process. Here we introduce http://neuro-learn.org - an open-source web application that provides
machine-learning analysis tools that integrate with online data repositories. Neuro-learn accesses
data stored in Neurovault.org and allows users to enter metadata and train predictive brain
models using linear machine-learning techniques and cross-validation. These models can be
shared with the research community and validated on any data stored in Neurovault.org. A
critical innovation is that neuro-learn.org relies on the collective intelligence of users to train and
test any model of their choosing. We believe that this crowd sourcing technique will accelerate
the development of brain based models and ultimately contribute to a more open, collaborative,
and replicable brain science of affect.
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Abstract: The task of dividing the human brain into regions has been captivating scientists for
many years. In the following work we revisit this challenge and introduce a new evaluation
technique that works for both cortical and subcortical parcellations. Our approach is based on
data from a diverse set of cognitive experiments that employs nonparametric methods to account
for smoothness and parcel size biases.

As reported before parcel variance was a function of parcel size in that smaller parcels were
more likely to be homogenous (even in random data). However, when we used map-specific null
distributions to account for both smoothness of statistical maps as well as number of parcels in
atlases, unbiased estimates become apparent. Both Yeo et al. and Collins et al. parcellations
produce scores for random data similar to those derived from real data. In contrast, Shen et al.,
AAL, and Gordon et al. show lower within parcel variance when applied to real data than when
applied to random data (but no distinction can be made between them).

In addition to looking at within parcel variance we also applied a novel metric based on the
intuition that different parts of the brain should not only be homogenous, but also different from
each other. To quantify this we calculated a ratio of between and within parcel variances
(standardized using individual null models). This approach indirectly penalizes parcellations
with too many unnecessary parcels. Using this measure we show that Yeo et al. parcellation fits
data better (Figure 1) than Collins et al. atlas despite having fewer parcels (7 vs 10).

We present a novel approach to evaluating atlases and parcellations of the human brain that
captures diverse patterns observed across many cognitive studies. Our testing methodology
overcomes biases introduced by the size of the parcels and smoothness of input data, but also, in
contrast to previous methods, can be applied to whole brain volumetric data. We have found that
in contrast to previous reports based on resting state cortico cortical conn



10?

10°

Between/within parcel variance ratio (vs random)

’6_/

@
S
c70\

Figure 1. Comparison of parcellation schemes in terms of the ratio of within and
between parcel variance - normalized by corresponding null models. Parcellations are
ordered by increasing number of parcels. Each dot represents a measurement from one
statistical map standardized using mean and standard deviation obtained from a null
distribution of measurements based on random statistical maps matched in terms of
smoothness. A between/within parcel variance ratio of zero corresponds to measurement
level no different than random.
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Abstract: Cognitive neuroscientists are in the business of understanding how neural function
and mental function interrelate. One can conceptualize this enterprise partly as a search for
meaningful functional-anatomical atoms, where the goal is to find a set of theoretical constructs
that have relatively simple, minimally overlapping mappings onto both the biological and the
psychological levels of description, thereby maximizing interpretative simplicity and minimizing
model complexity. Here we introduce a novel Bayesian topic model that learns latent topics from
the meta-analytic Neurosynth database of over 11,000 published fMRI studies. In contrast to
previous meta-analytic approaches, this model generates topics that are simultaneously
constrained by both anatomical and psychological considerations: each topic defines a single
brain region that is associated with a highly interpretable, coherent set of cognitive terms. In a
series of large-scale analyses that draw on data from the Human Connectome Project and the
NeuroVault data repository, I demonstrate that this topic set (i) successfully captures known
anatomical and functional distinctions; (ii) provides a novel data-driven metric of hemispheric
specialization; (iii) enables accurate reconstruction and regularization of arbitrary whole-brain
activation maps, facilitating the interpretability and stability of obtained results; and (iv) can be
used to inform and even correct human experts' judgments about the psychological processes
involved in performing cognitive tasks. Importantly, much of this topic modeling functionality is
integrated to the NeuroVault image repository, enabling researchers to upload and topically
reconstruct and interpret their own whole-brain activation maps within seconds.
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Abstract: Cerebral processes contribute to pain beyond the level of nociceptive input and
mediate psychological and behavioral influences. However, cerebral effects on pain are not yet
well characterized, leading to a predominant focus on brain activity related to nociceptive input
when studying pain and developing interventions. Here, we analyzed functional Magnetic
Resonance Imaging (fMRI) data from 6 independent studies that involved thermal pain
stimulation (N = 183) with machine learning techniques. Based on the training datasets (Studies
1-4, N=137), we first developed a multivariate pattern signature—termed the Stimulus Intensity
Independent Pain Signature-1 (SIIPS1)—that predicted pain above and beyond nociceptive
input. The SIIPS1 included patterns of activity in nucleus accumbens, lateral prefrontal,
parahippocampal, and other regions. We then prospectively tested the new signature on 2
independent test datasets (Studies 5-6, N = 46), and showed that SIIPS1 responses explained
variation in trial-by-trial pain ratings not reflected in a previous fMRI-based marker for
nociceptive pain. In addition, SITPS1 responses mediated the pain-modulating effects of three
psychological manipulations of expectation and perceived control. Overall, the SITPS1 provides
a generalizable and extensible fMRI signature for cerebral contributions to pain beyond
nociception, and has implications for a new large-scale approach to modeling neural
representations of pain and emotion.

Stimulus Intensity Independent Pain Signature-1 (SIIPS1)
=3[L, FDR g<.05
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Abstract: Despite the great advances in genomics and cognitive science, there is a large gap
between our molecular knowledge of the brain and the affective and cognitive processes that
result. The countless hypothetical molecule-cognition relationships necessitate discovery-based
techniques to guide scientists toward the most productive lines of investigation. Here, I present a
novel discovery tool combining spatial patterns of neural gene expression from the Allen
Institute for Brain Science (AIBS) and large-scale functional neuroimaging meta-analyses from
the Neurosynth framework. The spatial similarity between over 20,000 genes from the AIBS and
48 psychological topics derived from lexical analysis of neuroimaging articles, was quantified to
produce a comprehensive set of gene/cognition mappings termed the Neurosynth-gene atlas. To
validate this approach, analyses tested the extent to which this approach effectively “re-
discovered” well-known neurotransmitter-cognition associations, such as dopamine and reward.
Permutation tests revealed support for 12/16 known associations (p’s<.05). For example, the
DRD gene family was associated with the Reward compared to all other topics (p=0.0004). The
atlas was then used to identify a range of novel associations between individual molecules or
genes and complex psychological phenomena. To demonstrate the utility of this approach, the
genes associated with the Anxious Traits topic were compared to a large-scale neuroticism
GWAS (n>60,000). Results demonstrated that the top 100 Anxious Traits associations were
more likely to be significantly associated with neuroticism (p<.032). Based on these results we
predict the genes that are implicated in the neuroticism GWAS and expressed in brain areas
associated with the Anxious Traits topic (e.g. HRH1, and PTGER3) to be most likely to underlie
anxiety. To test this hypothesis, used a well-validated nonhuman primate model of early-life
anxiety to test the extent to which the expression of target genes within the anxiety-related dorsal
amygdala region was associated with individual differences in threat-induced freezing behavior
(n=47). Permutation tests demonstrated that being expressed in Anxious Traits-associated



regions increased the likelihood of observing a relationship with anxiety in the nonhuman
primate above and beyond what could be predicted with the neuroticism GWAS alone (
p=-0001). These results demonstrate that the Neurosynth-gene approach complements existing
discovery-based methods such as GWAS, and provide a novel means of generating hypotheses
about the neurogenetic substrates of complex cognitive functions.
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Abstract: One of the most intractable problems in neuroscience is explaining the connection
between conscious experience and the underlying neural correlates. Much of the focus has been
at the molecular and structural level, and although these are clearly critical they are also
contingent and so fail to address the most foundational aspects of the question. Other approaches
ranging from quantum-level explanations and a range of schools in philosophy of mind have also
attempted to identify mechanisms but fail to address the challenge of offering specific candidates
that are both theoretically sound and empirically testable. Here we focus on an often overlooked
level of investigation, namely the neuro-atomic level. In particular, we survey extensive evidence
showing how metals play a fundamental and inexorable role in all known neural systems. In
particular, we illustrate examples from our own laboratory's use of synchrotron imaging (i.e.,
using a particle accelerator) that demonstrates the ubiquity of multiple co-localized metals in the
brain and their distribution at scales ranging from the sub-micron to whole brain in a variety of
cognitive conditions (e.g., typical, Williams syndrome, epilepsy, Alzheimer's, etc). In addition,
with the help of computational simulations, we describe why these properties of metals are
instrumental and necessary for cognitive information flow and so may be prime candidates for
the nexus of consciousness.
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Abstract: Recent work in affective neuroscience has revealed the importance of temporal
dynamics in affective responding and healthy emotion regulation. For instance, limbic regions
such as the amygdala often exhibit delayed recovery from emotion inductions in depression.
However, it is not known how the brain transitions among discrete emotional states and whether
alterations in these dynamics are predictive of psychopathology. Here we investigate this
problem by modeling spontaneous dynamics of emotional brain activity using a combination of
multivariate pattern analysis and stochastic process modeling in a large sample of young adults
from the Duke Neurogenetics Study (N=499). Using previously developed brain-based markers
of discrete emotional states, we classified time series of resting-state fMRI data into emotion
categories of contentment, amusement, surprise, fear, anger, sadness, and a neutral state. This
procedure yielded a sequence of classifications for each subject, which we modeled as a discrete-
time Markov process with seven states. Results indicate that emotion dynamics are reliable
across subjects and do not merely reflect the temporal autocorrelation of the hemodynamic
response. Data were divided into self-transitions (consecutive evidence for the same affective
state from one TR to the next) and transitions from one affective state to another. The proportion
of self-transitions for all emotions, with the exception of neutral states, was greater than would
be expected based on autocorrelation alone. Self-transitions were largest for the emotions fear,
anger, and contentment. Conversely, transitions to different emotions were most often to neutral
states, as opposed to fluctuating among multiple emotions. An exploratory analysis revealed that
fewer transitions to neutral states predicted the clinical status of individuals in the sample. These
findings suggest that human brain activity dynamically fluctuates among emotional states which



are sparsely organized about a neutral hub, the centrality of which may be disrupted in
psychopathological conditions.
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Abstract: Emotions can be classified from brain activity patterns measured with BOLD-fMRI
(Kragel and LaBar 2014 Emotion Review 6.:160-174), suggesting that at least some emotions
have a discrete neural basis. Different emotions are represented in mostly overlapping brain areas
and the current emotional state can be decoded from the distribution of voxel activations in
different areas (Saarimiki et al. 2015 Cereb Cortex). However, little is known about whether the
connectivity patterns between different emotion-related brain areas also convey information of
the current emotional state.

During fMRI scanning, we induced six emotions (anger, fear, disgust, happiness, sadness, and
surprise) and a neutral state in participants using 60-s-long emotional narratives. We calculated
the connectivity of the whole brain and within 10 separate functional systems (Power et al. 2011
Neuron 72:665-678; motor and somatosensory system, cingulo-opercular task control system,
auditory system, default mode system, visual system, fronto-parietal system, salience system,
subcortical system, ventral attention system, and dorsal attention system). An across-participant
classifier was trained to categorize the emotional states based on the brain connectivity matrix of
nodes either in whole brain or within different ROIs, and the results were validated using a
leave-one-participant-out crossvalidation.



Whole-brain classification accuracy was 21% (against chance level 14%) and the classification
was successful for all emotions. Classification of connections within the same functional system
was above chance level in default mode system and dorsal attention system.

We conclude that in addition to the differences in underlying brain activity patterns, emotions
also differ in the connectivity patterns both across the brain and within functional systems
including default mode system and dorsal attention system. These connectivity patterns also
generalize across individuals.
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Abstract: Cognitive emotion regulation (CER) enables humans to flexibly modulate their
emotional responses. Neurobiological theories of CER differ with regard to the spatial extent of
underlying brain activity. While local theories suggest that interactions between specialized local
brain circuits, such as amygdala and medial prefrontal cortex (mPFC), underlie CER, global
theories hypothesize global interaction increases among larger functional brain modules that



comprise local circuits. We tested the global CER hypothesis using graph-based whole-brain
network analysis of functional MRI data during aversive emotional processing with and without
CER. During CER, global between-module interaction across stable functional network modules
increased; this was particularly driven by amygdala and cuneus - nodes of highest nodal
participation -, and mPFC and posterior cingulate as relevant connector hubs. Nodes of increased
nodal participation overlapped with CER-specific local activations. Results provide first
evidence for the global nature of human CER that complements functional specialization of local
brain circuits.
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Abstract: Patients with Autistic Spectrum Disorders (ASD) exhibit severe deficits in social
functioning and a variety of changes in typical patterns of resting state functional connectivity.
Specifically, some cortical areas have been shown to be significantly under-connected in patients
with ASD compared to typically developing (TD) control subjects, in a manner correlated with
social symptom severity. Traditional training techniques in ASD are limited and often do not
generalize well beyond the training paradigm, and do not address the aberrant network structure.
Recent studies have shown that real time neurofeedback can be used to train participants to
modulate network activations, making neurofeedback a promising candidate for a variety of
clinical applications. In this study, we developed a novel feedback mechanism, which provided
feedback through the unmasking of a complex visual scene. Real time fMRI neurofeedback was
used to train participants with ASD to increase the correlation between two target regions
involved in social processing (STS and somatosensory cortex), while simultaneously decoupling
the targets from a control region (IPL), over a period of four days. The complex nature of this
feedback, which was driven by the differential connectivity of these social brain regions and IPL,
precluded the formulation of an explicit strategy. Nevertheless, participants showed a large and
significant change between the first and last day in the correlations between these three regions,
in the direction of training. Whole brain analysis reveals that these changes were specific to the
areas being trained, suggesting that neurofeedback can be used to alter clinically relevant,
complex network connectivity patterns.
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Abstract: There is growing interest in segmenting the hippocampus into subfields to determine
their specific computational functions, and to assess their integrity as a biomarker for various
diseases. However, limitations in MRI resolution, knowledge about subfield morphology, and
suboptimal techniques for subfield segmentation still hinder progress. In particular the complex
folding of the hippocampal head, which was recently elucidated in new histological research
(Ding et al., 2015), is often not addressed. This folding means that the geodesic anterior terminus
of each subfield rests in the more medial and posterior uncal portion of the hippocampus rather
than in the anterior tip. In the current study we aimed to improve hippocampal segmentation by
using 1) ultra-high resolution structural 7T MRI; ii) translation of recently published histological
evidence; and iii) a hybrid semi-automated technique with manual tracing steps that guide and
constrain segmentation. We collected four T2 scans with 0.6mm isotropic voxel size from 12
healthy participants. We then upsampled to 0.3mm, coregistered, and averaged the four scans
from each participant. The segmentation protocol was developed based on data from a highly
digitated (i.e. folded) hippocampus and a hippocampus with few digitations. Two raters then
performed segmentation on the remaining data. With our acquisition protocol the hippocampal
‘dark band’ - a visible feature made up of high myelin strata along the vestigial hippocampal
sulcus - is present throughout most of the curvature of the uncus and the digitations in the
hippocampal head. Our segmentation protocol treats the subiculum, CA1, CA2, and CA3 as
single folded and continuous segments, adjacent to the hippocampal dark band; the latter, in turn,
wraps around the remaining inner subfields - dentate gyrus and CA4. This single, continuous
tissue can be ‘unfolded’ to allow for histologically-informed characterization of tissue properties
along the geodesic longitudinal axis, and subfield boundaries can be applied perpendicular to this
axis according to predefined, anatomically precise rules. This approach builds on knowledge
about hippocampal ontogeny, allows for fast segmentation, and respects the complex



morphology of the hippocampal head. Inter- and intra-rater reliability of resulting segmentations
is anticipated to be comparable to that of other prominent protocols. Future work will include the
validation of this protocol by direct comparison with ex-vivo histology, and the further
integration of automation to reduce the need for manual input and reduce any influence of
subjective bias.

Disclosures: J. Dekraker: None. K. Ferko: None. A. Khan: None. S. Kohler: None.

Nanosymposium
017. Medial Temporal Lobe Subregion Imaging in Normal and Pathological Memory
Location: SDCC 7B
Time: Saturday, November 12, 2016, 1:00 PM - 3:45 PM
Presentation Number: 17.02
Topic: H.02. Human Cognition and Behavior
Support: NIH/NINDS grant NS076856 (ADE)
NIH/NINDS grant NS093052 (ADE)
UC Davis Chancellor's Award (ADE)

post-graduate fellowship award from Eisai and the Canadian League Against Epilepsy
(CLAE) (TAS)

Alzheimer Association grant ADNI 2-12-233036 (LWa)
NIA grant P50 AG05146 (MAY)
NIA grant R21 AG049220 (MAY)

Title: A harmonized protocol for /n vivo human medial temporal lobe subfield segmentation:
initial results of the 3 tesla protocol for the hippocampal body

Authors: *L. WISSE', A. M. DAUGHERTY?, R. K. OLSEN’, R. S. C. AMARAL*, D.
BERRON’, V. A. CARR®, A. EKSTROM’, P. KANEL®, G. A. KERCHNER”, S. G.
MUELLER'", J. B. PLUTA', C. E. STARK'', T. A. STEVE">, L. WANG", M. A. YASSA'', P.
A. YUSHKEVICH', R. LA JOIE';

'Univ. of Pennsylvania, Philadelphia, PA; *Univ. of Illinois Urbana-Champaign, Champaign, IL;
*Rotman Res. Inst., Baycrest, ON, Canada; *McGill Univ., Montreal, QC, Canada; >Otto-von-
Guericke Univ., Magdeburg, Germany; *Stanford Univ., Palo Alto, CA; "Univ. of California
Davis, Davis, CA; *Florida State Univ., Tallahassee, FL; °Stanford Univ. Sch. of Med., Palo
Alto, CA; "Univ. of California San Francisco, San Francisco, CA; 'Univ. of California Irvine,



Irvine, CA; “Univ. of Alberta, Edmonton, AB, Canada; *Northwestern Univ. F einberg Sch. of
Med., Chicago, IL

Abstract: Introduction: Alzheimer’s disease (AD), aging and vascular pathology are proposed
to differentially affect subregions of the medial temporal lobe (MTL). Characterizing these
differences may provide more insight into disease processes and better biomarkers. However,
comparison across studies is hampered by differences in how subfields are segmented on in vivo
MRIs by various research groups. As a result, the Hippocampal Subfields Group (HSG) was
formed to create a harmonized protocol for MTL subregion segmentation. Over the past year we
began developing a subfield segmentation protocol for the hippocampal body using high-
resolution T2-weighted 3 tesla MRI. Here we present the initial results of this effort. Methods:
Stage 1. Establish the anterior and posterior borders of the hippocampal body as a whole and the
boundaries with surrounding structures, 2. Determine subfield boundaries on histological
sections throughout the hippocampal body in three specimens, 3. Identify the corresponding
boundaries between adjacent subfields on in vivo MRI, 4. Solicit feedback on the initial protocol
from the larger HSG, and 5. Perform formal reliability analysis by six experts. Results: Our
initial results are from stage 1. The anterior border of the body was defined as one slice posterior
to the last slice containing the uncal apex and the posterior border as the most posterior slice
containing the colliculi. A reliability test yielded a Fleiss k > 0.75. An initial protocol for the
boundaries with surrounding structures is also developed, with the dorsal and lateral border at the
interface between the gray matter of the hippocampus and the white matter of the alveus/fimbria,
the ventral border placed at the parahippocampal white matter and the medial border at the most
medial point of the hippocampus (coinciding with the subiculum). Finally, the histological
annotations are finalized and an MRI protocol for the subfield boundaries is being prepared.
Conclusion: The harmonized protocol, once completed, is expected to impact the field
significantly by producing measurements that are comparable between labs and by making it
easier to relate and pool results from different studies. Given the heterogeneity of AD, vascular
and aging-related changes in the MTL, a valid and reliable measure of subfield-specific effects
may lead to more powerful imaging biomarkers.
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Abstract: The medial temporal lobe (MTL) consists of the hippocampus and extra-hippocampal
cortical structures, and plays an essential role in memory function. Specific MTL subregions are
differentially involved in both normal memory function and various neurological disorders such
as Alzheimer’s disease and temporal lobe epilepsy. However, due to lack of high-resolution MRI
images and accurate subfield segmentations, there is limited prior work investigating MTL
structural and functional network connectivity at the subregion level.

In this study, we aim to rigorously characterize the functional and structural network architecture
of the MTL using 7T resting BOLD-fMRI and MTL-focused T2-weighted sMRI in 20 healthy
subjects. We utilize a multi-atlas segmentation algorithm to identify ten MTL subregions per
hemisphere (including hippocampal subfields and discrete regions of the parahippocampal
gyrus). Structural connectivity matrices are generated from covariance of subregion volumes
across subjects, and functional connectivity matrices are generated from linear correlations
between fMRI time series in each subregion. We find a strong correlation between structural and
functions networks (r=0.57, p<1x10™%). Next, we calculate several key network properties
(degree, clustering coefficient, efficiency) on a global and local scale, and compare those
properties with those expected in appropriate null models. Furthermore, we characterize the
modular architecture of the healthy MTL in both structural and functional networks, and discover
two large modules corresponding closely to (1) bilateral hippocampal formations and (2)



bilateral extra-hippocampal structures.

Our findings represent the first comprehensive analysis of network topology of the MTL at the
subregion level, and can serve as the basis for a better understanding of its physiological
function. Moreover, this work can pave the way for future studies to characterize changes in
MTL network architecture in disease processes involving the hippocampus.
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Figure 1: (A) Correlation and distribution of functional and structural connectivity matrices, with regression line and 95% confidence interval.
(B) i. Detected structural modules along with significance values, ii. Visualization of structural modules mapped onto the MTL segmentation.
(C) i. Detected functional modules along with significance values, ii. Visualization of functional modules mapped onto the MTL segmentation.
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Title: Distinct and complementary contributions of hippocampal subfields and neocortical
regions to source memory and item-level pattern separation
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Abstract: Episodic memories consist of items bound to contextual features, such as locations.
Neural correlates of simple recognition of items have been reliably dissociated from those
supporting memory for context or source. However, the link between source memory and
another operation - mnemonic discrimination, driven by pattern separation of similar inputs - is
poorly understood. Importantly, these features of memory are both thought to operate over
detailed representations, and are both known to engage the hippocampus. We used high-
resolution fMRI to simultaneously examine the contributions of hippocampal and neocortical
regions to pattern separation and source memory retrieval. We found two major response
profiles: discrimination-specific engagement in posterior hippocampal dentate/CA3 and
perirhinal cortex, and source retrieval-specific engagement in hippocampal CA1, subiculum, and
angular gyrus. We additionally observed a mixture of both types of signals in parahippocampal
cortex. These findings suggest that distinct and complementary processes underlie the retrieval
of conjunctive memory representations. Moreover, the present data lend an understanding of
these processes under conditions of mnemonic interference.
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Abstract: High-resolution magnetic resonance imaging (MRI) is increasingly used for the in
vivo morphometry of cytoarchitectonically distinct hippocampal (HC) subfields. Demarcation of
HC subfields can be achieved considerably faster with automated methods than with manual
approaches, which continue to be considered as the gold standard. The validity of automated
procedures is not clearly established because direct comparisons with reliable manual
measurements are scarce. In addition, many automated approaches to HC subfield morphometry
use atlases with boundary definitions that do not follow current recommendations for manual
segmentation. The objective of the present study was to establish the concurrent validity of an
improved automated method by direct comparisons to manual tracing. To this end, we built a
customized HC subfield atlas that includes the subiculum, CA1/2, CA3/dentate gyrus (DG)
within the HC body, as well as entorhinal cortex (ERC), and evaluated its correspondence with
manually traced data. Using manually segmented, high-resolution 3T MRI images from 10
children and adolescents aged 7 to13 years, 4 younger adults aged 22 to 24 years, and 14 older
adults aged 62 to 78 years, equally divided by sex, we created a customized hippocampal
subfield atlas with the Automated Segmentation of Hippocampal Subfields (ASHS) software
package, following current segmentation guidelines of the Hippocampal Subfields Group
(Yushkevich et al., 2015). We then applied ASHS together with this customized atlas to segment
subfields in an independent sample of 20 older adults aged 61 to 80 years. Comparisons to
manually segmented data using intraclass correlation coefficients (ICC) showed that the validity
coefficients of automated segmentation varied substantially across subfields, ranging from 0.34
to 0.91. Further inspection revealed that deviations of automated segmentation from the manual
gold standard were largest at the most anterior and posterior portions of the hippocampal body.
By tracing additional anterior and posterior slices during atlas creation and using manually
defined ranges to truncate automated output, the validity of automated segmentation increased
considerably in both hemispheres, with ICC(2) = 0.82 for bilateral ERC, and ICC(2) > .90 for
subiculum, CA1/2, and CA3/DG volumes. Our results show that the validity of automated HC
subfield segmentation can be improved by using a lifespan sample for atlas generation, and by
manually optimizing automated procedures. These findings have strong implications for
structural and functional studies of hippocampal subfields, particularly in large datasets and for
lifespan comparisons.
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Abstract: Cross-sectional findings suggest hippocampal subfield volumes may follow different
trajectories across the lifespan and are differentially vulnerable to age-related decline in vascular
health. However, reliance on cross-sectional designs precludes valid estimates of change and its
mediators. To our knowledge, we provide here the first longitudinal evidence of hippocampal
subfield shrinkage in healthy aging. Healthy adults (N=86, age at baseline 21-80 years;
M=56.35, SD=13.13) were assessed twice, two years apart. Subfield volumes within the
hippocampal body were manually segmented on high-resolution MR images (0.4 x 0.4 mm” in-
plane). Indicators of metabolic syndrome risk (systolic blood pressure, years of hypertension
diagnosis, fasting glucose, waist-to-hip ratio, and high density lipoprotein levels) and
inflammation (plasma homocysteine, C-reactive protein, and folate) were combined in latent
factor composites. Latent change score models provided estimates of change and individual
differences therein. After correction for multiple comparisons, older adults evidenced smaller
volumes at baseline (all subfields r <-0.12, all p > 0.06) but no mean shrinkage over time
(change =-0.01-0.07, p > 0.10). However, significant individual variability in change was
observed in all regions (¢ = 0.06-0.09, all p < 0.01). Models with covariates revealed that older
adults with higher metabolic syndrome risk demonstrated greater CA1-2 volume decline (-0.61,
p <0.01; 95% CI: -0.98/-0.24), whereas greater inflammation risk worsened subiculum
shrinkage in later life (-0.18, p = 0.02; 95% CI: -0.30/-0.05). Independent of risk factors, older
adults compared to younger counterparts demonstrated steeper decline in CA3-dentate gyrus
volumes (-0.07, p = 0.08; 95% CI: -0.14/-0.01). Thus, CA3-dentate gyrus volume decline
appears to follow a non-linear trajectory that accelerates in later life, whereas vascular risk and
inflammation exacerbate shrinkage of CA1-2 and subiculum in older adults. Differential



sensitivity of the hippocampal subfields supports the role of systemic risk factors in brain aging.
Notably, vascular risk is a modifiable contributor to age-related decline that can be targeted to
promote neural and cognitive function into senium.
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Abstract: Background: It is unclear how each subfield within the hippocampus (HC)
contributes to memory function. Animal studies indicate positive correlations between HC
neurogenesis and learning performance. However it is uncertain whether this association is due
to global HC volume, or constituent subfields. Additionally, it has been shown that certain tasks
may have anatomical specificity within the HC subfields (Travis et al., 2014). The goal of our
study was to examine the volumes of HC subfields and contrasting neuropsychological memory
tests indexes in a cognitively healthy sample across the lifespan.

Methods: 140 healthy volunteers (64 M, 76 F, ages 18-85) were recruited. Exclusion criteria
were neuropsychiatric disorders, and a MOCA score <26. Older subjects with Mild Cognitive
Impairment (MCI) and dementia were excluded from the study. Written informed consent was
obtained and the research was approved by the University of Alberta Health Research Ethics
Board. Ultra-high resolution HC images were acquired using a T2-weighted, 2D FSE sequence
on a 4.7T Varian scanner. HC subfields were manually segmented into the cornu amonis (CA),
dentate gyrus (DG), and subiculum (Sub). Participants were administered the Wechsler Memory
Scale, 4th edition (WMS). Indexes were created from WMS tasks: Auditory Memory Index
(AUD), Visual Memory Index (VIS), Delayed Memory Index (DEL), and Recognition Memory



Index (REC).

Results: Age negatively correlated (all p<.001) with AUD (-.581), VIS (-.776), DEL (.758), and
REC (-.627). AUD performance correlated significantly with left DG (1=.204, p=.02), while VIS
performance correlated with right CA (r=.192, p=.03), left SUB (r=.212, p=.02), left DG (r=.304,
p=-001), and right DG (=200, p=.02).

DEL performance correlated significantly with left SUB (r=.219, p=.01), left DG (r=.262,
p=.003), right DG (r=.195, p=.03). REC performance correlated with right CA (r=.197, p=.03),
left SUB (r=.181, p=.04), left DG (r=.263, p=.003), and right DG (r=.175, p=.04). Conclusions:
Our results that suggest that the contrasting memory indexes show a specific pattern of
correlation to HC subfield volumes. Volumes of all subfields appear to be involved in the visual
tasks in the WMS, whereas only volumes in the left DG are related to performance in auditory
tasks. Similarly, volumes of SUB and DG are involved in delayed memory performance, and all
subfield volumes measured were involved in recollection memory. Additionally, bilateral DG
volumes were correlated with all memory index performances, suggesting a strong role in these
episodic memory tasks.
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Abstract: Strengthening of the neural connections within the hippocampus (HC) has been shown
to support memory storage in animals, and damage to this region is classically associated with
profound memory deficits in humans. In elderly adults, global HC volume is associated with
memory performance, possibly due to its involvement in consolidation. Structural correlates of
different memory processes across HC subfields in humans remain unknown, however. High
resolution magnetic resonance imaging (MRI) allows for a detailed investigation of HC anatomy
in vivo. We measured individual HC subfield volumes and ability to retain verbal information
over time in 33 healthy older participants (mean age=67.7; SD=9.9). The Hopkins Verbal
Learning Task (HVLT), which is a free verbal recall task, was used to measure memory
immediately and after 25-minute and 24-hour delays. Delayed memory scores were normalised
to immediate memory performance across analyses to exclude encoding effects. T2-weighted
MR-images were acquired on a 3 Tesla Siemens Magnetom Skyra scanner using an in-house
developed CPMG-like sequence (FOV = 184 x 218 x 58mm3; slice thickness = 1.72mm,; in-
plane resolution = 0.34 x 0.34 mm2; TR = 5500; echo spacing = 12ms; 12 echoes). HC subfields
cornu ammonis (CA)1, CA2, CA3, dentate gyrus (DG), subiculum (SUB) and stratum
lacunosum/ stratum radiatum/ stratum moleculare (SL/SR/SM; grouped as one) were segmented
on FSL using an in-house developed manual protocol. Across all analyses subfields were
normalised for total brain volume. No associations were found between immediate memory and
HC subfield volumes. High verbal memory retention score over 25 minutes (n=32) was
associated with larger right CA1, DG, SL/SR/SM and total HC, while performance over 24 hours
(n=22) was associated with larger right SUB volume (2-tailed p<0.05, uncorrected for all tests).
None of the left HC subfield volumes were associated with memory retention scores. These
results suggest that verbal memory storage within the HC may be right lateralised, and that the
right SUB may support memory retention over longer periods. An alternative explanation is that
this structure supports accessing memories that have been consolidated overnight. Future work
will enlarge our sample size to confirm these findings. We will also include other MRI derived
measures, such as T2-relaxation time and HC shape, to examine the relationship between
memory processes and HC structure.
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Title: Volume reductions in the CA1 hippocampal subfield, perirhinal and anterolateral
entorhinal cortices are associated with preclinical cognitive decline: implications for dementia
screening
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Abstract: Neuropsychological testing is a cost-effective method for identifying individuals who
are at risk for developing neurodegenerative disease. The Montreal Cognitive Assessment
(MoCA) is a brief screening tool that demonstrates excellent sensitivity and specificity in
detecting Mild Cognitive Impairment (MCI; Nasreddine et al., 2005; Markwick et al., 2012) and
also predicts subsequent conversion to Alzheimer’s Disease (AD; Julayanont et al., 2014). Here,
we investigated whether MoCA score predicts structural atrophy in the medial temporal lobes of
40 community-dwelling adults without subjective memory complaints (formally assessed with
the Memory Functioning Questionnaire; Gilewski et al.,1990). Manual segmentation of the
hippocampal subfields and parahippocampal subregions was performed on MRI scans obtained
from two age- and education-matched groups of 20 older adults that differed on the basis of their
MoCA score. The two groups were defined as an “at-risk” group (mean age: 72.5 years, range:
59-81, mean education = 16.2 years, range: 12-22), consisting of individuals who scored below
the recommended threshold score of 26 (indicating possible MCI, mean score = 23.4, range =
17-25), and a healthy control group (mean age: 70.3 years, range: 63-77, mean education = 16.6
years, range = 12-23), composed of individuals who scored 26 and above on the MoCA (mean
score = 27.9, range = 26-30). High-resolution, oblique-coronal T2-weighted scans (voxel size:
0.4x0.4x3mm) were acquired in a plane perpendicular to the long axis of the hippocampus using
a 3 Tesla MRI scanner. Hippocampal subfields (CA1, CA2/3/dentate gyrus, and subiculum) and
parahippocampal subregions (entorhinal, perirhinal, and parahippocampal cortices) were
manually segmented based on a previously developed protocol (Olsen et al., 2009; Olsen et al.,
2013). The entorhinal cortex was further subdivided into anterolateral and posteromedial
segments according the protocol of Maass, Berron and colleagues (2015). Significant group
differences were observed in the CA1 subfield of the hippocampus as well as in the perirhinal
and anterolateral entorhinal cortices. Thus, the brain regions that demonstrated reduced volume
in individuals who fell below the recommended screening cutoff on the MoCA were highly
concordant with the regions previously associated with the early stages of AD (Kahn et al., 2014;
de Flores et al., 2015). These findings provide strong neuroanatomical evidence that MoCA test
performance is associated with brain changes that precede subjective memory complaints and
that the MoCA is a useful screening test for early detection of neurodegenerative disease.
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Abstract: Background: We present, for the first time, preliminary data investigating the
relationship between TAU binding as measured by AV1451 PET imaging and subregional
atrophy in medial temporal lobe (MTL), and how both imaging measures correlate with memory
performance in Alzheimer's Disease (AD) patients.

Methods: Fourteen participants diagnosed with atypical or early onset presentations of AD
underwent imaging. MTL subregions, including hippocampal subfields, perirhinal (PRC) and
entorhinal (ERC) cortex were segmented in high-resolution T2-weighted MRI. Normalized TAU
uptake within the hippocampus and an extrahippocampal ROI consisting of PRC and ERC,
referenced against cerebellar gray matter, was measured from PET images using the AV1451
ligand. Performance in episodic memory tasks was assessed.

Results: PRC (BA35) volume was strongly correlated with TAU SUVR in extrahippocampal
cortex in both sides (p<0.01). CA1 showed a trend. Other subregions did not show a significant
correlation between volume and TAU. ERC volume was a strong predictor of both recognition
and recall verbal memory performance (p<0.01). In the hippocampus, subiculum volume was
significantly correlated with recognition and Short Delayed Recall and showed a trend with Long
Delay Recall, whereas CA1 showed a trend with Short Delay Recall. TAU uptake in both
hippocampus and extrahippocampal cortex did not significantly correlate with memory
performance.

Conclusions: Given that TAU pathology in AD is known to progressively affect BA35, ERC
and CA1, we hypothesized that atrophy in these MTL subregions will correlate with TAU
binding. Both MTL showed strong correlation with BA35, the earliest site of pathology. Episodic



memory performance on tasks thought to be subserved by these subregions showed significant
relationships with volumetric, but not TAU measurements. ERC showed strong correlation with
all three memory scores. Despite the small sample size, these data suggest that MTL TAU
pathology predicts subregional atrophy, which also has predictive value for cognitive
performance in AD patients.
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Title: Hippocampus and subfield volumes are associated with CSF B-amyloid and phospho-tau
and their interaction in asymptomatic individuals with parental history of Alzheimer’s disease
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Abstract: Introduction Cerebrospinal fluid (CSF) biomarkers appear to be sensitive to the
pathological status of individuals at high-risk for MCI or AD. Recent studies in such individuals
have highlighted a synergistic interaction between amyloid-f and hyperphosphorylated tau as
correlates of cortical atrophy (Fortea et al. 2014) and metabolic decline (Pascoal et al. 2016).
Novel computational methods for magnetic resonance imaging (MRI) hippocampus (HC) and
subfield segmentation have recently been shown to be capable of differentiating between normal
and MCI or AD groups. We therefore investigated whether the interaction between CSF (-
amyloid;.4> (AB) and phosphorylated-tau (p-tau) can predict AD-related neuroanatomical decline
at the level of the HC subfields in high-risk normal subjects.

Methods We analyzed baseline data from a longitudinal investigation of 84 individuals who had
a parental history for AD but were cognitively healthy when enrolled. T1-weighted structural
brain images at 1mm® were acquired on a 3T MRI system using the ADNI MPRAGE protocol.
Preprocessed images were segmented using MAGeTbrain, a multi-atlas registration-based
segmentation tool, to estimate the volume of the HC and its subfields (Pipitone et al. 2014),
which were then normalized for total brain volume estimated using BeAST (Eskildsen et al.
2013). The subjects also underwent lumbar puncture to assay CSF A and p-tau levels using
Innotests ELISA, and were genotyped for Apolipoprotein E4 (APOE4) status. Statistical analysis
was performed using general linear models in R with sex, age, APOE4 status, AP, p-tau, and
AB:p-tau interaction in the model.

Results and discussion We observed negative main effects (p<0.05) of AP and p-tau, as well as
an interaction between A and p-tau, as predictors of right HC, and bilateral subiculum volumes.
We observed modest direct effects and interaction (p<0.10) for right CA1, bilateral SR-SL-SM,
and left HC volumes. No significant results were observed for the remaining subfields, left CA1
and bilateral CA2-CA3. The interaction suggested that lower p-tau and lower A} concentrations
were related to decreased volumes. While we did not detect an interaction between the CSF
markers and APOE4 status, APOE4 carriers with lower p-tau and higher AP had decreased
volumes, whereas APOE E4 non-carriers with both lower p-tau and A had decreased volumes.
These results support the framework where a synergy between upstream Af and p-tau
pathologies leads to neurodegeneration, potentially predictive of AD-related neuroanatomical
decline. Future work will focus on whether these baseline biomarkers of pathology will predict
future decline.
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Title: The representation of semantic information in the human brain during listening and
reading

Authors: *F. IMAMOGLU"**, A. G. HUTH?, J. L. GALLANT>’;
'Berkeley Inst. for Data Sci., “Helen Wills Neurosci. Inst., *Dept. of Psychology, Univ. of
California, Berkeley, CA; “Intl. Computer Sci. Inst., Berkeley, CA

Abstract: Extracting meaning from spoken and written language is a uniquely human ability. A
recent publication from our laboratory showed that semantic information from spoken language
is represented in a broad network of semantically-selective areas distributed across the human
cerebral cortex. However, it is unclear which of the representations revealed in that study are
specific to the modality of speech, and which are amodal. Here we studied how the semantic
content of narratives received through two different modalities, listening and reading, is
represented in the human brain. We used functional magnetic resonance imaging (fMRI) to
record brain activity in two separate experiments while participants listened to and read several
hours of the same narrative stories. We then built voxel-wise encoding models to characterize
selectivity for semantic content across the cerebral cortex. We found that, in a variety of regions
across temporal, parietal and prefrontal cortices, voxel-wise models estimated from one modality
(e.g. listening) accurately predicted responses in the other modality (e.g. reading). In fact these
cross-modal predictions only failed in sensory regions such as early auditory and visual cortices.
We then used principal components analysis on the estimated model weights to recover semantic
selectivity for each voxel. This revealed four important components: the first PC distinguishes
between humans, social interactions (e.g. social and emotional categories) and perceptual
descriptions, quantitative descriptions (e.g. tactile and numeric categories); the second PC
distinguishes between perceptual (e.g. tactile and visual categories) and non-perceptual
descriptions (e.g. mental and professional categories); the third PC distinguishes between



quantitative descriptions (e.g. numeric categories) and qualitative descriptions (e.g. abstract and
emotional categories); and the fourth PC distinguishes between non-perceptual descriptions (e.g.
temporal categories) and humans, social interactions (e.g. communal categories). We found
strong correlations between the cortical maps of semantic content produced from listening and
reading within these components (PC1: r=0.81+0.07; PC2: r=0.80+0.06; PC3: r=0.78+0.04; PC4:
r=0.75+0.07, for n=7 participants). These results suggest that semantic representation of
language outside of early sensory areas are not tied to the specific modality through which the
semantic information is received.
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Abstract: Humans have been shown to attribute animacy and mental states to even the simplest
abstract shapes on the basis of their movement (Heider & Simmel, 1944). The use of abstract,
somewhat ambiguous stimuli enables the comparison of neural responses to differing
interpretations of the same stimuli. Are the neural representations of abstract shapes that are
interpreted as animate characters similar to the neural representations of concretely described
characters? To answer this question, we directly compared the neural responses to (1) a non-
verbal, highly abstract audio-visual movie that used simple moving shapes to convey a complex
narrative and (2) a direct verbal audio description of the same narrative. The two versions shared
narrative content but varied significantly in low-level properties (non-verbal audio-visual versus
verbal audio) and level of abstraction. For example, in the movie version of the narrative, a
triangle might move up a diagonal line inside a box. In the audio version, the same sequence
would be described as “The little boy goes upstairs to his room.” Healthy adult subjects (N = 36,
9 male) were scanned using fMRI while either watching or listening to the narrative. Following



presentation, subjects described the narrative out loud in a free recall. Similarity of recall
description was assessed using Latent Semantic Analysis (LSA) to quantify each subject’s
degree of social attribution within and across each group. Using intersubject correlation (ISC),
we identified areas of the brain that responded similarly across subjects to the abstract movie and
the concrete audio narration. These areas included bilateral temporal parietal junction (TPJ),
posterior superior temporal gyrus (pSTG) extending into auditory areas, precuneus along the
parietal-occipital sulcus (POS), and posterior ventral visual areas. Moreover, cross-group neural
similarity in the default mode network (DMN) was significantly predicted by the similarity of
narrative interpretation in the abstract movie group and the concrete audio group: the more
similar the attribution of animacy and intentionality in the movie group to the audio group, the
more similar the neural responses (r(17) =.781, p<.001). These results suggest that telling a story
using abstract visual shapes or auditory descriptions of characters activates similar patterns of
neural activity, providing evidence for both modality-invariance and the strong social nature of
the DMN.
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Abstract: INTRODUCTION: Critical dimensions for the organization of the semantic system
are category, attribute and input-modality specificity. Within a same event-related fMRI
experiment we determined the effect of these dimensions during explicit semantic retrieval.



METHODS: 18 healthy subjects participated in this fMRI study. 12 animate (mammals, birds,
insects) and 12 inanimate entities (kitchen tools, clothes, music instruments) (De Deyne et al.,
2008) were used. From the concept-feature matrix we selected 52 properties that were either
distinctly visual or non-visual according to an on-line evaluation by 11 healthy volunteers, who
judged the degree to which a property is visual or non-visual on a 1 to 7 rating scale. We selected
for each subcategory 4 visual and 4 non-visual properties (further subdivided into non-visual
sensory and non-sensory properties). The factorial factors in the fMRI experiment were (1)
category (animate vs inanimate), (2) attribute (visual vs nonvisual) and (3) input-modality
(written word vs picture). The experiment was conducted on a Philips Achieva dstream 3T
equipped with a 32-channel head coil. Subjects performed a property verification task: they
judged whether a given property was applicable to a given entity. The following linear model
contrasts were calculated: retrieval of visual vs non-visual properties, animate vs inanimate
entities and written words vs pictures. Significance level: uncorrected p<0.001 combined with a
cluster-level corrected p<0.05. RESULTS: A 3-way repeated measures ANOVA with reaction
times as outcome showed a main effect of input-modality (written words: 1.7s; pictures: 1.63s)
(F(1,15)=31.9; p=.000) and property (non-visual: 1.69s; visual: 1.63s) (F(1,15)=17.60; p=.001).
The overall accuracy of responses was 70.8%. Retrieval of non-visual compared to visual
properties activated the left superior temporal sulcus, up to its most anterior end (x=-45 y=14 z=-
32), anterior inferior frontal gyrus (x=-45 y=32 z=-2), superior frontal gyrus (x=-18 y=53 z=34)
and posterior cingulate (x=-3 y=-52 z=22). Retrieval of visual compared to non-visual properties
activated the left fusiform gyrus, left ventromedial occipitotemporal cortex, lateral occipital
cortex and intraparietal sulcus bilaterally. The contrast between animate and inanimate entities
yielded activations of lateral and medial fusiform gyrus respectively, in line with previous
studies. CONCLUSIONS: While explicit retrieval of visual properties mainly relies on visual
processing areas, the superior temporal sulcus and anterior inferior frontal gyrus appear to be
preferentially involved in retrieval of non-visual properties.
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Abstract: It is commonly known that Heschl’s gyrus and posterior superior temporal gyrus
(postSTQG) are involved in low level processing of complex sounds. Whether low level auditory
features (LLAFs) can predict neural responses outside of these regions is poorly understood. In
our study we used music and speech LLAFs to model neural responses throughout the brain and
explore the difference in the LLAF tuning profiles across brain regions.

Fifteen patients with drug-resistant epilepsy participated in an electrocorticography experiment.
Patients watched a series of video fragments of Pippy Longstocking (1969), 6.5 min long. The
soundtrack consisted of blocks of speech and music, 30 s each. The electrode grid was placed on
the left hemisphere in 12 patients. All patients had perisylvian grid coverage and most had
electrodes in frontal and motor cortices.

Linear kernel ridge regression was used to model high frequency band (HFB, 60-120 Hz)
responses of each electrode based on the LLAFs. The LLAFs were obtained by filtering the
audio spectrogram with a bank of 2D Gabor filters and resulted in a set of different spectral (ST)
and temporal (TM) modulations of the audio. All LLAFs within a lag of -500-0 ms were used to
model a single time point of the HFB signal. Separate models were trained for music and speech.
Affinity propagation clustering was used to reveal groupings of electrodes with similar feature
tuning profiles.

We observed that music and speech produced distinct distributions over LLAFs: speech
exhibited a larger spread along the TM axis (1-8 Hz) than music. Coarse SMs (<1 cyc/oct) were
mostly present in speech, fine SMs (>2 cyc/oct) mostly in music.

LLAFs predicted brain responses in postSTG well for both speech and music (pma=.51 and
Pmax=-26, respectively; p <.001, Bonf corr). For speech only, accurate predictions extended
beyond postSTG to anterior STG and Broca’s area (BA).Clustering of electrodes with respect to
their feature tuning profiles showed that postSTG was tuned to a wide range of TMs and SMs
within a lag of 0-250 ms, whereas BA was tuned to a specific range of TMs (1-8 Hz) and coarse
SMs (<1 cyc/oct) within a lag of 250-500 ms. Our results suggest that postSTG is accommodated
to processing various LLAFs of complex sounds. However, BA seems to be specifically tuned to
slowly changing features in the auditory signal, at a coarse spectral scale. In particular, such
LLAFs form a core of the speech signal and are associated with its intelligibility. We also find
evidence of a progressive analysis of the complex auditory input, from processing fine-grained
TMs and SMs in postSTG in 0-250 ms after sound onset, to delivering coarse sound
representations to BA in 250-500 ms after sound onset
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Abstract: Eye-to-eye contact between two humans is a universal form of social interaction and a
modulator of spoken communication. However, there is no comprehensive framework for the
integration of neural systems that mediate combined face and language functions. We used dual-
brain functional near-infrared spectroscopy (fNIRS) in conjunction with face-to-face eye-
tracking to test the hypothesis that language processes would be engaged during eye-to-eye
contact with a partner relative to mutual gaze of a face picture. In this study, 38 subjects (19
dyads) participated in dual-brain experiments with blocks of eye-to-eye contact and eye-to-
picture events vs. rest. BOLD signals reflecting concentrations of deoxyhemoglobin (comparable
to fMRI signals) were acquired via a Shimadzu LABNIRS system with 84 channels and
simultaneous whole head coverage for two subjects. Contrast results revealed an eye-to-eye
effect including the subcentral area and Broca’s Area, a canonical node for productive language
(p<0.025). In further support of the hypothesis, functional connectivity based on this eye-to-eye
effect and anatomical seeds implicated in the processing of faces (e.g., fusiform and middle
temporal gyri) revealed distributed networks that include the subcentral area and superior
temporal gyrus (STG), a canonical node for receptive language and a component of Wernicke’s
Area (p<0.025). Although not previously described, these findings are consistent with a primary
role for the subcentral area in face and language processing. The subcentral area (BA43) is
adjacent to the STG at the junction of the inferior end of the central sulcus and is located
between the pre- and post-central gyri' in face-sensitive topography. The discovery of functional
links between the subcentral area and Wernicke’s and Broca’s Areas during eye-to-eye contact
suggests a neural complex that dynamically integrates meaning from faces and eyes into core
systems that serve language and social processes. These findings are consistent with a model
where a continuous stream of face information is integrated with hierarchical feature recognition
processes to perform “on-line” evaluations, sensory-motor responses, and multiple cognitive
functions.

