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Abstract: We have previously shown that folding in mammalian cerebral cortices follows a
universal scaling law that can be derived from a simple physics model™. The same scaling law
also applies across healthy humans, irrespective of gender, but with a systematic decrease with
age in the value of an offset parameter unconstrained by theory!?l.

This scaling law, however, in principle only relates measures of complete cortical hemispheres.
There are known systematic variations in morphology between different brain regions, and
region-specific changes with age. It is therefore of interest to extend our analyses to different
cortical regions. Do regions separately still follow the universal rule followed by the whole
cortices? How does the gyrification in different regions compare, within and across cortices?
How are they affected by age and disease?

Here we present a scaling method for directly comparing the morphology of sub-divisions of the
cortical surface in a self-consistent and size-independent way, based on a topological invariant.
We chose to segment each cortical hemisphere into lobes, as the definition of each is tolerably
consistent across both individuals and species. We then compute the properties of a synthetic
complete hemisphere derived from each lobe, with the same gyrification index, average
thickness and Gaussian curvature density.

We show that different lobes are morphologically diverse but obey the same scaling law that was
observed across human subjects and across mammalian species. This is also the case for subjects
with Alzheimer's disease. The age-dependent offset changes at similar rates for all lobes in
healthy subjects, but differ most dramatically in the temporal lobe in Alzheimer's disease. This
suggests that, while morphological parameters can vary locally across the cortical surface, the
processes that drive cortical gyrification, likely involving long-range white matter connectivity,
are global.
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Abstract: Recent findings and the progressive re-evaluation of Neanderthals’ (HN) behavior are
suggesting that they may have had a rather sophisticated cognition, despite probably different
from that of Anatomically Modern Humans (AMH). The development of high cognitive
functions - like art, broadly defined here as the symbolic representation of the world, or language
- requires that a neural machinery be in place that can support these functions. Evidences from
archeological investigations showing that Neanderthals had a complex behavior indirectly
support the hypothesis of their cognitive abilities, but we are also growing our knowledge of
their possible neural structure. Past paleoneurological investigations have shown that
Neanderthal’s brains were different from AMHSs’ in their shape and regional architecture, despite
a similar global size and volume. AMHSs present with a globular rather than an elongated brain,
probably due to a marked bulging of the frontal lobes and expanded cerebellar interconnections
with prefrontal, premotor, and superior-posterior parietal cortices, which also project densely to
the putamen of the basal ganglia. These local adaptations suggest a marked reorganization of the
neural architecture in regions that are relevant for cognitive abilities. Integrating evidence from
paleoanthropology, comparative genomics, epigenetics and neuroimaging we set out to identify
genes associated with such a specific brain evolution and we found that non-coding, regulatory
RNA genes rather than protein-coding gene variants are the most important genomic elements
that are implicated in these anatomical and possibly functional differences between Neanderthals
and AMHs. Our results, however, suggest a more complex pattern, where Neanderthals and
AMHs share a very high proportion of cognitively-related genomic elements while only a small
set of them appear AMH specific, supporting the hypothesis that Neanderthals already had a
cognitively ready brain. These shared genomic elements may then be a common feature of
hominins, setting the origin of a symbolic thought deeper in time.
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Abstract: Astrocytes increasing complexity during evolution has been suggested to play a key
role in the development of human cognitive abilities. Among mammalian astroglial subtypes,
Interlaminar Astrocytes (1A) are a novel trait of the primate brain. IA extend long interlaminar
processes from layer | to layers I1-1V, following the neuronal columnar organization of the
cerebral cortex. These astrocytes are known to express GFAP. We assessed the molecular
characteristics of 1A in the macaque cortex using markers for different neural cell types. We
found that they express astrocytic markers S100p and Aqp4, but they do not express neuronal,
oligodendroglial, nor microglial markers (NeuN, Sox10, Ibal), verifying their astrocytic nature.
Furthermore, they do not seem to be actively proliferating, as they do not express Ki67. IA are
known to be present postnatally, but when exactly they appear during development is not known.
We assayed IA appearance and differentiation during development, by inspecting specific
prenatal and postnatal developmental stages of macaque (Macaca mulatta) and human. We
found an increasing morphological complexity throughout development, in both species. 1A have
also been observed in ventral basal cortex of some non-primate species, belonging to bats
(Chiroptera) and treeshrews (Scandentia). We examined if |A are present in related species of
bat, treeshrew, insectivore, prosimian, and old and new world primates, never investigated
before. We found that 1A are present in the ventral cortex of several species of bat, treeshrews
and insectivores, and in both dorsal and ventral cortex of all the primate species analyzed. To
assess whether IA are unique to primates and their closely related orders, or rather the product of
a convergent evolution, we assessed IA presence in species evolutionarily far from primates,
such as carnivores (Carnivora), ungulates (Artiodactyla), whales and dolphins (Cetacea), and
elephants (Proboscidea), and found that 1A are present in the ventral areas of whale and elephant
cerebral cortex. Data obtained from this project will shed light on the 1A role in the evolution and
development of the human cerebral cortex. We will next unravel the molecular mechanisms
responsible for the appearance of IA in primate and specifically in the human cerebral cortex.
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Abstract: Introduction: The Enhancing Neuro-Imaging Genetics through Meta-Analysis
(ENIGMA) Consortium is a multifaceted network aiming to leverage legacy neuroimaging data
in a collaborative environment. As this multi-center program expands, a customized information
system is needed to track collaborations, cohorts, and other pertinent metadata. With over 100
concurrent projects, 37 working groups, and nearly 900 contributors, the programmatic support
helps to maintain efficient collaboration and productivity. This unique informatics challenge
motivated the creation of the ENIGMA Organic Data Science (ENIGMA-ODS) platform to
support dynamic consortium activity.

Methods: ENIGMA-ODS is an extension of the USC Information Sciences Institute’s ODS
framework. ODS is based on Semantic MediaWiki (http://semantic-mediawiki.org/), which
combines the collaborative environment of a wiki with ontological representations using
semantic web standards. The ENIGMA-ODS ontology is structured into six modules for
describing key consortium entities and their relationships in a machine-readable manner.
Results: ENIGMA’s rapid growth demanded a comprehensive information system to expedite
research projects and group management. ENIGMA-ODS includes features to query registered
cohorts, generate tables and text for publications, and manage ENIGMA’s working group
organization.

Conclusions: ENIGMA consists of over a hundred concurrent projects, necessitating systematic
information management that is specific to collaborative neuroscience efforts. ENIGMA-ODS
supports efficient research, aiming to empower analyses of large-scale distributed brain data
worldwide.

Growth of the ENIGMA Consortium 2009-2018
2009 2012 2016 (2017 2018 |Increase in 1 Year (2016-2017)
Working Groups 3 9 20 37 42 85%

Members* 25 500 900 980 |80%
Sites* 20 200 230 234 |15%
Countries 12 33 39 40 18%
Projects 1 18 |50 166 160 |232%
Datasets* 8,000 30,000 53,000 75,549 |77%
Publications 2 15 36 44 140%
Twitter Followers 90 310 402 244%

Newsletter Audience 52 705 773 1255%



*estimation
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Abstract: The expansion of the cerebral cortex in humans relative to other non-human primates
is thought to underlie our uniquely human cognitive capabilities. Although studies in model
organisms have identified many genes influencing cortical thickness and surface area, there are
relatively few human loci known to influence brain morphology. Here, we performed a GWAS
(genome-wide association study) meta-analysis of the thickness and surface area of cortical
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regions derived from structural magnetic resonance imaging (MRI) scans using a meta-analysis
of 50 cohorts comprising 32,967 individuals.

Results from the meta-analyses demonstrate that common variation substantially influences the
architecture of the human cortex (h%n,>0.2 for global thickness and surface area) and supports
the findings from twin studies that genetic influences on thickness and surface area are largely
independent. We identified 11 loci influencing global surface area and 6 loci influencing global
cortical thickness (P<5e-8). There is a significant enrichment for loci influencing surface area
within regulatory regions of the developing fetal brain, specifically in the neural progenitor
associated germinal zone. Genetic loci influencing global cortical surface area cluster near genes
involved in chromatin modification and neural progenitor proliferation. This provides support for
the radial unit hypothesis in humans and suggests that common genetic variation impacts
progenitor associated gene regulation during fetal development to influence post-natal surface
area. In addition, significant positive genetic correlations were observed between global surface
area and intelligence, Parkinson’s disease, and educational attainment. Significant negative
genetic correlations were found between cortical measures and major depression, neuroticism,
ADHD, and insomnia.

We identified 187 additional loci influencing gyral-defined regional surface area, controlling for
global surface area, and 18 loci influencing regional thickness, controlling for global thickness.
Loci impacting regional surface area cluster near genes involved in the Wnt pathway, a known
pathway influencing areal identity. In all, these findings identify genomic loci and suggest genes
involved in human cortical development, indicate biological pathways and cell types involved in
human cortical areal expansion, and suggest genetic links between cognitive traits and
neuropsychiatric diseases with specific brain regions.

Disclosures: J.L. Stein: None. K. Grasby: None. N. Jahanshad: None. J. Painter: None. D.P.
Hibar: A. Employment/Salary (full or part-time):; Janssen R&D, LLC. D. Fees for Non-CME
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Janssen R&D, LLC. L. Colodro Conde: None. J. Bralten: None. P.M. Thompson: None. S.
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Abstract: The size, shape, and cognitive abilities of the modern human brain reflect the
cumulative effects of selective pressures over our evolutionary history. Endocranial volume
increased dramatically since our last common ancestor with Old World monkeys, with further
human-specific refinements to brain shape occurring during the last 300,000 years. These
structural changes were accompanied by increasingly sophisticated tool use, spoken language,
world-wide migrations, and agriculture. Using data from the ENIGMA Consortium, we
investigated the modern impact of this journey on cortical surface area and thickness for 34
regions in over ~33,000 individuals.

We identified polymorphisms within five sets of genomic regions that experienced selective
pressure at varying time points (range: 30 Mya to 50 kya), and assessed their contributions to the
heritability of cortical surface area and thickness. Using stratified linkage-disequilibrium (LD)
score regression, we studied single-nucleotide polymorphisms (SNPs) within human fetal brain
enhancer elements that emerged since our last common ancestor with macaques, and found that
they make unusually large contributions to the heritability of cortical surface area. These findings
were significant even after controlling for the general category of fetal brain enhancers. Effects
were found not only for global surface area but also for many gyrally-defined regions after
controlling for global surface area, likely due to enhancer impact on progenitor proliferation and
neurogenesis genes.

To capture the effects of allele frequency changes over more recent timescales, we applied two
measures reflecting selective pressure either 30 (Qx) or 2 (singleton density scores, SDS) kya.
The Qx analysis revealed evidence of selection for greater global surface area, and a regional
effect on the superior temporal area. Using SDS, we found that positively selected alleles were
associated with increased superior temporal and inferior frontal surface area. In sum, selective
pressures over the last 30 million years of human evolution may have shaped different aspects of
modern human brain structure, from ancient effects on broad growth patterns to very recent
influences on regions critical for our capacity for language.

Disclosures: A.K. Tilot: None. S. Liu: None. S. Brotman: None. T. ENIGMA-Evolution
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Abstract: The Tensor Distribution Function (TDF) is a multi-tensor diffusion MRI (dMRI)
reconstruction method that models the microstructure by fitting the distribution of all possible
tensors within a voxel, making it more robust to complex fiber configurations (crossing, kissing,
diverging fibers). Diffusion Tensor Imaging (DTI) on the other hand is limited when fiber
orientations are not unique, which occurs in 90% of the brain. 22g11.2 Deletion Syndrome
(22911DS) is caused by a ~3Mb microdeletion in chromosome 22, is the most common copy
number variant associated with schizophrenia and its high penetrance might help unveil
mechanisms underlying the development of schizophrenia.

We performed the largest dMRI study of 22g11DS to date by comparing fractional anisotropy
(FA) derived from TDF and from DTI. Previous DTI studies based on small samples have found
differences in DTI-FA between 22q11DS probands and healthy controls (HC). Still, conflicting
findings have been reported across studies. To tackle these uncertainties, we pooled data from
the ENIGMA-22q Working Group (WG), a global multi-site collaborative network. We analyzed
harmonized DTI-FA and TDF-FA across the brain’s white matter (WM) between 22q11DS
probands and age-matched HC by using the ENIGMA-DTI protocol
(http://enigma.ini.usc.edu/protocols/dti-protocols/). The ENIGMA-22q WG contributed dMRI
datasets from the USA (four sites), Australia (one site), the Netherlands (two sites), and the UK
(two sites). We analyzed 594 participants from 9 sites: 334 individuals with 22q11DS (mean age:
16.8 £ 6.4, 153 females) and 260 HC (mean age: 16.5 + 8, 123 females).



Differences between 22q11DS probands and HC were estimated for each site and for DTI-FA
and TDF-FA by calculating the Cohen's d effect sizes in 18 standardized WM ROls. Sex, age
and age? were used as covariates in all linear regressions. We conducted a meta-analysis of the
effect sizes across sites for each DTI measure, by ROI. Contrary to DTI, for TDF all WM ROIs
showed lower FA in 22q11DS, with highest effect sizes in the corpus callosum, corona radiata,
and internal capsules.

Positive effect sizes =22q11.2 DS > Healthy Controls
Negative effect sizes = Healthy Controls > 22q11.2 DS

* Significant differences between 22q11.2 DS and Healthy Controls [Meta-analysis DTI-FA, FDR threshold (p = .0063)]
*  Significant differences between 22q11.2 DS and Healthy Controls [Meta-analysis TDF-FA, FDR threshold (p = .0157)]
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Figure 1. Bar graph (above) shows a comparison of the effect sizes between DTI-FA
and TDF-FA when comparing 22q11DS probands and healthy controls (HC). DTI-FA
showed diverging effect size directionality across the WM, whereas for TDF-FA all
effect sizes were lower for 22q11DS. The corpus callosum, the internal capsules and
the corona radiata showed the highest effect sizes for TDF-FA. Other regions with
thalamic projections and association fibers also showed significantly lower TDF-FA
(PTR, SS, SLF). Interestingly, the FXST and EC showed significantly lower DTI-FA in
o 22q11DS, whereas TDF-FA did not. For DTI-FA, the biggest effect sizes were also
shown in the corpus callosum, internal capsules and corona radiata but in the opposite

0.45 direction as TDF-FA, i.e 22q11DS showed higher FA (see brain maps on the left).
Discussion: The TDF model is more robust to complex WM fiber arrangements than
0.8 the DTI model, which may indicate that the higher FA seen with DTl in 22q11DS might
not be caused by a decreased amount of crossing, kissing or diverging fibers inside
the voxel. The consistent directionality of the effect sizes for TDF-FA across all ROls
09 may indicate a higher specificity than the DTI-FA and a common microstructure

disruption across all the WM.

TAP=tapetum of the corpus callosum, PLIC=posterior limb of the internal capsule,

0 ALIC=anterior limb of the internal capsule, GCC=genu, PCR=posterior corona radiata,
SCC=splenium, BCC=body of the corpus callosum, SCR=superior corona radiata,
045 ACR=anterior corona radiata, CGC=cingulum cingulate gyrus, RLIC=retrolenticular

part of internal capsule, SS=sagittal stratum, UNC=uncinate fasciculus, PTR=posterior
thalamic radiation, SFO=superior fronto-occipital fasciculus, FXST=fornix/stria
terminalis, SLF=superior longitudinal fasciculus, EC=external capsule.
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Abstract: Persistent thoughts inducing abnormally repetitive and pessimistic decisions are often
signs and symptoms of obsessive-compulsive disorder (OCD). Although OCD has been
associated with regional hyperactivity in the corticostriatal network, it remains unclear if there is
oscillatory neural activity involved in OCD-like symptoms. To search for neural oscillations
involved in abnormally repetitive decisions, we developed a multi-site neural recording
technique using chronically implanted electrodes, which can be used either for microstimulation
or for recording of local field potentials (LFPs). With this method, we recorded LFPs from the
caudate nucleus (CN) while we delivered microstimulation in the CN or the cingulate cortex of
macaques performing an approach-avoidance (Ap-Av) conflict task that had been used to test the
anxiety-like behavior. We defined the LFP as exhibiting beta oscillations if the power spectrum
of the LFP was significantly greater than the analytic pink noise spectrum (Bonferroni corrected)
within the beta band (13-28 Hz). Among 958 CN LFP activities, most of them (81%) exhibited
beta oscillations. The majority of the beta oscillations (86%) were deemed to be task-related, as
they exhibited significant changes in magnitude during the decision period. We focused on these
task-related beta oscillations and artificially induced repetitive choice patterns by
microstimulating the CN or cingulate cortex. In 23 of 112 CN stimulation sessions, the
microstimulation induced pessimistic decisions with abnormally repetitive choice patterns. By
contrast, microstimulation of the cingulate cortex did not induce such abnormal repetition,
suggesting that, in this cingulate-striatal circuitry, the CN is involved specifically in the
generation of repetitive decisions. We recorded 113 CN LFPs simultaneously during the 23
effective CN stimulation sessions in which we could induce abnormally repetitive choices.
Among them, 16 LFPs exhibited significant differences in the magnitude of beta oscillations
before the decision period depending on the preceding choices, potentially representing a
pessimistic state that affects repetitive choice pattern. Importantly, the group mean of the
differential spectra of the 16 LFPs showed a significant increase in the beta band during trials in
which the CN microstimulation induced abnormal repetition. We thus found that modulation of
CN beta oscillation was correlated with the behavioral effect, suggesting that CN beta oscillation
could be part of an underlying mechanism to induce stereotyped and repetitive decision-making
patterns, resembling OCD.
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Abstract: As a prominent feature of brain recordings, neural oscillations are frequently
correlated to both pathologies and healthy behaviors such as movement, sleep, perception, and
cognitive performance. Standard approaches for studying these oscillations are based on the
Fourier transform, which decomposes a signal into component sinusoids. However, brain
rhythms are not strictly sinusoidal nor stationary, as they come and go with varying amplitudes,
frequencies, and waveforms. Therefore, decomposition using the Fourier transform does not
parsimoniously capture all of the interesting structure present in neural signals. This is
suboptimal because nonsinusoidal and nonstationary features of low-frequency cortical
oscillations may contain information about physiological processes.

Few analytic approaches have been designed specifically for characterizing the waveform shape
of brain oscillations. We present a time-domain approach, complementary to traditional
frequency-domain analysis, designed to characterize nonsinusoidal and transient brain rhythms
in order to help quantify information missed in conventional, Fourier-based neural signal
processing. This novel framework analyzes oscillatory features on a cycle-by-cycle basis, and the
necessary code is made open-source as a user-friendly Python toolbox
(https://github.com/voytekresearch/neurodsp). For each cycle, the amplitude, period (frequency),
and waveform symmetries are quantified. In contrast to conventional “instantaneous” analysis,
cycle-by-cycle measures are computed from straightforward features rather than relying on
transforms that assume a sinusoidal structure. Importantly, the output also specifies whether the
oscillation of interest is present or absent in the signal during each “cycle” period, as it is



unlikely that the oscillator is present throughout the whole duration of the signal. This is
important, as estimates of oscillatory features are meaningless if no oscillation is evident.

We apply our method to several data sets. First, we validate our approach on simulated signals
containing both oscillatory bursts and noise to show that it outperforms conventional metrics in
uncovering the ground-truth oscillatory properties. Second, we differentiated behavioral
conditions in several experiments by characterizing experimental recordings of hippocampal
theta, motor cortical beta, and visual cortical alpha. Finally, we studied simultaneous recordings
of unit activity and hippocampal theta in the CA1 pyramidal layer and uncovered correlations
between the theta waveform shape and neuronal network firing.
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Abstract: Neural oscillations synchronize information across brain areas at various anatomical
and temporal scales. While these oscillations are commonly described through power and phase
effects in certain frequency bands (alpha, beta, etc.), such descriptions hide the rich nature of
signal statistics and morphologies which are modulated by experimental conditions and
pathologies. There is a need to embrace non-linear and non-stationary models to better
characterize neural oscillations.

Of particular relevance for neuroscience, slow fluctuations of brain activity have been shown to
affect high frequency neural activity, by regulating the excitability level of neural populations.
Such cross-frequency-coupling can take several forms. In the most frequently observed type, the
power of high frequency activity is time-locked to a specific phase of slow frequency



oscillations, yielding phase-amplitude-coupling (PAC). Even when readily observed in neural
recordings, such non-linear coupling is particularly challenging to formally characterize.
Typically, neuroscientists use band-pass filtering and Hilbert transforms with ad-hoc
correlations. To explicitly address current limitations one can use a probabilistic signal modeling
approach, for which statistical inference is fast and well-posed. To statistically model PAC, it
consists of non-linear auto-regressive models which estimate the spectral modulation of a signal
conditionally to a driving signal. This conditional spectral analysis enables easy model selection
and clear hypothesis-testing by using the likelihood of a given model. Thanks to our non-linear
signal model, we provide novel neuroscientific insights on previously reported PAC phenomena,
capturing two mechanisms in PAC: influence of amplitude and directionality estimation.
References: [1] Dupré la Tour T, Tallot L, Grabot L, Doyeére V, van Wassenhove V, Gramfort A
(2017) Non-linear auto-regressive models for cross-frequency coupling in neural time series.
PLOS Computational Biology 13(12) Code: https://pactools.github.io/ with some recent work on
morphology learning: [2] Jas M, Dupré La Tour T, Simsekli U, Gramfort A (2017) Learning the
Morphology of Brain Signals Using Alpha-Stable Convolutional Sparse Coding. NIPS Conf.
Code: https://alphacsc.github.io/
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Abstract: Inter-areal functional connectivity (FC), and neuronal phase synchronization in
particular, is thought to constitute a key systems-level mechanism for coordination of neuronal
processing and communication between brain regions. Evidence to support this hypothesis has
been gained largely using invasive electrophysiological approaches. In humans, neuronal activity
can be non-invasively recorded only with magneto- and electroencephalography (MEG/EEG),
which have been used to assess FC networks with high temporal resolution and whole-scalp



coverage. MEG and EEG sensor space connectivity estimates, however, yield little anatomical
information and synchronization analyses are affected by field spread and signal mixing, which
necessitates the usage of source reconstruction methods in MEG/EEG data analysis.
Nevertheless, residual mixing after source reconstruction, "source leakage", is a fundamental
confounder also for FC analyses in the MEG/EEG source space. We will present how signal
mixing leads to two distinct kinds of false-positive observations: artificial interactions (Al)
caused directly by mixing and spurious interactions (SI) arising indirectly from the spread of
signals from true interacting sources to nearby false loci. To date, several interaction metrics
have been developed to solve the Al problem, but the SI problem has remained largely
intractable in MEG/EEG all-to-all source connectivity studies. We show how the detection of
true-positive connections can be improved and the problem of Sls alleviated by using optimized
cortical parcellations that maximize reconstruction accuracy and minimize leakage, and by
excluding the least reconstructable connections from the analyses. We also show how the
remaining Sls can be compensated for by bundling observed FC connections into hyperedges by
their adjacency in signal mixing. Finally, we will present data using these approaches indicating
that long-range narrow-band phase synchronization within and between multiple frequency
bands characterizes visual attention and visual working memory performance. These findings
consolidate the putative mechanistic role of long-range synchronization in coordinating systems-
level neuronal processing for achieving integrated cognitive functions. References: Palva JM et
al. (2018) Neuroimage; Wang SH et al. (2018) Neuroimage; Lobier M et al. (2018) Neuroimage;
Korhonen et al. (2014) J Neurosci Meth; Palva JM et al. (2010) PNAS.
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Title: Human, modeling and animal studies uncover novel mechanisms and meaning of transient
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Abstract: Beta oscillations (15-29Hz) are among the most prominent signatures of brain
activity. Beta power is predictive of healthy and abnormal behaviors, including perception,
attention and motor action. In non-averaged signals, beta can emerge as transient high-power
‘events' lasting <150ms. Combining human magnetoencephalography, computational modeling,
and local field potential recordings in animal models, we’ve found that spontaneous neocortical
beta events had a stereotypical waveform that emerged from the integration of nearly
synchronous bursts of excitatory synaptic drive targeting proximal and distal dendrites of
pyramidal neurons (Sherman et al., 2016). The defining mechanism of a beta event was a strong
distal drive that lasted one beta period (~50 ms). More recently, we’ve shown that functionally
relevant differences in averaged beta power in primary somatosensory neocortex reflect a
difference in the number of high-power beta events per trial, i.e. event rate, more so than event
power, duration and frequency span (Shin et al., 2017). Specifically, the greater the number of
prestimulus beta events, the less likely a threshold-level tactile stimulus would be perceived.
Further, beta events occurring close to the stimulus were more likely to impair perception. These
results were remarkably homologous between human and mice recordings, implying a
generalizable principle: An increased propensity of beta events predicted the failure to
effectively transmit information through specific neocortical representations. Ongoing modeling
work suggests this failed transmission is mediated by the recruitment of long-lasting
supragranular inhibition occurring during beta events (Law et al., in prep). In total, our results
provide new insights into the circuit mechanisms and functional meaning of this prominent
neocortical dynamic.
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Abstract: Neural oscillations are a pervasive feature of mesoscopic brain recordings and are
thought to play an important role in perception and cognition. Oscillatory activity in the brain is
most frequently characterized in terms of its amplitude and phase. Although this has led to many
important findings regarding the role of these parameters in perception and top-down control, the
dominant frequency of narrow-band oscillations may also index important physiological and
computational processes. We describe recently introduced techniques for quantifying peak
oscillatory frequency in a time-varying manner and apply these methods to better understand the
role of alpha-band (8-13 Hz) frequency in shaping temporal integration windows in visual
perception. Occipital alpha frequency shows substantial variation across individuals and relative
stability within an individual. These individual differences are predictive of the temporal
resolution of visual perception, as assessed via two-flash fusion thresholds, revealing that higher
alpha frequencies correspond to greater temporal resolution. Time-resolved measurement of
alpha frequencies across trials revealed substantial variability, which was also predictive of
perceptual performance, indicating that spontaneous, trial-to-trial variability in alpha frequency
impacts perception. To understand if variation in alpha frequency is stochastic or if it can be
guided by top-down factors such as task demands, we developed two tasks: one that encouraged
temporal integration across stimuli, and another that encouraged temporal segregation. Using
MEG recordings, we found that occipital alpha frequency decreased when visual task demands
required temporal integration compared with segregation. Together, these results provide
evidence for a link between the alpha rhythm and temporal windows of perceptual processing,
and, for the first time, suggest that alpha frequencies can be modulated by task demands so as to
strategically regulate the temporal resolution of visual perception.
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Abstract: Alpha oscillations (~10 Hz) are the most predominant activity present in
electrophysiological signals measured at the scalp. A vast number of published studies over the
last decade have now reported the amplitude modulation of alpha activity to play a pivotal role in
many cognitive processes such as attention, language and memory. The majority of these studies,
barring a few exceptions, treat alpha activity as the mean power between 8-12 Hz. Here, 1 will
provide evidence that the dynamics and nuances of alpha activity might not be fully captured by
looking at the average power within a bandwidth. 1 will also provide empirical evidence that
alpha has a peak frequency which fluctuates from moment to moment and individual to
individual, with this variability being functionally meaningful. I will then demonstrate the utility
of estimating peak alpha frequency and its variability in both basic research (source separation)
as well as a potential clinical tool. Finally, I will argue that capturing the peak alpha frequency
within a band is not a trivial endeavour, with many caveats to take into consideration. As such, I
will propose a simple method for estimating peak alpha frequency which can possibly
circumvent some of the pitfalls of other approaches and demonstrate its robustness using both
simulated and real data.

Disclosures:

Nanosymposium

011. Network Interactions: Oscillations and Synchrony: EEG Studies
Location: SDCC 24

Time: Saturday, November 3, 2018, 1:00 PM - 4:00 PM

Presentation Number: 011.08

Topic: B.09. Network Interactions

Title: The multiple oscillation detection algorithm (MODAL) characterizes non-stationary
neural signals across species

Authors: *A. WATROUS?, J. JACOBS?
2Dept. of Biomed. Engin., *Columbia Univ., New York, NY

Abstract: Neural oscillations are typically analyzed using methods that assume the continuous
presence of an oscillatory signal with variable amplitude and a fixed frequency. While these
methods have illuminated how neural oscillations coordinate cognitive processes, more recent
evidence indicates that these assumptions are violated in many neural systems. For instance,
there is a shift in the frequency of phase coupling during human spatial and temporal memory
retrieval (Watrous et al., 2013a), the dominant human hippocampal “theta” rhythm occurs in
discontinuous bouts compared to rodent theta (Watrous et al., 2013b), and there is considerable
variability in the dominant frequency of human alpha oscillations (Haegens et al., 2014), which



itself may shift to support perceptual operations (Wutz et al., 2018). These findings motivate the
development of new approaches which are able to track non-stationary neural oscillations. Here,
we describe a new oscillation detection algorithm (“MODAL”), which tracks the presence and
characteristics of neural oscillations in adaptively identified band(s). Going beyond existing
methods, MODAL provides the instantaneous power, phase, and frequency of signals in each
band that exceed the background spectrum. Analyzing rodent CA1 recordings, we demonstrate
that MODAL blindly identifies the canonical ~8Hz theta rhythm and its variation. Further, we
describe a study that utilized MODAL to provide the first evidence for phase-coding of human
single neuronal firing to slow theta oscillations during virtual navigation. These studies highlight
possible avenues for future research using MODAL to characterize how non-stationary neural
oscillations vary across behaviors, brain regions, individuals, and species. Given that non-
stationary oscillations appear to be particularly prominent in humans, MODAL and other
algorithms that carefully track oscillatory dynamics are likely to reveal novel insights into how
oscillations support human cognition.

Disclosures: A. Watrous: None. J. Jacobs: None.

Nanosymposium

011. Network Interactions: Oscillations and Synchrony: EEG Studies
Location: SDCC 24

Time: Saturday, November 3, 2018, 1:00 PM - 4:00 PM

Presentation Number: 011.09

Topic: B.09. Network Interactions

Support: Sloan Research Fellowship
Whitehall Foundation [2017-12-73]
NSF [1736028]

Title: Parameterizing neural power spectra

Authors: *T. DONOGHUE!?, M. HALLER?, E. PETERSON?, P. VARMA?, P. SEBASTIAN?®,
R. GAOS, T.J. NOTO8 R. T. KNIGHT®, A. SHESTYUK!, B. VOYTEK’

Cognitive Sci., UC San Diego, La Jolla, CA; ?Helen Wills Neurosci. Inst., Helen Wills
Neurosci. Inst., Berkeley, CA; 3Cognitive Sci., U.C. San Diego, San Diego, CA; “Electrical
Engin., Univ. of California, Berkeley, Berkeley, CA; *UCSD, San Diego, CA; %Cognitive Sci.,
Univ. of California San Diego Dept. of Cognitive Sci., San Diego, CA; "Cognitive Sci., Univ. of
California San Diego Dept. of Cognitive Sci., La Jolla, CA; 8Ward Building 13-270,
Northwestern Univ., Chicago, IL; *Univ. of California Berkeley, Berkeley, CA; °Res. and
Develop., Nielsen, Berkeley, CA

Abstract: Electrophysiological signals across species and recording scales exhibit both periodic
and aperiodic features. Periodic oscillations have been widely studied and linked to numerous



physiological, cognitive, behavioral, and disease states, while the aperiodic “background” 1/f
component of neural power spectra has received far less attention. Most analyses of oscillations
are conducted on a priori, canonically-defined frequency bands without consideration of the
underlying aperiodic structure, or verification that a periodic signal even exists in addition to the
aperiodic signal. This is problematic, as recent evidence shows that the aperiodic signal is
dynamic, changing with age, task demands, and cognitive state. This means that standard
analytic approaches easily conflate changes in the periodic and aperiodic signals with one
another because the aperiodic parameters—along with oscillation center frequency, power, and
bandwidth—are all dynamic in physiologically meaningful, but likely different, ways. In order to
overcome the limitations of traditional narrowband analyses and to reduce the potentially
deleterious effects of conflating these features, we have recently introduced a novel algorithm for
automatic parameterization of neural power spectral densities (PSDs) as a combination of the
aperiodic signal and putative periodic oscillations. Notably, this algorithm requires no a priori
specification of band limits and accounts for potentially-overlapping oscillations while
minimizing the degree to which they are confounded with one another. This algorithm has been
validated on both synthetic data, and human labelled examples, and is amenable to large-scale
data exploration and analysis. Here we demonstrate a series of use cases and applications of this
approach. Applying it to resting state magnetoencephalography (MEG) data captures patterns of
individual variation of both oscillatory and aperiodic features, including replications of age
related slowing of alpha peak frequency and “flattening” of aperiodic, 1/f slope. We also show
novel findings regarding patterns of oscillatory activity across the cortical surface, including
systematic shifts in oscillatory characteristics, and characteristic inter-relations between bands.
This method can be used in task designs, as demonstrated by applying it to trial by trial data from
cognitive tasks with concurrent electroencephalography (EEG) recordings, showing how it can
be used to capture task related changes in both oscillatory dynamics, and aperiodic activity,
notably being able to separate out these two effects while also capturing individual variation.
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Title: Spatial analysis of brain oscillations reveals theta, alpha, and beta traveling waves across
the human cortex
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Abstract: Direct recordings from the surface of the human brain has shown that neuronal
oscillations at multiple frequencies correlate with detailed aspects of various aspects of behavior
including memory, navigation, and sensorimotor processing. Much research in this area
separately examined signals from individual electrodes, which ignores the possibility that these
oscillations reflect coordinated networks across the cortex. We implemented a new methodology
for identifying oscillatory patterns that were simultaneously present across contiguous regions of
cortex and then testing whether these independently recorded signals were spatially coordinated
using circular statistics. Using this approach, we found that the human cortex contains groups of
electrodes that oscillate together at frequencies in the theta and alpha bands. These electrode
clusters displayed traveling waves, in which the instantaneous phases of oscillations
systematically shifted across the cortical surface, like a wave propagating across the ocean.
Traveling waves are widespread in the human brain, as they are present at various frequencies
including the theta, alpha, and beta ranges and in all lobes of the neocortex. Theta and alpha
traveling waves generally propagated in a posterior-to-anterior direction whereas traveling beta
oscillations showed a range of directions. The precision of traveling wave propagation correlated
with performance in a memory task, which suggests that this phenomenon is relevant for
understanding how different brain regions interact to support memory and cognition. More
broadly, our findings suggest that the spatial analysis of the instantaneous phase of oscillations is
a useful method because it can identify new types of patterns that cannot be measured with
conventional single-electrode methods.
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Abstract: With new multichannel recording technologies, neuroscientists can now record from
neocortex of awake animals with both high spatial and temporal resolution. Early recordings
during anesthesia revealed spontaneous and stimulus-evoked waves traveling across the cortex.
While for some time these waves were thought to disappear in awake animals and during normal
sleep, our recent work has revealed traveling waves in these complex activity states. Their
overall role in neural computation, however, remains poorly understood. In recent work, we have
introduced a non-parametric, wideband, phase-based method for detecting traveling waves in
noisy multichannel data. The wideband nature of this algorithm minimizes the waveform
distortion inherent in narrowband treatments of neural signals. Further, it requires no spatial
smoothing, which can create artifactual waves and also confounds the measurement of
propagation speeds, a critical observable in establishing the underlying network-level
mechanisms for these waves. Finally, through appropriate random shuffling permutation
controls, the algorithm quantifies evidence for traveling waves compared to the spatiotemporal
patterns expected by chance, allowing a quantitative, moment-by-moment test for traveling
waves in high-noise multichannel data. At the scale of a single cortical region, this method has
revealed that small visual stimuli consistently evoke waves traveling outward from the point of
input to primary visual cortex in the awake monkey (Muller et al., Nature Communications 5,
2014). At the whole-brain scale, this method revealed that the 11-15 Hz sleep "spindle”, a brain
oscillation causally implicated in consolidation of long-term memory, is consistently organized
as a global rotating wave traveling in a preferred direction (Muller et al., eLife 5, 2016). These
results demonstrate that traveling waves can play a role in organizing neural activity during
multiple behavioral states. In upcoming work, we aim to address the network-level mechanisms
generating traveling waves and complex spatiotemporal patterns, under the general aim of
understanding their role in neural computation.
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Abstract: Here | propose a framework in which oscillations provide the scaffolding for
information processing in the brain: allowing for the filtering of incoming information, and
successfully routing this information—encoded in spike activity patterns—through the brain.
These low-level mechanisms then subserve all sorts of higher-level (cognitive) brain functions.
Critical in studying these oscillatory mechanisms, is taking into account the non-stationary
nature of these dynamics, as well as inter-individual differences between subjects. Specifically,
and in light of the proposed framework, I will here focus on the following issues: (1) Taking into
account individual variability in alpha peak frequency (~8-14 Hz), which can differ substantially
between subjects, and which additionally fluctuates over time and space, as well as under
influence of task demands. This variability has implications for doing group-level power and
(especially) phase analyses. (2) Differentiating between oscillatory and non-oscillatory
dynamics. Here | will consider the case of high-frequency, broadband dynamics which can be
observed in intracranial recordings, and argue that these do not constitute oscillatory processes
(as opposed to band-limited dynamics). (3) Stringent tests whether low-frequency dynamics (1-7
Hz) in response to rhythmic inputs constitute entrainment in a strict sense or a more general
synchronization, less precisely locked to the input rhythm.These points will all be substantiated
using original empirical data, mainly MEG recordings from human subjects performing a
temporal and spatial attention task (alpha and low-frequency dynamics) in which they had to
detect brief visual and auditory stimuli, as well as intracranial recordings in patients performing a
challenging visual decision-making task (alpha and broadband dynamics). Overall, taking into
account the inter-individual, temporal and spectral fluctuations of brain rhythms is critical in
gaining a further understanding of these mechanisms.
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Abstract: Introduction: Mouse models of mesial temporal lobe epilepsy recapitulate aspects of
human epilepsy, which is characterized by neuronal network remodeling in the hippocampal
dentate gyrus. We hypothesize that ictal zone hyperactivity triggers transcriptional changes in
peri-ictal regions, contributing to network remodeling and epileptogenesis. Understanding the
molecular mechanisms underlying functional brain remodeling during the development of
epilepsy permits development of therapies to prevent epilepsy in high risk patients. Methods:
Seizures were induced by intrahippocampal kainate injection in 3-4-month-old POMC-GFP
transgenic mice, in which adult-born dentate granule cells express GFP for approximately 2-
weeks after mitosis. Animals also received BRDU 48h-72h after seizure induction. Tissue was
analyzed using immunohistochemistry and confocal microscopy, and transcriptome analysis was
performed using RNA extracted from anatomically microdissected dentate gyri. Results: Our
data demonstrate increased hippocampal neurogenesis and dendritic arborization in the peri-ictal
regions and decreased neurogenesis in the ictal zone 2-weeks after injection, when compared to
saline-injected (control) hippocampi. To investigate the Wnt pathway’s role in neuronal network
remodeling, we administered XAV939, a canonical Wnt antagonist, daily for 2-weeks after
kainate injection. Preliminary data show a further marked increase in neurogenesis and dendritic
length in the peri-ictal regions of mice treated with XAV939. Transcriptome analysis
demonstrates that canonical Wnt pathway dysregulation occurs in the dentate gyrus shortly after
seizure induction, with differential effects in ictal and peri-ictal regions. These changes may
underpin the development of delayed epilepsy in this model. Conclusion: Neuronal network
remodeling is critical in the development of epilepsy. We hypothesize that the Wnt pathway is
critical to changes induced by ictal activity and are utilizing small molecule modulation of Wnt
activity to investigate this pathway as a putative target to prevent the development of epileptic
circuits in the hippocampus.
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Abstract: Ischemic stroke is an important cause of neonatal seizures, which can occur during the
first month between of life. Neonatal ischemic stroke can lead to cerebral palsy, cognitive
impairment and epilepsy. The development of seizures during the stroke and within weeks
afterward poses a significant medical challenge due to their obscure presentation, thus resulting
in failure of early identification and treatment. The failure to detect seizures early is postulated to
lead to worsening brain injury, thus resulting in poor long-term outcome (e.g., possible epilepsy).
Here, we sought to evaluate changes of the EEG in a neonatal rat model of ischemic stroke. We
hypothesize that ischemic injury will result in early EEG findings of background suppression and
then result over time in acquired epilepsy. We used a rat model of permanent middle cerebral
artery occlusion (pMCAO) in postnatal day 8 pups. We obtained EEG recordings using a novel
miniature telemetry device to analyze EEG activity patterns, and to compare them with sham
procedures entailing a unilateral common carotid artery (CCA) occlusion. We analyzed EEG
patterns during acute and sub-acute periods via daily 2-hr recordings for the first 2 weeks,
followed by continuous recording for up to 3 months. The preliminary results show that the
PMCAO injury result in >50% mortality in the rat cohort due to lack of feeding and severe
weight loss in the pups. A sub-cohort develops acute seizures and die <72 hr after pMCAO
without loss of weight. The surviving pups develop background suppression, but no acute
seizures. We are in the process of analyzing the acute and subacute EEG findings (n=4 pMCAO;
n=4 CCA occlusion) and are in the process of obtaining more animals with pMCAO and HI
injury.

Supported by grants from NINDS, NIH
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Title: A novel mouse model for ALDH7A1-mediated pyridoxine-dependent epilepsy displays
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Authors: *T. E. FAUST?, W. XIN?, B. J. LEE* S. SAHAS3, T. CASH-PADGETT?, S.
DESHPANDES?, A. BONCI®, M. W. JONES®, J. GELINAS', C. DAVISY, H. JAARO-PELEDS,
A. SAWA/

psychiatry, Johns Hopkins Univ. Dept. of Psychiatry and Behavioral Sci., Baltimore, MD;
2Neurosci., 3Johns Hopkins Univ. SOM, Baltimore, MD; *Psychiatry, Johns Hopkins Univ. Sch.
of Med., Baltimore, MD; ®Psychiatry and Behavioral Sci., ‘Dept. of Psychiatry, *Johns Hopkins
Univ., Baltimore, MD; 8Office of the Scientific Director, Natl. Inst. On Drug Abuse, Baltimore,
MD; °Univ. of Bristol, Bristol, United Kingdom; *°Columbia Univ., New York, NY;
M\washington State Univ., Spokane, WA

Abstract: Epilepsy is a common neurological problem with a lifetime incidence of 4%. Genetic
factors are known to contribute to pathogenesis, but many cases remain described as
“idiopathic”. Rare single-gene genetic disorders allow for study of the contribution of isolated
causal factors to pathophysiology. These studies can also shed light on the close association
between epilepsy and other neuropsychiatric disorders such as austism spectrum disorders and
schizophrenia. One such rare-genetic form of epilepsy known as pyridoxine-dependent epilepsy
is characterized by seizures, as well as cognitive and emotional deficits. This disease has been
linked to genetic mutation of aldehyde dehydrogenase 7al (ALDH7A1). Recently, several
models with depletion of ALDH7AL in zebrafish have been generated to examine molecular
profile in the brain. However, the physiological mechanisms linking this gene to seizure risk and
brain function remains unknown. We therefore generated ALDH7A1 knockout mice to perform
a comprehensive physiological assessment of the effects of ALDH7AL depletion by combining
behavioral, electroencephalographic, and electrophyiological analyses in a mammalian system.
We validated the efficacy of ALDH7AL depletion at both the gene and protein expression levels,
and functionally through unbiased RNA-Seq and metabolomics analyses. Consistent with patient
phenotypes, ALDH7A1 knockout mice exhibit a variety of behavioral abnormalities affecting
multiple functional domains including working memory, sensorimotor gating, and affective
behavior. Electroencephalogram studies revealed the presence of interictal epileptiform
discharges and increased delta wave amplitude during sleep. Intriguingly, these mice did not
display any differences in sleep duration or phases transitions. At the cellular level, we observed
changes in the frequency and strength of inhibitory inputs within the cortex. However,
ALDHT7AL is not expressed at high levels in neurons, suggesting that other cell types and tissues
may be causative to this observed effect. Ongoing experiments will attempt to identify the
cellular source of ALDH7AL1 dysfunction. This model will serve continued use for investigation
of patient pathophysiology.

Disclosures: T.E. Faust: None. W. Xin: None. B.J. Lee: None. S. Saha: None. T. Cash-
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Mutations in DEPDCS5 are causal factors for a broad spectrum of focal epilepsies, but the
underlying pathogenic mechanisms are still largely unknown. To address this question, a
zebrafish depdc5 knockout model showing spontaneous epileptiform events in the brain,
increased drug-induced seizure susceptibility, general hypoactivity and premature death at 2-3
weeks post fertilization as well as the expected hyperactivation of mTOR signaling was
developed. Using this model, the role of DEPDCS5 in brain development was investigated using
an unbiased whole transcriptomic approach. Surprisingly, in addition to mTOR-associated genes,
many genes involved in synaptic function, neurogenesis, axonogenesis and GABA network
activity were found to be dysregulated in larval brains. Consistently, although no gross defects in
brain morphology/neuron loss were observed, immunostaining of depdc5-/- brains for several
GABAergic markers revealed specific defects in the fine branching of GABAergic network.
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Consistently, some defects in depdc5-/- could be compensated by treatment with GABA,
corroborating that GABA signaling is indeed involved in DEPDCS pathogenicity. Interestingly,
the mTOR-independent nature of the neurodevelopmental defects was demonstrated by the
inability of rapamycin to rescue the defects of GABAergic networks observed in depdc5-/-
brains and conversely, the inability of GABA to rescue the hypoactivity in another genetic model
showing mTOR hyperactivation. This study hence provides the first in vivoevidence that
DEPDCS plays previously unknown roles apart from its canonical function as an mTOR
inhibitor. Moreover, these results propose that defective neurodevelopment of GABAergic
network could be a key factor in epileptogenesis when DEPDCS5 is mutated.
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Abstract: Healthy mitochondria underlie neuronal health, function and connectivity. Impairment
of mitochondrial function can contribute to nervous system disease. Temporal lobe epilepsy
(TLE) is the most common form of acquired epilepsy. The 60 Hz corneal kindled mouse model
(CKM) of TLE is commonly used in the pursuit of new antiseizure drugs (ASDs). The Theiler’s
murine encephalomyelitis virus (TMEV) mouse model of TLE is suitable for the discovery of
ASDs with novel mechanisms (Barker-Haliski et al, Epilepsia 2016b). While much is known
about epileptogenesis and response to ASDs in these models, very little is understood about their
CNS pathophysiology, despite seemingly similar phenotypic outcomes, e.g. chronic seizures and
behavioral comorbidities. The TMEV model exhibits hippocampal sclerosis and mitochondria-
dependent oxidative stress; whether mitochondrial dysfunction coincides with neurodegeneration



in the TMEV model is unknown. CKM do not demonstrate hippocampal neurodegeneration;
thus, whether and when CKM also exhibit mitochondrial dysfunction is unknown and thus a
study goal. Oxidative stress and mitochondrial dysfunction may promote neurodegeneration by
directly inducing apoptosis or necrosis; aberrant neuronal loss can then precipitate seizure
susceptibility. Further characterization of the CKM and TMEV models may identify novel
therapeutic targets for epilepsy. The relative levels of expression of mitochondrial proteins were
quantified by western blot in the isolated hippocampus of CKM and TMEV models during and
after epileptogenesis. Mitochondrial dynamics-regulating proteins assessed were: dynamin-
related protein 1 (Drpl), mitochondrial fission factor (Mff), mitofusin 2 (Mfn2), endophilin B1
(Endo-B1; which is protective in neurons), histone deacetylase 2 (HDACZ2; which regulates
Endo-B1), and Opal (a mitochondrial dynamin-like GTPase). We report significant, time-
dependent decreases in hippocampal expression of Endo-B1 b/c, Drp1, and Opal (long isoform),
7 days post-TMEYV infection; a time of peak acute seizures during the active infection.
Conversely in CKM, there were significant, time-dependent increases in the expression of Drp1,
Opal (short and long isoforms), Mfn2, and Mff at 7 days post-kindling acquisition, a time when
mice experience secondarily generalized seizures. This study demonstrates that mitochondrial
integrity or function may be differentially affected during epileptogenesis in two etiologically-
relevant models of TLE. These data suggest that mitochondrial dysfunction may underlie
epileptogenesis and further differentiates the utility of the TMEV model to identify novel ASD
mechanisms.
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Abstract: Epilepsy is a common neurological disorder that affects 1-2% of the global
population. 30% of epileptic patients do not respond to conventional treatment with anti-epileptic
drugs and surgical resection of the epileptic foci is a viable alternative only for a minority. Deep
brain stimulation has become a viable treatment proposal, but the optimal parameters are still
debated. The objective of the present work was to study the effect of temporal interpulse interval
randomization of electrical deep brain stimulation over epileptogenesis. 45 male Wistar rats were
implanted with an electrode in the right basolateral amygdala for the induction of electrical
amygdaloid kindling (AK), randomized interval non-periodic stimulation (NPS) and
electrographic recording. Five groups were formed: 1) AK control (KC), where rats were daily
stimulated with AK (train duration 1s, 60Hz, pulses 1ms) until they exhibited three generalized
convulsive seizures; 2) NPS (train duration 20 min, 4Hz mean, pulses 0.1ms) delivered before
AK stimulus (NPS+K); 3) NPS delivered immediately after AK stimulus (K+ENPR); 4) NPS
delivered five minutes after the termination of the afterdischarge (K+NPS) and 5) Periodic
stimulation delivered five minutes after the termination of the afterdischarge (K+PS). After the
behavioral studies, electrode locations were histologically verified in all rats. It was found that
the groups ENP+K and K+ENP had a delay in the development of AK, requiring more stimuli to
achieve seizure generalization (p<0.05 & p<0.01), furthermore seizure severity was diminished,
noting a reduction in the relative spectral power of the electrographic recordings of the
generalized seizures from 8-12 Hz (p<0.05) and absolute spectral power of 0-40 bands (p<0.01),
on the other hand an increment in the relative spectral power of 12-20 Hz band (p<0.05) was
noted. Additionally, a reduction of the duration of the clonic phase, the daily afterdischarge
duration and a delay in the the behavioral seizure stage progression was observed (p<0.05 &
p<0.001). Interestingly no changes were found when comparing K+PS to KC rats. These results
bolster the hypothesis that NPS exerts its anti-epileptogenic effect due to the random interpulse
interval and not to other parameters such as mean frequency or intensity. In conclusion, NPS
delivered during the development of AK delays the epileptogenic processes and diminished the
severity of the seizures, possibly by interfering with their mechanisms of generalization.
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Abstract: This study aimed to test the hypothesis that inhibiting the electrical activity of
excitatory hippocampal neurons with a Designer Receptors Exclusively Activated by Designer
Drugs (DREADDs) system will suppress both status epilepticus (SE) and subsequent
epileptiform activity in an animal model of temporal lobe epilepsy. Transgenic DREADD mice,
R26-LSL-hM3Di-DREADD for neuronal silencing were crossed with mice that expressed cre
recombinase in EMX1-positive cells, a gene specifically expressed in glutamatergic cells in
cortex and hippocampus. The cross of EMX1-cre with R26-LSL-hM3Di-DREADD resulted in
strong expression of DREADD receptors in excitatory neurons and their processes in the
hippocampus, but not in cortex or other brain areas. The expression spanned the entire length of
both hippocampi. To obtain proof-of-concept data for efficacy of silencing, the intrahippocampal
kainate (KA) model was used to induce epilepsy. KA was injected into the right hippocampus
(CA1,n=8), and the mice were implanted with telemetry for EEG recording. The treatment
resulted in bilateral electrographic SE with acute and sub-acute seizures that lasted for 48-72 h.
CNO (20 mg/kg) was administered 24 h after KA injection, which caused cessation of SE in all
mice. Administration of CNO to Emx1-IRES-Cre mice without DREADD receptor did not affect
electrical activity (n=2). Administration of vehicle to Emx1-IRES-Cre mice expressing
DREADD receptor also did not suppress EEG activity (n=2). To test the effect on epileptiform
discharges, we injected several more mice (n=5) with intrahippocampal KA. All mice soon
developed brief epileptiform discharges that occurred several times per hour and have been
described by others as surrogate markers for epilepsy. Administration of CNO in drinking water
(10 mg/kg/day) to three of animals suppressed the epileptiform discharges and normalized the
background EEG. The data from these proof-of-concept experiments so far support the
hypothesis that DREADD-mediated inhibition of excitatory hippocampal neurons can suppress
KA-induced acute and subacute seizure activity and can also reduce subsequent epileptiform
discharges. Future studies will aim to determine if CNO selectively decreases spontaneous
recurrent seizures in DREADD-expressing mice.
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Abstract: Cell type resolution gene expression changes are critical to assess in neurological
disease due to the heterogeneity within the brain. The generation of such data requires labor and
cost intensive approaches (i.e laser capture microdissection, LCM) typically at the sacrifice of
sample size. We describe herein a bioinformatics approach that is able to leverage expression
profiling data from brain homogenate to derive cell type specific differential expression. Our
approach is able to identify expression differences that were previously only seen using LCM,
demonstrating the utility of our method to expand the knowledge of brain disease gene
expression changes without the need for generation of additional cell specific data.