1. Garey, L. J. (1994). Brodmann’s localization in the cerebral cortex. London: Smith-Gordon.
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Abstract: Studies have identified a portion of left ventral occipitotemporal cortex (vVOTC) as
critical for orthographic representation (Dehaene and Cohen 2011). There is typically a lower
neural response for high vs. low frequency words and pseudowords in this area suggesting an
association with lexical orthographic processing (Kronbichler et al. 2004). Recent work suggests
that orthographic representations become sparser with learning, which is reflected in more
heterogeneous neural responses (Glezer et al. 2015). We introduce a novel Local-Heterogeneity
Regression (Hreg) Analysis to examine the sparcity of representations by quantifying local
neural heterogeneity. We apply this approach to reading data for high frequency (HF) and low
frequency (LF) words, and pseudowords (PW). We acquired block design, reading fMRI data for
the following conditions (N=31): HF, LF, PW, consonants, and checkerboards. Two analyses
were performed: (1) A traditional univariate analysis; (2) A whole brain, Local-Hreg search-light
analysis. Within each search-light a general psychophysiological interaction analysis (gPPI;
McLaren et al., 2012) was performed using the center voxel to compare with surrounding voxels.
Local-Hreg indexes the mean condition-specific voxel-to-voxel interactions within each
searchlight: the lower the average interaction, the higher the local heterogeneity. For both
analyses we performed comparisons for HF > LF and HF>PW. Figure 1.A reports left
hemisphere frontal and vOTC clusters that show greater activation for LF than HF. Figure 1.B
depicts that a portion of the left vOTC cluster identified in Analysis 1 was more heterogeneous
for HF than LF. A similar finding was observed for HF>PW for both analyses. In sum, despite
lower BOLD response to HF, there is higher local heterogeneity for HF than LF specifically
within the left vOTC. This work provides a novel approach for examining the
tuning/compactness of highly practiced and well-learned orthographic representations, and has
applications for probing the neural dynamics of representation and learning more generally.



A. Univariate RFX-GLM HF>LF B. Local-Hreg HF>LF

p(Bonf) < 1.000 p(Bonf) < 1.000

(corrected p<0.05)

Figure 1: A. Univariate Random Effects GLM results for HF>LF. Blue clusters depict regions where LF is > than HF. B.
Local-Hreg results for HF>LF. The red cluster depicts regions where HF are more heterogeneous neural responses than
LF. For both A and B: Cross-hair centered on same left vOTC voxel in A and B; p<0.01 voxel-wise threshold and a cluster
threshold of 100. N= 31 (neurologically intact; 17 F; mean age=25).
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Abstract: A central question in neuroscience concerns how the changing neural activity in the
brain produces our thoughts, feelings, and behavior. Answering this question will require brain-
imaging techniques with high spatial resolution, high temporal resolution, and with whole-brain
coverage. Current human brain-imaging techniques do not readily meet these three requirements.
Here we introduce a new analytic framework that for the first time reveals dynamic, time-variant
videos of whole-brain functional MRI (fMRI) activity with a maximum temporal resolution on
the order of several tens of milliseconds. The new method uses the veridical MRI slice
acquisition times for signal extraction and thereby dramatically increases the temporal accuracy
and resolution over current gold-standard methods.

Here we showcased the new framework in three studies. In the first study, we compared the new
framework to the standard method on the basis of fMRI data collected from 30 participants as
they performed a slow, event-related picture naming task. We extracted the fMRI signal during
picture naming across a 12.5 s epoch at approximately 700 ms temporal resolution for every
voxel in the brain. We show that the new technique yielded improved signal detection and a
better characterization of task-based functional connectivity. In the second study, 30 different
participants performed a blocked picture naming task in which stimulus presentation rate was
manipulated. We extracted the whole-brain fMRI signal across a 28 s epoch at 1 second temporal
resolution. We show that the temporal dynamics of activity in the dorsal Anterior Cingulate
Cortex (dACC) is consistent with a context driven anticipatory role. In the final study, we
examined the temporal dynamics of the task-positive and task-negative networks observed in the
second study, and how such networks related to individual differences.

The new framework opens up new avenues for research. The high accuracy and temporal
resolution of the proposed framework brings the possibility of integrating fMRI research with
established intracranial electrophysiological recordings. The new framework provides a new
opportunity for understanding how the dynamic changes in whole-brain neural activity relate to
healthy behavior and neurological disease.
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Abstract: The visual word form area (VWFA) is a region in the left occipitotemporal sulcus of
literate individuals thought to be specialized for visual word recognition. However, its functional
specificity and connectivity are debated: while there is some evidence of specificity for real
words in the VWFA, other evidence suggests that it is a general visual processor, useful for
visual discrimination of detailed high spatial frequency stimuli of any kind, and that it responds
to a wide range of visual and non-visual word and non-word stimuli. It is a critical region for
testing hypotheses about the nature of cortical functional organization, as written language is too
recent an invention to have influenced genetic determinants of brain organization. If the VWFA
is specialized for word processing, it should show preferential functional connectivity with
language regions, critically, including the left planum temporale in the posterior superior
temporal gyrus (Wernicke’s area). We hypothesized that the VWFA is specialized for processing
of real words by virtue of its preferential functional connectivity with Wernicke’s area. We argue
that the best demonstration of specialization for real words is the ability to distinguish them from
pseudowords - non-word letter strings that respect the phonotactics of language - as they are
indistinguishable from real words at a sublexical level. We used a combination of advanced
fMRI analysis techniques - including individual functional localization, repetition suppression
analysis, multivoxel pattern analysis (MVPA), and high-resolution resting-state functional
connectivity (RSFC) - to assess the functional specificity and connectivity of the VWFA. An
independent blocked multi-category functional localizer was used to define multiple regions of
interest (ROIs), including the VWFA and several stringent control ROIs. In a separate session,
participants were scanned with fMRI while performing a semantic classification task with
multiple categories of pictures and words. Repetition suppression analyses and MVPA both
demonstrated that the VWFA discriminated words from pseudowords better than among other
categories of visual stimuli, and could do so better than the control ROIs. Further, the strength of
RSFC of the VWFA with Wernicke’s area predicted individual differences in performance on
the semantic classification task for words, but not other categories of visual stimuli. Our results
demonstrate that the VWFA is specialized for processing real words, and are consistent with the
idea that experience dependent strength of functional connectivity of the VWFA with language
regions drives this specialization.
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Abstract: The paper discusses the existence of higher brain plasticity in bilingual and
multilingual people, especially children. The hypothesis is tested on the basis of studying
abstract concept analysis and transfer, explanation and understanding of abstract concepts in
different languages by multilingual and bilingual individuals.

It is assumed that transferring, explaining and understanding an abstract concept across
languages is more difficult than transferring, explaining and understanding concrete concepts
(i.e. concrete nouns, specific activity verbs, and so forth). Multilingual and bilingual individuals
commonly encounter this challenging task of understanding and explaining abstract concepts
(often so-called) untranslatables in different languages.

As aresult of this systematic mental exercise, bilingual and multilingual individuals develop two
important advantageous features of cognitive capacity: 1) quicker response time to understanding
abstract concepts; and 2) multitasking ability of understanding, decision making and reacting (or
proacting) to simultaneous multiple tasks, simultaneous translation, interpretation and quicker
interlocutor anticipation being the most illustrative examples in this case.

The paper tests hypothesis by the method of analysing response times and multitasking abilities
in 20 bilingual and 20 multilingual individuals (10 being children under the age of 18 in each

group).
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Abstract: Lewy Body Spectrum Disorder (LBSD) comprises a range of conditions, including
Parkinson's disease (PD), PD with dementia (PDD), and Lewy body disease (LBD), all
characterized by the presence of Lewy body inclusions. These conditions are generally regarded
as movement disorders, but they are often accompanied by cognitive deficits. A variety of
language impairments are reported in LBSD, generally attributed to declining motor function.
We hypothesize that language impairments in LBSD are due in part to cognitive deficits, not
exclusively to motor deficits. To test this hypothesis, we investigated longitudinal decline in the
language performance of LBSD patients and related the observed changes to neuroimaging
evidence. We examined the speech production of 23 patients with Lewy body spectrum disorder,
including non-demented PD patients (n=15), patients with dementia (PDD or LBD, n=8), and 20
age- and education-matched controls. All patients provided a description of the Cookie Theft
picture from the BDAE (Goodglass & Kaplan, 1972) at least twice (at Time 1 and Time 2), at an
average interval of about 36 months. The Cookie Theft descriptions were recorded, transcribed,
and analyzed for features of grammar (mean length of utterance), discourse (adequacy of
reported content), and speech fluency (speech rate, in words per minute). Average disease
duration at the time of the first recording was approximately 11 years. We performed regressions
of features of language performance with cortical volume in regions of interest (ROIs) that are
important for language and motor functioning in a subset of all the LBSD patients (n=11). Non-
demented LBSD patients did not differ from controls on speech measures. However, LBSD
patients with dementia exhibited significant decline in their performance from Time 1 to Time 2
in grammar, discourse, and fluency. Regression analysis in ROIs known to be involved in
language functioning showed that reduced cortical volume at Time 1 was associated with
impaired language performance at Time 2. This was seen in left inferior frontal gyrus for
utterance length, in left transverse temporal gyrus for content, and in right prefrontal regions for
speech rate. There was no significant regression of any of the language variables with cortical



volume in motor areas. We conclude that language decline is observable in LBSD and is related
to a network of brain regions that play a role in language production. Longitudinal analysis is
valuable because reduced cortical volume may be a predictor of future deterioration in language
capabilities.
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Abstract: Second language learners frequently encounter difficulty in perceiving specific non-
native sound contrasts. This phenomenon called phonological deafness rather occurs if the
second language (L2) is learned after early childhood and is quite persistent even when high L2
proficiency is attained (Dupoux et al., 2008). However, if the neuronal underpinnings of
phonological processing are plastic to a certain degree, late L2 learners should be able to reach
the capacity to distinguish non-native phonemic contrasts (Best & Strange, 1992; Flege et al.,
1997; Iverson et al., 2012). In the present study, our goal was to examine the extent to which the
phonological system in late L2 learners is adaptable. We designed an ERP experiment in which
the capacity to discriminate second language phonemic contrasts mediated lexical access. We
used a semantic violation paradigm in which the difference between semantically congruent and
incongruent items was implemented by a phonemic contrast that was unique to the second
language, English, but absent in the first language, French (e.g., /1/ - /i/: ship — sheep). Twelve
young adult native speakers of French with intermediate proficiency in English participated in
the ERP experiment. Participants heard sentences that contained either a semantically congruent



item (e.g., The anchor of the ship was let down) or an incongruent one (e.g., *The anchor of the
sheep was let down) and were asked to perform a grammaticality judgement. Preliminary results
reveal that second language learners of English showed a larger centro-parietal negativity
between 300-500 ms after the onset of semantically incongruent words as compared to congruent
target words, i.e. an N400 effect. This finding indicates that L2 learners were sensitive to the
semantic incongruency mediated by a phonemic contrast. Critically, the N400 effect size varied
as a function of L2 proficiency, i.e. the more proficient the participants, the larger the N400
effect size. Thus, the sensitivity to phonemic contrasts of a second language seems to play a
significant role in lexical access. With an increasing capacity to discriminate second language
phonemic contrasts, the access to lexical information is facilitated. These findings show that
even late learners of a second language can develop a perceptual sensitivity to discriminate non-
native sound contrasts, at least at the segmental phonological level, which also indicates that
neuroplasticity in the phonological system allows for a certain adaptation to linguistic
environmental constraints. Further investigations should explore how targeted training can
improve the sensitivity to second language phonemic contrasts.
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Abstract: Neurons live for decades in a post-mitotic state, their genomes susceptible to DNA
damage. Here we survey the landscape of somatic single-nucleotide variants (SNVs) in the
human brain. We identified thousands of somatic SNVs by single-cell sequencing of 36 neurons
from the cerebral cortex of three normal individuals. Unlike germline and cancer SNVs, which
are often caused by errors in DNA replication, neuronal mutations appear to reflect damage
during active transcription. Somatic mutations create nested lineage trees, allowing them to be
dated relative to developmental landmarks and revealing a polyclonal architecture of cerebral
cortex. Thus, somatic mutations in the brain represent a durable and ongoing record of neuronal
life history, from development through post-mitotic function.
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Abstract: What are the molecular underpinnings of diversity? The answer to this question has
important implications for human health and biology: variations in disease predisposition and
response to pathogens and drug therapies play roles in lifespan and quality of life. A
comprehensive molecular understanding of diversity and evolution requires the availability of
genomic sequences, well-annotated transcriptomes and proteomes, as well as experimental
models for functional genomics. This talk will summarize our recent efforts in the latter two.
Transposable elements (TEs) are mobile genetic elements that can alter their chromosomal
locations in the host genomes and occupy nearly 45% of the human genome. LINE-1s, as the
sole autonomously active retrotransposons in humans, continue to diversify our genomes. We
have recently shown that LINE-1 5’UTR contains a primate-specific open reading frame (ORF)
in the antisense orientation that we named ORFO0. This ORF is present in more than 3,000 loci
across human and chimpanzee genomes and forms fusion proteins with proximal exons, leading
to insertion-specific novel contributions to the proteome. Interestingly, expression of ORFO is
enriched in stem cells. The role of TE open reading frames in cell biology and gene regulation
will be discussed.
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Abstract: The healthy human brain is a mosaic of varied genomes. L1 retrotransposition is
known to create mosaicism by inserting L1 sequences into new locations of somatic cell
genomes. Using a machine learning-based, single-cell sequencing approach, we discovered that
L1-associated somatic variants (LASVs) are actually comprised of two classes: L1
retrotransposition insertions and retrotransposition-independent L1-associated variants.
Retrotransposition- independent rearrangements within inherited L1s resulted in the deletion of
proximal genomic regions. These rearrangements were resolved by microhomology-mediated
repair, which suggests that L1-associated genomic regions are predisposed to somatic CNVs in
the brain. We demonstrate that LASVs affect at least 36% of the cells in the healthy brain and
that the location of germline L1s is a heritable genetic contributor to somatic mosaicism in the
brain.
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Abstract: Different cells within an individual contain different DNA sequences, a phenomenon
known as somatic mosaicism. Such genomic variation arises from a variety of sources, including
de novo copy number variants, replication errors, and DNA transposons. Somatic mosaicism was
recently identified as a feature of normal, healthy brains. It has been suggested that somatic
mutations contribute to brain plasticity, but it is unclear whether neuronal DNA sequences can be
altered in response to environmental experience. Here we investigated whether early life
experience mediates copy number of Long Interspersed Nuclear Element-1 (LINE-1 or L1)
retrotransposons in specific regions of the mouse brain. L1 retrotransposons mobilize in the
genome and insert copies of themselves into new locations, where they may affect gene
expression or cellular function. We studied differences in maternal care as a model of early life
experience. Rodents exhibit natural variations in maternal behavior that influence the
neurodevelopment and adult behavior of their offspring. We developed assays for droplet digital
PCR to address the hypothesis that differences in maternal care influence L1 copy number in the
brain. By manipulating maternal care, we established a direct association of L1 copy number
with experience. Further, we studied methylation of L1 elements in response to variations in
maternal care as a potential mechanism for their expression and mobilization. Taken together,
our observations indicate that early life experience drives somatic variation in the genome via L1
retrotransposons.

Disclosures: T.A. Bedrosian: None. C. Quayle: None. N. Novaresi: None. E. Jennifer:
None. A. Paquola: None. F.H. Gage: None.

Nanosymposium

019. Genetic Techniques

Location: SDCC 25A

Time: Saturday, November 12, 2016, 1:00 PM - 4:15 PM
Presentation Number: 19.05

Topic: 1.01. Molecular, Biochemical, and Genetic Techniques
Support: NIH grant RO1 MH100914

Title: Somatic genomic variation in developing human brain

Authors: A. ABYZOV', T. BAE!, J. MARIANI?, L. TOMASINI?, A. AMIRI?, B. ZHOU* D.
FRANIJIC?, N. SESTAN?, A. E. URBAN?, *F. M. VACCARINO?;



1Mayo Clin., Rochester, MN; “Child Study Ctr., *Neurosci., Yale Univ., New Haven, CT;
*Stanford Univ., Palo Alto, CA

Abstract: Somatic mutations are changes in DNA sequence or copy number that occur after
fertilization. Somatic mutations could cause brain disorders, add or subtract risk to single gene
disorders, or play an adaptive function in brain ontogenesis and evolution. Both single nucleotide
variations (SNVs) and copy number variations (CNVs) have been detected in neurons and glia of
the mature brain. However, their frequency is debated, and their origin unclear. In particular, it is
not known whether somatic variants occur during embryonic brain development or accumulate
during aging. To answer these questions, we isolated single progenitor cells from the ventricular
and subventricular zones of the cerebral cortex (n=41) and basal ganglia (n=46) from 3 prenatal
human brains, and after clonal expansion we obtained the whole genome sequence (WGS) of
their DNA. Comparisons of WGS between clonal populations and their respective brain tissue,
as well as clonal populations with each other, revealed 1-6 CNVs, dozens of InDels and several
hundred SNVs per cell. Validation experiments revealed a low rate of false positive due to
sequencing error and confirmation experiments by digital PCR and locus capture and deep re-
sequencing revealed that most of these mutations do not arise in vitro during clonal expansion
but represent true somatic mosaicism in brain progenitor cells. The frequency spectrum of these
variants ranges from 20-35% to a fraction of a percent, and in general the cortex displays an
order or magnitude more somatic variants than basal ganglia. Hence, frequent and rare somatic
variants are already present in all brain progenitor cells at prenatal al stages of development at
similar frequencies to those detected in adulthood, suggesting an early origin for brain somatic
mosaicism, perhaps as an aftereffect of the extensive cell divisions that occur in brain progenitor
cells. This unsuspected richness of genomic mosaicism may play a role in normal and perhaps
aberrant neuronal development.
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Abstract: Mobile elements (MEs) comprise a large portion of the human genome and some
retain their capacity for transposition. Somatic retrotranspositions have been associated with
several nervous system diseases, suggesting they may have a significant impact on the
developing brain. Previous studies have used target capture- or single cell-sequencing methods.
The results strongly suggest the presence of somatic ME mutation in human brain. However,
beyond this proof of principle most fundamental questions are still unanswered. For example it is
not known how frequently new mobile element insertions (MEIs) occur and during which
developmental phase(s), or which proportions of cells, cell types or brain regions are affected.
We developed an unbiased very-deep whole-genome sequencing-based approach to discover and
quantify somatic MEIs without using target capture or whole-genome amplification methods.
Using whole-genome paired-end sequencing we sequenced DNA from postmortem brain from 5
adult subjects and one fetal brain, after separating neuronal from non-neuronal cell fractions by
either fluorescence activated sorting or immunopanning (we also sequenced DNA from non-
neuronal tissue from each subject). We sequenced each fraction to 200x genome-wide
sequencing depth (i.e. for a total of more than 100 whole-genome sequence equivalents). We
extensively modified an existing ME calling algorithm to identify novel MEIs. Across the
subjects we identified potentially mosaic MEIs broken down into categories of confidence as
follows: more than 40 high-support MEIs, more than 800 medium-support MEIs and thousands
of low-support MEIs. To validate predicted MEIs we used custom oligonucleotide capture for
targeted re-sequencing of over 2700 predicted novel MEIs at >2000x depth. Initial analysis
showed high mappability of the resulting captured sequence and a substantial validation rate. For
example for high-support calls targeted re-sequencing showed sensitivity of 85-100% and
specificity of 67-100%. Validation rates will be further evaluated with digital droplet PCR, also
to quantify the degree of mosaicism for each novel MEL. This project uses very-deep whole-
genome sequencing to address more comprehensively the extent and precise genomic
localization of somatic retrotransposition of mobile elements in human brain cells. This
phenomenon represents an additional mechanism by which genomic variation can influence
brain development and disease. Methods for analysis of novel ME sequences in deep whole-
genome sequencing will be needed to fully characterize this type of mutation in diverse tissues
and in subpopulations of cells using cell sorting techniques.
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Abstract: Somatic mosaicism is a common consequence of normal development. DNA repair is
simply not perfect, and each cell’s genome incurs continuous DNA damage as a consequence of
transcription, replication, and other cell biological stresses. Although somatic mosaicism has
been reported in many tissues, it is particularly noteworthy in the brain for two reasons. First, by
contrast to other organs with regular cell replacement, the vast majority of an individual’s
neurons are with that individual for life. And second, neural circuits give rise directly to
behavioral phenotypes. Brain somatic mosaicism, now revealed and tractable due to advances in
single cell ‘omic approaches, has emerged as an intriguing and unexplored aspect of neuronal
diversity.

Neuronal copy number variations (CNVs), like most CNVs, are likely brought about by DNA
repair mechanisms acting on transcription- or replication-induced DNA damage. Additional, and
possibly related, mechanisms include retrotransposition and electrophysiological activity. In
previous work, we showed that large CNVs and aneuploidy were prevalent in human induced
pluripotent stem cell (hiPSC)-derived neurons, but CNVs were infrequent in hiPSC-derived
neural progenitor cells (NPCs). Accumulating evidence suggests that DNA double strand break
(DSB) clusters occur at long, neuronal genes, and that these may lead to “hot spots” for neuronal
CNVs. Neuronal genes are over-represented among longest genes in the human genome.
Moreover, many of these genes encode synaptic proteins (e.g., neurexins) that are known to
effect neural circuit formation and are also associated with neuropsychiatric disease. We have
quantified DNA DSB formation in hiPSC-derived NPCs and neurons in proliferative and
differentiating conditions, and in response to various perturbations (e.g., topoisomerase
inhibition, replication stress). Ongoing experiments aim to identify the location of distinct DNA



DSB clusters in each setting and determine if DNA DSB clusters portend CNV formation at
specific loci (i.e., hot spots).
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Abstract: Little is known about the genetic programs that are active during prenatal
differentiation of forebrain human progenitors into neurons of the human cerebral cortex and to
what extent they can be recapitulated in vitro using stem cell models. As part of the
PsychENCODE project, we are validating induced pluripotent stem cells (iPSC) as models of
human brain development. In particular, we are comparing cellular and molecular aspects of
neuronal differentiation in iPSC-generated organoids with post-mortem human brain tissue from
the same individual. Specifically we will examine (1) transcriptomes (2) gene regulatory regions
(3) translated RNAs and (4) cellular phenotypes. To this end, we harvested tissue for RNA,
ChIP-seq, ribosome footprinting and histology from prefrontal cortex progenitors and neurons
from five human prenatal brain specimens and established induced iPSC lines from the skin of
each specimen. Two iPSC clones per specimen were differentiated into telencephalic organoids
using our established protocol (Mariani et al., 2015). Differential gene expression (DGE) by
RNA-seq comparing the fetal fibroblast-derived iPSCs with previously generated iPSCs derived
from adult fibroblasts revealed ~80 differentially expressed genes. Functional annotation of the
DGE revealed extracellular region-related terms (glycoprotein, signal peptide, extracellular
matrix) as significantly enriched. No enrichment was found for cell cycle, pluripotency or cell
differentiation. Next, we found 604 differentially expressed genes between fetal and adult iPSC-
derived organoids at terminal differentiation day 30 (n=4 lines), including a large number of
histones mRNAs. Functional annotation of the DGE revealed significant enrichment for



nucleosome organization, protein-DNA complex assembly and DNA methylation. At present, we
do not have any evidence supporting a differential ability of the fetal- and adult-derived iPSC to
differentiate into neural tissue. In fact, immunostaining with markers for different cell types
found that fetal fibroblast derived organoids have similar growth rates, proliferation, and similar
number of radial glial cells and layer specific cortical neurons compared to adult fibroblast-
derived organoids. Similarly, when we mapped our transcriptomes against the BrainSpan dataset,
we found highest correlations with neocortex and with similar stages of prenatal brain
development for both prenatal and adult iPSC-derived organoids. In conclusion, prenatal and
adult fibroblasts appear be equally capable of generating pluripotent iPSC lines that can
recapitulate early stages of cortical development in vitro.
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Abstract: The brain is built from a large number of cell types which have been historically
classified using location, morphology, and molecular markers. Recent research suggests an
important role of epigenetics in shaping and maintaining cell identity in the brain. To elucidate



the role of DNA methylation in neuronal differentiation, we developed a novel method to
separate neuronal nuclei from the autopsy specimens of the human prefrontal cortex into two
sub-populations containing glutamatergic (GLU) projection neurons or the medial ganglionic
eminence (MGE)-derived GABA neurons, respectively, using fluorescence-activated cell sorting
(FACS). We detected major differences in CpG, non-CpG and hydroxymethylation (hCpG)
between the neuronal subtypes. In particular, a significantly greater number of undermethylated
CpG sites in GLU vs. GABA neurons were identified. These differences, however, did not
directly translate into differences in gene expression. Notably, a comparable number of
undermethylated non-CpG sites were identified in GLU and GABA neurons, and non-CpG
methylation was a better predictor of subtype-specific gene expression compared to CpG
methylation. Regions that are differentially methylated in GABA and GLU neurons were
significantly enriched for schizophrenia risk loci. Collectively, our findings suggest that
functional differences between neuronal subtypes are linked to their epigenetic specification.
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Abstract: Genetic and genomic investigations have yielded important findings as to the genetic
contributions to major psychiatric illnesses, illustrating significant etiological heterogeneity, as
well as cross-disorder overlap. It has also become clear that understanding how this genetic
variation leads to alterations in brain development and function that underlies psychiatric disease
pathophysiology will be greatly advanced by a roadmap of the transcriptomic and epigenetic
landscape of the human cerebral cortex across key developmental windows. As part of



PsychENCODE Consortium, we performed time-, and region-, specific molecular profiling of
control and autism spectrum disorder brains, including transcriptome, cis-regulatory elements
and proteome. We analyzed and integrated these datasets to identify regional, developmental,
and ASD-related processes to gain insight into underlying mechanisms. We are also harmonizing
these multi-omic data with other psychENCODE studies, as well as other large scale data sets,
such as BrainSpan, ENCODE, GTEx and Roadmap Epigenomics Project. We hope that this
well-integrated resource across human brain development that will provide greater insights into
pathophysiological understanding of autism spectrum disorder and other related neuropsychiatric
disorders.
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Abstract: To understand the role of gene regulation in human brain development and
neuropsychiatric disorders, it is essential to develop cellular models of the human brain. Induced
pluripotent stem cells (iPSCs)-derived brain organoids can be used to investigate the role of gene
regulatory elements, noncoding RNA, and in general, noncoding disease associated gene variants
in brain development and function. Organoids enable gradients of morphogenes and other
extracellular cues to build up in the intercellular milieu and to interact with the genetic and
epigenetic background of a given progenitor cell during the course of brain development. We
have developed an iPSC-derived organoid model of the early human forebrain, where
differentiation of cortical excitatory and inhibitory neurons can be studied in a reproducible



fashion, enabling a more precise identification of molecular events crucially involved in the
specification of distinct neuronal subtypes. However, a precise assessment of protein and RNA
expression in intact organoids is hampered by the limited penetration of molecular probes,
therefore requiring the preparation of thin sections and greatly limiting the capacity of exploring
molecular and cellular features in a 3D environment. Here, we labeled telencephalic excitatory
and inhibitory lineages in using pLenti-CAMKII-GFP and pLenti-DIxI12b-BG-DsRed vectors,
then used two-photon microscopy to image the genetically-encoded fluorescence at higher
resolution in live forebrain organoids. Next, we used CLARITY to clear the organoids and
perform immunostainings on the intact cell aggregates. Our current protocol enables a 3D
reconstruction of GFP/DsRed filled cells allowing the analysis of axonal and dendritic
arborization, dendrite length, synapse and spine distribution, as well as stereological counts of
structures labeled by specific markers. Using these combined approaches, we aim at comparing
intra-organoid layer cytoarchitecture and its emerging connectivity with parallel data from RNA-
seq and ChIP-seq experiments, and develop new tools for linking the molecular and cellular
features of organoids derived from different individuals.
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Abstract: Background: The nervous system includes hundreds of residue-specific post-
translational modifications (PTMs) of histones forming the nucleosome core that are often



regulated in cell type-specific manner. On a genome-wide scale, some of the histone PTM
landscapes show significant overlap with the genetic risk architecture for several psychiatric
disorders, fueling PsychENCODE and other large scale efforts to comprehensively map neuronal
and non-neuronal epigenomes in hundreds of specimens. However, practical guidelines for
efficient generation of histone ChIP-seq (chromatin immunoprecipitation followed by deep
sequencing) datasets from postmortem brains are needed. Methods: Protocols and quality
controls are given for the following: 1.) extraction, purification, and NeuN neuronal marker
immunotagging of nuclei from adult human cerebral cortex, 2.) fluorescence-activated nuclei
sorting, 3.) preparation of chromatin by micrococcal nuclease digest, 4.) ChIP for open
chromatin-associated histone methylation and acetylation, and 5.) generation and sequencing of
ChIP-seq libraries. Results: We present a ChIP-seq pipeline for epigenome mapping in the
neuronal and non-neuronal nuclei from the postmortem brain. This includes a step-wise system
of quality controls and user-friendly data presentation platforms. Conclusion: Our practical
guidelines will be useful for projects aimed at histone PTM mapping in chromatin extracted from
hundreds of postmortem brain samples in cell type-specific manner.
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Abstract: Single-cell characterization and perturbation of neurons will provide knowledge
critical to addressing fundamental neuroscience questions including the structure-function
relationship and neuronal cell-type classification. Here we report a robotic platform for
automatically performing single-cell experiments in vivo in deep brain tissues optically difficult
to access. This platform automates ‘blind’ (non-visually guided) electrophysiology and single-



cell electroporation (SCE) to characterize in vivo neural responses and/or drive expression of
extraneous genes in single neurons. Tested in mouse brain, our platform successfully revealed
the full morphology of single infragranular neurons recorded in multiple neocortical regions, as
well as deep brain structures, for example, ventral hippocampus with a much improved
efficiency (47%), about 3-fold to manual experiments. Our platform thus can be used to obtain in
vivo full morphology and electrophysiology and correlate them with genetics of single neurons
in the brain.
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Abstract: In the light of the Katz’s quantal theory, the small all-or-none unit, termed miniature
postsynaptic potential or current (mini), corresponding to presynaptic vesicle fusion,represents
the building element or quantum of synaptic signal. However, justification of the nature of minis
has never been completed as minis or single vesicle membrane capacitance is not identical in
size and never follows the principle of invariance. It was proposed that each Katz’s quantum
could be composed of smaller subunits. However, this subquantal hypothesis was rigorously
debated and ended in suspense because all the experimental and theoretical studies were not
sufficient to support or exclude the existence of the subquantal element. The major arguments
are: all the studies were based on histogram analyses and no confidence limits have been given to
evaluate the significance of these subunits; increasing the sample size of recordings decreased,
the prominence of subunit in histogram; the subunit sizes estimated from the different subsets of
the same recording were different. We attribute these discrepancies to the less quantitative



analysis of quantal signals due to space-clamp problems and the large variation of the analyzed
minis from multiple synapses. Here, we selectively observed the miniatures from single active
zone contained axo-soma synapses and took the advantage of well electrical access of the
somatic whole cell recording to quantitatively analyze single quantal events with much less
variability of postsynaptic response. We recorded spontaneous mEPSCs at single synaptic
boutons of early age developing calyx synapse, micrometer size Ca>* uncaging induced mEPSCs
at single boutons of juvenile calyx synapse and micrometer size channelrhodopsin-2 activation
evoked mEPSCs at single boutons of mature PB-CeAL synapse and revealed the significant
subquantalized synaptic transmission and thus calls for re-evaluating the precision and capacity
of information procession at synapses.
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Abstract: Secretory vesicle docking, priming and fusion are mediated by a complex molecular
machinery. The precise molecular mechanisms that orchestrate membrane attachment of vesicles
to the plasma membrane are experimentally challenging to dissect: Past studies have employed
various preparation and culture methods, model organisms, cell types, fixation protocols,
imaging and analysis approaches, and terminology, potentially explaining the many
inconsistencies in the field. An accurate analysis of vesicle docking requires electron microscopy
to measure intermembrane distances in the nanometer range. To assess the molecular
mechanisms of large dense-core vesicle (LDCV) and synaptic vesicle (SV) docking, we prepared
acute adrenal gland slices and hippocampal organotypic slice cultures from mouse mutants
lacking key presynaptic proteins. Using a systematic approach combining rapid cryofixation,
freeze-substitution, and three-dimensional electron tomography, we identified sequential steps in
vesicle recruitment (tethering) and membrane attachment (docking). In synapses, SV docking is
mediated by members of the Munc13/CAPS families and the neuronal SNAREs Synaptobrevin-
2, SNAP-25 and Syntaxin-1, indicating that docked SVs comprise the readily-releasable pool



(RRP) of primed vesicles. In chromaffin cells, however, loss of Munc13 proteins has no effect on
LDCYV docking, indicating that the majority of docked LDCVs are not fusion-competent and that
the functional RRP cannot be distinguished morphologically in this system. Our data therefore
demonstrate distinct molecular mechanisms of LDCV and SV docking in chromaftfin cells and
hippocampal glutamatergic synapses, respectively.
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Abstract: When a secretory granule docks, it assembles a cluster of 50-70 syntaxin molecules in
the plasma membrane (Barg S, PNAS 107, 20804). By mutations, we wished to learn which
portions of syntaxin are important for its inclusion into clusters, and whether syntaxin exists in
its closed or its open conformation. Granules were labeled with neuropeptide-Y-mCherry and
their associated syntaxin clusters with syntaxin 1a-GFP. Live PC12 cells were imaged by TIRF
microscopy. Syntaxin-1a-GFP or its mutants were expressed at low levels and competed for
inclusion into clusters with a 2-fold excess of endogenous syntaxin. The brightness of clusters
was measured and assumed to assay how effectively mutants competed. All mutants known to
inhibit binding to Munc18 in vitro (Burkhardt P, 2008, EMBO J. 27, 923) also diminished the
inclusion of syntaxin into clusters to varying degrees. This is consistent with syntaxin being in a
complex with Munc18. Deletion of residues 2-19 (the so-called N-peptide) had only a modest
effect. Deletions of the SNARE or the Habc domains caused clusters to be barely detectable
(SNARE domain) or undetectable (Habc domain), implying that these mutants were almost
excluded from clusters. To learn which syntaxin residues in the two domains were the most
important, we considered the structure of a syntaxin-Munc18 complex (Misura KM, 2000,
Nature 404, 355) and replaced residues known to contact Munc18 with alanines. Of the 16



Munc18-contacting residues in the SNARE domain, replacement of 1233 was the most effective.
The 13 Munc18-contacting residues in the Habc domain were mutated next. The most effective
mutation was a double replacement that diminished the inclusion into clusters by 9 fold. Double
replacements of other Munc18-facing residues had only modest effects, and those of residues
facing outwards from the syntaxin-Munc18 complex had no effect. We next explored the
interface between the SNARE and the Habc domains. A triple mutation of three residues in the
SNARE domain strongly reduced syntaxin’s inclusion into clusters. Inclusion could be rescued
by a complementing triple mutation in the Habc domain. The rescue implies that the SNARE and
Habc domains are in contact, and that syntaxin is in a closed conformation.
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Abstract: Neurotransmitter release requires the formation of SNARE complexes by SNARE
proteins syntaxin-1 (Stx1), synaptosomal-associated protein 25 (SNAP-25), and synaptobrevin-2
(Syb2). In mammalian systems, loss of SNAP-25 or Syb2 severely impairs neurotransmitter
release; however, complete loss of function studies for Stx1 have been elusive due to the
functional redundancy between Stx1 isoforms, Stx1A and Stx1B, and the embryonic lethality of
Stx1A/1B double knockout (DKO) mice. Here we studied the roles of Stx1 in neuronal
maintenance and neurotransmitter release in mice with constitutive or conditional deletion of
Stx1B on an Stx1A null background. Both constitutive and postnatal loss of Stx1 severely



compromised neuronal viability in vivo and in vitro indicating an obligatory role of Stx1 for
maintenance of developing as well as mature neurons. Loss of Munc18-1, a high-affinity binding
partner of Stx1, also showed severely impaired neuronal viability but with a slower time course
compared to Stx1A/1B DKO neurons, and exogenous Stx1A or Stx1B expression significantly
delayed Munc18-1 dependent lethality. Additionally, loss of Stx1 completely abolished fusion-
competent vesicles and severely impaired vesicle docking, demonstrating its essential roles in
neurotransmission. Putative partial SNARE complex assembly with the SNARE motif mutant
Stx1A*Y (A240V,V244A) was not sufficient to rescue neurotransmission despite full recovery of
vesicle docking and neuronal survival. All together, these data suggest that Stx1 has independent
functions in neuronal maintenance and neurotransmitter release and complete SNARE complex
formation is required for vesicle fusion and priming, whereas partial SNARE complex formation
is sufficient for vesicle docking and neuronal maintenance.
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Abstract: Syntaxinl A is a key protein involved in mediating synaptic transmission through its
ability to form the SNARE complex with cognate partners - SNAP-25 and VAMP2. Syntaxinl A



molecules have been shown to be organized in nano-clusters in neuro-secretory cells that have
important role in docking and priming of secretory vesicles. How molecules of SyntaxinlA are
entering and exiting these nanoclusters by lateral diffusion and how stimulation affects their
dynamic equilibrium in pre-synapse in vivo in unknown. To image single molecules of
SyntaxinlA in live synapses, we generated a drosophila line constitutively expressing
fluorescently tagged syntaxinl A (syx1 A-mEos2) to carry out single particle tracking
Photoactivated Localization Microscopy (sptPALM) on live drosophila larva neuromuscular
junction (NMJ) using slightly oblique Total Internal Reflection Florescence (TIRF) microscopy.
We examined the change in mobility and micro-domain organisation elicited by increased pre-
synaptic activity using both optogenetic and thermogenetic tools. Here, we show that in
drosophila larva motor nerve terminals, syx1A is also organized in nanoclusters. In sharp
contrast to PC12 cells, the overall mobility of syx1A molecules were lower in live resting motor
nerve terminals. Opto- and thermo-genetic stimulation led to an increase in syx1A mobility at the
motor nerve terminal. Importantly, this change at the motor terminal was also promoted by
concomitant expression of TeTx/LC. Our results suggests that the relative immobility of syx1A
molecules within synapses is indicative of a high level of primed vesicles in live motor nerve
terminals when compared with cultured neurosecretory cells. To further investigate the clinical
role of syntaxinl A in general aesthetic, we perfused PC12 cells expressing syx1 A-mEos2 with
clinical doses of the general anesthetic - propofol (3uM); we observed a significant decrease it
syx1A mobility. Co-expression of a truncated syx1A mutant lacking the transmembrane domain
which produces behaviour resistance to propofol in Drosophila flies blocked the propofol effects
on syx1A mobility. Our results suggest that changes in Syntaxinl A mobility are essential to
underpin neurotransmitter release and decoy- or neurotoxin-induced manipulation leads to severe
clinical defects in neurotransmission.
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neurotransmitter release in PC12 cells
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Abstract: Exocytosis mediated by the SNARE complex formation is a highly regulated process.
Although the basic elements of the underlying machinery are well studied, the detailed
mechanics are still poorly understood. It is well accepted that in order to enter SNARE
complexes syntaxin must resume an ‘open’ conformation. Recently, we have developed a
syntaxin 1A- based Fluorescence Resonance Transfer (FRET) probe that is able to be
incorporated within endogenous SNARE complexes and reports transition of syntaxin between
‘closed’ and ‘open’ conformations related to exocytosis both in PC12 cells and hippocampal
neurons. Using this probe we resolved two distinct syntaxin conformational transitions during
membrane depolarization-induced exocytosis in PC12 cells: a partial ‘opening’ in the absence of
Ca2+ entry and an additional ‘opening’ upon Ca2+ entry. The Ca2+-dependent ‘opening’ is
abolished upon neutralization of a stretch of basic charges in the juxtamembrane region of
syntaxin. Importantly, this stretch has been shown to interact with polyphosphoinositides
including PI(4,5)P2 and has been implicated in clustering and segregation of syntaxin into
distinct microdomains where synaptic vesicles undergo exocytosis.

Here, combining dynamic FRET measurements with ameprometric measurements and
biochemical analysis in PC12 cells, we show that the polybasic stretch, beyond its involvement
in the final phase of SNARE complex assembly, has a significant role in the regulation of Ca2+-
dependent evoked neurotransmitter release via interaction with P1(4,5)P2 . Furthermore,
phosphorylation of syntaxin by Casein kinase II may be involved.

Disclosures: I. Lotan: None. D. Singer-Lahat: None. N. Barak-Broner: None. D.
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Title: Molecular steps between Ca®” influx, a conformational change of SNAP25, and vesicle
fusion

Authors: Y. ZHAO', Q. FANG', S. SHARMA', *M. LINDAU*';
"Nanoscale Cell Biol., Max-Planck-Institute for Biophysical Chem., Goettingen, Germany;
*Cornell Univ., Ithaca, NY

Abstract: The SNARE complex, including synaptobrevin-2, syntaxin and SNAP2S5, is thought to
execute a large conformational change as it provides force and energy to drive the membrane
fusion and exocytosis. A SNAP25 based FRET construct (SCORE: Snare COmplex REporter, a
fusion protein containing SNAP-25, CFP and Venus) reported a transient conformational change
indicated by rapid FRET increase preceding fusion and reversal of the increase within ~5 s after
fusion (Zhao et al. 2013 PNAS 110: 14249). An improved version of SCORE (SCORE2) was
generated replacing CFP by mCerulean-3. Coarse grained molecular dynamics simulations of
SCORE2 in complex with syntaxin revealed an average distance of ~5.5 nm and «* of ~0.27
between the fluorophores of the FRET pair. In SNAP25 KO embryonic mouse chromaffin cells
stimulated in the whole cell patch clamp configuration by 200 ms depolarization pulses, viral
expression of SCORE2 fully rescued the capacitance change to the level observed in wt cells,
indicating that it fully supports fusion. In synaptobrevin 2" cellubrevin” embryonic mouse
chromaffin cells expressing SCORE2, 200 ms long depolarization pulses produced a robust
capacitance increase and a transient FRET increase measured in TIRF excitation mode, with
similar duration as that associated with individual fusion events. In contrast, no FRET change
was detectable in synaptobrevin 2 / cellubrevin DKO cells, which also produced no detectable
capacitance change. The conformational change following pulse stimulation reported by
SCORE/2 therefore critically depends on the v-SNARE.

Using short (10 ms or 25 ms) pulses it was found that the FRET increase occurs coincident with
the Ca®" increase, which is maximal near the end of the pulse. To overcome the low time
resolution of the imaging frames needed to collect sufficient signal intensity, event correlation
microscopy (ECOM) was applied, which revealed that the FRET change and intracellular Ca**
concentration increase are simultaneous within <5 ms. Our results suggest that following the
Ca®" stimulus, a rapid conformational change of SNAP25 is produced involving the v-SNARE
synaptobrevin 2 followed by fusion, possibly with a Ca*" dependent delay.
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Title: Molecular mechanism of the synaptotagmin-SNARE interaction in Ca**-triggered synaptic
neurotransmitter release

Authors: *Q. ZHOU', A. BRUNGER’;
'Mol. and Cell. Physiol., "Mol. and Cell. Physiology, Neurol. and Neurolog. Sciences, Structural
Biol., Stanford Univ. / HHMI, Stanford, CA

Abstract: Synaptotagmin-1 and neuronal SNARE proteins have central roles in evoked
synchronous neurotransmitter release; however, it is unknown how they cooperate to trigger
synaptic vesicle fusion. Here we report crystal structures of Ca®'- and Mg”"-bound complexes
between synaptotagmin-1 and the neuronal SNARE complex. All these structures share a large,
specific, Ca**-independent and conserved interface. Tests of this interface by mutagenesis
suggest that it is essential for Ca®'-triggered neurotransmitter release in mouse hippocampal
neuronal synapses and for Ca*"-triggered vesicle fusion in a reconstituted system. We propose
that this interface forms before Ca*'-triggering, moves en bloc as Ca**-influx promotes the
interactions between synaptotagmin-1 and the plasma membrane, and consequently remodels the
membrane to promote fusion.
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Authors: *R. A. JORQUERA'? E. QUIROZ', A. GONZALEZ-RUIZ';
"Neurosci., Univ. Central Del Caribe, Sch. of Med., Bayamon, PR; ’Inst. of Biomed. Sci., Univ.
de Chile, Santiago, Chile

Abstract: Complexin (Cpx) is a key neuronal protein with a dual function, inhibits spontaneous
synaptic vesicle (SV) fusion and promotes nerve-evoked SV fusion. Decreased Cpx levels
correlate with several neuronal dysfunctions and schizophrenia and Parkinson’s diseases
patients. Nevertheless, the role of Cpx in neurological condition is unknown. Combining
electrophysiology, genetic and chemical manipulation, we study the synaptic transmission at the
Drosophila larval neuromuscular junction. Our work shows that there is a tight coupling of SVs
with calcium influx in this synapse that is promoted by Cpx, modifying the kinetics of nerve-
evoked EPSCs. Cpx and intracellular calcium buffering suppressed spontaneous SVs fusion
whereas calcium channel inhibition did not. In addition, trains of nerve stimulation and
deconvolution analysis indicated that synchronous and asynchronous SVs pools are modulated
by Cpx. Our results show a crucial role of Cpx in coupling and fusion, regulating the availability
of synchronous and asynchronous SVs, which are relevant in synaptic physiology.
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Title: Nanoscale imaging of presynaptic calcium signaling
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Abstract: The influx of calcium at the presynaptic active zone (AZ) triggers the priming and
release of synaptic vesicles, initiating synaptic transmission. Observing this process is tricky, as
it is both very fast and occurs in areas that are nanoscopic in size. Precise details of this event are
necessary, however, to correctly understand how this part of the synapse functions. Therefore,
we combined patch-clamping with high-resolution fluorescence microscopy techniques, either
confocal microscopy or diffraction-unlimited STED nanoscopy, enabling us to quantify these
fast processes inside living tissue with both the necessary temporal and spatial resolution. With
these methods we characterized the presynaptic active zones of sensory inner hair cells (IHCs) in
the mouse cochlea, measuring not only the number and distribution of calcium channels at the
AZ, but also the actual amount and spread of Ca®" itself during influx.

For the experiments we used C57B6/N wildtype mice and mice carrying a deletion of exons 4
and 5 of the Bassoon gene (Bsn?®"?), at the age of postnatal day 15 (P15) to P18 or P26 to P33.
We measured the size and distribution of immunohistochemically labeled Ca,1.3 channel
clusters in IHCs of wildtype mice using three dimensional STED nanoscopy of fixated samples,
revealing mostly linear arrangements typically 60 nm wide and 300-700 nm in length. Using two
independent methods we then quantified the number of Ca®" channels at the AZ using both
quenching of the Ca*" influx of individual synapses by local iontophoretic application of EGTA,
as well as optical fluctuation analysis. For this we used patch-clamping both for evoking and
recording Ca>" currents, as well as for introducing the Ca®" indicator dye into the cell.
Simultaneously we used high-resolution Ca*" imaging to record the changes in Ca*" indicator
fluorescence. We further observed the size of the depolarization-induced presynaptic Ca*"
domains using a low-affinity Ca*" indicator and STED nanoscopy. The spread of Ca®" closely
matched the distribution suggested by simulations based on the prior information about the
dimensions of Ca*" channel clusters at the AZ, whereas the spread in Bassoon-mutant mice
deviated strongly from expectations based on fixated samples, and was of much larger scale than
in wildtype mice. The local Ca*" concentrations at the active zone during depolarization were
measured by analyzing the fluorescence lifetime of the Ca®" indicator with both confocal and
STED resolution.

In conclusion, we used several novel approaches to characterize the number, distribution and
function of voltage gated calcium channels at presynaptic active zones in hitherto unprecedented
detail.

Disclosures: N.T. Urban: None. J. Neef: None. T. Ohn: None. T. Frank: None. S.W. Hell:
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Title: An In vitro fusion assay utilizing endogenous excitatory synaptic vesicles
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T. BRUNGER'?;

'Cell. and Mol. Physiol., Stanford Univ., Stanford, CA; *Howard Hughes Med. Inst., Stanford,
CA; *Cancer Biol., Univ. of Cincinnati Col. of Med., Cincinnati, OH

Abstract: Here we build upon a previous in vitro synthetic synaptic vesicle fusion assay to
utilize endogenous synaptic vesicles isolated from mouse brain tissue. We use this system to
investigate the action of cytosolic proteins on synaptic vesicle fusion kinetics.
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Authors: *J. D. ERICKSON;
Neurosci., LSUHSC, New Orleans, LA

Abstract: Excessive presynaptic glutamatergic transmission is thought to be involved in various
human disorders including epilepsy. Seizure activity or intense glutamatergic transmission
requires import of glutamine into axon terminals from glia to maintain vesicular glutamate stores
for continued release. This concept of glutamate-glutamine cycling for replenishment of the
neurotransmitter glutamate pool originated from ‘classic’ biochemical experiments performed
nearly 40 years ago; however, a critical barrier to progress in this field has been the lack of direct
functional evidence for activity-induced, Ca*'-dependent glutamine transport activity in
hippocampal neurons and any evidence for the presence of such a glutamine transporter in axon
terminals. Here, I present the functional identification and characterization of a novel activity-
induced, Ca**-dependent glutamine transporter in mature hippocampal neurons. Activity-induced
transport is observed in hippocampal neurons and not astrocytes, requires exogenous Ca”', and is
blocked by inhibition of P-type voltage-gated Ca>* channels (verapamil; 20 pM). Preferred
endogenous substrates likely include alanine, proline, histidine, and glutamine; although
glutamine is the most physiologically relevant substrate as it is present at 10-fold higher
concentration in extrasynaptic space, compared to all others. This activity-induced, Ca*'-
dependent glutamine transport system in neurons saturates at 200 uM and it displays a substrate
affinity (Km) of 30 +/- 4 uM. Sarcosine, an effective anti-seizure compound, abolishes transport
when present at | mM concentration. These results support the concept that a relatively high
affinity, activity-induced glutamine transporter operates maximally following Ca**-dependent
exocytosis of this transporter to the plasma membrane. The kinetics of this neuronal glutamine
transport system differentiate it from established neuronal glutamine transporters SNAT1 and
SNAT?2, which display much lower affinity (Km ~0.4 millimolar). In addition, SNAT1 and
SNAT?2 are restricted to neuronal cell bodies and dendrites. On the other hand,
immunohistochemical labeling with antibodies that were raised against the activity-induced
glutamine transporter is restricted to axons and axon terminals in the hippocampus. Hence, this
novel activity-induced and Ca*"-dependent glutamine transporter in hippocampal axon terminals
represents a new potential target in disorders of excessive presynaptic glutamatergic transmission
and glutamate excitotoxicity.
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Title: A glucose-sensing circuit in the insular cortex

Authors: *I. DE ARAUJO SALGADO, N. BENFREDJ, C. LAMY;
Univ. of Fribourg, Fribourg, Switzerland

Abstract: The insular cortex (IC) plays an important role in integrating body metabolic signals
and in adaptive behaviors. Neuroimaging studies and previous work from our lab has shown that
it is affected by feeding states. We asked whether nutrient sensing mechanisms exist in IC that
could account for its ability to monitor body energy levels. We established a transgenic activity
reporter system to target putative glucose-responsive neurons in vitro. Whole-cell recordings
performed in this model revealed a population of glucose-sensing neurons that respond to
glucose with a cell-autonomous glucose-inhibited pattern. Their response was driven by the
opening of 2-pore domain potassium channels. Morphological reconstructions after recordings
showed that those cells are a homogeneous population of thick-tufted layer 5 pyramidal cells.
Our results suggest a mechanism by which glucose could affect IC functional outputs and IC-
dependent behaviors in relation to the organism’s metabolic status.
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Title: Bi-directional manipulation of ventromedial hypothalamic SF1 neuron activity has
opposing effects on feeding and adiposity
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Abstract: The ventromedial hypothalamus (VMH) has historically been viewed as one of the
centres in the central nervous system involved in integrating the control of feeding, energy
metabolism and behaviours like aggression and fear. Recent studies using cell type specific
functional approaches (DREADD and optogenetics) have focused on behavioural phenotypes
(Wang et al. 2015; Lin et al. 2011; Kunwar et al. 2015; Silva et al. 2013) or glucose homeostasis
(Toda et al. 2016; Garfield et al. 2014). In this study we analysed the interaction between feeding
and metabolism using chemogenetic approaches in the steroidogenic factor 1 (SF1) expressing
neurons of the VMH. We show that acute DREADD-mediated modulation of the SF1 expressing
neurons had bi-directional effects on feeding, metabolic rate and adiposity. Acute activation of
SF1 neurons with hM3Dq significantly decreased food intake (p < 0.0001) and significantly
reduced respiratory exchange ratio (RER, p<0.01). Inhibition of SF1 neurons with hM4Di had
the opposite effect on feeding with a significant increase in food intake observed over 24h
(p<0.001) without altering the RER. Chronic DREADD-mediated activity of SF1 neurons
inversely correlated with changes to bodyweight and fat mass which were independent of
feeding. After chronic oral CNO administration, hM3Dg-mediated activation significantly
reduced adiposity (fat/lean ratio, p<0.01) while hM4Di driven inhibition resulted in opposing
effects on this measure (p<0.0001). Moreover, prolonged activation of SF1 neurons protected
from, while inhibition enhanced, the effects of high fat feeding on adiposity. In summary, we
show that modulating the activity of SF1 expressing neurons in the VMH affects feeding,
adiposity and susceptibility to high fat diet.

Disclosures: P. Viskaitis: None. E.E. Irvine: None. M.A. Smith: None. S.M.A. Pedroni:
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Title: Hypothermia in mouse is caused by AMP and Al and A3 adenosine receptor agonists via
three distinct mechanisms
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Abstract: Background: Adenosine and 5'-adenosine monophosphate (AMP) have been
implicated in triggering the torpor response seen in small mammals during hibernation or fasting.
Adenosine is thought to act through A;AR in the nucleus of the solitary tract or pre-optic area to
elicit hypothermia in rodents. AMP is also proposed to be a natural regulator of torpor. However,
AMP-induced torpor was intact in mice lacking any one of the adenosine receptors (A;AR,
AxaAR, AsAR, or A3AR). Our lab has characterized a third mechanism to achieve hypothermia
through A3AR mast cell degranulation and central histamine H; receptor activation

Methods: Adenosine agonists were administered intraperitoneally (i.p.) or
intracerebroventricularly (i.c.v.) and core body temperature and physical activity were monitored
by telemetry in freely active mice. Wild type mice, mice lacking A;AR, A3AR, or both, and mice
lacking mast cells (Kir"*"""*") were studied.

Results: We found that putative A;AR agonists N6-cyclopentyl adenosine (CPA 0.3 mg/kg) and
No6-cyclohexyladenosine (CHA 0.05 mg/kg i.p) at commonly used doses are non-selective;
working via both AjAR and A3;AR to cause hypothermia. (£)-5'-Chloro-5'-deoxy-ENBA (Cl-
ENBA 3mg/kg) was the most specific A1AR tested. CI-ENBA (15ug/mouse, i.c.v) caused
hypothermia in WT mice that is lost in Adoral-/- mice. CI-ENBA (3mg/kg, i.p.) elicited
hypothermia in Adora3-/- mice and was associated with reduced energy expenditure, reduced
activity, and behavior in a temperature gradient test. AMP (100mg/kg, i.p.) caused hypothermia
and reduced activity. AMP (100ug/mouse, i.c.v) caused hypothermia in WT mice that remains
intact in Adoral-/- mice. AMP (100mg/kg) is also associated with reduced energy expenditure,
reduced activity, and behavior in a temperature gradient test. CI-ENBA and AMP hypothermia
remained intact in Kit” """ mice and after pretreatment with pyrilamine. Finally, we show the
torpor response after a 24 hour fast occurs in mice lacking A;jAR, A3AR, or both, demonstrating
that these receptors are not required for this effect.

Conclusion: Together, these data demonstrate at least three distinct mechanisms (A;AR, A3AR,
AMP) that cause a centrally mediated hypothermia response in mice. A3AR hypothermia acts via
mast cell histamine release and activation of central histamine receptors. AjAR and AMP cause
hypothermia through a central mechanism that is not dependent on H;R or mast cells. Finally,
A;AR and A3AR are not necessary for fasting induced torpor response.
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Title: Attenuation of d-galactose induced cognitive impairment by Trigonelline via its anti-
oxidative, anticholinesterase & antiglycative pathways.
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Abstract: Alzheimer’s disease (AD), a progressive neurodegenerative disorder is characterized
by senile plaque deposition, neurofibrillary tangles & cognitive impairment. Recent research
indicates that advanced glycation end products (AGEs) interact with receptors for AGEs (RAGE)
& lead to the pathological changes of AD. Further evidence reveals that the interaction between
AGEs & RAGE elicits intracellular oxidative stress, proinflammatory apoptosis, and oxidative
stress responses, which lead to nerve cell damage. D-galactose (D-gal), a reducing sugar is
metabolized at normal concentration. However, at high levels, it reacts readily with the free
amines of amino acids in proteins and peptides in vivo to form advanced glycation end products
(AGEs). Literature sources demonstrate that continuous subcutaneous injection of D-gal in
rodent induced production of free radicals and deterioration of learning & memory
function.Present study was conducted to explore the possible role of Trigonelline, a plant
alkaloid with known antidiabetic properties against D-Gal induced amnesia & its possible
mechanism of action. Chronic administration of D-galactose (150 mg/kg) for 6 weeks
significantly impaired cognitive performance (both in Morris water maze and Y maze), oxidative
defence & displayed elevated AGE levels as compared to sham group. Trigonelline (50 and 100
mg/kg) treatment significantly ameliorated cognitive performance, oxidative defence & restored
AGE levels as compared to control (D-galactose). Further Trigonelline treatment significantly
attenuated acetylcholine esterase activity in D-gal treated mice. In conclusion, present study
highlights the potential role of trigonelline against D-galactose induced cognitive impairment
due to its antioxidant, antiglycative and anticholinesterase properties.
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Title: Improving mitochondrial function to treat age-related visual decline
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Abstract: Age-related visual decline is a major source of disability with no remediation. To
investigate the cause and treatment of visual decline with age we characterized photopic spatial
visual function over the lifespan of C57BL/6 mice, using measures of optokinetic tracking in a
virtual-reality optokinetic system (OptoMotry). We found that spatial frequency thresholds were
stable from 4-18 months, but by 24 months, were reduced by ~15%. Function rapidly declined
after 24 months, such that by 32 months, thresholds were decreased by ~50%. Visual decline
with age was paralleled by a reduction in the length of photoreceptor outer segments, and
disorganization of the contents of outer segment disks, which serve to concentrate, stabilize and
orient opsin molecules for photon capture. Evidence of augmented outer segment shedding, in
the form of increased pigment granules in the retinal pigment epithelium and choroid, was also
evident. Outer segments undergo daily shedding and must be sustained by a high rate of lipid and
protein synthesis, which is enabled by very long mitochondria in the inner segment ellipsoid.
Since a decrease in the number and length of inner segment mitochondria was also present with
age, it indicated that mitochondrial dysfunction is the origin of the age-related retinal pathology
and visual decline. To examine this possibility, we treated aging mice daily with eye drops
containing the peptide SS-31, which selectively targets mitochondria and improves
mitochondrial function by increasing ATP production and preventing the formation of reactive
oxygen species. Indeed, the treatment was able to fully reverse visual dysfunction within 5 weeks
when initiated at 24 months, and partially restore function when initiated at 32 months. SS-31
was also able to normalize the length and internal organization of outer segments, and the length
and number of inner segment mitochondria. This is the first report of a mitochondrial targeting
agent that can reverse visual dysfunction in aging mammals. Since SS-31 has been well tolerated
in multiple human clinical trials, and can be delivered by eye drops rather than intravitreal
injection, it has great potential to reduce disability by extending the visual heathspan.
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Abstract: Aging represents a major risk factor for the development of neurodegenerative
diseases like Alzheimer’s disease (AD). As mitochondrial dysfunction plays an important role in
brain aging and occurs early in the development of AD, the prevention of mitochondrial
dysfunction might help to slow brain aging and the development of neurodegenerative diseases.
Rice bran extract (RBE) contains high concentrations of vitamin E congeners and y-oryzanol.
We have previously shown that RBE increased mitochondrial function and protected from
mitochondrial dysfunction in vitro and in short-term in vivo feeding studies. To mimic the use of
RBE as food additive we have now investigated the effects of a long-term (6 months) feeding of
RBE on survival, behavior and brain mitochondrial function in aged NMRI mice. RBE
administration significantly increased survival and performance of aged NMRI mice in the
passive avoidance and Y-Maze test. Furthermore, brain mitochondrial dysfunction found in aged
mice was ameliorated after RBE administration. Furthermore, data from mRNA and protein
expression studies revealed an up-regulation of mitochondrial proteins in RBE-fed mice,
suggesting an increase in mitochondrial content which is mediated by a peroxisome proliferator-
activated receptor gamma co-activator 1-alpha (PGCla)-dependent mechanism. Our findings
suggest that a long-term treatment with a nutraceutical containing RBE could be useful for
slowing down brain aging and the progression of AD.
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Abstract: Neurons have highly polarized structure and their functions need to be supported by
local energy supply. ATP in neurons is produced by either glycolysis or oxidative
phosphorylation, and both play important roles in local ATP homeostasis. Mitochondria are
actively transported to the axon, and glycolytic enzymes diffuse throughout the axon.
Mitochondrial function and transport reduces during aging, which may underlie loss of
functional and structural integrity of the brain during aging. However, it is not fully understood
how local ATP levels in the axon changes during aging, and to what extent dysregulation of
mitochondrial distribution contribute to it.

Here we investigated age-dependent changes in ATP levels in the axon in Drosophila brain. To
analyze local ATP levels, genetically encoded fluorescent ATP Biosensor under the control of
UAS promoter was expressed in neurons by using the pan-neuronal elav-GAL4 driver. Analyses
were focused on the mushroom body structure, where the cell body (Kenyon cell region),
dendrites (calyx) and axons (lobes) are easily identified. Comparison between the young flies (at
the age of 5 day-after-eclosion (dae)) and old flies (30 dae) showed that ATP levels reduced in
the cell body, dendrites and axons during aging.

Next, we asked the contribution of mitochondria in this age-dependent change in the axon by
using genetic depletion of axonal mitochondria. Mitochondria are transported to the axon on
microtubules via kinesin motors, and milton, which regulates attachment of mitochondria to
kinesin heavy chain, is essential for this process. RNAi-mediated knockdown of milton in



neurons depletes mitochondria from the axon terminals but not from the soma. We found that
milton knockdown caused a reduction in ATP levels in the axon in the young flies. Interestingly,
ATP levels reduced further during aging in the cell body, but not in the axons, of milton
knockdown fly neurons. These results suggest that age-dependent decline in ATP levels in the
axon maybe attributable to reduction in the number and/or functions of axonal mitochondria.
Reduction in the number and/or function of mitochondria in synaptic terminals has been
associated with a number of age-related neurodegenerative diseases, and these results also
suggest that local energy deficiency caused by depletion of mitochondria from the axon might
contribute to the pathogenesis of those diseases. Further studies are expected to reveal the
mechanisms underlying regulation of long-term energy homeostasis during aging and in disease.
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Abstract: Alzheimer’s disease (AD) is characterized by alterations in brain metabolism, which
are thought to be one underlying factor of neuronal death. These metabolic disturbances
encompass mitochondrial defects mainly caused by an aberrant sorting of amyloid beta.
Interestingly, amyloid beta transport and localization determine its toxic effect on mitochondria.
Likewise, mitochondrial dysfunction in Alzheimer’s disease is not uniform in the brain but there
is a selective vulnerability of different brain regions, cell types and even mitochondrial
populations. Current methods in assessing mitochondrial function are limited with respect to
their capability of spatially separating these metabolic differences. Thus, the aim of our study
was to establish a metabolic imaging technique to screen for mitochondrial function on the
cellular level in intact systems maintaining the complex metabolic interplay between different



cell types.

For this purpose we determined NADH redox state by measuring its autofluorescence lifetime. In
general NADH lifetime becomes shorter when cells mainly do glycolysis and is elongated when
cells perform mitochondrial respiration. As the NADH lifetime is also dependent on the pH, we
accomplished this by a parallel measurement of mitochondrial matrix pH.

Here we demonstrate the suitability of this highly innovative approach for determining
mitochondrial function with a high spatial and temporal resolution on the single cell level in
primary neurons, astrocyte-neuron co-cultures and brain slices. Thereby we provide a novel
insight into the complex energy metabolic interactions between cell types of the brain. In
addition we present first applications on Alzheimer’s disease underlining the importance of
intracellular amyloid beta in AD-associated mitochondrial failure. Consequently, our metabolic
imaging technique will allow for dissecting mitochondrial deficits in a range of
neurodegenerative diseases shedding light into the associated bioenergetic failures thereby
rendering possible new therapeutic approaches.
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Title: Mitochondrial metabolism controls early lineage progression and ageing phenotypes in
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Abstract: Precise regulation of cellular metabolism is hypothesized to constitute a vital
component of the developmental sequence underlying the life-long generation of hippocampal
neurons from quiescent neural stem cells. The identity of stage-specific metabolic programs and
their impact on neurogenesis, however, are largely unknown. We show that activity of
mitochondrial complexes functionally demarcates the transition from activated neural stem cells
to intermediate neural progenitors. Intriguingly, perturbation of the function of mitochondrial
complexes by ablation of the mitochondrial transcription factor A (Tfam) reproduces multiple
hallmarks of ageing in hippocampal neurogenesis, whereas pharmacological enhancement of
mitochondrial function ameliorates age-associated neurogenesis defects. These data link
mitochondrial complex function to lineage progression of adult neural stem cells and identify
mitochondrial function as a potential target to restore neurogenesis in the ageing hippocampus.
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Title: Modeling chronic inflammation mediated by microglial Trem?2 expression
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative disorder that accounts for the
majority of dementia cases. Pathological hallmarks include amyloid  (AB) plaques,
neurofibrillary tangles, and low-level, chronic neuroinflammation. The amyloid cascade
hypothesis purports that AD pathogenesis is driven by A accumulation leading to neuronal
death. Recent genome-wide association studies have shown that Triggering Receptor Expressed
on Myeloid cells 2 (TREM?) is associated with risk for late onset AD. We have found that
TREM2 protein expression is upregulated in LOAD patient brain lysates compared to aged-
matched controls. To explore this further, using cultured murine and human microglia, we
developed a chronic stimulation model - overnight high dose AP stimulation with subsequent
low dose A stimulation. Our data show that chronic AP exposure increases TREM?2 expression,
perturbing microglial homeostasis.
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Abstract: One prominent and distinguishing feature of progressive, age-related neurological
diseases such as Alzheimer’s disease (AD) and prion disease (PrD) is the gradual accumulation
of amyloids into dense, insoluble end-stage protein aggregates. These polymorphic proteolipid
lesions are known to contribute to immunogenic and inflammatory pathology in these insidious
and fatal disorders of the human central nervous system (CNS). For example, the evolution of
self-aggregating amyloid-beta (AB) peptides, such as the 42 amino acid AB42 peptide monomer
into higher order aggregates are largely due to: (1) the inability of natural processes to clear them
from the cellular environment; and/or (2) the overproduction of these amyloid monomers which
rapidly mature into higher order oligomers, fibrils and insoluble, end-stage senile plaques. Cells
of the CNS such as microglial (MG) cells have evolved essential homeostatic mechanisms to
clear AP peptides to avoid their accumulation, however when defective, these clearance
mechanisms become overwhelmed and excessive deposition and aggregation of these amyloids
result. This paper will highlight some emerging concepts on the up-regulation of an inducible
microRNA-34a in AD and PrD that drives the down-regulation of the amyloid sensing- and
clearance-receptor protein TREM2 (the triggering receptor expressed in myeloid/microglial
cells). The impairment of this TREM2- and MG-cell based amyloid clearance mechanism may
be due in part to increases of an intrinsic miRNA-34a-regulated amyloid clearance system that
contributes to amyloidogenesis associated with both AD and PrD.
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Abstract: Aging is the main risk factor for late onset Alzheimer’s disease (AD), which
corresponds to the great majority of AD patients. Our “glia-dysregulation” hypothesis proposes
that age-related impairment of microglia regulation is a key event in AD pathogenesis, with
aberrant microglia activation leading to the establishment of a deleterious environment,
neuroinflammation and increased cytotoxicity. In aged mice, microglia show increased
expression of cytokines and an exacerbated inflammatory response to pathological changes.
Interestingly, whereas the regulatory cytokine TGFpI is also increased in the aged brain,
neuroinflammatory activation persists. Regarding this apparent contradiction, we reported that
TGEFp1 induction and activation of Smad3 signaling after inflammatory stimulation are reduced
in adult mice. Here, we evaluated the participation of TGFf1 signal transduction pathways, on
the regulation of glia activation at different ages. We assessed in vitro and in vivo production of
inflammatory mediators, expression of scavenger receptors (SR), phagocytosis, induction of
neurotoxicity and neurobehavioral performance. The reduced activation of TGFB1-Smad was
associated with functional changes on the activation of microglia and included impaired
expression of SR-A, which in turn associated with altered cytokine profiles in the plasma and in
the hippocampus as mice aged. We observed that LPS induced a robust production of reactive
oxygen species (ROS) in microglia obtained from older mice, compared with the response of
young mice, which could result in increased oxidative stress. Protective functions, such as
phagocytosis of AP, was also induced by TGFp through a Smad-dependent mechanism. In fact,
although phagocytosis was observed in glial cells obtained from aged animals, induction by
inflammatory stimuli and TGFB1 was impaired in microglia from older animals compared with
the response obtained in young animals. Modulation was partially dependent on Smad3 pathway
and was impaired by inflammatory preconditioning. Our results show that changes in TGFf1-
Smad3 signaling affects the expression of scavenger receptors and the activation pattern of
microglia, which is impaired in aging and chronic inflammatory preconditioning. Those changes



could at least, partially mediate age-associated microglial cell changes, and could result in the
facilitation of the cytotoxic activation of microglia and promotion of neurodegenerative changes.
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Abstract: Alzheimer’s disease (AD) is a dementia characterized by the accumulation of amyloid
plaques, neurofibrillary tangles, neuronal loss, and neuroinflammation. C1q (first component of
complement cascade) can play a detrimental role in AD progression via activating the
complement cascade inducing neuroinflammation and synapse loss. However, in vitro C1q has
direct neuroprotective effects which may be beneficial at early stages of neurological disease,
and thus has implications for therapeutic control of complement activation in neurodegenerative
disease. To investigate the cellular source of C1q in brain, C1qa"™ " mice were crossed to
Cx3cr1 T and to Thy1“"**®*" mice to enable inducible cell specific ablation of the C1q gene.
Strong C1q immunoreactivity was evident in the molecular layer of hippocampus (ML), and
inside cell bodies of microglia and subsets of interneurons in C1qa™ ", Cx3cr1““**" and
Thy1“**", comparable to wild type (WT) mice. Since both Cre constructs also direct YFP
expression, C1q could be seen colocalized with intracellular YFP and Cre in microglia of the
Cx3crl1 “**T but not in YFP neurons of Thy1“"**®"mice. After tamoxifen treatment to induce
cell specific Cre recombinase gene ablation, the C1qa™ " Thy1“"***" mice showed no decrease
in C1q expression. In contrast, tamoxifen treated 5 month old C1ga™"™:Cx3cr1 " T were
devoid of C1q in microglia as well as in the neuropil particularly in the ML. However,



surprisingly, the dramatic loss of C1q immunoreactivity was seen also in the vehicle-treated
Clga™ "™ :Cx3cr1 “**T mice. Immunohistochemical results were confirmed by Western blots
analysis. Neonatal derived microglia showed comparable levels of C1q in both
Clga™" ™ :Cx3cr1 ““**T and WT littermates, but by 1 month of age the decrease in Clq
expression in the ClanL/FL:Cx3 cr1 “***T was near knock out levels at both the protein and
mRNA levels. In contrast, no differences in the levels of C1q was detected in either liver or
kidney from ClanL/FL:Cx3 cr1 “**T mice relative to WT or ClanL/FL littermates.
Clga™ "™ :Cx3cr1 ““** mice had only a partial, if any, reduction in C1q plasma levels. These
results caution that in this model, Cre"™®" gains access to the nucleus independently of tamoxifen,
perhaps due to high expression levels of the recombinase under the Cx3crl promoter in
microglia, inducing recombination and deletion of floxed genes during the long life of the
microglia. Nevertheless, our finding that the specific deletion of C1q in microglia caused the
elimination of C1q in brain but not in the periphery, provide unequivocal evidence that the
microglia is the dominant source of C1q in the brain.

Disclosures: M.I. Fonseca: None. S. Chu: None. M.X. Hernandez: None. M. Fang: None. L.
Modarresi: None. A.J. Tenner: None.

Nanosymposium

109. Glia and Immune Responses in Alzheimer's Disease

Location: SDCC 33C

Time: Sunday, November 13, 2016, 8:00 AM - 10:45 AM

Presentation Number: 109.05

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

Title: Microglial PD-1 modulates neuroinflammation and AD pathology by astrocytic PD-L1

Authors: *M. P. KUMMER', C. KUMMER', H. SARLUS?, A. GRIEP?, S. SCHWARTZ', A.
VIEIRA-SAECKER', M. BRUCKNER®, A. HALLE®, K. HANDLER', M. BEYER', J.
SCHULTZE', E. LATZ', M. HENEKA;

'Univ. of Bonn, Bonn, Germany; 2DZNE, Bonn, Germany; 3Ceasar, Bonn, Germany; 4Caesar,
Bonn, Germany

Abstract: Neuroinflammation, a component of Alzheimer disease (AD), may limit the ability of
the brain to clear deposits and debris. Tight control of the immune system may therefore be key
to sustain the ability of the brain for repair and clearance. Here we report that PD-L1 on
astrocytes and its receptor PD-1 on microglia, known for its inhibitory immune function, are
upregulated around amyloid plaques in AD and APP/PS1 mice. Juxtamembrane shedding of PD-
L1 was observed from astrocytes suggesting ectodomain signaling to microglial PD-1. Deletion
of PD-1 in microglia evoked an inflammatory response and compromised AP uptake. Likewise,



in APP/PS1 PD-1(-/-) mice increased deposition of the amyloid B (AP), reduced microglial A
uptake, and decreased expression of the AP receptor CD36 on microglia were detected.
Therefore, ineffective immune regulation by the PD-1/PD-L1 axis contributes to AP plaque
deposition during chronic, unresolved neuroinflammation in AD.
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Abstract: Besides its well-known role as a mediator of inflammatory responses in immune cells,
the spleen tyrosine kinase (Syk) has been suggested to mediate microglial activation induced by
AP in vitro. We have previously shown that Syk regulates both AP production and tau
phosphorylation. Therefore, we investigated the immuno-localization of activated Syk (p-Syk

Y 525/526) in the brain of different transgenic mouse models of Alzheimer’s disease (AD). Our
high-resolution confocal microscopy study demonstrates an upregulation of p-Syk in microglia
of AB-overexpressing Tg PS1/APPsw and Tg APPsw mice compared to wild-type littermates.
Moreover, BACE-1/sAPPB-positive dystrophic neurites in the vicinity of B-amyloid deposits also
show an increase in p-Syk, implying a contribution of Syk to the degeneration of neurites. In
addition, human tau-overexpressing Tg P301S mice exhibit an age and tau-dependent increase in
neuronal p-Syk compared to wild-type mice. Interestingly, Syk activation in the CNS is
restricted to neurons and microglia excluding astrocytes. In summary, our investigation of three
distinct mouse models of AD, supports a functional role of Syk in microglial activation, in the
degeneration of neurites around B-amyloid deposits and in the formation of pathological tau
species.
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Abstract: Microglia have been implicated in the pathophysiology of Alzheimer’s Disease (AD)
for decades. Yet only recently has genetic evidence underscored the importance of these cells in
the development and progression of AD. While several microglial-associated single nucleotide
polymorphisms (SNPs) have been linked to modest 10-15% changes in AD risk, coding
mutations in one gene, Triggering receptor expressed on myeloid cells 2 (TREM2), are
associated with a far larger 2-4 fold increase in AD risk. As a myeloid-lineage gene, TREM2 is
thought to influence the innate immune response to pathogens or injury. However, growing
evidence indicates that microglia also play critical roles in brain development, homeostasis, and
synaptic plasticity. Thus, mutations in TREM2 likely influence multiple aspects of brain function
and AD pathogenesis. To further study the role of TREM2 in AD we developed anapproach to
differentiate microglial-like cells from patient-derived induced pluripotent stem cells (iPSCs).
Using a paradigm that mimics the developmental origins of microglia, we have produced highly
pure populations of cells that exhibit both genetic and functional characteristics that are highly
similar to tissue-derived microglia. The resulting cells exhibit characteristic
CX3CRI1+/CD11b+/CD45-lo FACS signatures and express numerous microglial-enriched



transcripts and proteins including P2yr12, TREM2, OLFML3, and GPR34. Functional assays
also demonstrate that iPSC-derived microglia migrate toward an ADP gradient, phagocytose
human synaptosomes and beta-amyloid, and respond to LPS stimulation. To begin to examine
the influence of TREM2 mutations on human microglia function, microglial-like cells have been
generated from patient iPSC lines carrying the R47H TREM2 mutation and ongoing studies will
examine the effects of these mutations on microglial function and gene expression.
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Abstract: C5aR1, a G-protein coupled receptor for C5a, is primarily expressed on cells of the
myeloid lineage, and to a lesser extent on endothelial cells and neurons in brain. Previous work
demonstrated C5aR1 antagonist, PMX205, decreased amyloid pathology and suppressed
cognitive deficits in Alzheimer Disease (AD) mouse models. However, the molecular
mechanism of this protection has not been definitively demonstrated. Historically, it has been
difficult to distinguish microglia from infiltrating macrophages, most relying on CD45 levels to
make the distinction. Here we have taken advantage of the CX3CR19""5*F and CCR2RFP/RFP
reporter mice to distinguish microglia as GFP-positive and macrophages as GFP and RFP
positive. To understand the role of microglial C5aR1 in the Arctic AD mouse model,
CX3CRI19*P"CCR2M* Arctic™ were crossed with C5aR1 knock out mice to generate
CX3CR1°™*CCR2M"" Arctic”"C5aR17 and CX3CR19™" CCR2®™" Arctic"C5aR 17" mice.
Mice were aged to 2, 5, 7 and 10 months to investigate the transcriptome of the microglia with
age and progression of plaque pathology. Immunohistochemical analysis showed amyloid beta



(AP) deposition in the Arctic mice consistent with previous results, with no change in pathology
seen in the Arctic C5aR1 knockout (KO) mice. Interestingly, by FACS analysis of isolated
microglia, the CCR2" macrophage population was 2-6 % of the total CX3CR1" population at all
ages and genotypes, with no CCR2" macrophages near the plaques. First, at 5 months there were
no DE genes between C5aR1KO and WT, suggesting that C5aR1 has little effect on microglia
function in the absence of injury/pathology. Secondly, analysis of the top 500 differentially
expressed (DE) genes, as sorted by p-value, from the microglia at 5 months using IPA software
suggests most DE genes are decreased in the Arctic and increased in the Arctic C5aR1KO.
Furthermore, at 7 months, cellular movement is the most common functional group activated in
the Arctic and it is also activated in the Arctic C5aR1KO. At 5 months, cellular assembly and
organization and molecular transport functions are disrupted in the Arctic relative to the wildtype
and deletion of C5aR1 rescues those functions in the Arctic C5aR1KO relative to Arctic. At 7mo
deleting C5aR1 in the Arctic model has less of an effect in those functional categories,
suggesting that the alterations seen at 7 months may reflect damage resulting from excessive
amyloid accumulation independent of C5aR1.
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Abstract: Alzheimer’s disease (AD) is hallmarked by cerebral amyloid-3 (AB) deposition,
tauopathy, neuronal loss, and chronic neuroinflammation. Presence of circulating Ap-reactive
CD4" T cells has been reported in AD patients, suggesting that these adaptive immune cells may
play a role in disease pathogenesis. However, mechanisms of T cell response(s) to A and
implication(s) for AD etiopathology remain unclear. As a major immune regulator within the
CNS, transforming growth factor-beta (TGF-f) generally acts as an anti-inflammatory cytokine
to tightly control immune responses. TGF-3 mRNA levels are elevated in AD patient brains, and
we previously showed that blockade of macrophage TGF-f signaling activated innate immunity
and licensed AP clearance in a mouse model of cerebral amyloidosis. In addition to its role in
regulating innate immunity, TGF-p is also a master regulator of T cells. To begin to understand
the impact of blocking T cell TGF-f signaling on T cell response(s) to AP, we bred the
APPswePSEN1dE9 mouse model of cerebral amyloidosis (APP/PS1) with a dominant-negative
transgenic mouse that expresses an inhibitory form of TGF-p receptor type II in CD4" T cells.
Strikingly, our data reveal that APP/PS1°CD4-DNR" bitransgenic mice present reduction of
cerebral amyloid burden and CAA, but have the net negative consequence of early death; likely
due to overly exuberant brain inflammation. Indeed, reduced amyloid burden in APP/PS1"CD4-
DNR " brains occurs with increased CD4" T-cell numbers and increased Ibal immunoreactivity.
Furthermore, we observed significantly increased numbers of CD45'CD3" T cells in parenchyma
and blood vessels in cerebral cortex and hippocampus of APP/PS1°CD4-DNR" mice. Abundance
of CD45'CD3" T cells was also augmented in the choroid plexus of bitransgenic mice.
Interestingly, B-amyloid plaque-associated CD3" T cells appeared “ruffled”, a morphological
feature that is associated with antigen presentation. We assessed recruitment of immune cells to
amyloid plaques, T cell-microglia interactions and microglial AB phagocytosis using our
quantitative three-dimensional in silico modeling (q3DISM) technique. Our data show that
inhibition of T-cell TGF-f signaling induces brain influx of peripheral T cells, recruitment of
microglia and cerebral AP clearance. This raises the intriguing possibility that infiltrating T cells
may instruct microglia to restrict amyloid burden.
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Abstract: Alzheimer’s disease (AD) is the leading cause of dementia world-wide, with 6% of
people over the age of 65 and 30% over the age of 85, afflicted by AD, and over $200 billion
dollars spent each year towards caring for these individuals, in the United States alone. Given
this, further understanding of significant risk factors for AD development is critical. Recent
literature has indicated a correlation between individuals who suffer from PTSD and/or traumatic
brain injury, with increased risk of AD development. However, there is still a need to decouple
the contributions of physical brain injury and the psychosomatic trauma of exposure to life-
threatening fear. Psychosomatic effects of PTSD are contributed to by environmental stress
through chronic activation of the HPA-Axis, oxidative stress, and cortisol release. Oxidative
stress triggers inflammatory signaling and is implicated in the neuronal cell death of AD. In a
pilot study of psychosomatic trauma in young children, we analyzed DNA methylation profiles
longitudinally using Illumina bead chip technology, and found significant alterations in genes
after traumatic events. Genes regulating inflammatory pathways, including IL-6, IL-1, IL-1R,
and IL-10, were differentially methylated. We also found 38,000 methylation sites altered by
early life adversity in mouse brain. Finally, we observed altered circuitry by manganese
enhanced MRI tract tracing in living double transgenic mouse models of AD expressing the
human APP***™ familial AD mutations. These mice have 3.5-fold higher APP expression and
display plaques and p-tau by 6 mo of age, and have disruption of microcircuitry in the
hippocampus at 10-15 mo. We conclude that AD pathologies contribute to vascular disruption
and likely lead to neurodegeneration in our AD model mouse. Underlying immune dysregulation



mediated by epigenetic changes of inflammatory pathways could exacerbate these effects. These
data suggest that early life adversity, a risk factor for PTSD, can also lead to a vicious cycle of
epigenetic changes in regulation of inflammation, worsening AD pathology, neurovascular
damage, and neurodegeneration.
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Abstract: Background: Alzheimer’s disease (AD) is defined by brain build-up of amyloid-3
(AP) as “senile” plaques. It is becoming widely-recognized that failure in AP clearance—rather
than overproduction—is the etiologic culprit in sporadic AD. CNS-resident microglia lose their
physiologic ability to restrict cerebral A accumulation, and this phenotype switch is poorly
understood. We previously showed that deletion of 7//0 in the APP/PSI mouse model of cerebral
amyloidosis altered the neuroinflammatory milieu and licensed A phagocytosis by activated
monocytes, preserving synaptic integrity and cognitive function. STAT3 is the proximal
downstream /710 signaling molecule. We hypothesize that ablating STAT3 signaling will return
microglia to health; modifying immune/inflammatory hub genes to endorse AP phagocytosis.



Methods: We interrogated expression of STAT3 in AD brains and in the APP/PS1 mouse model
of cerebral amyloidosis. Further, we developed microglial cell lines deficient in STAT3 and
investigated phenotypic changes. Depletion of STAT3 in vivo is accomplished with inducible
Cre technology and floxed STAT3 alleles in the APP/PS1" transgenic animals. Using
quantitative 3D in silico modeling (qQ3DISM) technology, we quantified microglial AP
phagocytosis in response to STAT3 targeting in vitro and in vivo.

Results: We show that all elements of the STAT3 signaling pathway are abnormally elevated in
AD patients’ brains and in the APP/PSI mouse model of the disease. Recent network analysis
studies in a large late onset AD (LOAD) patient cohort validate this finding. In microglial cells,
AP does not induce STAT3 signaling directly; however, co-stimulation with IL-10 inhibits A
phagocytosis. Stat3 deficiency 1) promotes microglial Af phagocytosis, 2) reverses IL-10
inhibition, and 3) phenocopies enhanced AP phagocytosis in ///0 deficient microglia. We are
currently evaluating whether in vivo depletion in presence of established plaques similarly
activates amyloid phagocytosis.

Conclusions: We conclude that ablating microglial STAT3 signaling endorses AP phagocytosis,
and propose that STAT3 signaling promotes “frustrated phagocytosis” in aging and in AD.
Blocking STAT3 signaling in mononuclear phagocytes may be therapeutically relevant for AD.
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Abstract: Intrinsically photosensitive melanopsin-expressing retinal ganglion cells (ipRGC)
express the photopigment, melanopsin, which is maximally sensitive to light around 480 nm.
Though capable of detecting light and independent of rod and cone photoreceptors, ipRGCs
integrate light information generated by direct melanopsin activation and from rods and cones
and transmits this information to many regions of the brain that are essential for both image-



forming and non-image-forming visual processes, such as circadian photoentrainment and
pupillary light reflex. The large variation in melanopsin expression among the five
morphologically-defined ipRGC subtypes has complicated the cyto- and histochemical study of
these cells and their intraretinal interactions. The subtypes of bipolar and amacrine cells involved
in ipRGC subtype-specific signaling is largely unknown. By combining Cre-dependent AAV
vector-mediated expression of miniSOG, a novel correlated light and electron microscopy
marker, in all ipRGCs in the mouse retina and serial blockface scanning electron microscopy
(SBEM), we are able to identify and reconstruct ipRGCs in large EM volumes. The
ultrastructural resolution afforded by SBEM is sufficient for resolving synaptic contacts between
ipRGCs and other retinal cells that synapse onto ipRGC dendrites. Amacrine and bipolar cells
that form synaptic contacts with ipRGC processes are reconstructed using IMOD and identified
based on morphology. Data generated using these methods have revealed previously unknown
differences in ipRGC circuitry between ipRGC processes that stratify in the ON- and OFF-
sublamina of the inner plexiform layer. Differential inputs to differentially-stratified ipRGCs
suggest that ipRGC subtypes may serve specific functions.
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Abstract: Melanopsin is an opsin class of G-protein coupled receptor (GPCR) expressed in a
small subset of retinal ganglion cells which are intrinsically photosensitive (ipRGCs). ipRGCs
contribute to the brightness perception of vision, while they are indispensable for non-image
forming visual responses including light modulation of pupil constriction, circadian rhythm,
sleep and mood. However, mechanisms behind unique responses properties of ipRGCs (slow



activation, light integration and delayed deactivation) are still poorly understood.

Here we explored the role of B-arrestins in melanopsin signaling. Arrestins are multifunctional
adaptor proteins that, once recruited by an activated GPCR, promote signal termination and
receptor internalization. We first showed in vitro that melanopsin functionally interact with both
B-arrestin 1 and 2 upon light stimulation and subsequent phosphorylation of melanopsin C
terminus tail. We then tested the role of the two B-arrestins by measuring ipRGCs
electrophysiological responses in either B-arrestin deficient mice retina or model where we over-
expressed B-arrestins. Finally, we showed that alterations observed in vitro translated in vivo by
assaying negative phototaxis and pupillary reflex to light.

This study identified the key and distinct roles of B-arrestin 1 and 2 in melanopsin signaling and
shows that both are critical for proper adaption of the animal behavior to its environment.
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Abstract: The neural computation of visual perception begins in the retina. The retinal neural
circuits receive inputs from the photoreceptors, spread out along interneurons, and converge to
retinal ganglion cells (RGCs). The axons of RGCs are the only output of the retina and carry all
the visual information from the retina to the rest of the brain. Each type of RGCs is thought to be
associated with one microcircuit and to process distinct visual information. Therefore,
classifying the types is an important step towards understanding the neural computation in the
retina and retina’s role in vision.

We anatomically classified roughly 400 RGCs based mainly on dendritic stratification profiles.
The RGC dendritic arbors were reconstructed from serial electron microscope (EM) images of a
(0.3 mm)® patch of the inner plexiform layer of the mouse retina, and include all RGCs with cell
bodies within the area. The reconstruction was carried out on EyeWire, a web-based EM



reconstruction pipeline that combines artificial intelligence of deep learning and human
intelligence of a community of ‘citizen neuroscientists’. This is the first time EM reconstruction
was done on a large enough area to potentially sample and identify all RGC types.

For cross-validation of our anatomical classification, we compared with visual responses
previously recorded from the same neurons by two-photon calcium imaging. The comparison
confirmed that our classification recovered all well-known ganglion cell types including On-Off
direction selective ganglion cells (DSGCs), sustained/transient On DSGCs, asymmetric Off
DSGC types, sustained/transient and On/Off alpha cells, and W3 cells. We also found orientation
selective or direction selective responses in some cell types that were not previously well-
characterized or were previously unknown.

In addition to the On-Off DSGCs that are known to receive synaptic inputs from starburst
amacrine cells (SACs), we identified two other direction selective types with distinctive
stratification profile against the SACs. We predicted their preferred directions by dendritic
contact with SACs and the results matched their physiology from calcium imaging. Stratification
reliably predicts the transiency of responses for On types of cells, but not for Off types.

In all, our classification includes over 40 types of retinal ganglion cells.

Disclosures: S. Mu: None. J.S. Kim: None. K.L.. Briggman: None. H.S. Seung: None.

Nanosymposium
110. Retina Photoreceptor and Circuitry
Location: SDCC 24A
Time: Sunday, November 13, 2016, 8:00 AM - 10:15 AM
Presentation Number: 110.04
Topic: D.06. Vision
Support: NIH Grant EY017992
NSF Grant DGE114747
Pew Charitable Trust Scholarship in the Biomedical Sciences
Title: Identification and characterization of low-density ganglion cells in the primate retina

Authors: *C. RHOADES', A. TIKIDJI-HAMBURYAN?, G. GOETZ? N. BRACKBILL, N.
SHAH®, A. SHER®, A. LITKE®, E. J. CHICHILNISKY?;
'Bioengineering, “Neurosurg. and Ophthalmology, *Physics, *Electrical Engin., Stanford Univ.,

Stanford, CA; *Santa Cruz Inst. for Particle Physics, Univ. of California Santa Cruz, Santa Cruz,
CA



Abstract: Retinal ganglion cells (RGCs), the output neurons of the retina, send information to
the brain in patterns of electrical activity. Previous anatomical work has revealed that roughly 20
types of RGCs exist in the macaque monkey and likely encode different features of the visual
scene (Dacey et al., 2003). The functions of only the five highest-density types have been
extensively investigated. In order to understand the neural code of the retina, it is necessary to
understand the visual features extracted by the remaining low-density RGC types.

Large-scale multi-electrode recordings from ex vivo preparations of macaque retina revealed
several types of low-density RGCs in addition to the numerically dominant RGC types. Reverse
correlation of the spike times with a white noise visual stimulus enabled classification of
different cell types and characterization of the spatiotemporal response properties of each cell.
The response properties of two types of low-density RGCs were examined further, one
exhibiting ON light responses and one exhibiting OFF light responses. As with previously
studied RGC types, the two low-density cell types each formed a complete mosaic tiling the
recorded region. They had similar temporal response properties to the ON and OFF parasol cells,
respectively, but their receptive fields were 2-3 times larger in diameter. These properties,
combined with the known dendritic field sizes and overlapping dendritic stratification of parasol
cells and smooth cells (Dacey, 2004), suggest that these cell types correspond to the ON and
OFF smooth cell types (Petrusca et al., 2007; Crook et al., 2008). Despite animal-to-animal
variability, the putative smooth cells were identified in multiple recordings by normalizing their
responses to the responses of well-studied RGC types in the same preparation. High-resolution
visual stimulation revealed microstructure within the receptive field of the putative smooth cells
as well as interdigitation of the irregular structure in the receptive fields of neighboring cells. The
receptive field of each cell contained 3 to 5 zones of high sensitivity. The putative smooth cells
would be expected to pool inputs from up to several hundred bipolar cells with much smaller
summation areas, indicating that each of the observed zones of high sensitivity was made up of
multiple bipolar inputs. In response to images of natural scenes with simulated eye movements,
the putative smooth cells fired almost exclusively at simulated saccades, suggesting involvement
in the signaling of large movements or changes in the visual scene.
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Abstract: Developing neurons form precise connections with different presynaptic partners and
thus attain specific response properties. Here, we study a well-characterized retinal circuit to
determine if postsynaptic neurons establish connections with different presynaptic partners
independently, or whether they balance converging inputs to achieve response homeostasis.
Retinal ganglion cells that respond with sustained spiking and high contrast sensitivity to light
increments (¢ON- RGCs) receive excitatory input from multiple bipolar cell types dominated by
B6 cells. Here, we generate mice in which B6 cells are selectively removed from developing
circuits by transgenic expression of diphtheria toxin (B6-DT mice). In B6-DT mice, t?ON-RGCs
adjust connectivity patterns with other bipolar cells in a cell-type-specific manner. Whereas input
from some bipolar cell types is upregulated, input from others remains unchanged.
Electrophysiological recordings reveal that spatiotemporal receptive field properties, sustained
responses, and contrast sensitivity of aON-RGCs are preserved in B6-DT mice, supporting the
notion that anatomical plasticity ensures response homeostasis in this circuit.
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Abstract: To gain insight into the transmission of information along the visual pathway, we
recorded electroretinographic (ERG) and electroencephalographic (EEG) signals simultaneously
from a high-density EEG system for the first time. High-quality ERG and EEG responses for
full-field stimulation as a function of wavelength and intensity were obtainable with this
approach.

Methods. We used an EGI 128-electrode whole-head EEG scalp recording system to study joint
ERG/EEG responses from to 2.5 Hz On-Off epochs of full-field stimuli at 480, 540 and 610 nm
peak wavelengths, plus their sum (white), over a 2.5 log unit range of intensities from scotopic to
photopic levels. Data were obtained for 5 healthy individuals and averaged.

Results. The average data were analyzed by singular value decomposition, under which 6
components accounted for 97% of the variance. There were two ERG components (responses
restricted to the electrodes around the eyes), one peaking around 40 ms with a spectral sensitivity
distribution matching the melanopic template, the other peaking around 60 ms with a uniform
distribution across all color conditions. A small photopic component could also be identified
with a focal occipital distribution corresponding to primary visual cortex, peaking at 90 ms.
Three further EEG components had a ventral occipital scalp distribution corresponding to the
cortical color areas adjacent to retinotopic V4, were each dominated by one color stimulus. The
red-dominant component peaked at 100ms, the green-dominant component was primarily
negative peaking at 90 ms, and the blue-dominant component peaked at 170 ms. Several of the
ERG/EEG components showed sub-additivity of the white response relative to the color
contributions, implying inhibitory relationships among the underlying color channels.
Conclusions. The ability to measure simultaneous ERG/EEG from a whole-head electrode net,
developed for the first time in this study, allows the tracking of signals through the visual system
from the retina to the primary visual cortex and then to higher cortical areas. The timings of the
ERG components area are consistent with standard light-adapted ERG measures, though with
unusual spectral characteristics, while the cortical color responses are in the typical range for
early visual evoked potentials but reflected unexpected specificity to particular stimulus
wavelengths.
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Abstract: A central challenge in sensory neuroscience involves understanding neural
computations and circuit mechanisms underlying responses to ethologically relevant, natural
stimuli. However, the ubiquity of cascaded nonlinear processes like synaptic transmission and
spiking dynamics in multilayered circuits has presented significant obstacles to the goal of
learning accurate computational models of circuit responses to natural stimuli from neural
recordings. Instead, simple models of responses to spatiotemporal white noise have formed the
conceptual bedrock of our understanding of early sensory function. Surprisingly, few studies
have addressed whether or not these simple models generalize to natural stimuli (Heitman et. al.
2016).

To address these challenges, we employ deep convolutional neural networks (CNNs), which
demonstrate success at many pattern recognition tasks (LeCun et al. 2015). These models
cascade multiple layers of filtering and rectification — exactly the elementary computational
building blocks thought to underlie complex functional responses of sensory circuits. Previous
work utilized these models to understand responses in IT cortex (Yamins et. al. 2013), but not in
early sensory areas where knowledge of neural circuitry can provide important validation for
such models.

We find that CNNs are considerably more accurate at capturing retinal responses to held-out
natural scenes than linear-nonlinear (LN) models and related models, such as generalized linear
models (GLMs). Furthermore, we find CNNs generalize significantly better across classes of
stimuli (white noise vs. natural scenes) they were not trained on. Remarkably, analysis of these
CNN s reveals internal units selective for visual features on the same small spatial scale as the
main excitatory interneurons of the retina, bipolar cells. Moreover, probing the model with
reversing gratings, paired flashes, and contrast steps reveals that the CNN learns nonlinear retinal
response properties such as frequency doubling and adaptation, even though the CNNs were not
trained on such stimuli.

Our work brings models with rich computational capacity to bear on the problem of
understanding natural scene responses, and demonstrates the power of CNNs to not only
accurately capture sensory circuit responses to natural scenes, but also uncover the circuit’s
internal structure and function. Moreover, our methods can be readily generalized to other
sensory modalities and stimulus ensembles.
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Abstract: Correlating neural circuit function with behavior is a central goal in

neuroscience. This has been difficult because of the complexity of neural circuits and the
computations relevant for behavior. Vision at the sensitivity limit offers an outstanding
possibility to overcome these challenges. Nevertheless, it has remained unclear to which extent
the two fundamentally different retinal outputs — On and Off pathways — define behavior. We
measured the sensitivity limit of light detection at the level of mouse rods, retinal ganglion cells
(On and Off sustained alpha-like cells), and behavior. Responses of single rods were recorded
with suction pipettes and ganglion-cell responses with patch electrodes in flat-mounted dark-
adapted retinas. Visually guided behavior was measured in a water maze test using a novel
tracking method of mice. By manipulating single-quantum responses via transgenic techniques in
a mouse line (OPN) expressing human L-cone pigment in its rods, we show that visually guided
behavior at the detection threshold relies on information provided by the retinal On pathway.