We utilized an LCM-derived RNA expression database from mouse cortex (Zhang et al. J
Neurosc 34, 11929-47) to create a cell type enrichment expression score for each gene in the
transcriptome. The database includes RNA profiling of 22,458 genes in 6 cell types: astrocytes
(A), neurons (N), microglia (M), endothelial (E), and Oligodendrocytes (O). We classified the
DEGs from: middle temporal gyrus (MTG), temporal cortex (TCX), BA22, BA10, BA44,
hippocampus (HIP), and cerebellum (CBE) in AD and controls.

We classified 11,994 DEGs detecting 50 gene classes. The “Mixed” genes (not specific cell
expression), were the most represented (67.7%), followed by N (9.1%), E (5.8%), M (5.7%), A
(4.6%) and O (3.1%). “N” genes were mostly downregulated in AD cases, and “E” genes were
mostly upregulated, especially in the temporal area. “M” genes were upregulated in the temporal
area and BA44, and slightly downregulated in BA10, HIP and CBE. “N” genes were especially
enriched with the “GABAergic” pathway (MTG, TCX, HIP). Specific pathways for EC were:
“Angiogenesis” and “Hemostasis” (MTG and TCX). “M” genes were enriched for Immune
Pathways (MTG, TCX, BA44, CBE). “O” genes were enriched for Glycosaminoglycan
metabolism in TCX, MTG, and CBE.



We detected class of genes cell-specific functionally related, and we found novel pathways not
identifiable from the bulk homogenate results. We observed a deregulation of N genes, with the
prevalence of “GABAergic” pathway. The upregulation of “M” seems specific to temporal area
and BA44, as well as the enrichment in Immune System genes. We detected in
Oligodendrocytes, only in specific regions, an enrichment of genes involved in
Glycosaminoglycan metabolism, involved in amyloid formation in AD. Our approach affords the
advantage of cell type level interrogation of the transcriptome using bulk RNA profiling which
lends itself to more cost and time effective studies that should have increased statistical power.
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Abstract: Mutations in proteins associated with neurodegeneration are the cause of
heterogeneous diseases, producing various symptoms, disorders and disease, from motor to
cognitive levels. Alzheimer's disease (AD) is an excellent example. The enzymatic complex of y-
secretase is responsible for the transmembrane cleavages of approximately 91 substrates, among
them the amyloid precursor protein (APP), generates a peptide with a size of 40 to 42 amino
acids, to develop AB-amyloid peptide (AP), being oligomerized to generate senile plaques. The
AD may be familial FAD or sporadic SAD. FAD mutations have been identified in the genes
that translate to proteins: presenilin-1 (PSEN1), presenilin-2 (PSEN2) and amyloid precursor
protein (APP) [1]. Therefore, this type of AD does not have a defined pathogenic mechanism and
is presumed the gain of function when cutting the APP by PSENL1 in the active site of the
enzyme y-secretase, producing the toxic peptide (B Amyloid) and subsequently forming senile
plaques. Notwithstanding it occurs faster compared with patients with load for late-onset AD
(LOAD), but still do not have clearness about it [2], [3].

In this investigation, we have analyzed in silico several mutations of subunit presenilin-1
(PSEN1), exactly the amino acids near to catalytic site in both TM6 and TM7 a-helix. Using
computational chemistry, more specifically, the hybrid of Quantum Mechanics/Molecular
Mechanics (QM/MM), we examined A246E, L248P, L248R, L250V, Y256S, A260V, V261F
mutations belong to TM6 and L381V, G384A, F3861, F386S, F388L mutations belong to TM7.



Those mutations cause AD and APP precipitation, suggesting that they are critical for structural
stability and crucial in the efficiency of enzymatic activity on APP. We suggest in those analyzed
mutation the change of conformational structure, affecting the active site, previous the access of
APP, preventing the normal cleavage of protein. The results support that structural alterations in
PSENL1 affect protease activity in AD.

References [1] Berezovska, Oksana, et al. "Familial Alzheimer's disease presenilin 1 mutations
cause alterations in the conformation of presenilin and interactions with amyloid precursor
protein.” Journal of Neuroscience 25.11 (2005): 3009-3017. [2] Shen, Jie, and Raymond J.
Kelleher. "The presenilin hypothesis of Alzheimer's disease: evidence for a loss-of-function
pathogenic mechanism."” Proceedings of the National Academy of Sciences 104.2 (2007): 403-
409. [3] Bentahir, Mostafa, et al. "Presenilin clinical mutations can affect y-secretase activity by
different mechanisms."” Journal of neurochemistry 96.3 (2006): 732-742.
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Abstract: The purpose of this study is to determine whether genetic variants associated with AD
risk in the SORL1 gene lead to endosomal network dysfunction and cellular AD phenotypes in
human neurons. Endosomal abnormalities are documented in post-mortem AD brain tissue and
multiple endocytic regulatory genes are associated with increased AD risk in population studies.
SORL1 is a vesicular trafficking gene that functions in transporting cargo between endosomes,
Golgi, lysosomes, and the plasma membrane. SORL1 plays an integral in trafficking amyloid
beta and the amyloid precursor protein through the endocytic network and loss of SORL1 is
documented in AD brain tissue. Previously, we have used human induced pluripotent stem cell



(hiPSC)-derived neurons to show that deficiencies in SORL1 expression induction correlate with
the presence of AD-associated variants in non-coding regions of SORL1. Here, we show that in
hiPSC-derived neural cells either expressing a SORL1 shRNA or CRISPR/Cas9 edited for
complete loss of SORL1 we observe increased amyloid beta peptides, reduced transferrin
recycling, and increased size of Rab5+ endosomes. In collaboration with the UW Alzheimer’s
Disease Research Center, we have identified AD patients with SORL1 coding variants and are
generating hiPSCs from these patients. We will assay hiPSC-derived neurons from SORL1
variant carriers for endosomal phenotypes and use CRISPR/Cas9 gene-editing to correct the
variants to determine whether the predicted pathogenic variant leads to endocytic dysfunction in
human neurons. To assess whether cumulative burden of AD risk variants in the endocytic
pathway predict endocytic phenotypes, we will derive hiPSC-neurons from cases of autopsy
confirmed late-onset AD with high risk burdens of AD-associated SNPS in loci involving
endocytic genes. We hypothesize that a higher endocytic risk burden will lead to stronger
cellular phenotypes in derived neurons. This work will investigate a functional genotype-
phenotype relationship of genetic variants in the endosomal network, which is known to be
disrupted early in AD pathogenesis. Investigating this driver of disease pathogenesis and how it
relates to human genetic variation is critical in the development of new and precision treatments
for AD.

Disclosures: J.E. Young: None. A. Knupp: None. R. Martinez: None. S. Rose: None. B. Rolf:
None. C. Keene: None. S. Jayadev: None.

Nanosymposium

013. Alzheimer's Disease and Other Dementias: Genetic Analyses
Location: SDCC 25

Time: Saturday, November 3, 2018, 1:00 PM - 3:45 PM
Presentation Number: 013.04

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

Support: F31 AG055264
K99/R00 AG044469
R0O1 AG055581
R0O1 AG056622
NIRG-15-362799
A2017457S
P30AG049638

Title: Brain-specific repression of AMPKal alleviates memory deficits and synaptic failure in a
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Abstract: Alzheimer’s disease (AD) is the most common form of dementia, and the molecular
mechanisms that underlie AD pathophysiology remain unclear. AMP-activated protein kinase
(AMPK) is a Ser/Thr kinase that functions as a central energy sensor to maintain cellular energy
homeostasis. Furthermore, AMPK integrates several signaling pathways controlling de novo
protein synthesis (MRNA translation) which is vital for long-term synaptic plasticity and
memory formation. Dysregulation of energy homeostasis and de novo protein synthesis are both
implicated in AD. AMPK is a heterotrimeric protein with a catalytic a subunit and regulatory B/y
subunit. The o subunit of AMPK exists in two isoforms: al and a2, and their roles in AD are
unknown. Analysis of Post Mortem brain tissue from human AD and a transgenic mouse model
revealed significant increases in AMPKal expression in AD conditions. To investigate if
restoration of AMKal levels can improve AD pathophysiology, AMPKal protein levels were
selectively reduced in late development in the forebrain of Tg19959 AD model mice to generate
AMPKal(+/-)/Tg19959 double mutant mice. All experiments were blinded and replicates were
based on previously published studies. Cognitive assessment by Morris Water Maze (MWM)
and Novel Object Recognition (NOR) tasks of these mice aged (6-9 m) revealed AD-associated
impairments of cognition were alleviated by AMPKal reduction. Consistently, hippocampal
long term potentiation (LTP) failure in the Tg19959 condition was prevented in by AMPKal
supression. Analysis of dendritic spine morphology revealed the hippocampal abnormalities in
theTg19959 model mice were restored with genetic reduction of AMPKal, and Transmission
electron microscopy (TEM) showed a restoration of the AD-associated deficits in post-synaptic
density (PSD) and polyribosome counts in double mutant mice. Additionally, Surface SEnsing of
Translation (SUnSET) and western blot assays show that AMPKal reduction ameliorates the
AD-associated impairments of de novo protein synthesis. Our results demonstrate that restoration
of AMPKal levels ameliorates the behavioral and synaptic plasticity impairments in a mouse
model of AD, as well as restore AD associated abnormal synaptic morphology. Our findings
indicate AMPKal dysregulation as a molecular mechanism underlying AD pathophysiology, and
providing insights into a potential novel therapeutic strategy.
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Abstract: Alzheimer’s disease (AD) is characterized by amyloid plaques, neurofibrillary tangles,
and synaptic and neuronal loss. Recently, a rare autosomal dominant coding mutation, T835M,
was discovered in the Un-coordinated 5¢c (UNC5C) netrin receptor gene that segregated with
late-onset AD (LOAD). T835M alters a conserved amino acid in the hinge region of the UNC5C
death domain, suggesting the mutation may increase apoptosis. Indeed, in primary hippocampal
neurons, overexpression of UNC5C T835M increased cell death in response to neurotoxic
stimuli including beta-amyloid (AB). These results suggest a mechanism by which UNCS5C
T835M may confer increased risk of LOAD, however the effects of this mutation in an AD
animal model have not yet been explored. We hypothesize that the T835M mutation predisposes
to LOAD by exacerbating neuronal death, as observed in the 5XFAD brain, via increased
sensitivity to AB-induced neurotoxicity and UNC5C death domain activation. Toward this end,
we generated a mouse knock-in (K1) model of Unc5c T835M and crossed it with the 5XFAD
mouse model of amyloid pathology and neuron loss. Our preliminary results show that
homozygous KI mice are very similar to WT littermate controls in terms of the histology, protein
and RNA expression or in cell death. However, proteomics analysis of KI and wildtype mice
brains showed upregulation of apoptotic proteins and down-regulation of neuronal proteins.
Moreover, when neurons were counted in NeuN-stained brain sections of Unc5cX/K!:5XFAD
mice, we observed that ~40% of neurons were lost in cortical layer 5 of Unc5c<"K:5XFAD
compared to UNC5C**;5XFAD mice. Neuron loss in Unc5cK"K:5XFAD mice correlated
strongly with the presence of AP deposits in layer 5. Primary KI neurons showed an increased
cell death in the presence of cytotoxic stressors. We are further investigating mechanisms of cell
death and distal phenotypes in 5XFAD; Unc5c T835M KI mice by biochemical, cellular, and
behavioral approaches. Although neuron loss is a cardinal feature of AD, the molecular
mechanism of cell death in AD is still unclear. We expect our results to provide valuable insight
into the role of UNC5C T835M mutation in AB-associated cell death, and thereby identify novel
therapeutic targets to prevent neuron loss in AD.
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Abstract: Obesity and Type 2 Diabetes (T2D) are leading predisposing environmental factors
for the development of neurodegenerative diseases, like Alzheimer’s disease (AD). A nutritional
environment heavily comprised of fat and sugar may alter epigenetics, specifically decrease
methylation, resulting in increased expression of genes related to neurodegeneration that would
otherwise be repressed. We used a chronic high-fat/high-sugar diet to examine its impact on
methylation and neurodegenerative markers in 6-month and 13-month old male mice with T2D.
We found a chronically hypomethylated state in the hippocampus by way of decreased 5-
methylcytosine (5mc) staining in both 6- and 13-month old mice, with similar results found in
the cerebral and entorhinal cortices of 6-month old mice. These mice also had increased
microglial activation in these regions, with preliminary data supporting a trending correlation
between 5mc and microglial activation in the CA1. Additionally, 13-month old mice, showed a
significant 23% increase in amyloid beta 1-42, compared to age-matched chow-fed mice. We
hypothesized that the skew toward inflammatory and neurodegenerative pathologies was due to
chronic hypomethylation; therefore, we sought to limit the progression of these
neurodegenerative hallmarks by administering the methyl donor, s-adenosylmethionine (SAMe;
~300-400pg/day) to half of the 13-month old mice. After 6 weeks of SAMe treatment, our
exploratory study, will examine brain tissues taken for advanced Methyl-seq analysis to
determine emerging changes in methylation resulting from the significant life-long decrease in
5mc levels in the brain, with the goal of confirming, and isolating new, molecular targets related
to the increased incidence of AD in those with T2D.
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Abstract: One of the major challenge for therapeutics of the aging at risk worldwide is to
determine the mechanisms of normal aging, accelerated aging versus Alzheimer’s disease (AD).
Down syndrome (DS) is a major cause of genetic imbalances causing brain disease throughout
the lifespan: intellectual disabilities due to developmental perturbations in the young through
premature aging and AD in the old, and therefore provides an important genetic model to study
aging and AD. Previous reports (Le Becker 1985 and Mann 1988) show basal ganglia
calcification in both DS and AD patients, while more severe with increased age in DS but not in
AD. However, the genetic and neural basis as well as the Non-AD related consequences of the
pathology are unknown. To fill the gap, we first applied MRI in a young aged DS cohort (n=22;
21.5 £ 6.4 years), and show that lesions in globus pallidus (GP) are found in 23% of full trisomy
21 DS subjects, showing and confirming early onset of GP lesions in DS. In order to determine
cognitive effects, of the lesions, in this report we show significant correlation between the Intra-
Extra Dimensional Set Shift test (IED) and those with and without lesions in the GP in DS
suggesting a non-AD deficit related to the lesions, possibly related to DS. Third, analysis of an
individual, age 22 with partial trisomy revealed a GP lesion, defining a subset of gene candidates
located between APP and M X1, whose overexpression led to the lesions. Fourth, we asked
whether the lesions were related to the AD genetic risk alleles, apolipoprotein E (APOE). Our
results showed no significant correlation between the lesions and the APOE genotyping results,
suggesting that APOE is not the cause of the lesion found in DS. Finally, we performed MRI and
CT on the Ts65Dn mouse model of DS, aged (12-27 months). The unexpected results revealed
mild to severe lesions in thalamus in all Ts65Dn mice, with minor lesions present only in aged
litter mate wild type controls. Finally histological calcium staining using the VVon Kossa method



revealed and defined the lesions as calcium bearing. This is the first report of calcification in the
anterior nucleus of the thalamus of the Ts65Dn mouse, of interest because it is the target of the
GPi regions found in DS. Taken together, our results establish new genetic mechanisms for the
cognitive deficits in DS at young ages, that could also affect the non-AD accelerated aging seen
in DS. In addition, the prominent thalamic calcification in the Ts65Dn mouse provides an
opportunity to study the genetic and neural mechanisms of accelerated aging and possibly its
interaction with AD.
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Abstract: Disruption of epigenetic gene control mechanisms in the brain involving reduced
histone acetylation levels causes cognitive deficits that are a debilitating hallmark of most
neurodegenerative disorders, including Alzheimer’s disease (AD). Accordingly, histone
acetylation has been unequivocally linked to facilitating cognition by regulating neuroplasticity
gene expression programs via chromatin packaging control in neurons. Our laboratory has
published a compendium of studies demonstrating that the histone acetyltransferase (HAT)
Tip60 is critical for cognitive processes based on its role in neural epigenetic gene control and
protects multiple cognitive neural circuits impaired in the brain during early AD
neurodegenerative progression. Nevertheless, a fundamental question that remains to be
addressed is how does Tip60 acquire specificity towards specific neuroplasticity gene loci?
While Tip60 associates with DNA-binding transcription factors (TFs) to control gene
transcription, the identity of TFs involved in Tip60 neural gene control remains unknown. To
identify TFs involved in recruitment of Tip60 neuroplasticity genes that are epigenetically
impaired in AD, we first identified Tip60 gene targets whose expression levels, Tip60 binding
and cognition linked acetylation marks are disrupted in the AD Drosophila brain and restored by
increasing Tip60 brain levels. We next analyzed these gene promoter regions for conserved TF



DNA binding site motifs using a tightly controlled bioinformatics analysis. This analysis reveals
that clusters of these genes have significant enrichment for binding motifs for the same TFs, and
that these TFs are all linked to neural function, supporting a model by which Tip60 controls
neuroplasticity genes in concert via its recruitment by certain common neural TFs. We have
recently developed a rapid functional screen in Drosophila that enables us to identify whether
these TFs modulate neurotoxicity caused by human ABa42 and/or human Tau. Using this strategy,
we can rapidly screen and identify those putative Tip60 interacting TFs that protect against Tau
and/or AP induced neurotoxicity simply by assessing modification of a rough AB42 or Tau
induced neurodegenerative eye phenotype. Together, these studies should provide insight into
the mechanisms underlying specificity of Tip60 recruitment to neuroplasticity genes.
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Abstract: PROBLEM STATEMENT. Astrocytes carry out homeostatic and computational
functions. The clustering of GFAP-overexpressing astrocytes around amyloid-f plaques in
Alzheimer’s disease (AD) points to major phenotypical and hence functional alterations in
astrocytes. However, to what extent loss of cognition in AD is due to astrocyte malfunction, and
which dysregulated astrocyte pathways have an impact on disease pathogenesis, hallmarks and
clinical symptoms has not been established. Progress on knowledge about the contribution of
astrocytes to AD has been hampered, in part, by a lack of human data. OBJECTIVES. To
undertake computerized discovery of pathway dysregulation in astrocytes in AD using human
data in order to help clarify the contribution of astrocytes to the disease and to inform systems-
biology-based therapeutics. METHODS. First, we established the cellular specificity of brain
gene clusters by applying the univariate cell-type enrichment score Tau (1) together with



hierarchical clustering to RNAseq data from astrocytes, neurons, microglia, endothelial cells and
oligodendrocytes isolated from aged human cortices (2). Second, we defined the functions of
such gene clusters using both open-access gene-ontology platforms and manual curation. Third,
we used gene set enrichment analysis (GSEA) to evaluate changes of astrocyte-specific clusters
in AD using microarray and RNAseq datasets from post-mortem AD tissues and age-matched
controls. Neuronal clustering served as a positive control. RESULTS. Neuron-specific clusters
related to synaptic structure, synaptic plasticity and neurotransmission were, as expected, down-
regulated in AD. At the time of writing this piece the most salient changes detected in the
astrocyte-specific clusters in AD imply energy-metabolism-related genes; specifically, down-
regulation of glycolysis, the electron transfer chain and the Krebs cycle, and up-regulation of
mitochondrial fatty-acid oxidation. CONCLUSION. Cellular compartmentalization of genes
differentially expressed in human AD brains with respect to healthy controls suggests that
neurodegeneration correlates with dysfunction of energy metabolism in astrocytes. Supported by
Marato-TV3 foundation, Barcelona. 1. Kryuchkova-Mostacci N et al. Briefings in
Bioinformatics 18, 205-214, 2017. 2. Zhang et al. Neuron 89, 37-53, 2016.
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Title: Identification of Arc interacting proteins during amnesia
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Abstract: Activity-regulated cytoskeleton-associated protein (Arc) has been shown to be
involved in memory dysfunction as well as in its restoration through different studies, though the
underlying molecular mechanism still remains vague. We assume that Arc mediates in such
memory-related disorder through the recruitment of a number of other crucial proteins. To prove
this, we tried to identify various Arc interacting proteins in the hippocampus of control,
scopolamine-induced amnesic and Ashwagandha leaf-extract pre-treated amnesic mice using co-



immunoprecipitation technique followed by MALDI-MS/MS and bio-informatical analysis. In
the present study, we found nine Arc interacting partners; with the varying interaction level
during amnesia and its restoration as compared to the control. The bio-informatics scanning for
Arc protein-protein interactions at the confidence score > 0.5 showed 11 Arc interacting proteins,
out of which three were obtained in our co-IP experiments also. In-silico analysis of these
proteins indicated conformation based interaction through the common type of secondary
structures having alpha-helical, extended beta strand and random coil. Analysis of their unique
tryptic peptides by the motif-scan software revealed that most of the interacting partners were
containing sites for the Casein kinase Il phosphorylation, N-glycosylation, phosphokinase C
phosphorylation, Tyrosine kinase phosphorylation, CAMP- and cGMP-dependent protein kinase
phosphorylation and N-myristoylation as the consensus binding motifs. Thus, the present study
gives an insight into the Arc interacting proteins through their specific conformations and
consensus sites which may be helpful to regulate Arc mediated signaling during memory-related
disorders like amnesia.
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Abstract: Alzheimer’s disease (AD) is the number one cause of age-related dementia, yet there
is no effective cure or treatment for this disease. Recently, several lines of evidence suggest that
impaired regulation of protein prenylation is associated with brain aging and AD pathology. Ras
family GTPases including Ras, Rho, Rab, Rheb subfamilies undergo prenylation by the catalytic
action of farnesyl transferase (FT) and geranylgeranyl transferases (GGT-1 and GGT-2), and
these small GTPases play important roles in regulating various important cellular processes.
Epidemiological studies have shown that the level of isoprenoids including farnesyl
pyrophosphate (FPP) and geranylgeranyl pyrophosphate (GGPP) are elevated in brains from



patients with AD. Moreover, studies using cell and animal models of AD reported that inhibition
of FT or GGT-1 ameliorated AD pathology. However, the scope of changes of protein
prenylation in normal aging and AD has not been thoroughly investigated. This study aims to
investigate the altered dynamics of prenylation of various small GTPases in normal aging and in
AD. For the AD study, postmortem cortical tissues (BA46/BA9) from the participants of the
Religious Orders Study were obtained. These samples were from age- and sex-matched human
subjects with a spectrum of cognitive function from no cognitive impairment (NCI), mild
cognitive impairment (MCI), to AD dementia. For aging study, postmortem frozen cortical
tissues (BA46/BA9) from cognitively normal individuals from different age groups were
obtained through the NIH NeuroBioBank. The brain tissue samples were undergone analytical
ultracentrifugation or Triton x-114 phase extraction followed by immuaoblotting. Our preliminary
data suggests that both FT and GGT levels increase along with aging. However, significantly
elevated FT level was observed in AD group compared to age- and sex-matched NCI group. In
addition, membrane-associated (farnesylated) H-Ras as well as p-ERK/ERK in both MCI and
AD brains compared to NCI indicating activation of H-Ras/ERK pathway may be involved in
AD pathogenesis. These findings indicate that upregulation of protein prenylation is involved in
brain aging, and abnormal upregulation in protein farnesylation, and overactivation of
downstream signaling pathways such as H-Ras/ERK may contribute to the pathogenic cascade of
AD.
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Abstract: The treatment of Parkinson's disease is a subject of considerable interest. Deep brain
stimulation (DBS) offers a robust treatment strategy especially in the event that intervention
through medication has become intractable. Quantified feedback enabled through a smartphone
functioning as a wearable and wireless inertial sensor platform could augment clinical acuity for
the optimization DBS parameters. The inertial sensor system of the smartphone provides insight
as to the potential of the Internet of Things for the movement disorder community, since the



inertial sensor data can be transmitted wirelessly as an email attachment to a post-processing
location anywhere in the world. The inertial sensor signal data can be consolidated into a feature
set. Considerable machine learning classification for distinguishing between DBS in ‘on’ and
‘off” status with regards to Parkinson's disease tremor has been successfully achieved.
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Abstract: Objective: To correlate output of an accelerometry-based device for the measurement
of motor function of people with Parkinson's disease (PD) with visual observations of trained
raters in person and on video. Rationale: Drawbacks to the ratings by observation include the
reliance on real-time human vision to quantify small differences in motion and significant inter-
rater variability due to inherent subjectivity in scoring the procedures. Methods: An
accelerometry device consisting of a USB-powered data logger (DATAQ DI-710) wired to four
3-axis accelerometers (Analog Devices EVAL-ADXL335Z) was placed on the extremities of a
healthy 25-year-old man without PD. The participant moved his hands to simulate the pill-rolling
tremor of PD. Signal processing algorithms utilizing the “bump” waveform in the MATLAB
wavelet toolbox extracted and analyzed the data generated by hand movements consistent with
“no tremor,” “slight tremor,” “mild tremor,” “moderate tremor,” and “severe tremor.” Results:
The figure demonstrates data of a healthy 25-year-old man mimicking tremors of varying
amplitudes. (Upper panel) A mild tremor demonstrates a relatively stable representation at
around 6 Hz with harmonics at 12 and 16 Hz. (Lower panel) A severe tremor demonstrates
disorganized representations at around 6 Hz with harmonics at 12 and 16 Hz. The irregularities
demonstrated in the output indicate subtleties that could be overlooked in clinical examinations.
Conclusions: An accelerometry-based device with signal processing differentiates tremors of
varying amplitudes. The level of precision in tremor measurement will allow increased
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sensitivity for detection of clinical changes correlating with alterations in biological or
neurophysiologic measurements during future research. Clinical implementation of this method
may also assist clinicians in differentiating between various movement disorders, potentially
allowing for earlier disease-specific therapies. It also has significant potential for at-home use in
telemedicine applications.
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Abstract: Clinical grading of the changes in movement in Parkinson’s disease and similar
disorders is based on several factors, including tremor, slowness, and features such as halting.
Accelerometry offers the chance to standardize observations or to provide data for remote
diagnosis. The purpose of this study is to assess how well acceleration histories can be used to
standardize or augment clinical observations. Methods: In this study 21 patients with
Parkinson’s disease were instrumented with tri-axial accelerometers on the upper and lower
extremities during 12 modified segments of the of the Movement Disorder Society-Sponsored
Revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) (Goetz, 2008). Tests
were administered by a board-certified neurologist, certified in administration of the MDS-
UPDRS. Accelerometers were attached bilaterally to the forearm and index finger for upper
extremity tests, and to the great toe and tibia for lower extremity tests. The acceleration data was
analyzed using the “bump” wavelet transform in the Matlab toolbox. The major frequency
component and change in frequency component was correlated to the clinical observations.
Results: Figure 1 shows typical results in a 76 year old patient with mild impairment the upper
extremity finger tapping test. Colors reflect frequency component magnitude. The lower bright
line shows the major frequency component for this motion and shows a small change in base
frequency during the test. At the top, the high-frequency components for each tap can be
observed. Conclusions: The wavelet components reflect clinical observations and provide data
to quantify measures such as rhythm, slowing, and interruptions. This procedure can show
subtleties that are not perceived by clinical examination. will likely facilitate obtaining objective
data to monitor movements in people with Parkinson’s disease during clinical trials and other
interventions, and it can clarify the specific components of movement that influence a clinical
assessment.
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Abstract: Objective: Mild cognitive impairment (MCI) in Parkinson’s disease (PD) frequently
occurs in association with aging, disease duration, and/or disease severity. Although iron
accumulation has been proposed as one of the pathomechanisms in PD, the association of its
accumulation with cognitive dysfunction is not entirely cleared. Here, we applied quantitative
susceptibility mapping (QSM), a magnetic resonance imaging method which is sensitive to tissue
iron, to PD-MCI subjects. Methods: Patients with PD, aged 60 or older and Hoehn & Yahr
staging 2-4, and normal elderly controls (NC) were recruited for this study. The diagnosis of PD-
MCI was made based on the Movement Disorder Society Task Force criteria for PD-MCI. By
using the combined method of QSM and voxel-based morphometry (VBM), voxel-based
susceptibility of whole brain was analyzed among three groups. Results: 20 PD-MCI, 18 PD
with cognitively normal (PD-CN), and 17 NC participated in this study. The PD-MCI subjects
were on average older and had lower mean Montreal Cognitive Assessment score and higher
mean Unified Parkinson’s Disease Rating Scale Part I1I score than the PD-CN subjects. There
were no volumetric differences among these groups. By contrast, voxel-based QSM analyses
demonstrated that the PD-MCI group had more cortical areas with significant difference of
susceptibility, concordant with known distributions of a-synuclein pathology, compared to the
NC and PD-CN group. Conclusions: This study suggests that cognitive decline in PD might be
associated with cerebral iron burden and that QSM might have the potential for monitoring as a
cognitive biomarker in PD.

Voxel-based QSM: PD-MCI > NC Voxel-based QSM: PD-MCI > PD-CN
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Abstract: The physiological, molecular and cellular changes that underlie amyotrophic lateral
sclerosis (ALS) and Parkinson’s disease (PD) are complex. Rare monogenetic forms of these
diseases, while informative, do not reflect the approximately 90% of ALS and PD cases with no
known genetic mutations (termed sporadic). The greater prevalence of sporadic ALS and PD
cases prompts the immediate need to develop sporadic disease models. Working with the Cedars-
Sinai’s Induced Pluripotent Stem Cell (iPSC) Core to generate large cohorts of ALS and PD
lines, we have developed advanced differentiation techniques for cell types relevant to central
nervous system function. Among these are robust methods to derive spinal motor neurons
(spMNs) and dopaminergic neurons (DANS) that are uniquely susceptible in ALS and PD,
respectively. From iPSCs, we can derive other cell types that are also affected in disease,
including astrocytes and microglia, as well as brain microvascular endothelial cells (BMECs)
that replicate blood brain barrier (BBB) function. Here we have combined these iPSC-derived
cells with highly scalable microphysiological systems (MPS), also known as Organ-Chips
(Emulate Inc.). Through co-culture of either spMNs or DANs with astrocytes, microglia and
BMECs, we have developed highly physiological models of ALS and PD on Organ-Chips
referred to as ALS-Chip and PD-Chip. Importantly, each cell type is derived from the same
sporadic ALS or PD patient and therefore carry identical genetic background. To uncover
disease-specific pathophysiology in the ALS-Chip or PD-Chip and to generate novel biomarkers
for both diseases, we have developed a comprehensive array of genomic, proteomic,
metabolomic, and electrophysiological assays. The primary outcome of this project is the
establishment of reproducible disease-specific phenotypes of both sporadic ALS and PD that will
then be used as physiological biomarkers to screen for novel pathological-mitigating drugs.
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Abstract: Available treatment options for Parkinson’s disease (PD) do not restore the damaged
nigrostriatal pathway. Cell based therapies have the potential to restore the nigrostriatal pathway
and have shown significant clinical improvements for several years in some patients. In
preclinical PD models, intra-nigrostriatal transplantation of human parthenogenetic derived
neural stem cells (ISC-hpNSC) has shown to promote behavioral recovery and increase
dopamine (DA) levels, DA neuron innervation and number. Intra-nigrostriatal administration of
clinical grade ISC-hpNSC is safe, well tolerated, provides neurotrophic support and restores the
damaged nigrostriatal pathway. Here we show interim clinical data of a First-In-Human study
evaluating the safety and functional activity of ISC-hpNSC, which is the world’s first pluripotent
stem cell based therapy for PD (ClinicalTrials.gov: NCT02452723). In this is a single-arm, open-
label, Phase I study, escalating doses of 30, 50 and 70 million ISC-hpNSC are evaluated in 12
patients divided into 3 cohorts of 4 patients each. Patients receive immunosuppression and
stereotactic bilateral injections into the caudate nucleus, putamen and substantia nigra. In this 12-
month study with a 5 year long-term follow-up the primary endpoint is safety and secondary
endpoints evaluate efficacy with different neurological assessments. A total of eight patients
have successfully been transplanted with ISC-hpNSC, four patients from the first cohort received
30 million cells and four from the second cohort received 50 million cells. No tumor,
inflammation or serious adverse events (SAE) associated with ISC-hpNSC have been reported.
Six month interim analysis of the first cohort shows improvements of 24% in the % OFF-Time
and 19% in the % ON-Time without dyskinesia compared to baseline.
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Abstract: Parkinson’s disease (PD) is a neurodegenerative disorder that affects motor and non-
motor functions. PD results in loss of dopaminergic neurons as a result of oligomerization and
accumulation of alpha-synuclein. Our pre-clinical and open label phase | data indicate that the
tyrosine kinase inhibitor (TKI) Nilotinib may improve motor symptoms and cognition, reverse
dopamine loss and reduce brain alpha-synuclein. Nilotinib is FDA-approved for the treatment of
chronic myeloid leukemia (CML) at 800mg oral dose twice daily. This is a phase 1, open label,
random single dose (RSD) study in mid-stage PD patients with mild cognitive impairment (MCI)
to evaluate the effects of Nilotinib on disease biomarkers of PD. Cerebrospinal fluid (CSF) from
75 patients was examined to assess changes in the levels of CSF alpha-synuclein and the
dopamine metabolite homovanillic acid (HVA) and 3,4-Dihydroxyphenylacetic acid DOPAC as
primary disease biomarkers. A total of 15 patients in each of 5 randomized study groups,
including placebo, 150mg, 200mg, 300mg and 400mg Nilotinib had lumbar puncture at 1-4
hours after a single time oral drug administration. CSF biomarkers analyses showed a
statistically significant increase in the level of CSF HVA and DOPAC. No change was detected
in total levels of CSF total alpha-synuclien, but lower dose (150mg and 200mg) resulted in a
significant decrease of oligomeric;total CSF alpha-synuclein. Further analysis will be performed
to compare plasma and CSF levels of these biomarkers between this single time administration
and 52-week treatment. These data suggest that a single time oral administration of Nilotinib
may increase brain dopamine levels and metabolism. All patients were receiving a maximum
dose of 800mg per day Levodopa therapy and were not receiving any MOA-B inhibitors
(selegeline/rasagiline) that may affect HVA levels for at least 6 weeks. These results suggest
Nilotinib, in a dose dependent manner, may have a symptomatic effect through modulation of
brain dopamine levels. Additionally, the significant reduction of oligomeric alpha-synuclein,
which is expected to increase in the CSF of PD patients as the disease progresses, suggests that
Nilotinib may reduce misfolded alpha-synuclein accumulation and have a long-term disease
modifying effect. Importantly, the dose response of oligomeric alpha-synuclein and HVA
changes to nilotinib suggests that the dose administered may depend on the stage of disease to
potentially halt PD progression.
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Abstract: Military personnel are prone to develop Alzheimer’s disease (AD) because of combat
stress or due to mild to moderate degree of traumatic brain injury. Previous experiments from our
laboratory showed that a mild concussive head injury (CHI) leads to exacerbation of brain
pathology following amyloid beta peptide (ABP) infusion model of AD. Thus, there was a
significant increase in ABP deposition and tau phosphorylation (p-tau) in the brain and in the
cerebrospinal fluid (CSF) as compared to normal rats after identical ABP infusion. Since AD
induced pathophysiology, oxidative stress could play key roles. We examined the role of nitric
oxide in AD by immunohistochemical evaluation of neuronal nitric oxide synthase (nNOS) in
the brain. Furthermore, we evaluated the influence of cerebrolysin-a multimodal drug with a
balanced composition of several neurotrophic factors and active peptide fragment either alone or
together with mesenchymal stem cells (MSCs) administration to reduce CHI induced
exacerbation of AD brain pathology. AD like symptoms were induced in male Sprague-Dawley



rats (age 15 to 20 wks) by administering ABP (1-40, 150 ng/10 pl) into the left lateral ventricle
once daily for 4 weeks. In another group of rats, CHI was inflicted by delivering an impact of
0.224 N on the right parietal bone under Equithesin anesthesia by dropping a tapered iron
cylinder (114.6 g) from a 20 cm height using a guide tube. A pronounced increase in NNOS
immunoreactivity was seen in normal rats after ABP infusion that was prominent in the
cerebellum, cortex, hippocampus and the thalamus. The magnitude and intensity of NNOS
expression was significantly enhanced in CHI rats after identical ABP infusion. The nNOS
expression in neurons was present in the areas showing neuronal injury, edematous expansion
and ABP deposition. The biochemical measurement of ABP and p-tau exhibited 40 to 58 %
higher levels in the brain and in the CSF of CHI rats after ABP infusion as compared to naive
animals. TiO2-nanowired delivery of cerebrolysin (5 ml/kg, i.v.) together with antibodies of
nNOS (1:20, 20 pl/min, i.c.v.) and MSCs (10°cells) significantly reduced nNOS expression, APP
and p-tau levels in AD model with CHI and induced marked neuroprotection. These observations
are the first to show that blockade of nNOS expression in AD induces neuroprotection, not
reported earlier. Further studies using nanodelivery of NOS inhibitors are needed to understand
the role of nitric oxide in AD.
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Abstract: Previous studies from our laboratory showed that Parkinson’s disease (PD) induced
brain pathology is exacerbated following traumatic brain injury (TBI), a feature very common in
military personnel during combat operations. In such situations, exacerbation of tau-
phosphorylation (p-tau) and alpha-synuclein (ASNC) occurred in the cerebrospinal fluid (CSF)
and in several brain areas associated with brain pathology. Moreover upregulation of neuronal
nitric oxide synthase (nNOS) was also seen in the brain areas in PD that exhibited enhanced
overexpression following TBI. Thus, it would be interesting to explore whether neuroprotective
agents e.g., cerebrolysin (CBL)-a balanced composition of several neurotrophic factors and
active peptide fragment may have further superior effects when combined with antibodies of p-
tau and nNOS antibodies in PD following TBI. PD like symptoms was produced in mice by
administration of 1-metyl-4-fenyl-1,2,3,6-tetrahydropyridin (MPTP, 20 mg/kg, i.p.) daily within
2-h intervals for 5 in normal animals or following TBI. Mild penetrating TBI was inflicted in
anaesthetized rats after making burr hole in both parietal cerebral cortex (4 mm?). About 3 mm
deep and 4 mm long incision was made on the right parietal cortex in normal or PD rats. On the
8" day brain pathology was examined. Our observations showed 150 to 220 % higher increase in
the blood-brain barrier (BBB) permeability to Evans blue aloumin (EBA) and radioiodine in PD
rats after TBI that was most marked in injured hemisphere. Exacerbation of p-tau and ASNC
levels by 1.5 to 2.3 fold in the CSF as well as in the right traumatized hemisphere was seen. The
untraumatized half also showed a higher increase in p-tau and ASNC after PD but the values
were significantly lower than the inured half. Immunohistological studies showed higher
expression of NNOS, neuronal or glial cell injuries in the traumatized half in PD as compared to
the uninjured half. Nanodelivery of CB (2.5 ml/kg, i.v.) together with monoclonal p-tau
antibodies (phospho S396, 1:20, 30 ul, i.c.v.) with nNOS antibodies (EP1855Y, 1.20 40 pl,
i.c.v.) into the left lateral cerebral ventricle 5 days after MPTP significantly reduced BBB
disruption in both hemispheres after TBI in PD as compared to CBL given alone. The
biochemical levels of p-tau and ASNC were also significantly reduced in the whole brain. The
NNOS expression and brain pathology markedly reduced in PD after TBI. These changes were
most marked in the uninjured half. These observations are the first to show that p-tau and nNOS
antibodies if given with CBL has remarkably enhanced neuroprotective ability in PD after TBI,
not reported earlier.
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Abstract: Parkinson’s disease (PD) is often associated with traumatic brain injury (TBI) due to
trauma-induced increase of phosphorylation of tau (p-tau) and alpha synuclein (ASNC) in the
brain or cerebrospinal fluid (CSF). Postmortem studies show deposition of amyloid beta peptide
(ADbP) in several brain areas in PD. This suggests an intricate connection between that AbP, p-tau
and ASNC is responsible for the development of brain pathology in PD. Obviously, military
personnel are highly vulnerable to TBI and due to this reason, instances of PD is quite common



in them with advancing age. Thus, novel treatment strategies are required to reduce or alleviate
the consequences of PD induced brain pathology for enhanced quality of life.

Previous reports from our laboratory showed that a potent histaminergic H3 receptor inverse
agonist BF-2549 and clobenpropit a partial histamine H4 agonist with H3 receptor antagonistic
activity reduced pathophysiology in a mouse model of PD. Since PD is also associated with
elevation of ASNC and AbP, it would be interesting to see whether nanodelivery antibodies to
ADbP and ASNC together with histaminergic drugs could induce superior neuroprotection in PD
in our mouse model.

Administration of 1-metyl-4-fenyl-1,2,3,6-tetrahydropyridin (MPTP, 20 mg/kg, i.p.) in mice
daily within 2-h intervals for 5 days induced PD like symptoms. This is confirmed by significant
decreases in tyrosine hydroxylase (TH) positive cells in the substantia niagra pars Compacta
(SNpc) and striatum (STr) together with dopamine (DA) and its metabolites 3,4-
Dihydroxyphenylacetic acid (DOPAC) and homovanillic acid (HVA) on the 8" day. At this time,
ASNC and tau proetins increased profoundly in the CSF. Treatment with TiO2-nanowired BF
2649 (1 mg/kg, i.p.) or Clobenpropit (1 mg/kg, i.p.) once daily for 1 week together with
monoclonal antibodies (50 pl, 1:20 in PBS, in left lateral ventricle, i.c.v.) to AbP (AbP1-40,
Tocris 1119, UK) and ASNC (Syn211, ab80627) resulted in significant reduction in brain
pathology, and restored DA and DOPAC levels and TH immunoreactivity in the SNpc, STr by
more than 68 to 82 % that the normal values. Interestingly, CSF levels of ASNC, AbP and p-tau
were also decreased by 75 to 80 % from the untreated PD mouse. When histaminergic drugs
were given alone in PD, the magnitude of biochemical or immunohistochemical changes
together with brain pathology were much less evident. Taken together our observations are the
first to point a prominent interrelationship among AbP, ASNC and p-tau in the pathophysiology
of PD together with histaminergic modulation of H3/H4 receptors, not reported earlier.
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Abstract: Spinal cord injury (SCI) is quite prevalent in military personnel during combat
operations across the hot and/or desert environments where they are additionally exposed to
silica dust (SiO2-nanoparticles, SiO2 NPs) and hyperthermia. Previous reports from our
laboratory show that SiO2 NPs exacerbate SCI induced tissue destruction and functional
disabilities. We have also shown earlier that SCI alone induces marked upregulation of neuronal
nitric oxide synthase (nNOS) in the cord associated with cord pathology that was significantly
neutralized by topical application of nNOS antibodies alone or together with tumor necrosis
factor-alpha (TNF-a) antibodies. Moreover, SCI was shown to enhance amyloid beta peptide
(AbP) and tau proetins (p-tau) in the cerebrospinal fluid (CSF) that correlates with cord
pathology seen at 24 h after trauma. Since AbP is known to induce neurotoxicity and stimulates
inducible NOS (iNOS) production, a possibility exists that antibodies to iINOS together with
TNF-a could result in superior neuroprotection in SCI compounded with SiO2 NPs. In this
investigation, we explored the effects of co-administration of nanowired iNOS and TNF-a
antibodies together with a known neuroprotective agent cerebrolysin (CBL-a balanced
composition of several neurotrophic factors and active peptide fragments) SiO2 NPs induced
exacerbation of SCI pathology in a rat model.

SCI was inflicted in Equithesin (3 ml/Kg, i.p.) anesthetized rats by making a longitudinal
incision in the right dorsal horn of the T10-11 segments (2 mm deep and 4 mm long) in normal
or SiO2 NPs intoxicated (50 mg/kg, i.p. once daily for 1 week) rats and allowed to survive 24 h
after trauma. Our observations showed pronounced upregulation of iINOS expression after SCI
that was 60 to 98 % higher in SiO2 NPs exposed rats associated with higher neuronal damage.
The AbP and p-tau levels in the CSF showed 120 to 280 % higher elevation in SCI with SiO2
NPs. Co-administration of TiO2-nanowired monoclonal antibodies to iNOS and TNF-a (1:20, 30



pl each, i.t. 1 h after injury) together with nanowired CBL (5 ml/Kkg, i.v. 4 or 8 h after injury)
significantly attenuated iNOS expression and cellular injuries in the cord as well as AbP and p-
tau levels in CSF in SCI with SiO2 NPs at 24 h after trauma, a feature not observed by individual
treatment strategies with either agents alone. These observations are the first to show that AbP
and p-tau could induce neurotoxicity through upregulation of iNOS in SCI and combined
treatment with iINOS and TNF-a antibodies together with CBL has an added value in enhancing
neuroprotection in SCI after SiO2 NPS intoxication, not reported earlier.
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Abstract: Rationale. New treatment strategies for Alzheimer’s disease (AD) are worth
exploring. Focused ultrasound (FUS) combined with microbubbles is known to transiently and
non-invasively increase the permeability of the blood-brain barrier (BBB) and it has recently
entered clinical trials for AD. In preclinical studies, we are evaluating treatment efficacy of FUS
combined with the delivery of therapeutics to the brain.