Higher-order decision mechanisms cannot integrate information across On and Off retinal
outputs even when it would allow higher visual sensitivity. High amplification of single-photon
responses in rods and nonlinear signal processing in the On pathway are the key determinants
defining behavioral threshold.
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Abstract: Glaucoma is a progressive optic neuropathy that can be associated with irreversible
visual field loss. Standard automated perimetry (SAP) is the standard method used for
assessment of functional loss in the disease. However, SAP is limited by the subjectivity of
patient responses and considerable variability. In addition, SAP testing is generally costly and
lacks portability, precluding its use as a screening device in remote locations and also for at-
home testing. In previous studies, we have shown the feasibility of applying an objective method
for assessment of functional deficits in glaucoma using multifocal steady state visual-evoked



potentials (mfSSVEPs) on a mobile, wearable and wireless AR/VR platform, nGoggle (Cerebra
Technologies, Inc., Hsinchu, Taiwan). But, the study only reported the results of full-field
SSVEPs for assessing retinopathy, which lacks specificity. In this study, we extend our previous
work by applying a novel analytical method to assess mfSSVEPs elicited by visual stimuli
flashed with different frequencies at different areas of the visual field, providing imperative
specificity. Three glaucoma patients and one healthy subject participated in this pilot study. The
visual stimulus consisted of 20 sectors of visual stimuli flickering with different frequencies
ranged from 8.0 to 11.8 Hz with a step of 0.2 Hz. The EEG data recorded by nGoggle were
band-pass filtered from 5 Hz to 50 Hz. Artifact subspace reconstruction (ASR, EEGLab) method
was applied to remove high-amplitude artifacts. The trials with severe artifacts were then
manually removed. Canonical correlation analysis (CCA) and Fast Fourier transform (FFT) were
then applied to the artifact-reduced EEG to assess visual field loss. The CCA-based spatial filter
was used to remove background EEG activities and improve the signal-to-noise ratio of
measured mfSSVEP. FFT was then applied to the output of the CCA to measure spectral
amplitudes within each sector, which were compared against the SAP sensitivity of the
corresponding region.Study results showed that glaucoma eyes had lower mfSSVEP amplitude
compared to healthy eyes. In glaucoma patients with unilateral visual field defect, the
contralateral eye showed lower mfSSVEP amplitudes compared to controls, suggesting the
possibility of early detection of visual field damage by the nGoggle. In conclusion, this pilot
study suggests the feasibility of using the nGoggle, a portable and wireless AR/VR platform, to
assess visual field loss in glaucoma patients.
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Abstract: Individuals make decisions differently when they are in competition versus when they
are alone. In the fruit fly Drosophila, males court females by following and singing to them; song



structure is highly variable and sculpted by sensory feedback from the female (Coen et al. Nature
2014; Coen et al. Neuron 2016). In fact, generalized linear models (GLMs) are effective at
predicting the full structure of song from the dynamics of fly movements and interactions. This is
because the decision to sing - and what type of song, or with what intensity - is tightly controlled
by sensory stimuli (in particular, how fast the female is moving and how far away she is).
However, these experiments have so far only examined male behavior in the presence of a single
female. How does song patterning change when multiple males are present? And how does the
female decide with which male to mate? We quantify the effects of allowing two males to
compete for a single female. Wing-clipped males (that cannot sing) lose disproportionately
(>85% of the time) to competing wildtype males, even though they continue to chase females
during courtship. This suggests that song is integral to the copulation decision. In competitions
between two males that can both sing, the individual that sings the most bouts of songs ‘wins’
the courtship. In order to identify whether song decisions are patterned similarly under
conditions that include competition we compute GLMs using an extended parameter set that now
includes all single-animal, pairwise, and triplet interactions (we further include nonlinear
combinations of parameters in our refined model). Using these models we find that both the
sensory cues that drive song patterning and the structure of song change in the presence of a
second male. These data suggest that song production decisions in Drosophila are actively
modulated by the social context. We will present these data and ongoing work to build a
generative model for song patterning that includes long timescale interactions.
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Abstract: Signalling with repetitive sound patterns is essential for mate attraction in many
insects and vertebrates. At the receiver side signal processing requires neural recognition



mechanisms tuned to species-specific acoustic patterns. Behavioural studies with systematically
varied sound patterns aim to characterise the temporal tuning of the phonotactic behaviour and to
reveal the principles of the underlying processing mechanisms. Phonotaxis experiments in
crickets, however, are generally based on setting the same pulse duration or interval within
chirps for a complete test series. They cannot reveal any dynamic changes in the neural filter
properties while a sequence of sound pulses is processed in a delay-line and coincidence
detection network. Due to the dynamic changes in neural processing in this detector network that
underlies pattern recognition, we hypothesized that manipulating individual sound pulses or
intervals in the sequence of chirps will have specific effects on female cricket phonotactic
behaviour. Corresponding tests with 3 pulsed chirps reveal very different characteristic female
phonotaxis response curves for changes in the duration of the first, second or third sound pulse.
Such different responses were not expected from conventional phonotaxis tests and provide
further insight into the delay-line and coincidence detection network in the cricket brain. The
sound patterns will be important test tools for neurophysiological analysis.
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Abstract: Songbird is a popular model animal for neuroethological studies on vocal and auditory
processing because they learn complex vocalizations. In the songbird brain, the nucleus HVC is
considered as a premotor area, mainly generating the timing of each element in vocalization. At
the same time, the HVC receives inputs from higher auditory areas, and there are neurons
responding to specific auditory stimuli. Some of such HVC neurons are known to change their



response characteristics to specific auditory stimuli according to the state of individual, such as
awake or asleep. However, the neural mechanism or the function of this change is poorly
understood. To know these in detail, it is needed to investigate not only the characteristics of
neural response to stimulus but also that of resting-state spontaneous activity, related with the
state of the individual. This research demonstrates the relationship between the change of
individual state and the change of the characteristics of neural activity. By continuous and long-
time recording of local field potentials (LFP) in the HVC in Java sparrow (Padda oryzivora)
using an ultra-light wireless transmitter, we investigated the activities of large proportion of the
HVC neurons. The frequency component of 30-50 Hz was larger while asleep (nighttime) than
while awake (daytime) in the HVC spontaneous activity. The amplitude of LFP was lower when
playing back bird’s own song during nighttime than during daytime. We discuss these results in
light of the function of HVC related with the states, including the anatomical and physiological
characteristics of each neuron.
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Abstract: Animals must decipher information encoded in vocalizations and take adaptive
behaviors in response. Songbirds are an excellent model to search for the neural basis of such
process, because they produce and recognize various vocalizations related to complex social
factors. The avian nucleus taeniae of the amygdala (TnA) has been regarded as the counterpart of
the mammalian medial amygdala from previous neuroanatomical studies, and functional studies
on the effect of lesions on sexual and social behaviors in songbird and non-songbird species.
Recent studies examining the expression of immediate early genes suggested that neural activity



in TnA can reflect familiarity or quality of songs. Based on these findings, one can speculate that
the TnA plays a role in linking perception of vocal stimuli to subsequent relevant behaviors. In
considering this possibility, auditory response properties in the TnA is worth being investigated
at the level of single-unit activity. Here we explored auditory responses of TnA neurons in
Bengalese finches, particularly focusing on stimulus selectivity.Adult male and female birds
were anesthetized with urethane and exposed to conspecific and heterospecific songs,
conspecific distance calls, as well as white noise. Single-unit activities in the TnA and adjacent
Arcopallium were recorded during the stimulus presentation. In total, we recorded neural activity
of 115 TnA neurons (84 from 10 males, 31 from 7 females). Analysis of firing rate revealed that
79 out of 115 units were responsive to some stimulus, with 16 of these selective for a specific
stimulus or stimuli. The stimuli that elicited significant responses varied among units and there
seemed no trends of selectivity among the population. We also examined sex differences in the
proportion of auditory responsive and selective units and found that the the percentage of
responsive and selective units were higher in males than in females. The Arcopallium
neighboring to the TnA also had substantial population of responsive (302 / 417) and selective
units (103 /302). In summary, we showed that neural activity in the songbird TnA is capable of
representing attributes of vocal sounds beyond simple acoustical features. Because the proportion
of responsive and selective neurons in the TnA was comparable to that in the surrounding
Arcopallium, structural and functional correspondence between the mammalian and avian
amygdala should be further investigated.
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Abstract: Many animal experiments begin by placing a subject inside an observation or testing
chamber - a manipulation which itself may alter the state of the animal compared to the true
resting or normal condition, especially for animals that live in social groups. In research using
songbirds, individuals are typically placed alone overnight inside a sound isolation chamber, so
that immediate auditory experience can be controlled and vocalizations easily recorded. What
impact might this manipulation itself have on the underlying neurophysiology of auditory
processing and vocal communication? Here we applied a combination of techniques (RNAseq,
qPCR, in situ hybridization) to assess the effect of overnight isolation on gene expression in the
zebra finch forebrain, focusing on the auditory caudomedial pallium (“auditory lobule”). Deep
RNA sequencing was first performed on individual auditory lobules from 24 females, half after
solo isolation in a standard sound chamber and the others taken directly from a social aviary.
Isolation suppressed expression of EGR1 and BDNF, genes linked to neurophysiological
activity, learning and neuroplasticity. Yet in the same animals, isolation boosted expression of a
urotensinergic neuropeptide (encoded by UTS2B) and the glucocorticoid receptor chaperone,
FKBPS. These effects were replicated using quantitative PCR, both in males and also in birds
from a separate aviary. In situ hybridisation showed that the effects were not limited to the
auditory forebrain nor to the same region or cell type in each case. Rather, multiple brain systems
seem to be affected at the transcriptional level by the experience of acute isolation. These results
have practical implications for the design and interpretation of common experiments where the
“control” condition is a bird place alone overnight in a sound chamber: these birds are in a
different neurogenomic state from birds in a more normal social context. A broader implication
is that higher perceptual and cognitive processes may be altered by the immediate social or
physical environment through dynamic changes in brain gene expression.
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Abstract: Vocalization is a trait shared among many vertebrates and often essential for
reproductive success. In toadfish, a model for vertebrate vocal networks, the basic features of
vocalizations are determined by a hindbrain vocal central pattern generator (vCPQG) that consists
of three anatomically separate nuclei: the vocal pre-pacemaker nucleus (VPP), the vocal
pacemaker nucleus (VPN) and the vocal motor nucleus (VMN). The neurochemical profile of
this vocal network remains largely unexplored.

Using immunohistochemistry combined with transneuronal labeling (neurobiotin) of the entire
vCPG, we investigated the neurotransmitter profile of the vCPG nuclei in two toadfish species,
Allenbatrachus grunniens and Opsanu beta. Consistent with prior studies in other toadfish
species, neurobiotin delineated three vCPG nuclei with VMN motor neurons being cholinergic
and receiving extensive GABAergic innervation. We now also show that VMN receives a
prominent glycinergic input. Both types of inhibitory neurons are within the VPN region, though
morphologically distinct from the majority of neurobiotin-labeled VPN neurons. However, a
subset of the glycinergic, but not GABAergic, neurons was co-labeled with neurobiotin,
suggesting gap junction coupling to VPN and/or VMN neurons. Thus, three inhibitory neuron
groups constitute novel vCPG populations within the VPN region: GABAergic neurons,
glycinergic neurons, neurobiotin/glycinergic co-labeled neurons. GABAergic and glycinergic
input was also detected in VPN and in VPP, though neurons in the VPP region were not co-
labeled with neurobiotin. The presence of both GABAergic and glycinergic inputs strengthen the
previously demonstrated necessity for inhibitory input to VMN in generating a highly
synchronous, temporally stable vCPG output.

Glutamatergic somata were identified in all vCPG nuclei, including VMN motor neurons, though
vocal motor axons were not labeled. In agreement with vocal mechanisms in other vertebrates
and prior studies of VMN, there was a robust serotonergic input to all vCPG nuclei. Notably,
serotonergic innervation was mainly in an area where VMN somata cluster in A. grunniens, but
lateral to VMN in a region where VMN and VPN dendrites overlap in O. beta.

In summary, our comparative data for toadfish identifies glutamate as a major excitatory
transmitter in all nodes of the vCPG with GABA and glycine providing prominent inhibitory
input that likely supports the highly stable, temporal pattern of vCPG output and natural
vocalization. A prominent serotonergic input to all vCPG nodes offers a potential mechanism for
modulation of vocal patterning at all levels of the hindbrain vocal network.
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Abstract: In songbirds, females dictate reproduction and evolution through mate choice,
selecting only the highest quality males, based on analysis of their song quality. It has been
suggested that the female song control system facilitates these song preferences, though the
neurological and behavioural mechanisms by which song preferences lead to reproduction are
unknown. The current study examined the role of female song preferences and social behaviour
in courtship, mate selection and reproductive success. A subset of females from two flocks of
brown-headed cowbirds (Molothrus ater) received either lesions to song area HVC, previously
shown to disrupt song preferences, or sham lesions. Social and reproductive behaviour was
quantified through the following breeding season. Initial analyses indicate that females use a
behavioural strategy during courtship and pair bonding, including management of distance, time,
and use of positive and negative feedback toward particular males during social interactions. The
importance of this behaviour independent of song preference disruption was also demonstrated
by altered behavior in non-lesioned females housed with lesioned individuals. Additional
analyses will focus on examining disruptions to reproductive success in females exhibiting an
altered behavioural strategy, including number, strength and quality of pairings, as well as the
survival rate and performance of offspring. These results provide crucial evidence for the
function and mechanism of the female song control system and mating preferences,
demonstrating the importance of behavioural strategy during courtship and the critical role of
females in courtship and reproduction in songbird species.



Disclosures: E.L. Coldin: None. H. Davies: None. A. Perkes: None. S.A. MacDougall-
Shackleton: None. M.F. Schmidt: None. D.J. White: None.

Nanosymposium

112. Interactions Between Stress and Immune Function

Location: SDCC 5B

Time: Sunday, November 13, 2016, 8:00 AM - 11:30 AM

Presentation Number: 112.01

Topic: F.04. Stress and the Brain

Support: NIMH IRP to MAH

Title: Effects of microglia depletion on behavior, stress reactivity, and recovery

Authors: *T. K. WEIGEL, M. L. LEHMANN, M. HERKENHAM,;
Natl. Inst. of Mental Hlth., NIH, Bethesda, MD

Abstract: Microglia are responsive to psychosocial stress, which can cause their proliferation
and activation, but the role that they play in responding to this stress is not fully known.
Depletion of microglia in adult mice under normal conditions has been shown to have no effect
on behavioral tests of anxiety, but previously no studies have examined the effects of microglia
depletion on the behavioral outcomes of chronic stress. We used the drug PLX5622, a colony
stimulating factor 1 receptor (CSF1R) inhibitor, to deplete microglia in chronically socially
stressed mice and study their stress reactivity and recovery. After 14 days of treatment with
PLX5622, the number of microglia was decreased to <5% of baseline. We examined the social
and sexual behavior of mice administered PLX5622 feed or nondrug feed before and after
exposure to chronic social defeat stress. The behaviors of the drug and nondrug groups were not
significantly different before stress. After chronic stress, the nondrug group showed a dramatic
decrease in social interaction while the PLX5622 group did not show a significant change from
their pre-stress scores. This suggests that microglia depletion does not alter baseline social
behavior but it protects against the decreased social interaction resulting from chronic social
defeat. After the chronic social defeat ended, a group of PLX5622-treated mice was switched to
nondrug feed for a two-week recovery period. In this period, microglia repopulated the brain,
and at the end, the microglia-repleted mice showed a significant decrease in social interaction.
This result shows that microglia reconstitution in the aftermath of stress removes the protection
provided by the original microglia depletion. We have observed CCR2+ cells in the brain
parenchyma during microglia reconstitution, a sign of peripheral macrophages crossing the
blood-brain barrier. Our results suggest that microglia play a role in effecting depressive-like
behavioral changes in chronically socially stressed mice and that microglia depletion can protect
against these effects during and after chronic stress.



Disclosures: T.K. Weigel: None. M.L. Lehmann: None. M. Herkenham: None.

Nanosymposium

112. Interactions Between Stress and Immune Function
Location: SDCC 5B

Time: Sunday, November 13, 2016, 8:00 AM - 11:30 AM
Presentation Number: 112.02

Topic: F.04. Stress and the Brain

Support: SR21MH097182-02

Title: Lipopolysaccharide-induced changes in adolescent prefrontal cortex AMPA receptors
after early life stress

Authors: P. GANGULY', S. SHAH', E. COLEY', *H. C. BRENHOUSE?;
*Psychology, 'Northeastern Univ., Boston, MA

Abstract: Early life stress (ELS) exposure in rodents alters the development of prefrontal cortex
(PFC) activity, which is largely regulated by inotropic glutamate receptors such as AMPA.
Active regulation of AMPA receptor (AMPAR) trafficking to the plasma membrane is
fundamentally important for synaptic plasticity and behavior. Interestingly, recent studies have
shown that AMPAR trafficking is mediated by neuroimmune signaling, as production of the
cytokine tumor necrosis factor-o (TNF-a) causes rapid trafficking of GluR2-lacking AMPARS to
the surface membrane. Decreased GluR2 can enhance excitotoxicity, a process that plays a major
role in the etiology of several neuropsychiatric diseases. TNF-a levels are also increased after
ELS, suggesting a possible neuroimmune mechanism that yields ELS populations more
vulnerable to psychiatric disorders. Indeed, several studies have shown that ELS disrupts normal
developmental trajectory of PFC AMPAR receptor expression and may also upset glutamate
receptor trafficking and mobility.

We hypothesized that ELS yields PFC dysfunction via heightened neuroimmune activity and
consequentially altered AMPA composition. We aimed to determine whether ELS in the form of
maternal separation would increase vulnerability to a subsequent adolescent immune challenge
with lipopolysaccharide (LPS), hence increasing TNF-a mediated rapid exocytosis of GluR2-
lacking AMPARS to the plasma membrane. We further determined whether administration of the
TNF-a antagonist Ibudilast could successfully prevent ELS and/or LPS induced changes. Male
and female rats were either reared under control conditions or were separated from their mother
and littermates for 4h/day from postnatal days 2-20. On postnatal day 40, animals were
administered LPS and/or Ibudilast. Five hours after LPS, behavior was assessed in an open field
and the PFC was extracted for qPCR analysis of TNF-a and western blot analyses on membrane
fractions of GluR2 and GluR1.



We observed that LPS decreases GluR2 levels in the PFC, while Ibudilast protects against GluR2
loss in both male and female adolescents. Maternally separated male rats, but not female rats,
also showed lower GluR2 levels. LPS exacerbates this loss, while Ibudilast protects against
GluR2 depletion. Taken together, these findings suggest that ELS affects neuroimmune signaling
in male adolescents, which leads to decreased PFC GluR2 that may reflect increased trafficking
of GluR2-lacking AMPAR.
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Abstract: Overwhelming evidence suggests that adversity during early life markedly increases
vulnerability to a myriad of neuropsychiatric disorders including depression, anxiety, and
schizophrenia. Importantly, stress during this time modifies circulating levels of stress hormones,
which in turn has downstream effects on neuroimmune function. We hypothesize that, these
changes likely negatively impact overall neural development via neuroimmune signaling -
particularly within the prefrontal cortex (PFC) - thereby leading to altered pathology associated
with neuropsychiatric dysfunction. While the etiological mechanisms are not fully understood,
resident microglia are thought to be a common source of increased neuroimmune activity
through production of inflammatory molecules (e.g. cytokines, chemokines) in response to
disruption in homeostasis. Microglia are capable of provoking long-term changes in brain
structure and function, particularly within local microcircuitry. Importantly, they have the ability
to become chronically sensitized, or ‘primed’, to over-activation following insult. Early life
stress via maternal separation (MS) is thought to alter microglial reactivity to subsequent
immune activation across development. In order to better understand the impact of MS on
microglial priming in the developing immune system, rat pups were separated from their dams
for 4 hours per day from P2-20. In order to stress immune reactivity following MS, rats were



exposed to lipopolysaccharide (LPS) at distinct developmental time points (P9, P20, or P40), and
the concentrations of ramified and amoeboid PFC microglia were quantified to gain insight to
activity states. Our findings reveal that by P20, MS rats show a higher baseline level of activated
microglia, and by P40 there is evidence of microglial sensitization to LPS immune activation.
Taken together, these findings provide compelling evidence for a role of early life adversity in
altering microglia function in later life.
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Abstract: Exposure to painful procedures and/or stressors during the early neonatal period can
reprogram the underlying neurocircuitry involved in neuropathic and inflammatory pain
perception. The reprogramming of these systems can result in an enduring elevation in sensitivity
towards mechanical and thermal stimuli. Recent evidence suggests that exposure to mild
inflammatory mediators during the neonatal period can induce similar pain responses in both
adolescent and adult rats. Therefore, we sought to profile changes in the expression of several
genes across brain areas involved in the active modulation of neuropathic and inflammatory pain
using a well-recognized model of neonatal inflammation. In the present study male and female
Sprague-Dawley rats were administered either the inflammatory endotoxin lipopolysaccharide
(LPS; 0.05mg/kg, i.p.) or saline (equivolume) on postnatal days (PND) 3 and 5. During
adolescence, hind paw mechanical withdrawal thresholds were evaluated using an electronic von
Frey anesthesiometer (IITC Life Science, Woodland Hills, CA). Animals challenged neonatally
with LPS had increased pain sensitivity on this measure. Preliminary results indicate that
neonatal LPS reduced the expression of Oprml1 in the periaqueductal grey and prefrontal cortex
of male and female rats whereas Cnrl was only decreased in the prefrontal cortex of female
animals. Our data suggest that the experience of a mild inflammatory sickness induced in early



life has a far reaching impact on adolescent pain responses and underlying gene expression
profiles across important brain areas involved in pain processing.
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Abstract: Cannabinoid receptors have been examined as potential targets to alleviate the
negative consequences of anxiety, trauma-related, and stress-related disorders. However, in
preclinical animal studies, synthetic cannabinoids can produce adverse motoric and cognitive
effects. Thus, pharmacological strategies that augment endocannabinoid levels in the brain, with



the aim of enhancing signaling through cannabinoid receptors, are being investigated for their
ability to modulate anxiety and stress responses. Previously, we have demonstrated that either
genetic removal of prostaglandin-endoperoxide synthase 2 gene, which codes for the
cyclooxygenase-2 (COX-2) enzyme that degrades the endocannabinoids, anandamide and 2-
arachidonylglycerol, or pharmacologically inhibiting COX-2 activity with a substrate-selective
COX-2 inhibitor (SSCI), LM-4131, can increase brain anandamide levels. These elevations in
endocannabinoid levels in the rodent brain resulted in enhanced endocannabinoid signaling
through the cannabinoid type 1 receptor and, subsequently, reduced anxiety-like behaviors in
mice under basal conditions. Using the novelty-induced hypophagia (NIH) assay, elevated plus
maze, and ex vivo and in vivo electrophysiology, we tested the hypothesis that endocannabinoid
augmentation via SSCIs may have the potential to counteract stress-induced anxiety-like
behaviors. We have found that the SSCIs, LM-4131 and lumiracoxib, and the selective COX-2
inhibitor, celecoxib, can reduce anxiety-like behaviors in mice subjected to footshock stress. In
contrast, these inhibitors had little effect in non-stressed mice. The anxiolytic action of the SSCI,
LM-4131, was mediated through the cannabinoid type 1 receptor under non-stressed (control)
conditions, but mediated through the small conductance calcium-activated potassium (SK)
channels when mice were subjected to footshock stress. Also, we have found that the anxiolytic
effects of SSCIs in stressed mice may be due to a decrease in excitatory cell firing in the
amygdala. Ongoing studies will further elucidate the receptor mechanisms in terms of brain
region specificity that are involved in the anxiolytic effects of SSCIs after stress exposure.

Disclosures: J.C. Gamble-George: None. R. Baldi: None. L. Halladay: None. A. Kocharian:
None. N.D. Hartley: None. C.G. Silva: None. H. Roberts: None. A. Haymer: None. L.J.
Marnett: B. Contracted Research/Research Grant (principal investigator for a drug study,
collaborator or consultant and pending and current grants). If you are a PI for a drug study, report
that research relationship even if those funds come to an institution; collaborative research
contract with Lundbeck Pharmaceuticals. E. Ownership Interest (stock, stock options, royalty,
receipt of intellectual property rights/patent holder, excluding diversified mutual funds); co-
inventor on a patent entitled “Composition and method of Substrate-Selective COX-2
inhibition”. A. Holmes: None. S. Patel: B. Contracted Research/Research Grant (principal
investigator for a drug study, collaborator or consultant and pending and current grants). If you
are a PI for a drug study, report that research relationship even if those funds come to an
institution; collaborative research contract with Lundbeck Pharmaceuticals. E. Ownership
Interest (stock, stock options, royalty, receipt of intellectual property rights/patent holder,
excluding diversified mutual funds); co-inventor on a patent entitled “Composition and method
of Substrate-Selective COX-2 inhibition”.



Nanosymposium
112. Interactions Between Stress and Immune Function
Location: SDCC 5B
Time: Sunday, November 13, 2016, 8:00 AM - 11:30 AM
Presentation Number: 112.06
Topic: F.04. Stress and the Brain
Support: ROIMH097243
RO1MH093473
T32DE014320
F31MH109234
Title: Extramedullary monopoiesis underlies stress-sensitization and recurring anxiety

Authors: *D. B. MCKIM, J. P. GODBOUT, 43004, J. F. SHERIDAN;
The Ohio State Univ., Columbus, OH

Abstract: In humans, chronic stress is associated with an increased prevalence of mental health
complications including anxiety and depression. Repeated social defeat (RSD) in mice
recapitulates key deficits associated with psychosocial stress in humans. We have reported that
exposure to sub threshold stress 24 days after RSD caused the recurrence of anxiety that was
dependent on monocyte trafficking from the spleen to the brain. We hypothesized that
extramedullary production of monocytes in the spleen underlies enhanced monocyte trafficking
and recurring anxiety following psychosocial stress. Here we show novel data that RSD causes
substantial engraftment of hematopoietic stem progenitor cells (HSPCs) in the spleen. For
example, RSD significantly increased the presence of all sub-types of progenitor lineages in the
spleen, but profoundly increased lineages associated with: Monocytes (M), Granulocytes (G),
Granulocytes-Monocytes (GM) and Multipotent Progenitors (GEMM). Moreover, there was a
30-fold increase in the number of Lin-/Scal+/cKit+ (LSK) progenitor cells in the spleen after
stress that were proliferating (S/G2/M cell cycle phase). Next, we tested if these stem cells in the
spleen after stress could re-establish the bone marrow of a BM-ablated mouse. In these
experiments, mice were subjected to RSD and splenocytes from CD45.1+ mice were co-
transferred with GFP+ bone marrow competitor cells into myoablated CD45.2+ mice.
Engraftment of donor stem cells was determined 4 months later. There was significant increase
in BM engraftment (28-fold) of CD45.1+ splenocytes derived from RSD mice. If extramedullary
hematopoiesis was responsible for enhanced monocyte trafficking from the spleen 24 days after
RSD, then progenitor proliferation would have to be maintained for this same time period. Even
24 days after RSD, there was a significant increase in the number of splenic CFU, specifically of
the GM-CFU subtype. Furthermore, using a BrdU pulse chase experiment, there was significant



increase in the number of BrdU+/CD11b+ splenic monocytes in the red pulp 24 days after RSD.
These data indicate that RSD caused extramedullary hematopoiesis that resulted in long term
monocyte proliferation in the spleen that persisted for at least 24 days.
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Abstract: In humans, chronic stress is associated with an increased prevalence of anxiety and
depression. Repeated social defeat (RSD) is a murine stress model that recapitulates several
immune and behavioral outcomes of chronic stress. We have reported that RSD in mice induces
the release of monocytes from the bone marrow that traffic to the brain, augment
neuroinflammatory signaling and cause prolonged anxiety. Therefore, our objective was to
determine the specific roles of microglia and infiltrating monocytes in the development of
anxiety-like behavior following RSD. Here, we show a spatial association between neuronal
activation, microglia activation, development of the reactive brain endothelium, and the presence
of inflammatory monocytes in the limbic system following stress. Several strategies were used to
delineate these events in the context of RSD. For example, the anti-anxiolytic drug clonazepam
blocked stress-induced threat appraisal, microglia activation, and the induction of adhesion
molecules on the vascular endothelium. Moreover, the anti-inflammatory drug minocycline
prevented microglial activation, infiltration of peripheral monocytes to the brain and anxiety.
These data highlight the critical role of microglia in monocyte recruitment to the brain during
stress. FAC-sorting and mRNA analyses of resident microglia and infiltrating monocytes
revealed cell-specific differences, i.e. microglia were the producers of the chemokine CCL2 and
the infiltrating monocytes were the primary inducers of interleukin IL-1b. Consistent with these
data, stress induced a robust expression of IL-1 receptor on the brain endothelium, which co-
localized with sites of monocyte adhesion. Furthermore, depletion of functional IL-1b signal in



Caspase-1KO and monocyte-specific Caspase-1KO mice had no effect on stress-induced threat
appraisal, microglial activation or the presence of monocytes in the brain. Importantly,
monocyte-specific Caspase-1KO mice failed to develop anxiety, which underscored the role of
monocyte-specific IL-1 signaling on stress-induced anxiety. Taken together, microglial
activation with chronic stress causes selective neurovascular recruitment of inflammatory
monocytes which, in turn, provide a robust IL-1b signal that causes anxiety-like behavior.
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Abstract: The repeated social defeat (RSD) stress in mice induces peripheral immune system
activation, myeloid cell trafficking, microglia activation and prolonged anxietylike behavior.
Endocannabinoid system (eCBS) molecules are expressed by immune and neuronal cells,
modulating their functions. One purpose of this study was to test if cannabinoid receptors
activation in mice would attenuate neuroinflammatory and behavioral effects of RSD. Stress
exposure may lead to a persistent stage of low-grade inflammation and alterations in other
systems, including the eCBS, which could predispose the individual to the development of
psychopathology, such as the PTSD. Social stress might contribute to PTSD and, therefore, the
RSD in mice would mimetize some PTSD features, such as alterations in conditioned fear



processing. Therefore, we also tested the hypothesis that RSD changes conditioned fear response
1 week after the end of RSD and that treatment with a cannabinoid agonist during RSD
attenuates this effect. For those purposes, C57BL/6 mice have received a nonselective
cannabinoid agonist, WIN55,2122 (1 mg/Kg, i.p.), 30 minutes prior to each of the six exposures
to SD stress session (2h/each). The mice were tested in the morning following the last SD cycle
for anxiety-like behavior and cellular/molecular alterations. Independent groups were left
undisturbed and single-housed during 7 days after RSD and then were submitted to the
contextual fear conditioning (CFC; 3 electrical foot-shock, 0.75 mA, 2s/each). 24h later, they
were returned to the same chamber for evaluation of fear expression/ extinction acquisition (20
min session; no foot-shock presentation). Following additional 24h hours, the extinction recall
was evaluated (5 min session) and the frontal cortex (FC) and hippocampus (HIP) were
dissected. WIN administration during RSD attenuated anxiety-like behavior, decreased
redistribution of immune system cells to the blood, spleen and brain and attenuated microglia
activation in the brain. RSD induced-later fear sensitization and impaired extinction recall in the
CFC were prevented by WIN administration during RSD. WIN also attenuated the observed
increase in IL-1B mRNA in the FC and HIP after evaluation of extinction recall. Our data,
therefore, suggest that modulation of cannabinoid system, targeting both neuronal and
immunological components of stress, could be potential therapeutic intervention in stress-related
disorders where inflammation is observed, such as PTSD. Moreover, they also suggest that PFC
and HIP IL-1f signaling would be involved in fear sensitization after stressful events.
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Abstract: Chronic stress is associated with an increased prevalence of mental health
complications including anxiety and depression. We have previously reported that repeated
social defeat (RSD) stress caused microglial activation, monocyte infiltration into brain, and
robust IL-1p signaling. These neuroimmune effects with stress were associated with the
induction of prolonged anxiety-like behavior. Thus, we hypothesize that IL-1 signaling in the
brain with chronic stress plays a critical role in the regional-dependent recruitment of monocytes.
Therefore, the role of central IL-1b signaling was examined by using adenoviral IL-1p (adIL-1P)
administration into the ventral hippocampus (VH) in mice concomitantly subjected to a sub-
threshold social defeat stress (STS) induced by paired fighting. This viral-mediated induction of
IL-1B was primarily localized to hippocampal neurons. Mice were exposed 30 minutes of paired
fighting for 6 consecutive days. This was a milder stress because these mice did not develop
anxiety and showed no evidence of microglial activation. In addition, viral-mediated expression
of IL-1f in the hippocampus alone activated microglia and increased leukocyte recruitment to
the brain. This, however, did not increase leukocyte trafficking to the spleen to induce
splenomegaly. The combination of the stress and viral-mediated expression of IL-1f in the
hippocampus resulted in neuroinflammation and a significant increase in spleen size. Activated
microglia and an increase in CD45+ infiltrating leukocytes were evident with a distinct
localization within the dentate gyrus and hilus regions of the hippocampus, where IL-18
induction was prominent. Furthermore, this localization neuroinflammation was associated with
a reduction in cellular density within the hippocampus. Taken together, these data indicate that
neuronal IL-1 expression is a critical step in microglia activation and the subsequent recruitment
of monocytes with a chronic stressor.
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Abstract: Our lab uses the social defeat (SD) model of psychosocial stress in mice to study
stress-related affective behavioral phenotypes and associated histological changes in the brain.
We are interested in finding causal changes in neuroanatomy that underlie stress induced-mood
disorders. Previously we showed that the ventromedial prefrontal cortex (vmPFC) mediates
behavioral responses to SD and we were curious to know how SD alters the mRNA transcription
profile within this region. We preformed a microarray on vimPFC samples from homecage (HC)
and mice exposed to SD. A highly significant change in a rather small subset of genes was
observed. Ingenuity Pathway Analysis of these changes suggested that chronic SD stress caused
demyelination, neurite degeneration, and increased inflammation in this region. We hypothesized
that alterations in white matter density might be reflected in microglial function in the affected
areas. We first visualized SD-induced changes in myelin within the vmPFC using Black-Gold
stain that specifically stains myelin. Concordant with the array data, chronic SD reduced myelin
fiber density quantified by an automated analysis tool. We next examined the cellular source of
Lipocalin-2 (LCN2), osteopontin (SPP1), and beta hemoglobin (HBB), the three most
significantly upregulated genes in our array. LCN2 is a stress responsive-gene shown to
downregulate spine density and it also attenuates neuroinflammation and deactivates
macrophages. Using Fluorescence-based in sifu hybridization (FISH), we demonstrate that
parenchymal microglia, marked by a highly microglia-selective gene Hexb and perivascular
macrophages, marked by the equally selective Fnl probe, are the sole LCN2 mRNA expressing
cells within the vmPFC. LCN2 presence in microglia may be indicative of increased motility of
these cells further suggesting that inflammatory processes are at play. Supporting this notion,
Spp1, a marker for reactive astrocytes, showed elevated cell labeling by FISH. HBB, typically a
marker for erythrocytes was markedly expressed in SD-exposed brains and may indicate the
presence of microhemorrhages. We plan to explore whether enhanced LCN2 and SPP1 are
drivers of demyelination or are induced by the presence of myelin debris.

Disclosures: M.L. Lehmann: None. H.A. Cooper: None. T.K. Weigel: None. M. A.
Herkenham: None.

Nanosymposium

112. Interactions Between Stress and Immune Function
Location: SDCC 5B

Time: Sunday, November 13, 2016, 8:00 AM - 11:30 AM
Presentation Number: 112.11

Topic: F.04. Stress and the Brain

Support: NIH RO1 MH090264

NIH RO1 MH104559



NIH P50 AT008661-01

Title: Role of blood-brain barrier permeability and tight junction protein claudin 5 in
vulnerability to social stress and major depressive disorder

Authors: *C. MENARD', M. L. PFAU', V. X. WANG?, V. KANA', G. E. HODES', H.
ALEYASIN', M. E. FLANIGAN', A. TAKAHASHP’, S. A. GOLDEN', M. HESHMATTI', M.
CAMPBELL*, M. MERAD', C. Y. TANG?, S. J. RUSSO';

"cahn Sch. of Med. At Mount Sinai, New York, NY; “Translational and Mol. Imaging Inst. at
Mount Sinai, New York, NY; *Univ. of Tsukuba, Tsukuba, Japan; 4Trinity Col., Dublin, Ireland

Abstract: Background: Multiple clinical studies suggest that heightened peripheral
inflammation contributes to major depression disorder (MDD) pathogenesis. It has been
hypothesized that circulating inflammatory molecules are released following chronic stress,
penetrate the blood brain barrier (BBB), and affect neural circuits mediating stress vulnerability
and depression. Methods: In this study we investigated the effect of chronic social defeat stress
(CSDS), a mouse model of depression, on BBB permeability and regulation of tight junction
protein claudin 5 (Cldn5). Results/Discussion: We found that after 10 days of CSDS, Cldn5
mRNA and protein expression is reduced in the nucleus accumbens (NAc) of stress-susceptible
mice when compared to resilient mice and unstressed controls. This was associated with
epigenetic changes along the Cldn5 gene promoter in stress-susceptible mice compared to
resilient mice. We found a similar decrease of Cldn5S mRNA in the NAc of depressed patients. In
mice, chronic down-regulation of Cldn5 expression with an AAV-shRNA was sufficient to
induce social avoidance and depression-like behaviors as assessed with sucrose preference and
forced swim tests. Magnetic resonance imaging scans revealed higher penetration of a
gadolinium-based contrasting agent in stress-related brain regions of defeated animals suggesting
reduced BBB integrity. By understanding how chronic stress affects the BBB we may be able to
augment current antidepressant treatment or design new therapeutic strategies targeting BBB
permeability.
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Abstract: C1 neurons (C1), located in the medulla oblongata, facilitate autonomic responses to
physical stressors. We describe here a powerful effect of acute psychological stress mediated by
C1: protection against renal ischemia-reperfusion injury (IRI). Restraint stress (RS) protected
mice from renal IRI inflicted 24 hrs later. This protective effect was absent in o774 ChR” mice,
required glutamate release by C1, was reduced by simultaneous pharmacogenetic inhibition of
C1 and eliminated when C1 were selectively destroyed. Optogenetic C1 stimulation protected
the kidneys from IRI and increased vagal and sympathetic efferent activity and plasma
corticosterone. Injury protection by C1 stimulation required the spleen, was corticosterone-
independent, and was eliminated by blocking autonomic ganglia or ,-adrenergic receptors. In
short, acute psychological stress reduces renal IRI by activating the autonomic nervous system
via C1. The cholinergic anti-inflammatory pathway likely mediates this protection. Additionally,
this study shows that localized brain stimulation can produce anti-inflammatory effects and
protects kidneys from IRI.
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Abstract: Background and objectives: Posttraumatic stress disorder (PTSD) affects 8% of the
American population while rates are higher in military veterans. The catechol-O-
methyltransferase (COMT) enzyme is implicated in the catabolism of dopamine and plays a key
role in cortical signaling. The COMTvall58met polymorphism has been associated with a
greater risk of neuropsychiatric disorders, including PTSD. We have previously shown, in a
mouse line “humanized” for the COMTvall58met polymorphism, that Val/Val carriers,
compared to Met/Met carriers exhibited a greater response to a predator stress, which mimicked
a severe trauma, demonstrated by higher avoidance behavior. Since alterations in the immune
system have been observed in PTSD patients and catecholamines play a key role in regulating
immune response, we hypothesized that the COMTvall58met polymorphism modulates immune
response to stress, playing a key role in the development of avoidance behavior.
Methods/results: Male and female Val/Val or Met/Met carriers were grouped into stress or
control groups, with stressed groups being placed in a cage and exposed to a cat for 10 minutes
(no physical contact). One week after predator stress, brain tissue and blood (plasma) were
collected for cytokines quantification. Male Val/Val carriers had increased CRP plasma levels,
regardless of stress, and had elevated CRP brain levels in response to stress. No changes in
overall TNF-a or IL-6 signaling was found, but we observed increased IL-1f signaling (as
measured by IL-1B/IL-1Ra brain ratios) in stressed males, regardless of genotype. In females,
stressed mice showed high CRP plasma levels, regardless of genotype, and Val/Val carriers,
independently of stress, showed increased IL-1B/IL-1Ra brain ratios. Also, increased TNF and
IL-6 signaling were observed in Met/Met carriers in response to stress. Decreased levels of IL-
1Ra explained the elevated IL-1fB/IL-1Ra brain ratios observed in both sexes.

Conclusions: These results suggest that the COMTvall58met polymorphism modulates the
response to an acute trauma, as modeled by the predator stress, through the IL-1B/IL-1Ra
signaling pathway. To confirm the role of IL-1B/IL-1Ra pathway in the development of



avoidance behaviors in stressed Val/Val carriers, results of pre-treatment with Anakinra, an
interleukin-1 receptor antagonist (IL-1Ra), on avoidance behaviors will also be presented. This
two-hit model may be useful to understand the immune mechanisms implicated in the risk for
development of PTSD-like symptom:s.

CRP, C-reactive protein; IL-1p, interleukin-1f; IL-1Ra, interleukin-1 receptor antagonist; IL.-6;
interleukin-6; TNF-o, tumor necrosis factor-o
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Abstract: Interleukin-1 (IL-1) mediates diverse neuropathological effects and behavioral
changes in the central nervous system (CNS) through type I IL-1 receptor (IL-1R1). However,
cell-type-specific IL-1R1 mediated functions remain to be elucidated and a specific IL-1R1
expressing cell type which mediates IL-1-induced neuroinflammation and anxiety-like behavior
has yet to be identified. In the current study, we investigated the responses to IL-1 in multiple
mouse lines in which IL-1R1 was selectively expressed in endothelial and hematopoietic cells
(Tie2Cre-IL-1R1r/r), myeloid cells (LysMCre-IL-1R1r/r), microglial cells (CX3CR1Cre-IL-
IR11/r), astrocytes (GFAPCre-IL-1R11/r) or hippocampal neurons (AAV2Cre-IL-1R11/r). Acute
intracerebroventricular (ICV) injections of IL-1 in these lines induced an increase of
proinflammatory cytokines IL-1 and TNF as well as anxiety-like behavior in the wild type (WT)
and Tie2Cre-IL-1R 11/r mice, but not in other mouse lines. ICV IL-1 injections in the WT mice
also induced leukocyte infiltration and microglial activation with Iba-1-labeled elongated



processes and increased branches, which were found in the Tie2Cre-IL-1R11/r mice and
GFAPCre-IL-1R1r/r mice but not in other mouse lines. To determine the role of infiltrating
leukocytes in triggering the microglial activation, we depleted leukocytes in the Tie2Cre-IL-

IR 1r/r mice with vinblastine or cyclophosphamide. After the depletion, microglial activation was
still detected in response to IL-1. In the AAV2Cre-IL-1R 1r/r mice, ICV IL-1 injections induced
unique microglial morphological alterations. These results demonstrated that astrocytic,
endothelial and neuronal IL-1R1 mediates distinct functions in response to central IL-1 and
specifically, endothelial IL-1R1 can mediate IL-1-induced anxiogenic neuroinflammation.
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Abstract: It has been shown that synaptic plasticity onto the neurons in the arcuate nucleus of
hypothalamus is modulated by peripheral hormones reflecting energy state, and that this
modulation of synaptic plasticity plays a role in regulation of feeding. Oxytocin (Oxt) neurons in



the paraventricular nucleus (PVN) of hypothalamus have been shown to integrate peripheral and
central signals as the 2" order neurons and thereby induce satiety. However, it remains unclear
whether Oxt neurons in PVN show synaptic plasticity in response to metabolic energy states. We
investigated the excitatory synaptic transmission onto Oxt neurons under fasted/fed states. The
excitatory postsynaptic currents (EPSCs) mediated by AMPA type and NMDA type ionotoropic
glutamate receptors were decreased under fasted, compared to ad lib fed, state. AMPA/NMDA
ratio of evoked EPSC was significantly different between fasted and fed states. In Oxt neurons,
dynein light chain 2 (DYNLL?2), a protein implicated in the NMDA receptor trafficking to the
postsynapses, was decreased under fasted, compared to fed, state. The present results suggest
that fasting decreases excitatory synaptic input on Oxt neurons via down-regulation of DYNLL2
expression and NMDA receptor-mediated synaptic transmission.
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Abstract: The maintenance of energy homeostasis is fundamental for the survival of every
living organism. In mammals, the regulation of food intake and body weight is predominantly
controlled by specific neurons within the hypothalamus. Neurons located in the paraventricular
nucleus (PVN) integrate diverse metabolic signals and help maintain energy homeostasis.
However, the extracellular signaling pathways that regulate the function of PVN neurons are less
clear. We previously showed that the transforming growth factor beta (TGF-P) signaling
pathway regulates whole body glucose homeostasis via actions on multiple peripheral tissues.
Here, we describe the role of TGF-f signaling in PVN neurons responsible for regulation of food
intake and body weight. We find high expression of TGF-f receptor 1 (TBR1) and, its main
downstream transcription factor, Smad3, in the PVN. The majority PVN localized TBR1 and
Smad3 positive cells also express oxytocin (OXT) or vasopressin (AVP), but not corticotropin
releasing hormone (CRH). To directly investigate TGF-f’s functional role in this neural
circuitry, we used a combination of genetically engineered mice (TBR1 flox/flox) and



stereotactic viral injection (AAV-hsyn-GFP-Cre) that allows targeted deletion of TBR1 in PVN
neurons. Loss of TBR1 in PVN neurons resulted in significant body weight gain and fat mass
increase over time due to an increase in food intake. In addition, TBR1 ablation in the PVN
induced hyperinsulinemia suggestive of a breakdown in glucose homeostasis. Interestingly, we
observed a substantial morphological change in the PVN of mice lacking TBR1 including a
significant increase in proliferation and apoptosis of GFP+ neurons within the PVN that reflected
the AAV targeted deletion of TBR1. We hypothesize that these changes in the proliferation and
cell death rates within the PVN account for the increased food intake and body weight increase,
perhaps due to altered neuronal circuitry that depends on intact TGF-f signaling. To further
define the underlying mechanisms, we are (i) conditionally activating TGF-f signaling using a
“gain of function” model and (ii) conditionally ablating Smad3 within the PVN. Taken together
with our prior findings reporting the importance of TGF-f signaling in peripheral metabolically
active tissues, these studies establish the importance of TGF-f signaling in regulating the central
mechanisms of energy homeostasis with implications to diabetes and obesity pathogenesis.
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Abstract: In mammals, a state of negative energy balance leads to the search for and
consumption of food through the activity of neurons in the hypothalamus and elsewhere. While
numerous cell types within the hypothalamus have been directly implicated in the control of
feeding, little is known about the role of extrahypothalamic cell types. One largely unexplored



locus likely responsible for the control of food intake is the dorsal raphe nucleus (DRN). The
DRN is a molecularly heterogeneous brainstem structure directly downstream of numerous
hypothalamic nuclei implicated in feeding-related behaviors, and pharmacological manipulations
within the raphe can lead to increased food intake. Here, we use methods for molecular profiling
and brain-wide projection mapping to define distinct populations of GABAergic and
glutamatergic neurons within the DRN, and we find that these two populations are capable of
modulating feeding-related behaviors. Together, these data establish a role for the dorsal raphe
nucleus in controlling feeding behavior and add an important new anatomic site that controls
energy balance.
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Abstract: Ingestion of a high-fat diet (HFD) during pregnancy causes neurochemical changes in
the offspring’s hypothalamus that, in turn, stimulate excessive consumption of this diet. Recent
studies indicate a role for the immune system in mediating the downstream effects of a HFD on
neuronal function, with our recent publication (Poon et al, 2016) suggesting the involvement of
the chemokine, CXCL12, in stimulating the neuropeptide, enkephalin (ENK), in the
paraventricular nucleus of the hypothalamus (PVN). Combined with evidence showing
inflammatory mediators to affect the function and development of neurons, this finding indicates
a strong relationship between HFD and this chemokine. The present studies investigated, first,
whether prenatal exposure to HFD affects CXCL12 levels in the dam, as well as the CXCL12
chemokine system and ENK in the hypothalamus of offspring while altering behavior and,