Research Objective. We aim to evaluate the potential of FUS-induced BBB permeability to
deliver therapeutic antibodies or molecules targeting neurotrophin receptors, affording
neuroprotective signaling, neuronal growth, survival and plasticity. Methods. These studies were
conducted in non-transgenic (non-Tg) mice and in a transgenic mouse model of AD (Tg-AD).
Anesthetized mice were treated with FUS under MRI guidance, targeting brain areas of interests
in presence of microbubbles and gadolinium administered intravenously. A subgroup of mice
also received therapeutic agents injected intravenously. Time-points post-FUS ranged from 90



min to 21 days, evaluating early and lasting effects of treatments, respectively. Outcome
measures included quantification of RNAs and of protein signaling pathways, to characterize
hippocampal neurogenesis, pro- and anti-inflammatory cytokines, and signaling related to cell
survival, proliferation and regeneration. Results: The entry of endogenous antibodies from the
bloodstream was restricted to sites of BBB opening identified under MRI-guidance. Effectors
implicated in neuronal growth, survival and plasticity were increased by FUS including the
phosphorylation of Akt and CREB. These effects were further potentiated in presence of
therapeutics. Neuronal apoptosis or red blood cell extravasation were not detected in sonicated
areas, indicating the safety of the ultrasound treatment paradigm. Hippocampal neurogenesis
reached a 400% increase with two FUS treatments, given weekly, in combination with
therapeutic antibodies. This response was independent of amyloid load, and it was observed in
Tg-AD and non-Tg mice. Interleukins which are generally considered pro-inflammatory were
decreased. Conclusion: FUS-induced BBB permeability by itself can stimulate effectors
involved in neuronal plasticity which can be further potentiated in the presence of therapeutics.
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Abstract: Methamphetamine (METH) is widely abused drug for recreation across the World.
Previous experiments from laboratory showed that consumption of METH at hot environment
leads to exacerbation of neurotoxicity. Breakdown of blood-brain barrier (BBB), edema
formation and cellular injuries were 2- to 3 fold greater after METH administration (20 mg/kg,
i.p.) at 30°C as compared to identical dose given at room temperature (21°C). Biochemical
measurement of serotonin (5-HT) and tumor necrosis factor-alpha (TNF-a) showed 70 to 80 %
higher accumulation in the brain and in CSF of METH exposed rats at hot environment as
compared to room temperature. Since METH exposure reduces neurotrophic factors in the brain
and enhances 5-HT and cytokine levels, it would be possible to reduce neurotoxicity of METH
by exogenous supplement of cerebrolysin-a balanced composition of several neurotrophic factors
with active peptide fragments in hot environment. Few reports suggest that combination of
cerebrolysin with mesenchymal stem cells (MSCs) induce superior neuroprotection in traumatic
brain injury. Thus, in this investigation we explored the role of MSCs and cerebrolysin in METH
induced neurotoxicity at hot environment. METH (20 mg/Kkg, i.p.) was administered in male rats
(Age 20 to 25 weeks) at 21°C or 30°C and neurotoxicity was examined 4 h after exposure.
Profound BBB disruption to Evans blue albumin (EBA) and radioiodine in several brain areas
associated with brain edema and neuronal injuries were seen with METH at 30°C. TiO2-
nanowired administration of cerebrolysin (2.5 ml/kg, i.v.) together with nanowired MSCs (10°)
given 30 min after METH, significantly attenuated BBB breakdown, brain edema formation and
neuronal injuries at 30°C. In these rats, 5-HT and TNF-a levels were also significantly reduced.
Interestingly, cerebrolysin or MSCs alone were able to reduce METH neurotoxicity at room
temperature together with elevation of 5-HT and TNF-a in brain or CSF. Immunohistochemical
investigation exhibited significantly higher upregulation of heat shock protein 72 (HSP-72) in the
areas showing brain damage after METH administration at 30°C. Nanodelivery of cerebrolysin
with MSCs significantly thwarted upregulation of HSP-72 expression induced by METH at
30°C. Taken together these observations for the first to show that MSCs and cerebrolysin could
reduce METH toxicity by reducing cellular stress associated with elevated 5-HT and TNF-a
levels, not reported earlier. It remains to be seen whether nanodelivery of TNF-a or 5-HT
antibodies together with cerebrolysin may have additional advantages in reducing METH
neurotoxicity at hot environment require further investigation.
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Abstract: Previous reports from our laboratory showed that concussive head injury (CHI) when
inflicted at hot environment (HE) induces exacerbation of brain pathology and higher
accumulation of amyloid beta peptide (AbP) and tau levels in the cerebrospinal fluid (CSF) as
compared to identical CHI at room temperature (RT). Co-administration of nanowired
cerebrolysin with antibodies to tau was able to thwart brain pathology and AbP and tau levels in
the CSF following CHI at HE. This suggests that CHI could induce AbP and tau pathology
leading to brain damage at HE. Since AbP and tau pathology are interlinked in brain pathology



in several neurodegenerative diseases e.g., Alzheimer’s and Parkinson’s, it would be interesting
to see whether nanowired delivery of cerebrolysin together with antibodies to AbP could equally
induce neuroprotection and reduce tau levels in the CSF in CHI at HE.

CHI was inflicted by dropping a weight of 114.6 g from 20 cm height on the exposed parietal
skull bone in Equithesin anaesthetized rats either acclimatized at RT (21+1°C) or at HE (34°C
for 4 h per day for 2 weeks in biological oxygen demand incubator (BOD, relative humidity 45-
47 %, wind speed 20-25 cm/sec). HE alone did not result in BBB breakdown, edema formation
or changes in AbP or tau levels. However, CHI in HE resulted in 250 to 285 % higher
breakdown of the BBB to Evans blue alboumin and radioiodine (*31-1) and exhibited neuronal,
glial and axonal damage as compared to identical CHI at RT after 24 trauma. The AbP and tau in
CHI at HE increased by 3- to 6-fold in the CSF (control AbP 0.23+0.04; CHI-RT 0.82+0.05;
CHI-HE 2.34+0.12 ng/ml); (Control tau 20£2; CHI-RT 34%6; CHI-HE 76£8 pg/ml).
Nanodelivery of cerebrolysin (2.5 ml/kg, i.v.) together with 50 ul 1:20 AbP antibodies i.c.v. 4 h
after CHI resulted in significant reductions in AbP levels and brain pathology in CHI at HE.
Interestingly the tau levels also showed marked reduction in the CSF in these groups.
Immunohistochemical analysis of heat shock protein 72 (HSP-72) showed pronounced
overexpression in CHI at HE as compared to identical injury at RT. Treatment with cerebrolysin
and AbP antibodies also thwarted HSP-72 upregulation at after CHI at HE. Since HSP-72
isoform is normally an inducible one, it appears that cellular stress induced by AbP and tau could
further contribute to exacerbation of trauma induced brain pathology. Furthermore, our studies
show that cerebrolysin and antibodies to AbP also reduced tau levels in CSF indication an
intricate connections between AbP and tau in exacerbation of brain damage following CHI, not
reported earlier.
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Abstract: Spinal cord injury (SCI) induces lifetime disability and depending on the magnitude
and severity results in loss of functional activity due to paraplegia or quadriplegia of the victims.
Military personnel during combat operation are more prone to SCI for which no suitable
therapeutic strategies have been developed so far. Thus, exploration of novel therapeutic
strategies with novel compounds either alone or in combination is required to enhance the
therapeutic efficacy in SCI. Also, nanodelivery of compounds are needed for superior
neuroprotective ability and long-lasting effects for added therapeutic values. We have earlier
shown that traumatic brain injury (TBI) when performed at hot or cold environments results in
exacerbation of brain pathology. However, effects of cold environment (CE) on SCI are not well
known. SCI induces severe oxidative stress and results in decrease in several neurotrophic
factors in the cord causing lack of regenerative ability after trauma. Since military personnel
often inflicted with SCI at high altitude and CE, in this investigation we examined SCI induced
cord pathology in CE. In addition, we evaluated the effects of nanowired delivery of cerebrolysin
(CBL-a balanced composition of several neurotrophic factors and active peptide fragments) in
combination with extracts of Gingko biloba the well-known antioxidant compounds EGB-761 or
bilobalide BN-52021 in SCI. SCI was inflicted in Equithesin anesthetized rats by making a
longitudinal incision of the right dorsal horn of the T10-11 segments (2 mm deep and 4 mm
long) and allowed to survive 24 h after trauma in rats at room temperature (RT 21+1°C) or
animals reared at CE (5+£1°C in BOD incubator 2 h daily for 1 week). Our observations show
that SCI at CE resulted in marked enhancement of blood-spinal cord barrier (BSCB) breakdown
to protein tracers by 75 to 89 %, edema formation (1.5 to 2.8 %) and neuronal injury (60 to 85
%) as compared to identical SCI at RT. Nanodelivery of CBL (5 ml/kg, i.v.) together with
nanowired EGb-761 (50 mg/kg, i.p.) and BN-52021 (80 mg/kg, i.p.) 4 h and 8 h after SCI



resulted in profound neuroprotection after trauma at CE. However, when these agents were
delivered alone in identical conditions, the magnitude of neuroprotection was much less evident
after 24 SCI at CE. Nanowired CBL together with either EGb-761 or BN-52021 were able to
reduce SCI induced cord pathology significantly at RT. It appears that EGb-761 is more potent in
inducing neuroprotection in SCI as compared to BN-52021. Taken together our observations are
the first to show that EGb-761 together with BN-52021 has potentiated the neuroprotective effcst
of CBL in SCI at CE, not reported earlier.
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Abstract: Curcumin is well known antioxidant that is used as traditional medicine in China and
India since ages to treat variety of inflammatory ailments and as a food supplement. Curcumin



has anti-tumor effects [1] as well as a neuroprotective effects in Alzheimer’s disease. Curcumin
elevates brain derived neurotrophic factor (BDNF) and elevates dopamine (DA) level in the
brain indicating its role in substance abuse. Methamphetamine (METH) is one of the most
abused substances in the World that induces profound neurotoxicity by inducing breakdown of
the blood-brain barrier (BBB) to albumin causing vasogenic edema and cellular injuries.
However, influence of curcumin on METH induced neurotoxicity is still not investigated. In this
investigation we examined METH induced neurotoxicity in rats and its modification with
curcumin alone or following its nanodelivery. METH (20 mg/Kkg, i.p.) induces neurotoxicity in
rats after 4 h that is evident with 130 to 158 % increase in the BBB permeability to Evans blue
albumin in the cerebral cortex, hippocampus, cerebellum, thalamus and hypothalamus as
compared to saline control. Vasogenic brain edema as measured using water content was seen in
all these regions showing BBB leakage Nissl attaining showed profound neuronal injuries or
damage in the above areas exhibiting BBB leakage. Normal curcumin (2 mg/kg, i.v.) 1 h after
METH administration was able to reduce BBB breakdown and brain edema partially in some of
the above brain regions. However, when nanodelivery of curcumin (2 mg/kg, i.v.) was done
significantly attenuated brain edema formation, neuronal injuries and the BBB leakage to Evans
blue in all the above brain areas. Measurement of BDNF showed a significant higher level in the
cerebral cortex, hippocampus, cerebellum and thalamus of METH treated rats that received
nanodelivery of curcumin as compared to saline treated METH animals. Nanodelivery of
curcumin was also able to significantly enhance DA levels in the cortex, hippocampus and
cerebellum in METH treated rats, whereas normal curcumin was able to slightly elevate DA and
BDNF levels in the cerebral cortex and thalamus. Taken together our observations are the first to
show that nanodelivery of curcumin induces superior neuroprotection in METH neurotoxicity
and this could be largely due to enhanced BDNF and DA levels in the brain caused by curcumin,
not reputed earlier.

1. Zhang Z, Li C, Tan Q, Xie C, Yang Y, Zhan W, Han F, Sharma HS, Sharma A. Curcumin
Suppresses Tumor Growth and Angiogenesis in Human Glioma Cells Through Modulation of
Vascular Endothelial Growth Factor/ Angiopoietin-2/Thrombospondin-1 Signaling. CNS Neurol
Disord Drug Targets. 2017;16(3):346-350.
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Abstract: Military personnel are often quite susceptible to sleep deprivation (SD) and related
mental abnormalities such as attention deficit or decision-making abilities. Previous experiments
from our laboratory show that sleep deprivation (SD) itself induces neuronal damage and further
exacerbates traumatic brain injury induced pathology. It is likely that increased levels of
serotonin in the brain and in plasma following SD contributes to blood-brain barrier (BBB) and
blood-cerebrospinal fluid barriers (BCSFB) breakdown and cell injuries. Breakdown of the BBB
and BCSFB will allow passage of proetins and other harmful agents into the fluid compartment
of the brain causing brain edema and cellular damage. Since SD is also associated with
upregulation of amyloid beta protein (ABP) and phosphorylated tau (p-tau) it appears that
breakdown of the BBB and BCSFB could enhance the their transport into the brain fluid
compartment resulting in exacerbation of AD pathology. Thus, it is quite likely that infusion of
antibodies to AP, p-tau and serotonin together to neutralize their actions in vivo with a known
neuroprotective agent-cerebrolysin (a balanced composition of several neurotrophic factors and
active peptide fragments) using TiO2 nanodelivery could induce superior neuroprotection in AD
following SD. AD like pathology was induced in Male Sprague-Dawley rat (Age 30-35 weeks)
by infusion ABP (1-40 human, soluble in water) intraventricularly (i.c.v.) in the left lateral
ventricle (250 ng/10 pl once daily for 4 weeks. SD was induced by inverted flowerpot method in
rat for 48 h. Our results showed 190 to 264 % increase in ABP and p-tau in different brain areas
along with 250 to 310 % elevation of plasma and brain serotonin levels in ABP administration in
SD as compared to ABP infusion alone. The BBB and BCSFB showed 230 to 290 % increase to
radioiodine in AD with SD from AD alone. Nanowired delivery of cerebrolysin (25 pl),with



antibodies (dilution 1:10) to ABP (10 ul), p-tau (10 ul) and serotonin (20 pl) given i.c.v. 10 days
after ABP infusion for 1 week significantly reduced ABP and p-tau levels in the brain and
thwarted serotonin accumulation in the plasma and brain. This treatment also restored BBB and
BCSFB function to radioiodine by 85 to 90%. Neuronal damages, astrocytic activation and
axonal injuries were also significantly reduced by the combined treatment in AD with SD. These
observations are the first to show that co-administration of TiO2-nanowired cerebrolysin with
antibodies to AP, p-tau and serotonin has remarkably superior neuroprotective effects in AD
following SD, not reported earlier.
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Abstract: Military personnel are prone to blast brain injury (bBI) duirng combat operations
across the world where hyperthermia or hot environment is prevalent. The bBI is a combination
of pressure, rotation, penetration of sharp objects and chemical exposure causing laceration,
perforation and tissue loss in the brain. Moreover, this is still unknown whether hot environment
(HE) could exacerbate brain pathology after bBI. The bBI was examined in a rat model at normal
or HE. For neurorepair, nanodelivery of cerebrolysin (CBL, a multimodal drug comprising
neurotrophic factors and active peptide fragments) and/or mesenchymal stem cells (MSCs) were
examined on the pathological outcome of bBI. Equithesin (3 ml/kg, i.p.) anesthetized rats head
was exposed to overpressure blast in a shock tube where compressed air-and helium-induced
membrane rupture results in pressure waves (100, 150 or 200 kPa) with a shockwave velocity of
ca. 400 to 450 m/sec and the animals were allowed to survive 8 and 12 h after trauma. Identical
bBI was induced to rats exposed to HE at 38°C for 2 h daily for 1 week. In both group of bBI
blood-brain barrier (BBB) breakdown to Evans blue albumin and radioiodine, brain edema
formation and neuronal, glial and axonal injuries were evaluated. In addition, regional cerebral
blood flow (rCBF) was also examined using radiolabelled microspheres.

Our observations showed a progressive BBB breakdown in the cerebral cortex, hippocampus,
cerebellum, thalamus, hypothalamus and brain stem that correlates well with the blast
overpressure strength. In these brain areas rCBF reduced by -30 to -58 % associated with
increased edema formation resulting in 8 to 16 % higher volume swelling. Expansion of
neuropil, sponginess and neuronal, glial and myelin damages are quite frequent. These
pathophysiological changes were 2-to 3-fold higher after identical bBI in rats at HE.
Nanodelivery of CBL or MSCs (10° cells, i.v.) alone either 30 min or 1 h after bBI (5 ml/kg, i.v.)
significantly reduced brain pathology in normal animals but this effect was much less evident in
rats after bBl at HE. However, when TiO2 nanodelivery of CBL (5 ml/kg, i.v.) together with
MSCs (10° cells, i.v.) was administered, significant neuroprotection in bBI was observed in
animals at HE. These observations are the first to show that (i) bBI induced brain pathology is
exacerbated at HE, (ii) nanodelivery of CBL or MSCs has the potential to reduce brain pathology
of normal animals after bBl, (iii) whereas, a combination of nanowired CBL and MSCs is
needed to induce neuroprotection after bBI in heat exposed animals, not reported earlier.
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Abstract: DL-3-n-butylphthalide (DL-NBP) is one of the constituents of Chinese celery extract
that is used to treat stroke, dementia and ischemic diseases. Since NBP has powerful
antioxidative effects, the compound has shown powerful neuroprotective effects in Alzheimer’s
disease (AD), Amyolateral sclerosis (ALS) and other neurodegenerative diseases. However, role
of NBP in Parkinson’s disease (PD) is not well known. Few studies in cell culture showed
neuroprotective effects of NBP in PD. Thus, efforts should be made to understand the role of
NBP in PD in great details. Recent research shows that traumatic brain injury (TBI) is one of the
key factors inducing PD like symptoms in human populations and particularly in military
personnel who are prone to TBI. There are many similarities in AD and PD cases as both exhibit
deposition of amyloid beta peptide (AbP), tau phosphorylation (p-tau) as well as alpha synuclein



(ASNC) disturbances. Previous reports from our laboratory showed that nanowired-NBP are
capable to induce profound neuroprotection following concussive head injury (CHI). Thus, it
would be interesting to explore the possible neuroprotective effects of NBP in PD following CHI
in a rat model. It has been shown that a combination of NBP and mesenchymal stem cells
(MSCs) reduces brain pathology following carbon monoxide poisoning in human cases. Thus,
we also examined a combination of MSCs and NBP in our model of PD with CHI. PD like
symptoms was induced in naive or CHI rats by administration of 1-metyl-4-phenyl-1,2,3,6-
tetrahydropyridin (MPTP, 20 mg/kg) daily within 2-h intervals for 5 days. CHI was inflicted
under anesthesia by dropping a weight of 114.6 g from a height of 20 cm inducing an impact of
0.224 N on right parietal skull. PD symptoms e.g., loss of tyrosine hydroxylase (TH) activity in
substantia niagra pars compacta (SNpc) and striatum (STr) and decrease in dopamine (DA) and
dopamine decarboxylase (DOPAC) levels were exacerbated by CHI. The p-tau in the
cerebrospinal fluid (CSF) showed greater enhancement in CHI with PD.

Treatment with TiO2-nanowired delivery of NBP (40 mg/kg, i.p.) together with MSCs (10°) 4 h
after CHI in PD significantly reduced the p-tau levels in the cerebrospinal fluid (CSF) and
restored the TH immunoreactivity in SNpc and STr. The levels of DA and DOPAC were also
significantly elevated in CHI rats with PD as compared to the untreated group. Neuronal
damages were also significantly reduced in PD after CHI by a combination of NBP and MSCs.
These observations are the first to show that a combination of NBP with MSCs when delivered
using nanowired technology has superior neuroprotective effects in PD exacerbated by CHI, not
reported earlier.
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Abstract: While corticospinal motor neurons are often studied due to their importance in
executing voluntary movement, corticospinal neurons residing in somatosensory cortex are less
appreciated and not as well understood. Decades-old work from neuroanatomists traced these
long-range descending projections from somatosensory cortex to the spinal cord dorsal horn,
where they were hypothesized to exert top-down control over somatosensory circuits. But two
major questions persist regarding top-down control of mechanosensory circuits: 1) how does
descending corticospinal input modulate somatosensory signals as they are processed in the
mechanosensory dorsal horn, and 2) what role does this descending input play in influencing
tactile perception? To address these questions, we integrated molecular genetic and viral
approaches to explore corticospinal anatomy, with electrophysiological approaches in slice and
in vivo to investigate corticospinal modulation of mechanosensory circuits. To probe changes in
mechanical sensitivity upon corticospinal manipulation, we trained animals to report perception
of simple indentation stimuli using a tactile detection task. Preliminary data suggests that
somatosensory corticospinal neurons are a heterogeneous population that may evoke top-down
control by distinct mechanisms.
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Abstract: Neural activities in the motor cortex and in the cerebellum are correlated with
whiskers’ position (Hill et al., 2011; Chen et al., 2016). Yet, the functional significance of these
central modulations remains unknown. We designed a behavioral task to clarify their role in
voluntary movements. Head-restrained rats were rewarded if they maintained their vibrissae
protracted for up to 1 second, within an angular range getting narrower as training progressed.
Both the angular precision and the ability to adapt to moving angular windows can thus be
quantified. We found that rats are able to perform this task in the dark without any vibrissa
contact. As facial muscles that move the vibrissae are devoid of proprioceptors (Moore et al.,
2015), the question arises as to how rats perform the task. One possibility is that vibrissa position
is signaled by receptors that also encode changes in the external environment (i.e., re-afference).



Another possibility is that information about vibrissa position derives from a central copy of the
motor commands for the intended vibrissa position; this is denoted corollary discharge. We
found that rats still perform the task after sensory de-afferentation, except when the motor cortex
is inactivated or lesioned. Therefore, in the absence of sensory feedback, the motor cortex is
crucially involved in dexterous whisker movements, as part of a corollary discharge network. On
the other hand, inactivating the motor cortex in non-deafferented rats does not impair
performance. Thus, in the presence of sensory feedback, a pathway which does not require motor
cortical activity permits dexterous whisker movements: we are currently experiencing on this
residual, possibly cerebellar, pathway.
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Abstract: Reaching movements are associated with oscillatory neural dynamics in primary
motor cortex, which may reflect a fundamentally different representational scheme than that
posited by traditional neural coding hypotheses. We investigate whether these oscillatory neural
dynamics are also observed in the cortical representation of finger and wrist movements. To this
end, we record the time-varying kinematics of the hand using a camera-based motion tracking
system and the population activity in somatosensory and motor cortices using chronically
implanted electrode arrays, while monkeys grasp thirty-five objects varying in shape and size.
We then analyze the population responses in primary motor cortex and in proprioceptive areas of
somatosensory cortex, namely Brodmann’s areas 3a and 2. We find that the neural dynamics
underlying hand movements in both somatosensory and motor cortices do not exhibit the strong
rotational dynamics seen in motor cortex during proximal limb movements and consider the
functional significance of this difference in neural representation.
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Abstract: We have an exquisite sensitivity to the microstructure and material properties of
surfaces, allowing us to differentiate satin from silk and sense surface features across six orders
of magnitude, from tens of nanometers to tens of millimeters. In the peripheral nerves, two
separate mechanisms convey information about textures: coarse features are encoded in the
spatial pattern of activation of slowly adapting type 1 (SAL) fibers, and fine features are encoded
in the precise spike timing of rapidly adapting (RA) and Pacinian corpuscle (PC) fibers. Having
previously shown that this precise temporal patterning is informative at the periphery, we tested
the extent to which these temporal patterns are still present and informative in somatosensory
cortex. To this end, we scanned a diverse set of everyday textures at a controlled speed and
contact force across the fingertip of awake, behaving macaques while collecting single unit
recordings from somatosensory cortex, including Brodmann’s areas 3b, 1, and 2. We then
wished to assess the degree to which neuronal responses convey information about texture
identity, and whether spike timing conveyed complementary information (above and beyond that
carried by rates).

To this end, we classified textures based on cortical spiking patterns at various temporal
resolutions, from millisecond precision to spike count. We found that temporal patterning in the
spiking responses of cortical neurons carries texture information, but this temporal code is less
reliable and informative than is its counterpart in the nerve. Furthermore, the temporal resolution
varies across cortical cells and depends in part on the submodality composition of their
peripheral inputs, with neurons dominated by PC input exhibiting the highest temporal resolution
and those dominated by SAL input exhibiting the lowest. At the population level, a combination
of rate and timing is more informative than each neural code in isolation. We conclude that



temporal spiking patterns do carry information about texture in somatosensory cortex and reflect
a progressive conversion from temporal to rate code that is not yet complete.
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Abstract: Mapping functional location of the primary somatosensory cortex (S1) is necessary
for understanding of the properties of tactile perception in human. Generally, the ultra-high field
functional magnetic resonance imaging (fMRI) could provide the reliable cortical responses of
digits in the S1 because of the higher sensitivity and spatial resolution in blood-oxygen-level
dependent (BOLD) signals. However, the effect of vibrotactile frequency responded to the
cortical function in S1 remained unclear. Here, we used 7T fMRI to explore the frequency
dependency of neural activity in S1 by implementing various vibrotactile frequencies at the digit
tip. The lab-designed MR-compatible stimulator is consist of a piezoelectric device connected to
a 2 mm in diameter round plastic probe, and the probe brings the vibrotactile stimulation to the
tip of middle finger. The stimulation parameters include five vibrotactile stimulus frequencies (1
Hz, 6 Hz, 12 Hz, 24 Hz and 48 Hz) with 15 ms pulse duration. The tactile stimulus paradigm was
one block design with OFF-ON-OFF, where OFF = 40 s and ON = 30 s. BOLD-fMRI signals
were acquired by a GE-EPI sequence (TR = 2000 ms, TE = 21 ms, Voxel size: 1.5x1.5x1.5
mm3). The results showed that the lowest vibration frequency, 1 Hz, didn't produce BOLD
response while the others, 6 Hz, 12 Hz, 24 Hz and 48 Hz, obtained BOLD responses in the
Brodmann area 3b and 1 with respect to middle finger. There is no significant difference in the
amplitude of BOLD in 6 Hz, 12 Hz, 24 Hz and 48 Hz stimulation frequencies.
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Abstract: Neuroplasticity has been considered as the major mechanism underlying the recovery
of sensory function following a nerve reconstruction, but its cortical mechanism remains
unknown. In this study, we evaluated the change of tuning to whisker stimulation in neurons in
the barrel cortex (S1BF). Sprague-Dawley rats received hemi-neurorrhaphy surgery, a novel
aberrant reinnervation model in which the connection in the infraorbital nerve was reconnected
with a 50% spatial offset and 50% of the inputs were lost, yielding a systematic aberrant
reinnervation following spontaneous regeneration. This animal model allows us to observe the
temporal changes of neural code mediated by neuroplasticity. The single-units evoked by
whisker stimulation were recorded in anesthetized rats from the sham control (SC) group and 1
(1-m) and 2 month (2-m) post hemi-neurorrhaphy groups. To characterize the direction tuning in
S1BF neurons, the whiskers were stimulated in one of the eight directions using the piezo-motor
based stimulator. Our results showed that neuronal firing decreased in the 1-m and 2-m groups
(69+11% and 47+9%, respectively) as compared with the SC group. Surprisingly, the majority of
neurons in the 1-m group had extremely strong direction selectivity and we dubbed such tuning
as “nascent tuning”. Interestingly, the nascent tuning was less observed in the 2-m group,
implying that nascent tuning occurs when distorted sensory input ascends from the reinnervated
periphery. In summary, chronological changes of neuronal activities showed the cortical
mechanisms underlying the recovery of sensation following an aberrant nerve regeneration.
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of chronic pain
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Abstract: Pain has sensory and affective dimensions. Chronic pain not only causes sensory
hypersensitivity, but it can also induce an amplified aversive reaction to peripheral nociceptive
inputs. This specific enhancement of the affective response constitutes a key pathologic feature
of chronic pain syndromes such as fibromyalgia. However, the neural mechanisms that underlie
this important pain phenotype remain poorly understood, resulting in a lack of specific
treatments. Here, we show that a single dose of ketamine can produce a persistent reduction in
the aversive response to noxious stimuli in a rodent chronic pain model, long after the
termination of its anti-nociceptive effects. Furthermore, combining in vivo electrophysiology
with optogenetics and pharmacology, we demonstrated that this anti-aversive property is
mediated by prolonged suppression of the hyperactivity of neurons in the anterior cingulate
cortex, a brain region well-known to regulate pain affect. Therefore, our results show that it is
feasible to dissociate the affective from the sensory component of pain, and demonstrate the
potential for low-dose ketamine to be an important therapy for a variety of chronic pain
syndromes.
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Abstract: Recent studies have demonstrated that differences in the amount of curvilinear and
rectilinear visual features of animals and man-made objects are sufficient for animate/inanimate
categorization (e.g. Perrinet and Bednar, 2015; Long et al. 2016). Here we explored (in humans)
whether these intermediate visual features can also convey information associated with how
threatening an animal is. Using the International Affective Picture System (IAPS; Lang et al.
2008) as a guide, we created two sets of stimuli. One consisted of animal images with high
arousal and low valance IAPS ratings (threatening set) and the other of animal images with high
valance and low arousal IAPS ratings (non-threatening set). The images that comprised these two
sets were selected so that on average the threatening and non-threatening animal images were
matched in the amount of image-based and perceived curvilinear and rectilinear features.
Additionally, we matched stimuli on lower-level features such as mean luminance and root-
mean-square contrast. Then, using an algorithm (Portilla and Simoncelli, 2000; Freeman and
Simoncelli, 2011), we generated synthesized versions of the animal images in each set which
maintained the intermediate visual features of the original images but made them
unrecognizable. Global shape information was not preserved in these synthesized images and
they appeared as texture patterns. We then presented these synthesized stimuli to a group of
participants (n=20) within the context of a one-back memory task, inside an MRI scanner.
Participants were told the synthesized images depicted abstract patterns. We found that bilateral
amygdala was significantly more active in response to the threatening synthesized images
compared to the non-threatening ones. In contrast, fMRI activity in control, affect-agnostic brain
regions, such as V1 and fusiform face area, did not differ for the two sets of images. Importantly,
during an image rating session which followed each scan, participants rated the threatening set of
synthesized images as significantly more threatening compared to the non-threatening set, which
is consistent with the fMRI findings. Lastly, these threat ratings significantly predicted the
magnitude of activation in the amygdala; participants who rated the threatening stimuli as more
threatening had greater amygdala activation in response to these stimuli. We conclude that the



intermediate visual features of animals convey information associated with how threatening they
are and this information is processed by the amygdala.
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Abstract: The rise of artificial intelligence fuelled by artificial neural networks puts the synergy
between Neuroscience and Al in the spotlight. Advances in Al have revealed principles about
neural processing, in particular about vision. Previous work demonstrated a direct
correspondence between the hierarchy of the human visual areas and layers of deep
convolutional networks (DCNN) trained on visual object recognition. We used DCNNSs to
investigate which frequency bands correlate with feature transformations of increasing
complexity along the ventral visual pathway. By capitalizing on intracranial depth recordings
from 100 patients and 11293 electrodes we assessed the alignment between the DCNN and
signals at different frequency bands in different time windows.

To map human visual areas to layers of DCNN we calculate dissimilarity matrices in those two
representation spaces for every brain area and every layer of DCNN and compute the mapping
based on correlation scores between the pairs of RDM matrices. By observing the correlation
scores ranked, on one hand, by the order of visual areas along the ventral stream and on the other



hand by the hierarchy of DCNN we compute an alignment between the two hierarchies -- one
biological another artifical. By running this experiment on the activity from various temporal and
spectral regions of interest we identify at what times and at which frequencies the hierarchies are
aligned the most.

We have found that the gamma activity, especially in the low gamma-band (30-70 Hz), matched
the increasing complexity of visual feature representations in the DCNN. Previous research has
shown that in terms of anatomical location the activity of DCNN maps best to the activity of
visual cortex and this mapping follows the propagation of activity along the ventral stream in
time. With this work we have confirmed these findings and have additionally established at
which frequency ranges the activity of human visual cortex correlates the most with the activity
of DCNN, providing the full picture of alignment between these two systems in spatial, temporal

and spectral domains.
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Abstract: In an earlier fMRI study, we showed that multivoxel activity patterns, measured with
support vector machine classification, encoded animate vs. inanimate categories in the macaque
inferior temporal cortex. However, the classification accuracy was reduced to chance after
removing the variance in the fMRI activity patterns that were explained by the curvlinear and
rectilinear image features, as quantified using curved and straight Gabor filters. These results
indicate that categorization in the macaque inferior temporal cortex might not stem from
acquired semantic knowledge of the characteristics that distinguish animate from inanimate
object categories, but rather from their unique image-based features. The current experiment was
designed to directly examine those two possibilities using behavioral tests. Three rhesus
macaques were trained to categorize images of 20 animate and 20 inanimate objects, until their
performance reached 85% accuracy for two consecutive days. Then, the monkeys were tested on
novel trial-unique image sets of 100 animate and 100 inanimate objects across multiple days to
assess whether the original training generalized to unfamiliar objects. We found that the animals’
average classification accuracy for these unfamiliar objects was significantly above chance on
the first day of testing, and performance continued to improve across the testing days, achieving
an average of 83.82% (p<0.001), 75.34% (p<0.001), and 74.62% correct (p<0.001) for each
monkey respectively. Taken together, our results support our fMRI conclusion that
animate/inanimate categorization does not stem from acquired semantic knowledge of animate
vs. inanimate categories. Next, we tested whether image features that differ substantially
between the two object categories, such as curvilinear and rectilinear information, contribute to
the monkeys’ classification accuracy. Two of the three animals were tested across five days on
sets of synthetic animate and inanimate images that were created using an algorithm that
significantly distorted the global shape of the original images, while maintaining the original
images’ intermediate features (e.g. curvilinear and rectilinear information). We found that the
animals’ classification accuracy on these synthesized images was significantly above chance
(62.45% (p<0.001), 58.63% correct (p<0.001) for each monkey, on average, across five days),



suggesting that unique image-based features, such as curvilinear features, distinguish animate
from inanimate objects to some extent and contribute to the formation of animate/inanimate
categorization in macaques.
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Abstract: Perception of sensory inputs is modulated by shifts in endogenous, ongoing brain
activity. Specifically, previous studies have tied endogenous, pre-stimulus neural activity to
behavior in sensory tasks. However, it remains unclear whether the endogenous activity
modulates neural coding and category tuning in visual processing, and if this modulation of
tuning provides a neural pathway for behavioral modulation. To address these questions, we
collected intracranial electroencephalography (IEEG) data from a large cohort of 32 patients
while viewing visual images. We analyzed the iEEG data recorded from 230 channels in ventral
temporal cortex (VTC) showing category-selectivity for 5 different categories of visual stimuli:
faces, human bodies, words, places, and tools. We hypothesized that pre-stimulus activity
modulates the degree of category tuning in response to visual stimuli and the aspect of pre-stim
activity that modulates category tuning correlates with behavior. To test this, a generalized linear
model was trained to classify the category of the stimuli, and the accuracy was compared for a
model that used the post-stimulus activity alone and one that conditioned the post-stimulus
classification on the pre-stimulus activity. The results showed that the inclusion of pre-stimulus
activity improved the classification accuracy, indicating that category-selectivity was modulated
by pre-stimulus activity in VTC. Furthermore, the aspect of the pre-stimulus activity that



modulated category tuning correlated with behavior in a 1-back task. We then examined the
temporal and spatial specificity of the pre-stimulus effects. Pre-stimulus modulation were seen to
be very localized, suggesting the effect seen was not due to fluctuations in overall arousal or
global attention. They were also seen to fluctuate greatly from trial-to-trial, suggesting the effects
were not related to slow fluctuations in neural activity, such as infra-slow fluctuations seen in
resting state. Taken together, these results demonstrate that endogenous activity modulates
category tuning in a regionally specific manner on a trial-to-trial basis in VTC. This modulation
provides a potential neural basis for perceptual variation arising from shifts in endogenous
ongoing activity.
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Abstract: Primates excel at object recognition. An every day example of this is the distorted
letter tests that we see on websites. These tests — known as CAPTCHAs (Completely Automated
Public Turing test to tell Computers and Humans Apart) — are used to deny access to malicious
computer programs. What makes us so good at reading distorted letters? One possibility is that
we may have specialized, invariant letter detectors that combine systematically to represent
words. Alternatively, we may have specialized detectors not only for single letters but also for
combinations of letters, thereby leading to efficient decoding. Either representation may exist de
facto in the primate visual system, or may emerge as a consequence of learning to read.

We investigated this issue by characterizing the representation of single Latin letters and
combinations of letters in the inferior temporal (IT) cortex of monkeys. We selected English
letters as well as numbers and combined them systematically into strings up to 6 characters long.
From these, we obtained 432 unique stimuli by applying applied local, global as well as
CAPTCHA-like shape distortions. We recorded multi-channel extracellular activity from 141



visually responsive neurons from two monkeys and used 50 neurons with high response
consistency for further analysis. We investigated two broad questions: First, can the population
activity of monkey IT neurons be used to solve CAPTCHAS? Yes, linear classifiers trained to
identify characters at every retinal location in CAPTCHAs, showed above-chance decoding
accuracy. This accuracy increased with the number of neurons, suggesting that near-perfect
CAPTCHA decoding with sufficiently large population. Second, can the neural response to letter
strings be predicted from single-letter responses, or do neurons respond to novel combinations of
letters in a manner that is not predictable from the responses to the individual letters? We trained
linear models to predict neural responses to longer strings using single characters and obtained
very good fits suggesting pure compositionality, although yielding mis-predicted strings.
However the mis-prediction occurrence rate was not significantly different from that observed in
a population of simulated compositional neurons with matched shape tuning and noisy Poisson
firing. Thus, word representations are entirely predictable from letter representations in IT
neurons.

Taken together, our results show for the first time that generic object recognition mechanisms in
the primate brain suffice to process and decode CAPTCHAS, and that this ability arises from
simple compositional rules that govern how word responses relate to letters.
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Title: Bottom-up saliency and top-down learning in the primary visual cortex
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Abstract: The pop-out effect in perception, such as a vertical bar within many horizontal bars
(i.e. an orientation singleton), has been thought to be related to V1 responses representing the
feature contrast. But it is still a matter of debate whether the feature contrast signals are of V1
origin and whether they are actually used for the behavior of singleton detection. Here we
explore the behavioral relevance of neuronal responses in V1 of monkeys trained to detect an
orientation singleton with various orientation contrasts against a background of uniformly
oriented bars. Using chronically implanted microelectrodes, we measured V1 activities while the
monkeys were required to quickly saccade to the singleton. A neuron's responses to the singleton
within its receptive field had an early and a late component, both increased with the orientation
contrast. The early component of orientation contrast signals started from the outset of neuronal
responses and it remained unchanged before and after training on the singleton detection. The
late component started ~40 ms after the early one; it emerged and evolved with practicing the
detection task. Training increased the behavioral accuracy and speed of singleton detection and
increased the amount of information in the late response component about a singleton’s presence
or absence. Furthermore, fluctuations in the detection performance correlated with fluctuations in
both the early and late V1 responses. Training increased this correlation for the early component
but decreased it for the late component. Hence, V1's early responses have an immediate impact
on behavior and therefore represent the bottom-up saliency signals. Learning promotes the
utilization of these saliency signals to make task performance more reflexive and less top-down
driven.
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Abstract: In visual cortex, fluctuations of neural activity have been observed across different
time scales, but it is unclear how these fluctuations affect perception and decision-making. We



recorded from populations of V4 neurons in macaque monkeys performing a change detection
task, and found that the activity of many neurons slowly drifted over the course of hours. This
slow drift covaried with slow changes in decision criterion, pupil diameter, and reaction time,
suggesting the slow drift is a cognitive signal of arousal, alertness, or motivation and may arise
from brain-wide neuromodulators. In support of this, we simultaneously recorded neurons in V4
and prefrontal cortex, and found that activity in both areas drifted together.

A slow drift in V4 activity is puzzling because it can corrupt sensory information, yet the subject
still performs the task proficiently. One possibility is that downstream areas do not read out the
slow drift. However, we found that the slow drift overlapped with axes of population activity
along which V4 responses to natural images varied most, and thus are likely read out by
downstream areas to decode image features. Another possibility is that the slow drift is a
byproduct of a pathway, independent of perception, that induces slow changes in decision
criterion. If such a pathway influenced sensory neurons directly, it could impair the reliability of
perceptual processing. Instead, we found evidence for a model in which the slow drift was
removed from the perceptual readout but induced slow changes in decision criterion via an
independent pathway. The model reproduced the finding that the slow drift and changes in
criterion covaried, as well as the finding that V4 activity predicted the moment-by-moment
occurrence of false alarms only when we removed the slow drift. Overall, this work demonstrates
that a key consideration in understanding the role of neural variability in perception and
decision-making is the degree to which downstream readout areas may access and remove such
variability.
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Abstract: Intro: “Sundowning syndrome” is a poorly understood clinical phenomenon exhibited
by dementia and Alzheimer’s disease (AD) patients which has been described in medical
literature for over 70 years and is characterized by agitation, aggression, and delirium during the
early evening. Whether dysfunction of the central circadian clock, the suprachiasmatic nucleus
(SCN), underlies sundowning is unclear, and direct circadian modulation of behavioral
aggression had previously never been demonstrated. We recently showed that aggression
propensity in mice follows a daily rhythm that is regulated by GABAergic neurons in the
subparaventricular zone (SPZ). We further demonstrated that these SPZ neurons receive
functional input from the SCN, are active in a phase-dependent manner, and project to neurons
within the ventromedial hypothalamus (VMH) that drive attack behavior, altogether suggesting a
novel circuit by which the central circadian clock gates aggression propensity across the 24h day.
Here we assessed rhythms of aggression propensity and locomotor activity (LMA) in mice that
develop both hallmarks of AD neuropathology, amyloid-beta (a-beta) plaques and tau
neurofibrillary tangles.

Methods: We utilized the TAPP mouse model, which carries the transgene for the 695-amino
acid isoform of human AD a-beta protein and the transgene for the human P301L mutation of the
microtubule-associated protein tau gene (MAPT). Double wild-type (WT) controls were non-
mutant mice from the same genetic background. We assessed aggressive propensity using
resident intruder tests at four time points and LMA rhythms using biotelemetry. Experiments
occurred at ages known to be relevant milestones in the development of neuropathology in this
strain. We are also examining the specific effects of this neuropathology on the SCN-SPZ-VMH
pathway.

Results: Our preliminary findings show that TAPP mice exhibit increased aggression during the
early daytime compared to WT controls and blunted nighttime LMA. These behavioral
abnormalities are similar to that seen following SPZ GABAergic disruption in our previous
studies, suggesting that the SCN-SPZ-VMH pathway may be specifically compromised in TAPP
mice.

Conclusion: Both TAPP mutants and mice with SPZ GABAergic disruption show increased
propensity for behavioral aggression during the early resting phase (morning for mice), which is
temporally consistent with the increased aggressive symptoms reported in patients with dementia
and AD. This suggests that the SCN-SPZ-VMH pathway could be a promising therapeutic target
for treating circadian dysfunction and aggression in patients who display sundowning syndrome.
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Abstract: It has long been postulated that temporal coding in neurons is important for encoding
responses to stimuli or effecting changes in behavior. However, this hypothesis has been
challenging to rigorously test, owing to the difficulty of studying temporal coding in the absence
of rate coding. Here, in our investigations of the circadian clock-dependent mechanisms
regulating sleep quality, we show that temporal coding alone in clock neuron drives changes in
sleep quality. Sleep quality is reduced during midday, compared to the middle of the night,
which is correlated with greater irregularity of spike timing, in the absence of changes in firing
rate. This cycling of sleep quality and spike timing irregularity depends on an intact circadian
clock and a recently identified molecule WIDE AWAKE (WAKE). Using computational
modeling approaches, we generated daytime and nighttime synthetic temporal codes. In vivo
optogenetic manipulation of spike timing of these clock neurons using these synthetic temporal
codes, while holding firing rate constant, reveal that temporal coding of these neurons is
sufficient to induce changes in sleep quality. To delineate the molecular mechanisms by which
WAKE effectuates changes in temporal coding, we conducted a genetic interaction screen. From
this screen of ~1,200 RNA. lines, we identified two proteins—the Ca2+-dependent K+ channel
binding protein (SLOB) and a novel Na+/K+ pump beta-subunit that regulate the cycling of
different aspects of membrane potential dynamics. Knockdown of SLOB in these clock neurons
decreased afterhyperpolarization amplitude and reduced sleep quality at night. Loss of NaK beta
in these clock neurons resulted in slower spike risetimes and decreased sleep quality. Finally, we
show that changes in spike timing regularity in the circadian clock circuit is transformed into
persistent changes in firing rates in downstream arousal-promoting neurons, elucidating a
mechanism by which temporal coding induces synaptic plasticity to drive a persistent change in
rate coding to impact behavior.
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Abstract: Introduction: The mechanisms by which the circadian clock regulates sleep and
arousal states remain poorly understood. In Drosophila, WIDE AWAKE (WAKE) acts
downstream of the clock to increases GABA sensitivity in arousal-promoting neurons to promote
sleep onset at dusk. Here, we characterize the expression pattern of mMWAKE, the mammalian
homolog of WAKE, as well as the behavioral and physiological consequences of loss of
mWAKE both globally and its role within specific circuits.

Methods: We characterized the mMWAKE expression pattern using RNAscope in situ
hybridization and genetically inserted tagged proteins. To assess behavior and arousal state of
both constitutive and spatiotemporally-restricted conditional mMWAKE mutants, we used a
combination of EEG/EMG recordings, beam break locomotion, and open field assays.
Additionally, we manipulated local and global mMWAKE circuits via chemogenetics and observed
behavioral and electrophysiological outcomes.

Results: mMWAKE expression is more widespread than anticipated in the mouse brain, and labels
a distinct subset of glutamatergic neurons intermingled throughout numerous arousal circuits,
including the noradrenergic locus coeruleus, serotonergic periaqueductal gray, and histaminergic
and orexinergic lateral hypothalamus. Constitutive knockout of mMWAKE results in significant
circadian-dependent hyperactivity, as well as increases in other measures of arousal such as
anxiety and stereotypic behaviors, and fragmentation of sleep architecture including bout length
decreases and REM reduction. Manipulation of individual mMWAKE circuits via global or
conditional knockouts or with chemogenetic activation via DREADD’s perturbs behavior and
alters the electrophysiological properties of mMWAKE+ neurons.

Conclusions: Similar to WIDE AWAKE in Drosophila, mMWAKE appears to act as a circadian
modulator of sleep and arousal. However, in mammals, its prominent expression throughout
numerous arousal centers suggests a broader role in mediating circadian modulation of arousal
state. Furthermore, we are addressing the specific molecular and circuit-based mechanisms by



which mMWAKE effects mammalian behavior via projection-mapping, patch-clamp recordings
and exogenous activation and inhibition of mMWAKE" cells.
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Abstract: Abstract Corticosteorids (Cort) have a 24-hour rhythm that play an integral role in
allowing an individual to meet the physiological and behavioral demands of the active, waking
period. Lesions of the dorsomedial hypothalamus (DMH), which receives circadian information
via a suprachiasmatic nucleus (SCN) to subparaventricular zone (SPZ) to DMH pathway, result
in continuous Cort levels typical of the daily nadir. However, it is unknown how the
paraventricular hypothalamus corticotropin-releasing hormone (CRH) neurons receive inputs
from the DMH. Here, we determined whether glutamatergic inputs to PVHCRH contribute to the
timed daily rhythm of corticosteroid production by the adrenal glands. First, using tracing
methods we show that DMH®" neurons project directly and make contact on or near PVHCRH
neurons with DMH microinjections of a cre dependent Synaptophysin-mCherry in Vglut2-Ires-
Cre mice. Using targeted genetic deletion experiments, we found that eliminating DMH®"! to
PVHCR" in Vglut2™ with DMH microinjections of Venus-2A-Cre significantly dampens the
subjective early light period peak in Cort relative to control GFP microinjection in the DMH.
Finally, using excitatory DREADDs we found that stimulating DMH®"* with CNO using DMH



microinjections of Hm3dq in Vglut2-1res-Cre mice significantly increased Cort levels during the
typical nadir (subjective morning to afternoon) as compared to saline treated Vglut2-Ires-Cre and
wild-type litter mate CNO treated controls. Together, these data suggest that excitatory output of
the circadian neural circuit contribute to the timed daily production of Cort, which may play
roles in mediating homeostatic and behavioral responses.
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Abstract: Neuronal responses to GABAA signaling depend on the electrochemical gradient of
chloride, which is regulated by the chloride co-transporters, NKCC1 and KCC2. Early in
development, NKCC1 drives a depolarizing chloride reversal potential, but up-regulation of
KCC2 during brain maturation causes a switch to the hyperpolarizing GABA response typical in
adulthood. Sex differences in GABAA signaling occur during development, but whether
divergent responses persist into adulthood has received less attention. Here we test whether
GABAA signaling is sexually diergic in the master circadian clock of the suprachiasmatic
nucleus (SCN), which has been shown to display excitatory GABA responses in adult males.
Using a bioluminescence reporter of molecular clock function, we examined sex differences in
the SCN response to inhibition of KCC2, NKCCL1, or bicarbonate regeneration, which drives
excitatory GABA responses. The SCN of male and female mice displayed similar responses to
KCC2 inhibition, but differed in the response to NKCC1 inhibition. Further, blocking excitatory
GABAA signaling by inhibiting bicarbonate regeneration altered SCN function in males, but not
females. These results suggest that GABAA circuits in the SCN are sexually dimorphic.
Differential responses to NKCC1 inhibition may be driven by sex differences in SCN chloride
co-transporter expression and/or function, which is the focus of ongoing work. Given that GABA



is the primary neurotransmitter produced by SCN neurons, it will be important to determine
consequences of this sexual dimorphism for neuronal excitability and master clock circuitry.
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Title: Photoperiod-induced neurotransmitter switching in the suprachiasmatic nucleus
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Abstract: Light, circadian clocks, and rhythmic behaviors interact to produce a temporal order
essential for the survival of living organisms. In mammals, the principal circadian pacemaker in
the brain is the suprachiasmatic nucleus (SCN), which receives direct retinal input synchronizing
it to the day-night cycle. Disrupted circadian rhythms are associated with impaired cognitive
function and mood, and bright light is therapeutic for humans with winter depression. Altering
day length (photoperiod) induces changes in neurotransmitter (NT) phenotype in the
hypothalamic paraventricular nucleus (PVN), leading to depression-like behavior in adult
rodents (Dulcis et al., 2013).

We hypothesize that altering photoperiod also changes NT expression in SCN neurons, which
then control the activity of PVN neuronal circuits shown to induce depression-like behavior.
Mice were exposed to 19L:5D (19 hours light, 5 hours dark) or 5L:19D photoperiods for 15
days. Then SCN were processed for immunohistochemistry to investigate whether NT plasticity
occurs in response to photoperiod, as well as to determine the role of circadian clock genes in
this process.

We found substantial differences in the number of SCN neurons expressing either vasoactive
intestinal polypeptide (VIP) or neuromedin-S (NMS) in response to short- or long-day
photoperiod. Consistent with neurotransmitter switching, co-expression ratios of these
neuropeptides was also affected. Using a reporter mouse line for NMS-Cre expression, we found
an increase in NMS-expressing SCN projections onto PVN dopaminergic neurons, indicating a
potential increase of NMS synaptic release sites. Such photoperiod-dependent NT plasticity was
retained in Bmall-KO mice, suggesting that circadian clock function is not required for



photoperiod-induced changes in NMS and VIP expression. Further experiments will be
performed to manipulate clock genes in selected classes of SCN neurons.

We then used a chemogenetic approach (DREADDS) aimed at selectively activating NMS
neurons during the dark phase. This manipulation shifted the timing of locomotor activity onset,
suggesting that activation of NMS neurons can affect behavior.

Our findings provide new insights into seasonal NT plasticity of SCN neurons. Further studies
will reveal the role of SCN NT switching in depression-like behavior.
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Abstract: Circadian (i.e., 24 hr) timing is an organism-wide, distributed, process, where the
suprachiasmatic nucleus (SCN) serves as the master pacemaker that generates a phasing cue to
entrain peripheral oscillator populations found in all organs systems. Within the brain, oscillatory
capacity has been reported in a number of extra-SCN regions; however, data regarding the
inherent (i.e., autonomous) oscillatory capacity of extra-SCN forebrain neurons is limited. To
address this question, we utilized cellular imaging based approaches to test for hippocampal
neuronal rhythms, and then to test for the functional relevance of these rhythms. Here we report
that hippocampal neurons exhibit weak and intermittent oscillatory activity. Rhythmic activity
was markedly longer than the circadian period, however, these long, stochastic oscillations were
dependent on transcriptional drive from the CLOCK/BMAL1 complex. Interestingly, these
oscillatory properties were not dependent on synaptic input; however, strong neuronal activity
was capable of resetting this weak rhythmic activity. Further, the limited rhythmic activity of
hippocampal neurons was not affected by co-culturing with SCN explants, thus indicating that
these damped oscillations are a defining feature of hippocampal neuronal populations. Next, to
complement the cell culture-based profiling approach, we examined cellular-level oscillatory
capacity within organotypic slices of hippocampal tissue. In specific, this approach was used to



test whether, in contrast to the cell culture format, hippocampal neurons are capable of robust
oscillatory capacity within an in situ model system. Profiling of postnatal day 1 hippocampal
slices cultured for 10 days revealed that CA1 neurons exhibit limited oscillatory capacity, similar
to the profile of cultured hippocampal neurons. Current work is focused on an in vivo
examination of the rhythm generating capacity of hippocampal neurons, and on the potential
functional roles that these forebrain oscillations play in cognition.
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Abstract: Neuropeptide signaling modulates the function of master clock neurons in the
suprachiasmatic nucleus (SCN). Both arginine vasopressin (AVP) and vasoactive intestinal
peptide (VIP) regulate the SCN network, but when these two neuropeptides are first expressed
during development has been difficult to establish precisely. To address this important issue, we
used a transgenic approach to define the developmental patterns of neuropeptide expression
across the SCN network. Specifically, we crossed Avp-Cre*” or Vip-Cre** males to Ai9*"*
females that express floxed tdTomato. In the offspring of this genetic cross, the fluorescent
protein tdTomato is stably expressed after initiation of Avp or Vip transcription. Here we use this
approach to profile the spatiotemporal patterning of neuropeptide expression by examining
tdTomato expression at critical developmental time points spanning mid-embryonic age to
adulthood. Preliminary results indicate that neuropeptide expression is initiated at different
developmental time points in clusters of SCN neurons located in different locations within the
network. Notably these spatial clusters display distinct molecular clock function in adulthood.
These data suggest that SCN neurons can be distinguished into further subtypes based on the
developmental patterning of neuropeptide expression, which may relate to their functional
differences in the mature network.
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Abstract: Both human cultures and rodent species divide their active zone into an initial time of
high activity, a following period of lower alertness or sleep - a daily siesta - and a subsequent
period of wake maintenance. Genetic and epidemiological studies in humans and mice indicate
that nighttime sleep duration and siesta behaviour are dependent on sleep pressure. Here we
show that in fact siesta sleep and subsequent wake maintenance are driven by a specific
population of neurons within the suprachaismatic nuclei (SCN) - the circadian “master clock™ --
that is active when most SCN neurons are silent. Using optogenetic and chemogenetic
approaches, we show that silencing these neurons delays the daily siesta, while activating them
or mistiming them can create a siesta at will. Thus, the daily siesta is a “hard-wired” property
encoded by the biological clock. This is the first demonstration of an acute effect of clock neuron
activity on sleep, and the first step in understanding how the neural circuits of the mammalian
circadian clock modulate daily sleep-wake cycles.
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Abstract: Individuals suffering from mood disorders often display circadian rhythm disruptions,
including dampened and/or phase shifted rhythms. Recent work indicates that disrupting
molecular rhythms in the suprachiasmatic nucleus (SCN) affects mood-like behavior, suggesting
that the SCN plays a causal role in mood disorders. However, it is unknown whether disrupting
SCN neural activity rhythms affects mood or anxiety-like behaviors. Here our goal was to
determine whether chronically dampening or advancing SCN neural activity rhythms affects
depression and anxiety-like behavior. Channelrhodopsin-2 (ChR2) expression in the SCN was
obtained by crossing mice expressing Cre recombinase in GABAergic neurons with mice
expressing Cre-dependent ChR2. Optic fibers were implanted above the SCN and mice were
individually housed to measure activity and/or body temperature rhythms by telemetry or
piezoelectric sensors. To determine the effects of SCN-mediated dampening of rhythms, we
unpredictably stimulated (1 h, 10 ms pulse width, 8 Hz) the SCN during the dark phase. To
determine the effects of chronically advancing rhythms, free-running mice received stimulations
every three days, late (CT21) into their active phase. Depression and anxiety-like behaviors were
assessed using a battery of tests. Unpredictable stimulation of the SCN during the dark phase
dampened the amplitude of activity and body temperature rhythms. Interestingly, chronic
unpredictable stimulation of the SCN during the dark phase increased anxiety-like behavior.
Stimulating the SCN at CT21 decreased the period and dampened the amplitude of activity
rhythms. Consistent with the unpredictable stimulations, correlations were observed between the
amplitude of rhythms and behavior in chronically phase-advanced mice. Overall, our findings
thus far suggest that dampened SCN neural activity rhythms increase anxiety-like behavior.
Ongoing studies will determine the effects of chronically delaying SCN neural activity rhythms.
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Abstract: Light exerts profound effects on behavior. It is well known that alterations in the
regular lighting conditions lead to cognitive impairment and depressive symptoms. Thus,
mapping the neural circuits by which light negatively affects mood and learning is a promising
step towards new treatments for affective disorders associated with abnormal light exposure. In
mammals, light detection occurs exclusively in the retina. The recent discovery of novel
photoreceptors in the mammalian retina, which are projection neurons that send widespread
brain projections, extended enormously the spectrum of potential targets that could be directly
modulated by photic information. These atypical photoreceptors constitute a subpopulation of
retinal ganglion cells (RGCs), which express the photopigment melanopsin, making them
intrinsically photosensitive (ip)RGCs. One of the principal targets of ipRGCs is the
suprachiasmatic nucleus (SCN), which houses a central pacemaker that orchestrates circadian
functions. Several neuropsychiatric disorders, including major depression and seasonal affective
disorder, are characterized by alterations in circadian rhythms and sleep architecture. These
observations led to the assumption that mood/cognitive alterations induced by light are
secondary effects of circadian and/or sleep disruptions. However, recent studies have challenged
this view, raising the possibility that ipRGCs can directly affect mood-regulating and learning
centers in the brain, without altering circadian activity. Here we reveal that the direct effects of
light on learning and mood utilize distinct ipRGC output streams. The SCN is sufficient for
driving ipRGC-mediated effects of light on learning, and this occurs independently of the SCN's
pacemaker function. Mood regulation by light, on the other hand, requires an SCN-independent
pathway linking ipRGCs to a previously unrecognized thalamic region, termed perihabenular
nucleus (PHb). The PHb is integrated in a distinctive circuitry with mood-regulating centers, and
is both necessary and sufficient for driving the light effects on affective behavior. Together, these
results provide new insights into the neural basis required for light to influence mood and
learning.

Disclosures: D. Fernandez: None. S. Hattar: None.



Nanosymposium

019. Animal Cognition and Behavior: Learning and Memory: Neural Circuit Mechanisms
Location: SDCC 30B

Time: Saturday, November 3, 2018, 1:00 PM - 2:45 PM

Presentation Number: 019.01

Topic: H.01. Animal Cognition and Behavior

Support: Wellcome Trust (090954/Z/09/Z; 102409/Z/13/A)

Title: Spatial memory engram in the mouse retrosplenial cortex

Authors: M. M. MILCZAREK?Y, S. D. VANN!, *F. SENGPIEL?
1Sch. of Psychology, 2Cardiff Univ., Cardiff, United Kingdom

Abstract: It is nearly 100 years since Richard Semon coined the term 'engram’ for a memory
trace in the brain, but only a handful of studies have so far been able to identify engrams for
specific situations. The retrosplenial cortex (RSC) is a key brain area supporting spatial memory
and navigation. It receives strong inputs from the hippocampus as well as sensory, in particular
visual, cortical areas. Dysgranular RSC is densely connected with dorsal stream visual areas and
contains place-like and head-direction cells, making it a prime candidate for integrating
navigational information. We present for the first time evidence of a relationship between the
emergence and stability of retrosplenial engrams and the acquisition and retention of spatial
memory over several weeks. We employed mice expressing a short-lived version of the
enhanced green fluorescent protein (eGFP) under the control of the c-fos gene promoter. Cranial
windows were implanted over the dorsal (dysgranular) RSC of eight mice which we trained on a
spatial memory task in a radial arm maze (RAM). We used in-vivo two-photon imaging to
analyse patterns of activity of over 6000 neurons within dysgranular RSC and link them to
behaviour. Mice were imaged repeatedly over a 6-week period which comprised the acquisition
of a reference memory in the RAM at three-day intervals over 19 days, two sessions on days 25
and 43 testing the retention of long-term memory; and three control sessions including two
negative control sessions involving placement in the dark, and a positive control session
involving exposure to a novel environment. Training sessions led to an 80% reduction in visits to
non-baited arms and the formation of stable engrams which showed high levels of overlap
between each other but not with control conditions. Testing after a delay of 6 and 24 days
revealed deterioration of the spatial memory (50% and 150% more errors, respectively) which
did, nevertheless, remain above naive levels. The stability of the memory engrams was predictive
of the degree of forgetting; when tested 24 days later, mice with neuronal representations most
similar to those on the final day of training achieved the best behavioural scores. Our results
provide direct evidence for the interdependence of spatial memory consolidation and
retrosplenial engram formation and demonstrate the participation of the retrosplenial cortex in
the encoding and storage of spatial memories at the level of neuronal ensembles.
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Abstract: Vagus Nerve Stimulation (VNS) is known to enhance learning and memory in rodents
and humans. However, the mechanisms behind these cognitive improvements are unclear. Here,
we present evidence that epigenetic modulation of stress response signaling and plasticity plays a
prominent role in VNS-enhanced learning and memory. In this study, rats that received 30
minutes of intermittent VNS bursts on 4 consecutive days showed improved learning and
memory, along with changes in cortical, hippocampal, and blood transcription profiles and
epigenetic marks. Many of the significantly changed transcripts correlated with behavioral
performance in an object recognition memory task. Interestingly, similar transcriptional changes
occurred in a cohort of rats that did not participate in any behavioral task, suggesting that VNS
stimulation alone is sufficient to drive the changes. Significant VNS-induced cortical changes
included decreased stress response signaling (NF-«B) and increased neural-remodeling (ARC)
and translation elongation-related (DPH1) transcripts, while the most significant hippocampal
changes included reduced potassium channel (KCNH5), phospholipase (HRASLS), and calcium
release inhibition (CAR-8) transcripts. Despite differences in the overall transcription-change
landscape between the cortex and hippocampus, tissue from both regions showed reductions in
stress response signaling (including NF-kB), and changes in immediate early gene (IEG) and
histone-related transcripts. Reduced NF-kB signaling during VNS has been assumed to be a
downstream effect of reduced inflammatory cytokines. However, in our study, we observed few
changes in inflammatory markers, yet identified significant effects of epigenetic modulation and
stress response signaling that correlated with behavioral performance. Our results indicate that
VNS-induced learning and memory effects may be primarily mediated through non-
inflammatory, epigenetically-driven NF-«B signaling and associated effects such as double
strand break (DSB) repair at YH2A.X-marked sites. This is consistent with our transcriptional
profiling evidence and finding that DSBs were decreased in the brain tissue of stimulated rats.
Taken together, the results demonstrate that epigenetic modulation plays a prominent role in
VNS-enhanced learning and memory by 1) altering neural signaling and plasticity gene



expression through DNA methylation and histone modifications, 2) reducing stress response
signaling, and 3) promoting efficient repair of double strand breaks that occur during
transcription of plasticity genes.
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Abstract: Synaptic plasticity and neural network theories hypothesize that essential information
for specific advanced cognitive tasks is encoded in specific neuronal ensembles, within
distributed neocortical networks. But these hypothesized ensembles remain to be identified.
Suggesting that such ensembles may exist, specific subcortical areas, such as the amygdala or
hippocampus, contain specific ensembles that encode simple learning tasks. Here, using a
genetically-modified circuit that encodes essential information for an advanced cognitive task,
we showed that an identified neocortical ensemble can encode specific visual shape
discriminations.

We examined a distributed neocortical circuit that contains a critical multimodal associative area,
postrhinal (POR) cortex, for encoding visual learning. Several hundred glutamatergic or
GABAergic neurons in POR cortex received a constitutively active protein kinase C (PKC) (J
Neurosci 2005 25 8468-81). This intervention activated specific PKC substrates that play
important roles in synaptic plasticity, and increased activation-dependent neurotransmitter
release. Importantly, this intervention enhanced accuracy for specific visual shape



discriminations.

Some of the essential information for performance is encoded in the genetically-modified circuit
(PNAS 2010 107 14478-83). After gene transfer and then learning new image sets, ~21 % of
POR cortex, centered on the injection site, was ablated by lesioning, and the lesions reduced
performance selectively for the discriminations learned after gene transfer. Correlatively, during
the learning, activity was increased in the genetically-modified circuit, as shown by activity-
dependent gene imaging. The critical circuit is sparse coded and small, ~500 neurons.

Now, we show that both learning and recall require fast neurotransmitter release from an
identified ensemble within this circuit, the transduced neurons. We blocked fast release from
these neurons by coexpressing a Synaptotagmin | siRNA and the constitutively active PKC.
During learning or recall, particular signaling pathways that are required for learning are
activated in this ensemble, including dendritic protein synthesis, MAP kinase,
calcium/calmodulin-dependent protein kinase I, and CREB. Further, activity in this ensemble
during learning is required to recruit the circuit. Additionally, for image presentation after
learning, blocking the activity of this ensemble reduces accuracy, even though the remainder of
the circuit is activated. Thus, an identified ensemble within a neocortical circuit encodes
essential information for performing an advanced cognitive task.
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Abstract: Fear discrimination is critical for survival while fear generalization is effective for
recalling and avoiding dangerous situations. Overgeneralized fear is a typical symptom of
anxiety-related disorders including generalized anxiety disorder and posttraumatic stress disorder
(PTSD). Previous research has demonstrated that fear discrimination learning is mediated by
prefrontal mechanisms. To get insight into the circuit mechanisms underlying context-dependent
fear discrimination we investigated murine prefrontal neuronal ensembles representing distinct
experiences associated with learning to distinguish between dangerous and similar yet distinct
harmless stimuli. We evaluate large-scale neuronal activity patterns in response to dangerous and
safe contextual stimuli within prelimbic (PL) and infralimbic (IL) subdivisions of the medial
prefrontal cortex (mPFC) during different phases of fear discrimination learning to uncover the
neural mechanisms underlying the ability to distinguish between danger and safety. Tagging
neural ensembles of contextual fear memories was performed using an immediate early gene Arc
-based tetTag bi-transgenic genetic system in mouse mice. Neuronal activity at a population level
can be effectively studied the learning brain using the tetTAG system, in which neuronal
activities can be persistently labeled during two specific experiences. Here we show profoundly
distinct quantitative activation differences in response to dangerous and non-dangerous
experiences as well as modulation of neuronal ensembles associated with successful fear
discrimination learning. Our study suggests that fear discrimination learning is associated with
modulation of prefrontal memory representations in a subregion- and experience-specific
fashion, while appropriate responses to dangerous and non-dangerous experiences are driven by
updated and re-balanced prefrontal ensembles of context-fear functional relationships.
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Title: In vivo imaging of memory formation: Highly sensitive CAL1 neurons in the hippocampus
are preferably recruited to encode trace fear memory



Authors: *X. CHEN, L. ZWEIFEL?, S. LU?, L. QIU?, D. STORM?, Z. XIA?
1Univ. of Washington, Seattle, WA, 2Dept. of Molecular, Cell. and Biomed. Sci., Univ. of New
Hampshire, Durham, NH

Abstract: Memory is thought to be encoded by sparsely distributed neuronal ensembles in
memory-related regions. However, it is unclear how neurons are selected to encode a memory
and how they react during learning and memory recall. We implemented fiber-optic fluorescence
confocal endomicroscopy to directly visualize calcium dynamics in hippocampal CA1 neurons in
freely behaving mice, which are subject to a paradigm of trace fear conditioning. Here we report
that a portion of highly active CA1 neurons (~13 %) prior to training, coined “Lead Neurons”
henceforth, play a critical role in memory formation. Lead Neurons exhibited high sensitivity to
external stimuli and were very labile to modify their activity pattern. After 3-4 cycles of tone and
foot-shock paired training, the activity dynamic of Lead Neurons was drastically modified from a
random active pattern to a pattern in which activities were elicited by (or in phase with) tone and
foot shock. Intriguingly, the modification of activity pattern coincided with the appearance of
freezing behavior of mice. Further, Lead Neurons preferably re-activated in a manner that their
activity pattern was also modified responding to an unconditional stimulus (tone) during recall.
Repetitive trainings also caused some moderately active neurons (~22% of total) to modify their
activity pattern in response to a tone in learning, however, these neurons’ re-activation was much
more difficult to observe in recall. The remaining approximate 65% CA1 neurons were silent:
they failed to respond to tone and foot-shock throughout the learning and recall cycles. We
conclude that the engram of trace fear memory preferably recruit Lead Neurons, which are
highly active prior to training, and whose activity pattern is readily modified by external cues
during learning.
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Abstract: MJE and MA contributed equally to this work.

mMRNA translation regulation is pivotal for memory formation. A key molecule regulating
protein synthesis on the initiation level is eukaryotic initiation factor 2 (elF2). We have shown
before that genetic or pharmacological reduction of elF2a phosphorylation on Ser 51 enhances
the formation of long term memory (LTM) and late phase LTP (Costa-Mattioli et al 2007). Here
we aim at extending these findings to identify the specific cell types in which elF2a
dephosphorylation subserve the behavioral and electrophysiological phenotype. We used the
conditional eIF2a Ser514A:fTg* mutant mice with cre expression under cell-type specific
promoters to study the molecular mechanisms by which elF2 regulates brain function. We found
that selective reduction of elF2a phosphorylation (p-eIF2a) in excitatory neurons of the dorsal
hippocampus enhanced spatial learning and contextual fear conditioning. In addition, the reduced
p-elF2a facilitated the conversion of a transient early long-term potentiation (E-LTP) into a
sustained late phase LTP (L-LTP) in hippocampal sections. Moreover, local reduction of p-eIF2a
in excitatory neurons in the insular cortex or basolateral complex of the amygdala, two brain
regions that are critically involved in the acquisition and consolidation of conditioned taste
aversion (CTA), enhanced CTA memory. These findings provide evidence that modulating p-
elF2a levels specifically in excitatory neurons regulates memory consolidation in different brain
regions. Deciphering the mechanisms by which levels of elF2a phosphorylation controls
cognitive functions advances our understanding of the molecular basis of memory formation in
the healthy and disease brain.
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Abstract: Medial prefrontal cortex (mPFC) supports flexible goal-directed behavior. Recordings
of mPFC in awake, behaving rats have revealed a wide range of task-related responses, including
activity related to preparation, movements, task-dependent actions, anticipation and delivery of



reinforcement, errors, memory delay, behavioral rule, and spatial context. Subcortical structures
such as the thalamus likely interact with mPFC to control executive functions. There is little
known about how high-order nuclei in central thalamus, including the mediodorsal (MD)
nucleus, shape information sent to mPFC. Lesion and inactivation studies indicate that
interactions between MD and mPFC support the acquisition of new information. Previously, we
have examined the effects of unilateral pharmacologic inactivation of MD on the activity of
mPFC neurons in rats performing a delayed non-match to position task (DNMTP). Our results
show that thalamic inactivation disrupts signal-to-noise properties of mPFC neurons independent
of whether overall activity increases or decreases in firing rate during the inactivation period.
Pharmacological inactivation, chemogenetic and optogenetic manipulations all support a role for
MD in influencing cortical activity, but is MD critical for the acquisition of complex decision-
making tasks? To investigate if MD shapes the response types that develop in mPFC to support
task-relevant behavior we lesioned MD in one hemisphere before exposing rats to the DNMTP
task. The unilateral lesions did not interfere with the ability of rats to learn the DNMTP task.
Once trained to criterion we implanted driveable tetrode arrays in both hemispheres of mPFC (4
tetrodes in each hemisphere). Types of event-related responses, firing rate, and signal-to-noise
properties of MPFC neurons were compared between the ipsilateral and contralateral
hemispheres. Cortical neurons collected from ipsilateral mPFC showed restricted event-related
response types and differences in the onset/ offset of critical activity periods. Our results support
the hypothesis that MD is important for the acquisition of neural responses in mPFC that mediate
performance on complex decision-making tasks.
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Abstract: The perceived durations of sensory stimuli are modulated by various physical factors
of the stimuli (e.g., intensity, size, or number). In the present study, we investigated the effects of
constancy/randomness of time intervals in auditory stimulus sequences on the perceived duration
of the stimulus sequences. Participants (N = 24) received two consecutive auditory stimulus
sequences and judged whether the duration of the second sequence (comparison stimulus
sequence, C) was longer or shorter than that of the first sequence (standard stimulus sequence,
S). Each stimulus sequence comprised pure tones (1000 Hz, 10-ms duration). The number of
tones was fixed at 17 for S but varied between trials from 11 to 23 for C. For the time intervals
between the tones, we set two conditions: constant and random. In addition, the time intervals
were fixed at 39.375 ms in the constant condition (duration of S: 800 ms) but varied from 12 to
66 ms in the random condition (durations of C: 503.75 - 1096.25 ms). We calculated the points
of subjective equality (PSEs) from the ratios of "C was longer than S" responses as a function of
the durations of C. The PSE results (Fig. 1) indicated that the participants perceived the durations
as being longer for the stimulus sequences with the constant time intervals than for those with
random time intervals, even though these durations were actually identical. Recently, Sasaki and
Yamada (2017) reported that the perceived durations were longer for visual stimuli with regular
dot patterns than for those with random dot patterns, suggesting a similarity of the constancy
(regularity)/randomness effect on duration perception between time and space. We discuss
possible neural bases of the constancy/randomness effect on subjective duration, based on the
neural energy model (Eagleman and Pariyadath, 2009).
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Fig. 1. Points of subjective equality (PSEs) calculated from the ratios of “C was longer than S”
responses as a function of the durations of C (S: standard stimulus sequence, C: Comparison
stimulus sequence). The shorter (longer) PSEs imply that participants perceived C as being
longer (shorter) than S. Error bars denote the standard error of the mean (SEM). The paired t-test
with the Holm correction was used for the multiple comparisons.
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Abstract: The current study aimed to investigate the influence of predictions generated by the
brain on auditory processing using scalp-recorded electroencephalography (EEG) and subdurally
recorded electrocorticography (ECoG). Recent literature suggests that predictions modulate
sensory activations. To investigate how predictions are implemented, we recorded signals from
STG directly from the cortex. Subjects were patients with medically refractory epilepsy who
were implanted with electrodes (spaced between 3 and 10 mm) covering STG. ECoG signals
were recorded while subjects listened to a sequence of phonemes in a regular pattern La-La-Ba;
La-La Ga with fixed ISI. The ‘Ba’ and ‘Ga’ phonemes were infrequently omitted from the
sequence, enabling us to isolate internal prediction processes in the absence of stimulus-evoked
activity. The prediction literature suggests that omission signals would be maximal in sites that
were active to auditory stimuli. However, our analyses confirmed broadband gamma (70-150
Hz) responses to omissions that overlapped with only a posterior subset of auditory reactive
electrodes in the superior temporal gyrus (STG) and -sulcus (STS), during a time-window of
100-300ms (p<0.05, cluster permutation corrected). In overlapping electrodes on the posterior
STG, we also measured a negative potential ERP peaking around 200ms (p<0.05 cluster



permutation corrected). This intracranial ERP overlaps with previous source-modeling
approaches in MEG using an omission paradigm (Raij et al, 1997), and may be related to the
omission N2 (Naatanen & Picton, 1986). In a parallel EEG study in healthy subjects performing
the same task, we revealed a clear P3a ERP response to omissions. The ECoG broadband gamma
and ERP activations occur in a region previously indicated in (auditory) salience detection
(Downar et al, 2000). Together with the P3a response measured in EEG, our results suggest that
these ECoG activations may be a signature of an important node in auditory salience detection
signaling. Overall, this dataset provides a unique insight relating broadband gamma activations
to ECoG and scalp ERPs. We propose that the posterior STG is central for implementing
predictions and signaling mis-predictions in the auditory environment.
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Abstract: How much of the past does the brain use in order to predict the future? The brain
continuously monitors the history of environmental sounds it receives in order to make
predictions about those to come, allowing individuals to detect sudden, unexpected changes that
might be important to survival. However, natural environments vary drastically in their temporal
richness-- integrating auditory history over a rigid time window might afford more or less
prediction-relevant information, depending on the speed at which new information arrives. What
determines the amount of stimulus history integrated by the brain for the purpose of prediction: a
period of time, or a quantity of information? We investigated whether temporal windows of
sensory information adjust flexibly to different speeds of stimulus presentation, or whether this
integration is limited by a fixed time window (e.g., due to the low-level biological time constants



which govern signalling in circuits and single neurons). We used magnetoencephalography
(MEG) to record the neural activity of human subjects in response to naturalistic auditory
sequences which were sped up or slowed down. These sequences were tone series whose pitch
fluctuations follow the power spectral patterns found in the statistical structure of many natural
soundscapes. Using sequences with three distinct presentation speeds, we asked whether history-
tracking neural activity carried information about a fixed number of previous tones or a fixed
previous time window. We found that humans are indeed capable of exploiting the naturalistic
statistical structure of an auditory sequence in order to make valid predictions about an upcoming
stimulus, and that slow, arrhythmic neural activity continuously integrates past information in a
moving-window fashion to form the neural basis of such predictions. Importantly, we found that
the amount of stimulus history integrated by neural activity at a given time point is limited by the
quantity of informational units presented (i.e., the number of tones), rather than the time period
over which they are presented (i.e., the number of seconds). Our findings therefore suggest that
the neural activity underlying naturalistic sensory predictions is built on a window of history
integration which adjusts flexibly in time, depending on the rate of information arrival.
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Abstract: How long does it take for a tennis ball to reach the opposite side of the court once hit
it? And how long does it take for a music note or a dance movement to be executed? The answer
to these questions is likely different and concerns a time range spanning from hundreds of
milliseconds to a few seconds. The neurophysiological mechanisms underlying the capacity of
producing and decoding such a variety of temporal information remain unclear. In a recent fMRI
study, we measured human brain activity at ultra-high field (7T) while asking participants to



discriminate visual stimuli of four different durations (ranging from 0.2 to 1 second).

The results identified the existence, in the Supplementary Motor Area (SMA), and in the medial
and lateral Inferior Parietal Lobule (IPL) of the left hemisphere, of neuronal units maximally
responsive to each of the four different durations (“duration selective). To investigate the
functional relationship between IPL and SMA in processing the four different durations we
employed dynamic causal modeling (DCM) and assessed the effective connectivity between
duration selective portions of SMA, IPL medial and lateral in a 12-nodes network (i.e., 4
durations by 3 areas).

We compared 18 networks, which, according to their connections, their modulation by stimulus
presentation as well as their input-region, could be classified in 3 main families: a) stimulus-
duration independent, b) only partially stimulus-duration dependent or c) totally stimulus-
duration dependent. The Bayesian model selection of these networks models identified as the
best, the model that had all connections between the 12 nodes of the network but whose
connections and input regions were modulated in a duration-specific fashion. These findings
identify duration-sensitive tuning as a neural mechanism underlying the perception of time and
shed light into the directionality and specificity of the connections between IPL and SMA in time
processing.
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Abstract: It is well-known that faces lead to greater fMRI activity than non-faces in several
areas along the ventral visual pathway, whereas tools lead to greater activity than non-tools in the
dorsal pathway. Moreover, multi-voxel pattern analyses (MVPA) of fMRI activation have shown
reliable encoding of various object categories including faces and tools in the ventral pathway.
By contrast, the dorsal pathway is often hypothesized to be the perception-for-action pathway,
and therefore less sensitive to visual object categories but quicker in processing the temporal
dynamics of stimulus change. However, little is known about how activation patterns in both



pathways may change according to the temporal dynamics of stimulus change. Here we
compared the temporal bottleneck of face versus tool MVPA in the two visual pathways. By
using a slow event-related design, we measured fMRI activation patterns corresponding to three
stimulus presentation conditions: 1) a face was shown the first followed by a tool; 2) a tool was
shown the first followed by a face; 3) overlapping face and tool were shown simultaneously.
Participants were asked to classify the three stimulus presentation conditions. Moreover, in the
first two conditions, the inter-stimulus interval (1SI) between the first and second stimulus varied
at 5 levels (0, 33, 67, 133, 267 ms). Regions of interest (ROISs) in both visual pathways were
functionally localized with separate scan runs by contrasting brain activation corresponding to an
independent set of faces images versus tools images that were not used in the main experimental
runs. In addition, we anatomically localized the V1 (BA17) for comparison by using Talairach
coordinates. MVVPA of these ROIs were conducted to classify the three stimulus presentation
conditions, revealing that ISI significantly modulated activation pattern change that also
correlated with behavioral response accuracy results. Specifically, longer ISI led to better
behavioral response accuracy corresponding to higher classification accuracy in both the ventral
and dorsal pathways, but different ROIls differ in responses as a function of the ISI. These results
are the first to show how temporal dynamics of stimulus change as rapid as <50 ms modulated
multi-voxel fMRI activation pattern change. And such temporal dynamic response function in
different ROIs along the two visual pathways may shed lights on understanding functional
relationship and organization of these ROIs.
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Title: Virtual reality exposure affects performance in a motor time perception task
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Abstract: Although virtual reality is a valuable tool for mimicking real-world conditions, the
complex dynamics of incoming sensory information are often poorly replicated in the virtual
space. The effects of exposure to these unlearned sensory correlations are not well understood,



particularly with respect to the impact on sensorimotor processing and time perception. This
work focuses on performance in motor and non-motor time perception tasks following virtual
reality use. We asked 18 participants to reproduce the interval of a rotating probe whose duration
and velocity varied over trials. The task consisted of two variations: Participants reproduced the
spatiotemporal trajectory of the probe with a mouse in the 'motor’ task, and they pressed a button
to signal the start and end of the interval in the 'non-motor’ task. These time perception tasks
were completed pre- and post-exposure to dynamic virtual reality content in a block-
counterbalanced order. In addition to experiencing the standard virtual reality task, one group of
participants also had their movements coupled to the speed of events that occurred in the virtual
space. We expected this novel action-perception relationship to affect motor time perception
performance. Highlights of our findings include a motor-specific adaptation effect that varied
depending on the duration and velocity of the probe motion. We also identified an interaction
between the probe dynamics and spatiotemporal movement coupling in virtual reality. The
findings provide valuable insights into the impact of virtual reality on time perception, which is
of timely interest given the impending growth of the virtual reality user-base.
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Abstract: Psychophysical studies demonstrate that our sense of time can be altered by
perceptual and cognitive factors such as stimulus repetition, motion, and stimulus size or
number. For example, repeated exposure to a stimulus of a specific duration produces negative
aftereffects when people are asked to judge the duration of stimuli of varying duration: Stimulus
durations are over-estimated following exposure to a short adaptor and under-estimated



following exposure to a long adaptor. In a recent fMRI study, the BOLD response in the right
supramarginal gyrus (SMG) showed duration-specific repetition suppression, suggesting that
neural populations in the right SMG are tuned to specific durations (Hayashi et al., 2015 PLoS
Biology). However, it is unclear whether the duration-specific repetition suppression in the right
SMG is associated with changes in subjective time following psychophysical adaptation. Here,
we show evidence that these two phenomena are linked. In an fMRI adaptation experiment,
duration perception was assessed by having participants (n = 18) judge if a visual stimulus of
variable duration (test duration = 350-650 ms) was shorter or longer than an auditory stimulus of
fixed duration (reference duration = 500 ms). In adaptation blocks, the duration judgments were
preceded by an adaptation period in which a visual stimulus of 250 ms duration (‘Short” block)
or 750 ms duration (‘Long’ block) was repeatedly presented for 30 times. In baseline blocks,
there was no adaptation period. We opted to use a cross-modal comparison so that the effects of
adaptation from a visual adaptor would be limited to the test stimulus. Relative to the baseline
block, we obtained robust negative aftereffects (mean shifts in point of subjective equality (p <
0.05): Short = 487 ms; Baseline = 533 ms; Long = 568 ms). In a region-of-interest analysis
focusing on right SMG, the BOLD response time-locked to the offset of the test stimuli showed
context-dependent repetition suppression: Activation was smaller (suppressed) to stimulus
durations that were most similar to the adaptor duration. Moreover, individual differences in the
size of the behavioral aftereffects correlated with the magnitude of the repetition suppression
effect in the right SMG. In a whole-brain analysis, repetition suppression effects were also found
in the bilateral middle occipital gyrus; however, the changes here were not correlated with the
behavioral changes. These results suggest that population coding of duration in the right SMG
reflects subjective time. Whether this representation is reflective of absolute or relative time
remains a question for future study.
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Abstract: Background:

Similar to its role in the fine-tuning of motor skills, the cerebellum may also contribute to
cognition through sub-second time perception, probabilistic sequence learning, and organization
of strategy. Problems with timing and coordination in cognition may underlie a variety of
cognitive deficits observed in people cerebellar ataxia, a disorder caused by progressive
cerebellar degeneration, yet few studies have investigated into this area. In this study, we
combined several tasks to assess timing and sequencing aspects of cerebellar cognitive function.
Methods:

Three tests were administered to 18 cerebellar ataxia patients and 20 matched healthy controls:
1) Tapping to Cued Frequencies: Participants were asked to tap in time with a flashing cross.
Four frequencies were tested (1, 2, 3, and 4 Hz) with 3 blocks at each speed, and the order of the
blocks was randomized. Speed was then compared to target frequencies, and participants were
asked to report the number of frequencies.

2) Implicit Sequence Learning: In each trial, a star appeared in one of four quadrants on a
computer screen, and participants pressed a corresponding button on the keyboard. There were
12 blocks of 102 trials, in which the first and last blocks represented entirely random locations,
and the middle 10 blocks contained random moves and pattern moves, where the pattern was
based on directions rather than locations. Reaction times were recorded for each trial.

3) Tower of London: Participants rearranged three circles on a row of pegs in order to match a
pictured goal state. There were 10 trials; each required a minimum of 4 to 7 moves to complete.
Number of moves and time to complete were recorded.

Results:

Tapping to Cued Frequencies: Ataxia patients tapped with less accuracy than controls. They
were faster than controls at 1 Hz but slower at 4 Hz.

Implicit Sequence Learning: Both groups improved reaction time across blocks, indicating
general motor learning. However, only the control group showed sequence learning, as revealed
by a separation in RT between pattern and random trials.

Tower of London: The ataxia patients made more excess moves, and took more time to complete
trials, than did controls.

Correlations: In ataxia patients, greater sequence learning was associated with precise timing
while tapping and with fewer excess moves on Tower of London. These associations were not
observed in controls.

Conclusions:

These preliminary results suggest that cerebellar ataxia patients have a reduced ability to perform
accurate timing and sequencing as a part of cognition, and this mechanism may underlie the
various cognitive deficits reported in people with cerebellar damage.
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Abstract: Interval timing refers to the entrainment of behavior in the range of seconds-to-
minutes. Interval timing is often studied in humans using a temporal bisection task. In this task,
individuals are trained to respond ‘short’ following a short-anchor (e.g., 2 s) and ‘long’ following
a long anchor (e.g., 8 s). After this training, individuals are typically tested with arithmetically or
logarithmically spaced non-reinforced intermediate durations. Interestingly, the duration at
which individuals respond ‘long’ equally as often ‘short’ (the point of subjective equality, or
PSE) appears to depend on the spacing of these intermediate durations. Accounting for these
shifts is not trivial: Bayesian models that have yielded important insights on human interval
timing are often constructed under simplifying assumptions that are analytically convenient, but
do not easily allow for exploration of likelihood functions (spacing of intermediate durations) or
priors (generated during anchor training). We outline a simple Bayesian pacemaker-accumulator
model of interval timing that constructs the prior distribution, likelihood function, and posterior
distribution (from which choice behavior is derived) of expected durations on a trial-by-trial
basis via kernel density algorithms. This results in a bimodal posterior distribution of expected
durations, with a mode centered near the short-anchor, and the other mode centered near the
long-anchor. The model then chooses ‘short’ or ‘long’ by setting the response threshold at the
interval associated with the minimum probability between the two modes; if the interval is below
that threshold the model chooses ‘short’; if the interval is above that threshold the model chooses
‘long’. This simple model accounts for the effect of differences in likelihood functions (e.g., anti-
logarithmic, super-logarithmic, logarithmic, and arithmetic spacing of intermediate durations) on
temporal bisection performance in humans. Additionally, the model makes predictions about the
effect of prior distributions and the abruptness of the transition between training and testing on
temporal bisection performance in humans. Thus, this model provides a new test bed in which to
formulate and test hypotheses about the sensitivity of temporal bisection performance to the
mean and variance of anchor durations and the spacing of intermediate intervals.
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Abstract: Perceptual learning (PL) constitutes one of the most ubiquitous and profound forms of
plasticity in the adult nervous system. Despite evidence in support of PL in multiple sensory
systems, a long-standing controversy is whether PL reflects changes in the intrinsic
representation of a sensory stimulus (e.g., sharpening of tuning functions) or updated higher level
neural changes that is specific to the trained task (e.g., optimization of behavior). Here using a
two-stage temporal discrimination task, we sought to address this dichotomy in the domain of
time perception. If learning of a temporal interval occurs only due to changes in the inherent
representation of a temporal stimulus, performance improvements on one task (e.g., increased
sensitivity to the trained interval) should completely transfer to a secondary task. If learning
results from changes in neural structures specific to the trained task, improvement on one task
should be largely confined to the trained task structure, no transfer to a secondary task should
occur. In the present study, participants were trained for five days on a 2AFC task comparing the
duration of a short auditory tone with a reference interval from memory. Before and after
training, a threshold estimate was also obtained on a separate (secondary) task, involving the
comparison between two auditory intervals. The intervals used during the training and testing
stages were identical. If PL of a temporal interval reflects changes in the intrinsic representation
of the stimulus, learning of the interval itself should occur and result in a complete transfer
between the training and testing stages. On the other hand, if PL of temporal interval depends on
optimization of higher level neural structures, improvements on the training task should not
transfer to the testing phase, due to differences in task demand. Using a fitted logistic regression,
individual sensitivity thresholds during the five training days were estimated, revealing a
significant improvement in performance across days. In contrast, a comparison of performance
on the secondary task during pretest (Day 1) and posttest (Day 7) sessions revealed no changes in
performance. These results are the first to demonstrate a lack of task-independent learning of
time and suggest that PL of temporal intervals at least partially reflects higher-level reweighting



or decision unit changes. Our findings provide grounds for constructing a unifying framework of
PL and address a critical dichotomy between associative and representational learning at a
systematic level.
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Abstract: Inhibitory guidance cues limit regeneration of injured neurites by preventing their
normal outgrowth and extension. The actin cytoskeleton, playing a central role in growth cone
protrusion, has been identified as an important target to enhance neurite regeneration and neurite
extension. Targeting different isoforms of the actin-associated tropomyosin proteins, key
regulators of actin filament dynamics, enables us to manipulate specific aspects of neuronal
morphogenesis. Here, we investigated manipulating expression levels of tropomyosin isoform
Tpma3.1 as a potential candidate for overcoming inhibitory effects of the substrate Nogo-66 in a
novel microfluidic device-based assay system. The designed microfluidic device allows wild-
type and human Tpm3.1 (hTpm3.1)-overexpressing mouse hippocampal neurons to grow in
close proximity to the inhibitory substrate Nogo-66. We show that neurons that overexpress
hTpma3.1 have a 2-fold greater ability to extend neurites into and past the area coated with Nogo-
66. Our research is further establishing isoform-specificity in impacting neurite growth. In
conclusion, we propose Tpm3.1 as a potential target for overcoming inhibitory environments for



neurite growth in the central nervous system, promoting advancement of neurite outgrowth, and
restauration of connectivity in the brain after injury or in neurological conditions.
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Abstract: Long distance transport within axons is essential for neuronal function and viability,
and transport defects have been implicated in Alzheimer’s disease. Defects in transport could
occur due to improper regulation of molecular motors. Previously we found that reduction of
Presenilin (PS) stimulated APP vesicle motility and decreased active GSK3f3 and motor binding
to membranes. Reduction of GSK3 also showed a similar effect, while excess GSK3f caused
axonal blockages likely via increased motor binding to membranes. Together, these observations
indicate that PS and GSK3p are functionally coupled during axonal transport. Here, using
Drosophila genetics, we report findings to suggest that PS likely functions as a scaffold, whereby
it uses its loop region to sequester GSK3p away from motors for proper regulation of motor
functions. We found that functional PS with an intact loop was essential to rescue GSK3§-
mediated axonal transport defects. Further, active GSK3p associated with and phosphorylated
kinesin-1 in vitro. To test whether GSK3B-mediated phosphorylation of kinesin-1 is required for
motor function we are generating phospho-active and phospho-inactive KHC mutant lines.
Therefore, our work highlights a key role for PS and GSK3f in controlling motor activity during
axonal transport.
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Abstract: Leucine-rich repeat kinase 2 (LRRK?2), a multi-domain protein, is a one of the causal
factors in Parkinson’s disease. Numerous studies revealed that LRRK?2 regulates membrane
trafficking, including synaptic vesicle endocytosis. We discovered a novel function of LRRK2 in
axon guidance. We found previously that Wnts provide directional cues for axon growth through
the planar cell polarity (PCP) pathway. We also showed that phosphorylation of Frizzled3, a key
component of PCP signaling in axon guidance, regulates its trafficking. While searching for
kinases that regulate Frizzled3 phosphorylation, we found that LRRK2 promotes
phosphorylation of Frizzled3. To determine the role of LRRK2 in axon guidance during
development, we generated LRRK1 and LRRK2 knockout mice using CRISPR/Cas9 system. In
LRRK1/2 DKO embryos, surprisingly, we observed defects of axon guidance events regulated by
Wnt/PCP signaling. These findings reveal the previous unknown functions of LRRK2 in axon
guidance through regulating Wnt/PCP signaling.
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Abstract: DAPK1 is an ER stress-responsive S/T kinase, responsible for caspase activation and
autophagy, resulting in cell death. It regulates both type | apoptotic (caspase-dependent) and type
Il autophagic (caspase-independent) cell death signals and act as a tumor suppressor gene, by
promoting autophagy and apoptosis. Cerebral ischemia recruits DAPK1 to NMDA receptor
complex subunit NR2B by direct binding to its carboxyl terminus, triggering phosphorylation of
NR2B subunit at Ser-1303, inducing Ca?*influx through NMDA receptor channels, resulting in
an irreversible neuronal death. Increased Ca?* level induces cleavage of CDK5 regulator p35 into
p10 and p25 leading to hyperactivation of CDK5. Here we report that both normal (CDK5/p35)
and hyperactive (CDK5/p25); can phosphorylate DAPK1 derived peptides. We also showed that
DAPK1 overexpression induced the death of cortical neurons and this can be rescued by
treatment with TP5, a peptide inhibitor of the hyperactive CDK5. Using NetPhos 3.1 server we
analyzed the predicted phosphorylation sites in DAPK1 and identified seven putative CDK5
phosphorylation sites. We designed small peptides spanning to these seven regions and tested
their activity using normal and hyperactive CDK5 in vitro. All the seven DAPK1 derived
peptides were phosphorylated by normal CDK5, however, we noted an increased
phosphorylation of three peptides (T480, T579 and T612) with CDK5 compared to other
peptides. Further studies on phopshorylation of theses peptides using hyperactive CDKS5 revealed
an increase in their phopshorylation compared to normal CDKS5. These results suggest a critical
role of residues T480, T579 and T612 in the modulation of DAPKZ1 activity in pathological
conditions where CDKS5 is hyperactive. We have not seen any phosphorylation activity with
peptides with alanine substitution of S/T residues of the respective sites. To test the DAPK1
mediated neuronal death we overexpressed DAPKL in cortical neurons in addition to GFP
reporter. Treatment of cultured neurons either with 500nM of TP5 peptide or with 1X PBS as
control, we followed their morphology at day in vitro (DIV) 6, 12 and 17. Over expression of
DAPKT1 in cortical neurons shrunken their morphology in the transfected cells. However