second, whether administration of CXCL12 itself during pregnancy has similar effects to HFD.
In the first set of experiments, exposure to HFD during gestation (E7-E19) increased circulating
levels of CXCL12 in dam and expression of CXCL12 and its receptors CXCR4 and CXCR7 in
cultured hypothalamic neurons. It also increased expression of CXCL12, its receptors, and ENK
in the PVN of postnatal offspring (days 15 and 30), while having no effect in the arcuate nucleus
or perifornical lateral hypothalamus. This was accompanied by an increase in novelty-induced
locomotor activity, a decrease in novelty-seeking with a novel object, and a decrease in the
amount of time spent in the open arms of an elevated plus maze, suggesting increased anxiety. In
the second set of experiments, we found that daily intraperitoneal injections in dam (from E7-
E19) of 2 ng or 8 pg CXCL12 elevated circulating CXCL12 to levels that, respectively, were
similar to or higher than the levels seen in HFD-exposed dams. Prenatal administration of
CXCL12, similar to HFD, significantly increased expression of ENK in PVN, at both postnatal
day 15 and 30, and increased novelty-induced locomotor activity, decreased novelty-seeking of a
novel object, and reduced time spent in the open arms of the elevated plus maze, indicating
increased anxiety. A brief HFD challenge (5 days) in offspring prenatally exposed to CXCL12 or
HFD induced similar increases in body weight and caloric intake as compared to chow-exposed
offspring. These results show that prenatal HFD exposure stimulates the endogenous CXCL12
system in the hypothalamus and that prenatal CXCL12 exposure induces similar behavioral and
neurochemical changes, suggesting that this chemokine may be a downstream mediator of the
effects produced by a fat-rich diet.
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Title: vmat2-mediated neurotransmission in mediating midbrain leptin action on feeding
regulation
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Abstract: Neurons that express leptin receptor (LepR) in the midbrain contribute to feeding
regulation and the midbrain contains a mixture of GABAergic, glutamatergic and dopaminergic
(DA) neurons, the latter also capable of releasing GABA mediated by vesicular monoamine
transporter 2 (VMAT?2). However, neurotransmitters mediating the midbrain leptin action remain
unclear. Here, we demonstrated that, among all brain LepR neurons, only those in the midbrain
express VMAT?2, a subset of which also express glutamatergic (vesicular glutamate transporter
2) and GABAergic markers (vesicular GABA transporter). We generated mice (KO) with
specific deletion of VMAT?2 in midbrain LepR neurons and found that, while these mice showed
no obvious abnormality on chow diet, they exhibited resistance to high-fat diet (HFD)-induced
obesity associated with reduced HFD feeding. When tested on a paradigm with intermittent
access to HFD where first 2.5-hr HFD feeding (binge-like hedonic feeding) and 24-hr HFD
feeding (homeostatic feeding) were measured, KO mice exhibited more binge-like feeding while
less homeostatic feeding. Interestingly, while homeostatic HFD feeding in controls was reduced
by leptin treatment, the one in KO mice showed no response. Taken together, these results
suggest that VMAT2-mediated dopamine and GABA co-transmission contributes to leptin action
on HFD feeding inhibition and surprisingly restrains hedonic feeding.
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Abstract: Aging is commonly associated with metabolic dysfunction that can lead to either
unintended weight gain or weight loss, which confer risk of cardiovascular disease and frailty,
respectively. Understanding how aging impacts the cellular and molecular mechanisms
underlying metabolism is crucial for the development of novel therapeutic strategies. We have
previously demonstrated aged Balb/C mice (22-24 mo.) show significant weight loss compared
to young controls (2-3 mo.), despite increased food intake. This phenotype mimics age-related
weight loss in humans. Additionally, we have shown increased expression of immune molecules
and pattern recognition receptors in the hypothalamus of aged Balb/C mice. Of note, the classical
major histocompatibility complex H2-K1 was increased 1.5-fold in the aged Balb/C
hypothalamus compared to young controls. Classical MHCI molecules have been demonstrate to
be crucial for the proper synaptic development within the visual cortex and hippocampus,
however there is currently no data signifying a functional role for MHCI in the developing
hypothalamus. Here, we present data demonstrating that H2-K1 is differentially expressed from
P1 to adult in the developing hypothalamus in several key nuclei for regulating feeding behaviors
and activity. Additionally, we show that MHCI colocalizes with post synaptic density marker
PSD95, but shows little colocalization with presynaptic markers of excitatory or inhibitory pre-
synaptic proteins (Vglut2, Vgat). The level of colocalization with PSD95 differs
developmentally, decreasing from post natal day 5 to adult. To assess whether specific MHC 1
molecules play a significant role in regulating behavior we tested mice constitutively lacking H2-
K1 (B6.C-H2-Kbm1/BylJ) in a state-of-the-art home cage monitoring system. We found that loss
of H2-K1 leads to a profound progressive obesity phenotype starting at 3 months of age. H2-K1
null mice are significantly heavier (36.26 + 2.08 g, 27.53 + 1.78 g, p < 0.00001), have increased
adiposity (28.03 £5.35 %, 12.89 + 1.73 %, p < 0.00001), and show significant hepatic steatosis.
Interestingly, this increase in weight and adiposity occurs despite marked hypophagia. Further
analysis of mouse active states demonstrated that H2-K 1 null mice are significantly more
sedentary compared to WT controls, spending 10% more time in an inactive state. To our
knowledge, this is the first time an MHC I molecule has been shown to be involved in the
regulation of energy balance. Further analysis of the role of H2-K1 signaling in hypothalamic
development may provide novel therapeutic targets to combat metabolic deficits associated with
aging and obesity.
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Abstract: In naturalistic settings, outcomes of choices are not singular events of constant value
but are instead embedded in reward distributions that fluctuate from one experience to the next.
The basolateral amygdala (BLA) and orbitofrontal cortex (OFC) both participate in outcome
valuation in such volatile environments but their specific roles in this process are frequently
difficult to dissociate. To systematically study the neural mechanisms of value updating in
uncertain reward conditions, we developed a novel decision-making task in which outcome
values are determined by normally-distributed delays to reward receipt. At baseline, rats (n=8)
were required to respond to one of two options on a touchscreen, each identical in mean reward
rate (1 sucrose pellet/ 10s) but different in the variance of outcome distributions (high variability,
HV vs. low variability, LV). Following the establishment of stable performance, rats experienced
reward upshifts (1/ 5s with variance kept constant) and downshifts (1/ 20s) on each option
independently and in counterbalanced order, always followed by a return to baseline conditions.
Rats distributed their choice behavior uniformly at baseline and significantly changed their
preference in response to all shifts, suggesting they were able to infer mean option values despite
stochastic fluctuations in outcomes. However, the degree of choice adaptations was asymmetric:
HV facilitated response adaptations to upshifts, but rendered animals suboptimal during
downshifts; conversely, LV led to decreased reward procurement during upshifts. To assess the
OFC-BLA mechanisms of these responses, we trained a separate cohort of animals (n=16) on the
initial phase of our task, but restricted their experience to one of the options exclusively (LV or
HV). We studied BLA and OFC expression of gephyrin, a reliable proxy for membrane-inserted
GABA, receptors, 24 h after the last training session in these two groups relative to control
animals (n=8) that experienced identical environmental conditions and secondary reinforcers, but
no primary rewards. We found a variability-dependent gephyrin upregulation in BLA, but not
OFC, suggesting a unique role for BLA in variability coding. We then addressed the function of
BLA directly via NMDA lesions to this brain region. Consistent with our molecular findings,
BLA lesions reduced the variability-induced asymmetry in choice adaptations in response to
value shifts and induced an uncertainty-avoidant phenotype. Ongoing experiments are aimed at
comparing the contributions of OFC and ventral striatum to that of BLA in updating outcome
value in volatile, uncertain reward conditions.
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Abstract: Assessing costs and benefits associated with different options that vary in terms of
reward magnitude and uncertainty is an adaptive behaviour which motivates us to select the
optimal course of action. Previous studies using reversible inactivations have shown that
communication between the basolateral amygdala (BLA) and the nucleus accumbens (NAc)
promotes choice towards larger, riskier rewards. Neural activity in both the BLA and NAc show
distinct, phasic changes in firing prior to action initiation and following action outcomes. Yet,
how temporally-precise patterns of activity within BLA-NAc circuitry influences choice
behavior during decision making is unclear. To address this, we assessed how optogenetic
silencing of BLA projection terminals in the NAc altered risk/reward decision-making. Rats that
received infusions of AAV-CaMKIla-eArchT3.0-EYFP in the BLA and implanted with optical
fibers in the NAc were well-trained on a probabilistic discounting task, wherein they chose
between a small/certain (1 pellet) and a large/risky reward (4 pellets). The odds of obtaining the
large reward changed over trial blocks during a daily session, initially set at 50% and then
shifting to 12.5%. Silencing tests were administered ~2 months after viral infusion, where we
delivered brief (5-7s) pulses of green light (532nm at 30mW) at specific task events; during a
“pre-choice” period (5s prior to making a choice) or different “outcome” periods (during receipt
large or small rewards, or reward omissions). Silencing BLA inputs to the NAc during “pre-
choice” periods reduced choice of the more preferred option during the different blocks (i.e.: rats
chose less risky in the 50% block and more risky in the 12.5% block), suggesting that activity in
this circuit prior to action selection promotes selection of more preferred rewards. Silencing
during reward omissions increased risky choice during the low-probability block and similar
manipulations after receipt of small rewards increased risky choice and reduced lose-shift
behavior. Collectively these data clarify how temporally-specific patterns of pre-choice and
outcome related activity in BLA-NAc circuitry convey different types of information that guide
optimal action-selection in situations involving reward uncertainty.
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Abstract: The tradeoff between exploring novel options and exploiting options is important in
environments where choice options are constantly changing. The amygdala and ventral striatum
are both known to be involved in appetitive learning and to enable flexible affective responses
when contingencies are extinguished or reversed. Less is known about the roles of the amygdala
and ventral striatum in managing the explore-exploit tradeoff that underlies decisions between
multiple choice options. To understand the contributions of these two regions on exploratory
choice behavior we compared the relative impact of bilateral excitotoxic lesions of the amygdala
(N =4) or ventral striatum (N = 3) on choice behavior of rhesus macaques in a three-arm bandit
task, relative to a group of unoperated control monkeys (N=8). During the task, the monkeys
learned to choose between three, probabilistically rewarded images. Periodically one of the three
choices was replaced with a novel image the monkey had not yet associated with reward. A finite
state, discrete time, discounted Markov decision process (MDP) model was used to derive value
estimates for each of the monkeys’ choices in terms of an exploration bonus (BON), immediate
(IEV), and future expected value (FEV). These value estimates were then used to predict the
monkey’s ability to manage the explore exploit tradeoff. We found that the amygdala and striatal
lesions had dissociable effects on exploratory behavior. Amygdala lesions caused the animals to
explore more than controls, whereas the striatal lesion group explored less than controls. While
the amygdala and striatal lesions both decreased the animals’ ability to learn immediate cue
values, the amygdala group was more impaired relative to the striatal lesion group. These results
suggest the amygdala and ventral striatum are both important for reinforcement learning but have
opponent roles on exploratory choice behavior.
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Abstract: Humans and non-human primates gather visual information by making rapid eye
movements (saccades) to selected portions of complex scenes. Converging evidence shows that
saccade-related neural responses are sensitive to reward contingencies, consistent with reward-
maximizing decision mechanisms. However, much less is known about how oculomotor neurons
integrate reward and informational factors. We investigated this question in the monkey lateral
intraparietal area (LIP) using a novel paradigm in which a monkey had the opportunity to sample
reward predictive cues on the background of different prior expectations about reward
probability. Each trial began with a period of central fixation and a first visual cue indicating
whether the trial had a 0%, 50% or 100% reward probability. During the delay period following
the disappearance of this cue, LIP cells encoded reward probability, maintaining low sustained
firing at 0% reward probability, and higher rates that were equivalent after 50% and 100% cues.



At the end of the delay period, the fixation point disappeared, and a second peripheral cue was
shown which signaled whether the trial had a 0% or 100% reward probability. Cue 2 fell in one
of 4 categories depending on whether it signaled a negative or positive outcome (0% or 100%
probability) and whether it provided a redundant or informative signal (confirming the 0% or
100% probability signaled by the first cue or resolving the uncertainty left by a 50% first cue). If
cue 2 signaled a negative outcome (0% probability), LIP visual and pre-saccadic responses were
greatly enhanced by informativeness: responses were low when the cue merely confirmed prior
expectations but were greatly enhanced, and had shorter latencies if the cue provided new
information. If cue 2 signaled a positive outcome however, there was a much weaker effect of
new information and responses were high for both redundant and informative cues (comparable
to those induced by a negative informative cue). The effects of reward and informativeness were
independent of the probability or reaction times of saccades to cue 2. In a second experiment cue
2 was initially covered by a mask and revealed its information only if it was fixated, in gaze-
contingent fashion. During the fixation period prior to the revealing of cue 2, LIP neurons had
higher responses on trials with 50% relative to 100% reward probability, suggesting that they
encoded the gains in information expected upon revealing cue 2. We propose that LIP neurons
integrate information about prior probability, reward-based salience and new information in a
manner consistent with active information seeking strategies.
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Abstract: Despite the real-world importance of balancing exploration and exploitation, the
computational mechanisms brought to bear on the problem by humans and other animals are
poorly understood. Strategies for motivating exploration in computational reinforcement-
learning include boosting the value of novel stimuli to encourage sampling in new regions of the
environment, or augmenting the value of a given option according to the degree of uncertainty in



the estimate of predicted reward. While there is preliminary evidence of both uncertainty and
novelty directed exploration in humans, the nature of the relationship between them is unknown.
In the present study we sought to address how these variables relate to each other. We also
sought to address the paradox of why uncertainty driven exploration can co-exist alongside the
frequently observed contrarian behavioral imperative of uncertainty avoidance.

To this end we tested human participants on a bandit task where these variables were
systematically manipulated. We found clear evidence of both novelty and uncertainty driven
behavior. Uncertainty and novelty driven exploration were found to evolve differently over time.
Approximately half of our sample exhibited uncertainty-seeking early on when there was ample
opportunity to exploit what was learned. As participants approached the end of the sampling
period all participants became increasingly uncertainty-averse. Conversely, the majority of our
participants exhibited novelty-seeking response patterns throughout the session. Moreover, we
found a negative correlation between the degree to which participants were influenced by
novelty and uncertainty, suggesting an antagonistic relationship between the two exploratory
drives. These results support the existence of separable valuation processes associated with
novelty and uncertainty as motivations to explore, and provide one possible account for why two
competing attitudes toward uncertainty can co-exist in the same individual.
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Abstract: Many decisions involve uncertainty, or “risk”, with regard to potential outcomes.
Substantial empirical evidence has demonstrated that human aging is associated with diminished
tolerance for risky rewards. Which neurobiological markers of aging might account for this



change in preference? Last year we identified a region in right posterior parietal cortex (rPPC)
whose gray matter volume (GMV) accounts for individual variation in risk preferences in young
adults: decreased rPPC GMYV is predictive of increased risk aversion (Gilaie-Dotan, S., et al.
JNeurosci, 2014). Gray matter loss is part of healthy aging, with parietal regions showing
particularly enhanced local declines. Here, we tested the hypothesis that reduced rPPC GMV,
rather than age per se, may best account for age-related changes in risk preferences.

Risk preferences were assessed using a well-validated, incentive-compatible procedure. 52
participants (18-88 y.o., 30 F) made 60 binary choices between a certain gain of $5 and a lottery
whose value and probability of payout was systematically manipulated. We modeled the
expected utility (EU) of each option with the functional form: EU(v,p)=p*V"a, where v = value,
p = probability, and o = risk preference parameter. Choice data were fit using maximum
likelihood, with the probability of choosing the lottery given by a logistic choice function.

Imm’ resolution anatomical images were acquired with MRI. Using voxel-based morphometry,
we sampled GMV in the rPPC region-of-interest and confirmed that rPPC GMV decreases with
age in our sample (r =-0.66, p < 0.001).

To assess the relationship between risk preferences and our variables of interest we allowed
alpha to vary during the estimation procedure as a linear function of age (o = B1 * age + p0) and
rPPC GMV (a = B1 * rPPC GMV + 0). We found a significant negative relationship between
alpha and age (z =-2.58, p = 0.01) and a significant positive relationship between alpha and
rPPC GMV (z =3.51, p <0.001), replicating previous results. A third model included both age
and rPPC GMV (a = B1 * age + B2 * rPPC GMYV + B0); again we found a significant positive
relationship between alpha and rPPC GMV (z = 2.13, p = 0.03). Critically however, when the
linear regression was computed in this manner, age no longer had any influence on alpha (z = -
0.24, p = 0.81), indicating that rPPC GMV, and not age per se, modulates risk preferences. Two
additional models confirmed that these results are specific to rPPC gray matter decline.

These results provide a basis for understanding the neural mechanisms that mediate risky choice
and offer a glimpse into the neurodevelopmental dynamics that impact decision-making under
uncertainty in an aging population.
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Abstract: The ecological niches occupied by most organisms, including humans, are both
dynamic and uncertain, requiring that actions be taken in real time and modified in response to
changing circumstances. However, most studies of dynamic decision-making to date have
explored either repeated trials of the same task under slowly changing circumstances (e.g., bandit
problems) or interactions between agents that take place in a restricted action space (e.g.,
prisoner’s dilemma). Here, we examine data from repeated trials of a real-time strategic
interaction with continuous freedom of movement. We trained monkeys to play a competitive
task in which the goal of one (the “shooter””) was to move a colored dot (the “ball”’) from the left
to right side of a computer monitor using joystick input. The goal of the second monkey (the
“goalie”) was to block the dot by moving a vertical line along the right-hand side of the screen to
intercept the it. Thus, each player controlled an avatar with at least one continuous degree of
freedom, in principle allowing for dynamic coupling between the two in real time.

We analyzed these data using time series methods borrowed from the machine learning and
optimal control literatures. We modeled each player’s avatar as a state space model with control
input dependent on the dynamics of both players’ behavior. That is, the kicker’s control action
was modeled as a filtered sum of his own and the goalie’s past trajectories (and vice-versa for the
goalie). The model produces a set of filters and time series that can be used for subsequent
analysis of neural data in terms of dynamic control signals derived from behavior.
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Abstract: Foraging is a fundamental capacity of all organisms. Foraging policy—choosing how
and where to forage—is influenced by properties of the environment as well as by internal state.
We hypothesize that foraging decisions are regulated by a circuit connecting the anterior
cingulate cortex (ACC), the locus coeruleus (LC), and the posterior cingulate cortex (PCC). ACC
is known to mediate momentary decisions during foraging, with activity rising to a threshold
before decisions to leave a patch. The LC, a brainstem noradrenergic center, responds to
surprising events and regulates the balance of focus and distractibility. PCC, a canonical node in
the default mode network (DMN)), is implicated in attention, learning, and decision-making,
shows high noradrenergic receptor expression, and is reciprocally connected with the ACC. We
theorize that PCC modulation of ACC thresholds during foraging is partly driven by activity of
LC efferents terminating in PCC, reflecting the influence of internal state on foraging decisions.
In our first foraging experiment, monkeys made a choice to continue harvesting reward or to
replenish a resource patch. PCC neurons signaled decisions to move to a new patch many
seconds in advance, reflecting both the environment, the travel time to a new patch, as well as
the animal’s state, as indexed by the variance in departure times. Firing rate dynamics across the
population suggest a polling mechanism for making decisions to depart immediately prior to the
decision, with changes in these dynamics driven by the state of the environment. In our second
foraging experiment, monkeys harvested rewards from six different locations by moving along a
path connecting nearest-neighbor locations, a ubiquitous foraging behavior known as traplining.
Monkeys’ traplining was more reliable when they were still learning the pattern of rewards on a
trial, but showed increased behavioral variability thereafter. While traplining, PCC neurons
signaled the resolution of uncertainty about the state of the environment, and also tracked the
entropy in the patterns of choices. Together, our results support the hypothesis that PCC
integrates information about the environment and the animal’s internal state to set foraging
policy. A wide variety of cognitive tasks can be construed as the allocation of time to searching
for distributed resources, including visual search, free recall, completion of sub-goals, voluntary
task-switching, study-time allocation, and problem solving. Hence, foraging may be a core
cognitive capacity applicable across behavioral domains, and PCC seems poised to regulate the
influence of internal and external factors relevant to such searches.
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Abstract: Prediction errors drive learning. Dopamine transients correlate with these errors, yet
current theoretical accounts limit dopaminergic errors to endowing cues with a scalar quantity
reflecting only the rewarding value of future events. Here, we tested whether these signals might
act more broadly to support learning in which cues are linked with subsequent events to form an
associative model of the environment. For this, we designed a novel procedure based on the
well-documented sensory-preconditioning effect. This traditionally entails first presenting two
innocuous cues in close succession. Subsequently, one of these cues is paired with food. As a
result of this training, both the food-paired cue and the neutral cue will now elicit an appetitive
response. In our modified version of this task, we reduced the likelihood that subjects would
form an association between the two innocuous cues to prevent the generalization of appetitive
learning to the neutral cue. We then artificially re-introduced a learning signal during this phase
by briefly stimulating dopaminergic neurons in the midbrain. Remarkably, this manipulation
restored normal associative learning and behavior about the neutral cue. Subsequent tests showed
that this learning was driven by a direct association between the neutral cue and the appetitive
outcome. These data show that dopamine transients are sufficient to support the construction of
complex associative representations beyond the reach of computational models currently used to
interpret these signals.
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Abstract: Weighing the value of a reward against its likelihood of delivery in order to optimize
long-term utility is a key aspect of adaptive decision making. Recent evidence suggests that the
medial subregion of the orbitofrontal cortex (mOFC) plays a key role in monitoring probabilistic
action-outcome associations and biasing decisions related to reward uncertainty, as inactivation
of this subregion in rats impairs both risk/reward decision making (assessed with a probabilistic
discounting task) and cognitive flexibility involving reward uncertainty (probabilistic reversal
learning). The mOFC receives dopaminergic input from midbrain neurons, yet whether
dopamine (DA) modulates mOFC function has been unexplored. Here, we assessed how DA D,
and D, receptors in the mOFC may modulate adaptive decision making in face of probabilistic
outcomes. One series of experiments assessed risk/reward decision-making using a probabilistic
discounting task in which rats were trained to choose between levers delivering small/certain or
large/uncertain rewards. The probability of receiving the large reward decreased across 5 blocks
of trials over each daily session (100%-6.25%). Another set of studies assessed probabilistic
reversal learning. At the start of a session, one lever was designated the “correct” lever and
rewarded choice on 80% of the trials, while the incorrect lever rewarded choice on 20% of the
trials. After 8 consecutive correct choices, reward contingencies switched, and this pattern
continued over 200 trials each daily session. Separate groups of rats, well-trained on either task,
received intra-mOFC microinfusions of selective D; or D, antagonists prior to task performance.
Our results indicate that mOFC D; receptors play an important role in mitigating sensitivity to
non-rewarded actions during risk/reward decision making, as blockade of these receptors
reduced risky choice by increasing lose-shift behavior. DA receptors in the mOFC also facilitate
identifying the profitability of probabilistic outcomes, as blockade of D; receptors significantly
impaired probabilistic learning during the initial discrimination of the reversal task. In contrast,
blockade of D, receptors reduced the number of errors during the initial discrimination.
Together, these findings highlight a novel role for DA in the mOFC in guiding behavior under
conditions of reward uncertainty. Elucidating how DA within different nodes of



mesocorticolimbic circuitry influences action selection in these situations will expand our
understanding of the mechanisms regulating optimal and aberrant decision-making.
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Abstract: Rewards are instrumental to everyday life; they confer value and elicit motivation.
However, reward prediction is a risky business, as risk is inherent in nearly every decision we
make. For this reason, risk and value are intimately intertwined. To measure the behavioral and
neuronal relationship between risk and value, we trained rhesus monkeys to make choices
between risky and safe options. Using choices between two-outcome, equiprobable gambles and
safe rewards, we found that monkeys were risk-seeking at low reward magnitudes, and became
increasingly risk averse as reward magnitude increased. This reward-magnitude dependent risk
preference resulted in convex then concave utility functions. We then introduced more complex,
three outcome gambles with positive, negative or symmetric skewness. The monkeys’ choices
revealed positive skewness seeking. More interestingly, the utility functions that were measured
from choices between two outcome gambles and safe rewards were able to adequately predict the
preferences of the monkeys for skewed gambles. These results demonstrate the usefulness of
economic utility theory to describe risky choice behavior monkeys. We recorded single unit
activity from dopamine neurons in the monkey midbrain. Dopamine neurons code a reward
prediction error, the difference between received and predicted reward. We found that the
dopamine activations scaled with the differences between the utility of received rewards and the
predicted expected utilities. Thus, dopamine neurons code a utility prediction error. This utility
prediction error response occurred to reward-predicting cues and to rewards themselves. These
neuronal results provide a biological link between the satisfactions experienced from rewards
and the utility function defined from choices. Finally, we recorded single unit dopamine neurons



while monkeys learned the value of probabilistically delivered rewards. This data shows how
reward probability is transformed into a neuronal utility signal during learning. Together, these
behavioral and neuronal data demonstrate that the fundamental economic theory that links
together risk and value, i.e. expected utility theory, is applicable to monkey choice behavior and
that the abstract concept of utility functions have a concrete biological manifestation in the firing
rate of single neurons.
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Abstract: The aims were to investigate (1) the effect of chronic dopamine D,/; agonist ropinirole
on gambling behaviour on a rodent Betting task (rBT) in healthy rats and in a 6-
hydroxydopamine (6-OHDA) lesion model of Parkinson’s disease (PD), (2) if prior preference
for uncertainty predicted response to ropinirole, (3) the intracellular mechanism underlying the
effect observed and (4) the ability of a GSK3p inhibitor to block increases in uncertain choices
on the rBT following chronic ropinirole. L-DOPA, the first line treatment for PD, has shown
over time to produce debilitating side-effects such as dyskinesia. Preferential dopamine D3
agonists have been used to treat PD, but can lead to a variety of Impulse Control Disorders (ICD)
and gambling disorder. The mechanism mitigating dopamine agonist-induced ICDs is unknown.
Activation of D, receptors predominantly involves the G-protein/cAMP pathway. However, it
has been suggested that the Akt/GSK3f pathway can dominate during prolonged stimulation of
D, receptors leading to elevation in GSK3p. Elevated GSK3f has been involved in addiction,
schizophrenia and bipolar disorder, as well as in hyperdopamine-dependant behaviours. We
hypothesized that the Akt/GSK3f pathway may be involved in the development of ropinirole-
induced ICDs. Healthy and dorsostriatal 6-OHDA lesioned rats performed the rBT prior to



implantation of an osmotic pump delivering either ropinirole (Smg/kg/day) or saline for 28 days.
The rBT is a paradigm which captures decision-making under uncertainty. Chronic ropinirole
increased choice of the uncertain lever in the rBT in healthy rats and in the rat model of PD
regardless of subjective preference for uncertainty. This effect disappeared after washout. D,
receptor expression was increased and a trend towards elevated GSK3f was observed in the rats
who increased their choice of the uncertain option in response to ropinirole. In another cohort of
healthy rats, we replicated the effect of ropinirole on the rBT, but failed to reverse ropinirole-
induced increase in uncertain choices with the GSK3f inhibitor SB216763. In conclusion,
ropinirole’s effect on behaviour in the rBT is reliable and appears unrelated to PD pathology.
This outcome may be independent of activation of the Akt/GSK3[ pathway.
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Abstract: Animals are constantly learning about their environment and using that knowledge to
inform decisions regarding how best to maximize reward and minimize punishment.
Reinforcement learning algorithms are designed to solve similar types of optimization problems,
and thus have been a useful framework for understanding how vertebrates learn and make
decisions at a behavioral and neural level. Specifically, dopaminergic neurons in the vertebrate
ventral tegmental area implement a temporal-difference algorithm during appetitive
conditioning, by calculating the difference between expected and actual reward (i.e. the



prediction error) on a trial-by-trial basis. However, given the complexity and heterogeneity of the
dopaminergic system in the vertebrate brain, a precise understanding of how and which
dopaminergic neurons perform the computations that give rise to such behaviors is less clear. We
took advantage of the well-characterized neural circuitry underlying aversive olfactory learning
in Drosophila to investigate how an animal chooses between two aversive stimuli to minimize
punishment.

To do so, we conditioned Drosophila to associate two odors with two sequences of electric
shock, and assayed their odor choice behavior as a readout for which electric shock sequence
they found to be more aversive. We used the temporal-difference algorithm to predict what the
value (i.e. the aversiveness of the punishment) associated with each odor was, and thus which
odor Drosophila would find to be more aversive. Our data suggest that Drosophila are indeed
capable of deciding between two different electric shock punishments, in a manner that can be
explained and predicted by the algorithm.

Next, we will determine if and how this algorithm is implemented at a neuronal level. We will
express a genetically-encoded calcium indicator and record neural activity in specific subsets of
the PPL1 cluster of dopaminergic neurons while the fly learns different odor-shock associations,
to determine how and where the prediction error signal is encoded.

These experiments will shed light on how the Drosophila nervous system computes and encodes
value during olfactory conditioning, suggesting further similarities between invertebrate and
vertebrate biology and computation that underlie learning. This provides further evidence that
Drosophila is a well-suited model organism for probing the neural circuitry and computations
that underlie learning and decision-making in animals.
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Abstract: The ability to maximize rewards is advantageous for animal survival. While
Drosophila can be classically conditioned to associate specific sensory cues with rewards, it is
unclear whether they can learn to maximize reward collection through trials and errors. Here we
show that Drosophila readily learn an artificially implemented dynamic reward rule. We first
identified a group of neurons whose optogenetic activation was profoundly attractive to flies and
thus actively pursued by them. We next developed a high-throughput closed-loop system that can
deliver “optical reward” to multiple individual flies if their behaviors conformed to a specific
place-action rule we implemented. Impressively, flies started to garner rewards within minutes
and readily adjusted behaviors when the reward rule changed. Dissection of the underlying
circuit revealed that learning the reward rule critically depended a specific class of dopaminergic
(DA) neurons and the mushroom body (MB), a known odor-reward association center in the fly
brain. Our results suggest that Drosophila have “general-purpose” intelligence for solving simple
reinforcement-learning tasks, enabled by a powerful internal reward system reminiscent of the
vertebrate VTA-DA neurons. Moreover, our results suggest that MB is a general learning center
where complex sensory cues (e.g., place) may be associated with rewards.
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Abstract: Prismatic adaptation has been repeatedly reported to alleviate neglect symptoms; in
normal subjects it was shown to enhance the representation of the left visual space within the left
inferior parietal cortex. Our study aimed to determine in humans whether similar compensatory
mechanisms underlie the beneficial effect of prismatic adaptation in neglect. Fifteen patients
with right hemispheric lesions and 11 age-matched controls underwent a prismatic adaptation



session which was preceded and followed by fMRI acquisitions using a visual detection task. In
patients the prismatic adaptation session improved the accuracy of target detection in the left and
central space and enhanced the representation of this visual space within the left hemisphere in
parts of the temporal convexity, inferior parietal lobule and prefrontal cortex. Across patients, the
increase in neural activation within the temporal regions correlated with performance
improvements in this visual space. In control subjects prismatic adaptation enhanced the
representation of the left visual space within the left inferior parietal lobule and decreased it
within the left temporal cortex. Thus, a brief exposure to prismatic adaptation enhances, both in
patients and in control subjects, the competence of the left hemisphere for the left space, but in
patients the regions extended beyond the inferior parietal lobule to the temporal convexity. These
results suggest that the left hemisphere provides compensatory mechanisms in neglect by
assuming the representation of the whole space within the ventral attentional system. The
rapidity of the change suggests that the underlying mechanism relies on uncovering of pre-
existing synaptic connections.
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Abstract: Prism adaptation (PA) is an apparently simple and quick way of modulating
visuomotor correspondences. It consists of adaptation to wedge prisms, usually mounted on
goggles that deviate vision. Rightward prism adaptation ameliorates spatial neglect symptoms
while leftward prism adaptation (LPA) induces neglect-like biases in healthy individuals.
Critically, while there are similarities in the direction of the attentional bias observed in neglect
patients and in healthy individuals after LPA, to date there is no evidence for similar
physiological changes associated with these attentional biases. Similarly to PA, inhibitory
repetitive transcranial magnetic stimulation (rTMS) on the right posterior parietal cortex (PPC)
induces neglect-like behavior, whereas on the left PPC, it ameliorates neglect symptoms and
normalizes hyper-excitability of left hemisphere parietal-motor (PPC-M1) connectivity. Based
on this analogy, we hypothesized that LPA increases PPC-M1 excitability in the left hemisphere
and decrease it in the right. To shed some light on the mechanisms underlying LPA’s effects on
cognition, we investigated this hypothesis in two groups of healthy individuals, measuring PPC-
M1 excitability in the right and left hemispheres. We employed a dual-site paired-pulse TMS
protocol (ppTMS) that quantifies the influence of PPC over M1 and thus provides an index of the
strength of parieto-frontal functional connectivity within each hemisphere. Following LPA we
found a left-hemisphere increase and a right-hemisphere decrease in the amplitude of motor
evoked potentials elicited by paired as well as single pulses on M1. While this could indicate that
LPA biases interhemispheric connectivity, it contradicts previous evidence that M1-only MEPs
are unchanged after LPA. In a control study, we investigated the input-output curves in both
hemispheres as a measure of corticospinal excitability (CSE). The results of this second
experiment showed that the input-output curves were not affected by LPA per se. The
differential change in CSE in the left and right hemispheres we observed, plus the absence of the
well-document right-shift in line bisection judgments, leads us to suggest that LPA interacted
with our parietal and motor cortex stimulation. We conclude that LPA combined with ppTMS on
PPC-M1 differentially alters the excitability of the left and right M1. In addition, ppTMS on
PPC-M1 might itself act as a neuromodulator, when combined with LPA.
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Abstract: The right temporoparietal junction (rTPJ) is involved in various cognitive domains. In
the field of attention, the rTPJ is thought to initiate attentional reorienting. Here, we provide
evidence for a more general and overarching role of rTPJ for “contextual updating”, i.e., for the
adjustment of internal models after new observations. We combined online TMS with
computational modelling to test the causal involvement of rTPJ in updating probabilistic beliefs.
In a within-subject design, fifteen participants completed four runs of the experimental task,
distributed over two days. In each run, they performed a modified version of a location-cueing
paradigm, where false information about the percentage of cue validity (%CV) was provided in
half of the experimental blocks to prompt updating of prior expectations. On the basis of
response speed (RS; inverse reaction time) trial-by-trial learning of the cue-target contingencies,
and therefore belief updating, was assessed with a Rescorla-Wagner (RW) model in which the
learning rate determines the impact of the prediction error on the belief update. Online double-
pulse TMS was applied 300 ms (TMS300) or 50 ms (TMS50) after target appearance, to
investigate the chronometry of rTPJ involvement. Online double-pulse TMS over rTPJ 300 ms
after target appearance selectively decreased participants’ updating of false prior beliefs
concerning %CV, as reflected in a decreased RW-learning rate. Specifically, an ANOVA on
learning rate values in different stimulation (sham, TMS300, TMS50) and prior (true, false)
conditions revealed a significant interaction between the two factors. Bonferroni corrected post-
hoc t-tests of this interaction highlighted a significant difference between TMS300 and sham
only in blocks with false prior. Moreover, both sham and TMS50 showed higher learning rates in
blocks with false prior, compared with true ones, and this difference disappeared in TMS300.
Decreased updating in TMS300 also impacted on participants’ explicit beliefs, causing them to
overestimate %CV, as shown by the difference in %CV ratings between TMS300 and sham.
These results offer a unifying interpretation of rTPJ activity for cognitive domains requiring the
formation and updating of probabilistic beliefs about external or internal inputs.
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Abstract: Introduction: Spatial-attentional shifting and selection between competing stimuli are
two of the most fundamental attentional processes. Methods: A cortical grid in a patient who
underwent presurgical evaluation for medically intractable epilepsy covered both banks of the
middle and anterior segment of the left intraparietal sulcus (IPS) and the lateral and medial wall
of the left superior parietal lobule (SPL) (Fig 1). Recordings were performed during a hybrid
spatial cueing paradigm identical to that previously applied in behavioral experiments in patients
(Gillebert et al., 2011) and in healthy controls using task-related fMRI. Event-related potentials
(ERP) were analyzed as well as event-related spectral perturbations (ERSP). Weighted phase lag
index (WPLI) was used to assess directional connectivity. Results: An invalidly cued target
evoked a robust ERP in SPL at 180 ms following target onset compared to a validly cued target.
The effect lasted until 450 ms following grating onset. The effect of invalidity was significantly
larger in SPL than in IPS, confirming the early involvement of SPL in spatial shifting. Along the
upper and lower bank of the anterior IPS the presence of a competing distracter evoked an ERP
which started around 300-400 ms post grating onset and lasted beyond 800 ms. This effect was
significantly stronger in IPS than in SPL. The effect of stimulus competition was distributed in a
broad frequency band between 10 and 40 Hz. Based on wPLI, the functional connection during
the cue and the delay phase was directed from IPS to SPL and from anterior to posterior IPS until
approximately 350 ms after grating onset when it returned to baseline levels. Following an
invalidly cued target, the direction of the connection inverted at approximately 250 ms following
grating onset for approximately 150 ms, going from SPL to IPS. Conclusion:
Electrophysiologically, spatial shifting and selection between competing stimuli elicit
temporally, spatially and spectrally dissociable effects within superior parietal cortex.
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Abstract: We continuously shift our attention between items in the visual environment, which
can be based on either task relevance (top-down) or sudden saliency of an unexpected stimulus
(bottom-up). As this is a fundamental process for guiding goal-directed behavior, it is to be
expected that this property is evolutionary conserved in primates. In humans top-down directed
spatial attention shifts most strongly activate the medial superior parietal lobe (mSPL)
(Vandenberghe et al. 2001, Yantis et al. 2002). In order to identify a potential monkey
homologue of this mSPL region, we scanned (at 3 T) monkeys (N=3) and humans (N=31)
performing the same covert selective spatial attention task. We used an event-related fMRI
design whereby periods of shifts and sustained attention were interleaved (Caspari et al., 2015;
Molenberghs et al., 2007). Two pairs of shapes were presented on the horizontal meridian (9.25
deg), each containing a relevant and irrelevant shape. Subjects fixated centrally and responded
manually when the relevant stimulus dimmed. An event consisted of the replacement of the
current stimulus pair by the next. In 1/3 of the trials, this change elicited a covert spatial shift in
attention as the relevant stimulus was replaced by an irrelevant one. Monkeys were scanned
(1.25 mm isotropic) using implanted phased-array Rx coils and MION, and humans (2.75 x 2.75
x 3.5 mm) using BOLD. First, we topologically compared shift-selectivity across species using
standard GLM analyses. Next, we performed a novel data-driven Inter Species Beta Correlation
(ISBC) analysis using 10 dissociable task conditions modeled by the GLM. These included shift
(L/R), sustained attention (L/R), dimming (L/R and relevant/irrelevant) and null events (L/R).
The GLM-contrast showed highly similar shift responses across species in the medial superior
and inferior parietal lobe, with mSPL as strongest shift-selective region in humans. Monkeys
recruited more profoundly frontal regions during shifting compared to humans. The ISBC
method revealed a subset of parietal and frontal voxels in monkeys correlating with activity
averaged over the shift-selective human mSPL-cluster. Medial parietal cortical areas V6/VOA in
monkey correlated best with the shift-selective local maxima within human mSPL (based on the
GLM contrast), compared to the cyto-architectonic SPL subdivisions SPL5 and SPL7 from
Caspers et al. 2007. Finally, functional connectivity of human shift-selective mSPL at rest
resembled known anatomical connections of V6/V6A in monkey, indicating that both species
recruit evolutionary largely conserved anatomical regions for spatial attention shifting within
medial SPL.
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Abstract: Transcranial magnetic stimulation (TMS) is a noninvasive and reversible
neuromodulatory tool that has shown great potentials in treating various brain diseases. But its
neuronal mechanism still remains elusive. Using fMRI, researchers have found rTMS effects in
various distributed brain regions with or without direction connections to the rTMS site, which
strongly suggests a network-wise neuromodulatory mechanism of rTMS. To test this hypothesis,
we acquired fMRI data before and after applying 20 Hz rTMS or the corresponding SHAM
stimulation from 34 young healthy subjects (17 in each group). rTMS was applied to the left
dorsolateral prefrontal cortex (DLPFC). The order of applying or not applying rTMS (or SHAM)
was counterbalanced and the second time of experiment was conducted two days later. rTMS
stimuli contained 20 pulses per second (20 Hz) for 2.5 sec, with an inter-train interval of 28 sec.
The pulse magnitude was adjusted to be 90% of the resting motor threshold. Because DLPFC is
part of the default mode network (DMN) and the attention network, we acquired fMRI during
rest and during subjects performing the classical sustained attention task. DMN at rest was
assessed with the posterior cingulate cortex (PCC)-seeded functional connectivity (FC) analysis.
Attention activation was identified with general linear model. rTMS effects were then assessed
using a 2x2 ANOVA. The statistical significance was defined with a voxel-wise p<0.005 and a
cluster-wise p<0.05 (corrected for multiple comparison using Monte Carlo permutations). As
compared to SHAM, high frequency rTMS increased brain activity during rest and attention task.
Resting brain activity increase was only found in DMN. By contrast, task activation increase was
found mainly in the limbic system and motor system in the ipsilateral side of brain. Representing
the first -TTMS+resting state fMRI and task fMRI study, our data showed a rest/task dissociated
network-wise modulation effect of rTMS: the network affected during rest involved the TMS site
but resided outside of the TMS site during task performance. Increased activity in limbic and
sensory system during sustained attention after rTMS may indicate enhanced vigilance and
automatic processing, two functions involved in those brain regions.
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Abstract: Theories of cognitive control hypothesize that the prefrontal cortex (PFC) guides the
optimal routing of information flow along neural pathways (Miller & Cohen, 2001). However,
there are few empirical data that directly demonstrate PFC influences information exchange
between brain regions. In the current study, we investigated the neural substrates that modulate
dynamic functional connectivity (dFC) between visual areas during visual attention. We
recruited 28 healthy adult subjects for an fMRI study, and 5 subjects participated in a follow-up
TMS-fMRI study. Sequences of superimposed images of faces and buildings were presented
centrally to participants, who were required to detect occasional repetitions of a target category
(face or building), while ignoring repetitions in the opposite distractor category. Preprocessed
fMRI data were analyzed using a dFC method (Shine et al., 2015) to estimate how functional
connectivity between visual areas changes across time under different attention conditions. We
simulated data with the same constraints as the behavioral task to determine the optimal time
windowing lengths for detecting true task-related changes in dFC. Applying the optimal window
lengths (15-30 s) to task data, we found that dFC increased between early (V1/V2) and higher-
level visual areas (fusiform face area [FFA] or parahippocampal place area [PPA]) for attention
targets, and decreased for distractors. By regressing the strength of dFC across the whole brain,
we found that increases in dFC during target attention was associated with increased activity in
the right inferior frontal junction (IFJ). In contrast, decreases in dFC during the distractor
condition was negatively associated with left middle frontal gyrus (MFG) activity. Replicating
previous studies, we found that attention enhanced the amplitude of evoked responses for
attention targets while reduced amplitudes for distractors in FFA/PPA. However, IFJ and MFG
did not exhibit task-related changes in functional connectivity with FFA/PPA, and were only
associated with changes in dFC patterns between V1/V2 and FFA/PPA. Instead, bilateral
superior precentral sulcus (PCS) and intraparietal sulcus exhibited task-related changes in
functional connectivity with FFA/PPA, suggesting dissociable roles for PCS versus IFJ and



MFG. Theta-burst TMS stimulation to MFG and PCS modulated task-related changes in dFC
and evoked-response amplitudes. Our results provide causal evidence indicating that PCS, IFJ,
and MFG exert distinct top-down biasing signals to modulate stimulus-driven evoked responses,
enhance or inhibit task-adaptive functional connectivity patterns.
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Abstract: The emergence of cognition and attention is critically dependent on interactions
between large-scale networks of the human brain (1). A critical axis on which these network
interact is in the balance between exogenous and endogenous attention (2). Previous work has
shown that activity within frontoparietal and default networks is anti-correlated in the resting
state (3), suggesting an antagonistic relationship that is mediated by a cingulo-opercular
‘salience’ network (4). In this study, we tested this hypothesis by stimulating and recording from
pairs of electrodes in subjects that were undergoing electrophysiological mapping prior to
surgery to remove epileptic foci. Subjects were implanted with depth electrodes. Discounting
electrode pairs associated with pathological epileptic activity and those that were placed within
white matter, we stimulated pairs of electrodes (0.5 Hz stimulation; 8-10 mA; biphasic) that
belonged to one of three large-scale networks: frontoparietal, salience or default mode networks.
The network identity of each electrode pair was defined using an iterative method that translates
a subject’s individual resting state network connectivity parcellation (2s TR; 4.0mm’ voxels)
according to a pre-defined group-level map (5). Cortical-evoked potentials were then recorded
from a larger group of electrodes, each of which was identified as belonging to one of the three
stimulated networks. Single 0.5-ms current pulses were delivered every 500ms and the
broadband potential was then measured in the 100ms bin after stimulation (discounting the first
10ms due to stimulation artifacts). By comparing the post-stimulus window in each pair of
electrodes to the 95™ percentile of activity in non-stimulated data, we were able to determine
how frequently the stimulation of each network led to evoked activity in each other network, thus



allowing us to decipher patterns of potential information flow around the macroscopic network
of the brain. Our results demonstrate that stimulation of frontoparietal and salience networks
causes significant evoked activity in each of the other networks, however the stimulation of the
default mode network was not associated with post-stimulus activity in the salience network.
This suggests a targeted organization of information flow around the structural connectome that
has important implications for models of attentional and cognitive function.

Disclosures: J.M. Shine: None. J. Parvizi: None.

Nanosymposium
115. Attentional Networks
Location: SDCC 1B
Time: Sunday, November 13, 2016, 8:00 AM - 11:15 AM
Presentation Number: 115.09
Topic: H.02. Human Cognition and Behavior
Support: CONACyT Grant 176196
PAPIIT Grant IN218316
PAPIIT Grant IA207416

Title: Frontal and occipital brain regions interaction in spatial attentional competition: selection
overrides inhibition

Authors: *J. A. FRANCO-RODRIGUEZ', T. V. ROMAN-LOPEZ', M. MENDEZ-DIAZ?, O.
PROSPERO-GARCIA?, A. E. RUIZ-CONTRERAS';

Lab. de Neurogenomica Cognitiva, Facultad De Psicologia, UNAM, Ciudad de Mexico,
Mexico; “Gpo. Neurociencias: Lab. Canabinoides. Depto. Fisiologia, Fac. Medicina, Cd.
Mexico, Mexico

Abstract: Attentional competition is the interplay of top-down and bottom-up influences in the
current goal-directed behaviour. There is evidence of enhancement and suppression of brain
activity associated with selection of relevant information and inhibition of the irrelevant one,
respectively. However, little information is available about the temporal dynamics of visual
attentional competition and the brain regions involved. The aim of this investigation was to
explore, by means of event-related potentials, visual attentional competition when both selection
and inhibition are necessary for the current goal, and to observe the temporal interplay between
frontal and occipital regions. Thirty nine young participants solved an attentional competition
task were they had to respond to one relevant feature (colour or orientation) on a set of eight
rectangles in a visual display. There were four possible display arrangements: homogeneous



(irrelevant features), non-target (presence of one stimulus with the irrelevant feature), target
(presence of one stimulus with the relevant feature) or target+non-target (presence of one
stimulus with the relevant feature and one with the irrelevant feature). Our results show that the
effects of enhancement of the processing of the relevant stimulus are present when it is alone or
accompanied by an irrelevant stimulus. When the irrelevant stimulus was presented alone, at
275ms stimulus onset, higher amplitude was observed when the relevant stimulus was present
than when the irrelevant stimulus alone was present (positive polarity in frontal region; negative
polarity in occipital region). Also, we found a temporal dynamics which involves an early effect
(at 100ms) in the frontal region, middle effect (at 175ms) on the occipital region and, finally (at
275), goes back to frontal, presumably reflecting different attentional stages in the resolution of
the task: prefrontal regions directing which feature is relevant for the goal directed behaviour,
occipital region discriminating these features and probably, prefrontal regions taking action for
giving a response.
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Abstract: Attention control is the ability to control the focus of attention, to enhance signals of
interest and to suppress distractions. Enhancement and suppression arise from modulation of
neural responses in sensory cortex, with presumed sources of modulation in associative cortex,
namely prefrontal and parietal structures. We tested this model within the context of ongoing,
sustained attention. Using a combination of functional MRI and EEG data, collected separately
and concurrently in an audio-visual sustained attention paradigm, we measured the functional
connectivity of control for enhancement of target signals versus suppression of distracting
signals. We report two novel findings that are not accounted for by existing models. (1) The
neural pathways of enhancement and suppression in sustained attention were separable, with a



prevalent source of suppression arising from supplementary motor cortex rather than prefrontal
or parietal cortex. Furthermore, enhancement was not reliably associated with functional
connections from associative cortex. (2) We observed reconfiguration of sensory cortex
connectivity with respect to task general networks (akin to resting state networks) that were
associated with task performance. We conclude that a considerable source of control in sustained
attention, and thus of modulation of sensory activity, may lie in network interactions exclusive of
bias signals arising from prefrontal and associative structures.
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Abstract: Background: The cerebellum is typically considered to be a motor structure.
However, growing evidence reveals cerebellar responses to a wide variety of cognitive tasks
(e.g., Allen et al., 1997; Stoodley et al., 2012; Brissenden et al., in press). Furthermore, cortical
association networks possess functional connectivity with non-overlapping zones of cerebellar
cortex (Buckner et al., 2011). We recently demonstrated that visual working memory (VWM)
and visual attention tasks preferentially recruit cerebellar regions that are intrinsically coupled
with the cortical dorsal attention network (DAN) (Brissenden et al., in press). Here, we examine
whether cerebellar DAN BOLD activity contains information about the pattern of visuospatial
attentional deployment in a VWM task.

Methods: Subjects performed a lateralized VWM change detection task in an fMRI scanner.
Visual stimulation was matched between visual hemifields (6 bars presented in each hemifield).



At the beginning of each condition block, subjects were cued to covertly attend to either the left
or right side of the display. Subjects were instructed to remember the orientation of a subset of
bars within the attended hemifield. Target bars were distinguished from distractors by color.
Cerebellar regions-of-interest (ROIs) were defined by intrinsic functional connectivity with
cortical network seeds (Yeo et al., 2011). To determine whether specific cerebellar regions
contain information about the pattern of attentional deployment, we trained linear support vector
machine classifiers (nested leave-one-run-out cross-validation; 1000 permutations to establish
significance) to decode the attended hemifield within each of our ROIs. Eye position was
monitored during scanning to ensure subjects held fixation throughout the task. We also
performed support vector regression to determine whether any cerebellar ROI contained
information about eye movements.

Results: Cerebellar DAN and ventral attention network (VAN) ROIs were able to classify the
direction of attentional deployment (DAN: p = 0.0012 uncorrected, 0.012 corrected; VAN: p =
0.021 uncorrected, 0.105 corrected). We were unable to decode the attended hemifield in every
other cerebellar network ROI. Further analyses revealed no relationship between eye movements
predicted from cerebellar BOLD activity and actual eye movements. There was no effect of
attended hemifield on behavioral measures of performance (p > 0.99).

Conclusions: These findings provide further evidence for cerebellar contributions to VWM and
attentional processes and imply a potential role for the cerebellar DAN in spatial orienting of
attention.
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Abstract: Introduction: In our recent work (Michalka et al., Neuron, 2015), we identified four
bilateral interleaved regions in caudolateral prefrontal cortex (cIPFC) that exhibit a bias for
audition or vision during attention and memory tasks. These regions form differentiable
networks based upon their intrinsic functional connectivity (iFC) to posterior sensory biased
cortex. Here we have used iFC to predict task activation, and thus modality bias, by modeling the
differential connectivity of these cIPFC regions. We show that we can reliably predict modality
biased task activation and identify cIPFC regions in novel subjects.

Methods: Two separate fMRI experiments were used in this work. A sustained auditory-visual
attention (SAVA) task required subjects to covertly attend to and identify targets within a cued
stream amongst 4 simultaneously presented streams (2 visual, 2 auditory) of numbers and letters.
A different group performed an auditory-visual working memory (AVWM) task, requiring
subjects to separately perform a 2-back paradigm on either male/female faces or dog/cat sounds.
In each experiment cIPFC regions were identified by contrasting auditory and visual conditions.
Resting state fMRI was also acquired. For each vertex of a defined cIPFC search space, ¢ values
were extracted from each subject from each experiment. iFC between each vertex of the search
space and all nodes of a 17 network cortical parcellation (Yeo et al., 2011) was also calculated.
SAVA iFC data alone was used to train a linear model to predict task task activation in the
SAVA task, and accuracy was assessed using leave-one-subject-out cross validation. AVWM
data was used as a test set to assess model performance when applied to a unique task with
different imaging parameters and novel subjects.