treatment of neuronal cultures with 500nM of the TP5 rescued the shrunken morphology to
normal level. These observations indicate a role of CDK5 mediated phosphorylation of DAPK1
that was inhibited by TP5.
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Abstract: The endocannabinoid (eCB) system plays crucial roles in brain wiring during
development, particularly in modulating axonal pathfinding and fasciculation. These processes
are significantly highlighted due to the cortical wiring defects and neurodevelopmental disorders
generated by abnormal eCB stimulation during pregnancy. Interestingly, humans disorders such
as intellectual disability, cerebral cortical malformations, autism and epilepsy have been recently
associated with somatic mutations in genes encoding the kinesin-1 molecular motor complex.
Therefore, we dive into a relevant question directed to unravel whether axonal transport
mechanism of cannabinoid receptors has a role in wiring and pathfinding processes that are
necessary for normal neuronal development. Here, using genetically modified mice with KLC1
deletion and a combination of axonal tracing staining techniques in mice brain, live-cell imaging
analysis of fluorescent CB1 receptor axonal transport, biochemistry, and immunofluorescence
we tested whether KLC1 motor subunit has a functional significance in eCB signaling. Our main
conclusions are that: 1) axonal transport supported by kinesin-1 is necessary for axonal
pathfinding and fasciculation of corticofugal and thalamocortical axons; 2) kinesin-1 mediates
the axonal transport, localization and presentation of CB1R in growth cones; 3) defects in CB1R
axonal transport triggers dysfunctions in eCB-dependent axonal growth cone rearrangement and
outgrowth; and 4) actin remodeling defects and impaired cofilin activation due to abnormal
CBI1R signaling mediate the pathfinding impairments in KLC1” neurons. All together, we
demonstrated that kinesin-1 motor function is necessary for brain wiring of eCB-dependent
pathways and the brain wiring abnormalities in KLC1 mutant are proposed through CB1R



axonal transport defects that impair it signaling. Our work stress a novel and relevant proposition
directed to understand how trafficking of guidance receptors that depend on motor proteins,
contributes to the complex process of brain wiring. These results shed light towards
understanding the mechanistic underlying of several human brain wiring developmental diseases
in which kinesin-1 mutations lead to severe failures in neuronal connectivity.
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Abstract: The pleotropic cytokine interleukin-6 (IL-6) is implicated in neuronal viability and
proper CNS development. IL-6 is constitutively expressed in murine retina and changes in IL-6
expression are associated with a variety of ocular disorders and injuries, including retinal
ganglion cell (RGC) degeneration. The role of constitutive IL-6 signaling in retina and its impact
on visual function and retinal physiology is currently unknown. Here we examined outcomes of
structural and functional physiology in the early visual pathway of mice with germline IL-6
deficiency (IL-67"). Neonatal (P3, P7, P21) or adult (2-3 mo) male and female IL-67 mice
(B6.129S2-1L6'™kPf/7) and respective genomic controls (B6129SF2/J) were used in all
experiments. In situ hybridization studies indicated that IL-6 is expressed by RGCs throughout
post-natal development and in maturity. IL-67- mice exhibited alterations in the amplitude and
latency of the N1 depolarization event of visual-evoked potentials (p<0.05 for both) that did not
translate to altered visual acuity (p>0.05). IL-6 deficiency had the greatest impact on function
and structure of RGC axons. Histological and neural tracing studies revealed enlargement of the
RGC axoplasm (p<0.05), a reduction in the rate of anterograde axon transport (p<0.05) and
disruption of microtubule morphology in IL-67" mice, as compared to WT. The latter was also
noted elsewhere in the CNS, suggesting that IL-6 may modulate axon structure in neurons more



generally. Protein expression studies showed differential spatial expression of microtubule
proteins and microtubule-associated proteins in the retina vs optic nerve in IL67- mice compared
to WT mice. Acute IL-6 replacement largely mitigated axon transport and microtubule
phenotypes, suggesting that IL-6 likely influences RGC axons both during development and in
maturity. Our findings identify, for the first time, the structural and functional aspects of RGCs
and their axons that are influenced by constitutive I1L-6 signaling and provide indications for how
IL-6 may promote RGC growth and repair. These findings have significant implications for our
understanding of constitutive functions for IL-6 as well as for therapeutic targeting of IL-6 in the
retina and optic nerve and elsewhere in the CNS.
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Abstract: In the Drosophila nervous system, hundreds of genes express alternative mRNA
isoforms with extended 3" UTRs. However, the functions of extended 3" UTR isoforms in neural
development remain unclear. The Dscaml gene is essential for neural development, and
generates short (Dscam1-S) and long (Dscam1-L) 3" UTR isoforms. We found that Dscam1-L
biogenesis is controlled by the neuronal RNA-binding protein Embryonic Lethal Abnormal
Visual System (Elav). Specific knockdown of Dscaml-L in neurons caused death in early
adulthood and impaired axon guidance. Using long-read nanopore sequencing, we found that
extended 3" UTR transcripts preferentially skipped exon 19. This alternative splicing event was
found to be also controlled by Elav. Thus, Elav controls Dscam1l processing at both the levels of
alternative splicing and alternative polyadenylation to generate mMRNA isoforms that are essential
for neural development.
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Abstract: Autism Spectrum Disorders (ASD) refers to a range of complex neurodevelopmental
phenotypes with characteristic symptoms of social interaction difficulties, restricted interests and
repetitive behaviors, as well as verbal and non-verbal communication deficits. Though numerous
genomic abnormalities have been associated with ASD in patients, very little is known about the
circuits disrupted in ASD and how they drive or contribute to aberrant behavioral phenotypes.
Using a mouse model, we are examining effects of the most common de novo Copy Number
Variant (CNV) found in patients with ASD - 16p11.2 microdeletion - on learning, behavioral
flexibility, motivation, and innate behaviors like feeding. We hypothesize that disruption of
circuitry controlling these fundamental processes may give rise to the repetitive behaviors,
deficits in inhibition learning, anxiety and obesity characterized in patients with the
microdeletion. Our data suggests that mice harboring 16p11.2 microdeletion exhibit repetitive
behaviors, are less flexible in learning new behavioral contingencies, and have generalization in
fear learning. Further, electrophysiological data in these animals suggest that specific amygdala
circuitry involved in these behaviors may have elevated activity. Importantly, we have identified
several non-overlapping behavioral phenotypes in male and female 16p11.2 microdeletion
animals. These differences in behavior across sexes may provide insight for understanding sex-
specific phenotypes of Autism Spectrum Disorders in humans.
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Abstract: Autism Spectrum Disorder (ASD) is one of neurodevelopmental disorders and
characterized with persistent impairments in social communication and social interactions as the
core symptoms. Epidemiological studies suggest significant association between paternal aging
and the ASD in offspring. However, how paternal aging makes an impact on the offspring’s
early communicative behavior is enigmatic. With the aim of detecting ASD, we measured body
weight and ultrasonic vocalization (USV) induced by maternal separation of pups derived from
young (3 months) or aged (>12 months) fathers at postnatal day 3 (P3), P6, P9 and P12. Then we
further analyzed the duration,maximum frequency and maximum amplitude of USV syllables
that were classified into 12 types according to Scattoni et al. (PLoS One, 2008) with minor
modifications. Our results demonstrated a general delay in body weight gain across early
postnatal developments. A trajectory of syllable development in pups derived from aged fathers
showed reduction in the number, duration and sum duration of total syllables during the period
we observed. Furthermore, detailed syllable analyses indicated a delay in the number of syllable
types during developments because of paternal aging. Pups derived from aged fathers emitted
significantly less types of syllables from P3 to P12. A complex type of syllable “wave” was
absent in the pups from aged fathers at P3. We also found a significantly different composition
of the syllable number and percentage of 12 different types between the pups derived from
young and aged fathers. The pups derived from aged fathers showed increased percentages of the
simple syllables such as “downward”, “flat” and “short”, conversely decreased percentage of
complex syllables such as “wave”, “chevron”, “one jump” and “more jump”. Moreover, the pups
derived from aged fathers emitted the syllables of “upward”, “short”, “chevron”, “wave” and
“one jump” with lower maximum frequency. Overall, our results reveal for the first time a
significant influence of paternal aging on USV development in the early postnatal days with
qualitative and quantitative aspects.
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Abstract: The Zika virus (ZIKV) has gone from a little known pathogen to a confirmed human
teratogen resulting in the most difficult emergency health response ever undertaken by the
Centers for Disease Control. Infection of pregnant women has been linked to a constellation of
fetal abnormalities (called Congenital Zika Syndrome; CZS) including microcephaly,
calcifications, perivascular cuffing, parenchymal hemorrhage, epileptic seizures, reduced spinal
cord volume, and arthrogryposis. In order to investigate the neuropathological consequences of
ZIKV infection, neonatal mouse pups were inoculated with 10° focus forming units of a French
Polynesian clinical isolate (H/PF/2013) and sacrificed approximately two week later. Since mice
are born neurodevelopmentally immature compared to humans, this would roughly translate to
an infant with CZS following infection early in the second trimester. ZIKV infection produced
neuropathology mirroring clinical symptoms including calcification, parivascular cuffing, and
parenchymal hemorrhage. Histology revealed two types of neurodegeneration: excitotoxicity
(toxicity produced by the overstimulation of neurons) and apoptosis (programmed cell death).
Excitotoxic neurodegeneration could be seen in large portions of the brain including the lateral
geniculate nucleus, cortex, hippocampus, striatum, superior colliculus, and cerebellum.
Apoptotic degeneration mirrored excitotoxicity but occurred far less frequently. Interestingly, the
spinal cords showed apoptosis in scattered cells in the funiculus and heavy focal degeneration in
the axons of the corticospinal tract. While previous research suggests the ZIKV can infect neural
progenitor cells (NPCs) earlier in gestation, it is unknown what occurs as the brain matures and
most NPCs are naturally eliminated. This research suggests neuropathology continues after this
point and can be just as devastating. The presence of excitotoxicity suggests the ZIKV infected
brain may suffer from constant overstimulation and is consistent with a study reporting seizures



are the most common complication in the first 4 months of life for CZS sufferers. Corticospinal
apoptosis may also explain why ZIKV infection can produce arthrogryposis: joint contractures
that occur when weakness of muscles lead to joint deformities due to a fixed position in utero. It
has been suggested that ZIKV infection may produce diminished corticospinal tract activation of
motor neurons leading to muscle weakness and arthrogryposis. Taken as a whole, this research
suggest the devastating effects of ZIKV infection are not restricted to NPCs and can continue
unabated throughout gestation.
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Abstract: Maternal infection during pregnancy may increase the risk for neurodevelopmental
disorders in offspring. Rhesus monkeys (Macaca mulatta) prenatally exposed to maternal
immune activation (MIA) develop atypical behaviors, including increased repetitive behaviors



and atypical social interactions. Here we present evidence of underlying brain pathology.
Pregnant rhesus monkeys were injected with a modified form of the viral mimic polyl:C (poly
ICLC) at the end of the first trimester (n=5) or second trimester (n=4). Brain tissue was collected
from MIA-treated (n=9) male offspring or control (n=4) male offspring at 4 years of age. Blocks
of dorsolateral prefrontal cortex (DLPFC/BA46) were processed with the Golgi-Cox
impregnation method to analyze neuronal dendritic morphology and spine density. The DLPFC
was traced utilizing Neurolucida software (MBF Bioscience) and further subdivided into supra-
(11/11) and infra- (V/V1) granular cell layers. For each case in each of the two regions, 10
pyramidal cells were traced in their entirety, including all apical, oblique and basal dendrites, and
their spines. Somal size and apical dendrite trunk diameter were measured on 30 cells per case
per region. Apical dendrite diameter was collected over a 30um section located 100+10 um from
the soma. Nonparametric statistics were applied to assess group differences in these summary
measures. Compared to controls, MIA-treated offspring exhibit a greater number of oblique
dendrites (infra- p<.01, supra- p<.01). There were no differences detected in spine density or
soma size in either DLPFC region. However, apical dendrites of MIA-treated offspring were
smaller in diameter in infragranular layers (p<.01) and trend difference in supragranular layers.
These data provide evidence that prenatal exposure to MIA alters dendritic morphology in a
nonhuman primate MIA model, which may have profound implications for revealing the
underlying neuropathology of neurodevelopmental disorders related to maternal infection.
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Abstract: INTRODUCTION: Prenatal inflammation alters placental function which has a
negative impact on fetal development and is associated with an increased risk of
neurodevelopmental disorders such as cerebral palsy and autism. Infectious stimuli are most



often used in animals model; however, infections are often undetectable during pregnancy whilst
inflammation is still observed. The effects of prenatal exposure to non-infectious inflammatory
mediators on brain development are still mostly unknown. We developed an animal model of
prenatal non-infectious inflammation, induced by uric acid crystals, leading to fetal growth
restriction (FGR) (Brien et al., 2017). In this model, we observed placental inflammation and
immune cells infiltration within the placenta. Our objective was to further study the effect of
prenatal exposure to non-infectious inflammation on the developing brain. METHODS: We used
our published model of prenatal inflammation leading to FGR. The impact of in utero exposure
to inflammation was determined on the developing brain at different time point from gestational
day 22 (GD22) to postnatal day 21 (PND21). Immunohistological analysis were performed to
evaluate microglial and astroglial activation as well as myelin formation. RESULTS: Prenatal
exposure to inflammation led to microglial activation characterised by increased number of
microglial cell and staining intensity for Ibal in the hippocampus (CA3 and DG) as well as in the
corpus callosum at PND21, but not earlier. Astrogliosis was observed transiently in the white
matter (both cc and cg), in the motor cortex and in the hippocampus (CA3 and DG) at PND7.
Altered myelination was also observed in later developmental stages. These neurodevelopmental
alterations were associated with smaller growth weight, which was maintained from birth until
PND21 in both sexes. CONCLUSION: Prenatal exposure to non-pathogenic inflammation,
mimicking the most frequent clinical situation, has important negative impact on brain
development. Futures studies are needed to evaluate the functional impact of these structural
changes and investigate the potential of prenatal anti-inflammatory intervention to protect the
placenta and the developing brain.
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Abstract: MRD5, which is caused by SYNGAPL1 haploinsufficiency, is among the most
common genetically defined causes of intellectual disability (ID) with epilepsy and autism
spectrum disorder. Mouse models of Syngapl haploinsufficiency recapitulate key behavioral and
neurophysiological phenotypes observed in MRD5 patients, including cognitive impairment,
abnormal social interactions and seizure. Syngapl regulates a critical period during development
by coordinating dendrite elongation and synaptic maturation/plasticity in forebrain areas. This
process is believed to promote the proper assembly of circuits necessary for executing higher
brain functions. To understand how circuit assembly is impacted by Syngapl mutations, we are
employing cell-type specific trans-synaptic tracing technology to understand how brain-wide
long-range inputs into distinct classes of cortical neurons are affected in MRD5 models. To
understand how impaired circuit assembly may lead to neural dysfunction, we are also
performing whole-brain mapping of neural activation in Syngapl mutants. Indeed, we have
developed methods that enable rapid digital reconstructions and subsequent analysis of cellular
data within dozens of mouse brains. This method can identify brain areas in Syngapl mice that
respond abnormally during a novel social experience. Importantly, the mapping and visualization
software enables the superimposition of both anatomical and functional whole-brain data sets.
Our initial studies have identified abnormalities in specific lamina linked to higher forms of
cortical processing. Together, our approaches provide a systematic and comprehensive way of
investigating cell-type and region-specific circuit impairments in animal models of brain
disorders. These approaches are expected to reveal how variants linked to genetically-defined
human brain disorders disrupt neural circuit structure and function at the mesoscale.
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Abstract: Forward genetic screens have been widely used in lower model organisms such as
flies, worms and yeast. However, cost and time associated with generating large scale mutant
animals and mapping these mutations are still major limitations of achieving a genome-wide



screen in mammalian systems. Here, we established a highly efficient piggyBac (PB) transposon-
mediated first generation dominant screen system in mice, which makes it possible for an
individual investigator to conduct a genome-wide phenotypic screen within a year with less than
300 cages and 80,000% in total cost. Using this elegant PB F1 system, we conducted a pilot
screen for growth retardation. Growth retardation affects 3-10% of first-time pregnancies,
increases 4-8 times higher for infants’ perinatal mortality rates (IUGR) and will also leads to
many serious diseases such as Costello syndrome and human dwarfism (PGR). After examining
2036 F1s with new PB insertions, five growth retardation associated mutants were isolated,
including both IUGR and PGR related genes. Furthermore, characterization of the BFDM/4PB/+
mutants revealed a novel role in milk intake behavior. The mutant animals exhibit abnormalities
in nipple recognition and milk ingestion in breastfeeding period. Adult BFDM/4PB/+ mutants
also show defects in predatory-hunting and pasta-eating.
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Abstract: Paternal age has deleterious effects on the transmission of phenotypes to offspring
such as higher prevalence of major psychiatric and neurodevelopmental disorders. We have
found that F1 offspring of aged fathers showed impairment in pup’s vocalization, sensorimotor
gating and spatial learning. Here we analyzed molecular mechanisms underlying behavioral
changes due to paternal aging. Since we found reduction of thickness in the neocortex, especially
in the deep layer, at postnatal day 6, when vocalization defects were observed, we profiled gene



expression of developing brains at embryonic day 11.5 (E11.5) and E14.5 by RNA-seq. Gene Set
Enrichment Analysis (GSEA) showed in brains of aged-father derived offspring at E14.5, but not
in E11.5, enrichment of “Late-fetal genes” and conversely, that of “Early-fetal genes” in those
derived from young father. Interestingly, “NRSF/REST motif genes” and “SFARI genes (autism-
related)” were found to be highly enriched in the brains derived from aged father. A possible
scenario is that paternal aging may induce in the offspring’s brain precocious neurogenesis via
dis-regulation of gene expression by NRSF/REST, a pivotal transcription factor for

neurogenesis. Our parallel analyses on sperm DNA methylation at the whole genome level also
suggest involvement of hypo-methylation in aged sperm and NRSF/REST as a common motif in
hypo-methylated regions. We are currently examining relationship between DNA de-methylation
and gene expression within the developing brain.
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Abstract: Background — Autism is complex and still poorly understood. It is highly heritable,
yet no single gene accounts for more than 1-2% of known cases (Abrahams and Geschwind,
2010). Currently, 800+ genes are associated with Autism in humans (gene.sfari.org), and while
autism is associated with communication and social deficits, as well as repetitive behaviours,
individual clinical presentations are highly heterogeneous (Reiss, 2009). Over the past 10 years,
we have established a large cohort of mouse models related to autism, which allows for a
neuroanatomical investigation of a large autism population in the mouse.

Objectives — The purpose here is to build upon our previous work, which included 26 different
mouse models of autism (Ellegood et al. 2015), in an effort to further characterize and cluster our



current dataset with 70+ mouse models.

Methods — The data used in this study was accumulated over a period of 10 years with more
than 70 different autism related mouse-lines and includes over 2000 mice. Ex vivo imaging was
done using a 7T MRI with a T2 weighted, 3D fast spin echo sequence which acquires data at a
current isotropic resolution of 40 um (Spencer Noakes et al. 2017).

Data Analysis — To visualize and compare any differences, the images were registered together
(Lerch et al., 2011). From this the volumes of 182 different regions (Dorr et al. 2008, Ullmann et
al. 2013, and Steadman et al. 2014, Richards et al. 2011, Qiu et al. 2018, Beera et al. 2017) were
calculated. Group differences in each of the 182 regions across the different mouse models were
calculated and used to group the different models using hierarchical clustering algorithms.
Results — Across all models the most affected regions were the trunk of the arbor vita (white
matter) in the cerebellum, hypothalamus, striatum, and the granular layer of the hippocampus.
Three distinct groups were formed. Increases in the frontal and cingulate cortices, as well as
decreases in the cerebellum and medulla defined group 1 (consisting of Arid1b, Chd8, En2,
Fmrl, NRXNla, Shank3 mutations). Conversely, decreases in large white matter structures, the
granular layer of the hippocampus, the globus pallidus, and increases in the cerebellum defined
group 2 (consisting of 15q11-13, Arhgef6, BTBR, Nign3, and Ube3a). A mixture of differences
including decreases in the amygdala and anterior commissure and increases in the cerebellum
and colliculi defined group 3 (consisting of 16p11, Cntnap2, Mecp2, Slc6a4 ala56 Kl, and Nhs).
This all suggests that the autistic phenotype both preferentially affects key regions of the brain,
but also divides into distinct clusters based on directionality and localization of the differences in
the brain.
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Title: Charting the onset of motor and non-motor dysfunctions in nonhuman primate model of
Parkinson’s disease
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Abstract: Parkinson’s disease (PD) is a progressive neurodegenerative disease increasingly
affecting our aging population. Remarkable advances have been made in developing novel
therapies to control symptoms, halt or cure the disease ranging from physiotherapy and small
molecules to cell and gene therapy. This progress was enabled by the existence of reliable animal
models. The nonhuman primatemodel of PDemulates the cardinal symptoms of PD including
tremor, rigidity, bradykinesia, postural instability, freezing and cognitive impairment. However,
this model is established through the specific loss of midbrain dopaminergic neurons, while our
current knowledge reflects the reality of PD as a multisystem disease. PD involves both motor
(MS) and non-motor symptoms (NMS), such as sleep disturbance, olfaction, gastrointestinal
dysfunctions, depression and cognitive deficits. Some of the NMS emerge earlier at the
prodromal phase and worsen with the disease progression, yet in basic and translational studies,
they are rarely considered as endpoints. In this study, we set to characterize an ensemble of less
described motor and non-motor dysfunctions in the marmoset MPTP model. We provide
evidence that this animal model expresses postural head tremor and a progressive worsening
offine motor skills, movement coordination and cognitive abilities over a 6-month period. We
report for the first time a non-invasive approach showing detailed analysis of daytime and
nighttime sleep and circadian rhythm disturbance remarkably similar to PD patients. This study
describes the incidence of tremors, motor and non-motor dysfunctions in a preclinical model and
highlights the need for their consideration in translating effective new therapeutic approaches for
PD.
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Abstract: Vagal control of the inflammatory reflex is an exciting new area of research with vast
clinical potential. Recent studies have focused on vagal attenuation of systemic inflammatory
response to chemical or biological insults. Conditions such as Parkinson's and Alzheimer's
Disease have neuroinflammatory components, and prior investigation using a dual lesion (DSP-
4/6-OHDA) rat Parkinson's model demonstrated that brief periods of VNS could reduce
Parkinson's Disease symptom severity and bolster dopaminergic neuron health through
neuroprotective effects. Specifically, this model revealed improved locomotion, elevated tyrosine
hydroxylase expression in striatum, substantia nigra, and locus coeruleus, and decreased
substantia nigra alpha-synuclein expression in response to twice daily VNS. The dependence of
these outcomes on more broadly selected VNS dosing parameters is currently not known. In the
present work, we aim to characterize therapeutic waveform features of VNS using the DSP-4/6-
OHDA dual lesion model to better understand important physiological circuits that affect disease
progression. Modulation of inflammatory circuits and the extrapyramidal motor pathway are
hypothesized to be differentially controlled by VNS of different stimulation frequencies, and
may be characterized experimentally by modulated levels of serum cortisol and acetylcholine, as
well as norepinephrine levels in the central nervous system. In capturing these biomarkers, along
with assessing motor dysfunction and neuropathological changes that occur as a result of
Parkinson's Disease, we will assess the therapeutic potential of each physiological pathway on
disease pathology.
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Abstract: Human Parkinson’s disease pathogenesis is characterized by prominent loss of
dopaminergic neurons within the Substantia Nigra pars compacta and accumulation of misfolded
a-synuclein, which contributes to the formation of intraneuronal proteinaceous inclusions termed
Lewy Bodies. Although there have been a number of studies which explored targeting o-
synuclein at its various stages of production and dysfunction none so far has led to a successful
therapy for use in humans. Tyrosine kinases (TK) have increased activation in multiple
neurodegenerative diseases including Alzheimer’s disease (AD) and Parkinson’s Disease (PD).
Specific TKs, Abelson and Discoidin Domain Receptors 1 and 2 (DDR) are upregulated in the
midbrain and hippocampus in post-mortem PD and AD brains, respectively. We have shown in
preclinical models that Nilotinib, an Abl inhibitor, penetrates the brain and activates parkin
leading to Beclin-1 mediated autophagic clearance of aggregated a-synuclein. In the A53T
mouse model of a-synucleinopathy we have shown that knockdown of DDR2 via shRNA leads
to a reduction in the levels of a-synuclein, inflammation, and microglial activity without a
change in cell number. LCB-03-0110 has been reported to be a potent DDR inhibitor. In
neuronal cell culture models LCB administration inhibited DDR1 and DDR?2 activation. In the
triple mutant APP mouse, a low dose of LCB reduced amyloid-g;;, phosphorylated tau,
inflammation, and increased cognition. In a viral-vector gene-transfer model, where human a-
synuclein is expressed in the substantia nigra of C57BL/6J mice, a low dose of LCB decreased a-
synuclein load and prevented dopamine metabolism within the midbrain of these animals. This
was repeated in a Preformed Fibril mouse model of Parkinson’s disease. Future studies aim to
better understand the role of DDRs in neurodegeneration and develop LCB as a potential new
therapy for these diseases.
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Abstract: a-Synuclein (a-syn) is a key factor in neurodegenerative disorders known as
synucleinopathies, which include Parkinson’s disease (PD), Dementia with Lewy bodies (DLB),
and multiple system atrophy (MSA). Synucleinopathy brains feature progressive accumulation of
insoluble, aggregated and phosphorylated a-syn, resulting in neuronal death. A prion-like
mechanism is proposed to underlie the spreading of a-syn pathology, whereby misfolded a- Syn
recruits normal a-syn to a self-perpetuating conversion into aberrant conformations along
specific neuronal tracts. Silencing of the a-Syn gene could therefore provide long-lasting
therapeutic benefits by reducing the requisite substrate and disrupting the neuronal cascade of
spreading aggregation. The rapid and reproducible phenotype of MSA-inoculated hemizygous
M83 (Tg M83*") mice is a unique model of synucleinopathy that provides an ideal disease
platform to assess the therapeutic benefits of a-synuclein knockdown. Stereotaxic injection of
adeno-associated virus serotype 1 bearing a-syn shRNA unilaterally into Tg M83*" brains
reduced a-syn expression and prevented the spread of phosphorylated a-syn. Our study combines
biochemical, immunohistochemical and behavioral data to assess the efficacy of a-synuclein
knockdown in preventing the spread of pathological a —synuclein.
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Abstract: Synucleinopathies such as Parkinson’s disease (PD), Dementia with Lewy bodies
(DLB), and multiple system atrophy (MSA) are distinguished by progressive accumulations of
insoluble and aggregated alpha-synuclein (asyn). Although the pattern of affected brain regions
IS unique to each disorder, the underlying spread of asyn pathology is thought to share a common
prion-like mechanism, whereby misfolded asyn molecules template normal asyn into
conformationally rigid species that can spread along connected neuronal tracts. Suppression of
asyn levels may be a viable therapeutic approach to delay or block the spreading pathology. In
this study, we evaluated the benefits of asyn knockdown in hemizygous M83 (Tg M83*") mice
which overexpress human A53T asyn. When these animals are inoculated with MSA-derived
brain lysate, they develop a widespread progressive synucleinopathy with diminishing motor
function over 100 days. Unilateral stereotaxic brain injections of adeno-associated virus serotype
1 bearing asyn shRNA into the Tg M83*- animals 30 days before inoculation with MSA lysate
reduced asyn expression and conferred resistance against the pathological spread of
phosphorylated asyn and motor impairments in these mice. Our study provides biochemical,
immunohistochemical and behavioural data on the neuroprotection afforded by asyn knockdown
in a mouse model of spreading synucleinopathy.
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Abstract: Multiple System Atrophy (MSA) is a rare synucleinopathy characterized by fibrillary
alpha-synuclein (a-syn) deposits in oligodendrocytes, therefore, preventing a-syn aggregation is a
prominent target for treatment. The molecular tweezer, CLRO01, is a novel, broad-spectrum
protein-aggregation inhibitor with a unique mechanism that works in a process-specific manner,
instead of a protein specific one, by binding to exposed lysine residues and disrupting the weak
forces that facilitate the early steps of aggregation. CLRO1 previously has been shown to prevent
a-syn aggregation in vitro, inhibit a-syn-induced toxicity in cellulo, rescue zebrafish embryo
death caused by a-syn overexpression, and improve behavioral deficits in a Parkinson’s disease
(PD) mouse model, Thyl-aSyn. Based on these observations, we hypothesized that CLR01
would exhibit similar anti-aggregation properties and ameliorate disease phenotype in an MSA
mouse model. In this proof-of-concept study, we administered CLRO1 in two doses via
intracerebroventricular (ICV) infusion to transgenic mice overexpressing human a-syn in
oligodendroglia under the proteolipid protein promoter (PLP-aSYN) for one month. Mice were
evaluated in open-field activity and dissected brain regions were analyzed for neuropathological
a-syn-positive glial cytoplasmic inclusion (GCI) density. Fractioned brain samples were assessed
for total, pS129- and oligomeric a-syn by ELISA and Western blot, and for seeding activity
using a HEK293T FRET biosensor cell assay. The results demonstrate a dose-dependent
response to CLRO1 treatment in behavioral, pathological, and biochemical measurements. We
report an improvement in anxiety-like behavior, reduction in GCI density, breakdown of toxic a-
syn oligomers, and decrease in seeding activity with CLRO1 treatment. This study provides the
first functional readout for the therapeutic use of CLRO1 in MSA mice.
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Abstract: c- Abl activation is linked to the pathology of Parkinson’s disease. Mitochondrial
dysfunction results in oxidative stress which leads to c-Abl activation, a molecular sensor of
oxidative stress. c-Abl activation leads to the inactivation of parkin, the activation of p38a,
NLRP3-inflammasome-mediated NF-kB activation in microglia, and a-synuclein
phosphorylation at Y39. Previously, we have shown that Parkin inactivation causes the
accumulation of pathogenic parkin substrates PARIS and AIMP2 and subsequently leads to
Parthanatos-mediated neuronal death. PD patients and MPTP intoxicated mice show c-Abl
activation in the brain. Conditional knockout of c-Abl in mice protects against MPTP toxicity.
Current therapies are focused on the symptoms of the disease, but none of the existing drugs are
appropriate for disease-modifying therapy. Target engagement therapeutic approaches will be
beneficial in halting or preventing the progression of the disease. Current limitations with small
molecule inhibitors are mainly due to poor brain penetration, a lack of efficacy, and other
adverse effects. Thus, developing a c-Abl inhibitor with safer, and better efficacy is a major
requirement for the therapeutic treatment of PD. In the present study, we evaluated the lead
candidate, IkT-148009, which is a highly potent inhibitor, first-in-class, small-molecule drug
designed and engineered to target c-Abl specifically. The primary aim of this current study is to
evaluate the target engagement of this new generation c-Abl inhibitor in the MPTP-induced PD
mouse model. The results demonstrate significant inhibition of activated c-Abl in the MPTP
intoxicated mouse brain. Pharmacokinetics of IkT-148009 shows a steady state concentration of
the drug in the brain. Co-administration of P-glycoprotein inhibitor prevents the efflux and
maintains the steady state of IkT-148009 in the brain. This study could provide the rationale for
the development of an oral medication that targets an underlying biological mechanism that leads
to Parkinson’s disease, with the goal of reversing disease progression.
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Abstract: Activation of microglia leads to the conversion of resting astrocytes to toxic Al type
astrocytes in a variety of neurologic disorders including Alzheimer’s disease (AD), Parkinson’s
disease (PD), Amyotrophic Laterals Sclerosis (ALS), Huntington’s disease (HD), and Multiple
Sclerosis (MS). Development of agents that could inhibit the formation of Al reactive astrocytes
could have profound therapeutic potential since they could be used to treat a variety of
neurologic disorders for which there currently are no disease modifying therapies. Glucagon-like
peptide-1 receptor (GLP-1R) agonists have been touted as potential neuroprotective agents for
AD and PD, and for traumatic brain injury (TBI). However, the mechanisms of how GLP-1R
agonist elicits these actions is not known. Here we show that a potent, brain penetrant long acting
GLP-1R agonist NLYO01, is profoundly neuroprotective in models of PD. We found that NLY01
protects against the loss of dopamine neurons and behavioral deficits in the a-synuclein
preformed fibril (a-syn PFF) model of sporadic PD. NLYO01 also prolongs the life, reduces the
behavioral deficits and neuropathologic abnormalities in the human A53T a-synuclein (hA53T)
transgenic (Tg) model of a-synucleinopathy induced neurodegeneration. We found that NLY01
is a potent GLP-1 agonist with favorable properties that is neuroprotective via the direct
prevention of microglial mediated conversion of resting astrocytes to neurotoxic Al reactive
astrocytes. We anticipate that NLY 01 will have favorable properties in the treatment of PD and
related neurologic disorders characterized by microglial activation.
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Abstract: In higher mammals, the primary visual cortex (V1) is organized into various
functional maps representing preferred orientation, direction, and spatial frequency. These
cortical functional maps are thought to play an important role in visual information processing;
therefore, they have been extensively studied for decades. Interestingly, it was reported that the
topography of these functional maps is correlated across the cortical surface (Nauhaus et al.,
2016). For example, the contours of the orientation and the spatial frequency maps intersect
orthogonally, implying an efficient tiling of functional domains (Nauhaus et al., 2012). However,
it is still unclear how this systematic organization of multiple maps can arise in the cortex. To
address this issue, we introduce a model in which the functional maps can be seeded altogether
from the regularly structured retinal afferents, and this unified process can result in the observed
topographical correlations among the maps. Our developmental model is based on the previous
notion that a quasi-periodic orientation map can be seeded by the moiré interference between
hexagonal lattices of ON and OFF retinal ganglion cells (RGCs) (Paik and Ringach, 2011). The
key assumption was that the orientation tuning of a V1 neuron can be generated by the
anisotropic receptive fields from the ON and OFF RGCs afferents. Expanding this
developmental model of orientation maps, we suggest that the ON and OFF RGC afferents from
the retina can also induce other types of stimulus tuning in V1. We found that the regularly
structured ON and OFF retinal inputs could result in the observed quasi-periodic variation of
direction preference and ocular dominance. Also, the competition between contra- and ipsilateral
inputs to V1 neurons could generate the preference for higher spatial frequency in binocular
regions (Nauhaus et al., 2016). As a result, we found that each feature preference changes in
relation to the orthogonal direction across the retinal mosaics. Also, we successfully
reconstructed the orthogonal relationships between orientation, ocular dominance, and spatial
frequency maps, as reported in previous experiments (Hubener et al., 1997; Nauhaus et al.,



2012). In addition, using published animal data (Crair et al., 1997; Hubener et al., 1997; Issa et
al., 2000; Swindale et al., 2000; Kisvarday et al., 2001; Xu et al., 2005), we validated the
prediction of our model that iso-domains with the same feature preference are arranged in a
hexagonal lattice in each type of functional map. Our results suggest a unified developmental
model of various functional maps in the visual cortex.
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Title: Adaptive processing and top-down influences in areas V1 and V4
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Abstract: Top-down influences have profound effects on the functional properties of cortical
neurons. To determine the relative effects of perceptual task on multiple areas along the ventral
visual pathway we made chronic implantations of electrode arrays in visual cortical areas V1 and
V4. To distinguish response properties due to stimulus context from those conferred by
behavioral context, we trained monkeys on a dual task paradigm, where they were cued to
perform either of two discrimination tasks with the identical visual stimulus. The stimulus
consisted of a central line segment with two parallel flankers and two collinear flankers. With
this stimulus configuration the monkey performed either a 3-line bisection task or a vernier
discrimination task. We found that the responses of neurons in both V1 and V4 showed
differential tuning to the identical stimulus attributes as the animal alternated between perceptual
tasks, with strong modulation by task-relevant inputs and weak modulation by task-irrelevant
stimulus components. In both V1 and V4 the task-dependent differences in response originated
from the outset of the visual responses, and were seen first in V1 and then in V4 after a 45 ms
delay. Since the animal is cued to perform a specific task in advance of the stimulus presentation,
it is likely that V1 receives a signal as to task identity at trial onset, setting the matrix of effective
connectivity to enable neurons in each area to carry task-relevant information. As with the tuning
measured by spiking activity to the 5-line stimuli, the LFPs at each recorded site showed task-



dependent modulation. Within a recording session the task-dependent tuning of spiking activity
was highly reproducible with little variability and substantial effect size, but the tuning appeared
to change between different sessions. The LFP tuning did not show such changes between
sessions, suggesting that while the firing patterns of individual neurons are not fixed, the
integrated activity of neuronal populations remains stable.

Overall, our results show that visual cortical neurons are adaptive processors, carrying different
information according to the behavioral requirements of the task at hand.
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macaque area V4
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Abstract: Intrinsic cortical imaging has revealed many aspects of the functional architecture of
area V4, but the spatial organization, underlying periodicity, and relative proportion of V4
domains that are quantitatively tuned to hue or orientation, alone, or in combination, is largely
unknown. We performed quantitative intrinsic imaging to determine the distribution and
organization of pixel clusters that exhibit statistically significant tuning for hue and orientation in
foveal and parafoveal V4 on the prelunate gyrus. Significant tuning was determined by the dot-
product method that evaluated the trial-by-trial set variability of the direction and magnitude of
hue or orientation vectors compared to the across trial summed vector components. The across
session reliability of pixel tuning was tested using the multivariate Hotelling’s T? statistic.

We found significant (p<0.05) pixel tuning for hue or orientation across a large proportion of V4
on the prelunate gyrus. Across sessions and cases, V4 domains significantly tuned for hue
occupied ~35% of the imaged cortex and V4 domains significantly tuned for orientation
occupied ~ 30% of imaged parafoveal V4. When compared within and/or across trial datasets,
about 15% of V4 pixels exhibited significant (p<0.05) tuning for both hue and orientation.



Overall, approximately 65% of the imaged pixels in foveal and parafoveal V4 on the prelunate
gyrus were significantly tuned to these extended stimuli. Thus, about 35% of the imaged cortex
were not significantly tuned to these simple stimuli. Perhaps these responsive but not
significantly tuned V4 domains may be tuned to other stimulus features, may exhibit greater
surround suppression than observed in previous imaging studies in V1 and V2, or they may
exhibit more variable responses as compared to lower cortical areas.

Selectivity for hue or orientation is not randomly distributed across V4, but appears to be inter-
digitated across the prelunate gyrus without an explicit antero-posterior bias. We determined the
underlying periodicity of the highly selective, significant hue and orientation domains using the
2D-autocorrelation and 2D-Fourier transform to identify the low spatial frequency and
corresponding pixel distances that describes the periodicity of the peak hue or orientation
responses. These data revealed ~2.0 mm periodic representations for both hue and orientation
selectivity in V4. Future investigations will determine how higher-order shapes are represented
in V4 and will determine whether these, or other, feature representations, are contained within
the ~35% of V4 not significantly tuned to simple hue and shape stimuli.
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Title: Perceptual color representation in awake macaque primary visual cortex
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Abstract: Dimensions of color perception is quite different with the spectrum information input
into eyes. It is a big misery of how the transformation formed in the brain, even where the
representation of perceptual color dimensions happens in the visual cortex is not clear. Previous
study show that monkey V4 forms systematic representation of hue and lightness using intrinsic
optical imaging, however, electrophysiology study revealed that V1 have many cells response to
different hues and lightness. Whether or not V1 forms systematic representation of perceptual



color dimensions is still not known, due to shortage of high resolution technique available on
awake macaque cortex. Using long-term two photon imaging with genetically encoded calcium
indicator and systematic chosen of color stimulus from perceptual uniform Munsell color space,
we discovered that neuropil function map of hues in most color modules of primary visual cortex
forms pinwheel like patterns, while lightness representation form cluster like patterns, which is
orthogonal to the hue representation. Moreover, we found that signal strength of 5 main Munsell
hues are almost the same, while the spatial patterns between representation of red and purple are
more separated. Signal strength of different lightness level are almost the same when using
achromatic mosaic background. Achromatic stimulus evoked maps highly correlated with green,
which coincidence with the spectral distribution of luminance perception. So it’s amazing that
even in V1 our perceptual aspect of color was precisely represented, these fine structures are far
more than expected. As color and orientation are quite different aspect of visual inputs, the
similarity and difference of their representation and the formation of these structures may supply
important general construct and computing rules of primate visual neural system.
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Title: Cortical feedback strongly influences brain rhythms in primary visual cortex
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Abstract: Gamma-band oscillations (30-80 Hz) in the local field potential (LFP) are a
fascinating phenomenon whose functional interpretation is controversial. While some
investigators have made the case for a computational role in sensory coding (Buzsaki and
Chrobak, 1995; Fries, 2009), others have argued that they are simply an epiphenomenon
produced by local interactions between excitation and inhibition (Ray and Maunsell, 2015).
Several groups have adduced evidence that gamma oscillations are a unique signature of
feedforward processing, whereas slower rhythms, like alpha (5-15 Hz), are a marker of feedback
signals (van Kerkoerle et al., 2014; Bastos et al., 2015). Regardless of their function, gamma



rhythms are believed to be generated locally through strong excitation-inhibition interactions,
even though they may become synchronized across relatively large regions of cortex (Tiesinga
and Sejnowski, 2009; Buzsaki and Wang, 2012). We examined the influence of cortico-cortical
feedback on the LFP and on multi-unit activity (MUA) by reversibly inactivating areas V2 and
V3 while recording visually evoked activity in primary visual cortex (V1) of alert macaque
monkeys. We were able to produce profound effects on the LFP and rhythmicity of the MUA
recorded in V1. During control conditions, the MUA and the LFP exhibited strong gamma
oscillations; these were completely abolished during feedback inactivation, even though spike
rates were not significantly changed. The results indicate that gamma is not a simple signature of
feed forward processing. Our experiments reveal a strong influence of cortico-cortical feedback
on rhythms previously believed to be of purely local origin.
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Title: How well do critical dynamics perform information integration in cortical networks?
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Abstract: Cortical networks have been shown to exhibit critical dynamics, a state between order
and chaos characterized by scale-free distributions of synchronized events. However, it is still
unclear if criticality really supports cortical function, in particular in inhomogeneous systems
subject to a strong external drive - such as the brain when actively processing a sensory stimulus.
Since a critical dynamics is theoretically able to engage large groups of neurons in a rapid and
flexible manner, we hypothesize that especially the visual system might greatly profit from such
a state. Typically, visual information is represented by a large number of neurons which can
signal the presence of elementary and local features, but for perceiving a visual scene, the brain
has to quickly and flexibly integrate those features which might indicate the presence of a
contour, a texture, a shape or, summarized in a more abstract term, an ‘object’. To investigate our
hypothesis, we analysed a structured, recurrently coupled network of leaky integrate-and-fire
neurons with excitatory and inhibitory interactions. Each unit can be activated by the presence of
an elementary feature in a visual scene. Excitatory connections link neurons representing feature



conjunctions which are typical for an object, while inhibitory connections suppress
uninformative feature combinations. When driven by an external input, we required that our
network realizes three fundamental computations important for cortical function: detecting the
presence of a target in a background of distracters, discriminating between two or more targets
presented simultaneously, and balancing a representation of equally salient targets. For detection
and discrimination, we assume a coincidence detection readout mechanism which can easily be
realized by integrate-and-fire neurons. We found that both detection and discrimination are very
fast and that performance increases with increasing excitatory coupling strength, however, the
representation also becomes less balanced. The optimum between these two counteracting
factors depends on system parameters but lies almost always in the vicinity of the state where the
subnetwork activated by the ensemble of features defining an object becomes critical. For a
network with non-leaky units, we analytically determined its capacity to represent multiple
objects in dependence on system and object size. Surprisingly, it turns out that computational
performance is still high even for large overlaps between object representations, thus
demonstrating that our paradigm is a viable scenario for visual cortical networks with their dense
excitatory connectivity.
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Title: Intact extrastriate visual network without primary visual cortex: A case study of naturally
occurring Blindsight in a Rhesus macaque
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Abstract: Lesions of human primary visual cortex (V1) can lead to Blindsight with loss of
conscious visual perception. We investigated a female Rhesus macaque (S) with bilaterally
enlarged lateral ventricles, expanding into space usually occupied by V1, which was missing.
The deficit is likely congenital, with no injury recorded. Monkey S was identified as
unremarkable but unmotivated in behavioural tests with coloured squares on a touch screen.



We compared structural, diffusion-weighted (DW) and functional magnetic resonance (MR)
images of monkey S collected at 3T under general anesthesia (0.8-1.6% isoflurane) to those of
up to seven typical adult macaques. Outside affected brain regions, sulcal patterns of monkey S
appeared normal. T1/T2-weighted MR images indicated a pattern of thick myelination near
presumed visual motion area VV5/MT. Visual stimulation with a checkerboard gave activation in
lateral geniculate nucleus (LGN) of monkey S, but not in pulvinar nucleus or in V5/MT as seen
in typical monkeys. In contrast, full-field moving dots did activate pulvinar in monkey S, as
strongly as for the best typical animal. For moving dots, there was BOLD activation bilaterally in
dorsal STS, not strictly located to V5/MT, and activation near visual areas V2 and V3. For face
stimuli, we saw activations of anterior and posterior face patches along ventral STS. Time-series
analysis revealed a typical network of bilateral dorsal visual areas and area FEF correlated with
the temporal pattern of BOLD activity in V5/MT. DW MR images and probabilistic tractography
showed significantly weaker connectivity (fewer streamlines) between pulvinar or LGN and
V5/MT, although all were present.

Overall, there is an intact extrastriate visual network of cortical areas, despite the absence of
primary visual cortex, but little evidence for strengthened pulvinar-V5/MT or LGN-V5/MT
connectivity that could potentially support residual visual function. Other cortical inputs must be
considered.
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Abstract: Visual attention selects a visual location, and, by eye movements, places it in the
central visual field for further processing. Hence peripheral vision not only has a lower spatial
acuity, but is also likely to be inferior in other aspects of processing for recognition, particularly
in the ventral visual pathway. From ambiguous perception for dichoptic visual input gratings,
Zhaoping (2017) inferred, and thus hypothesized, a weaker or absent top-down feedback from
higher visual cortical areas to the primary visual cortex (V1) in the peripheral visual field. Such
feedbacks, presumed more abundant in central visual field, serve the computation of analysis-by-
synthesis; they are particularly useful in noisy and challenging situations when external visual
inputs can only ambiguously suggest candidate visual scenes (e.g., a face or a house) for
perception. To disambiguate, higher visual areas generate or synthesize hypothetical visual
inputs for the candidate scenes according to internal knowledge of image formation in the visual
world, and feed these synthesized inputs back to V1 to verify whether they match the actual
visual input; a candidate scene becomes the perceptual outcome or is vetoed, respectively, when
the corresponding synthesized input sufficiently matches or mismatches the actual sensory input.
To test this central-peripheral difference in top-down feedback, | use anti-correlated random dot
stereograms (RDSs). Such RDSs cannot evoke depth perception in central visual field, even
though they do activate V1 neurons. However, V1 neurons invert their disparity tuning curves to
such RDSs so that non-preferred disparities evoke higher responses than preferred disparities
(Cumming and Parker 1997). Hence, for anti-correlated RDSs, V1 reports reversed depth values
(e.g., seeing a near surface as a far surface) to higher visual areas. Top-down feedback for
analysis-by-synthesis should veto such reversed depths reported by feedforward inputs from V1,
since the synthesized inputs are correlated and would match neither the anti-correlation nor the
input disparities of the sensory inputs. This not only explains the lack of depth perception in anti-
correlated RDSs in central vision (where top-down feedback should be abundant), but also
predicts that the reversed depth should be more likely perceived in the peripheral field where the
top-down feedbacks maybe too weak or absent to veto the feedforward report. This prediction
was confirmed experimentally (Zhaoping & Ackermann 2018). | will discuss the central-
peripheral dichotomy in cortical feedback in relation to other behavioural, physiological, and
anatomical data to motivate future studies.
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Title: The role of feedback to early visual cortex in visual awareness: A TMS-EROS
investigation
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Abstract: Early visual cortex plays a critical role in visual awareness; however, it is unclear
whether that role stems purely from its function as a critical input to the visual system or whether
it is also necessary during continued cortical dynamics. During normal visual processing, V1 of
the occipital cortex serves as the primary input of visual information into the cortex. This
information is then transmitted to later visual areas, as well as frontoparietal cortex. After this
initial feedforward sweep of information from early visual cortex (V1-V3), its continued role in
generating visual awareness has been difficult to assess, in part because it is difficult to
dissociate input from later processing; that is, most visual experiences originate in the eye and
enter the cortex via V1.

Here, we bypass V1 input functions by using single-pulse transcranial magnetic stimulation
(TMS) over left posterior parietal cortex (PPC) to produce visual experiences in the form of a
phosphene. We simultaneously recorded activity in bilateral occipital cortex and under the TMS
coil using the event-related optical signal (EROS) to ask whether activity in early visual areas or
in PPC is predictive of visual awareness. Critically, since TMS to PPC served as the primary
input of visual information into the cortex, any downstream activations in early visual cortex that
predict awareness would be due to feedback rather than feedforward mechanisms.

Each participant’s (N=12) phosphene threshold (PT) was measured in order to determine the
TMS intensity needed to evoke a phosphene in 50% of the experimental trials. PT intensity was
held constant throughout the session to allow EROS comparisons of phosphene-present versus
phosphene-absent trials in both VV1-V3 and under the TMS coil (PPC). Since the TMS intensity
in the coil was equivalent in all trials, any modulations of awareness must be due to the
underlying neural activity.

Results indicate that visual cortex activity rather than PPC activity predicts the likelihood of
perceiving a phosphene. There are two temporal intervals in which early visual cortex activity
predicts awareness. 0-24 ms after the TMS pulse, activity in V1-V2 predicted phosphene
perception, the timing of which is consistent with the state of early visual cortex at the time of
input being predictive of awareness. Additionally, 38-101 ms after the TMS pulse, activity in V3
predicted phosphene perception, consistent with a role of feedback dynamics. Taken together,
the current data provide evidence that both the feedforward and feedback functions of early
visual cortex are critical to visual awareness.
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Abstract: The visual cortex of primates contains more than 30 mutually linked areas each of
which represents different features in a given visual stimulus.

The rationale of this organization is not known. In particular, it is neither known how the
networks of neuronal modules flexibly perform varying cognitive tasks including recognition,
classification, detection, and decision making nor how the inter-module connections become
organized during learning.

We propose an understanding of the dynamics and the structure of recurrently connected systems
of neuronal modules in terms of first principles. Despite reproducing some responses of neurons
in the visual system, the relevance of deep convolutional networks (DCNSs) for understanding the
real neuronal networks in the visual system remains questionable. In contrast to the
unidirectional architecture of DCNs cortical areas in mammal brains are cyclically connected and
exchange signals dominantly by brief pulses, the action potentials. Furthermore, learning in
natural neuronal networks occurs locally by changes of synaptic efficacies, in stark contrast to
technical optimization methods used for DCNs which require error signals to unrealistically
bridge several layers of neurons.

A novel biologically plausible framework for deep recurrent networks is presented that is based
on realistic spiking neurons and employs only local synaptic mechanisms to self-organize
synaptic connections between neuronal modules.

Computations of mathematically well defined functions in networks comprising many modules
are shown to require only few action potentials per neuron. Applying the framework to more
realistic problems demonstrate that the framework can approach the performance of their
technical cousins deep convolutional networks. Selforganization of networks from natural
images without using any error signal but biologically plausible synaptic mechanisms reproduces
the increasingly complex receptive fields in the visual system. The proposed framework provides
testable hypothesis about the functional réles of feedback connections in attention and learning.
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Abstract: Perceptual categorization, a critical brain function, is thought to be supported by high-
level visual regions of the human ventral occipito-temporal cortex (VOTC). While the factors
driving VOTC category-selectivity remain unknown, recent neuroimaging studies using within-
category visually homogenous image sets have emphasized the contribution of low-level visual
properties. Here we recorded direct (electrophysiological) neural activity from 3525 recording
contacts implanted in the VOTC of 61 epileptic patients viewing highly variable images of
objects presented at a periodic rate (6 Hz), with variable face images interleaved as every 5th
image (1.2 Hz). Images were presented either in their intact or phase-scrambled versions in
separate sequences (Fig.1A). Face-selective responses were objectively quantified at the face
stimulation frequency (1.2 Hz) and harmonics (2.4 Hz, etc.). In the intact condition, 853 face-
selective contacts were identified throughout the whole VOTC, with a peak of activity in the
right lateral fusiform gyrus (latFG). The contribution of low-level properties in generating these
face-selective responses was assessed by measuring responses in the scrambled condition at
these 853 contacts. Strikingly, only two face-selective contacts (2/853, 0.002%) showed a
significant response in the scrambled condition (see Fig.2B for typical responses in the frequency
domain recorded in a single contact in the right fusiform gyrus). Moreover, response amplitudes
in the scrambled condition were negligible compared to the intact condition (Fig.1C). Finally,
across all face-selective contacts, the amplitude of face-selective response in the scrambled
condition did not predict the response in the intact condition (Pearson correlation r=0.067).
These observations show that large category-selective responses of populations of neurons in the
human VOTC emerge independently of low-level statistical image properties.
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Title: Defining representations by visually responsive neurons using feature maps
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Abstract: In the non-human primate, inferotemporal cortex neurons emit action potentials when
complex objects appear in their receptive fields. These neurons are a focus in the search to
understand visual recognition. The problem is that the space of complex visual objects is large,
so the identification of a given neuron’s preferred objects frequently requires pre-selecting
semantically defined objects such as faces, body parts or places, which can limit subsequent
interpretation. In this study, we used the machine-learning concept of “attribution” to identify
visual patterns in natural scenes without this pre-selection constraint. We convolved large natural
images with V1 and IT neurons’ receptive fields in five monkeys to create feature maps, which
highlighted locations within each image that best stimulated the cells. We interpreted these
feature maps using prediction feature maps obtained from algorithms in classical computer
vision, convolutional neural networks (CNNs), semantic hypotheses and gaze-predicting saliency
algorithms. We found that for IT neurons predictions from semantics and saliency algorithms
were generally as effective (or more so) than predictions from deep layers in convolutional
neural networks, especially if neurons were highly selective to categories like “faces.” This was
surprising because 99.9% of all of our predictions came from CNNs. V1 feature maps, in
contrast, matched well with early convolutional layers of neural networks. We also found that
feature maps in V1 shifted to match predictions from deep CNN layers over tens of milliseconds
and thus to also resemble IT feature maps, especially during post-stimulus intervals (when the
screen was blank). We conclude that future CNN models of the visual brain should be trained to
reflect the neuro-ethological profiles of the primate visual recognition cortex and that V1
neurons may encode feedback from IT.
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Abstract: The sudden onset of a face image leads to a prominent face-selective response in
human scalp electroencephalographic (EEG) recordings, peaking 170 ms after stimulus onset at
occipital-temporal (OT) scalp sites: the N170 (or M170 in Magnetoencephalography). According
to a widely held view, the main cortical source generating the N170 lies in the fusiform gyrus
(FG), whereas the posteriorly located face-selective region in the inferior occipital gyrus (I0G)
would rather generate substantially earlier face-selective responses. Here we report neural
responses to upright and inverted faces in a unique epileptic patient where neural signals were
recorded simultaneously from 27 electrodes on the scalp and from intracerebral electrode arrays
implanted in the right 10G and in the occipito-temporal sulcus (OTS), above the right lateral FG
(Figure 1A). We made 4 key observations. First, a large N170 was measured at intracerebral
contacts in the right IOG (Figure 1: contacts D7,D8,L7,L8), about 3 cm away from scalp
electrodes over the OT regions where the largest N170 was recorded in the patient as well as in
typical healthy individuals (Figure 1B). Second, the N170 measured on the scalp and in the I0G
were strikingly similar in terms of polarity, mean peak latency and sensitivity to face inversion
(i.e. increased and delayed N170 to inverted faces, Figure 1B,C). Third, thanks to the original
simultaneous scalp-intracerebral recordings, we found that the latency and amplitude of the
N170 measured in the IOG and on the scalp OT lateral surface were correlated at the single-trial
level (Figure 1D). Last, a P170 component was also prominent above the FG, suggesting the
presence of a vertically oriented equivalent dipole generating a positivity (i.e. P170) on the scalp
and a N170 (or “N200”) on the ventral surface of the FG, likely invisible over the lateral OT
scalp region. Altogether, these observations provide direct evidence for the 10G rather than the
FG as a major cortical generator of the face-selective scalp N170, questioning a serial spatio-
temporal organization of the human cortical face network.
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Title: Face memory performance is predicted by the strength of resting state functional
connectivity between task-defined face patches and medial temporal lobe structures
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Abstract: There is great degree of variance in the population in face memory capabilities,
ranging from congenital prosopagnosia at one end, to “super-recognizers” on the other. In this
study, we sought to characterize the neural networks underlying face memory, as measured by
the Cambridge Face Memory Test. To evaluate the specificity of our face memory findings, we
also administered the Cambridge Car Memory Test. Healthy volunteers completed the memory
tasks outside the scanner, and then underwent a 3T fMRI scan, comprised of two rest scans and a
face localizer. We found that performance on the face memory task, but not the car memory task,
was predicted by the correlations, measured at rest, between the localizer-defined ventral face
patches and memory related regions, specifically the hippocampus and surrounding
parahippocampal tissue, as well as medial parietal regions (r>0.5 for all). Face memory, but not
car memory, was also predicted by correlations at rest between the task-defined ventral face
patches and face-responsive regions of somatosensory cortex (r=0.52). Connectivity between the
medial temporal lobe structures, medial parietal regions, and somatosensory cortex was equally
and selectively predictive of face memory abilities, with only a small subset of these connections
also predictive of car memory. In contrast, car memory performance was predicted by the
correlations between a few of these same medial temporal regions and regions commonly
associated with non-face object processing (area LO) (r=0.4). These results suggest that
performance on face memory tasks is underpinned by the strength of intrinsic functional
connectivity between and within face selective memory related regions (medial temporal lobe
structures), and face selective visual processing regions.
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Abstract: Rhesus monkeys, like human infants, look longer at images of faces than at non-face
objects. This shared involuntary response underscores the importance of faces in the earliest
stages of cognitive development, yet its neural basis is poorly understood. Because the amygdala
is thought to detect socially-salient objects in the visual environment, we hypothesized that the
amygdala is essential for guiding eye movements towards faces, as well as to socially-
informative features within faces. We tested this hypothesis by assessing the viewing preferences
for faces, illusory faces, and non-face objects in adult rhesus monkeys (Macaca mulatta) with
selective bilateral excitotoxic amygdala lesions. We presented each subject with all possible
pairs of 45 images for four seconds per pair. We collected two dependent measures: how long a
subject looked at each of the images in a given pair and where they fixated within each image.
Unlike intact monkeys, who show robust preferences for both real and illusory faces, monkeys
with selective amygdala damage showed no preference for either real or illusory faces over non-
face objects. Further, whereas intact monkeys show classic face viewing patterns prioritizing
discrete facial features, such as the eyes and mouth, monkeys with amygdala damage showed
disorganized viewing patterns better described by neurally-derived models of perceptual
salience. These results identify the amygdala as critical for our earliest specialized response to
faces from a developmental perspective; a behavior thought to be a precursor for efficient social
communication and essential for the development of face-selective cortex.

Disclosures: J. Taubert: None. M. Flessert: None. S.G. Wardle: None. B.M. Basile:
None. A.P. Murphy: None. E.A. Murray: None. L.G. Ungerleider: None.

Nanosymposium

106. Vision: Representation of Faces and Bodies
Location: SDCC 24

Time: Sunday, November 4, 2018, 8:00 AM - 10:45 AM
Presentation Number: 106.06

Topic: D.07. Vision

Support: Australian NHMRC Early Career Fellowship (APP1072245)
Macquarie University Research Development Grant

Title: Uncovering the temporal dynamics of illusory face perception in the human brain



Authors: *S. G. WARDLE?, J. TAUBERT?, L. TEICHMANN??, C. . BAKER!
!Lab. of Brain & Cognition, NIH, Bethesda, MD; 2ARC Ctr. of Excellence in Cognition and its
Disorders, Sydney, Australia; 3Cognitive Sci., Macquarie Univ., Sydney, Australia

Abstract: Illusory faces are commonly perceived in inanimate objects such as fruit, trees, and
the face of the “Man in the Moon”. Examination of the neural response to these natural errors of
face detection (face pareidolia) has the potential to reveal new insight into the mechanisms
underlying object recognition. Previously we demonstrated with fMRI that face and object-
selective regions in the human brain respond to illusory faces in everyday objects (Wardle et al.,
SfN 2017). It is not yet known how the temporal dynamics of processing for face pareidolia
compares to that for real faces. We used magnetoencephalography (MEG) to measure the brain
activation patterns of 22 human participants in response to 96 photographs including 32 illusory
faces in inanimate objects, 32 similar non-face objects, and 32 human faces. Stimuli were shown
for 200ms, with variable ISI 1-1.5s. To maintain attention, participants judged the tilt direction of
each image (+/- 3 deg). We applied multivariate pattern analysis to the whole-brain response
across all 160 MEG sensors. At ~160-170ms post-stimulus onset, classification performance
peaked for distinguishing both illusory and human faces from ordinary objects, and for
distinguishing human faces from illusory faces. A second peak in decoding performance was
evident around 260ms for discriminating human faces from objects both with and without
illusory faces. However, this second peak was not evident in the time course for decoding
illusory faces from similar non-face objects. Representational similarity analysis revealed
differences in the representation of individual illusory face exemplars such that by ~150ms after
stimulus onset, some examples elicited MEG activation patterns that were more similar to non-
face objects and others were more similar to human faces. Less than ~100ms later, this
organization evolved into one in which all objects were represented similarly regardless of
whether they contained an illusory face, and all objects were distinct from human faces. Together
the results indicate that illusory faces are processed rapidly by the human brain, however, the
representational structure quickly stabilizes into one organized by object content rather than by
face perception.
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Abstract: Visual processing of actions is supported by a three level network consisting of
occipito-temporal, posterior parietal (PPC) and premotor cortex (PMC). Recent fMRI evidence
shows that PPC exhibits a functional organization that reflects observed action classes
(Abdollahi et al 2013, Ferri et al 2015, Corbo and Orban 2017). However, this evidence was
provided by a priori defined action classes and small number of action exemplars. To investigate
the natural action classes in the human brain and the differences between the levels of the
network, we scanned 6 human subjects with fMRI as they watched 3 sec video clips of 100
action exemplars, performed by 3 actors (300 videos). First, we ran a general linear model by
including each action exemplar as a regressor and 10 variables of no interest (6 head motion,
luminance, speed of motion, low-level form, run), and generated parameter estimates (betas). We
defined selective voxels using a cross-validated ranking procedure based on their responses to
the 100 actions in PPC and PMC, and projected them to cortical surface using Caret software.
Next, we ran principal component analysis on the [cortical surface nodes X actions] beta matrix
to reduce the dimensionality, and chose the principal components (PCs) that explained 96% of
the total variance. We then ran k-means clustering on the [PCs X actions] matrix, and selected
the solution with optimal number of clusters based on the maximum average silhouette. For each
cluster, we computed a classification score (CS) defined as the ratio of the correctly attributed
actions to the total number of actions in the cluster. Our results show that PPC hosts at least 7
action clusters that are consistent across subjects, including manipulation(CS:86%), hand onto
body(CS:82%), acting in a certain direction in space(CS:100%), vocal and hand
communication(82%), locomotion with upright body(CS:84%), upper limbs assisting lower
limbs to move in space(CS:68%), interacting with another person physically or
emotionally(CS:44%). On the other hand, PMC showed a different clustering pattern
emphasizing an effector-based organization. In sum, our results reveal the natural classes of
observed actions in the human brain and show the difference in functional organizations between
PPC and PMC.
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Abstract: Although we view and experience dynamic signals from faces and bodies in tandem
(facial expressions and biological motion), it is unclear whether these are processed by joint or
separate neural mechanisms. Support for joint mechanisms comes from recent studies showing
that brain regions in pSTS processing facial dynamics adjoin or somewhat overlap those
processing biological motion. However, in a developmental agnosic individual (LG) we recently
showed that his biological motion perception was normal, while he was impaired in perceiving
dynamic face expressions. Here we investigate Faith, an individual with acquired prosopagnosia,
who reports problems deciphering facial expressions but not body language. We tested Faith's
ability to perceive facial expressions from dynamic subtle or intense cues, and her biological
motion perceptual threshold from point light displays. In line with Faith's subjective reports, we
found that (i) her biological motion perceptual thresholds were in the normal range compared to
age-matched neurotypical controls, and that (ii) her perception of subtle dynamic facial
expressions was significantly impaired. Since Faith’s lesion is extensive, we are cautious with
respect to concluding about the specific brain regions involved, but her dissociation provides
further evidence that the perception of dynamic body cues and the perception of dynamic facial
cues depend on different processing routes.
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Abstract: Rhythms in the brain drive perception. Recent EEG studies have demonstrated that
prestimulus alpha phase predicts the perception of incoming stimuli (van Rullen, 2016). The
perception of a stimulus depends not only on the incoming sensory evidence but also on the
history of previous sensory inputs. Serial dependence is a representative example of how the past
influences the current percept: the perception of a stimulus is biased towards previously seen
stimuli (Fischer & Whitney, 2014; Cicchini et al., 2014). The present study investigates whether
prestimulus brain oscillations affect the current perception contingent on previous stimuli. In an
experiment, a test face drawn from a continuous array of morphed facial identities was briefly
presented, and then subjects adjusted a response face to match the test face identity. EEG signals
were recorded throughout the trial. In the analysis, we sorted trials based on the phase of various
oscillation frequencies (3-40 Hz) at various timings relative to the stimulus onset, and calculated
the magnitude of serial dependence (i.e., how much the current face was reported as pulled
toward the faces seen in previous trials) separately for trials with different oscillation phases. We
found the serial dependence fluctuated periodically, depending on the theta-to-alpha phase
around the time of the stimulus onset in frontal and occipital sites and the alpha-to-beta phase
about 300-400 ms before the stimulus onset in bilateral occipito-temporal sites. We further
analyzed event-related potentials (ERPs) separately for trials with different phases, and found
that the amplitude of an ERP component elicited strongly for face stimuli, the N170, was
modulated systematically with prestimulus alpha phase, and the amplitude of N170 and the serial
dependence showed a clear inverse correlation. These results suggest that prestimulus alpha
oscillations predict the encoding of face information and modulate positive serial dependence in
face perception. Serial dependence may result from the perceptual ambiguity of the incoming
stimulus, which depends on the phase of the prestimulus alpha oscillations.
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Title: Object-directed action modulates object perception: Insights from voxelwise lesion-
activity mapping and task-based functional connectivity
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Abstract: The ability to identify, grasp, and manipulate an object according to its function
requires the integration of computations supported by anatomically remote regions in the brain.
A critical issue is understanding interactions between action systems in left parietal cortex and
object perception systems in ventral temporal cortex (VTC). Here we present two studies using
functional magnetic resonance imaging (fMRI) in 98 adults that test whether disruption or
modulation of responses in the anterior intraparietal sulcus (alPS) in turn modulates responses in
VTC. In the first study, we used a novel analytic tool, voxelwise lesion-activity mapping
(VLAM), to test how lesions to anatomically remote regions would modulate neural responses
for tools. Thirty-five brain tumor patients took part in an fMRI experiment designed to identify
neural preferences for tools in VTC. We found that lesions to the left alPS, a region that supports
hand-shaping during object grasping and manipulation, disrupted tool responses in left VTC.
Control analyses demonstrated that neural responses to place stimuli in left VTC were unaffected
by lesions to the left alPS, suggesting domain-specific parietal modulations of tool responses in
left VTC. Using a separate dataset from 38 healthy adults who participated in the same fMRI
experiment, we confirmed that responses for tool stimuli were maximal in a portion of the left
alPS identified in the VLAM analysis of neurosurgery participants. In a second study, 22 healthy
adults took part in an fMRI experiment designed to test the prediction that functional
connectivity between the left alPS and VTC would be modulated by task instructions to plan and
generate tool-directed use or move actions. Participants were presented with images of tools and
were instructed to passively fixate on the object, internally plan a tool-directed grasping action,
and to then pantomime either using or moving the object. Using a sparse event-related design,
we modeled functional connectivity separately for tool use and tool move actions. Planning and
generating tool use actions elicited increased functional connectivity among the left
supramarginal gyrus, left alPS, left VTC, and left posterior middle temporal gyrus. In contrast,
planning and generating tool move actions elicited increased functional connectivity among the
left alPS, left somatosensory cortex, and left dorsolateral prefrontal cortex.

These findings provide causal evidence that neural representations of tools in left VTC are
selectively modulated by processing in left alPS, and that functional connectivity among those
regions is selectively driven by planning and generating tool use actions.
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Abstract: Neuropsychological and functional imaging evidence suggests the involvement of
human anterior temporal lobe (ATL) in processing person-specific knowledge (e.g. Wang et al
2015). Whether the ATL is also involved in person identity perception is unknown, as is its
timing. Therefore, we recorded in the current study intracranial stereo-EEG from epilepsy
patients performing a discrimination task.

Patients (n=15) fixated the center of a screen on which videos were shown, depicting one of two
actors (male, female), seen from the side, with their face in left or right visual field, performing
one of two hand actions (grasp, drag an object). The first movie frame was presented for a 200 to
800 ms period, before video onset. In half of the trials, patients had to discriminate actions, in the
other half actors. Subjects fixated well (eye tracking) and used only the static phase for gender
discrimination (reaction time analysis). We analyzed the gamma band power (50-150 Hz) during
the trial using a two-way ANOVA (FDR-correction) to select leads with a main effect of the task
or an interaction of task with the movie epoch (baseline, static, dynamic stimulus and response
phases) and submitting those to a post-hoc analysis (Tukey HSD) to isolate leads specific for the
static presentation.

One group of leads (n=41) displayed a sharp transient activation in response to the static onset
only in actor identity and not action discrimination. 29 of these leads were located in the right (5
patients) and left (2 patients) ATL, ranging from the vicinity of ATFP, at the end of the collateral
sulcus, to the tip of temporal lobe. The remaining leads were located predominantly (9/12) in the
orbito-frontal cortex. A second group of leads (n= 24), also specific for the static phase, but not
task dependent, were located more posteriorly in occipito-temporal and parietal regions.

The latency of the ATL activation varied between the patients (145 to 215ms) and was correlated
(r=10.80, p<0.02) with the individual reaction times in gender discrimination. The duration of the
ATL activation was brief (130 ms) and did not depend on the duration of the static stimulus.



ATL leads were more activated by movies in which the actor’s face was present in the ipsilateral
visual field. Analyzing the position of the hand in the video indicated that the activation reflected
the presence of the hand in the contralateral field.

Our data support the notion that ATL is intrinsically involved in the processing person’s identity,
including for perception, and using body parts in addition to faces. This involvement occurs on a
surprisingly short time scale, freeing the limited ATL resources for the next behavioral task.
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Abstract: The time course of visuomotor transformations of human grasp actions remains
largely unclear. For instance, the informativeness of electroencephalography (EEG) data is
limited both because of the anatomy of the visuomotor cortex and because of the traditional
emphasis on univariate effects in EEG investigations. Here, we applied classification techniques
to spatiotemporal EEG patterns to characterize the electrophysiological dynamics of visuomotor
processes during grasp planning and execution. To this end, we recorded from 64 channels while
participants used their right dominant hand to grasp 3D objects with two kinds of shapes and
textures, using two different grasp orientations. Each trial encompassed three relevant events; a
200ms Preview of the object followed by a variable delay in darkness, a Go period during which
the object re-appeared indicating that participants should move to grasp it, and a Movement
onset period. After aligning event-related potentials (ERPs) with each event we attempted to
classify visual object features (i.e., different object shapes or different textures) and grasp
orientations based on all channels across ~10ms temporal windows. Our results show that shape
classification was robust, peaking at ~100ms after Preview onset and slowly declining during
darkness. The Go period showed a similar shape classification curve, but around Movement



onset the curve remained close to chance level. Grasp orientation regardless of object features
was successfully decoded during Preview, yet it ramped up to higher levels during the Go period,
and prior to Movement onset. Texture classification was poor throughout, even when it cued
participants as to how to grasp the objects. Finally, decoding with temporal generalization
showed that shape classification during ~100 - 200ms after Preview onset generalized across the
entire Preview event. More so, shape classification during ~100 - 200 ms after Go onset
generalized across Go, Preview as well as Movement Onset. Together, these results reveal the
progression of visual to visuomotor and motor representations over the course of planning and
executing grasp movements as reflected in the dynamics of electrophysiological signals.
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Abstract: Normal aging is associated with declines in sensorimotor control and functioning.
Previous studies have linked some age-related declines in behavior to decreases in network
segregation: Compared to young adults, older adults typically demonstrate weaker connectivity
within functional brain networks but stronger connectivity between networks. Likewise, our
group has shown that neural activation patterns in response to different visual stimuli or motor
actions are less distinctive in older compared to younger adults and that less distinct neural
representations predict worse behavioral performance. However, no studies to date have
explored the relationship between these two measures of what is sometimes called age-related
neural dedifferentiation, and whether they explain the same aspects of age-related declines in
behavior. In the present study, we employed multi-voxel pattern analysis on fMRI data to
measure age differences in the distinctiveness of neural representations in motor cortex. We also



performed graph theoretical analysis on resting state fMRI data to measure network segregation
and collected a battery of sensorimotor behavioral measures. Preliminary results from 21
younger adults (ages 19-29) and 22 older adults (ages 65-81) revealed that motor representations
were less distinct, and that resting state networks were less segregated in older compared to
younger adults. Participants with the most distinctive motor representations also exhibited the
most segregated networks. Furthermore, network segregation predicted individual differences in
sensorimotor performance whereas neural distinctiveness did not. These findings link, for the
first time, network segregation to neural distinctiveness, but suggest that segregation may be a
more sensitive predictor of sensorimotor behavior.
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Abstract: Regular physical exercise has widespread benefits for the human body, and is known
to enhance brain structure and function. Recently, it has been shown that even a single bout of
cardiovascular exercise can enhance synaptic plasticity in the human cortex; however, the
intensity required for optimal enhancement is currently debated. Understanding the optimal
intensity is important for designing exercise-based interventions that provide consistent and
effective outcomes for brain health. Here, we investigated the effect of exercise intensity on
motor cortex synaptic plasticity following intermittent theta-burst stimulation (iTBS) using a
repeated measures design. We hypothesised that high-intensity interval training (HIIT) exercise
would have the greatest effect on the response to iTBS. We reasoned that HIIT causes the
greatest increases in lactate and brain-derived neurotrophic factor, both of which are known
synaptic plasticity signalling molecules. Twenty healthy adults (Mage = 35.10 £ 13.25 years)
completed three sessions in which measures of cortical excitability and inhibition were obtained
before and after a 20-minute bout of either HIIT, moderate-intensity continuous training, or rest,



and then again after iTBS. Results showed that HIIT enhanced iTBS plasticity more than rest,
manifest as increased cortico-motor excitability (p = .003) and intracortical facilitation (p =.03),
and reduced intracortical inhibition (p =.008). In comparison, moderate-intensity exercise tended
to show an effect that was intermediate relative to high-intensity exercise and rest. Analysis of
each individual’s plasticity response profile indicated that high-intensity exercise increased the
likelihood of a facilitatory response to iTBS (from 15% in the rest session to 65% in the HIT
session). Our results suggest that when planning exercise interventions designed to enhance
neuroplasticity, HIIT exercise should be considered. Priming with high-intensity exercise could
be utilised in neurorehabilitation settings, when feasible, to maximise the therapeutic potential of
non-invasive brain stimulation.
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Abstract: The knowledge of mechanisms subtending the beneficial effects of transcranial direct
current stimulation (tDCS) on motor and cognitive functions is important for a more rationale
use of this technique in clinical settings. Here we specifically investigated tDCS effects on motor
cortex (M1) activity and plasticity in healthy mice and in mice subjected to M1 ischemia by
photothrombosis. Electrophysiological, behavioral and molecular analyses were performed on
C57BL/6 mice subjected to 3 daily sessions of anodal tDCS (20 min, 40 pA/mm?) or sham
stimulation. Few hours after tDCS, mice displayed increased long-term potentiation at M1 layer
[1/111 synapses (66.5 + 11.4% [n=9 slices from 6 tDCS mice] vs. 38.5 + 5.8% [n=13 slices from 6



control mice]. These effects persisted 1 week after stimulation. AMPA/NMDA current ratio was
also significantly enhanced by tDCS (1.20 £ 0.17 [n=20 slices from 7 tDCS mice] vs. 0.78 £ 0.11
[n=20 slices from 7 control mice], P<0.05). M1 extracts from tDCS mice showed increased
pCREBSer133 and pCaMKIIThr286 levels and enhanced mRNA levels of the transcription
factor Mef2c, Bdnf and GluAl. Analysis of motor behavior, assessed by the single pellet
reaching task, revealed that success rate and success speed in pellet retrieval were significantly
increased by tDCS 1 week after stimulation (success rate 38.0 + 4.0% [n=8 tDCS mice] vs. 28.0
+ 2.0% [n=7 control mice], P<0.05; speed of success: 2.2 £ 0.2 vs. 1.5 £ 0.2, P<0.05). These data
indicate that tDCS enhanced motor cortex plasticity in healthy mice. Of note, tDCS also
ameliorated motor performance of the paretic limb in stroked mice (success rate 1 week after
stroke: 11.3 + 1.9 in 5 tDCS mice vs. 4.6 £ 2.3% in 4 sham stimulated mice, P<0.05; speed of
success 1 week after stroke: 0.7 £ 0.1 in tDCS mice vs. 0.3 + 0.2 in sham-stimulated mice,
P<0.05). Neuromuscular strength 1 week after stroke was also enhanced by tDCS (3.2 + 0.2 vs.
2.5 £ 0.2 g/body weight; P<0.05). EEG recordings were also performed in healthy and stroked
mice by means of epidurally implanted electrodes over the left and right motor and
somatosensory cortices. Stroked mice showed a time-dependent increase in alpha frequency
power. Connectivity analysis showed a frequency-dependent network modulation as revealed by
graph theory parameters such as Small-Word index. Additionally, stroked mice subjected tDCS
showed different pattern of brain activity compared to sham-stimulated stroked mice, which
might correlate to increased functional recovery. Altogether these data show that tDCS increased
motor cortex plasticity and this mechanism might be responsible for improved motor functions
under physiological conditions and after stroke.
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Abstract: The use of light to study neuronal networks has several advantages, such as the
noninvasiveness and the possibility to target with high precision specific population of cells. In
the past decade, there was a revolution in the use of light for both recording and stimulation of
neuronal activity. The development of genetically encoded activity sensors brought us close to
single-action-potential sensitivity and, on the other side, optogenetic allows to stimulate or
inactivate defined populations of neurons with single-cell precision on millisecond time-scale.
However, achieving an all-optical interrogation of neural circuits by combining these tools is still
arduous, mainly due to the spectral overlap between actuators and indicators. To this aim we
developed a new all-optical system based on a red-shifted GECI (RCaMP1a) combined with
channelrhodopsin 1l (ChR2). Our preliminary results shows that we could induce the expression
of RCaMP1a on most of the targeted hemisphere, including motor-associated areas. The
coupling of RCaMP1a and ChR2 allowed simultaneous stimulation and readout from the same
functional areas. By performing single pulse irradiation we observed that evoked calcium signals
rise at increasing laser power, reaching a plateau around 5 mW laser power. We also observed
that the stimulated calcium response did not change 3 or 4 weeks after the transfection,
indicating the stability of the all-optical system in time and allowing longitudinal experiments. In
order to study the cortical activation underlying a specific motor behavior we performed optical
stimulation of the Rostral Forelimb Area (RFA) in awake mice. By using a stimulus train we
could activate selective movements, like licking and grasping with the contralateral forelimb.
Cortical dynamic recorded during the optogenetically-evoked motor task showed correlated
activity in the RFA and nearby motor areas. The all-optical system developed here will allow full
integration of stimulation and readout of cortical activity of the sensorimotor circuit and the
correlated animal behavior, thus shedding light on the neuronal patterns responsible for selected
behaviors. Finally, the development of an entirely optical device for interrogation and
modulation of motor cortex activity would be a key point in the study of optogenetic-guided
rehabilitation after stroke.
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Abstract: A goal in sensory neuroscience is to be able to predict responses to arbitrary sensory
inputs. Population receptive field (pRF) modeling has been an important step toward this goal.
PRFs generalize the concept of receptive fields from single neurons to neuronal populations
measured with fMRI or electrocorticography (ECoG), providing a computational framework to
link sensory inputs to neuronal outputs. In the current study, a pRF model is applied to
sensorimotor cortex activity following a finger digit motor task. Receptive field properties of
finger digit representations are compared between high-field 7 Tesla (7T) fMRI and high-density
ECoG recordings.

An epilepsy patient carried out a finger digit motor task during both a 7T fMRI session and
subsequent high-density 64-channel ECoG recordings. The task required the sequential flexion
and extension of each digit of the left hand. We modeled each cortical location with a Gaussian
population receptive field centered on one of the 5 digits with a standard deviation specified in
digits, representing a neuronal population’s receptive field.

A clear somatotopy was observed on the crown of the postcentral gyrus for both modalities. The
pRF maps agreed considerably for both flexion (spatial correlation R=.49) and extension
(R=.32). Receptive field sizes were on average slightly smaller for ECoG (o = .94) versus fMRI
measurements (c = 1.20). Additionally, through both measurements it was established that
receptive field sizes consistently increased with finger representation: smallest pRF sizes were
obtained for thumb representations, which gradually increased for remaining finger and were
largest for little finger representations.

In the current study, we extended the pRF modeling approach from visual to sensorimotor
function. This model applies to both ECoG and fMRI and provides a framework for in-depth
investigation of cortical motor representation and sensorimotor integration. Results from one
patient reveal highly similar somatotopies and pRF properties accompanied by several
interesting differences. The current pRF model applied to multiple modalities provides a
framework for in-depth investigation of the source of fMRI signal in sensorimotor cortex.
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Abstract: Recent work suggests that aerobic exercise has potential to modulate cortical
excitability measured by transcranial magnetic stimulation (TMS) [1]. Accumulating evidence
demonstrates intracortical inhibition, reflective of GABAAa-related activity, is modulated after
acute cycling exercise, without concurrent changes in corticospinal excitability [1-3]. Critically,
we do not know whether exercise modulates intraneuronal circuitry that can be preferentially
activated by an anterior-to-posterior (AP) induced current in the brain. These interneurons
demonstrate unique neurophysiologic characteristics compared with traditional posterior-to-
anterior (PA) current direction [4-6]. Previous work suggests GABAAa-related activity interacts
with neurons preferentially activated via AP current. As they likely reflect activity in different
interneuron populations, it is important to understand the exercise-induced modulation of
intracortical circuitry as measured with AP versus PA induced currents [4-5]. Thus, the purpose
of this study was to investigate the effects of acute exercise on this specific interneuronal
circuitry within M1. Single and paired pulse TMS measured corticospinal and intracortical
excitability over M1 representation of the non-exercised abductor pollicis brevis (APB) in both
the AP and PA current directions. TMS measurement occurred at two time points before and
after acute cycling exercise. Motor evoked potentials (MEPs) were measured at 110%, 130% and
150% of resting motor threshold (RMT). Short-intracortical inhibition (SICI) measured
intracortical inhibition. Moderate intensity exercise was performed for 20 min at 65-70% of age-
predicated maximum heart rate on a stationary cycle ergometer. Preliminary results suggest AP
MEPs at 110% and 130% RMT were modulated by exercise, whereas no change was observed at
150% or at any intensity of PA MEPs. Specifically, AP MEPs at 110% RMT showed a decrease
in amplitude, whereas 130% RMT showed an increase in amplitude immediately following
exercise. For PA SICI, there appears to be decreased inhibition at both time points post exercise.
This is the first study to suggest that intraneuronal circuitry preferentially activated by AP-
induced current plays an important role in the exercise-induced modulation of cortical



excitability. [1] Singh et al. (2014) BMC Sports Sci Med Rehabil, 6:23. [2] Smith et al. (2014)
Exp Brain Res, 6:1875-1882. [3] Lulic et al. (2017) PLoS One, 12:e0173672. [4] Di Lazzaro et
al. (2017) Neurosci. 1-15. [5] Di Lazzaro et al. (2014) J Physiol, 19:4115-4128. [6] Mirdamadi et
al. (2017) Neurosci, 359:151-158.
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Abstract: Motor skill practice can enhance corticospinal excitability [1, 2] and decrease
intracortical inhibition [1], measured by transcranial magnetic stimulation (TMS). However, no
studies have investigated neurophysiologic changes in primary motor cortex (M1) associated
with sequence-specific motor learning to those following non-sequence specific motor control.
Also, the specific neurophysiologic circuitry altered following skill acquisition and at a 24-hr
retention test is not known. Critically, the impact of skilled motor practice on specific motor
interneurons is not well understood, particularly when TMS is applied with an anterior-posterior
(AP) directed current [3]. This motor circuitry has shown unigue neurophysiologic
characteristics, including association with unique forms of motor skill practice [3] and greater
modulation during attention demanding tasks [4], compared to that measured with a posterior-
anterior (PA) current [3, 4]. Therefore, it is possible that these specific interneurons are uniquely
impacted by skill acquisition and learning. Here, we aimed to discover which interneuron
circuitry are modulated by sequence-specific motor practice and whether these persist at a 24-hr
retention test. Two separate experimental sessions were performed in a pseudo-random order,
within-subjects design to test the modulation of interneuron circuitry following sequence-specific
and non-sequence specific motor practice. Motor evoked potentials (MEPs) and short-
intracortical inhibition (SICI) were measured in the PA and AP current directions over the
trained abductor pollicis brevis (APB) muscle M1 representation. TMS measures occurred at two
time-points prior to, after initial motor skill (early) practice and after further skill (late) practice.



Participants returned 24-hrs later where MEPs and SICI were measured before and after a
retention test. Preliminary results suggest a decrease in PA MEPs noted for early non-sequence
specific compared to sequence-specific motor skill practice. Conversely, AP SICI demonstrated
a greater decrease than PA SICI in the sequence-specific motor acquisition, with little change
during non-sequence specific practice. At retention, preliminary results suggest that PA MEPs
are greater for the sequence-specific motor task. The results suggest unique modulation of
interneuron circuitry induced by AP versus PA directed currents following sequence-specific
motor acquisition and learning.

[1] Cirillo et al., 2011 Eur J Neurosci 34:1847-1856. [2] Christiansen et al., 2018 Brain Stimul
11:346-357. [3] Hamada et al., 2014 J Neurosci 34:12837-49. [4] Mirdamadi et al., 2017
Neurosci, 359:151-158
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Abstract: Visuomotor adaptation (VMA) is a process that helps recalibrate motor actions based
on their differing sensory consequences. Here, we examine the neuronal basis of VMA during a
visuomotor remapping task using magnetoencephalography and electroencephalography
(MEG/EEG). In the visuomotor task, subjects use a joystick in their dominant hand to move a
computer cursor to a cued direction. In different task blocks, the resulting cursor motion either
matches the joystick motion or is rotated by a fixed angle. Behaviorally, VMA was evidenced as
(a) the gradual reduction of direction errors caused by the mismatch between the actual and
desired cursor movements in the rotated blocks and (b) the transient re-emergence of these
direction errors in the subsequent non-rotated blocks. To pursue brain activity changes related to
VMA, we used a linear mixed effects model of correlations between the trial to trial variability



of neuronal oscillations at 6-100 Hz (4 Hz intervals) and the initial direction error of the cursor
trajectory (Initial Angle of Deviation, IAD). IAD was negatively correlated with increased power
at 30-35 Hz (i.e., high beta / low gamma range) in or near sensorimotor and posterior parietal
cortices contralateral to the active hand. Our working hypothesis for future studies is that
correlates of VMA could be identified in minute changes in the oscillatory brain states of motor
and visuomotor networks.
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Abstract: Priming the brain may provide potential treatment strategies for neurological disorders
and stroke. Mesh glove stimulation (MGS) provides a non-motor target for rehabilitation.
Following thirty minutes of suprasensory threshold MGS there is an increase in corticomotor
excitability that is likely mediated by long-term potentiation. Transcranial direct current
stimulation (tDCS) of primary motor cortex can induce global changes in corticomotor
excitability. Nine minutes of cathodal tDCS (c-tDCS) produces a lasting decrease in
corticomotor excitability mediated by long-term depression. Whether priming MGS with c-tDCS
further enhances corticomotor excitability through homeostatic metaplasticity mechanisms is
unknown. Sixteen right-handed neurologically healthy individuals (9 female, 19-36 years)
participated in a repeated measures cross-over study, nine minutes of sham- or c-tDCS followed
by 30 minutes of suprasensory threshold MGS. Single-pulse transcranial magnetic stimulation
(rest motor threshold and motor evoked potential amplitude), paired-pulse transcranial magnetic
stimulation (intracortical facilitation, short afferent inhibition (SAI), short interval intracortical
inhibition (SICI), and SAI with SICI (SAIXSICI)), and motor performance (grooved pegboard
test) of the left hand were obtained at baseline, post-tDCS, and immediately, 30 and 60 minutes
post-MGS. There was more disinhibition of SAI, and an increase in rest motor threshold and
SAIXSICI after MGS was primed with c-tDCS compared with sham-tDCS. There was also a
greater improvement in the grooved pegboard task after c-tDCS primed MGS than sham. Our
results indicate a non-homeostatic metaplastic modulation of corticomotor excitability with c-



tDCS primed MGS. Consequently, c-tDCS did not modulate corticomotor excitability after
MGS, but did improve motor performance. Therefore, c-tDCS may be an effective priming
modality to induce non-homeostatic metaplasticity.
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Abstract: Hormones have a significant effect on fear memory. While much is known about
ovarian steroid hormones (e.g. estrogen) facilitating contextual fear conditioning in mice, much
less is known about the role of androgens (e.g. testosterone) and the androgen receptor (AR) in
memory formation. Previous literature shows mixed results, with testosterone leading to either a
reduced or an enhanced contextual fear response. Using transgenic mice overexpressing AR, we
showed that AR overexpression impairs fear memory. Gonadectomy eliminated group
differences between AR-overexpressing and WT males, implicating testosterone as a negative
regulator of fear memory through actions on AR. Further, treatment with the AR-blocker
flutamide increased fear memory, suggesting that AR negatively regulates fear memory. In
addition, we showed that expression of H2A.Z, a memory suppressor identified in our lab, is
increased in AR overexpressing mice, prompting us to investigate AR regulation in H2A.Z
conditional knockout mice. In contrast to AR overexpression, H2A.Z depletion results in
increased fear memory and decreased AR expression in area CA1 of the hippocampus.
Castration with DHT (dihydrotestosterone) replacement resulted in genotype-specific effects on
fear memory, pointing to an interaction between H2A.z and AR. We also find corresponding
changes in gene expression of genes encoding for synaptic proteins and memory-related genes.



These results suggest a role of AR in modulating fear memory through interactions with nuclear
histone proteins. This is a novel finding that we plan to expand on further to understand the
neuronal mechanisms through which this occurs.
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Abstract: Prolactin is a complex protein hormone of the anterior pituitary gland that was
originally named for its ability to promote lactation. Prolactin is synthesized in the pituitary
gland, where sleep hormones are secreted, and within the central nervous system, immune
system, the uterus, tissues of conception, and the mammary gland. Prolactin controls a variety of
behaviors and plays a role in homeostasis. During sleep, prolactin is secreted into Non-REM and
REM sleep cycles. Concentrations of prolactin remain high during later cycles that occur more
towards the morning hours. This shows that high prolactin regularly occurs during sleep cycles
with small amounts of slow-wave sleep. Maximal prolactin concentrations during sleep are
affected neither by preceding daytime physical exercise nor by selective deprivation of slow
sleep stages 3 and 4. This is further evidence that slow-wave sleep stages are not necessary for
the development of high plasma prolactin concentrations. Long-term total sleep deprivation can
result in death. During sleep deprivation, the body shuts down certain organs to overcompensate
elsewhere and utilize other organs. In this study, a scientific method approach was used to test
whether prolactin acting with an external stimulant would cause severe sleep deprivation in more
mature female flies. Control tubes of larvae and young flies and full maturation of male and
female flies were used, along with tubes with caffeine and tubes with a light stimulant. Sleep
deprivation in young Drosophila resulted in a deficit in behavior and performance requiring
memory. This research will provide a method to reliably extract quantitative information from
the Drosophila to better understand sleep deprivation in humans and its effects on the brain and
the body with increasing age. This research also has potential to improve patient outcomes by



focusing on the physiological issues that cause sleep deprivation. Sleep deprivation studies have
helped healthcare providers such as endocrinologist and those who use polysomnography.
Further investigation into physiological effects on sleep deprivation is expected.
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Abstract: Epilepsy is frequently associated to sexual disorders, however, how epilepsy affects
this behavior is poorly understood. Previous studies have shown that status epilepticus (SE) can
modify sexual performance in adult rats. Nevertheless, SE incidence is higher during infancy.
Hence, the aim of our study was to evaluate sexual performance on female adult rats with
previous SE during childhood. To that end, thirteen-days-old (P13) female rat pups received an
intraperitoneal injection of lithium chloride (3mEq/kg, i.p.). Twenty hours later, rats were
injected subcutaneously with pilocarpine hydrochloride (100mg/kg, s.c.); control (CTRL) rats
received the same volume of saline (0.9%). At P21, the rats were weaned and at P80 they were
ovariectomized (OVX) to control their sexual cycle. Receptivity was induced before each trial
with hormone replacement of subcutaneous injections of estradiol benzoate (10 pg) and
progesterone (500 pg), 48h and 4h, respectively. Sexual behavior was evaluated in the course of
five sessions (every four days) of 30 minutes each with a sexually experienced adult male.
Latency and frequency of solicitations, hops and darts and lordosis were assessed. Additionally,
male mounts, intromissions and ejaculations were quantified. An open-field test occurred five
minutes before the first mating trial to measure locomotor activity. After the fifth session, serum
corticosterone levels were quantified with an ELISA kit. Results showed significant differences
between groups in latency to solicitations at first and second trial and frequency to the same
parameter at second trial. No differences were found between SE or CTRL rats in locomotor
activity (measured as number of squares crossed) and corticosterone levels. Also male sexual



behavior showed no differences among groups. Hence, we argue that SE affects females’
proceptivity but not attractivity or receptivity. Given that such results are not observed from trial
three, it is possible that sexual behavior is normalized after experience. Accordingly, SE during
infancy would mainly affect mechanisms of sexual desire but not performance.
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Abstract: Emerging research indicates that hormonal contraception (HC) influences cognition.
However, the effects may depend on cycle phase, as oral hormonal contraception and vaginal
rings typically deliver synthetic estradiol and progestins for a specific time window followed by
a period of no synthetic sex hormones. Using functional magnetic resonance imaging, we
examined the effects of HC phase on brain activation patterns during an auditory oddball task.
Twenty healthy young women using monophasic 28-day HC containing 7 no-hormone days were
scanned twice across the HC cycle, once during days 8 to 21 (hormone phase) and once during
days 24 to 28 (no-hormone phase). In the scanner, women performed an auditory oddball task to
examine how HC phase influenced brain activity in regions and networks associated with arousal
and task-relevant processing. During the task, women heard a series 120 sounds, each presented
for 200ms. Ninety-six stimuli were low-frequency tones (500Hz; standard tone), twelve were
natural sounds (novel tones), and twelve were high-frequency tones (1000Hz; oddball tone).
Women were told to press a button as quickly as possible whenever they heard the oddball tone.
Oddball detection speed and accuracy did not differ across HC phase nor did task-related
differences in whole-brain activation patterns. However, a tensor independent component
analysis revealed differences in functional brain network activation across the task depending on
HC phase. Specifically, right frontoparietal network activation was greater when women heard a



novel versus a standard or oddball tone, with the most robust frontoparietal network activation to
the novel tone observed during the no-hormone phase.