Results: Mean correlation between actual and predicted responses for the training set was 0.597
for right and 0.524 for left search spaces (both p<0.0001). Group analysis revealed that
individuals were significantly better predicted by their own connectivity patterns than by other
subjects (both p<0.0001). Furthermore, predicted data were significantly more correlated with
actual data than averaged task data (lh: p=0.029; rh: p<0.0001). Remarkably, mean correlation
for the AVWM test group predicted with SAVA data was high: 0.448 for the right and 0.456 for
the left search spaces.

Conclusion: These results indicate that individual differences in location and activation strength
of recently discovered sensory biased prefrontal cortex can be reliably predicted by whole brain
patterns of iFC and that these predictions generalize to novel subjects and experiments that
activate these regions.
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Abstract: Previous research indicates that anticipatory modulation of alpha oscillation is related
to performance on attentional tasks (Sauseng et al., 2005). The present experiment investigated
how unmodulated individual alpha frequency (IAF), recorded prior to the stimulus onset, is
related to reaction times (RTs) of target detection in visual search (Triesman, et al. 1980). Alpha
power increases have been previously associated with inhibition of visual stimuli (Dijk, et al.,
2008; Handel, et al., 2011). Therefore, two correlation directions were possible between RTs and
IAF power. A positive correlation, with low alpha power related to fast RTs, cf. research wherein
increased alpha power was shown to be beneficial for single stimulus detection (Mathewson, et
al., 2011). Alternatively a negative correlation, where high IAF power would be related to fast
RTs, indicating that alpha frequency power reflects distractor inhibition (Bonneford & Jensen,
2013).

We recorded the EEG signal while participants performed a visual search task, where they were
asked to detect the target among a set of distractors. We correlated the RTs for all the trials with
occipital IAF power, across 300 ms window preceding the visual search onset. Our results show
a significant negative correlation spanning approximately 120 ms, from 160 ms to 40 ms pre-
stimulus onset. This indicates that the pre-stimulus IAF power is inversely related to the RTs of
detecting the target, with higher pre-stimulus alpha power being associated with faster RTs and
vice versa. This is in line with research implicating alpha oscillations in distractor inhibition
(Payne, et al., 2013; Jensen & Mazaheri, 2010). We assume that with no prior information as to
when or where the target will occur it may be beneficial to keep the narrow width of the
attentional filter, which would require higher IAF power, to prepare for optimal filtering out of
the upcoming distractors. Interestingly, this result is only evident in the smaller set size condition
(16 objects presented on the display), but not in the higher set size condition of visual search (24
objects), which may be due to the prolonged times of task completion. We conclude, that
endogenous alpha rhythm is related to attentional processing, specifically to inhibition of
distractors when the task requires detecting relevant information.
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Abstract: Separating the activity of single neurons in extracellular microwire recordings is a key
step in understanding how the firing of neurons is correlated with experimental conditions. Such
separation is easier to achieve when the experimental subject is well grounded and electrodes are
repositionable. It is considerably harder to achieve in recordings from human epilepsy patients
which use electrodes fixed to the skull and where the patient is not well grounded. Both factors
create electrically noisy recordings with a low signal to noise ratio (~2-3).

Prior studies of spike sorting (detection followed by clustering) have generally focused on either
detection or clustering separately. In the context of human extracellular microwire recordings,
Wild et al. (2012) recently compared the effects of varying parameters of the clustering
algorithm and showed substantial variability in the optimal parameters depending on both noise
level, the shape of action potential waveform, and the number of nearby neurons. These studies
used a set of fixed waveforms for comparison which thereby excludes effects of differences in
thresholds used to detect action potential waveforms. Here I introduce a method, based on
calculation of the adjusted mutual information (AMI) between two spike sorting outputs, which
can be used to compare the results of the entire process of spike sorting, including filtering,
detection, and clustering.

When used to compare the results of sorting simulated neural firing into single neuron activity,
this method shows that the threshold used to detect events has a significant impact on the ability
to accurately separate single neuron activity; indeed, raising the threshold for detection can often
cause a decrease in the AMI between the known (simulated) and sorted activity, even when the
threshold remains below the peak value of the simulated waveform. Variations in other
parameters of the sorting algorithm, such as the features used, also cause significant variations in
the AMI and indicate variations in the quality of spike sorting achieved.



This method based on AMI is general and can be used to compare outputs of entire spike sorting
algorithms even when they differ in the types of filtering applied, methods of spike detection,
and methods of grouping waveform events into clusters of putative single neuron activity.
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Abstract: The recording of neural signals from the brain of neonatal mice is of interest for the
understanding of the functionality of the brain and its development processes. Treatments for
certain forms of neural diseases like epilepsy are investigated with the help of neural recordings
from mice [Marguet, Nature Medicine 21, 1436-1444, 2015]. For a systematic investigation of
these processes, long term neural recordings of neonatal mice are needed. Neonatal mice have a
weight of only 3 - 5 grams; commercially available recording systems are much too heavy and
large for this application. To overcome this, an implantable neural recording system is proposed
that can be placed inside a neonatal mouse (back, neck and head) and record Low Field
Potentials (LFP) and Action Potentials (AP) from the brain. The system is connected via a
connector at the back of the mouse to a data acquisition system. The miniaturized system
consists of a Neuronexus silicone probe, a custom designed Application Specific Integrated
Circuit (ASIC) and a connector (Omnetics). The analog signals are recorded, digitized in close
proximity to the brain and transmitted via a digital interface. The components are placed on
flexible substrate which provides a better handling for the surgeon. The integrated circuit has a
size of only 1.5 x 1.5 mm?. It is wire-bonded onto the substrate, the analog inputs are bonded
directly to the electrode to reduce the wiring and minimize the exposure to noise for the sensitive
analogue signals. The ASIC is designed in a 130 nm CMOS technology, comprises 16 analog
channels, preamplifiers, multiplexer, a post amplifier with switchable gain and a 10 bit SAR
ADC. The analog signals are digitized with 20 kSample/s/channel and transmitted via an SPI



Interface [Bahr, BIOSTEC, V1 263-269, Italy, 2016]. The ASIC was successfully implemented
and used in a neural recording from a mouse (Bahr, BMT, 2016). A version with increased
bandwidth (0.1 Hz to 10 kHz) has been designed. A prototype is constructed using wire-bonding,
the ASIC is bonded onto the PCB, the electrode is connected via an Omnetics connector. The
size of the ASIC is small enough to fit into the long term neural acquisition system. This shows
the suitability of the proposed design. The results show that the custom designed ASIC is
suitable for the proposed system. The used advanced 130 nm CMOS technology is suitable for
mixed signal and analog design implementation for biomedical signal acquisition. The
technology is power efficient and it enables the required size reduction for the implantable
system. With these results it could be shown that the proposed neural recording system can be
realized for long term acquisition from neonatal mice.
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Abstract: Transcranial direct current stimulation (tDCS) has been reported to improve various
forms of learning in humans. Stimulation is often applied during training, producing lasting
enhancements that are specific to the learned task. These learning effects are thought be
mediated by altered synaptic plasticity. However, the effects of DCS during the induction of
endogenous synaptic plasticity remain largely unexplored. To model endogenous plasticity we
induced long-term potentiation (LTP) and depression (LTD) at Schaffer collateral synapses in
CAL of rat hippocampal slices. When induction was paired with concurrent DCS, the resulting
plasticity was biased towards potentiation, such that LTP was enhanced and LTD was reduced.
Remarkably, both anodal and cathodal stimulation can produce these effects, depending on the



dendritic location of plasticity induction. DCS did not affect synapses that were weakly active or
when NMDA receptors were blocked, suggesting a sensitivity for active synapses that are
already undergoing endogenous plasticity. These results highlight the role of DCS as a
modulator, rather than inducer of synaptic plasticity, as well as the complex dependence of DCS
effects on the spatial and temporal properties of endogenous synaptic activity.
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Abstract: Spontaneous fluctuations in fMRI BOLD signal appear to index a fundamental feature
of brain physiology. These fluctuations exhibit distinct spatial and temporal patterns, forming
large-scale brain networks. Converging data suggest that alterations in brain networks are
implicated in a number of neuropsychiatric diseases. However, the neurophysiological basis of
BOLD fluctuations remains poorly understood, underscoring a critical need for well controlled
animal models to investigate this phenomenon.

The rat striatum is a key structure involved in adaptive learning. It is the major projection target
of midbrain dopamine neurons. In the present study, we developed a concurrent f{MRI-
electrophysiological recording technique and performed chronic repetitive recordings with
microelectrode arrays (16-channel) covering the striatum from its dorsal lateral to the medial
ventral domains. By agonizing AMPA receptors within the ventral tegmental area (VTA) micro-
circuitry, we systematically modulated striatal dopamine release and neuronal activity.
Experiments were performed on 10 rats anesthetized with low dose of
isoflurane+dexmedetomidine. Artifacts resulting from MR gradient pulses were corrected using
an in-house method. We found strong phase-amplitude coupling (PAC) in the LFP signal, with
the phase of LFP at 1-4 Hz significantly modulating the amplitude of higher frequency LFPs (8-
50 Hz and >70 Hz). The PAC effect was significantly reduced after VTA AMPA microinjection
(1 pl, 100 mM). The LFP signal was further filtered into classical frequency bands (c:1-4; 6: 5-8;



a:9-14, B:15-30; v:30-50; and hy: >70 Hz). The band-limited power time course was calculated,
down-sampled and correlated with simultaneously recorded BOLD signal. Results revealed that
o band LFP power was negatively correlated with BOLD fluctuations; while B and y band LFP
power was positively correlated with BOLD fluctuations, with minimal LFP-BOLD correlation
in the 6 and o band. VTA AMPA microinjection significantly modulated ¢ band LFP-BOLD
correlation in the ventral and middle portion of the striatum; a similar modulation was seen in the
BOLD functional connectivity. However, the effect of AMPA modulation on LFP-BOLD
correlation in the § and y bands were seen in voxels outside of the striatum and did not overlap
with the effect seen in BOLD functional connectivity.

Our data demonstrate unambiguously the pivotal role of low frequency field potentials
underlying spontaneous BOLD fluctuations. We propose that PAC serves as the integral neural
mechanism that modulates § and y bands LFP-BOLD correlation in resting state fMRI.
Acknowledgement: Supported by NIDA-IRP and UTHSCSA.
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Abstract: Targeted intracellular electrophysiology in vivo, from identified cells across the
cortical column can shed light on a) how single neurons integrate the thousands of synaptic
inputs they receive, and b) elucidate the underlying signal processing motifs between different
cell types. Yet, targeted intracellular recordings from pre-labeled neurons in vivo have
traditionally been restricted to superficial cortical layers, specifically layer 2/3. This is in part due



to the poor visualization of target cells and the recording patch pipette in deep scattering tissue.
Further, targeted whole cell patch-clamping of cells in the deep cortex requires either excessive
laser power or dye perfusion to assist in visualization and guidance. Here, we introduce
microprism-assisted targeted intracellular recordings in the deep cortex, using quantum-dot (QD)
coated nano-pipettes (tip diameters 15nm - 30nm). QD's have a high two-photon absorption
cross-section and are less prone to bleaching which makes them ideal labels for deep-layer in
vivo studies. The use of nano-pipettes facilitate recordings of action potentials and sub-threshold
potentials over extended durations, without intracellular washout and re-usability in the same
experimental run, even in the same cell. Signals attenuated due to the high impedance nature of
the electrode-membrane interface are easily deconvolved offline to reveal full recovery. Using
this approach we demonstrate targeted intracellular recordings from layer V pyramidal cells and
parvalbumin positive interneurons, up to a depth of 800-900um. Moreover, intracellular
measurements from deep-layer pyramidal cells were combined with simultaneous two-photon
Ca’" imaging of the targeted cell and neighboring neurons through the microprism. Our method
allows for precise visual guidance of electrodes to labeled neurons in the deep cortex (limited
only by vertical prism dimension) with minimal incident laser power paving the way for high-
throughput targeted in vivo electrophysiology.

Funding support: NIH RO1 ROIMH101218 and ARO W911INF-12-1-0594 (MURI).

Disclosures: K. Jayant: None. M. Wenzel: None. J.P. Hamm: None. Y. Bando: None. O.
Sahin: None. K.L. Shepard: None. R.M. Yuste: None.

Nanosymposium
116. Techniques in Electrophysiological Recording and Stimulation
Location: SDCC 7B
Time: Sunday, November 13, 2016, 8:00 AM - 10:00 AM
Presentation Number: 116.06
Topic: 1.04. Physiological Methods
Support: N.G. was funded by a Wellcome Trust Fellowship
NIH Director's Pioneer Award IDP1NS087724
New York Stem Cell Foundation-Robertson Award
MIT Neurotechnology Fund
Title: Noninvasive deep brain stimulation via delivery of temporally interfering electric fields

Authors: *N. GROSSMAN'*%? D. BONO*, S. KODANDARAMAIAH*'’, A. RUDENKO™>!'!,
A. CASSARA'", E. NEUFELD'%, S. A. ANTERAPER®, A. TAKAHASHI?, N. KUSTER'?, L.-



H. TSAI>", A. PASCUAL-LEONE’, E. S. BOYDEN>>*"*,

ICtr. for Bioinspired Technol., Imperial Col. London, London, United Kingdom; *Media Lab.,
*McGovern Inst. for Brain Res., ‘Dept. of Materials Sci. and Engin., *Picower Inst. for Learning
and Memory, °Dept. of Biol. Engin., 'Dept. of Brain and Cognitive Sci., *Ctr. for
Neurobiological Engin., MIT, Cambridge, MA; Berenson-Allen Ctr. for Noninvasive Brain
Stimulation, Harvard, Cambridge, MA; lODep‘[. of Mechanical Engin., Univ. of Minnesota, Twin
Cities, Minneapolis, MN; 11Dept. of Biol., City Col. of the City Univ. of York, New York, NY;
2Fndn. for Res. on Information Technologies in Society, Zurich, Switzerland; YBroad Inst.,
Cambridge, MA

Abstract: Electrical brain stimulation is a key technique in research and clinical neuroscience
studies, and also is in increasingly widespread use from a therapeutic standpoint. However, to
date all methods of electrical stimulation of the brain either require surgery to implant an
electrode at a defined site, or involve the application of non-focal electric fields to large fractions
of the brain. We here report a strategy for sculpting the amplitude of electric fields so as to
enable focal, yet noninvasive, electrical neural stimulation. By delivering multiple electric fields
to the brain at slightly different frequencies that are themselves too high to recruit effective
neural firing, but for which the difference frequency is low enough to drive neural activity, we
can cause neurons to be electrically activated at a focus without driving neighboring or overlying
regions. We call this method temporal interference (TI) stimulation, since the interference of
multiple electric fields is what enables the focality, since only the region for which the amplitude
of the envelope at the difference frequency is high will experience neurally relevant frequencies
of electric field. We modeled the concept using finite element methods in order to develop
principles of how to sculpt fields in 3-D in the brain. We validated that neurons in the living
mouse brain could follow the difference frequency electric field, but would not be entrained by
the high frequency fields themselves. We further validated, in living mice, using c-fos labeling,
that we could stimulate a deep region (e.g., hippocampus) without any stimulation of overlying
cortex, via TI stimulation with a difference frequency of 10 Hz; in contrast, simply stimulating
with 10 Hz transcranial alternating current stimulation resulted in significant cortical c-fos
labeling in regions overlying the activated hippocampus. Finally, we explored the steerability of
TI stimulation in the human brain as reflected by fMRI imaging of BOLD signals as we varied
the sites and patterns of electric fields applied to specific electrodes on the scalp. TI stimulation
may represent a new method of brain stimulation using familiar and well-tested electric fields,
but able to achieve focal stimulation without the need for neurosurgery.

Disclosures: N. Grossman: E. Ownership Interest (stock, stock options, royalty, receipt of
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Abstract: Transcranial ultrasound stimulates neurons in humans and other vertebrates. Because
ultrasound can be focused and propagates deep into the brain, it has the potential to non-
invasively stimulate specific brain regions in living animals and humans.

However, little is currently understood about the biophysical mechanism by which ultrasound
stimulates neurons. Even less is known about the molecules that might render some neurons
more sensitive than others. In principle, ultrasonic stimulation can produce heat or mechanical
force and either of these physical stimuli could modulate neural activity.

We, and others (Ibsen et al., Nat Commun 2015, doi:10.1038/ncomms9264) are working to fill
this critical knowledge gap by harnessing the power of the genetic toolset developed in C.
elegans nematodes. We will present evidence that focusing ultrasound on wild type animals
without additional manipulations such as the addition of microbubbles evokes robust reversals
and that reversal probability increases with the power applied. This response appears to depend
on the six gentle touch receptor neurons, since mutants that lack these sensory neurons have
impaired behavioral responses to ultrasound. Loss of a DEG/ENaC sodium channel critical for
normal touch sensation likewise decreases sensitivity to ultrasound. Meanwhile, mutants lacking
a trio of thermosensitive receptors responsible for the worm’s ability to detect tiny thermal
fluctuations behaved more like wild type animals.

Collectively, these results suggest that in regard to neuronal excitability, ultrasound-derived
mechanical forces are more salient than heating, and that mechanosensitive cation channels can
sensitize neurons to ultrasound.
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Abstract: Ultrasonic brain stimulation, the use of ultrasonic waves to manipulate the activity of
specific brain region, has been demonstrated to noninvasively alter neuron activity in animals
and humans. Capable of non-invasive transmission trough skull with fine focal size, ultrasonic
brain stimulation is an encouraging means and a good alternative to existing stimulating
strategies (e.g. deep brain stimulation, optogenetics, transcranial magnetic stimulation, and
transcranial direct current stimulation), with the advantages of non-invasiveness, fine spatial
control, and deeper tissue penetration. However, the mechanism underlying remains
investigation. It has been hypothesized that that ultrasound can gate mechano-sensitive ion
channels directly and thus it is able to develop sonogenetics which is analogous to optogenetics.
To test this hypothesis, the GFP tagged mechanosensitive ion channels Piezo 1 which are shown
to be gated by mechanical stimuli, are expressed in 293T and primary cortical neurons. The well
characterized mechanosensitive ion channels MscL (~6 mN/m for 50% open probability) are
expressed as well serving as calibrator. Ultrasound (0.5, 1, 2, 4, 8 and 20MHz, <5W/cm?) with
defined acoustic field is delivered to the cells for stimulation. Whole cell patch-clamp, calcium
imaging are utilized to evaluate the cell responses.

Our results show that Piezo 1 and MscL can be expressed in neurons. These channels can be
gated by ultrasound and induce inward current and calcium influx depending on ultrasound
intensity both in 293T and primary cortical neurons. Calcium imaging showed that the calcium
spiking rates of Piezo 1 and MscL expressed neurons upon ultrasound stimulation are higher than
the wild type neurons. The effects were reversible with repeated stimulation. In Piezo 1
expressed neurons, the effects can be partially blocked by GsMTx-4 which is known as a Piezo 1
blocker. The effects of different parameters on the stimulation have also been determined. These
results show that ultrasound is able to modulate neuronal activity by gating mechanosensitive ion
channels. It demonstrates reliable control of neuron activity with sonogenetics.
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Abstract: Adult neurogenesis in the brain occurs throughout life, decreasing with age. We have
found that neural stem cells (NSCs) in vitro and in embryonic brain slices in situ generate a
lateral diffusion barrier in the endoplasmic reticulum membrane during mitosis. This diffusion
barrier weakens with age, accompanied by a disruption of an asymmetric segregation of
damaged proteins between daughter cells. In both embryonic and young adult brain NSC
divisions, damaged proteins are asymmetrically inherited by the non-stem daughter cell, whereas
in the old adult brain, damage is more symmetrically distributed between progeny, further
supporting a weakening of the diffusion barrier with age. Overexpression of the lamin A mutant
protein Progerin phenocopies the weakened diffusion barrier, the symmetric segregation of
cargoes, and the reduction in proliferation as seen in old NSCs. Interestingly, multiple lamin-
binding proteins of the nuclear envelope (NE) are regulated with age, and knockdown of these
proteins dramatically affects NSC proliferation rate. These results suggest a novel role for NE
proteins in NSC aging, and further identify potential therapeutic targets in the age-dependent
decrease in adult neurogenesis.

Disclosures: D.L. Moore: None. G.A. Pilz: None. M.K. bin Imtiaz: None. Y. Barral:
None. S. Jessberger: None.



Nanosymposium

198. Adult Neurogenesis During Aging of the Neural Stem Cell Niche
Location: SDCC 25A

Time: Sunday, November 13, 2016, 1:00 PM - 3:30 PM

Presentation Number: 198.02

Topic: A.04. Transplantation and Regeneration

Support: NIA Grant RO1AG041861-01

Title: Peaks and valleys in cell behavior and gene expression during aging of the neural stem cell
niche

Authors: *M. APOSTOLOPOULOU', T. KIEHL!, M. WINTER?, E. CARDENAS?, S.
GODERIE!, Y. WANG', A. COHEN?, S. TEMPLE';
"Neural Stem Cell Inst., Rensselaer, NY; “Drexel Univ., Philadelphia, PA

Abstract: Neurogenesis in the subventricular zone (SVZ) decreases markedly with aging,
thought to occur by a unidirectional decline. However, after conducting an unbiased analysis of
SVZ transcriptome at 2, 6, 18 and 22 months, we found that in addition to trends following age,
numerous genes had surprising maximal or minimal expression at 18 months, including
progenitor and cell cycle-related genes. In vivo, transit amplifying Type C cell number and
proliferation also exhibit a nadir at 18 months. We then followed the proliferation and
differentiation of isolated SVZ cells in vitro. Lineage analysis of 944 clones showed that age-
related declines in neurogenesis were recapitulated. Moreover, even after isolation from the
niche, Type C cells show U-shaped cell proliferation rates with age. Our findings indicate that
age-related changes in the SVZ are not only monotonic but can exhibit peaks and valleys, and
that programmed changes in progenitors are key drivers of neurogenic aging.
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Abstract: Although the effects of neural activity on adult hippocampal neurogenesis are well
recognized, the circuit mechanisms governing neural stem cell (NSC) activation and integration
of adult-born dentate granule cells (DGCs) in the dentate gyrus (DG) are poorly understood.
Adult-born DGCs are thought to compete with mature DGCs for cortical inputs to integrate and
survive. To ascertain how changes in inputs of mature DGC affects NSCs and neuronal
competition, we engineered a genetic system to reversibly eliminate a subset of dendritic spines
in mature DGCs. Overexpression of a transcriptional negative regulator of dendritic spines,
Kruppel-like factor 9 (KIf9), in mature DGCs eliminated a subset of their dendritic spines and
rapidly enhanced NSC activation and integration of adult-born DGCs without affecting olfactory
bulb neurogenesis. Restoration of KIf9 levels in mature DGCs reversed the competitive
advantage of adult-born DGCs and NSC activation while modifying the DG with an expanded
cohort of age-matched adult-born DGCs. Importantly, an independent strategy targeting Racl to
eliminate spines in mature DGCs also increased the number of adult-born DGCs. Retroviral
based rabies dependent mono-synaptic retrograde tracing revealed that enhanced integration of
adult-born DGCs transiently reorganized local hilar afferent connectivity. Enhancing integration
of adult-born DGCs by modulation of competition in adulthood and during aging promoted
contextual discrimination and reversal learning. Mice with more adult-born DGCs exhibited
enhanced global remapping, a population based coding mechanism that supports pattern
separation, when exposed to two similar, but not distinct, contexts, in dorsal and ventral DG.
Pharmacological occlusion of the enhancement in neurogenesis in these mice reversed global
remapping improvements, thereby casually linking levels of adult hippocampal neurogenesis
with efficiency of global remapping in the DG. Together, these observations begin to instantiate
circuit mechanisms underlying the integration and functions of adult-born DGCs, while
demonstrating how these mechanisms maybe harnessed to enhance adult hippocampal
neurogenesis, population based coding in DG, and memory precision in adulthood and during

aging.
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Abstract: Neurogenesis persists into adulthood in specialized niche environments. One of these,
the subventricular zone (SVZ), is situated between vascular and cerebrospinal fluid (CSF)
compartments, each contributing extrinsic factors that regulate neural stem cell (NSC) dynamics.
The choroid plexuses (ChP) are a rich source of secreted growth factors and cytokines known to
affect adult neurogenesis; the lateral ventricle ChPs are immediate neighbors of the SVZ. The
ChP undergo a dramatic reduction in CSF production and protein synthesis with age.
Neurogenesis similarly diminishes with age, leading to fewer new olfactory bulb interneurons
and deficits in fine olfactory discrimination. Multiplex-immunolabeled SVZ whole mounts
imaged using confocal microscopy capture population and 3-D architectural changes across the
entire aged SVZ niche.

We are interested in how ChP-derived factors impact and contribute to age-related changes in
niche architecture and neurogenic output. Other groups have shown previously that
intraventricular delivery of growth factors known to be secreted by the ChP, including EGF and
FGF2, can partially revitalize neurogenesis in vivo in aged mice. Time lapse imaging of SVZ
cells seeded at clonal densities and cocultured with explanted ChPs demonstrate a significant
increase in NPC proliferation and motility, expanding the pool of activated Type B progenitor
cells with a reduction in neuroblast production. Heterochronic and isochronic combinations of
ChP explants and SVZ cells suggest this effect is enhanced when young ChP is cocultured with
old SVZ cells when compared to old ChP paired with old SVZ. Conditioned media analysis
identified elevated levels of several factors that may contribute to these effects. Transcriptome
analysis of paired ChP and SVZ samples has revealed a number of interesting age-associated
changes in ChP-secreted factors that may affect SVZ NPCs directly, as well as others that may
act through alterations in their niche environment. Efforts to characterize the influence of
candidate factors on aged SVZ neurogenesis using a high-throughput compound screening assay
are currently underway.
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Abstract: Neuron production in the adult hippocampus drops during aging of unclear cellular
sources. We present on neural stem cell diversity, homeostasis, plasticity and underlying
mechanisms that collectively contribute to physiological neurogenesis changes.
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Abstract: It is well established that adult neurogenesis declines in the adult and aging brain, and
neurogenic dysfunction is likewise a common feature in a number of neurodegenerative diseases,
including Alzheimer’s disease (AD). Here, we asked whether disturbances in lipid metabolism,
which has been increasingly implicated in neural stem cell (NSC) regulation under physiological
conditions, may be involved in age- and AD-associated declines in adult neurogenesis. We show
that deposits of Oil Red O-positive neutral lipids accumulate within the aging subventricular
zone (SVZ) NSC niche, and that this process is strongly enhanced in the 3xTg model of AD.
These increasing lipid accumulations are already detectable by 2-3 months of age in 3xTg-AD
mice, coincident with declining SVZ neurogenesis and prior to the reported onset of cognitive
deficits in learning and memory. Using electron microscopy, these lipid accumulations were
identified as membrane-bound lipid droplets, intracellular stores of neutral lipids. Notably, large
lipid droplets were specific to ependymal cells, the principle support cells of the SVZ niche.
Imaging Mass Spectrometry (IMS) revealed a panel of 12 oleic acid (OA)-rich triglycerides that
were up to 30-fold more abundant in the SVZ of 3xTg-AD mice compared to strain controls. In
vitro and in vivo studies were then performed to explore the potential impact of elevated OA on
NSC activity. 3xTg-AD SVZ explants and explant-conditioned medium both suppressed growth
of wild-type neurospheres, indicating the presence of inhibitory paracrine signals within the
3xTg-AD SVZ. Moreover, exogenous OA 1) directly suppressed NSC proliferation in vitro, and
i1) inhibited AraC-induced activation of SVZ NSCs in vivo. These experiments are consistent
with an inhibitory paracrine effect of accumulating ependymal OA on NSCs. Microarray
analyses revealed substantial changes in lipid metabolism-related gene expression within the
3xTg-AD SVZ. Among the genetic alterations observed was up-regulation of stearoyl-CoA-
desaturase (SCD1), the rate-limiting enzyme in production of OA and its downstream
unsaturated fatty acids. By pharmacologically inhibiting SCD1 activity, levels of OA-rich
triglycerides were reduced in 3xTg-AD mice, and this resulted in a rescue of NSC activity in
both the SVZ and dentate gyrus neurogenic niches. These studies collectively support a model in
which AD-induced perturbation of niche fatty acid metabolism suppresses NSC proliferation and
results in an accelerated aging-associated decline in adult neurogenesis.
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Abstract: Our recent studies have systematically examined the function of subventricular (SVZ)
zone neural stem and progenitor cells (NSPCs) during aging. This work indicates that although
NSPC function continuously declines with advancing age, there is a critical time period during
middle-age when a prominent reduction in NSPC survival and regeneration, and associated
behavioral (fine olfactory discrimination) function occurs. We also find that this specific
temporal pattern of NSPC deterioration is correlates with the decreasing expression of the redox-
sensitive transcription factor nuclear factor (erythroid-derived 2)-like 2 (Nrf2), and its target
gene glutamate-cysteine ligase modifier subunit (GCLM), in the NSPCs. Decreasing or
increasing Nrf2 expression, via short interfering RNAs or overexpression assays, in young and
old NSPCs, respectively, was sufficient to significantly deter or improve the survival and
proliferation of these cells. Furthermore, analysis of young Nrf2 knock-out (Nrf2 -/-) mice
revealed the proliferative capacity of the NSPCs and their ability to produce new neurons, as
well as their fine olfactory discrimination ability, was also notably compromised in these animals
as compared to age-matched wild type control animals. Given these data, we generated
recombinant adeno-associated viral (rAAV) vectors carrying Nrf2 and administered them into
the SVZs of aging rats. Preliminary results indicate that animals receiving rAAV-Nrf2-eGFP
have improved fine olfactory discrimination ability in comparison to animals receiving control
rAAV-eGFP vectors. We are also performing additional behavioral and histological analyses to
further address the effects of increased Nrf2 on NSPC function. These data support Nrf2
pathway modulation as a way to improve aged NSPC function, and have important implications
with respect to developing stem cell-based strategies to support healthy aging and to treat age-
related neurological disorders.
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Abstract: The ventricular-subventricular zone (V-SVZ) is the largest neural stem cell (NSC)
reservoir in the mammalian forebrain. NSCs generate neurons and glia throughout life and are
mediators of plasticity and repair in the CNS. However, NSC proliferation and neurogenesis is
sharply reduced at mid-age through unknown mechanisms. Our studies establish microglia, the
resident immune cells in the brain, as integral V-SVZ niche cells that are closely associated with
NSCs, germinal pinwheels and the microvasculature. During aging, microglia undergo
substantial positional changes within the niche, losing their close association to the vasculature
while becoming increasingly associated with the ependyma and germinal pinwheels. We
observed an early and chronic activation of V-SVZ microglia that was not reciprocated outside
of germinal niche. Microglia activation resulted in increased inflammatory mediators within the
NSC compartment. A substantial increase of monocyte infiltration was observed within the aged
V-SVZ niche, suggesting the peripheral immune system may also mediate V-SVZ inflammation
during aging. Induction of sustained inflammation in young mice recapitulated microglia
activation and reduced proliferation observed in the aging V-SVZ. In vitro studies revealed
secreted factors from activated microglia reduced proliferation and neuron production compared
to secreted factors from resting microglia. Furthermore, minocycline treatment in aged mice
reduced microglia activation, niche inflammation and partially restores proliferation in the aged
niche. Our results suggest that age-associated chronic inflammation contributes to declines in



NSC function within the aging neurogenic niche and microglia may sustain or negatively affect
neurogenesis depending on age.
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Abstract: Adult neural stem cells (NSCs) are the source of new neurons in the adult mammalian
brain, and are a promising source of regenerative therapies for neurodegenerative disease.
However, the functionality of NSCs in the mammalian brain is reduced with age. The brain
contains both actively dividing stem cells and very slowly dividing NSCs, termed quiescent
NSCs. These quiescent NSCs are the source of proliferative NSCs, are actively maintained, and
have the potential to be reactivated and form new neurons in response to external stimuli. While
the quiescent NSCs are ultimately likely to be the critical reserve population of NSCs in the adult
brain, the precise mechanisms by which these cells are maintained and how they are activated
remain unknown. Our goal is to determine how quiescent NSCs are directly regulated at the
transcriptional level. To do so, we took advantage of an vitro model of NSC quiescence which
allows us to combine functional and genomics approaches that reveal the critical mechanisms
governing quiescent NSC function. Our published and preliminary data implicate the longevity-
associated transcription factor FOXO3 as a key regulator of quiescent stem cells in the adult.
FOXO3 is a central regulator of both aging and stem cells, and mice lacking FOXO3 have an
age-related depletion of NSCs. However, the precise molecular mechanisms underlying
FOXO3's role in preserving NSCs in the adult brain remain unknown. Using ChIP-seq, we
identified neural stem cell-specific FOXO3 targets, and found that they tend to be specialized for



the nervous system, and include important regulators of cellular homeostasis during aging,
including proteostasis and metabolic targets. To begin to understand how FOXO3 regulates an
NSC-specific program of gene expression, we have investigated the upstream signals that
regulate FOXO function in these cells. Intriguingly, we found that signaling through Bone
Morphogenetic Proteins (BMPs) induces FOXO1 and FOXO3 in quiescent neural stem cells.
BMPs have been established as key regulators of NSC quiescence during aging, but the
downstream mechanisms are not known. Our data suggest that BMPs may regulate FOXO1 and
FOXO3 expression to control programs of gene expression that increase stem cell quiescence
and preservation with age. Together, these experiments provide new insight into how the
conserved pro-longevity FOXO transcription factors function in NSCs to regulate cellular
homeostasis and longevity.
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Abstract: Embryonic stem cells have enormous potential for basic and clinical research into
novel cell-based therapies, but the key obstacle is that stem cell differentiation is dependent upon
specific cell signaling, which remains poorly understood. Here, we tested whether different
dosages of KP-10 led to specific neuronal differentiation of rhesus macaque derived tau GFP-
lyon ES cells. We found that KP-10 exhibited an anti-proliferative effect on the cells, leading to
differentiation and morphological changes consistent with neuronal stem cell development. More
importantly, kisspeptin signaling led the cells to differentiate into GnRH-neuronal types,
consistent with previously observed connections between kisspeptin signaling and GnRH
neurons in several congenital disorders, such as idiopathic hypogonadotropic hypogonadism
(IHH). Formation and development of the GnRH neurons following the application of Kisspeptin



peptides (KP-10) to the Lyon ES cell is a novel and potentially significant finding in a number of
areas.
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Abstract: Alzheimer’s disease (AD) has an unknown etiology; however, cardiovascular risk
factors are associated with a higher incidence of AD. A defining feature of endothelial
dysfunction induced by cardiovascular risk factors is reduced bioavailable endothelial nitric
oxide (NO). We previously demonstrated endothelial NO acts as an important signaling
molecule in neuronal tissue. We sought to determine the relationship between the loss of
endothelial nitric oxide synthase (eNOS) and tau phosphorylation in neuronal tissue. We utilized
eNOS knockout (") mice as well as an AD mouse model, APP/PS1 that lacked eNOS
(APP/PS1/eNOS™) to examine expression of tau kinases and tau phosphorylation. Brain tissue
from eNOS™ mice had statistically higher ratios of p25/p35, indicative of increased cyclin-
dependent kinase (Cdk) 5 activity as compared to wild type (n=8, P<0.05). However, tau
phosphorylation was unchanged in eNOS™ mice (n=8, P>0.05). Next, we determined the role of
NO in tau pathology in APP/PS1/eNOS™". These mice had significantly higher levels of p25 and



a higher p25/p35 ratio as compared to both wild type and APP/PS1 mice (n=12-14, P<0.05).
Indeed, Cdk5 activity was significantly higher in brain tissue of APP/PS1/eNOS™ mice (n=4;
P<0.05). Importantly, APP/PS1/eNOS™ mice also had significantly increased tau
phosphorylation (n=4-6, P<0.05). No other changes in amyloid pathology, antioxidant pathways,
or neuroinflammation were observed in APP/PS1/eNOS” mice as compared to APP/PS1 mice.
Our data suggests that loss of endothelial NO plays an important role in the generation of p25
and resulting tau phosphorylation in neuronal tissue. These findings provide important new
insights into the molecular mechanisms linking endothelial dysfunction with the pathogenesis of
AD.
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Abstract: AMP-activated protein kinase (AMPK) is an evolutionarily conserved fuel-sensing
enzyme and a key player in regulating energy metabolism. AMPK is activated during energy
shortages and suppressed in energy surplus by sensing cellular AMP/ATP ratios. AMPK
functions to restore cellular energy metabolism by suppressing energy consuming anabolic
pathways and stimulating catabolic energy producing pathways. In Alzheimer’s disease (AD),
the role of AMPK is controversial, with the reports suggesting both beneficial and detrimental
effects on the progression of AD. It is reported that AMPK activation reduces AP production in
rat cortical neurons, and that leptin and resveratrol reduce AP levels and tau phosphorylation
through AMPK activation. In contrast, AMPK can directly phosphorylate tau and increased
AMPK activation is observed in tangle and pre-tangle bearing neurons in AD.



In this report we examined the effect of AMPK on amyloid precursor protein (APP) and tau in
cortical neurons. Treatment of the human cortical stem cell line (HK-532) and rat primary
embryonic cortical neurons with the AMPK activator, AICAR, induced the stimulation of
downstream signaling pathways measured by the increased phosphorylation of Akt, GSK-33 and
JNK, and the decreased phosphorylation of mMTOR and ERK. GSK-3f and JNK phosphorylation
was maximum at 2 h and returned to basal level after 8 h treatment. Phosphorylation of Akt was
maintained up to 8 h. Dephosphorylation of mMTOR and ERK were consistent for at least 24 h.
Interestingly AICAR treatment decreased amyloid precursor protein (APP) protein levels along
with the dephosphorylation of tau at Ser199/202, Ser396 and Thr231. The effect of AICAR
treatment on APP protein levels and tau phosphorylation was blocked by inhibitors of PI3-K and
JNK. Our results suggest that AMPK activation alleviates AD pathology through PI3-K- and
JNK-mediated pathways. This work was supported by the National Institutes of Health
(1DP3DK094292, 1R24082841 to E.L.F.), and the Program for Neurology Research and
Discovery (www.pnrd.umich.edu).
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Abstract: Missorting of Tau represents one of the early signs of neurodegeneration in Alzheimer
disease. Tau protein is ubiquitously expressed across all compartments of neurons at early stages
of development whereas it gets axonally sorted during maturation. The trigger for the sorting and
missorting of tau protein is still a matter of debate. In our study, we investigated the sorting
mechanisms of endogenous Tau in cultured primary neurons using microfluidic devices where
cell compartments can be observed separately. We found that blocking protein degradation



pathways on the neuritic side of the microfluidic devices with proteasomal or autophagy
inhibitors dramatically increased the missorting of Tau in dendrites on the neuritic side,
suggesting that degradation of Tau in dendrites is a major determinant for the physiological
axonal distribution of Tau. Notably, such missorted dendritic Tau showed a different
phosphorylation pattern from axonal Tau, as it was phosphorylated mainly in the repeat domain
(antibody 12ES), but not in the proline-rich domains flanking the repeats (e.g. PHF1 and ATS8
sites). By contrast, the axonal Tau was phosphorylated at all these sites. Inhibition of local
protein synthesis almost completely reversed the missorting of Tau induced by inhibition of
protein degradation, indicating that the missorted dendritic Tau is locally synthesized. In support
of this view, Tau mRNA was detected not only in cell bodies and axons, but in dendrites as well.
Taken together, our results indicate that the protein degradation systems play an important role in
the polarized distribution of tau in neurons.
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Abstract: Tau is a microtubule-associated protein that is expressed in neurons and localizes
predominantly in the axons. Abnormal deposition of tau is a common pathological feature of a
number of neurodegenerative diseases and thought to play critical roles in their pathogenesis,
however, how tau gains toxicity is not fully understood. Reduction in the function and number of
mitochondria at the presynaptic terminals has been associated with Alzheimer's disease and other
tauopathies. Using a Drosophila model of human tau toxicity, we previously reported that loss of
axonal mitochondria by knockdown of milton, which is essential for axonal transport of
mitochondria, enhances tau-induced axon degeneration. Here we report that sustained activation
of Ca*"/calmodulin-dependent protein kinase IT (CaMKII) may play a role in the enhancement of
tau toxicity caused by depletion of mitochondria from the axon. The levels of the
autophosphorylated form of CaMKII, which has Ca**-independent, persistent activity, were
increased by milton knockdown. Overexpression of CaMKII was sufficient to cause
neurodegeneration in an age-dependent manner, and a mutant form of CaMKII carrying pseudo-
phosphorylation at the autophosphorylation site caused more prominent neurodegeneration.
CaMKII overexpression synergistically enhanced neurodegeneration caused by tau, and
knockdown of CaMKII suppressed tau-induced enhanced by depletion of axonal mitochondria.
Tau phosphorylation at an Alzheimer’s disease-related site Ser262 is known to play a critical role
in the enhancement of tau toxicity caused by depletion of axonal mitochondria. However, we
found that CaMKII did not increase the levels of tau phosphorylated at Ser262, suggesting that
elevated CaMKII activity maybe yet another mechanism by which depletion of axonal
mitochondria enhances tau toxicity. These results suggest that disruption of calcium homeostasis
caused by mislocation of mitochondria and elevated levels of Ca**-independent form of CaMKII
contribute to tau toxicity in disease pathogenesis.
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Abstract: Tau is a microtubule-associated protein that is capable of aggregating into oligomers
and intraneuronal neurofibrillary tangles (NFTs) in primary tauopathies, including Alzheimer’s
Disease (AD). To better understand how tau aggregates spread and induce aggregation of naive
tau, several models of tau seeding have been developed, ranging from HEK cells stably
expressing the repeat domain of tau tagged to CFP and YFP (FRET as a proxy for aggregation),
injection of tau fibrils into mice, and generation of unique tau clones from a range of tauopathy
patient brain lysate. What is lacking, however, is a tool that provides sensitive detection of tau
aggregation and spreading in animal models in real-time, enabling the longitudinal visualization
and isolation of tau aggregation and potentially subsequent toxicity. To generate such an
innovative tool, we have combined the ultrasensitive FRET-based tau aggregation reporter with
the reliable and flexible transgene delivery by AAVs. The tau repeat domain (Tau"") carrying a
FTD mutation (P301L) rapidly aggregates when exposed to misfolded tau; when tagged with
CFP and YFP, the triggered aggregation of Tau"" leads to FRET activity, enabling the sensitive
detection of minor amounts of tau. In order to improve this tau aggregate sensor to make it
suitable for in vivo studies, we engineered a self-cleaving 2A peptide between the Tau®” FRET
pair. The resulting Tau""(CFP)/2A/Tau""(YFP) construct (termed TauFRET2) expresses Tau""-
CFP and Tau"P-YFP in a stoichiometric ratio and eliminates the previously necessary co-
transduction of two separate viruses. The AAV_TauFRET2 virus is highly efficacious at
expressing Tau""-CFP/Tau*"-YFP, both in primary neurons as well as in vivo. We are now able
to monitor AAV_TauFRET?2 expressing neurons longitudinally through cranial windows using
two-photon microscopy, as well as isolate AAV_TauFRET2 neurons from the adult brain via cell
sorting. AAV-TauFRET2 expressing wildtype neurons can develop FRET positive tau
aggregates when triggered with exogenously applied lysate and even more interesting, when
tauopathy neurons — either in vitro P301S primary neurons or in vivo Tg4510 neurons — express
AAV_TauFRET?2, spontaneous aggregates can develop, suggesting that endogenously present
aggregates of tau are capable of recruiting and misfolding monomeric tau in our dynamic
TauFRET2 system. With the success of our initial AAV_TauFRET2 characterization work, we
can begin to longitudinally monitor and assess the role of tau aggregation and spread on neuronal
integrity in adult brains.
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Abstract: To study tauopathy disorders in a genetically tractable model system, we developed a
transgenic C. elegans model for pathological tau by expressing human tau pan-neuronally. This
animal model recapitulates several hallmarks of human tauopathies including altered behavior,
accumulation of detergent insoluble phosphorylated tau protein, and neurodegeneration. To
identify genes required for tau mediated neurodegeneration, we conducted a classical genetic
screen for mutations suppressing pathological tau phenotypes in C. elegans. We ultimately
cloned the sut-2 gene, mutations in which alleviate tauopathy related phenotypes in C. elegans.
sut-2 encodes a distinct sub-type of CCCH zinc finger protein conserved across animal phyla. C.
elegans SUT-2 shares significant identity with the mammalian SUT-2 (MSUT2) homolog in
both humans and mice. To validate the role of MSUT?2 in tau pathology we have studied the
consequences of genetically reducing or eliminating MSUT?2 on existing mouse and cellular
models of tauopathy. Knockout of MSUT?2 in the PS19 mouse model of tauopathy ameliorates
tau related neurodegenerative changes including decreased accumulation of abnormal tau,
reduced neuronal loss, and reduced cognitive dysfunction. In Alzheimer’s disease MSUT?2 levels
predict age at disease onset and correlate with pathological protein deposition. The molecular
mechanism by which MSUT?2 controls tauopathy phenotypes is poorly understood, but under
intensive investigation. The CCCH type zinc finger domains of SUT-2 and MSUT2 have been
implicated in RNA binding. Human MSUT2 CCCH domains bind to poly adenosine stretches in
mRNA as well as the nuclear polyA binding protein PABPN1. MSUT2 and PABPNI1 have been
previously reported to have reciprocal effects on polyA tail length (PMID 4671764). We have
shown depletion of MSUT2 ameliorates tau oligomer and aggregate formation in a human
cellular model of tau aggregation while depletion of PABPNI1 has the reciprocal effect driving
increased tau oligomerization or aggregation. Loss of MSUT?2 is epistatic to loss of PABPNI as
concurrent depletion of both does not increase tau aggregation. Furthermore, decreasing polyA



tail length exacerbates tauopathy in human cells. Taken together these findings suggest MSUT?2
modulates tau toxicity through binding to and/or regulation of polyA tails. Knocking out MSUT2
in mice protects against pathological tau supporting further translational studies of human
MSUT?2 as a candidate target for therapeutic intervention in diseases with tau pathology.
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Abstract: The accumulation of microtubule-associated protein tau into toxic aggregates
characterizes multiple neurodegenerative diseases, classified as tauopathies, including
Alzheimer’s disease and related dementia disorders. We have used a Caenorhabditis elegans
model of tau toxicity to identify genes that modulate human tau. Expression of human tau in C.
elegans causes significant defects in motor function, progressive neuron loss, and shortened
lifespans. Previous work from our lab demonstrated that loss of dop-2 and dop-3, the two D2-
like dopamine receptors in C. elegans, significantly improved tau-induced phenotypes in tau
transgenic C. elegans. To better understand how dopamine signaling pathways modulate tau
toxicity, we generated C. elegans strains that expressed human tau and loss of function mutations
in over 40 dopamine-related genes. We screened these strains for enhancement or suppression of
tau-induced locomotor defects and identified bas-1, the C. elegans homolog of aromatic amino
acid decarboxylase (AADC), as a suppressor of tau-induced toxicity. Loss of function in bas-1
ameliorates tau-induced motor dysfunction and neuronal loss. We are continuing to investigate



the mechanism(s) by which loss of bas-1 leads to suppression of tau toxicity. Understanding how
modulation of dopamine signaling mediates tau toxicity could lead to identification of new
therapeutic targets for tauopathies.
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Abstract: In a non-diseased brain, tau stabilizes microtubules; however, in Alzheimer’s disease
(AD) and tauopathies, tau becomes hyperphosphorylated, aggregates, and results in neuronal
death. Our group recently uncovered a unique interaction between polyamines and tau fate.
Polyamines exert an array of physiological effects that support neuronal function and cognitive
processing. The direct link between polyamines and cognition is postulated to involve the
putative polyamine-binding site on N-Methyl-D-Aspartate (NMDA) receptors. Specific stimuli
(physical or emotional), can elicit a polyamine stress response (PSR), resulting in altered central
polyamine homeostasis. Furthermore, evidence suggests that while the elevations in polyamines
following a short-term stressor are beneficial, persistent stress and subsequent PSR activation
may become maladaptive and lead to polyamine dysregulation. Polyamine dysregulation occurs



in numerous disease states, and may contribute to neuropathology and cognitive impairment.

We found significant dysregulation of the polyamine pathway suggestive of a PSR in animal
models of tauopathy. Furthermore, viral-mediated overexpression of C-terminally truncated tau
(recombinant adeno-associated virus serotype 9 (rAAV9) C-Tau D421) also elicited polyamine
dysregulation and cognitive impairment. Interestingly, the tau neuropathology in both models
elicits a unique signature in the polyamine pathway that may produce a specific tau-dependent
PSR. Conversely, we show that targeting the PSR, via arginase 1 (Argl) overexpression,
decreases tau neuropathology in rTg4510 (Hunt et al., 2015) and PS19 tau transgenic mice.
Lastly, we also show that polyamines inhibit tau aggregation and oligomerization at
physiological concentrations in vitro, while acetylated polyamines fail to mimic this effect on
tau. Taken together, these data demonstrate that tau neuropathology impacts the polyamine
pathway. We hypothesize that this interaction creates a bi-directional tau-mediated PSR, which
in turn exacerbates tau release, aggregation, polyamine dysfunction and cognitive impairment.
Furthermore, we hypothesize that the tau mediated PSR impacts NMDA receptor-dependent
learning and memory. Electrophysiology and in vivo microdialysis will confirm acute changes in
the tau-PSR. Overall, our data suggest that polyamines serve as endogenous inhibitors/stabilizers
of tau and that tauopathies promote a unique PSR, which endorses further tau pathology.
Importantly, this pathway could be therapeutically targeted to reduce neuropathology and
cognitive impairment in AD and tauopathies.
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Abstract: Several B-sheet dyes are being developed as PET ligands for targeting pathological tau
aggregates. In contrast to B-sheet binders, antibody-derived ligands should provide greater
specificity for detecting tau lesions, and can be tailored to detect various pathological tau
epitopes. Such detailed information may then lead to more efficacious clearance of the tau
aggregates, for example with tau immunotherapy targeting these same epitopes.