Greater frontoparietal network activation during the novel tone may be related to inhibition of
task-irrelevant and/or bottom-up arousal responses, because, although heard as infrequently as
the oddball tone, the novel tone required suppressing a behavioral response. This activation
pattern was greater during the no-hormone phase, suggesting that women may differ in their
ability to inhibit unwanted emotional or behavioral responses according to hormone status,
which has important implications for women’s mental health and wellbeing across both early and
late adulthood.
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Abstract: It has been debated whether an intact social decision-making network (SDMN),
consisting of interconnected social behavior and mesolimbic reward networks, exists across all
vertebrate groups. We therefore examined neural activation across the SDMN and associated
regions in 57 male brown anoles (Anolis sagrei), within reproductive, agonistic, and non-social
control contexts. We examined neural activation within the SDMN by quantifying
immunoreactive (ir) expression of the immediate early gene product Fos. We then related Fos-ir
density to social context, behavioral expression, and activity (colocalization with Fos-ir) within
different phenotypes of ‘source’ nodes that release neurotransmitters (catecholamines and
serotonin) and neuropeptides (vasopressin and oxytocin), which can modulate SDMN ‘target’



node activity. Our results demonstrate that (1) neural activity of a core network of SDMN nodes
varies across social conditions; (2) functional connectivity within the SDMN varies across social
encounters (the greatest mean connectivity is present during reproductive encounters, although a
larger significantly correlated (though more weakly connected) cluster of nodes is present in the
agonistic encounter treatment); (3) functional connectivity of source nodes to SDMN target
nodes varies across type of signaling molecule and social condition - in general, vasopressin,
catecholamines, and serotonin are negatively connected and oxytocin positively connected to
SDMN activity; (4) measures of social behavior are not associated with activity of the core
SDMN network; and (5) the intensity of aggressive behavior is correlated with
catecholaminergic activity in the periventricular nucleus of the anterior hypothalamus and the
raphe, whereas the frequency and intensity of courtship displays is strongly correlated with co-
activation of hypothalamic and midbrain catecholamine neurons. Our findings therefore present
evidence for a functional SDMN in reptiles, and detail its regulation across social contexts.
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Abstract: Paternal care is important for healthy offspring development. However, the
neuroendocrine regulation of paternal care remains poorly understood, in comparison to maternal
care. There is a well-established role for the hormone prolactin (PRL) in mediating maternal
behavior through its actions on central prolactin receptors (PRLR). Male mice have a similar
central PRLR distribution as females, however, it is unknown whether PRL actions in the brain
are critical for paternal behavior expression as it is for females. In sharp contrast to virgin female
mice, virgin male mice are infanticidal towards pups, but approximately 2 weeks after mating,
infanticidal behavior is suppressed and the emergence of paternal care coincides with the birth of
pups. Therefore, the transition to paternal care involves both the promotion of pup-directed
behaviors and the suppression of aggressive tendencies towards the pups, which is induced from
the act of mating. To begin testing whether PRL is involved in the mating-induced transition to



paternal care we performed two experiments to identify specific groups of PRL-responsive
neurons that are activated after mating and during pup care. The first experiment collected brains
from virgin males that were allowed to either mate with a receptive female or control (no
female). The second experiment used males who were allowed to mate and sire pups before
being separated from the litter on postpartum day 3. The following day males were either
exposed to pups or no pups and brains were collected. Brains were processed for c-fos using
immunohistochemistry in our novel Prir-Cre/td-tomato mouse line, which are genetically
modified such that PRL-responsive neurons are labeled with a fluorescent tag (td-tomato) so that
they can be visualized. We predict that mated males will show more c-fos overlap with PRL-
responsive cells then non-mated males, particularly in the bed nucleus of the stria terminalis and
medial amygdala, two brain areas which have been previously identified to be active after mating
in male mice and express PRL receptors. We expect that fathers with pups will show increased c-
fos activation in PRLR neurons in the medial preoptic area, which is critical area for both
maternal and paternal care. This work will inform future hypotheses and predictions which
causally test for a role of neural PRL signaling in paternal care and will inform us whether
paternal care is regulated in a similar manner as maternal care.
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Abstract: Background: Reward processing dysfunction in Parkinson’s disease (PD) is common
and can occur with deep brain stimulation (DBS) of the globus pallidus internus (GPi).
Numerous primate studies and a limited number of human studies have identified reward-related
single-units in the pallidum, but local field potential studies are lacking.

Methods: 10 PD participants undergoing DBS played a modified Go/No-Go reward processing
task during surgery after implantation of the macroelectrode into the GPi. In each trial,



participants viewed a colored stimulus and either responded (Go) or not (No-Go) based on the
prospect for reward (+100 points) or loss avoidance (no-reward: +0 points; loss:-100 points).
Participants learned to associate stimuli with outcomes during preoperative training. During
intraoperative game play, monopolar recordings were acquired at each contact of a Medtronic
3387 DBS lead. We searched for neural correlates of reward using spectral decomposition and
event related potential (ERPS) techniques. Go and No-Go trials were compared to study neural
correlates of movement, and reward and no-reward trials were compared to study neural
correlates of reward processing. We examined reward anticipation, action for reward, and reward
feedback separately.

Results: We observed prominent decreases in GPi beta band (11-30 Hz) power during
movement compared to rest. ERPs were seen in response to stimulus and feedback onset across
all trial conditions. There were no differences in ERP or spectral content of signals during
stimulus onset between reward and no-reward trials. However, the GPi exhibited significantly
higher ERP amplitudes and increased theta (4-8 Hz) power in response to reward feedback.
Relative to no-reward trials, we also observed increased beta power in response to reward
feedback during No-Go trials.

Conclusions: Our results indicate that the GPi participates in reward-processing through
measurable changes in field potentials (neural population). This is the first report of low-
frequency changes in the GPi during reward feedback. In the future we aim to relate basal
ganglia neural correlates of reward to clinically diagnosed impulsivity and apathy.
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Abstract: Motivated behaviors can be driven by two opposing processes; reward seeking and
punishment avoidance. The ventral pallidum (VP) is critical for attributing motivation salience to
cues that predict reward and for invigorating reward-seeking behavior. Furthermore, the VP also
regulates motivation for punishment avoidance. However, it remains to be determined whether
different cell types in VP control different motivational drives. Additionally, it remains unclear
which is the target of VP neurons that control motivation. Here we probe the role of GABAergic
and glutamatergic VP projections to the lateral habenula (VP-LHDb), a structure implicated in
motivation regulation, in the control of reward approach and punishment avoidance. We
developed a task in which different auditory tones predict different levels of reward (water) in
head-fixed, water-deprived mice. To obtain the water reward, mice needed to lick the water
spout within a time frame after the cue presentation. We found that optogenetic activation of
GABAergic VP-LHDb projections increased licking responses whereas activation of glutamatergic
VP-LHDb projections reduced licking responses. Conversely, optogenetic silencing of GABAergic
VP-LHb projections decreased licking responses whereas silencing of glutamatergic VP-LHb
projections had no effect. This suggests that GABAergic VP-LHb projections mediate the
motivational drive to pursue reward attainment. Incorporating a punishment (air-puff) with
reward delivery in this task decreased licking responses, but silencing of glutamatergic VP-LHb
projections prevented this decrease. This suggests that this glutamatergic VP-LHb projection
encodes the punishing cost in a reward/punishment conflict scenario. We subsequently trained
head-fixed mice to run on a wheel during cue presentations for water reward or punishment
avoidance. We found that optogenetic silencing of GABAergic VP-LHb projections decreased
running responses for reward attainment, but not for punishment avoidance. Conversely,
optogenetic silencing of glutamatergic VP-LHb projections had no effect on running responses
for reward attainment, but decreased running for punishment avoidance. Together, these results
suggest that GABAergic VP-LHD projections are necessary for reward approach, whereas
glutamatergic VP-LHb projections are necessary for punishment avoidance. Characterization of
this VP circuit will broaden our understanding of how motivation is encoded in the basal ganglia.
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Abstract: Chronic pain-induced depression and fatigue were found to be closely associated with
the decline in motivation in patients. However, the neural basis for the impairment remains
unclear. In the present study, we explored the neuronal mechanism underlying motivational
impairment induced by chronic pain in neuropathic rats with sural-spared sciatic nerve injury
(SNI). We used an operant effort-based decision-making paradigm, in which animals could
choose either to obtain a large reward by climbing a barrier or to select another option with small
reward. The SNI rats showed a reduced rate of choosing the high effort/high reward arm,
suggesting declined motivation in the condition of chronic pain. We simultaneously recorded
neural activity in the medial prefrontal cortex (mPFC) and nucleus accumbens (NAc) when the
rats were performing the effort-based decision-making task. We found that 1) the theta-band
power of the local field potential (LFP) in the mPFC was positively correlated with the number
of high effort/high reward choices; 2) the SNI rats showed significantly lower theta-band power
of the LFP in the mPFC and lower gamma-band power in the NAc during the decision-making
task; and 3) both the coherence of theta-band oscillation between the mPFC and the NAc, and
the coupling of mPFC theta phase-NAc gamma amplitude decreased in the SNI rats. These
results suggested that the alteration of neural activities in the mPFC and NAc and the attenuation
of communication between these two areas may serve as the neural mechanism for the impaired
performance in motivational decision making in chronic pain conditions. In line with this
postulation, further optogenetical experiments demonstrated that deactivation of terminals
projected from the mPFC to the NAc also caused a decrease of the high effort/high reward
choices in the sham rats. Our findings provide important information for the understanding of the
neural basis for the association between the declined motivation and chronic pain.
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Abstract: The ventral tegmental area (VTA) is crucial for adaptive and maladaptive motivated
behaviours such as eating and chronic drug-seeking. VTA GABA neurons serve as a point of
divergence between two dissociable pathways that mediate drug reinforcement in drug-
nondependent and drug-dependent animals. Descending projections to the tegmental
pedunculopontine nucleus (TPP) are necessary for morphine-conditioned place preferences
(mCPP) in opiate-naive but not opiate-dependent animals, whereas ascending mesoaccumbal
dopamine (DA) outputs are necessary for mCPP in opiate-dependent but not opiate-naive
animals. Here, we report that VTA connexin-36, a gap junction-expressing protein, is necessary
for the manifestation of opiate-dependent motivation. Injections of the Cx36 blocker,
mefloquine, into the VTA of opiate-dependent rats results in a reversion to an opiate-naive state
such that mCPP is mediated by the TPP, and withdrawal aversions are abolished. Moreover,
knocking out Cx36 in GABA neurons produces perpetually drug-naive mice such that mCPP are
always mediated by the TPP and withdrawal aversions never manifest. These results demonstrate
that Cx36 in VTA GABA neurons is necessary for the development of drug-dependent
motivation. We currently are investigating whether Cx36 in VTA GABA neurons is sufficient to
restore susceptibility to drug dependence. Given the functional importance of this subpopulation
of VTA GABA neurons, we also are performing retrograde tracing experiments to identify the
pathways to which they contribute.
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Abstract: Pain is a complex phenomenon composed of sensory and affective components. In
addition to sensory disturbances, patients experiencing pain report the presence of other negative
symptoms such as dysphoria, anhedonia, and anxiety. These co-morbid disturbances can lead to
depression and opioid misuse, consequently escalating into life threatening events such as
suicide attempts or accidental opioid overdoses. Clinical studies have correlated these pain-
induced pathological states with a decrease in dopamine (DA) neurotransmission and
maladaptive changes in the nucleus accumbens (NACc). In the same line, using an animal model
of inflammatory pain it has been reported that opioid evoked DA release in the NAc is attenuated
in pain. This pain-induced suppression of DA transmission is likely due to downregulation of mu
opioid receptor function in the ventral tegmental area (VTA) GABA neurons. Moreover, animals
experiencing inflammatory pain show impaired motivated responses to natural and opioid
rewards which are sustained, at least in part, by a decrease in midbrain DA signaling. All
together these findings link pain-induced loss of motivation and co-morbidities with a general
allostatic impairment of DA neurotransmission. The most dense DA pathway arising from the
VTA is the mesolimbic reward pathway (VTA-NAc). Considering the role of this pathway in the
integration of rewarding and aversive stimuli, it represents an ideal circuit for studying the co-
morbidity of pain and loss of motivation. Using chemogenetics we demonstrate that stimulating
DA neurons in the VTA is sufficient to prevent pain-induced decrease in motivation.
Furthermore, we validate that the recovery of motivation is not due to the analgesic effect of the
treatment, as activation of DA neurons did not reverse pain induced thermal hyperalgesia. While
global activation of VTA DA neurons fully prevented pain-induced motivational deficit, the
activation of VTA-NACc pathway using intersectional chemogenetics partially restored
motivation in animals in pain. Interestingly, by activating the VTA-NAc pathway a significant
positive correlation in between the number of DREADD-infected DA neurons in the VTA and
the amount of prevention of pain-induced decrease in motivation was drawn. Lastly, using fiber
photometry we demonstrate a robust DA activity correlated with the delivery of reward during
the sucrose self-administration, furthermore allowing us to assess pain induced changes in DA
activity during the motivational task within the same animal. In conclusion, our findings provide
a mechanistic evidence for the involvement of DA pathways in pain-induced negative emotional
states.
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Abstract: Because our modern food environment is rich in highly palatable, calorie-dense foods,
it is very easy to overeat, or consume excess calories. While most individuals remain in a state of
caloric surplus, a growing number of individuals overeat to the point of developing obesity and
associated health consequences. Despite the growing awareness of the detrimental effects of
overeating, individuals with and without obesity find it very difficult to diet, or to reduce
overeating by switching to less- palatable, lower calorie alternatives. To explore the behavioral
and neural basis of dieting difficulties, we developed a short-term mouse model of overeating
and dieting. In our model, mice are given ad libitum access to high-fat diet (60% fat) for 3 days
before being switched back to chow. They robustly overeat during high-fat diet access and then
dramatically reduce their chow intake on the switch day (diet day) relative to their intake before
high-fat diet. We have now shown that the chow undereating effect is sensitive to the magnitude
of overeating but is not attributable to a single fat source, a lack of food choice, nor palatability
alone. Many have hypothesized that increased preference/craving for palatable foods plays a
critical role in derailing diets, and we believe that the undereating effect reflects another
important driver of dieting difficulty- reduced preference/motivation for less-palatable
alternatives. Thus, given that dopamine signaling is implicated in conveying reward and
motivation information and altered dopamine signaling has been linked to enhanced cravings for
and overconsumption of palatable foods, we are currently assessing whether and how the
reinforcing efficacy of dopamine self-stimulation and the calcium activity of VTA dopamine
cells are changed during our model by using optogenetics and fiber photometry, respectively.
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Abstract: The feeding behavior is regulated not only by the hypothalamus but also the limbic
system, which is related to addiction. In the limbic system, dopaminergic neurons in the ventral
tegmental area (VTA) project to the nucleus accumbens (NAc) in the striatum (Stri). Recent
studies suggest that there are several similarities in the pathological mechanisms of addiction
among alcohol, drugs and a high fat (HFD). Baclofen, a gamma aminobutyric acid type B
receptor (GABAg-R) agonist, has been shown to be effective for the treatment of alcohol and
drug addiction. We previously reported that baclofen reduced appetite and the desire for
snacking in human, although the neurons which mediate baclofen action have not been clarified
yet. To elucidate the role of GABABg-R for feeding behavior in the limbic system, we generated
dopaminergic or striatal neuron specific GABAg-R deficient mice (D-KO or S-KO, respectively)
by Cre-loxP system. We placed wild-type mice (WT), D-KO and S-KO on HFD for 16 weeks,
and measured body weight changes and food intake. We also performed intraperitoneal (ip)
injection of baclofen every 6 hours into WT, D-KO and S-KO that had fed HFD for 6 weeks, and
measured body weights and food intake of HFD for 2 days. Next, to evaluate the addiction to
HFD, we placed WT, DKO and SKO on ad libitum access to a chow diet for 24h and intermittent
access to HFD for 2h per day. We also performed ip injection of baclofen or vehicle 30 minutes
before intermittent access to HFD, and measured food intake of HFD for 2h. There were no
significant differences in body weight and food intake between WT and either D-KO or S-KO on
HFD. While baclofen administration reduced body weight and intake in WT, D-KO and S-KO,
there were no significant differences between genotypes. During intermittent access to HFD, the
food intake in S-KO but not in D-KO was significantly increased compared to WT. Whereas
baclofen administration significantly decreased food intake compared to vehicle in WT during
intermittent access to HFD, these effects seen in WT were canceled in both D-KO and S-KO.
These results suggest that GABAR receptor signaling in dopaminergic neurons or striatal neurons
suppresses food intake during intermittent access to HFD, and the effect is dominant in striatal
neurons.
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Abstract: Dopamine (DA) activity is critical for learning and motivational functions, but details
of how DA mediates flexible behaviors continues to be refined. The most intensely debated
aspect of DA function involve *what* decision signals are relayed, and *how* these messages
are communicated to post synaptic cells. One dominant theory asserts that DA encodes reward
prediction error (RPE) signals that are uniformly broadcast to recipient regions. Indeed, the
anatomy of DA axon arbors and spiking of midbrain DA cells are extensively reported to support
this theory. Contrary to this notion, however, many studies demonstrate mismatches in the
temporal pattern of DA release across striatal sub-regions. It is now increasingly evident that DA
signaling is spatially and temporally heterogeneous, yet we do not understand the organizational
principles or computational functions of heterogeneous DA decision signals.

We performed functional imaging of VTA axons in the dorsal striatum. DAT-cre mice received
midbrain infusion of GCAMPG6f, and implanted with imaging cannula or GRIN lenses for optical
access into the striatum. After recovery from surgery, we imaged large-scale (~8-9 mm? area,
using 1-photon microscopy) or fine scale (~10s of ums, using 2-photon microscopy) activity of
DA terminals in the striatum during performance of tone- guided reward expectation tasks.

We report a novel set of spatio-temporal trajectories of DA axons across the dorsal striatum
(DS). The spontaneous activity of DA axons is organized into irregular, but spatially and
temporally continuous waves that extend across 8-9 mm? of mouse striatum. Further, reward
immediately resynchronized activity into directional waves. Specifically, in pavlovian tone-
reward association task, DA waves initiate in lateral DS and propagate medially, terminating in
the anatomical equivalent of head of the caudate. By contrast, reward delivery in instrumental
tasks that require mice to walk for distant rewards produce waves that initiated in the medial DS
and propagate laterally. These results indicating that opponent trajectories of DA reward
responses communicate decision signals for flexible behaviors. We consider different
formulations of possible computational functions of pre-reward ramps in DA and subsequent
waves.
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Abstract: It has been postulated that midbrain dopamine (DA) neurons signal reward prediction
errors (RPEs), or the discrepancy between actual and predicted reward. The response of DA
neurons has been characterized in relatively simple tasks such as classical conditioning
paradigms in which a discrete cue predicts a future reward. Humans and animals move in space
in the pursuit of reward. In these situations, dynamic sensory inputs, instead of discrete cues,
may signal a gradual change in the proximity to a reward. How DA neurons respond in these
situations remain unclear. Recent studies have shown that the DA concentration in the ventral
striatum gradually ramps up as the animal approaches to a reward location. Such DA ramps have
been proposed to encode a gradually increasing value of location as defined by an estimate of
temporally discounted future reward, or ‘state value’. However, the notion that DA activity
represents ‘value’ contradicts the canonical view that DA activity represents RPE or temporal
difference (TD) error, which is approximately the derivative of the value function. Gershman
(2013) showed theoretically that if the value function conforms a particular shape (a convex
function), DA ramps may result from a derivative-like RPE computation (i.e. TD error).

To distinguish these possibilities -- state value versus RPE, we devised a set of experimental tests
using visual virtual reality in mice. We monitored dopamine axon activity from the ventral
striatum using fiber photometry while mice ran on a 1-dimensional virtual corridor to obtain
reward. We first show that DA ramped as the animal approached a reward location (n =6, all P <
0.01). When a scene movement was decoupled from the animal’s locomotion, a DA ramp
occurred regardless of whether the animal ran or not during a scene movement. In some trials,
the animal was teleported from an intermediate location to a location closer to the reward. The
state value hypothesis predicts a step-wise change in DA activity, whereas the RPE hypothesis
predicts a phasic excitation at the time of teleport. Our results showed a phasic activation of DA
axons. Furthermore, the magnitude of these DA transients was larger when a teleportation of the
same distance occurred closer to a reward location, consistent with a convex value function



(mean R =0.26, n =4, P < 0.05 for 3 animals, correlation between teleport position and
magnitude of DA activity). These results indicate that DA ramp occurs due to dynamic sensory
inputs that indicate the proximity to reward, and DA ramps are consistent with TD error, i.e. a
derivative-like computation over a convex value function across space.
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Abstract: When something unexpected occurs in our environment, dopamine neurons in the
midbrain exhibit a very brief increase in activity, referred to as a prediction error. Current theory
restricts the dopamine prediction error to a signal reflecting errors in the prediction of future (or
current) reward value, which is used to learn such value predictions. This learning is referred to
as “model-free” because it drives simple increases or decreases in scalar value attributed to
predictive cues but does not contain more detailed information about what exactly is expected to
occur. This is in contrast to “model-based learning” which incorporates a detailed cognitive
model of the relationships between events in the environment to predict upcoming rewards.

We have previously shown that the dopamine prediction error is capable of contributing to
associations that facilitate model-based learning. To do this, we used a modified version of the
sensory preconditioning procedure in rats. Sensory preconditioning involves first presenting two
neutral cues in close succession such that a predictive association forms between them (e.g. A-B;
termed a “preconditioning phase”). This association can then be revealed if cue B is paired with
food reward (B-US), in that subsequently, rats will show an appetitive response towards cue A,
showing that they inferred that cue A is likely to lead to reward by virtue of its prior association



with reward-predictive cue B. In a “blocking” procedure designed to reduce the likelihood that
rats would form an association between A and B in the preconditioning phase, we found that
introduction of a dopamine transient at the beginning of cue B facilitated the development of the
learned association between cues A and B. This showed that the dopamine prediction error can
facilitate learning that is not dependent on rewards or value predictions (Sharpe et al., 2017,
Nature Neuroscience).

Here we extend these findings and show that the introduction of the dopamine transient
facilitates the development of an association between A and B without endowing cue A with
value. Specifically, while rats showed an enhanced appetitive response for cue A, they would not
press a lever to receive presentations of cue A. This shows that cue A did not acquire value,
which would have allowed it to support the acquisition of a novel instrumental response.
Together, these data show that the dopamine prediction error acts as a model-based signal to
drive associations between events without endowing cues with model-free value. These data
challenge current conceptions of dopamine function and call for deeper investigation into how
this signal is utilized at the circuit level.
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Abstract: Reward-predictive stimuli provide a major source of motivation for reward-seeking
actions. Considerable evidence has implicated the nucleus accumbens core (NAc), and dopamine
signaling therein, in the expression of a cue’s motivational value, but less is known about the



contribution of the striatal cholinergic system to this behavior. Cholinergic interneurons (CINS)
provide the main source of acetylcholine to the striatum, and their activity has been shown to be
elevated in situations that discourage vigorous reward seeking and depressed in response to
reward-predictive cues that encourage reward seeking. These data suggest that NAc CIN activity
may gate the expression of cue-motivated behavior, having a suppressive effect when elevated
and a permissive effect when depressed. We tested this with bidirectional optogenetic and
chemogenetic manipulations of NAc CINs during a Pavlovian-to-instrumental transfer (PIT) test.
CIN stimulation during CS* presentation was found to blunt the ability of a reward-predictive
cue to invigorate reward seeking, whereas CIN suppression augmented such cue-motivated
behavior. The effect of CIN stimulation was found to depend on the nicotinic acetylcholine
receptors located on dopamine terminals, suggesting a potential mechanism of CIN regulation of
cue-motivated behavior is via terminal regulation of dopamine release. In support of this, we
found that that local blockade of NAc nicotinic receptors augmented cue-evoked dopamine
release, measured with fast-scan cyclic voltammetry, during PIT. These data indicate that NAc
CINs act as a gate over cue-motivated behavior by terminally regulating the degree to which
reward-predictive cues can evoke dopamine release.
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Abstract: The nucleus accumbens (NAc) plays a central role in reinforcement and motivation.
Around 95% of the NAc neurons are medium spiny neurons (MSNSs), divided into those
expressing dopamine receptor D1 (D1R, D1-MSNs) and dopamine receptor D2 (D2R, D2-
MSNs). Previous results showed that optogenetic activation of D2-MSNs increased motivation,



whereas inhibition of these neurons produced the opposite effect. Yet, it was unclear how
activation of D2-MSNs affected other local neurons/interneurons or input terminals, and how
this contributed for motivation. So, we combined optogenetic modulation of D2-MSNs with in
loco pharmacological delivery of specific neurotransmitter antagonists to answer this remaining
question. Optogenetic activation of D2-MSNs increases motivation in a progressive ratio task,
and this effect relies on cholinergic-dependent modulation of dopaminergic signaling of VTA
terminals, which requires D1R and D2R signaling in the NAc. In vivo electrophysiological
studies showed that D2-MSN activation decreased ventral pallidum (\VP) inhibitory tone over the
VTA, increasing VTA dopaminergic activity. Importantly, we further found that optogenetic
activation of D2-MSN-to-VP terminals was sufficient to recapitulate the motivation
enhancement. In summary, our data suggests that optogenetic stimulation of NAc D2-MSNs
indirectly modulates VTA dopaminergic activity, contributing for increased motivation.
Moreover, both types of dopamine receptors’ signaling in the NAc are required in order to
produce the positive behavioral effects.
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Abstract: Group social interactions play a prominent role in both human and animal behavior,
and competitive foraging among conspecifics is an especially significant form of social
interaction due to its prevalence in nature and its importance in determining survival and
reproductive outcomes. Previous studies have revealed features of competitive foraging behavior
that are common to most species, as motivated individuals pursue limited resources from the
same food source area with simultaneous access. However, despite the importance of interactive
social behavior and its dysfunction, its neuronal underpinnings are poorly understood. In this
study, we developed a novel behavioral assay to observe the influences of social dominance



hierarchies on the competitive foraging behavior, which offers a versatile method to ordinally
quantify competitive success among larger groups of animals. We also recorded single-unit
neuronal activity within the dorsal medial prefrontal cortex (dmPFC) in male wild-type mice
while they performed the task. Consistent with prior studies that characterized the tendency of
dominant animals to tend to monopolize food more effectively than submissive counterparts, our
behavioral data revealed that greater social dominance directly correlated with greater
competitive success. Thus, these results demonstrated a relationship between dominance and
competitive success that extends across a social group of familiar mice in a higher-order group
setting. Neuronally, we found a subset of neurons in the dmPFC that selectively encoded the
animals’ hierarchical rank, the order in which they accessed the reward zone, and the reward
amount. It is notable that individual dmPFC neurons differed in activity based on the subject’s
relative rank regardless of others’ identity, while other neurons responded selectively to
competitive success only before the recorded animal entered the reward zone - suggesting that
dmPFC neurons may predict competitive outcomes based on information about competitors. This
research provides insight into the social and neurobiological mechanics of dominance,
competition, and success, allowing us to better understand group competitive behavior.
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Abstract: Maternal care is critical for child survival and health (Dulac et al., 2014; Rilling and
Young, 2014). Healthy maternal sensitivity is characterized by the ability to reliably recognize
and respond to infant signals, initiating appropriate caregiving responses. Although motherhood
is a dramatic natural experience, little is known about mechanisms and neural circuits supporting
experience-driven plasticity in the maternal brain that enable recognition of infant cues and
parental responses for childcare. Recent studies from our lab (Marlin et al., 2015; Mitre et al.,
2016) showed that the neuropeptide oxytocin promotes long-term plasticity in mouse auditory
cortex in vivo and in vitro, enhancing maternal behavior and leading to long-lasting changes in
neural responses to infant sounds. Physiological release of oxytocin from the paraventricular
nucleus (PVN) of the hypothalamus in response to infant vocalizations and other stimuli might



help induce recognition of different infant cues. However, it remains unknown which sensory
stimuli activate PVN neurons under different contexts to trigger oxytocin release and enable
appropriate maternal behaviors. Here we performed in vivo cell-attached and whole-cell
recordings from PVN neurons in awake head-fixed mice. We used channelrhodopsin-assisted
patching (Munoz et al. 2014) to record from optically-identified PVN oxytocin neurons in
newly-maternal and virgin mice. We found that PVN neurons in dams show reliable responses to
pup calls, but responses in PVN neurons of virgins were weak and less coherent. Our data
suggest that PVN neurons are prewired to specifically respond to natural auditory stimuli with
behavioral significance and these responses get selectively strengthened with the transition to
motherhood to enable maternal care. Furthermore, we used cell-type specific retrograde labelling
with rabies virus to identify inputs driving auditory responses in PVN oxytocin neurons. Finally,
we mapped which populations of PVN neurons are activated by pup calls or suckling via the
activity-dependent immediate early gene c-fos and if these neurons were magno- or
parvocellular. Our results delineate a complex circuit refined by maternal experience for
stimulating oxytocin release.
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Abstract: Maternal care is profoundly important for mammalian survival, and maternal
behaviors can also be expressed by non-biological parents after experience with infants. One
critical molecular signal for maternal behavior is oxytocin, released by hypothalamic
paraventricular nucleus (PVN) and enabling plasticity within maternal auditory cortex for



recognizing infant cues. To determine how these changes occur during natural experience, we
continuously monitored homecage behavior of female virgin mice co-housed for days with an
experienced mother and litter, synchronized with in vivo recordings from virgin PVN/oxytocin
neurons. Mothers engaged virgins in maternal care, by ensuring that virgins were in the nest and
self-generating episodes of isolated pup retrievals. These behaviors activated virgin PVN and
gated behaviorally-relevant plasticity to improve behavior and cortical responses to pup distress
calls. Thus maternal behavior can be learned by social transmission, and our results describe a
mechanism for adapting the newly-maternal brain to infant needs via endogenous oxytocin.
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Abstract: In rodents, different defensive behaviors can be expressed when facing dangerous
situations: passive reactions (freezing), or active actions to escape from the threat (active
avoidance). In addition, translational studies have shown that the basolateral amygdala (BLA) is
necessary for the induction of escape behavior from imminent, but not distant threats, by
inhibiting central amygdala (CeA) output. In the current project, we show that avoidance
behaviors are modulated by excitatory projections from BLA to a specific population in the CeA
that expresses the oxytocin receptor (OTR) and inhibit CeA output to the brainstem. By using the
threat escaping test (TET), we categorized two populations of rats depending on their successful
escape responses to imminent threats: high escapers (HE) and low escapers (LE). Then, we
measured synaptic plasticity in BLA-induced excitatory transmission ex vivo onto different types
of CeL neurons after TET training. By whole-cell patch-clamp recordings, we assessed the
AMPA/NMDA ratios of pharmacologically and functionally identified OTR+ and OTR-neurons
in CeA. The AMPA/NMDA ratio of OTR+ neurons in HE was higher than the one expressed by



OTR+ neurons in LE or unconditioned animals, demonstrating that postsynaptic plasticity in
OTR+ cells is specifically induced in HE rats. Behaviorally, acute pharmacological modulation
of OTR+ neurons in CeA mediated the switch from passive (freezing) to active (avoidance)
responses to imminent threat in a shuttle box test, but did not induce avoidance memory.
Importantly, OTR activation in CeA rescued avoidance behavior in animals whose BLA was
down-regulated chemogenetically, reflecting the relevance of OTR signaling for switching
between freezing and escape behavior. We are now running experiments to elucidate the
underlying functional mechanism of OTR in CeA in avoidance learning. Furthermore, to assess
the role of endogenous oxytocin in the different groups (HE, LE, unconditioned animals), we are
measuring oxytocin by mass spectrometry in cerebrospinal fluid and blood. Current data support
the necessity of oxytocin signaling in the CeA to modulate the plasticity of a circuit that switches
fear behavior from passive to active responses.
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Abstract: Social reward has been traditionally thought to enhance learning, with most
experiments testing whether it makes learning faster or better. It remains unclear how social
reward affects speech learning. We hypothesized that social reward affects a specialized



component of speech learning, vocal learning. We tested this hypothesis using the zebra finch, a
vocal learning songbird species commonly used as a model for human spoken-language
development. To do so, we developed a rapid vocal learning behavioral paradigm that attempted
to dissociate social reward from vocal learning. Juvenile male zebra finches were first operantly
taught to imitate a two-syllable song for 20 days. Then for the next 30 days they were exposed to
two different contexts, switched every other day: an isolation context and a social reward context
with an animal model of a bird they treated as their father, and a non-singing but live female
bird. In these two different contexts, they were exposed to two very similar songs (played from
speakers), comprised of two syllables, the same syllables of the song they had learnt, only
differing by two semitones in the pitch of the second syllable. Five out of the six birds tested
picked up the pitch of the song they heard in the social reward context, suggesting that fine
aspects of vocal learning, like pitch, can be gated by social reward. In another experiment, we
tested the effects of oxytocin, a neurotransmitter implicated in social reward, in their singing
behavior. We administered oxytocin antagonist intranasally in males, singing in two social
contexts: singing alone (undirected singing) or co-housed with a female and singing to attract her
(directed-singing). We found that oxytocin-antagonist-treated males show a significant drop in
the number of introductory notes in their directed love song. To test whether the oxytocin-
antagonist crossed the blood-brain barrier, we delivered an oxytocin antagonist-SAP conjugate
by intranasal, intracranial, or intramuscular routes, and found via immunocytochemistry (with a
SAP-antibody) that the product crosses the blood-brain barrier only with intranasal and
intracranial delivery, but not intramuscular delivery. Given the convergent behaviors and neural
pathways for learned vocal communication in zebra finches and humans, our results imply that
social reward could help gate learning of speech sounds and that oxytocin may modulate what is
vocally produced. This finding also has implications for intranasal administration of oxytocin
that is currently used in patients of autism, albeit so far to study other aspects of cognition.
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Abstract: In classical game theory agents act simultaneously or sequentially. This approach has
been utilized in recent social neuroscience studies. In many real-world scenarios, however,
decisions are made in real-time, often with visibility of others’ actions. This visibility has direct
consequences for information availability about other’s decisions: acting faster means foregoing
this information while acting slower allows taking the other’s choice into account. To investigate
social decision-making under conditions of action visibility, termed ‘transparent games’, we
created a setup in which two agents sit vis-a-vis separated by a transparent display sandwiched
between two touchscreens. This allows agents to see each other and to interact with the same
visual objects by reaching to them in the shared workspace. Here we compare behavior of human
and macaque pairs in the classical coordination game ‘Bach or Stravinsky’. In this game, each
agent has a preferred target associated with larger monetary or liquid reward; one agent’s high-
value target is the other’s low-value target. Importantly, selecting the same target adds equal
bonus to the target value for both agents. Thus, joint selection increases reward for both agents,
but the agent whose preferred target is selected earns more. This game has two Nash equilibria:
the joint selection of either target; but selecting only one of these leads to unequal payoffs.
Several human pairs converged to a Nash equilibrium, coordinating to select the same target.
Most also adopted turn-taking strategies to equalize the payoffs: alternating between the two
targets on a trial-by-trial basis, or switching between the targets in longer blocks. Macaques also
tended to converge to a Nash equilibrium, after multiple sessions. But unlike humans, the leading
monkey mainly insisted on his preference and the second monkey followed to gain the
coordination bonus. Two monkeys also underwent training with a human confederate, who
adhered to “turn-taking” by switching between own or monkey’s preferred target in blocks. After
several sessions, monkeys adopted largely optimal behavior, by coordinating their choices with
the human counterpart. Blocking the view of the human’s hand resulted in a coordination loss,
implying that monkeys actively observed the human. After this training, when playing together,
when both monkeys displayed similar reaction times, a turn-taking pattern emerged: each
monkey led and followed in blocks. So far, this behavior occurred transiently and they mostly
reverted to a leader-follower strategy. These findings demonstrate the importance of action
visibility in emergence and maintenance of coordination.
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Abstract: The recreational drug * 3,4-methylenedioxymethamphetamine (MDMA), also known
as “ecstasy”, is well-known for generating feelings of empathy and closeness in human users, as
well as feelings of euphoria and intoxication. MDMA’s prosocial effects and demonstrated
ability to facilitate positive social interactions are believed to underlie its potential therapeutic
efficacy in clinical trials where it has been used as an adjunct to psychotherapy for Post-
Traumatic Stress Disorder. However, it is unknown whether MDMA’s prosocial effect and abuse
liability have separable neural mechanisms. MDMA has a high affinity interaction with the
serotonin transporter (SERT), leading to efflux of serotonin (5-HT) through a reverse-transport
mechanism. Recent work in our laboratory suggests that 5-HT release in the nucleus accumbens
(NAC) is important for social reward and social preference. We hypothesized that this
mechanism could account for MDMA'’s prosocial effect, but not its rewarding properties, in a
mouse model recapitulating some of the major aspects of MDMA’s human effects. Using male
and female adult C57/BI6 mice, we identified a low dose of MDMA that elicited social
preference in a 3-chamber assay, but not conditioned place preference or locomotor sensitization.
A higher dose of MDMA produced all three behaviors. Using intracerebral drug microinjection
into the NAc, and a conditional knockout of SERT, we find that MDMA’s interaction with
SERT in the NAc is necessary to account for its prosocial effect, but does not alter its rewarding
properties. MDMA-induced prosocial behavior was unaffected by disruption of oxytocinergic
transmission in the NAc. We further found that MDMA'’s prosocial effect, and its acute effect on
excitatory synaptic transmission onto D1 and D2 medium spiny neurons (MSNSs) of the NAc,
require 5SHTR1b activation. Ongoing experiments are detailing how MDMA modulates natural
neural dynamics of D1 and D2 MSNs during social behavior. Our data suggest that the prosocial,



therapeutic effects of MDMA could potentially be recreated through a neural circuit-based
mechanism that minimizes this drug’s abuse potential.
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Abstract: Chronic stress is a major disorder and its repercussions on health are numerous
(anxiety, depression, metabolic and gastrointestinal diseases, etc.). Its physiology and impacts
have been widely studied in different rodent models, but models with a better face validity are
still required. We attempted to describe and validate a chronic stress model associated with the
onset of anxiety-depressive-like symptoms in pigs.

Thirty-six 11-weeks-old pigs have been exposed to a psychosocial stress consisting in social
isolation as well as environment impoverishment and unpredictability for 7 weeks. Three groups
have been studied: non-stressed, housed by pairs with environmental enrichments (S-), stressed
(S+), and stressed treated with the antidepressant fluoxetine (S+F; 60mg per day, p.o). A
contention test evaluating resignation was performed and salivary cortisol, glycaemia and the
activity of intestinal microbiota were measured. Molecular biology and fMRI were also
performed respectively to assess the modulation of monoaminergic systems and the cerebral
responses to unknown olfactory stimulations in brain areas associated with cognition and
depression.

After a month, non-stressed animals were significantly heavier than the stressed ones (S- = 52.0
+ 1.3 kg compared to S+ =49.1 £ 0.6 kg, p = 0.054, and S+F =48.0 £ 0.7 kg, p = 0.008). During
contention, S+ animals tended to be more resigned than the others (average duration of an
attempt to escape: S- =3.34 £ 0.38 sand S+ =2.25+0.26 s, p = 0.077). They also had a higher
level of salivary cortisol (S+ =5.14 + 1.58 ng/ml, S+F =1.61 + 0,23 ng/ml, S- =2,04 £ 0.21
ng/ml; S-/S+: p = 0.075, S+F/S+: p = 0.035). Glycaemia was higher for stressed animals (S- =
4.76 = 0.16 mmol/l compared to S+ =5.33 £ 0.21 mmol/l, p = 0.049, and S+F =5.43 £0.10
mmol/l, p = 0.018) while the microbiota activity was reduced (fecal short chain fatty acids: S-
/S+, p =0.022). fMRI study showed that stressed, compared to non-stressed animals, had a



significantly lower brain activity in the hippocampus during stimulation with new odors, which
was also linked with a deregulation of the serotoninergic system in this zone (decreased level of
S5HT1AR).

We have validated our psychosocial chronic stress model in pigs via a large panel of
measurements usually used in preclinical studies for evaluating chronic stress and depression. As
the pig is a privileged model to study nutrition and brain responses in health and neuro-digestive
disorders, this model might be useful to explore therapeutic solutions particularly through
nutrition.
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Abstract: Early social isolation is a well-validated stressor linked to the induction of depression
and anxiety in adulthood. In biomedical research, isolation following weaning in animals has
persisted as an environmental model of those mood disorders. Previously, we characterized the
behavioural profile of male mice socially isolated at weaning, and reported electrophysiological
findings that their raphe neuron excitability is decreased (Sargin et al., Elife, 2016). Here, we
investigated whether these findings were also true in female mice. In male socially-isolated mice,
we found behavioural changes on tests relevant to a depressive-like state. By contrast, we
observed either no change or opposite change in the female groups. We also found that dorsal
raphe serotonin neurons in the socially-isolated females are more excitable than those in group-
housed females, contrasting with our previous findings in male animals. Of note, dorsal raphe
neurons from group-housed female mice had an increased propensity to enter depolarization
block upon stronger stimulation. Ongoing experiments are examining a number of cell and



circuit factors that may contribute to these observations, i.e., membrane and action potential
properties, regulation by 5-HT1A autoreceptors, and synaptic input. Based on our previous
findings, we are particularly interested in the functional role of SK2 and SK3 channels by sex in
the different housing conditions. These results highlight likely sex-specificity in the effects of
chronic isolation on behaviour, and within the serotonergic system. They also highlight the
importance of correcting the longstanding bias of only using male subjects in preclinical
research.
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Abstract: With advances in artificial intelligence, developing affective communication between
humans and virtual agents is important. To this end, we are exploring various ways of applying
human mimicry behavior, which may lead to successful interactions between humans and virtual
agents. Specifically, does mimicry produce positive feelings in humans when interacting with a
non-human agent that has a different appearance? A previous study on gaze-following by
human-like and robot-like agents showed that agent behavior but not appearance affected
participants’ performance (Abubshait et al., 2017). While three systems are believed to be
involved in being mimicked: (1) a perception-action matching system, (2) a self-other system,
and (3) a reward system (Hale & Hamilton, 2017), we explored the underlying neural substrates
to determine the dominant system when humans are being mimicked by virtual agents. We
conducted an fMRI study where 39 participants performed a facial interaction task with a non-
human virtual agent in the form of a chick. In the task, participants were instructed either to
smile or to just look at the chick; immediately after, the chick displayed three kinds of
expressions (happy, sad, or no expression). The timing and strength of the chick’s expressions



were modulated by the degree of a participant’s smile in the smile conditions. Each task was
followed by a subjective rating of participants’ current feelings on a 9-point scale (-4 = negative,
4 = positive). As expected, participants reported positive feelings only when they were imitated
in the smile condition (Smile_Happy), indicating that the positive or congruent response by the
chick is important in inducing positive feelings in participants. The fMRI results showed that
being imitated in the smile condition, compared to other conditions (Smile_Happy -
Smile_Sad&No > JustLook_Happy - JustLook Sad&No), activated the rostral anterior cingulate
cortex (ACC), precuneus/posterior cingulate cortex (PCC), superior occipital gyrus, lingual
gyrus, and middle frontal gyrus. ACC and precuneus/PCC are suggested to be important in
integrating social signals during affective mentalizing (Takahashi et al., 2015). Since mentalizing
is closely related to self-other processing, involvement of the self-other system is implied. In
summary, imitation of positive facial expressions by a non-human virtual agent with no
morphological similarity to human faces can produce positive feelings in humans. In addition,
this interaction involves a part of the affective mentalizing network. These results suggest the
feasibility of using virtual agents with divergent appearances in interactions with humans.
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Abstract: Mood disorders can be severe and debilitating and cost billions of dollars annually.
Interestingly, mood disorders are diagnosed at a much higher rate in women compared to men,
but the etiology of this sex-difference remains unknown. Early life social isolation is a
recognized risk factor in the development of depression and anxiety. Chronic social isolation
through single-housing is an emerging mouse model for these disorders. Previous work from our
lab has demonstrated that post-weaning chronic social isolation induces a depressive-like
phenotype that can be normalized through systemic blockade of SK channels (Sargin et al., Elife,
2016). Here, we investigate the behavioral effects of chronic social isolation on both male and
female mice. We performed a battery of characterizations including measures of weight, activity
level, and performance on tests of depressive-like and anxiety-like behaviour, observing a
number of interactions between sex and social isolation. In both sexes, we found that social
isolation had a greater impact on tests thought to measure depressive-like compared to anxiety-
like behavior. Yet, we were surprised to see a number of baseline differences between group-
housed males and females, with group-housed females more closely resembling single-housed
males. Intriguingly, single-housing appeared to exert opposite behavioral consequences for male
and female mice on several tests, raising some questions of interpretation. Ongoing work is
examining the regulation and functional role of SK channels by sex in the different housing
conditions. Our results show a baseline sex-difference, a sex-specific behavioral response to
chronic social isolation and highlight the importance of sex-differences in animal models of
mood disorders.
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Abstract: The ability to make flexible decisions is crucial to everyday life but can differ
considerably across individuals. This individual variability partly reflects certain clinical
conditions, like depression, that can dramatically affect decision flexibility. Across a broad range
of studies and tasks, people with depression have been shown to inadequately adjust to task-
relevant changes, especially in response to negative events. Understanding this kind of
maladaptive decision-making first requires a better understanding of how healthy individuals
make flexible decisions in response to positive and negative events. To that end, this study uses a
novel changing reward task to measure how healthy human participants adapt their decision-
making to changing conditions.

For this task, participants are asked to pick one of two options on a screen with the objective of
gaining reward tokens. One option is associated with a higher reward payout than the other.
Outcomes can be gain or loss. Importantly, the location of the reward distributions changes based
on experimenter-set hazard, or switch, rates. Previous work in our lab using inference tasks with
this kind of change-point structure showed that human participants can adaptively adjust to
different objective hazard rates, albeit with substantial individual variability and an overall bias
towards assuming a more random, history-independent hazard rate environment. Here we focus
on how these learning processes are affected by the relative gains and losses associated with the
switching alternatives. We also ask participants to take depression and anxiety inventories to test
the hypotheses that: 1) those with higher anxiety scores will tend to be overly adaptive, and 2)
those with higher depression scores without high anxiety scores will tend to be insufficiently
adaptive to changes in hazard rate, particularly for small reward differences, but will tend to be
overly adaptive to larger negative reward outcomes. We also measure pupil diameter to test the
hypothesis that changes in pupil-linked physiological arousal are associated with both change
detection and the subjective value of the outcome. This study is designed to establish a rigorous
psychophysical foundation for future work to more directly probe adaptive decision-making in
people with depression and the underlying neural mechanisms in non-human primates.
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Abstract: In dynamic environments, the brain relies on recent experience to make adaptive
decisions. Despite the ubiquity of this phenomenon, the neural mechanisms of flexible decision
making are poorly understood. Here, we identified how the medial prefrontal cortex (mPFC)
persistently encodes value-based decision variables to generate flexible behavior. We developed
a dynamic foraging task in head-restrained mice, adapted from one in monkeys (Sugrue,
Corrado, Newsome, 2004; Lau, Glimcher, 2005; Tsutsui, Grabenhorst, Kobayashi, Schultz,
2016). Mice chose between two lick ports, each of which delivered reward with probabilities that
changed over time. To obtain a generative understanding of behavior, we developed a simple
action-value reinforcement-learning model which predicts that animals produce dynamic values
for each action. We demonstrate that the relative value (difference between the two action
values) predicted choice behavior and that the total value (sum of the two action values)
predicted choice reaction time.

To determine how mPFC contributes to behavior, we reversibly inactivated it. This prevented
mice from updating actions adaptively and increased reaction times, demonstrating the necessity
of mPFC for flexible decision making. Experiments using other behavioral tasks revealed this
effect was not due to a deficit in mapping decisions onto motor outputs (i.e., licking
appropriately in either direction), nor was it due to slowing of movements. We next recorded
action potentials from more than 3,000 neurons in ten mice performing the foraging task. We
discovered highly dynamic persistent firing rates in the majority of neurons (more than 80%) that
lasted for tens of seconds or longer. One population of these neurons dynamically encoded
relative value, a control signal necessary for decision making. Another population of neurons
encoded total value, predicting reaction times. Many neurons jointly encoded relative and total
value. To test whether these persistent representations may inform action selection, we recorded
action potentials from mPFC neurons projecting to dorsomedial striatum. We discovered that
mPFC projections to striatum persistently represented relative value and total value. Thus, we
define a specific mechanism for mPFC to drive flexible decision making.
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Abstract: Lateral prefrontal cortex (LPFC) is necessary for learning associations between
arbitrary sets of stimuli and responses. Lesions to LPFC area 8a impair the ability of macaques to
learn associations between more than one stimulus-response pair simultaneously (Petrides,
1986), and saccade direction selectivity in single neurons emerges more rapidly as macaques
learn visuomotor associations (Asaad et al., 1998). However averaging across multiple instances
of learning in single neuron recordings can mask underlying behavioral (Gallistel et al., 2004)
and neuronal dynamics (Durstewitz et al., 2010). Thus the ensemble-level mechanisms of rule
learning in macaques remain poorly understood. We investigated this issue by recording from
microelectrode arrays implanted in macaque area 8a while subjects performed a visuomotor rule-
learning task. At the beginning of each session a rule was generated by randomly selecting two
of three possible color cues and one of four possible pairs of target locations. Each color cue was
associated with one of the targets, for example blue = top, green = bottom. On each trial the
animal was presented with one of the two color cues and both saccade targets, and learned the
associations via operant conditioning. After reaching criterion (> 50 trials with > 80% success) a
new rule randomly generated from the pool of cue colors and target locations. Single neurons
were selective for a diversity of task features, including previous trial outcome, cue color,
saccade location, and interactions between these features. Importantly, selectivity for these
features was strongly modulated by the animal’s learning state. A logistic regression model
predicting the subject’s choice from ensemble firing rates showed that the log-odds of a correct
prediction were positively correlated with the animal’s success rate in 22 of 31 instances. This
learning-related enhancement of choice coding gradually emerges within a trial and remains
pronounced until saccade initiation. Learning also increased the temporal stability of choice



coding, as assessed using a cross-temporal decoding analysis. Our results demonstrate that the
robustness of choice representation in LPFC neuronal ensembles correlates with learning-related
fluctuations in behavioral performance.
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Abstract: The explore-exploit dilemma describes agents decisions to forego immediate rewards
and explore an unknown option, to learn if it is better than something they already experienced.
Previous studies find that cortical regions encode exploratory choices when primates deviate
from specified decision policies. However, without explicit task constraints it is difficult to tell if
off policy-choices reflect exploration, decision noise, or poor learning. Novelty seeking is an
evolved solution to the explore-exploit dilemma and of interest because it is computationally
tractable. In the present study we combined high channel count single-unit recordings (768
electrodes; > 3000 neurons) from macaque prefrontal cortex (Area 9/46) with computational
modeling of two monkeys’ behavior on a multi-arm bandit task. The monkeys learned to choose
between three, probabilistically rewarded images. Periodically one of the choices was replaced
with a novel image the monkey had not yet associated with reward. This induced an explore-
exploit tradeoff, forcing the monkeys to either explore the novel option or exploit their existing
knowledge about the two remaining familiar options. We used a Partially Observable Markov
Decision Process (POMDP) model to quantify the value of choosing each option based on the
likelihood that choice would be rewarded on the current trial (immediate expected value) the
overall richness of the reward environment (future expected value), and the relative difference in
the total number of future rewards to be gained by choosing to explore or exploit novel versus
familiar options (exploration bonus). Prefrontal neurons encoded each of these value
computations, however, there were key differences in when these value signals were encoded.