We have previously reported that a tau imaging probe based on a single chain variable antibody
fragment (scFv235) provides a greater in vivo brain signal after peripheral injection than the
parent antibody (6B2) although the affinity of the former is much lower (Krishnaswamy S et al, J
Neurosci, Dec 10, 2014). This is likely due to its smaller size (25 kDa) compared to the antibody
(150 kDa) resulting in improved brain and neuronal permeability. To confirm this in the same
animals and to determine if the Fab portion (50 kDa) of the antibody may provide an ideal
compromise between size and affinity, tauopathy mice were serially injected with all three
probes. The latter two have higher affinity for tau and longer half-life than scFv. Hence, such
comparison provides valuable information on how size, affinity and clearance of the probe
affects in vivo detection of tau lesions that will aid in further development of this approach for
clinical use. The probes were tagged with a near-infrared fluorescent marker to allow detection
of brain signal after i.v. injection (50 pg) in intact anesthetized tauopathy mice (JNPL3, htau,
htau/PS1; n=7) using the In Vivo Imaging System (IVIS). The strongest average peak IVIS brain
signal was obtained after scFv235 injection, both in JNPL3 mice (1.9E+10) and the other models
(3.5E+9), compared to 6B2 (1.3E+10 vs. 2.8E+9) and its Fab (8.2E+9 vs. 2.0E+9). All the mice
received the probes in the same order, starting and ending with the 6B2 antibody, allowing for
probe clearance between injections. The 6B2 signal did not appear to change over this period.
Interestingly, the signal from the 6B2 and its Fab are comparable although the whole antibody is
three times the size of its Fab. We are verifying that its digestion into Fab did not affect its
affinity. Stronger signal in the JNPL3 mice compared to the other models is as expected since
they have more tau lesions. We are currently comparing the in vivo signal with tau pathology in
the individual mice to better assess the predictive validity of each probe. In conclusion, scFv
appears to be more sensitive for detecting tau pathology in vivo than its parent antibody or its
Fab fragment although the latter two have substantially higher affinity for tau.
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Abstract: Our laboratory has pioneered targeting pathological tau proteins using active and
passive immunotherapies in models of Alzheimer’s disease and other tauopathies. Previously, we
double differentiated naive SH-SYS5Y cells with retinoic acid and BDNF to create a more
neuronal-physiological system. This model showed increased tau levels, decreased tau antibody
(Ab) internalization, and greater efficacy of tau Abs to clear pathological tau, compared to non-
differentiated cells.

Time lapse live imaging is a very sensitive approach, which allows monitoring in real time the
internalization, interaction, and dynamics of both tau Ab and pathological tau within endocytic
cellular compartments. The neuron-like cells were pre-treated for 16 h with 50 pg/mL of paired
helical filament enriched fluorescently-tagged tau (PHF) and subsequently incubated for 2.5 h
with 20 ng/mL CypHer5E-tagged 4E6 tau Ab, which was generated against a P-S396,404 tau
immunogen. Alternatively, the cells were co-treated with tagged PHF tau and 4E6 for up to 2.5
h. CypHerS5E is a pH sensitive dye, which only fluoresces within acidic compartments, like the
endosome-lysosome (E-L) system. Tau Ab signal increased over time in the pre-treated cells,
and plateaued at 2 h, while the PHF signal was constant during the 2.5 h experiment.
Intracellular co-localization increased over time and was confirmed by intensity correlation
analysis (r’=0-0.23). The co-treated cells showed an increase of both the 4E6 and PHF signals,
which plateaued at 1.5 h. Co-localization was robust only within the neurites/axons, in contrast
to the pre-treated cells that mainly showed 4E6-PHF binding within the soma. In these co-treated



cells, comparable intracellular interaction was observed between 4E6 and PHF throughout the
experiment (r*=0.55-0.64).

Our laboratory has shown in various models that several tau Abs interact with pathological tau
both extra- and intracellularly. In this study we focused on their fast intracellular interaction
within the E-L system, where its subcellular location depends on the experimental design. In the
pre-treated cells, PHF gradually finds its way into the soma, and the Ab binds to it there. In the
co-treated cells, PHF and the Ab are taken up at the same time, possibly as complexes, and are
primarily seen to interact within the neurites/axons on their way to the soma, while the majority
of the complexes are neutralized in the extracellular space. This approach may clarify the
dynamics and mechanisms of intracellular Ab-mediated clearance of pathological tau, and aid in
identifying clinical Ab candidates, which can be assessed in their humanized form as the culture
model is of a human origin.
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Abstract: The protein Tau, known for its role in microtubule stabilization, accumulates in a
subset of neurodegenerative diseases called Tauopathies. In these diseases, Tau is mislocalized,



post-translationally modified and folded into a pathological conformation. In turn, this leads to
aggregation of Tau and the formation of neurofibrillary tangles. Many post-translational
modifications of Tau have been reported but the mode of toxic action of Tau remains enigmatic.
Here we use two regulatable transgenic mouse lines in parallel in order to disentangle
pathological changes in Tau from epiphenomena. Mice expressing near-endogenous levels of
aggregate-prone Tau (pro-aggregant, AK280) develop Tau pathology and cognitive decline
rapidly, whereas mice expressing anti-aggregant Tau (AK280-PP) transgenic mice develop
almost no pathology. To study Tau toxicity and for testing compounds we generated organotypic
hippocampal slices of both transgenic lines. Both pro- and anti-aggregant Tau transgenic slices
show Tau missorting and (hyper)phosphorylation (at epitopes 12E8, AT8, PHF1, etc.). Only pro-
aggregant Tau accumulates in axons as spindle shaped grains, reminiscent of argyrophilic grains
found in human brains. Strikingly, only the Tau-containing grains in pro-aggregant Tau
transgenics are stained with the MC-1 antibody which recognizes a pathological conformation of
Tau. Pro-aggregant Tau causes loss of spines and a reduction in neuronal ATP but is not targeted
for degradation nor is it packed into aggresomes. Instead, it causes astrocytic and neuronal hypo-
activity with matching pre-synaptic impairment. In order to boost pre-synaptic functioning and
neuronal activity we treated the slices from pro-aggregant mice with the adenosine A; antagonist
Rolofylline (KW-3902). Indeed, this restores pre-synaptic functioning and normalizes neuronal
activity in vitro. Next, we determined if Rolofylline could also restore cognitive function in pro-
aggregant Tau transgenic mice. When fed orally for two weeks, Rolofylline restores spatial
memory and basic synaptic transmission of the pro-aggregant Tau transgenic mice without
causing adverse effects in controls. By comparison, in humans, neuronal hypo-activity is
frequently observed during or preceding neurodegeneration. We speculate that Rolofylline,
initially developed as a diuretic, could be a promising drug to increase neuronal activity which
might delay the onset or progression of neurodegeneration in tauopathies.

Disclosures: F.J.A. Dennissen: None. M. Anglada-Huguet: None. A. Sydow: None. E.
Mandelkow: None. E. Mandelkow: None.

Nanosymposium

199. Tau: Biochemistry

Location: SDCC 33C

Time: Sunday, November 13, 2016, 1:00 PM - 4:30 PM
Presentation Number: 199.12

Topic: C.02. Alzheimer's Disease and Other Dementias
Support: NIH Grant T32 GM008136

Owens Family Foundation



Cure Alzheimer's Fund
Alzheimer's Association Zenith Fellowship ZEN-16-363266

Title: Extracellular tau oligomers induced redistribution and aggregation of endogenous
neuronal tau coupled to axonal transport dysfunction

Authors: *E. SWANSON, L. MCMAHON, L. BRECKENRIDGE, S. SOM, I. MCCONNELL,
G. BLOOM,;
Univ. of Virginia, Charlottesville, VA

Abstract: Tau is a neuron-specific, microtubule-associated protein enriched in axons, where its
functions include direct binding and stabilization of microtubules, and regulation of axonal
transport. CNS tau comprises six isoforms produced by the alternative splicing of a single tau
gene, MAPT, with these isoforms characterized by the presence of zero, one or two N-terminal
inserts, and three or four C-terminal microtubule binding repeats. Neuronal inclusions composed
of hyperphosphorylated tau are a major histopathological feature of a series of neurodegenerative
disorders known collectively as tauopathies, of which Alzheimer’s disease (AD) is the most
prominent. While the clinical and histological presentation of these disorders is heterogeneous,
the majority share the following hallmarks: loss of the normal axonal distribution of tau;
accumulation of insoluble, fibrillar tau aggregates in neurites and perikarya; synaptic
dysfunction; and eventual neuron death. Familial mutations identified in the MAPT gene point to
a causative role for tau in these disorders, with changes in the isoform ratio or aggregation
propensity of tau causing fully penetrant neurodegenerative diseases. In this study, we
demonstrate that externally applied oligomeric tau has two profound effects on neuron
physiology: loss of the normal polarized distribution of tau within the cell and perturbation of
fast axonal transport. Using a quantitative assay to measure tau aggregation in cultured neurons,
we demonstrate that tau oligomers are much more effective than tau monomers or fibrils at
inducing endogenous tau redistribution within axons, that the extent of this disruption varies
according to tau isoform, and that oligomers made from mixtures of all six CNS tau isoforms are
much more potent than oligomers made from individual isoforms. Furthermore, tau oligomers
induced mislocalization of tau from its normal, primarily axonal distribution into the
somatodendritic compartment, raising the possibility that the oligomers cause breakdown of the
axon initial segment. Tau plays an integral role in the regulation of cargo transport along axonal
microtubules, and we also show that intracellular tau aggregation induced by extracellular tau
oligomers is accompanied by alterations in the velocity, run time and run length of axonal
membrane-bounded organelles. These collective results suggest that extracellular tau oligomers
trigger seminal steps in the pathogenesis of AD and non-Alzheimer’s tauopathies, including tau
redistribution and dysregulation of axonal transport, and point to mechanisms by which loss of
physiological tau distribution leads to neuronal dysfunction.
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder mainly
characterized by cognitive deficits and neuropathological changes but also associated with non-
cognitive symptomatology, commonly referred to as behavioral and psychological signs and
symptoms of dementia (BPSD). Weight loss and disturbances in food intake that often precedes
clinical diagnosis have been extensively reported in AD patient as well as increase in
spontaneous activity, wandering and impulsive behavior. These symptoms have been shown in
mice model of amyloid deposition but very few studies have been done on tau deposition model,
although BSPD are also found in tauopathies like fronto temporal dementia. We have made the
recurrent observation that transgenic tau mice seemed to eat more and yet weight less. To further
scrutinize these observations, body weight, locomotor activity and metabolic rate were assessed
in 2-, 7- and 12-month-old tau rtg4510 mice and wild-type littermates in a test paradigm
continuously recording cage activity over a period of 6 days. We observed a significant age
related decrease of body weight in tau mice compared to non-transgenic littermates which was
not associated with a decrease in food intake but rather due to hyperactivity. Indeed no body
weight or activity differences were seen at 2 months but a decrease in body weight at 7 mo and
12 mo was correlated with a hyperactive phenotype. We observed a switch in both food intake
and resting metabolism between the asymptomatic phase when mice start to accumulate tau but
without pathology tangles (2 mo) and the symptomatic phase where tau pathology is associated
with tangles, brain atrophy and cognitive impairments (7 mo). The very late stage (12 mo) seem
to resume how metabolism starts to fall apart and triggers survival mechanisms. These findings
raise new questions about the role of tau in body weight loss and metabolic deregulation related



to AD pathology especially regarding the hypothesis in which hypermetabolism is responsible
for weight loss in AD patients.
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Abstract: Amyloid plaques and neurofibrillary tangles are key pathological events associated
with Alzheimer’s disease (AD). To date, considerable efforts have identified a variety of
potential novel therapeutics focussed on removing and/or preventing amyloid deposition by
either inhibiting the B site amyloid precursor protein cleaving enzyme (BACE) or targeted anti-
amyloid antibodies. More recently, directed discovery efforts have focussed on preventing the
deposition and spreading of neurofibrillary tangles which are comprised of hyperphosphorylated
tau. Here we report on the immunohistochemistry characterisation of multiple antibodies raised
against different epitopes of tau, including phospho- and non-phospho epitopes. The focus was to
delineate the immunoreactivity signature of these antibodies in tau transgenic mouse models to
gain an insight into the CNS distribution of tau. Brains from different mouse models, including
wild type, MAPT knockout and Tau transgenic mouse (+/- injection of Tau fibrils), were
collected, fixed and paraffin embedded. Immunohistochemistry was performed using the tau
antibodies of interest, followed by imaging. Special attention was paid to the time between
sacrifice of the animals and fixation to minimalize post-mortem dephosphorylation. Taul (non-
phosphorylated tau), mTau2 (phosphorylation-independent mouse tau), HT7 (human tau),
AT100 and ATS (aggregated tau) were included in the study as reference antibodies. Non-
phosphorylated tau is known to be present mainly in axons and not in neuronal cell bodies of
wild type mice. In transgenic models, Taul immunoreactivity is observed both in axons and the
somatodendritic compartment. Phosphorylated tau on the other hand is a major component of
aggregates present in the brains of P301S and P301L animals and is virtually absent from normal
neurons. However, by the use of high-affinity phosphorylation-dependent antibodies and by



minimising post-mortem delay, phosphorylated tau could be detected in wild type brains. In
contrast to dephosphorylated tau, phosphorylated tau was mainly observed in neuronal somata
and dendrites. Until recently, it was generally accepted that phosphorylated tau is scarce in
healthy neurons. However, this study clearly identifies the presence of phosphorylated tau in the
somatodendritic compartment of neurons under physiological circumstances. This opens up the
idea that accumulation of hyperphosphorylated tau is not necessarily triggered by increased
kinase or decreased phosphatase activity, but could start from the existing pool of
phosphorylated tau.
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Abstract: The Amyloid Precursor Protein (APP) has an essential function at the central and
peripheral synapse, including hippocampal LTP and neuromuscular junction (NMJ) formation.
Those activities involve trans-cellular dimerization of full length APP and interaction of
intracellular APP binding partners. Here we addressed the question if the APP-like protein 1
(APLP1), which also trans-dimerizes, exhibits similar functions as APP and tested whether the
main intracellular APP-interaction partner FE65 might be involved in APP/APLPs synaptic
function. We observed that aged APLP1-knockout (KO) mice showed in contrast to APP- and
APLP2-KO mice no alterations in synaptic plasticity (LTP, PPF), but impaired basal



transmission and a reduced frequency of mEPSCs, most likely caused by reduced spine density.
Further APLP1 exhibits increased trans-directed binding and elevated cell-surface levels,
indicating that APLP1 synaptic function depends on trans-cellular dimerization, as shown for
other synaptic adhesion molecules (SAMs). Further, we examined the central and peripheral
nervous systems of FE65-KO, FE65L1-KO and FE65/FE65L1-DKO mice. We observed spatial
learning and memory deficits, severe motor impairments, hippocampal LTP deficits and
neuromuscular junction (NMJ) abnormalities. As the NMJ deficits resemble those of mutant
APP/APLP2-DKO mice lacking the FE65/FE65L1 binding site, the NMJs of APLP2/FE65-DKO
and APLP2/FE65L1-DKO mice were analyzed. NMJ deficits are aggravated in these mice when
compared to single FE65 and FE65L1 KO mice. Together, our data demonstrate distinct
functions of APP family members at the synapse and suggest that FE65 proteins function in
trans-synaptic APP/APLPs signaling.
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Abstract: APP proved to be critical in the formation and stabilization of synaptic connections in
the developing nervous system. In order to understand if the dynamics of dendritic spine
plasticity in the adult brain are regulated by APP as well, we monitored and compared dendritic
spine plasticity in cortical pyramidal neurons of 4-5 months old GFP-M (WT) and APP-KO mice
crossed with GFP-M in vivo. Apical tufts of GFP labeled layer V pyramidal neurons were
imaged in the somatosensory cortex over several weeks by the use of in vivo two-photon
imaging. While the overall spine density of WT and APP-KO mice were similar, both the
elimination and formation of new spines were significantly lower in neurons of APP-KO mice
compared to controls, resulting in reduced spine turnover rate. To investigate if the reduced spine
dynamic has a functional consequence in neural circuit remodeling in adult mouse brain, both
WT and APP-KO mice were exposed to environmental enrichment (EE) over 5 weeks. Whereas
EE induced a steady increase of spine density in WT mice it failed to increase spine density in
APP-KO mice. Since dendritic spine plasticity depends on the release of D-serine from
astrocytes, the function of which has been previously shown to be altered in APP-KO mice, we
measured cortical extracellular and total D-serine concentrations in APP-KO mice. Using
microelectrode biosensors we observed that the extracellular concentration of endogenous D-
serine was dramatically decreased in the absence of APP. In order to prove that altered D-serine
levels are causatively linked to impaired structural spine plasticity in APP-KO mice we
supplemented D-Serine to the drinking water of APP-KO mice housed under standard or EE
conditions and analyzed dendritic spine plasticity over several weeks. Indeed D-serine treatment
in APP-KO mice increased constitutive spine dynamics under standard housing conditions and
also rescued the adaptive gain of spines upon environmental enrichment. These data suggest that
constitutive and adaptive structural plasticity of dendritic spines requires extracellular D-serine,
which is reduced in the absence of APP.
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Title: APPsalpha rescues impaired spine density and synaptic dysfunction in aged Alzheimer
model mice and conditional APP/APLP2 double knockout mice

Authors: *U. MULLER', R. FOL?>, M. RICHTER', S. LUDEWIG?, T. ABEL", ]. BRAUDAU?,
S. WEYER', M. HICK', D. WOLFER’, C. BUCHHOLZ*, M. KORTE®, N. CARTIER?;
lHeidelberg Univ., Heidelberg, Germany; Univ. Paris-Sud, Orsay, France; STU Braunschweig,
Braunschweig, Germany; *Paul-Ehrlich-Institut, Langen, Germany; >Zurich Univ., Zurich,
Switzerland

Abstract: Alzheimer's disease (AD) is characterized by synaptic failure, dendritic and axonal
atrophy, neuronal death and progressive loss of cognitive functions. It is commonly assumed that
these deficits arise due to f-amyloid accumulation and plaque deposition. However, increasing
evidence indicates that loss of physiological APP functions mediated predominantly by
neurotrophic APPsa produced in the non-amyloidogenic a-secretase pathway may contribute to
AD pathogenesis. Upregulation of APPsa production via induction of a-secretase might,
however, be problematic as this may also affect substrates implicated in tumorigenesis. Here, we
used a gene therapy approach to directly overexpress APPsa in the brain using AAV-mediated
gene transfer and explored its potential to rescue structural, electrophysiological and behavioral
deficits in APP/PS1deltaE9 AD model mice. Sustained APPsa overexpression in aged mice with
already preexisting pathology and amyloidosis restored synaptic plasticity (LTP and PPF) and
partially rescued spine density deficits. Importantly, AAV-APPsa treatment also resulted in a
functional rescue of spatial reference memory in the Morris water maze. Moreover, we
demonstrate a significant reduction of soluble AP species and plaque load. In addition, APPsa
induced the recruitment of microglia into the vicinity of plaques and upregulated TREM2
expression suggesting enhanced plaque clearance. Collectively, these data indicate that APPsa
may mitigate synaptic and cognitive deficits, despite established pathology. To complement our
analysis in APP overexpressing mice, we also assessed the synaptic function of APPsa in
previously generated conditional APP/APLP2 double knockout (cDKO) mice exhibiting deficits
in dendritic branching, spine density, LTP and hippocampus dependent behavior. Interestingly,
both acute in vitro application of nanomolar amounts of APPsa (but not APPsf) and AAV-
APPsa gene transfer in vivo restored synaptic plasticity in cDKO mice. Ongoing experiments are
aimed at delineating the minimal functional domain of APPsa. Together our data highlight not
only the physiological role but also the therapeutic potential of APPsa that may be of relevance
for AD treatment.
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Abstract: Alzheimer’s disease is a neurodegenerative disorder for which neither a cure nor an
effective therapy exist. It is characterized by neuroinflammation, intraneuronal tangles and
amyloid plaques. At the center of both onset and pathogenesis of this disease, amyloid-$ (AP)
peptides are believed to play significant roles, as supported by the discovery of protective
variants in the amyloid gene. AP peptides of varying length are produced by the sequential,
proteolytic processing of amyloid precursor protein (APP) by B- and y-secretases. The most
common AP peptides are those comprised of 40 and 42-amino acids, where AB40 is believed to
be largely non-toxic and AB42, toxic. Moreover, monomeric A peptides form soluble
oligomers, which then further aggregate to proto-fibrils, fibrils, and finally, amyloid plaques.
Specifically, the 42-amino acid peptide (AB42) is prone to form aggregated amyloid oligomers,
which allegedly contribute to plaque formation and cognitive decline. In organotypic
hippocampal slice cultures, soluble AB42 oligomers were found to be highly toxic to neuronal
cells, (i.e. impaired synaptic function) and contributed to progressive neuronal dysfunction, loss
of synaptic spine density, change in spine shape, and long-term potentiation (LTP). Therefore,
rather than simply inhibiting the aggregation of A monomers into oligomers, we specifically
targeted a relatively well-defined population of low-n AB42 oligomers using an AB-oligomer
Interacting Peptide (AIP). “Trapping” these toxic AB42 species with this short peptide, prevented
the loss of AP42-induced synaptic spine density and in fact, rescued LTP in organotypic
hippocampal slice cultures. Moreover, AIP ameliorated the ‘rough-eye’ phenotype in a
transgenic AP42 fly model and significantly improved the function of photoreceptors of these
flies. Overall, our results indicate a toxic role for soluble AB42-oligomers on synaptic
dysfunction, and specifically “trapping” low-n oligomers could be a novel strategy Ap42-
oligomer recognition and removal, while preserving and protecting synaptic structure and
function.
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Title: Recurrent Herpes Simplex type-1 (HSV-1) infections alter synaptic functions in adult mice
via amyloid- protein (AP) production and accumulation
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Abstract: A growing body of evidence suggests that HSV-1 infection is a risk factor for
Alzheimer disease’s (AD). We recently reported that HSV-1 disrupts synaptic function in
cultured hippocampal neurons via glycogen synthase kinase 3 activation and intraneuronal
accumulation of amyloid B protein (Af) (Piacentini&Li Puma et al., Scientific Reports, 5:15444,
2015). By using a novel viral infection-reactivation protocol, we extended our studies to in vivo
mouse models to check whether recurrent HSV-1 infections cause Ap accumulation leading to
synaptic plasticity and memory alterations that are reminiscent of AD. Male C57/bl6 mice and
transgenic mouse models (3xTg-AD and APP KO) at 1 month of age were infected with HSV-1
(1x10° PFU) by snout abrasion. After 6 weeks mice were subjected to two thermal stresses
(delivered at 1-month interval) to induce HSV-1 reactivation in the brain. Immunohistochemistry
revealed AP accumulation in hippocampi of HSV-1-infected C57/bl6 mice along with reduced
expression of synapsin-1 and synaptophysin when compared with mock-infected mice. Long-
term potentiation (LTP) at the hippocampal CA3-CA1 synapse was significantly lower in brain
slices from HSV-1-infected C57/bl6 mice than in controls (155+9 vs. 193+16% [n=10 brain
slices from 3 and 4 mice, respectively], p<0.05). LTP inhibition was even greater in slices from
infected 3xTg-AD mice whose age-matched controls did not show detectable LTP impairment
yet (144+6 vs. 179+£9% [n=10 brain slices from 3 and 4 mice, respectively], p<0.05). Instead,
HSV-1 infection did not significantly affect LTP in APP KO mice. C57/bl6-infected mice also
exhibited a significant reduction of the preference index in the novel object recognition test
(56.6£1.9% [n=11] vs. 66.6+2.4% of mock-infected mice [n=12]; p<0.05). Greater memory
impairment was found in 3xTg-AD mice (51.7+1.2% [n=5] vs. 66.4 £1.7% of mock [n=9];
p<0.05), whereas APP KO mice showed no significant alterations. Behavioral, functional and



molecular alterations correlated with the presence of HSV-1 in brains that was assessed by PCR
amplification of the viral TK gene and real time PCR of cDNA for ICP4. Collectively, our
results suggest that repeated HSV-1 infections produce an AD-like phenotype thus supporting
their possible involvement in AD pathogenesis.
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Title: Amyloid-beta peptide is required for the cGMP-induced long-term potentiation and
memory
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Abstract: Background - Accumulation of amyloid-beta (AB) has been related to Alzheimer’s
disease pathogenesis. However, in the healthy brain, low concentrations of A are necessary for
physiological long-term potentiation (LTP) and memory. Because cGMP plays a key role in
these processes, here we have investigated whether cGMP might influence AP production and
function during LTP and memory in physiological conditions.

Methods - We first evaluated whether an increase of cGMP levels by phosphodiesterase-5
inhibitors (PDE5-Is), such as sildenafil and vardenafil, might affect Ap levels in Neuro-2a (N2a)
cells and hippocampal slices. We also evaluated whether PDES-Is might modify Amyloid
Precursor Protein (APP) expression and the interaction between APP and the p-site APP cleaving
enzyme-1 (BACE-1), evaluated by the OptiCAB assay. Finally, we performed
electrophysiological experiments on hippocampal slices and behavioral studies (novel object
recognition) to analyze whether the vardenafil-induced enhancement of LTP and memory was
still present when blocking AP function.



Results - We showed that the increase of intracellular cGMP after a treatment with sildenafil or
vardenafil induced a parallel increase of A levels in N2a cells and hippocampal slices. This
effect was reduced by the guanylyl cyclase inhibitor ODQ. Vardenafil did not modify APP full-
length expression but increases the approximation of APP and BACEI. Finally, we demonstrated
that the cGMP-induced LTP and memory depended upon A production. In fact, the
physiological potentiation of LTP and recognition memory induced by vardenafil was not
present if blocking AP function - by anti-murine A antibodies or APP knock-out mice.
Conclusions - The increase of cGMP positively modulates A} production, which, in turn boosts
synaptic plasticity and memory. The lack of effect of PDES-Is in APP KO mice suggests that AP
is needed for the cGMP-induced enhancement of LTP and memory. Thus, PDE5-Is might work
as cognitive enhancers via a positive modulation of Af at physiological concentrations in the
brain.
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Abstract: Loss or alteration of synaptic activity is associated with a number of psychiatric and
neurological disorders such as Alzheimer’s disease (AD). In the case of AD excessive
accumulation of amyloid-beta (AP) oligomers is believed to cause synaptic disruption. AP
oligomers bind to functional synapses, in particular the postsynaptic compartment, and can
negatively affect synaptic plasticity and cause synapse loss. Understanding the effects of Ap1-42
oligomers on neuronal and synaptic function and how novel mechanisms may either restore or
modulate synaptic activity in AD is therefore an attractive pursuit.

Our laboratory has previously described and characterised a high-throughput assay for measuring
neuronal excitability and synaptic activity in primary rat cultured neurones (RCNs) in a multi-
well plate format (Electrical Field Stimulation - EFS assay). We have shown previously a



thorough pharmacological validation of this assay by evaluating compounds with known
pharmacological profiles, acting either directly on neuronal excitability or modulating pre- and
post-synaptic activity.

We have now further used this assay to investigate the effects of synthetic AB1-42 oligomers on
synaptic function and neuronal excitability. We are showing that chronic treatment (48hrs) of
RCN’s with oligomeric AB1-42 produces a consistent disruption of neuronal and synaptic
activity, an effect not seen with a control- scrambled peptide. Additionally, we have developed
custom EFS protocols that have enabled us to demonstrate AB1-42 induced specific synaptic
disruption in a dose dependent manner, effects not seen with the scrambled peptide.

Having demonstrated robust AB1-42 induced deficits in our model we have further used the
assay to profile well characterised pathways and targets involved in AB1-42 induced
synaptotoxicity. We have evaluated a range of standard tool compounds and observed protective
activity against the effects of AB1-42. These results suggest that this assay can be used to
examine the effects of AP1-42 on synaptic physiology, and therefore represents an attractive
novel phenotypic screening model that can help us to uncover novel mechanisms involved in
AB1-42 induced synaptotoxicity.
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Abstract: Alzheimer’s disease is characterized by the accumulation of tau in neurofibrillary
tangles, as well as deposits of AP plaques. Whilst these are the typical hallmarks of the disease,
emerging evidence suggests that AP oligomers may be the toxic species that contribute to
Alzheimer’s disease pathology. These AP species have been proposed to lead to a number of
AD-related pathogenic processes including tau mislocalisation, impairment of synaptic function
and microglial activation. It is still not clear though which types of AP oligomeric species
contribute to those processes. It has therefore become increasingly important to develop
reproducible methods to generate well-described Af;.42 oligomers for in vitro and in vivo use.
We have developed reliable methods for generation of AP;.42, control scrambled and reversed
peptide assembles which differ in size and biochemical properties under conditions compatible
with experimental approaches. We also applied a range of methods, including dynamic light
scattering, MSD, circular dichroism, ThT binding assay and electron microscopy to characterize
the APj.42 assembles.

We have set up a number of experimental models and demonstrated differential effects of
oligomeric species in vitro on tau mislocalisation, synaptic function and neuronal excitability,
and microglial activation. Treatment of RCN’s with oligomeric A;.4, causes a disruption of
neuronal and synaptic activity, an effect not seen with a control- scrambled peptide. Similarly
ApBi.42 but not the control oligomers of a comparable size drive tau mislocalisation into the
somatodendritic compartments, as investigated in mature primary hippocampal neuronal
cultures. Furthermore, oligomeric A;.4, promotes microglial activation which is characterized
by elevated CD68 expression, and induces a robust increase in the release of pro-inflammatory
cytokines, which is not seen with the control peptide.

The generation of synthetic AB;.4> oligomers and the control peptides has allowed us to begin to
understand the importance of A} species on disease-related pathology at a cellular level. It is
anticipated that these tools will enable us to explore A oligomer driven pathologies, and will
facilitate target validation efforts, in addition to enhancing our disease understanding.
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Title: Neurexin and its trans-synaptic partner, neuroligin 1, bind soluble a3 oligomers
andmediate oligomer-induced neuronal damage, synapse loss and cognitive impairment in mice
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Abstract: Brain accumulation of amyloid-f3 and synapse loss are neuropathological hallmarks of
Alzheimer disease (AD). Amyloid-f oligomers (ABOs) build up in AD brains and are thought to
act as synaptotoxins that drive early memory impairment. Nonetheless, the mechanisms
underlying ABO-induced synapse failure and brain damage remain to be fully elucidated.
Identifying synaptic targets of ABOs comprises an essential step to allow rational design of novel
therapeutic approaches in AD. Trans-synaptic interactions between neurexins (Nrxs) and
neuroligins (NLs) are essential for synapse structure, stability and function, and reduced NL
levels have been recently associated with AD. Here, we investigated whether Nrx and NL
mediate synapse damage and memory loss induced by ABOs in rodents. Results showed that
APBOs interact with both a-neurexin (Nrxa) and neuroligin 1 (NL1), and that application of anti-
Nrx2a or anti-NL1 antibodies reduced dendritic binding of ABOs in cultured hippocampal
neurons. Blocking the interaction between ABOs and Nrx2a or NL1 with anti-Nrx2a or anti-NL1
antibodies, or using a specific peptide corresponding to the Nrx/ABO interaction site, prevented
APBO-induced neuronal oxidative stress, loss of dendritic spines and synapses. Significantly,
blocking ABO interaction with Nrx2a or NL1 abolished memory impairment triggered by ABOs
in mice. Current findings establish that trans-synaptic partners Nrxa and NL1 are targets of
APBOs and mediate molecular pathways leading to synapse dysfunction and memory impairment,
offering novel perspectives for halting synapse failure and cognitive loss in AD.
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Title: Microtubule disruption, BACE]1 elevation, and increased A} generation in presynaptic
dystrophic neurites that surround amyloid plaques in Alzheimer's disease.
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Abstract: Alzheimer's disease (AD) is characterized by amyloid plaques composed of the [3-
amyloid (AP) peptide surrounded by swollen presynaptic dystrophic neurites consisting of
dysfunctional axons and terminals that accumulate the B-site amyloid precursor protein (APP)
cleaving enzyme (BACE]1) required for AP generation. The cellular and molecular mechanisms
that govern presynaptic dystrophic neurite formation are unclear, and elucidating these processes
may lead to novel AD therapeutic strategies. Previous studies suggest A may disrupt
microtubules, which we hypothesize have a critical role in the development of presynaptic
dystrophies. To investigate this further, here we have assessed the effects of A, particularly



neurotoxic AP42, on microtubules during the formation of presynaptic dystrophic neurites in
vitro and in vivo. Live-cell imaging of primary neurons revealed that exposure to AB42
oligomers caused varicose and beaded neurites with extensive microtubule disruption, and
inhibited anterograde and retrograde trafficking. In brain sections from AD patients and the
5XFAD transgenic mouse model of amyloid pathology, dystrophic neurite halos with BACE1
elevation around amyloid plaques exhibited aberrant tubulin accumulations or voids. At the
ultrastructural level, peri-plaque dystrophies were strikingly devoid of microtubules and replete
with multi-lamellar vesicles resembling autophagic intermediates. Proteins of the microtubule
motors, kinesin and dynein, and other neuronal proteins were aberrantly localized in peri-plaque
dystrophies. Inactive pro-cathepsin D also accumulated in peri-plaque dystrophies, indicating
reduced lysosomal function. Most importantly, BACEI accumulation in peri-plaque dystrophies
caused increased BACEI cleavage of APP and Af generation. Our study supports the hypothesis
that AP induces microtubule disruption in presynaptic dystrophic neurites that surround plaques,
thus impairing axonal transport and leading to accumulation of BACE]1 and exacerbation of
amyloid pathology in AD.
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Title: Increased neuronal PreP expression improves mitochondrial and synaptic function in old
Alzheimer disease’s mouse model
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Abstract: Mitochondrial and synaptic dysfunction is the early pathological feature of
Alzheimer’s Disease (AD). The underlying mechanisms and strategies to rescue mitochondrial
and synaptic injury are not well understood. Presequence protease (PreP), a novel mitochondrial
peptidasome, is localized in the mitochondrial matrix in mammals and is responsible for



degradation and clearance of mitochondrial A, which is important for maintaining
mitochondrial integrity and function. PreP proteolytic activity is significantly reduced in Ap-
enriched brain mitochondria from AD-affected brains compared to non-AD age-matched
controls. The decreased PreP activity is possibly due to enhanced oxidative stress in AB- and
AD- mitochondria. In the present study, we demonstrate that increased neuronal PreP expression
attenuates A accumulation in neuronal mitochondria, amyloid pathology, improves
mitochondrial function, suppresses oxidative stress, and alleviates synaptic injury and cognitive
decline. Notably, restoring PreP activity significantly attenuates the induction of
proinflammatory mediators including cytokine and chemokines in APP mice carrying human
mutant APP gene and expressing human Af. The protective effects of PreP on AB-induced
mitochondrial and synaptic injury are even observed in old AD mice at 19-20 month of age.
Thus, our results provide in vivo evidence that PreP may play an important role in maintaining
mitochondrial function and synaptic development along with the improvement in synaptic
plasticity by clearance of mitochondrial AB. Therefore, enhancing PreP activity or expression
may be a new therapeutic target for treatment of AD.
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Abstract: Tau pathology in AD spreads in a hierarchical pattern, but the mechanism remains
elusive. Exosomes, a type of small extracellular vesicles with a diameter of 50-150nm, have been
reported to contribute to the transmission of different pathological proteins in several
neurodegenerative diseases including prion diseases and Parkinson disease. However, whether
exosomes are involved in Tau pathology spreading is unclear. Here we show that Tau protein can
be released via exosomes by cultured primary neurons or by N2a cells overexpressing different
Tau constructs. The neuron-derived exosomal Tau protein is hypo-phosphorylated, compared to
cytosolic Tau. Activation of neurons by chemical depolarization promotes release of exosomes
containing Tau. We find Tau is also present in exosomes isolated from cerebrospinal fluid (CSF)
in both AD and control subjects. SDS-stable Tau oligomers with a molecular weight of ~180kD
are encapsulated into these human exosomes. By using microfluidic devices which allow the
culture of two populations of hippocampal neurons in different compartments, we show that
exosomes can mediate the neuron-to-neuron transmission of Tau depending on synaptic
connectivity. In organotypic hippocampal slices, Tau-containing exosomes are taken up by
neurons and microglia, but not by astrocytes. Finally, we find that in an N2a cell model of Tau
aggregation, Tau aggregates can be released via exosomes. Taken together, our study
demonstrates that exosomes could play a role in the trans-synaptic transmission of Tau between
neurons.
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Abstract: The development of Alzheimer’s disease is initially characterised by the accumulation
of beta amyloid which is later followed by the aggregation of tau to form neurofibrillary tangles
(NFTs). The development of NFTs is most closely correlated with the onset of clinical



symptoms; therefore we focused here on identifying progressive changes in the rTG4510 (Tg)
mouse model that may give insights into the tau dependent pathophysiology of the disease.
Firstly, spatial working memory was assessed using an automated T-maze apparatus. From the
first time point (3 months) of a longitudinal study, female Tg mice (n=20; WT: n=20) were
significantly impaired on a delayed non-match to place (DNMTP) task. During the subsequent 9
months there was a further progressive decline in performance that was greatest in the Tg mice.
This was prevented by doxycycline treatment, suggesting that it was directly related to tau
overexpression. Further evidence for the role of tau in this age related decline was obtained in a
cross-sectional study of 8.5 month old Tg mice (n=9; WT: n=9). Again the Tg mice were
significantly impaired on the maze, with successful performance negatively correlated with
immunohistolocically derived Tau levels in the hippocampus (HPC) & positively correlated with
HPC size. Despite the accumulation of NFTs & shrinkage of the brain, Tg mice could
successfully perform a simple T-maze task (always left/right) at 12months of age (Tg: n=9; WT:
n=9). When the cognitive demands of the task were increased by rule reversal, again the Tg mice
were significantly impaired relative to WT controls.

To further investigate how these behavioural effects may be underpinned by altered activity at
the neuronal network level, 4 month old mice (Tg: n=8; WT: n=8) were implanted with 16 site (8
per brain region) linear silicon probes targeting the prefrontal cortex (PFC) & multiple
subdivisions of the dorsal HPC. The local field potential (LFP) was recorded wirelessly while the
mice explored an open field arena at 6, 7 & 8 months of age. At all time points tested, HPC
power was lower in the Tg group across the frequency spectrum, likely a result of reduced HPC
volume. LFP changes in the PFC were more subtle, with the clearest changes observed in the
gamma frequency band (40-80Hz). Similarly to the DNMTP data, there was a progressive
decline in gamma power at 7 & 8 months relative to the 6 month time point where both groups
exhibited equivalent power in this band. Finally, theta frequency (5-12Hz) HPC-PFC coherence
was reduced in Tg mice at all 3 time points tested suggesting that disrupted coordination between
brain regions may be a contributory factor in the memory impairments associated with
Alzheimer’s disease.
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Title: Voltage-gated L-type Ca”" currents play a role in the AB-mediated dyshomeostasis of
intracellular Ca®" in hypothalamic arcuate (Arc) NPY neurons

Authors: *G. WANG, M. ISHII, M. J. MCGUIRE, C. IADECOLA;
Feil Family Brain and Mind Res. Inst., Weill Cornell Med. Col., New York, NY

Abstract: Alterations in leptin signaling in hypothalamic neurons may play a role in the body
weight dysfunction seen in pre-symptomatic Alzheimer’s disease (AD) (Cell Metab., 2015, 22:
761). We previously reported that the leptin-mediated hyperpolarization of Arc NPY neurons are
absent in slices from Tg2576 mice overexpressing the Swedish mutation of amyloid precursor
protein (APP) or wild-type (WT) slices treated with amyloid-beta;.4x (ABi-42) (J. Neurosci., 2014,
34: 9096). Disruption of calcium (Ca*") homeostasis is one of the major mechanisms by which
AP alters neuronal function (Cell 2012, 148: 1204). Therefore, we tested the hypothesis that APP
overexpression or Af;.4; causes neuronal dysfunction and insensitivity to leptin in Arc NPY
neurons by altering intracellular Ca®* homeostasis via L-type Ca>" channel-dependent
mechanisms. Intracellular Ca*" levels were measured in WT and APP Arc NPY neurons using
Fura2-AM (5 pM) and exciting fluorescence at 340/380 nm. GFP-labeled NPY neurons from
APP mice had 2.4-fold higher basal cytosolic-free Ca** levels than WT mice (APP/WT
340/380nm: 2.4+0.3, p<0.01, n=23-55 cells). Similarly, exogenous oligomeric Ap;.4> dose-
dependently increased cytosolic-free Ca®" levels in WT neurons (+47% at 300 nM, p<0.05, n=5),
which was reversed by the L-type Ca*" channel blocker nimodipine (2 pM, +6%, p>0.05, n=4).
Next, we examined if the Ca®" dysregulation was due to altered voltage-gated L-type Ca*"
currents. Using whole-cell voltage-clamp in GFP-labeled Arc NPY neurons from WT or APP
slices, L-type Ca®" currents in both WT and APP NPY neurons were blocked by nimodipine and
had similar amplitudes (p>0.05). However, the L-type Ca*" currents in APP NPY neurons
showed a left shift in its current-voltage relationship (I/V) curve, significantly potentiating the
currents at relatively hyperpolarized membrane potentials (the potential reaching peak currents:
WT at 0 mV, APP at -20 mV, p<0.05, n=7-9). Importantly, the CaMKII inhibitor KN93 (10 uM)
fully reversed the left shifted I/V curve of the L-type Ca®" currents in APP NPY neurons.



Moreover, leptin (100 nM) partially blocked the L-type Ca*" currents in WT (-41£11%, p<0.01
from vehicle, n=7) but not in APP NPY neurons (p>0.05, n=7). We conclude that APP
overexpression and AP;.4; can disrupt the intracellular Ca** homeostasis and responses to leptin
in Arc NPY neurons by activating voltage-gated L-type Ca>" influx at hyperpolarized membrane
potentials via CaMKII-dependent mechanisms. The data are consistent with the hypothesis that
Ca®" dyshomeostasis underlies the mechanisms leading to hypothalamic dysfunction in AD.
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Abstract: Intercellular transmission of disease-related proteins is a key process in the
progression of a range of neurodegenerative disorders, although the molecular mechanisms of
intercellular transmission of pathogenic proteins are still unclear. Cytoplasmic accumulation of
fused in sarcoma/translated in liposarcoma (FUS) is a pathologic signature of a subgroup of
frontotemporal lobar degeneration (FTLD-FUS) or amyotrophic lateral sclerosis (ALS).
Moreover, mutations in FUS gene have been identified in the pedigree of familial ALS type 6.
To examine whether FUS protein oligomerizes, and subsequently spreads intercellularly, we
developed a novel cell-based model using a bi-molecular fluorescent complementation
technique. We co-transfected wild-type FUS tagged with amino- or carboxy-terminal fragments
of venus into HEK293 cells and found that venus protein was reconstituted and exhibited
fluorescence within the nuclei. We also co-transfected fALS-linked P525L mutant FUS tagged
with amino- or carboxy-terminal fragments of venus and observed fluorescence in the
cytoplasmic granules. These data suggest that fALS mutation of FUS enhanced the cytoplasmic
localization of FUS oligomers. Next, to detect intercellular transmission of FUS, we generated
stably transfected HEK293 cells with P525L FUS tagged with amino- or carboxy-terminal
fragments of venus, and co-cultured the two types of stable transformants. After incubation for 4
days, we observed fluorescence in the cytoplasmic granules in co-cultured cells, which suggested



that split-venus tagged FUS protein were intercellularly transmitted. We thus established a novel
cell-based model for monitoring the oligomerization and intercellular transmission of FUS.
Application of our model will provide clues to the molecular mechanisms of intercellular
transmission of FUS.
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Abstract: Amyotrophic Lateral Sclerosis (ALS) is a progressive neurodegenerative disease that
results in loss of motor function and is fatal within 3-5 years of diagnosis. 90-95% of ALS cases
are sporadic (SALS). Common pathological features of ALS include cytoplasmic aggregation of
RNA-binding proteins (RBPs) and intermediate filaments (IFs) in spinal motor neurons, yet little
is known about their etiology.

The 5 main IFs within a mature neuron are neurofilament light, medium and heavy (NFL, NFM
and NFH), a-internexin (INA) and peripherin (PRPH); these IFs maintain a specific
stoichiometry that ensures cell structure and stability. In SALS, NEFL, PRPH and INA mRNA
steady-state levels are selectively suppressed, with no changes to NEFM or NEFH mRNA. This
loss in IF stoichiometry is believed to cause IF aggregation in ALS, yet we lack an explanation
as to why we see this selective suppression. Further, Fused in Sarcoma (FUS), Rho guanine
nucleotide exchange factor (RGNEF) and TAR DNA-binding protein 43 (TDP-43) are
dysregulated RBPs that co-aggregate with each other in SALS. Interestingly, 7DP-43 and
RGNEF mRNA levels are up- and down-regulated, respectively, while FUS mRNA levels have
yet to be examined. However, the relationship between FUS, TDP-43 and RGNEF dysregulation
in SALS suggests there may be alterations to FUS mRNA levels as well.



Recently, microRNAs (miRNA) - small RNA molecules that alter mRNA metabolism - were
observed to be massively dysregulated in the spinal cord tissue of SALS patients, providing a
possible explanation for the changes we see in RBP and IF mRNA expression. I hypothesize that
the dysregulation of specific groups of miRNAs in ALS leads to alterations in levels of IFs
(NEFL, INA & PRPH) and RBPs (TDP-43, FUS & RGNEF) linked to ALS pathology.
Bioinformatic analysis using miRanda software provided 8 miRNA candidates (miR-105, 140-
5p, 185, 1179, 1297, 3120, 4306 and b4335) and four miRNA candidates (miR-194, 548x, sb659
and b2122) that potentially regulate the expression of IFs and RBPs, respectively. Real time PCR
showed a significant downregulation in only miR-194, b2122, 105 and 140-5p in sALS patients
compared to control groups. Currently, in vitro studies within HEK293T cells are being
executed, which include transfection of our miRNAs and genes of interest to perform gene
reporter, RT-qPCR and site-directed mutagenesis assays to determine the effect and specificity
of these ALS-linked miRNA candidates on RBP and IF expression.

Overall, this experimental design will determine the miRNAs that participate in the aberrant
regulation and expression of RBPs and IFs, and provide a potential pathogenic mechanism for
several ALS pathologies.
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Abstract: Amyotrophic lateral sclerosis (ALS) is the most common form of motor neuron
disease (MND), a fatal neurodegenerative disorder which results from the breakdown of motor
neurons in the brain and spinal cord. This manifests as progressive muscle wastage and paralysis,
however it is becoming increasingly accepted that ALS is not solely a disorder of the motor



system. Approximately 50% of patients also exhibit cognitive and behavioural deficits that
cannot be accounted for by disruption of the motor system. Most common are deficits in verbal
fluency and executive function, thought to be controlled by the temporal and frontal lobes
respectively. Interestingly, genetic studies have revealed that ALS may lie on a disease spectrum
with frontotemporal dementia (FTD). Mutations in c9orf72 or UBQLN?2 can result in either ALS
or FTD and it’s becoming apparent that some FTD patients also exhibit some motor deficits,
reinforcing this hypothesis of a disease spectrum.

Synapse loss is a common pathogenic feature of many neurodegenerative disorders, including
dementia and we aimed to discover if this was also true for ALS. To do this, we used the high-
resolution imaging technique, array tomography to analyse around half a million synapses in
total, from 10 control (non-demented) cases and 17 ALS cases. Of the 17 ALS cases, 11 were
cognitively tested, 6 were unimpaired and 5 were cognitively impaired. Cognitive testing was
performed using the Edinburgh Cognitive and Behavioural ALS Screen (ECAS), to give us an
accurate representation of ALS-specific cognitive changes.

There was no significant difference in mean synapse density between all ALS and control cases;
however the variability in the ALS group was larger. When the ALS group was split into
impaired and unimpaired groups, we discovered that the impaired group had a statistically lower
synapse density in the frontal cortex than control non-demented brains. In a separate group of
control and ALS cases (not cognitively defined) electron microscopy revealed a significant
decrease in synapses from the frontal cortex of ALS brains compared to controls. Furthermore,
an increase in degenerating (electron dense) synapses was discovered in the ALS brains.

Taken together, our data suggests that synapse loss may play an important role in the
pathogenesis of cognitive decline in ALS patients.
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Title: Stem cell modeling of ALS identifies mTOR and mitochondria dysregulation associated to
VAPB mutation

Authors: *H. C. MIRANDA', J. MORESCO?, J. M. WARD', M. MITNE, Neto’, J. OKUBO',
S. MOORE', M. ZATZ", J. YATES, III>, A. R. LA SPADA', A. R. MUOTRI";

'UCSD, La Jolla, CA; “The Scripps Res. Inst., La Jolla, CA; 3Grupo Fleury, Sao Paulo, Brazil;
*Univ. of Sao Paulo, Sao Paulo, Brazil

Abstract: Amyotrophic Lateral Sclerosis (ALS), also known as Lou Gehrig’s disease, is the
most common adult-onset motor neuron disease. ALS is characterized by rapidly progressing
motor neuron degeneration in the cortex, brainstem and spinal cord accompanied by muscle
atrophy, muscular weakness, cramps and fasciculation. Patient’s death can occurs between two
to five years from the onset of symptoms. To date, the only drug available, Riluzol extends the
survival for only 2-4 months and shows mild neuroprotective action. A substantial number of
ALS drugs found to alleviate symptoms in animal models have failed in clinical trials, likely due
to heterogeneity in the patient cohort. Therefore, disease-specific induced pluripotent stem cells
(iPSCs) offer unprecedented potential for the study of rare diseases in vitro, and can provide a
platform for drug screening and disease pathway discovery. We pioneer in this field by
describing the first ALS in vitro model with a clear molecular phenotype, based on VAMP
associated protein B (VAPB) mutant patient-derived cells, derived from ALS8 patients.
Recently, we have performed an interactome study in neural progenitor cells (NPCs), motor
neurons (MNs) and astrocytes derived from patient and familiar controls iPSCs that identified
VAPB interactors. Analyzes of biological processes of the VAPB interactors have shown
canonical pathways associated to the mechanistic target of rapamycin (mTOR) and protein
translation in the disease context. The mTOR pathway is known to regulate a variety of cell
functions, such as protein translation, cell metabolism, mitochondria function and autophagy.
Interestingly, we further identified an mTOR dysregulation in ALS derived neural progenitor
cells and astrocytes and motor neurons. Our results point to a hyperactivation of the mTOR
pathway. Moreover, in our ALSS patient cells, mTOR dysregulation leads to a protein translation
dysregulation, which subsequently culminates with mitochondria depolarization and decreased
respiration identified by JC1 and seahorse assays in NPCs and MNss. Finally, electrophysiology
investigation using a multi-electrode array (MEA) revealed a decreased neuronal activity in the
ALSS derived MNs compared to controls. Our results thus implicate protein translation and
mitochondria dysregulation in ALS8 patients compared to their familial controls, and pinpoint
altered mTOR signaling pathway function as a pathological turning point in ALS8 and
potentially in other related neurodegenerative proteinopathies.
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Abstract: Hallmarks of chronic neurodegenerative disease include progressive synaptic loss and
neuronal cell death, yet the cellular pathways that underlie these processes remain largely
undefined. Here we provide evidence that Dual Leucine Zipper Kinase (DLK) is an essential
regulator of neurodegeneration in Amyotrophic Lateral Sclerosis (ALS). We demonstrate that
DLK/INK pathway activity is increased in the SOD1 mouse model as well as sporadic ALS
patients, and that genetic deletion of DLK protects against axon degeneration, neuronal loss, and
functional decline in vivo. We have developed DLK inhibitors that preserve neuromuscular
junction synapses upon chronic dosing in the SOD1 mouse. Furthermore, in an acute model of
neurodegeneration, pharmacological inhibition of DLK pathway signaling is capable of reversing
pro-degenerative gene expression changes, suggesting that DLK inhibition could be a viable
treatment option even after disease symptoms are already established. Finally, we have identified
that pathological activation of DLK is a conserved mechanism that generalizes beyond ALS,
regulating neurodegeneration in several disease models, thus making it an attractive target for
therapeutic intervention in multiple neurodegenerative indications.
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Title: The role of TDP-43 and FUS in dendritic RNA transport and regulation.

Authors: *H. BOWDEN, D. DORMANN;
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Abstract: FUS and TDP-43 are RNA-binding proteins that play a key role in the pathogenesis of
ALS and FTD. Although primarily nuclear, both proteins are found in neuronal processes and
neuronal RNA transport granules and therefore are thought to be involved in mRNA transport in
dendrites and dendritic spines. However, their dendritic mRNA targets are not well-described.
The aim of this study is to identify the protein and RNA components of cytosolic FUS and TDP-
43 granules, as well as elucidate the potential role of TDP-43 and FUS in dendritic mRNA
localization and translational control. Here we report first insights into the protein and RNA
composition of FUS and TDP-43 RNP granules immunoprecipitated from the cytosolic fraction
of mouse brain. For FUS, we will compare our results to knock-in mice carrying a NLS
truncation mutation in order to study how disease-associated mutations may alter the granule
composition and therefore RNA target regulation, e.g. dendritic localization and local translation
at synapses.

Disclosures: H. Bowden: None. D. Dormann: None.



Nanosymposium
201. ALS Mechanisms
Location: SDCC 32B
Time: Sunday, November 13, 2016, 1:00 PM - 4:15 PM
Presentation Number: 201.07
Topic: C.05. Neuromuscular Diseases
Support: CIHR
MDA
NSERC
Title: Implication of TDP 43 in the stress response in neurodegenerative disease

Authors: *Y. KHALFALLAH', C. PELLETIER?, C. VANDE VELDE?;
"Biochem. and molecular medicine, “Neurosciences, CRCHUM- Univ. of Montreal, Montreal,
QC, Canada

Abstract: Environmental factors are suspected of playing a major role in neurodegenerative
diseases. The affected cell type (neurons) is more sensitive to stressful stimuli such as oxidative
stress compared to other cell types. One of the genes implicated is TARDBP, which encodes
TAR DNA binding protein 43 (TDP-43). TDP-43 is a principal component of neuronal and glial
inclusions in ALS and FTD (frontotemporal dementia) patients and disease-causing mutations in
TDP-43 are well documented. Whether mutations yield a gain or loss of TDP-43 function and
the effect of TDP-43 nuclear depletion associated with cytoplasmic inclusion formation is not yet
resolved. We have shown that depletion of TDP-43 impairs stress granule (SG) assembly
through the depletion of another core component of SGs, G3BP1. This protective pathway
comprises the rapid and transient formation of granules that store translationally repressed
mRNA during stress conditions. SGs are dynamic and form via an initial nucleation event
followed by assembly where small SGs fuse to form larger SGs, and then disassemble. In order
to directly test our hypothesis that TDP-43 depletion from the nucleus and mislocalisation to the
cytoplasm, impair SG signalling through a loss of function, we have evaluated this mechanism in
vitro in cell types relevant to ALS/FTD including cortical neurons and astrocytes. Also, to assess
the consequences of the possible mislocalisation to the cytoplasm of TDP-43 on SG components,
we have an in vivo axonal injury model. Our results demonstrate a conserved phenotype in the
default of SG assembly due to TDP-43 depletion in neurons and astrocytes. Moreover, in
conditions of lower levels of TDP-43, we note an acceleration of SG disassembly in astrocytes.
Using osmotic stress, astrocytes demonstrate a robust dependence on TDP-43 for efficient SG
dynamics. These findings are one step further towards understanding the selective cellular
vulnerability that is characteristic of ALS.
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Title: Calcineurin protects against pathological phosphorylated TDP-43 by direct
dephosphorylation
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Abstract: Proteinaceous detergent insoluble inclusions of TDP-43 protein are hallmarks of the
neuropathology in over 90% of amyotrophic lateral sclerosis (ALS) cases and approximately half
of frontotemporal dementia (FTLD-TDP) cases. In TDP-43 proteinopathy disorders, lesions
containing aggregated TDP-43 protein are extensively post-translationally modified, with
phosphorylated TDP-43 (pTDP) being the most consistent and robust marker of pathological
TDP-43 deposition. Abnormally phosphorylated TDP-43 has been shown to mediate TDP-43
protein stability and turnover, cellular localization, protein aggregation, and neurotoxicity in
neurodegenerative disease models. To date several different kinases have been implicated in the
genesis of pTDP, but no phosphatases have been shown to reverse pathological TDP-43
phosphorylation. We have identified the phosphatase calcineurin as an enzyme binding to and
catalyzing the removal of pathological C-terminal phosphorylation of TDP-43 in vitro. In C.
elegans models of TDP-43 proteinopathy, genetic elimination of calcineurin results in
accumulation of excess pTDP, exacerbated motor dysfunction, and accelerated
neurodegenerative changes. In cultured human cells, treatment with FK506 (tacrolimus), a



calcineurin inhibitor, results in accumulation of pTDP species. Lastly, calcineurin co-localizes
with pTDP in disease relevant brain regions in subjects with FTLD-TDP and in spinal cord
motor neurons from subjects with ALS. Taken together these findings suggest calcineurin acts on
pTDP-43 as a phosphatase in neurons. Furthermore, patient treatment with calcineurin inhibitors
may have unappreciated adverse neuropathological consequences.
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Title: Endogenous MIF reduces the accumulation and toxicity of misfolded SOD1 in a mouse
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Abstract: Mutations in superoxide dismutase (SOD1) cause amyotrophic lateral sclerosis (ALS)
- a fatal neurodegenerative disease characterized by the loss of upper and lower motor neurons in
the brain and spinal cord. It has been suggested that the toxicity of mutant SODI1 results from its
misfolding and accumulation on the cytoplasmic faces of intracellular organelles, including the
mitochondria and endoplasmic reticulum (ER) of ALS-affected tissues. Recently, macrophage
migration inhibitory factor (MIF) was shown to directly inhibit the accumulation of misfolded
SODI1 and its binding to intracellular membranes, but the role of endogenous MIF in modulating
SOD1 misfolding in vivo remains unknown. To elucidate this role, we bred MIF-deficient mice
with SOD1°%® mice, which express a dismutase-inactive mutant of SOD1 and are considered a
model of familial ALS. We found that the accumulation of misfolded SODI, its association with



mitochondrial and ER membranes, and the levels of sedimentable insoluble SOD1 aggregates
were significantly higher in the spinal cords of SOD1°***_-MIF" mice than in their SOD1%*°}-
MIF " littermates. Moreover, increasing MIF expression in neuronal cultures inhibited the
accumulation of misfolded SOD1 and rescued from mutant SOD1-induced cell death. In
contrast, the complete elimination of endogenous MIF accelerated disease onset and late disease
progression and shortened the lifespan of the SOD1%**® mutant mice. These findings indicate
that MIF plays a significant role in the folding and misfolding of SOD1 in vivo, and they have
implications for the potential therapeutic role of upregulating MIF within the nervous system to
modulate the selective accumulation of misfolded SOD1.
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Abstract: Defects in RNA biogenesis may causally contribute to neurodegenerative diseases, as
genetic mutations in several RNA-binding proteins (RBPs) give rise to the motor
neurodegenerative disorder amyotrophic lateral sclerosis (ALS), and RBP-containing inclusions



are a pathological hallmark of both ALS and frontotemporal dementia (FTD). Among these
RBPs, the FET family proteins FUS, TAF15 and EWSRI1 are DNA- and RNA-binding proteins
involved in regulation of transcription, mRNA splicing and mRNA subcellular localization. Loss
of function of the single Drosophila FET orthologue cabeza (caz) results in inability of fully
differentiated adult flies to eclose from the pupal case due to motor deficits. Here, we performed
a genetic modifier screen for rescue of caz mutant pupal lethality, which identified Xrp/ as a key
modifier gene. Heterozygosity for Xrp/ not only rescued caz mutant pupal lethality, but also
adult motor performance and life span. Interestingly, selective knock-down of Xrpl in neurons
was sufficient to rescue caz mutant phenotypes. Xrpl expression is strongly upregulated in caz
mutants, and selective Xrpl overexpression in neurons of otherwise wild type flies results in
developmental lethality, with adult escaper flies displaying motor performance defects and
shortened life span. The genetic interaction between caz and Xrpl was dependent on the
functionality of the AT-hook DNA-binding domain in Xrpl. Finally, high-throughput RNA
sequencing revealed profound gene expression dysregulation in caz mutant animals, which was
substantially mitigated by Xrp/ heterozygosity. Together, our findings indicate that caz mutant
phenotypes are mediated by increased neuronal Xrpl levels, leading to gene expression
dysregulation and neuronal dysfunction.
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Abstract: Induced pluripotent stem cell (iPSC) technologies provide the opportunity for both
human disease modeling and the execution of phenotypic drug screens. This is especially true for



poorly understood neurodegenerative neurological disorders that are without effective treatments
such as Amyotrophic Lateral Sclerosis (ALS). Our labs have recently discovered that motor
neurons (MNs) derived from ALS patient induced pluripotent stem cells (IPSC) carrying SODI,
C9orf72 and FUS mutations are hyperactive relative to those from control subjects as measured
by Multi-ElectrodeArray (MEA) recordings (Wainger et al, 2014). We have now set out to
validate the disease modeling aspects of these observations and their relevance for phenotypic
screens for which three criteria have been suggested: (i) Disease relevance of the assay system.
(i1) Disease relevance of the stimulus. And (iii) assay readout proximity to the clinical end point.
Clinically, ALS is associated with development of neuronal hyperexcitability at many levels,
including cortical motor neurons, spinal motor neurons, and peripheral axons. Importantly, the
degree of hyperexcitability in ALS patients correlates with their survival. The highly penetrant
SOD1_ A4V mutation was selected for an in depth characterization of the hyperexcitability
phenotype in spinal motor neurons. Two motor neuron differentiation protocols from iPSC lines
were employed, a 3D method based on embryoid bodies and a 2D method based on monolayer
differentiation. Motor neuron specificity was ensured by generation of Hb9-GFP reporter lines
which allowed FACS based purification of motor neurons. Both protocols from two independent
patient lines yielded motor neurons that were hyperactive relative to their isogenic corrected
controls, albeit with slight differences in time of onset. Hyperexcitability of the motor neurons
was measured by a patch clamp current ramp protocol, calcium level measurements using
GCaMP6 and by MEA, and for all three measurements the diseased motor neurons were more
active than the isogenic controls. We conclude that iPSC derived motor neurons of ALS patients
carrying the SOD1 A4V mutation show a robust hyperexcitability and hyperactivity phenotype.
The three criteria for conducting a phenotypic screen are met and therefore a valuable tool is
provided for the identification of compounds that can normalize the hyperactivity. Part of this
work was supported by GlaxoSmithKline
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Abstract: Amyotrophic lateral sclerosis (ALS) is the most common motor neuron disease and
Frontotemporal dementia (FTD) is the second most common form of early-onset dementia.
Interestingly, both of these devastating neurodegenerative diseases share a common genetic
mutation in chromosome 9 open reading frame 72 (C9orf72). An expanded hexanucleotide
repeat (GGGGCC) in intron 1 of the C9orf72 gene is the most common genetic cause of familial
and sporadic ALS and FTD, along with Huntington’s disease phenocopies. Until recently, very
little was known about the underlying mechanisms by which this expanded repeat causes
neurodegeneration until 5 independent labs published 3 papers including one from our own
group simultaneously showing that dysfunction in Nucleocytoplasmic Transport (NCT) may be a
fundamental pathway for C9orf72 ALS-FTD pathogenesis. NCT, the trafficking of protein and
RNA between the nucleus and cytoplasm, is critical for signal transduction and is especially
arduous for neurons due to their highly polarized biology. Efficient regulation of this process is
mediated by the Nuclear Pore Complex (NPC), an extraordinary molecular machine that serves
as the main gateway to the nucleus. In order for any cell to function properly, it is imperative that
RNA and protein be efficiently and selectively exchanged between the nucleus and the
cytoplasm. This critical task is achieved by the ~2000 NPCs that span the entire nuclear
envelope. Each NPC consists of multiple copies of 30 different proteins called Nucleoporins
(NUPs) that differ in anatomical location, function, domain, post-translational modification and
residence time. Mutations in various NUPs result in tissue-specific diseases. Additionally, some
of the longest-lived proteins in the mammalian brain are specific NUPs and may represent the
“weakest link” in the aging proteome. We now present data using human brain and iPS neurons
that the NPC may also be compromised in sporadic ALS (sALS). We have surveyed the majority
of NUPs in transgenic and BAC C9orf72 mice, iPS neurons/astrocytes, HEK293 cells and
human postmortem brain tissue using IF, IHC, super resolution imaging, western blot, FRAP,
shRNA, overexpression constructs and proteomic analysis. We have identified a unique set of



NUPs with critical and disease relevant functions that are consistently affected across not only
models of C9orf72 but also sALS indicating that NPC dysfunction may be a common insult and
pathogenic mechanism in the majority of ALS. This suggests that NPC dysfunction may be a
critical global mechanism of neurodegeneration and what distinguishes one disease from another
is the unique set of NUPs that are differentially affected.
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Abstract: Amyotrophic lateral sclerosis (ALS) is a devastating motor neuron degenerative
disease that is often associated with frontotemporal dementia (FTD). A GGGGCC
hexanucleotide repeat expansion (HRE) in C9orf72 is the most common genetic cause of
ALS/FTD. Recently, we reported defects in nucleocytoplasmic transport as a fundamental
pathogenic mechanism of C9orf72-mediated ALS/FTD (C9-ALS) in model systems including
Drosophila and human induced pluripotent stem neurons as well as patients. We showed that the
HRE directly interacts with and sequesters RanGAP, a master regulator of nucleocytoplasmic
transport. In C9-ALS, both RanGAP and its downstream target, Ran GTPase (Ran), are
mislocalized, causing impaired nuclear import and neurodegeneration that can be suppressed by
nuclear export inhibitors. Here we show that nucleocytoplasmic transport is also disrupted in a
large fraction of sporadic ALS cases, raising the possibility that some risk factors of ALS may
also affects nucleocytoplasmic transport. Indeed, we discovered that mutant Ataxin-2 with an
expansion of polyglutamine (polyQ) repeats, an ALS risk factor, causes cytoplasmic



mislocalization and accumulation of Ran. Importantly, accumulated Ran co-localizes with
cytoplasmic aggregates of Ataxin-2-polyQ, suggesting that Ataxin-2-polyQ may directly bind
and sequester Ran. Consistently, we show that Ran co-immunoprecipitates with Ataxin-2-polyQ
in vitro. Moreover, Ataxin-2-polyQ enhances the nucleocytoplasmic transport defects as well as
neurodegenerative phenotypes in Drosophila eyes caused by the HRE, suggesting that they
interact genetically. Hence, we hypothesize that Ataxin-2-polyQ contributes to ALS by
disrupting nucleocytoplasmic transport via sequestration of Ran. As polyQ has been implicated
in many neurodegenerative diseases, including spinocerebellar ataxia, Huntington’s disease, and
spinal-bulbar muscular atrophy, our findings suggest a general role for dysfunctional
nucleocytoplasmic transport in repeat-associated neurodegenerative disorders.
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Abstract: A greater microinfarct burden at autopsy is linked to a higher risk for vascular
cognitive impairment and dementia during life. The mechanisms by which microinfarcts
contribute to cognitive impairment remain unclear. While individually miniscule in size,
microinfarcts could induce pathological changes that contribute to brain dysfunction distant from
the lesion core. We tested this possibility by examining the core and perilesional regions of
microinfarcts in a mouse model using in vivo MRI, two-photon imaging and post-mortem
histology. To model microinfarcts, single pial penetrating vessels supplying the cortex were non-
invasively occluded by focal photothrombosis. The resulting mouse lesions bore remarkable
similarity to a subset of microinfarcts found in human brain and could be detected with structural
and diffusion MRI for 5 to 7 days post-onset. However, MRI reported only the nonviable
microinfarct core. When microinfarcts were strategically generated in the vibrissa sensory
cortex, they induced deficits in neural and hemodynamic responses in viable perilesional tissues
surrounding the core. This region of deficit occupied a volume estimated to be 12 to 25-fold
greater than that of the core and was most prominent during peak MRI signal at 1 to 3 days post-
occlusion. Thus, microinfarcts in the human brain may induce broad functional deficits that are
secondary to the spatially restricted cell death that occurs within their ischemic cores.
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Abstract: Neurovascular coupling (NVC), which allows a precise match between activated brain
region and blood supply, is a fundamental brain function that is the basis of functional brain
imaging relying on hemodynamic signals. However, the impact varying brain states on NVC
responses remains poorly characterized. In particular, the activity of noradrenergic neurons
originating from the locus coeruleus (LC) is linked to changes in cortical activity underlying
brain states, as seen during sleep-wake cycles, and may influence NVC. We therefore
investigated the effects of increased NA neurotransmission on the well-characterized whisker-
evoked NVC response. Dopamine-f§ hydroxylase (DBH)-Cre mice injected with AAVdj-EF1a-
DIO-CHETA-eYFP and optogenetic stimulation (blue laser, 473 nm) were used to specifically
target LC NA neurons. Cortical maps of hemodynamic responses were measured by optical
imaging of intrinsic signals over the barrel cortex. Whisker stimulation (4Hz, Ssec) increased
cerebral blood volume (CBV, assessed by 570nm reflectance) in the contralateral barrel cortex.
In contrast, optogenetic LC NA neurons activation (5-20mW, 5Hz, 10sec) induced a consistent
intensity-dependent decrease in the CBV map (570nm reflectance), an effect not seen in control
animals. Sub-threshold stimulation of LC (5mW, 5Hz, 10sec), defined as having no significant
effect on baseline CBV, led to a significantly decreased CBV response to whisker stimulation (-
35%, p<0.05, n=8). Overall, our results demonstrate a role for LC NA neurons as potential
modulators of the NVC response to sensory stimulation. Current work is in progress to identify
the effects of optogenetic activation of LC NA on the activity of the neuronal network
underlying the sensory-evoked hemodynamic responses.
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Abstract: Functional recovery after injury to the motor cortex can be facilitated by changes in
multiple CNS regions, including cortical, sub-cortical and spinal circuits. This is especially true
for behaviours requiring whole limb movements, such as pressing a lever or positioning a robotic
arm in space, as these movements may be partially generated outside the motor cortex. Such
tasks are readily performed by rodents even while headfixed, and offer the ability to assess motor
learning or recovery from injury such as stroke.

In the current experiment we trained head-fixed mice to displace a robotic lever to a rewarded
position in order to receive a water reward. We then confirmed the necessity of the motor cortex
in executing the task by inactivating M1 in VGAT-ChR2 expressing mice. The probability of
performing successful auditory cue-initiated trials was significantly decreased during
contralateral, but not ipsilateral M1 inactivation (~65% reduction, p=0.004). This effect was
mostly driven by the inability of the mice to initiate task execution, as the mice attempted ~50%
fewer trials during contralateral M1 inhibition (p=0.001; vs. ipsilateral stimulation). These data
demonstrate the necessity of contralateral M1 in moving a robotic lever with the forelimb by
headfixed mice.

We then applied this task in mice recovering from M1 focal ischemic injury in order to track
mesoscale changes in functional cortical activation through widefield calcium imaging. Imaging
was performed transcranially through a chronic window that did not require removal or thinning
of the skull. Transgenic mice (Ai94 or Ai93; Jackson Labs) expressing the GCaMP6 calcium
indicator completed an average of 128+27 successful trials per 20-minute session. Ca®" imaging
revealed a time-locked increase in activity of the limb region (8.5% AF/F) while barrel cortex



and other sensory areas showed less activity (1.8% AF/F) during pulling. Compared to a sham
group (n=6), mice with a stroke in the limb region of the cortex (n=14) produced smaller
responses during successful trials in the first week of recovery (AF/F =2.6+0.5% and 7.4+1.1%,
p<0.001). After 2 months, a partial recovery of the responses was observed (4.1+£0.4% and
6.1+1.0% p=0.045), presumably driven by increased activity in peri-infarct cortex.

Our results demonstrate the feasibility to monitor post-stroke recovery with a simple, robotic arm
displacement task that requires contralateral M1 activity. Concurrent quantification of cortical
activity through calcium imaging and behavioural performance allows us to identify peri-infarct
as well as distal regions that may contribute to spontaneous recovery in this task over days and
weeks.

Disclosures: G. Silasi: None. M. Vanni: None. R. Katreddi: None. Y. Sekino: None. F.
Bolanos: None. J. Boyd: None. S. Scott: None. T. Murphy: None.

Nanosymposium

202. Stroke and Injury: Optogenetic and Chemogenetic Approaches
Location: SDCC 24A

Time: Sunday, November 13, 2016, 1:00 PM - 3:00 PM

Presentation Number: 202.04

Topic: C.08.Stroke

Support: “GIST-Caltech Research Collaboration” Project through a grant provided by GIST in
2015

“Biomedical Integrated Technology Research” Project through a grant provided by
GIST in 2016

a grant from the Basic Science Research Program through NRF of Korea funded by
Ministry of Science, ICT and Future Planning (NRF-2013R1A2A2A01067890)

Title: Optogenetic stimulation for cell-specific activation of sensory-parietal cortex in chronic
subcortical capsular infarct model

Authors: *R. KIM', J.-Y. PARK', H. SONG', J. REE?, J. CHO', M.-C. LEE’, P. ROSA-
NETO*, H.-I. KIM';

'Dept. of Biomed. Sci. and Engineering, Inst. of Integrated Technol., *Sch. of Mechanical
Engin., Gwangju Inst. of Sci. and Technol., Gwangju, Korea, Republic of; *Dept. of Pathology,
Chonnam Natl. Univ. Med. Sch., Gwangju, Korea, Republic of; *Translational Neuroimaging
Laboratory, McGill Ctr. for Studies in Aging, Douglas Mental Hlth. Univ. Inst., Montreal, QC,
Canada



Abstract: Subcortical capsular stroke causes severe disability. Our previous study revealed that
motor deficit can be overcome by administering the electrical stimulation on sensory-parietal
cortex, regardless of extent of infarction in capsular infarct model. However, electrical
stimulation influences all types of neurons and glial cells randomly, so that stimulation-
responsive neural circuits cannot be clarified. In this study, we employed the optogenentic
stimulation and microPET imaging to determine the cell-specific activation of neural circuit as
well as to find the imaging biomarker which may indicate the progress of behavioral recovery in
capsular infarct. We used twenty-two male Sprague Dawley rats which capsular infarct was
created by photothrombosis. The addeno-asscoiated viral vector encoding channelrhodopsin was
combined with promoters, CamKIla (CamKlIla group), GFAP (GFAP group), or hSyn (hSyn
group) to differentially stimulate pyramidal, glial or pan-neuronal cells. The virus construct was
injected and expressed in sensory-parietal cortex, followed by blue laser stimulation. Optrode
recording was conducted to validate that >1mW of 473nm light pulses at 10Hz induced local
neuronal firing. Two times of one hour stimulation per day were delivered for 14 days, along
with rehabilitative training using single pellet reaching task (SPRT) in capsular infarct model
rats. In addition, microPET scans were performed longitudinally prior to stimulation, and at 7
and 14 days of stimulation. The images were analyzed using a group-level linear mixed-effect
model. Our results showed that CamKIla, GFAP, and hSyn groups had motor improvement up to
15%, 50%, and 65% of pre-lesional SPRT scores, respectively. MicroPET images demonstrated
that diaschisis was observed at the 7" day of stimulation in all of the groups, however, the
reduction of diaschisis was correlated with behavioral recovery. The reduction of diaschisis was
greater in GFAP and hSyn groups (>50%) whereas CamKII group did not show the change in its
extent at the 14™ day. In addition, subcortical activations circuits were differentially constructed
for each group. It is concluded that motor recovery after capsular stroke can be augmented by
cell-specific stimulation. Stimulation of pan-neuronal and glial cells were more effective than
pyramidal neuronal stimulation, and the motor recovery was correlated with the reduction of
diaschisis.
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Title: Cerebellar dentate nucleus is a promising brain stimulation target for enhancing post-
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Abstract: Objective: Functional recovery after stroke has been observed in both human and
animals. Post-stroke brain stimulations are promising neurorestorative techniques as they allow
direct manipulation of the target area’s excitability. Previously we have demonstrated that
optogenetic neuronal stimulation of the ipsilesional primary motor cortex (iM1) promotes
functional recovery. In an effort to identify optimal brain stimulation targets, we investigate the
effects of stimulation in the cerebellar dentate nucleus (cDN) on poststroke recovery. We
hypothesize that stimulation of cDN may be more effective than iM1, as it sends major
excitatory outputs to multiple motor and non-motor areas.

Methods: Thy-1-ChR2-YFP line-18 transgenic male mice were used. Mice underwent
stereotaxic surgery to implant an optical fiber in cDN or iM 1. One week after implant, stroke
was induced using an intraluminal middle cerebral artery suture occlusion (30 minutes). Three
groups of mice were used: control non-stimulated stroke mice, short-stimulated stroke mice
(short-stim, poststroke day5-14) and long-stimulated stroke mice (long-stim, poststroke dayS5-
28). Sensorimotor behavior tests (rotating beam tests) were used to assess their recovery at day 0,
4,7,10, 14, 21 and 28 post-stroke.

Results: Our results demonstrate that repeated cDN stimulations result in robust recovery in
motor sensory functions as early as poststroke day7 in distance traveled (p<0.001) and speed
(p<0.05). Comparison of iM1 and cDN-stimulated mice indicate that cDN-stimulated mice
recovered significantly faster than iM1-stimulated mice (speed, p<0.01). The effect of cDN
stimulation was also persistent, as stimulated mice maintained their recovery state after day14
without further stimulations (p<0.001). The long-stim group did not further enhance recovery,
suggesting that prolonged stimulations may not be necessary to achieve permanent recovery.
Conclusion: Our data demonstrate that cDN stimulations post-stroke can promote robust and
persistent functional recovery. Furthermore, cDN-stimulated mice recovered faster than iM1-
stimulated mice, indicate that cDN is a more effective brain stimulation target. Current studies
examine the brain activation patterns of cDN-stimulated mice, as well as examining their
transcriptome using RNAseq, which will provide insight on the molecular pathways involved in
cDN-stimulation induced recovery.
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Abstract: Objective: Nitric oxide (NO) is a gaseous messenger that mediates many
physiological functions, including neuronal excitability, vascular tone and angiogenesis. Nitric
oxide synthases (NOS) are a family of enzymes that catalyzes the production of NO. While
activation of endothelial NOS (eNOS) has been shown to be neuroprotective, activation of
neuronal NOS (nNOS) or inducible NOS (iNOS) worsens ischemic damage. Although the roles
of NOS in acute stroke are well-established, their contribution to stroke recovery is less clear.
Previously we demonstrated that optogenetic neuronal stimulation increases cerebral blood flow
(CBF) and enhances post-stroke recovery. Given the role of NO in cerebral blood flow
regulation, we investigated whether NOS is involved in stimulation-enhanced recovery. We
hypothesized that neuronal stimulations promote recovery in part by altering NOS expression.
Methods: Thy-1-ChR2-YFP line-18 transgenic male mice were stereotaxically implanted with an
optical fiber in the contralesional cerebellar dentate nucleus (cDN). One week later, mice
underwent experimental stroke induced by an intraluminal middle cerebral artery suture
occlusion (30min). Repeated optogenetic stimulations in the cDN were administered from post-
stroke day5-14. Functional recovery was evaluated by the rotating beam test at post-stroke day 0,
4,7, 14. Mice were sacrificed at post-stroke day15 and ipsilesional and contralesional motor and
sensory cortices were processed for quantitative PCR to examine expression of nNOS, iNOS and
eNOS. GAPDH was used as a housekeeping control.

Results: Our data showed that cDN-stimulated mice traveled a significantly longer distance
(p<0.001) at a significantly faster speed (p<0.05) as early as day7 post-stroke compared to non-
stimulated mice. Quantitative PCR revealed that stroke significantly increased nNOS expression
in the contralesional motor cortex (cM1) at day15 post-stroke (p<0.01), and cDN-stimulations
significantly reduced this nNOS expression (p<0.001). Interestingly, no change was detected for
eNOS and iNOS. Western blot analysis further confirmed the reduction of total nNOS protein in
cM1 of cDN-stimulated mice.



Conclusion: Optogenetic stimulations promoted post-stroke recovery and selectively reduced
nNOS expression in the contralesional motor cortex. Our results further highlight the
involvement of nNOS and the contralesional cortex in stroke recovery. We are currently
examining the nNOS signaling pathway after stimulation, and the effects of manipulating nNOS
expression on stroke recovery.
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Abstract: Traumatic brain injury (TBI) and stroke have different underlying causes but a
common mechanism contributing to neuronal damage is glutamate excitotoxicity. Ischemia leads
to large increases in neuronal intracellular calcium, excessive glutamate release, and necrosis or
apoptosis. Current treatments for ischemia focus on reinstating the blood supply, however a
better understanding of the source and mechanisms underlying glutamate released after brain
injury could lead to therapeutic strategies to more specifically target excitotoxicity. Visualizing
glutamate directly in vivo has been made possible by the development of a genetically encoded
fluorescent probe, iGluSnFr (Marvin et al., 2013), now allowing us to obtain a high resolution
view of the previously undescribed spatial and temporal properties of injury-induced glutamate
release. We expressed the iGluSnFr probe on the extracellular membrane of astrocytes in the
anesthetized mouse cortex and found that brain injury caused by a two-photon laser burn
immediately increased extracellular glutamate in a ring surrounding the site of damage. This was
followed by small and transient bursts of glutamate around the ring, henceforth termed
“glutamate clouds”, which we have never observed in the undamaged brain. Pharmacologically
inhibiting astrocytic glutamate transporters with TBOA increased both the size of the initial
glutamate ring as well as the number of glutamate clouds. Application of a high concentration of



TBOA induced glutamate clouds prior to a lesion in otherwise healthy brain tissue. Together
with the fact that clouds tend to occur near the lesion site, these results suggest that structural
damage to astrocytes may compromise glutamate transport, leading to a localized and temporary
failure of uptake and resulting in a “glutamate cloud”. By imaging neuronal structure over the
course of multiple days following the lesion in the absence or presence of TBOA, we have also
seen that the extent of damage is positively correlated with the amount of glutamate present after
injury. In summary, our data provide direct observation of excitotoxic glutamate induced by
brain injury, demonstrate a key role for astrocytes in controlling levels of extracellular glutamate
and consequently, neuronal damage, and highlight astrocytic glutamate transporters as a potential
therapeutic target in the treatment of TBI and stroke.

Disclosures: S.A. Levinson: None. J. Cichon: None. M. Santello: None. W. Gan: None.

Nanosymposium
202. Stroke and Injury: Optogenetic and Chemogenetic Approaches
Location: SDCC 24A
Time: Sunday, November 13, 2016, 1:00 PM - 3:00 PM
Presentation Number: 202.08
Topic: F.06. Brain Blood Flow, Metabolism, and Homeostasis
Support: Canadian Institutes of Health Research
National Science and Engineering Research Council (Canada)
Research Manitoba
Canada Foundation for Innovation
Winnipeg Health Sciences Center
Title: Endothelial NMDA receptors mediate astrocyte-induced cortical vasodilation

Authors: *A. D. HOGAN-CANN'? L. LU, A. K. GLOBA®, S. X. BAMJI’, C. M.
ANDERSON'*;

"Pharmacol. & Therapeut., Kleysen Inst. For Advanced Med., Winnipeg, MB, Canada;
*Pharmacol. & Therapeut., Univ. of Manitoba, Winnipeg, MB, Canada; *Dept. of Cell. and
Physiological Sci., Univ. of British Columbia, Vancouver, BC, Canada

Abstract: Functional hyperemia (FH) is a regulatory mechanism that ensures active brain
regions receive proportional delivery of blood flow. Glutamatergic neurotransmission is a key
functional bellwether of neuronal activity that initiates FH by activating post-synaptic N-methyl-



D-aspartate (NMDA) receptors linked to neuronal nitric oxide synthase (nNOS), or by inducing
release of vasodilatory gliotransmitters from perisynaptic astrocytes with process endfeet resting
on local arterioles or capillaries. However, neither of these mechanisms is endothelium-
dependent, leaving neuro-endothelial coupling as a key conceptual deficit in understanding FH.
Our cumulative results indicate that brain endothelial cells also express NMDA receptors that are
activated subsequent to astrocytic neurotransmitter input, leading to eNOS-dependent
vasodilation. Experiments in primary mouse brain microvascular endothelial cultures revealed
expression of the pan-NMDA receptor subunit, GluN1, and NO production in response to
NMDA receptor co-agonists, glutamate and D-serine, in a manner sensitive to NMDA receptor
antagonists, eNOS inhibition and chelation of intracellular Ca**. Using immuno-electron
microscopy, GluN1 immunoreactivity was also detected in brain endothelium in situ, with
preferential localization to brain-facing (abluminal) endothelial membranes. Direct exposure of
cortical slice arterioles to glutamate and D-serine by local pressure ejection and two-photon (TP)
flash photolysis of NP-EGTA (o-Nitrophenyl EGTA; Ca*" uncaging) in perivascular astrocytes
both produced increases in lumen diameter. This effect was significantly mitigated by
competitive antagonists of NMDA receptor glutamate (APS5) or co-agonist (DCKA) binding
sites, and by eNOS loss of function. To distinguish between neuronal and endothelial NMDA
receptors, we created conditional endothelial NMDA receptor loss of function mice by crossing
“floxed” GluN1 animals with a Tie-2 Cre recombinase driver line. This strategy resulted in
greater than 50% loss of endothelial GluN1 (eGluN1) expression in cultures and cortical slice
arterioles. In cortical slices, conditional eGIuN1 loss of function significantly mitigated
vasodilatory responses and endothelial NO generation in situ, produced by stimuli including TP
astrocytic Ca®" uncaging, direct vascular application of NMDA receptor agonists and bath-
applied metabotropic glutamate receptor agonist (t-ACPD). Our results identify a novel
mechanism of neuro-endothelial coupling by showing that endothelial NMDA receptors mediate
activity-dependent, glutamatergic neurovascular signaling.
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Abstract: Piezo ion channels mediate the conversion of mechanical forces into electrical signals
and are critical for responsiveness to touch in metazoans. The apparent mechanical sensitivity of
Piezos varies substantially across cellular environments and with different stimulation methods,
raising the fundamental questions of what precise physical stimulus activates the channel and
how sensitivity to this stimulus is regulated. To answer these questions, we combined high-
resolution, high-contrast imaging with electrophysiology to distinguish between membrane
curvature and lateral membrane tension as potential physical stimuli for activation of Piezol.
Piezol-mediated currents were measured in HEK293t cells in three patch configurations using a
high-speed pressure clamp to induce membrane curvature and tension, while simultaneously
imaging membrane geometry within the patch pipette. We found that both positive and negative
pressure, which elicit opposite membrane curvature, activate Piezol channels in all three patch
configurations (cell-attached, inside-out, and outside-out), albeit with different sensitivities.
Further, we quantified the lateral membrane tension produced at different pressures and found
that Piezo1 activity is well-described by a Boltzmann function with a tension of half-maximal
activation (Tso) of 2.7+£0.1 mN/m in cell-attached patches and 4.7+0.3 mN/m in inside-out
patches. Building on this approach, we next developed a protocol to minimize resting membrane
tension in cell-attached patches prior to probing Piezo activity. Specifically, we used a “pre-
pulse” of positive pressure (~+5 mmHg) that precisely flattens the membrane and allows
channels to recover from inactivation. We find that in the absence of prior, resting membrane
tension, Piezo1 responds to increases in lateral membrane tension with exquisite sensitivity (Tso
= 1.4+0.1 mN/m in cell-attached patches) as compared to other mechanically activated channels.
Our results explain how Piezol sensitivity can be tuned by resting membrane tension and
channel inactivation, thus priming the channel to respond to physiologically relevant changes in
tension in diverse cellular contexts. We are now using our approach to investigate the response
of wild-type and inactivation-deficient Piezol to dynamically modulated stimuli.
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Abstract: Mechanotransduction, the conversion of physical forces into biochemical signals, is
essential for various physiological processes such as touch, hearing and sensing blood flow.
However, the molecular mechanisms of mechanotransduction or physiological/biological
responses triggered by mechanical stimuli have not fully understood. Mechanically activated ion
channels have been proposed as sensors of physical force, while the identity of these channels
had been elusive for decades. The Patapoutian group has identified Piezo1/2, mechanically
activated cation channels, in mammalian cells. Piezos are activated by mechanical indentation or
suction stretch on cell membrane and shear stress. In mammals, Piezos are broadly expressed in
a wide range of mechanosensitive cells and are enriched in the lungs, kidneys, and DRG neurons.
We have demonstrated that Piezo2 is the principle mechanotransducer for cutaneous light touch
sensing and proprioception in mice. Piezo-deficient animal models provide us an opportunity to
study involvement of mechanostransduction in various physiological processes. In this
presentation, the key role of Piezo in respiration will be shown.
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Abstract: Somatosensation (sense of touch, pain, temperature etc.) is pivotal to our interactions
with the internal and external environments. Peripheral somatosensory neurons are equipped to
respond to stimuli of different nature ranging from chemical, thermal to mechanical. The ability
of somatosensory neurons to perceive mechanical stimuli relies on specialized
mechanotransducing proteins and their molecular environment. Recently, a major transducer of
mechanical forces in vertebrate somatosensation was revealed by the discovery of Piezo2. Piezo2
is a non selective cation channel which is expressed in Merkel cells and a wide range of low
threshold mechanoreceptors (LTMRs) in mice. Further work has established its pivotal role for
innocuous touch in mice as well as a role in proprioception. It is widely recognized that ion
channels operate as part of dynamic multiprotein complexes. Elegant work in other
mechanosensory systems (e.g. D. melanogaster and C. elegans) demonstrated the involvement
of such a complex molecular machinery in the detection of mechanical stimuli. In vertebrates
some evidence of similar protein complexes has come to light but so far only few of the
components have been identified. Therefore, the characterization of Piezo2-associated protein
complexes in peripheral sensory neurons holds the promise to elucidate novel proteins implicated
in somatosensory mechanotransduction. Towards this goal, we performed a quantitative mass
spectrometry-based interactomics screen on native Piezo2, immunoaffinity-purified from
somatosensory neurons of mouse dorsal root ganglia (DRG). By means of stringent statistical
analysis, we identified 36 binding partners of Piezo2. The biological significance of this dataset
is reflected by functional experiments demonstrating a role for selected candidate proteins in
modulating Piezo2 activity and membrane expression in somatosensory neurons. Collectively,
our findings provide a framework for understanding Piezo2 physiology and serve as a rich
resource for the molecular dissection of vertebrate somatosensory mechanotransduction.
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Abstract: Proprioceptors innervate muscle spindles, Golgi tendons and joints and mediate
conscious sensation of limb position, muscle tension and balance. Characterization of
mechanotransducer channels indicates that Piezo2 is the principal mechanoreceptor in touch
sensation. To determine the role of Piezo2 in proprioception, we have characterized the electrical
and mechanical properties of neurons in the mesencephalic trigeminal nucleus (MTN), the
unique primary sensory neurons located in the central nervous system. These neurons receive
signals originating from the masseter muscle and dental pressoreceptors and are involved
exclusively in processing proprioceptive information from the face and oral cavity. Neurons
were identified by injecting the retrograde dye Dil into the masseter muscle. The MTN neurons
in mice respond to a current injection with a phasic discharge pattern, have a big soma size and
show narrow action potentials, which are abolished by tetrodotoxin. All these characteristics
indicate that MTN neurons belong to the low threshold mechanoreceptors group of primary
sensory neurons. Mechanical indentation in MTN neurons exclusively displayed rapidly adapting
currents (RA). Piezo2 was detected in almost every MTN neurons by using single cell RT-PCR
and immunohistochemistry. To study whether RA currents in MTN neurons were mediated by
Piezo2, we silenced its expression by infecting MTN neurons of C57Bl/6j mice with an adeno-
associated viral vector (AAV) carrying a shRNA against Piezo2. We also used a conditional
Piezo2 KO mouse in which Piezo2 was eliminated exclusively in proprioceptive neurons. The
results showed that RA mechanically-activated currents in proprioceptive neurons were fully
depending on Piezo2. Furthermore, functional characterization of Piezo2““ mice showed that
the lack of Piezo2 in proprioceptive neurons produced severe defects in limb position and
impaired performance in different balance and coordination behavioral tests. All those findings
provided directly evidence that the ion channel Piezo2 is essential for mammalian proprioceptive
mechanotransduction.
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Abstract: The reception of tactile stimuli in mammalian skin is mediated by an intricate
mechanosensitive machinery involving dedicated receptors, cells and neurons. This signal
transduction setup is coupled with the topology and mechanical properties of skin, thereby
providing for a highly sensitive and accurate perception system to detect stress fluctuations
(texture) from the external environment. Although textural attributes are important in the sensory
experience of food, the underlying physiology relevant to oral texture perception is not well
understood. The proper functioning of oral texture perception is of high significance in various
food intake scenarios ranging from breastfeeding, to intake control and possibly even in the
prevention of presbyphagia. We hypothesize that subsets of tactile receptors are tuned to encode
specific textural qualities of foodstuffs. Input from such a system will encode the properties of a
food bolus during oral manipulation until swallowing as well as textural palatability. To test this
hypothesis, we mapped the distribution of anatomically distinct neuronal endings in the mouse
oral cavity (tongue, palate and gums) using transgenic reporters, molecular markers and
quantitative histomorphometry. We found that the hard palate and gums are densely populated
with four classes of putative tactile afferents that are organized in discrete patterns. These
included Merkel cell-neurite complexes and Meissner’s corpuscles, which have well-defined



roles in discriminative touch reception in skin. Third, glomerular corpuscles were localized to the
lamina propria of hard palate. Finally, an unusual subset of neurofilament heavy (NFH)-positive
afferents innervating superficial epithelial layers were identified. We find that the murine tongue
is devoid of Merkel cells. Rather, the tongue is equipped with a unique set of putative
mechanosensory afferents. These studies lay the groundwork for physiological studies to define
functional differences between anatomically distinct somatosensory neurons in the oral cavity.
Ongoing studies aim to identify the behavioral contributions of mechanosensitivity to food
texture discrimination and to identify the response properties of subsets of putative touch
receptors.
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Abstract: Chronic itch is a highly prevalent and often debilitating disorder with few effective
treatments. During chronic itch, multicellular interactions between keratinocytes, immune cells,



and neurons act to maintain and exacerbate inflammation and itch. However, the initiating
factors of this disorder, as well as the mechanisms of intercellular communication, remain poorly
understood. Here, we find that CXCL1, a keratinocyte-derived chemokine, is highly upregulated
in the vitamin D mouse model of atopic dermatitis. Further, acute injection of CXCL1 causes
significant scratching behaviors (58 seconds versus 24s vehicle, p<0.005) and neutrophil
infiltration (41% of cells versus 5% control by 30 minutes) in the mouse cheek model of itch. To
determine the molecular mechanisms by which CXCL1 triggers itch and inflammation, we
probed calcium responses in primary cultured sensory neurons and neutrophils, and explored itch
behaviors in wild type, neutrophil-depleted, and TRP channel mutant mice. Robust calcium
signaling was observed in neutrophils, but not sensory neurons in response to application of
Iug/ml CXCL1 (n=2 and 9 biological replicates, respectively), supporting a model whereby
CXCLI acts on neutrophils to trigger itch. Consistent with this, we found that neutrophil-
depleted mice display no CXCL1-induced itch (scratch time of 20s versus 21s for vehicle).
Neutrophil-dependent signals likely mediate itch through the ion channel TRPA1, as TRPA1-
deficient animals displayed attenuated itch behaviors that are statistically indistinguishable from
vehicle (36s versus 22s vehicle, p>0.1). Finally, in the vitamin D model of atopic dermatitis, we
identified a striking phenotype whereby early loss of neutrophils greatly ameliorates both itch
and later recruitment of myeloid lineage immune cells during chronic itch. These data support
the importance of neutrophil-neuron interactions in both acute and chronic itch.
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Abstract: Counter stimuli such as scratching and cooling are known to reduce itch. However,
the neural circuit mechanisms underlying this phenomenon remain unclear. To address this
question, we developed a novel semi-intact preparation that allows us, for the first time, to record
from lamina I spinal output neurons while controlling somatosensory input though natural
stimulation of the skin and manipulating the activity of spinal interneurons though optogenetic
approaches. We identify spinal projection neurons that are tuned for itch, and show that
scratching the receptive field of these cells reduces itch-related responses. Moreover, we reveal
that nNOS inhibitory interneurons provide strong feed forward inhibition onto these spinal
projection neurons. Thus, nNOS inhibitory interneurons provide a feed forward mechanism
through which counter stimuli inhibit itch.
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Abstract: For over 60 years, presynaptic inhibition of sensory terminals within the spinal cord
has been identified as a key mechanism by which sensory inflow is modulated. The primary
method of presynaptic inhibition is through depolarization of the primary afferent terminals,
hypothesized to be dependent on a trisynaptic circuit involving last order GABAergic axo-axonic
synapses. Using mouse molecular genetics and identified low-threshold cutaneous
mechanoreceptors and dorsal horn interneurons, we show that this inhibition is not monolithic.
While low-threshold cutaneous stimulation evokes a dorsal root potential that depends on
GABA, receptors, optogenetic activation of Ad- low threshold mechanoreceptors and C-
afferents produces a primary afferent depolarization which is GABA receptor independent. By
selectively activating or silencing interneurons in the spinal cord dorsal horn, we identify two
distinct populations of excitatory interneurons, one which activates the ‘traditional”’ GABA A
receptor dependent pathway and one which activates a GABA4 receptor independent pathway.



The pathways involved and the functional implications of having two different forms of
presynaptic inhibition are discussed.
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Abstract: Peripherally selective kappa opioids are emerging as a novel treatment for pain and
itch that have shown efficacy in several recent clinical trials. Yet, the subtypes of somatosensory
neurons that express KOR remain unclear. Using a newly developed KOR-cre knockin allele,
viral tracing, and single-cell PCR we reveal that that KOR is expressed in a specific subset of
peptidergic afferents that are tuned for inflammatory pain and itch, but not heat or mechanical
force. Consistent with this, peripherally restricted KOR agonists inhibit behavioral responses to
chemical pain and itch, but not acute heat responses nor punctuate mechanical sensitivity.
Unexpectedly, we also find that KOR is expressed in subsets of primary afferents that form
lanceolate or circumferential endings around hair follicles, suggesting an unappreciated role for
KOR signaling in the modulation of low-threshold mechanosensation. At a functional level,
optogenetic experiments reveal that dynorphin inhibits glutamate release from the central
terminals of KOR-expressing afferents, and genetically-labeled afferents show inhibited calcium



influx in response to kappa agonists. These experiments provide key insight for the rationale use
of peripherally selective KOR agonists for the modulation of inflammatory pain, itch, and
potentially mechanical allodynia.
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Abstract: Somatotopic organisation is a common feature of sensory neural circuits yet its
functional relevance is unclear. One of its advantages is that it allows the localisation of the
sensory stimulus relative to the body of the animal. This is particularly significant in the context
of nociception where the survival of an organism depends on the accurate localization of a
painful sensation. In vertebrates, noxious stimuli are transferred from sensory neurons to dorsal
spinal cord or trigeminal nuclei neurons, and then on to the sensory cortex via the thalamus. The
spinothalamic (STT) projection neurons in the spinal cord and their terminals in the thalamus
form somatotopic maps, but their importance for nociceptive stimulus localisation is not clear.
We are using genetic approaches to disrupt the left-right segregation of STT connections. Since
the majority of STT axons cross the midline of the nervous system at the level of their spinal cell
bodies, we hypothesised that disrupting axon guidance signals that promote commissure
formation might result in erroneous STT axon projection. Using a Cre driver transgenic mouse
line, we have generated a spinal-cord specific knockout of a commissural axon guidance
receptor. Axonal tracing experiments reveal that in such mice, some STT neurons



inappropriately innervate the ipsilateral thalamus. Primary afferent innervation and spinal c-Fos
induction in response to unilateral noxious stimuli applied to the limb of such mutants are
unchanged, suggesting that nociceptive signal relay at the level of the spinal cord is normal.
However, such stimulation elicits bilateral behavioural responses, suggestive of abdnormal left-
right localisation of pain. We are currently studying the laterality of thalamic and cortical neuron
activities in such mutants, and the relationship between nociceptive and innocuous touch
somatotopic maps.
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