We observed both tonic encoding of the immediate and future expected value of choices during
the inter-trial interval, as well as phasic encoding of these values at the time of choice. Whereas,
the exploration bonus tied to novelty seeking was only encoded after the monkeys chose to
explore or exploit particular options. Prefrontal neurons also encoded the identity of the chosen
stimulus and choice outcomes. This is important because the immediate expected value, stimulus
identity, and outcome of choices defines the state and the state transition in the POMDP
algorithm we used to derive choice values. Interestingly, choice location which was task
irrelevant but important for action selection, was also strongly encoded. Overall, these results
suggest that prefrontal cortex is important in resolving uncertainty about the value of unexplored,
novel options to efficiently manage the explore-exploit dilemma.
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Title: Representation learning for exploration and generalization in RL
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Abstract: Humans and animals exhibit flexible, adaptive behavior by learning about the
underlying structure of the world. An important question is therefore what kind of
representational objectives encourage humans and other animals to encode this structure. This
can be formalized as "“representation feature learning," in which the animal or agent learns to
form state representations that preserve information potentially relevant to the downstream
reinforcement learning (RL) process. Value and policy can then be approximated in the



simplified space of representation features, which enables faster RL. The representation features
have important implications for the downstream RL process, particularly in terms of how this RL
process trades off exploration and exploitation. We characterize a conflict between capturing on-
policy transition statistics and capturing underlying transition structure absent the current policy.
This manifests geometrically in the representation space as a tension between representing the
task manifold and representing distance from goal locations. We also explore the relationship
between features that comprise a good representation space for RL and features that comprise a
good objective functions to motivate exploration. Recent work has shown that protovalue
functions, previously suggested as representation features for RL, can also be used to learn
options that facilitate exploration (Mahadevan & Maggioni, 2006; Machado et al., 2017). We
explore this in the context of spatial representations and patterns of activity in hippocampus and
entorhinal cortex. The representation learning formalism also provides a platform for the
important distinction between different types of exploration: exploration within the RL process,
intended to gain information about reward, and exploration within the representation learning
process, intended to gain information about the environment structure. We will discuss how the
similarities and differences between these exploration modes make different behavioral
predictions within this framework.
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Abstract: The locus coeruleus (LC)-norepinephrine (NE) system modulates physiological
arousal via its extensive projections throughout the brain. LC function has also been linked to



adaptive behaviors via its association with pupil diameter. This link is thought to be mediated in
part via the strong reciprocal connections between LC and the anterior cingulate cortex (ACC).
However, little is known about how the LC-NE system modulates task-relevant patterns of
neural activity in the ACC, and how that modulation relates to adaptive behavior. We explored
the links between behavior, cortical activity, and arousal by making direct simultaneous
measurements of neuronal activity in LC and in ACC while also monitoring pupil size in
monkeys performing fixation and change-point/choice tasks.

We monitored pupil size while simultaneously recording from single, well-isolated LC neurons
and groups of 2-19 well-isolated ACC neurons. Recordings were made while the monkey
performed two tasks. For the first task, the monkey maintained stable fixation for 1-5s. On a
randomly selected subset of trials, a startling sound was played (beep trials). This design allowed
us to assess the link between spontaneous and evoked changes in LC activation and ongoing
ACC activity. For the second task, the monkey was required to make a saccade to one of two
spatially separated but otherwise identical visual targets that were rewarded with a high or low
probability, respectively. In a given block (200400 trials), we fixed the probability (“hazard
rate”’) of switching the identities of high and low probability targets at 0.1, 0.3, 0.5, 0.7 or 0.9. In
a separate set of sessions, we delivered electrical microstimulation to LC while the monkey
performed the choice task. An extended fixation epoch at the start of each trial allowed us to
measure pupil size before the monkey made a choice saccade. The monkey typically performed
3-5 blocks per session.

The monkeys’ behavior reflected the dynamic environment, including increased switching
behavior for higher hazard rates. Accuracy on change-point and subsequent trials scaled with
hazard rate. We identified the first direct link between LC activity and the subjective estimate of
hazard rate. We also found evidence for a causal link between LC activation and switching
behavior: electrical microstimulation of LC resulted in an increase in the monkeys’ switching
behavior, particularly at low hazard rates when the tendency to switch is low.

Taken together, these results suggest a role for the LC-NE system in modulating choice behavior
in a dynamic environment. Ongoing work will assess the link between ACC neuronal activity
and behavior.
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Abstract: In variable and uncertain environments, solely “exploiting” rewarding options is not a
sufficient strategy. Instead, intelligent decision-makers also “explore” alternatives to the most
rewarding option. By doing so, they gather helpful information about the state of the
environment, even if they forgo a few rewards in the gathering. Explore choices cannot be made
with the same reward-maximizing computations that are used to make exploit choices because
explore choices are orthogonal to reward value by definition. The mechanisms that underlie
explore choices are likely to be essential for flexible decision-making and learning more
generally, though they remain poorly understood. Therefore, we examined how sensorimotor
decision-making differed across exploration and exploitation. To do this, we used a combination
of methods, including psychophysics in humans and rhesus macaques, electrophysiology in
rhesus macaques, and computational modelling. First, we developed a model of exploration and
exploitation based on the dynamics of sequential choice behavior in humans and rhesus
macaques. Next, we used this model to decode whether the monkeys were exploring or
exploiting on single trials while we recorded from populations of neurons in the frontal eye fields
(FEF): a part of the brain involved in directing attention and generating decisions. Although FEF
neurons are classically choice-predictive (and were choice-predictive during exploitation), it was
impossible to predict the choice before it was made during exploration. These results suggested
that exploration coincided with a disruption of prefrontal sensorimotor control. However, if this
were true, then it should be easier to perturb behavior during exploration (when control was
disrupted) than during exploitation (when control was robust). We tested this hypothesis in two
ways. First, we distracted humans and rhesus macaques with irrelevant information while they
were exploring and exploiting. We found that both species were more distractible during
exploration than exploitation. Second, we measured the behavioral effects of direct cortical
stimulation while the monkeys were exploring and exploiting. We found that it was easier to
perturb choices with direct cortical stimulation during exploration and that there was less choice-
predictive information in evolving motor plans during exploration. Together, the results of these
experiments were consistent with our hypothesis that prefrontal sensorimotor control is disrupted
during exploration. This disruption would permit exploratory discovery via randomizing choice
with respect to the prefrontal cortex’s control policies.
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Abstract: Many decisions involve a choice between exploring options that are unknown
exploiting options we know well. Work across a variety of domains, has suggested that animals
solve such “explore-exploit dilemmas” with a mixture of at least two exploration strategies - one
driven by information seeking (directed exploration) and the other by behavioral variability
(random exploration). Here we propose a unifying theory in which these two strategies emerge
naturally from a kind of stochastic planning, known in the machine learning literature Deep
Exploration.

In this model we assume that people make explore-exploit decisions by simulating a small
number (as low as 1) random, but plausible, future experiences in order to approximate the
expected value of taking different actions. Once these values are computed, the decision is made
by picking the action with highest simulated value. Random exploration arises naturally from
this model because the simulations are stochastic. More subtly, directed exploration arises from
the details of how the simulated choices play out. Crucially, this model predicts a tradeoff
between directed and random exploration that is mediated by the number of simulations used to
compute values, with more simulations corresponding more directed and less random
exploration.

We tested the predictions of Deep Exploration in a simple explore-exploit task known as the
Infinite Bandits Task. In this task, subjects play a series of games in which they make repeated
choices between two options - a fully known exploit option, corresponding to the best outcome
they have seen so far, and an unknown explore option, corresponding to a random draw from a
uniform distribution. By fitting a simple logistic model to human behavior in this task, we found
a negative correlation between directed and random exploration, suggesting a tradeoff between
directed and random exploration across the population.

In a follow up experiment, we found that this directed-random tradeoff could be manipulated
within subject by changing reaction time (a proxy for the number of simulations used in each
decision). Here subjects played the Infinite Bandits Task in two conditions with fast and slow
inter-trial intervals (ITIs). Slowing the ITI caused subjects to respond more slowly, potentially
allowing them to generate more simulations before making each choice. In line with them
generating more simulations, we found an increase in directed and a decrease in random



exploration in the slow ITI condition.
Taken together, these findings provide strong initial evidence that humans use mental
simulations based on Deep Exploration to solve the explore-exploit dilemma.
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Abstract: Imagine you are on a road trip and looking to refuel. The next gas station is slightly
overpriced, do you stop here to refuel or keep driving in the hopes of finding a lower price? This
type of question is known as a “Stopping Problem”, and whether one is trying to find the best
price on gas or the best person to fill a

job, such problems occur frequently in daily life. Theoretical strategies for stopping problems
have been extensively studied; but how humans solve these problems has received less attention.
To investigate how humans solve optimal stopping problems, we designed a simple card game
that we refer to as the Card Stopping Task. In this task, participants are presented with a row of 5
or 10 face down cards. Each card can have any number from 1 to 100 (uniformly distributed)
which represents the

amount of reward available if that card is chosen. On each trial one of the cards is flipped and
participants must decide whether to accept or reject this card. If they accept the card the game
stops and they receive a points reward equal to the value of the accepted card. If they reject the
card, the next card in the

sequence is flipped and the process repeats.

A key factor in the Card Stopping Task is the ‘horizon’, the number of face down cards
remaining which plays a central role in deciding whether to stop. For example, if there are many
gas stations in range, you may be more likely to pass the current gas station that is overpriced.
But if your gas light is on, you wouldn’t hesitate to stop and refuel.

Behavior in the Card Stopping Task can be quantified with two parameters: the stopping
threshold, i.e. the card value above which people were more likely to stop than continue, and the
decision noise, i.e. the variability in the stopping threshold. By fitting these parameters to the



behavioral data we found that as the horizon decreases (1) the stopping threshold decreases and
(2) the decision noise increases. That is, as the game goes on, they are more likely to accept low
valued cards, but are also more random in their choice.

This opposite horizon dependence for threshold and noise can be accounted for by a simple
sampling model based on the idea of Deep Exploration (Osband et al., 2016). In this model, we
assume that people make the accept/reject decision by simulating a small number (between 1 and
4) possible futures if they were to reject the card. Comparing this simulated outcome with the
current card, they would stop if the current card is higher than the simulated outcome and
continue otherwise. This model successfully accounts for the simultaneous decrease of threshold
and increase of noise with horizon, suggesting a potential mechanism for how humans solve the
optimal stopping problem.
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Abstract: Repeated perceptual decision-making is typically investigated under the tacit
assumption that each decision is an independent process or, at most, it is influenced by a few
decisions made prior to it. We investigated human sequential 2-AFC decision-making under the
condition, when more than one aspect of the context could vary during the experiment: both the
level of noise added to the stimulus and the cumulative base rate of appearance (how often A vs.
B appeared) followed various predefined patterns. In seven experiments, we established that
long-term patterns in the context had very significant effects on human decisions. Despite being
asked about only the identity of the present stimulus, participants’ decisions strongly reflected
summary statistics of noise and base rates collected dozens to hundreds of trials before. In
addition, these effects could not be described simply as cumulative statistics of earlier trials: for
example, a significant step change in base rate (a change point) could induce the same effect as a
prolonged shift, while a gradual change did not induce any effect. As standard decision making



models cannot explain these results, we developed a hierarchical Bayesian model that
simultaneously represented the priors over the base rates and a potentially non-uniform noise
model over the different stimulus identities. Based on simulations with the model, we conducted
additional experiments and found that when a change occurred in the context that could be
captured equally well by adjusting one or another aspects of the model, humans chose adjusting
the variable that was less reliable as defined by variability in the preceding extended set of trials.
In general, regardless of the simplicity of a perceptual decision-making task, humans
automatically develop a complex internal model, and in the light of a detected change, they
adaptively alter the component of this model that is implicitly judged to be the least reliable one.
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Title: Categorical perception: Probing top-down signaling and predictive coding
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Abstract: A fruitful theme of cognitive science is the interplay between analog feature-based
perception and discrete categorization. There is early evidence of interactions between the two,
called the “categorical perception” effect, in which category learning warps perception such that
differences between objects that belong to different categories are accentuated (expansion) while
differences within the same category are deemphasized (compression). This suggests a top-down
influence from category-selective to feature-selective representations, but the underlying neural
mechanisms have not been established. This topic has gained increasing relevance recently
because it also provides a possible way to test the idea of predictive coding. To gain insight into
this question, we examined data from behavioral categorization experiments in non-human
primates, which helped constrain a biological neural circuit model of categorical perception. In
the experiments, monkeys performed the same visual motion discrimination task before and after
visual motion categorization training. Data analysis shows that, after categorization training,
stimuli within the same category were more difficult to discriminate than before categorization



training, while the change for stimuli that belong to different categories was less pronounced,
supporting compression without clear expansion. To explain this result, our neural circuit model
incorporates key existing experimental findings and makes new predictions, including: (1)
learned categories are encoded in the spiking activities of neurons in the lateral intraparietal
(LIP) area, (2) neurons in the middle temporal area show graded encoding of stimulus motion
directions and (3) neurons in the medial superior temporal (MST) area integrate top-down
category and bottom-up motion direction information. This model proposes that it is mainly
through the feedback projections from LIP to MST that learned categories induce categorical
perception. We find that this prediction is largely consistent with recent single neuron recordings
in the MST and LIP areas. Collectively, we show monkey experimental evidence for
compression in visual motion and develop a neural circuit model that allows us to make
experimentally testable predictions, thereby potentially elucidating the underlying neural
mechanisms of categorical perception and its relationship with categorical decision making.
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Abstract: Perceptual decision making is an act of choosing an option based on the evaluation of
sensory information (Heekeren et al., 2008). Computational models and neurophysiological
evidence suggest that perceptual decision making reveals the detailed process by which sensory
information is integrated (Ratcliff and McKoon, 2008). An important characteristic of perceptual
decision is that there is substantial variation across observers’ behavior (e.g. reaction time,
accuracy, decision confidence), even when the stimuli presented are identical. Whether this inter-
individual variability emerges from the intrinsic, subject-specific neural circuit (Kanai et al.,
2010) or from mere stochastic noise remains under debate. Given this, we hypothesized that
perceptual decisions reflect the characteristics of each individual’s neural circuit, resulting in a
subject-specific process of information accumulation. Specifically, we expected that the time



course of sensory integration—the decision kernel—would be consistent within an individual but
would vary across between individuals and that this diversity of decision kernel may be the
origin of inter-individual variability in perceptual behavior. Thus, we hypothesized that the
decision kernel of an individual determines the subject-specific characteristics of perceptual
decisions. To validate our hypothesis, we performed a series of psychophysics experiments using
a coherence-varying motion discrimination task. We precisely measured the decision kernel of
each individual by estimating the response-triggered average of a stimulus. We observed a very
consistent profile of the decision kernel in each subject, independent of stimulus dynamics. The
observed kernel size varied greatly across subjects and accurately predicted the inter-individual
variability in responses. Interestingly, the motion discrimination performance was maximized
when the stimulus duration was matched to individuals’ kernel size but was degraded when the
stimulus duration differed from the kernel size. Furthermore, we found that subjects’
characteristics of illusory motion perception were highly correlated with the observed intrinsic
decision kernel. Therefore, our results suggest that an intrinsic sensory integration kernel is a
critical factor for individuals’ perception and that inter-individual variability arises from this
subject-specific trait of the decision kernel.
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Abstract: A technology to record membrane potential from multiple neurons, simultaneously, in
behaving animals will have a transformative impact on neuroscience research. Parallel
recordings could reveal the subthreshold potentials and intercellular correlations that underlie



network behavior. Paired stimulation and recording can further reveal the input-output properties
of individual cells or networks in the context of different brain states. Genetically encoded
voltage indicators are a promising tool for these purposes, but were so far limited to single-cell
recordings with marginal signal to noise ratio (SNR) in vivo. We developed improved near
infrared voltage indicators, high speed microscopes and targeted gene expression schemes which
enabled recordings of supra- and subthreshold voltage dynamics from up to 7 spiking neurons
simultaneously in mouse hippocampus, in vivo. The reporters revealed sub-cellular details of
back-propagating action potentials, correlations in sub-threshold voltage between multiple cells,
and changes in dynamics associated with transitions from resting to locomotion. In combination
with optogenetic stimulation, the reporters revealed brain state-dependent changes in neuronal
excitability, reflecting the interplay of excitatory and inhibitory synaptic inputs. These tools open
the possibility for detailed explorations of network dynamics in the context of behavior.
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Abstract: In vivo all-optical electrophysiology--simultaneous optical manipulation and optical
recording of membrane potential of genetically defined neurons--would greatly facilitate studies
of neuronal information processing. We developed a high-speed imaging system in which a
spatial light modulator targets fluorescence excitation to multiple user-selected neurons to
provide high-contrast 1-photon imaging in strongly scattering tissue. We co-expressed a
channelrhodopsin actuator and an improved archaerhodopsin-based voltage indicator in
superficial cortical neurons. Together, these advances enabled recording of membrane potential
of cortical neurons up to 190 micrometers deep in behaving mice and revealed whisker stimulus-



evoked subthreshold events and spikes in layer 1 (L1) cortical neurons. Simultaneous
optogenetic activation and voltage imaging of L1 neurons in vivo probed the intrinsic firing
patterns of this little-understood neuronal population under several brain states, including
anesthesia, quiet wakefulness, and attention. Paired optogenetic and whisker stimuli revealed the
presence of near-simultaneous sensory-evoked excitatory and inhibitory synaptic inputs to L1.
We will present detailed characterizations of the input-output properties of L1 neurons which
suggest roles for these neurons in regulating attention. These tools promise to provide new
insights into principles of neuronal information processing.
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Abstract: During in vivo functional imaging, animals are head-fixed and thus deprived from
overcome this limitation, we developed a miniaturized ultra-stable one- and two-photon light-
sheet microscope that can be dynamically rotated during imaging along with a head-restrained
zebrafish larva. Rotating the microscope rotates the fish and stimulates the vestibular system
while keeping imaging condition stable. The two-photon mode of the microscope gives at the
same time high control over the visual stimulus by preventing the light-sheet to excite the visual
system. We show cell resolved whole-brain activity responses while zebrafish larvae perform
multisensory integration tasks in a closed-loop visual-vestibular virtual environment. This
development allows now to study multisensory signal processing on the brain-wide circuit level
and expands the potential of virtual-reality systems to explore complex multisensory-motor
integration in 3D.
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Abstract: Modern neuroscience experiments require light delivery deep into the brain. High
spatial resolution is needed for optical stimulation and functional or structural imaging.
Integrated photonic waveguides can deliver light to target locations within the brain tissue. While
most presently available photonic waveguides use rigid dielectrics and semiconductors, flexible,
biocompatible, polymer-based optical waveguides are preferred as they minimize tissue damage
due to tethering forces and brain micromotions. Here, we demonstrate a flexible, high-density
array of optical waveguides made in Parylene C and PDMS (An = 0.239). Both materials are
biocompatible polymers, widely used as insulation and substrate layers in neural probes. Our
devices utilize integrated micromirrors to achieve 90-degree input/output coupling for
illumination volumes normal to the probe surface. We characterize optical loss in a high-density
array of compact (5 - 30 um) Parylene C waveguides at wavelengths of interest for optogenetics
(460, 532, 633 nm), showing < 5 dB/cm (at 633 nm) propagation loss. We show a released 5 cm
flexible waveguide array with individually addressable light output. A theoretical and
experimental study is undertaken to demonstrate low bend losses in such flexible waveguide
arrays. We will demonstrate functionality of released, flexible waveguide array neural probes
integrated with compact, off-the-shelf laser diodes for stimulation of the opsin Chrimson in
transgenic mouse tissue. Applications of this flexible architecture for minimizing tissue damage
during chronic implantation and wrapping nerve fibers in the peripheral nervous system will be
discussed.



a) Released Parylene C/PDMS  b) Individual waveguide output in
waveguide array demonstrating array demonstrating 90-degree
flexibility. illumination profile.
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Abstract: Optical functional imaging, which employs optical reporters enabling single-cell
monitoring of neuronal activity in vivo, has revolutionized neuroscience. However, even the
most advanced microscopy techniques are fundamentally limited in achievable imaging depth
given light scattering and absorption in neural tissue. If the components of an imaging system
can instead be implanted into the brain tissue, then imaging at arbitrary depths becomes possible.
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To realize this new paradigm, we have developed an implantable, shank-based image sensor
array that, when combined with an external pulsed light source, enables recording in brain tissue
with cellular resolution. Our neural imaging probes comprise 512 single-photon-avalanche-diode
(SPAD) pixels distributed along two 120 um-wide, 3.2 mm-long shanks. Fabricated in a
complementary metal-oxide-semiconductor (CMOS) technology, the shanks are subsequently
thinned to 80 um by a post-processing back-etch of the substrate. By eliminating two constitutive
elements of classical fluorescence microscopy, the spectral filter and the focusing lens, we can
sufficiently downscale the system size to permit its implantation into brain tissue with minimal
tissue displacement. Time-gated pixel circuitry enabling active-quenching during the optical
excitation pulses, enables filter-less fluorescence lifetime imaging using time-correlated single-
photon counting. In our implementation, lenses are replaced with pixel-level angle-sensitive
grating structures, permitting compressive sampling of the tissue volume. This near-field
diffraction approach is superior to other lens-less approaches that rely on far-field interactions
(i.e., requiring distances of order 200 pm) between a mask and the detector. We show that a
sparsity-regulated optimization method enables three-dimensional volumetric image
reconstruction and fluorescent lifetime imaging, while simultaneously suppressing correlated
noise in highly-scattering tissue.
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Abstract: High spatiotemporal resolution patterned light stimulation deep into the brain is highly
desired, especially for closed-loop optogenetic experiments. Flexible polymer neural probes
allow optical and electrical access to the brain, while reducing tissue damage due to brain
micromotions. Although micro-light-emitting diodes (LEDs) have been used for this purpose, the
platform has been limited by existing microfabrication techniques requiring either a) integration
of separately fabricated LEDs (200 um x 200 pm) via flip chip bonding, limiting spatial



resolution, or b) monolithic fabrication on a rigid silicon shank. Here, we demonstrate that ultra-
compact (22 um x 22 um) micro-LEDs can be monolithically co-fabricated with recording
electrodes in a flexible, biocompatible Parylene C substrate. Parylene C is a polymer widely used
in neural probes as a biocompatible and compliant substrate and insulation layer due to its
conformal deposition and impermeability to biological species. Our presented architecture is
capable of 1D or 2D individually-addressable array configurations. These micro-LEDs are
realized in gallium nitride and designed to emit light at the wavelength of 453 nm, suitable for
stimulation of Channelrhodopsin-2 (ChR2). An example is shown in the Figure below, where
one LED is selectively turned on in a 1D array, and a bright blue emission is observed. Power
density was measured as 12.4 mW/mm?, significantly higher than the threshold of ChR2. We
demonstrate the design and implementation of compact and high-density (400 LEDs per mm?)
2D micro-LED and recording electrode arrays in a 3.5 cm long implantable neural probe realized
on a flexible Parylene C substrate. We will discuss details of the fabrication process, as well as
testing and validating the device performance in transgenic mice.

a) Microfabricated 1D micro-LED array b) LED emission spectrum showing 453 nm
consisting of compact (25 micron x 25 center wavelength and 14 nm FWHM
micron) GaN LEDs in a Parylene C bandwidth, suitable for stimulation of ChR2.
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Abstract: Aberrations in neuromodulatory signalling have been implicated in a wide range of
neurological and psychiatric disorders. As a result, there is significant need for the development
of tools that can image neuromodulator concentrations with high spatial and temporal resolution.
Tools that enable the optical report of release, diffusion, and reuptake of modulatory
neurotransmitters in extracellular space (ECS) are currently lacking in the neuroscience
interrogative toolkit. To this end, we describe the design, characterization, and implementation of
a nanoscale turn-on near-infrared (nIR) fluorescent reporter that allows assessment of changes in
catecholamine levels in brain tissue. This technology makes use of a single walled carbon
nanotube functionalized with single strand DNA (Kruss et al., 2014) that emit in the nIR at 1000-
1300 nm. We first show in vitro data characterizing the specificity of the nanosensor for
catecholamines dopamine and norepinephrine, and demonstrate the nanosensor’s relative
insensitivity to GABA, glutamate, and acetylcholine. In ex vivo brain slices containing the dorsal
striatum, the catecholamine sensor is sufficiently sensitive to reflect differences in single pulse
electrical stimulation intensity, driving variation in catecholamine release amounts in striatal
tissue. Channelrhodopsin stimulation of midbrain dopaminergic vs. cortical glutamatergic
terminals in the dorsal striatum (again in ex vivo slice preparation) demonstrates the nanosensor
responds to dopamine terminal stimulation, but not glutamatergic terminal stimulation.
Furthermore, dopaminergic terminal stimulation in the presence of nomifensine yields a
prolonged nanosensor signal consistent with reuptake blockade. Together these data suggest nIR
nanosensor signals can be driven by an increase in extracellular dopamine and demonstrate
feasibility of imaging dopamine release in tissue. We discuss the implementation of all-atom
molecular dynamics simulations to elucidate the physical-chemical phenomena underlying the
dopamine sensing process, and stochastic simulations to evaluate how optical nanosensors may



capture transitions between phasic and tonic firing of dopaminergic neurons in the living brain.
Finally, we describe how nanoparticle exciton engineering may be used to further tune sensor
performance and design sensors suited to in vivo experimentation. Our experimental and
theoretical results show that nIR neurotransmitter nanosensor constructs can relay information
about neuronal signaling in the tissue-compatible nIR optical window with spatiotemporal scales
relevant to behavioral experimentation.
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Abstract: Light control of neuronal function requires both activators and inhibitors (molecular
tools that de- and hyperpolarize the membrane, respectively). Neural activation can be achieved
by algal light-gated cation channels (cation channelrhodopsins, CCRs), but for inhibition only
relatively inefficient tools have been available. Robust light-gated chloride conductance by
recently discovered anion channelrhodopsins (ACRs) have opened the way to efficient neural
membrane hyperpolarization. Our goal is to develop more powerful and versatile optogenetic
inhibitors by algal transcriptome mining and molecular engineering of ACRs. The first two
ACRs, found in the alga Guillardia theta, generate large photocurrents with a relatively slow
decay, which provides potent spike inhibition but limits the time resolution of neuronal silencing.
RapACR from Rhodomonas salina localized almost exclusively to the plasma membrane when
expressed in cultured mouse hippocampal neurons (Fig. 1a). In neurons randomly picked without



inspecting their tag fluorescence, RapACR enabled complete photoinhibition of firing even with
600-nm light (80 nm to the red of its absorption maximum), whereas only ~40% neurons
transduced with the second-generation engineered Cl™-conducting channelrhodopsin iC++ were
inhibited at the wavelength of its maximal absorption (Fig. 1b & c). RapACR exhibits channel
half-closing times below 10 ms and enables temporally precise silencing of neurons firing at
frequencies at least up to 100 Hz, whereas the upper limit for the earlier used GtACR2 is only
~22 Hz (Fig. 1d). The mutation T111C further accelerates RapACR channel kinetics. An ACR
mutant with a greatly extended lifetime of the channel open state acts as a bistable photochromic
tool in mammalian neurons (Fig. 1e). These molecules extend the time domain of optogenetic
neuronal silencing. Also their high conductances enable their use at low expression levels, which
minimizes cellular stress and permits low light intensities to avoid tissue overheating in long-
term experiments.
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Abstract: The potential of optogenetics becoming an alternative treatment option for
neurological disorders is generating a huge amount of research interest. It is now important to
understand the long-term therapeutic effects of optogenetic stimulation techniques. It is essential
the optogenetic system is fully implantable because it enables long-term use and minimises the
risk of infection. This work addresses the long-term performance of an implantable optogenetic
device. The key aspect to longevity of operation for a fully implantable optogenetic device is
moisture damage of the electronics over time in the body. It is therefore important to protect the
device with a package that acts as an effective moisture barrier for at least 3 months, the
minimum study period of this project. An optogenetic stimulation system has been designed at
the University of Auckland that is fully implantable. The device consists of a light emitting diode
light source, optical fibre for light delivery, and supporting electronics. The device produces
sufficient light intensity for neural activation (1-32mW/mm?), allows wireless control of light
intensity and stimulation pattern, and uses wireless inductive power transfer technology. The size
of the device (7.3 cm?®) is suitable for implantation in rats. For benchtop validation, three
optogenetic devices were encapsulated using polyetheretherketone (PEEK) polymer hard case.
The devices were being hydrated in saline solution at 38 °C. A humidity sensor was included in
the device to measure the internal relative humidity. For animal studies, three devices were
implanted in Wistar rats (300-500 g) expressing channelrhodopsin-2 (ChR2). The main body of
the device was implanted in the abdominal cavity of the rats, and the fibre was tunnelled
subcutaneously to the dorsal side of the neck so that light could be delivered to the brain. The
results from benchtop monitoring the internal humidity of three optogenetic devices show that
the PEEK package with desiccant can protect the optogenetic devices from water ingress for
more than one year. The longest implantation of a fully functioning optogenetic device in rats



was one year and two months, and ongoing experiments show the polymer package is well-
sealed. There is no report of the fibre breaking during or after surgery and the device did not alter
behaviours. The remaining devices were implanted for five and eight months. This study has
demonstrated the feasibility of a fully implantable optogenetic device that is functional for over 3
months for chronic optogenetic study. The immediate application is to support long-term
optogenetic stimulation in animal studies.

Disclosures: F.B. Chen: None. R.A. Smither: None. L. Parr-Brownlie: None. D.
McCormick: None. S. Malpas: None. D.M. Budgett: None.

Nanosymposium

112. Physiological Methods: Optical Methodology
Location: SDCC 30B

Time: Sunday, November 4, 2018, 8:00 AM - 11:00 AM
Presentation Number: 112.10

Topic: 1.04. Physiological Methods

Support: NIH ROIMH101218
ARO W911NF-12-1-0594 (MURI)
Kavli Institute of Brain Science

Title: A miniature CMOS multi-clamp amplifier for in vitro, in vivo, and scanning nanopipette
intracellular recordings

Authors: *K. JAYANT?, S. SHEKAR?, R. YUSTE?, K. L. SHEPARD?
Electrical Engin. and Biol. Sci., 3Electrcial Engin., 2Columbia Univ., New York, NY

Abstract: Intracellular electrophysiological recordings from neurons is a high-fidelity
neuroscience technique, required for the fundamental understanding of neuronal computation
and function. Benchtop amplifiers perform such recordings in voltage- (VC) and current-clamp
(CC) modes with high signal-to-noise ratio (SNR) but use discrete components, long cables, and
are bulky and expensive. Furthermore, the size of these amplifiers limits the achievable
operational bandwidth and scalability of these systems for many emerging intracellular
electrophysiological experiments. Integrated-circuit-(1C-)based solutions can address these
problems but have been difficult to realize owing to the large resistance values required in
traditional designs and the resultant limits on dynamic range. Non-linear elements used in
feedback can be used to overcome these challenges but are susceptible to variations in process
parameters and temperature. Here, we present an 8.8 mm? multi-clamp amplifier integrated
circuit (3.225 mm x 2.725 mm in a 0.18-um complementary metal-oxide-semiconductor
(CMOS) technology) for intracellular electrophysiology, with a power dissipation of only 7 mW
(3.3 V supply) but delivering performance comparable to a rackmount instrument. The VC mode
has a gain programmable up to 225 MQ, pipette series resistance compensation programmable



up to 250 MQ, and achieves 225 fAms in 5 kHz bandwidth. The CC mode achieves < 20UVms in
10 kHz bandwidth and has programmable current injection. Both modes have pipette capacitance
compensation programmable up to 15 pF. We demonstrate the applicability of the microchip
amplifier by performing optimally compensated sharp and whole-cell current-clamp recordings
in vitro and in vivo; demonstrate a unique voltage-clamp circuit operating in negative feedback
which achieves 100% compensation up to 20 MQ; and show how the microchip amplifier can
seamlessly switch between CC and VC modes in a scanning-ion-conductance microscope for
imaging synapses.
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Abstract: Our goal was to measure, optimize and model the statistical properties of two-photon
imaging in awake behaving macaques. The data had mainly 5 repeats of moving Gabor gratings
with a fixed envelope. There were 12 orientations with 30 degree spacing, two sizes and two
speeds all randomly intermixed with a variety of color stimuli. A given stimulus was on for 8
frames (one second in total) with a minimum of 14 blank frames between stimuli. The next
stimulus was shown when fixation was accurate to within 1 degree. A total of 288 stimuli were
presented in 17 minutes. Among the neurons we measured, 264 responded to gratings and 40 to
colors. About 50% of those neurons had an average response to certain stimuli that was above
twice the standard deviation of the noise. Numerous aspects of the calcium imaging had very
different statistical properties than we expected. 1) The standard deviation of the responses to the
5 repeats of each stimulus was quite large with noise that was proportional to the response. For
that reason we used the geometric rather than arithmetic mean. 2) It was common to find
responses below the noise level even though the other four responses were large. For that reason
we found that throwing out the lowest of the 5 responses for all stimuli was much better than the
standard average. 3) The background level and its standard deviation differed from neuron to
neuron by a factor of 3. This was measured by taking the mean of -5 to +1 frames relative to
stimulus onset. This interval was chosen to avoid response to stimuli. 4) We devoted a major



effort into fitting the shape of the response to the onset and offset of the stimuli. We found strong
variability across neurons. 4a) The simple aspect is that at stimulus offset there was a clear
exponential decay with half-strengths ranging from 0.2 to 0.5 seconds. This speed was due to
using calcium indicator GCaMP5. The decay time was relatively independent of stimulus and
heavily dependent on neuron. 4b) Even more interesting were the onset properties. Some neurons
had exponential looking onset but many also had a Gaussian aspect that we quantified by
parameterizing the response with a combination of exponential and Gaussian fit. We also found
frequent cases whereby in the final quarter second of stimulation there was a significant decrease
in response. Thus we had to add that significant fatigue effect to our fitting program. Luckily
when there was that effect it was common to the four different manipulations at each orientation.
In summary, we find that 2-photon imaging not only enables one to study the properties of
hundreds of neurons to hundreds of stimuli, it also enables one to gather rich data that captures
subtle diverse properties of neural response.
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Abstract: Advances in fluorescent microscopy techniques have enabled imaging larger brain
areas in-vivo with finer time resolution. The increased availability and volume of calcium
imaging data calls for formal automated analysis methods and reproducible pipelines to extract
the relevant information from the recorded movies, like locations of the imaged neurons in the
imaged Field of View (FOV) and their activity in terms of raw fluorescence and/or neural
activity (spikes). Typical steps in the processing pipelines are: i) Motion correction, where the
FOV at each data frame (image or volume) is registered against a template to correct for motion
artifacts due to the finite scanning rate and existing brain motion, ii) source extraction where
active and possibly overlapping sources are extracted and their signals are separated from each
other and from the background neuropil signals, and iii) activity deconvolution, where the neural
activity of each identified source is deconvolved from the dynamics of the calcium indicator.
Here we present CalmAn, an open source library for calcium imaging data analysis that provides
methods for the standard pre-processing problems of motion correction, source extraction and



neural activity deconvolution. Calman operates in an optimized and automated way that requires
minimal user intervention, and can be run on standard computing infrastructure (i.e. a laptop) or
on high performance computing clusters. CalmAn improves upon the state of the art to provide
speed, scalability, and automated methods for component quality screening. It is suitable for two-
photon and one-photon imaging, enables fast (real-time) online analysis on streaming data, and
includes methods for automated component tracking across multiple days. We apply CalmAn to
a set of one- and two-photon in-vivo datasets, where we show that analysis can be done with
faster than real-time speed on modern systems. To benchmark the performance of CalmAn we
collect and make available a corpus of ground truth annotations from multiple labelers on a large
set of mouse two-photon datasets. Our results demonstrate that CalmAn reliably achieves near-
human performance in detecting locations of active neurons, in an efficient and automated way.
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Abstract: The mouse brain retains an ability to produce hippocampal granule neurons during the
mouse’s entire lifespan. It is thought that new neurons are involved in such processes as learning,
new memory formation, stress response, and emotion. These neurons are produced in the
subgranular zone (SGZ) located on the inner surface of the granule cell layer in the dentate
gyrus. In our study, we characterize how the production of neural precursors for new
hippocampal neurons changes in the mouse brain relative to age. We detected 4,500 proliferating
cells with the average local cell density of 67 in the SGZ of 30 day old mice. These numbers
decrease by 40% to about 2,650 and 37 correspondingly in the brain of 60 day old mice. During



the next two months the decrease becomes 20% per month, and during the following 8 months
the decrease is 12-15% per month. After 12 months it becomes less than 10% per month. In total,
from the age of 30 days to the age of 2.5 years the number of proliferating cells in the SGZ
decreases 64 fold from 4,500 to 70, and the local cell density decreases 38 fold from 67 to 1.8.
Based on the measurements we calculated that in the SGZ, 1.67 million new precursors are
produced during this time period. Given that the SGZ contains presumptive neural stem cells and
using the published estimates of the number of such cells in the SGZ, we calculated that each
presumptive neural stem cell produces on average only 33 progenies between the age of 2
months and 2.5 years. We propose a model that mechanistically explains changes in
neurogenesis relative to age and discuss possible implications of this new model on the
development of new therapies based on the induction of neurogenesis in the SGZ.
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Abstract: Adult neurogenesis is a highly regulated process and can be affected by numerous
different processes including environmental factors, age, behavior, and hormone levels. Neural
stem cells are maintained in discrete regions of the brain, namely the subventricular zone and the
subgranular layer of the dentate gyrus in the hippocampus. The process of adult neurogenesis is
intricately involved in learning and memory and is often altered in neurological disease. It is well
established that adult hippocampal neurogenesis declines with age and has been demonstrated in
rodents, non-human primates, and adults. However, it is highly controversial to what extent
neurogenesis occurs in adult humans with recent data demonstrating that it is both non-existent
beyond adolescence and that it continues well throughout aging into the eighth decade of life.
Here we demonstrate that not only is adult hippocampal neurogenesis persistent through the
tenth decade of life but we also show that it is detectable even in patients with mild cognitive
impairment and Alzheimer’s disease - two disease processes known to have deficits in adult



hippocampal neurogenesis. In a cohort of 18 patients with a mean age of 90.6 years (range 78.7-
99.4) neural stem cells (nestin-positive), proliferating cells (PCNA-positive), and immature
neurons (DCX-positive) were detected in all 18 patients. Furthermore, there are regional changes
in expression of the cells with nestin-expressing cells localizing in the more anterior portions of
the hippocampus while PCNA- and DCX-expressing cells are more evenly distributed along the
entire anterior/posterior axis of the hippocampus. Thus, our results suggest the detectable
existence of hippocampal neurogenesis throughout life in the human brain. Future experiments
should determine the physiological function of new neurons in the human brain during adulthood
and aging.
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Abstract: Although levels of aneuploidy in the normal adult brain are very low, previous studies
from our and other labs have shown that in patients with neurodegenerative diseases including
frontotemporal dementia, Alzheimer's (AD), and Huntington's disease, neurons are often
aneuploid, including for both chromosomes 12 and 21. Our lab has shown that mutant genes
causing neurodegenerative disease induce aneuploidy in human and transgenic mouse neurons
and in transfected cell models. Specifically, amyloid beta (Af), the central molecule in AD
pathogenesis, is a driver of aneuploidy through direct inhibition of microtubule dependent motor
proteins. The resulting aneuploid cells are prone to apoptosis, which may drive neuronal death in
these disorders. Although aneuploidy has been observed in the brain, how it arises remains
largely unknown. One possible mechanism for generating aneuploid neurons is cell-cycle re-
entry. The majority of mature neurons no longer undergo cell division, but research has shown
that AP can cause neurons to re-enter the cell cycle. However, only entrance into G1 has been



quantified in AP-treated neurons. With this exploratory research we aim to determine whether
neurons that have re-entered the cell cycle proceed from G1 phase through mitosis to produce
aneuploid daughter cells. In our experiments, we used live confocal imaging of human
hippocampal neurons transfected with GFP tagged histone H2B and treated with Af. This
allowed us to visualize mitosis and the possible production of aneuploid daughter cells. All
experiments were repeated at least twice, the scientists interpreting the results were blinded to
conditions, and both negative and positive controls were used where appropriate to ensure
scientific rigor. We found that after AB-mediated cell cycle re-entry, some neurons entered
mitosis, and a small percentage divided. This is the first evidence that mature neurons treated
with AP in vitro can re-enter the cell cycle and complete mitosis and supports the idea that cell
cycle re-entry may serve as one mechanism by which aneuploidy arises in neurons in
Alzheimer’s.
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Abstract: Tau is a microtubule (MT) -associated protein (MAP), stabilizing MTs in axon of
neurons and then supporting neuronal network in healthy brains. In contrast, in Alzheimer’s
disease (AD) brains, tau is abnormally phosphorylated more than 40 sites, and aggregated into
neurofibrillary tangles (NFTSs) in neurons undergoing degeneration. Among many pathological
phosphorylation sites, phosphorylation at the AT8 site has been most frequently used for
diagnosis of AD. The AT8 site comprises two phosphorylation sites at Ser202 and Thr205,
although some literatures demonstrate it as a consequence of triple phosphorylation at Ser199,
Ser202 and Thr205. However, it is not completely understood yet how the AT8 reactivity is
generated in AD brain and how it contributes to AD development. Tau hyperphosphorylation at
specific residues occurs not only in AD brains but also in fetal and early postnatal brains. We
found that AT8 is one of highly phosphorylated sites in fetal and neonatal stages of mouse, and it
suddenly disappear during 2 to 3 weeks after birth when neuronal circuit is established.



Moreover, hypothyroidism delayed tau dephosphorylation at the AT8 site specifically about 3
days. These results indicate direct relationship between neuronal development and AT8 site
phosphorylation. We think it important to understand the role of AT8 phosphorylation in
neuronal maturation at a molecular level. Here, we examined the effect of overexpression of
wild-type human tau or AT8 site mutants, both unphosphorylatable Ala and phosphomimetic
Asp in developing neurons. Our study would shed light on a physiological role of the AT8
phosphorylation in tau and also provide more efficient approaches to tackle AD.

Disclosures: D. Tuerde: None. K. Furusawa: None. T. Takasugi: None. T. Kimura: None. S.
Ishigaki: None. K. Ando: None. G. Sobue: None. S. Hisanaga: None.

Nanosymposium

184. Postnatal Neurogenesis: Molecular Mechanisms

Location: SDCC 1

Time: Sunday, November 4, 2018, 1:00 PM - 3:30 PM

Presentation Number: 184.05

Topic: A.02. Postnatal Neurogenesis

Support: University of Notre Dame

Title: A mouse model of Kabuki syndrome to study neurogenesis and hippocampal function

Authors: *M. ALAM!, M. DURHAM!, K. HALDAR, 465562
IBiol. Sci., Univ. of Notre Dame, Notre Dame, IN: 2Biol. Sci., Univ. of Notre Dame, NOTRE
DAME, IN

Abstract: Neurogenesis is a complex cellular process in brain development. It occurs not only in
the embryonic and perinatal stage but continues throughout the life in the subventricular zone
and dentate gyrus of the hippocampus in mouse models. Impaired neurogenesis affects multiple
brain functions such as cognition, memory and intellectual ability and is associated with many
neurodegenerative disorders. Epigenetic pathways that include modifications of histone proteins
such as methylation and acetylation are emerging as an important regulator of neurogenesis.
However, despite recent progress, a comprehensive understanding of how histone modifications
regulate neurogenesis remain elusive. Here, we utilize Kabuki Syndrome (KS) as a model to
understand epigenetic mechanisms underlying neurogenesis. KS is caused by heterozygous loss-
of-function mutations in one of two genes: lysine-specific methyltransferase 2D (KMT2D) or
lysine-specific demethylase 6A (KDM6A). A mouse model carrying loss of function mutation in
Kmt2d showed reduced histone H3 lysine 4 (H3K4) trimethylation and decreased levels of
neuronal progenitor cells in the hippocampus of diseased mice. The length and branching of
dendrites originating from neuronal progenitor cells in dentate gyrus were also affected. Data
will be presented on the molecular signatures, transcriptional network and functional pathways
associated with impaired hippocampal neurogenesis in KS. The study provides important



insights into understanding the molecular mechanisms by which epigenetic factors control
neurogenesis and develops strategies to stimulate neurogenesis and treat intellectual disability in
KS as well as more prevalent neurological conditions.
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Abstract: While mTORCL1 negatively regulates autophagy in cellular homeostasis, much less is
understood on how autophagy impacts on mTORC1 signaling in vivo. By creating and analyzing
a mouse model with double conditional knockout of Tsc1 and an essential autophagy gene
Fip200 in neural stem/progenitor cells (NSCs), we describe mechanisms by which autophagy
controls mTORCL1 hyper-activation and the neurodevelopmental lesions of Tuberous Sclerosis
Complex (TSC) including defective NSC maintenance, differentiation and tumorigenesis. We
show that TSC-deficient cells require autophagy to maintain mMTORC1 hyper-activation under
energy stress conditions. Autophagy of lipid droplets (i.e. lipophagy) is used as an alternative
energy source to fuel mitochondrial OXPHOS, ATP generation, and mTORC1 during energy
stress. In vivo, targeting lipophagy or its downstream catabolic pathway reverses defective
phenotypes caused by Tscl-null NSCs and blocks their tumorigenesis in mouse models. These
results reveal a cooperative function of selective autophagy in coupling energy availability with
TSC pathogenesis, providing potential new therapeutic strategies to benefit TSC patients driven
by mTORCL1 hyper-activation.
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Abstract: T3, the active form of thyroid hormones (THS), regulates adult neural stem cell (NSC)
fate in the subventricular zone (SVZ), one of two neurogenic niches in the adult mammalian
brain. We previously demonstrated that (i) THs favour NSC commitment toward a neuronal fate
and (ii) that, in contrast, a transient lack of THs promotes SVZ-derived oligodendrogenesis,
allowing complete myelin repair in a mouse model of demyelination. A crucial question is to
determine how control of TH availability regulates adult NSC determination towards a neuronal
or a glial fate. First, we characterized expression of multiple TH signalling components in the
adult mouse SVZ (two-month-old males) by immunohistochemistry and RTqPCR on NSCs and
their progeny purified by flow cytometry. Two TH-transporters, MCT8 and OATP1C1, are
highly expressed in NSCs and neuronal progenitors (NPCs), but not in oligodendrocyte
progenitors (OPCs). In contrast, OPCs, but not NPCs, express high levels of the TH-inactivating
deiodinase, Dio3, thus protecting OPCs from T3-neuralizing effects. Second, we determined the
effects of modulating TH availability on NSC commitment using neurosphere assays. T3
increases NPC-genesis at the expense of OPCs while a thyroid receptor antagonist (NH3)
counteracts the neuralizing effects of T3. Lastly, we analysed effects on the neuron/glia ratio of a
strong reduction in TH availability using the double Mct8/Oatplcl KO mice (DKO). In the adult
SVZ of DKO mice, we observed a significant decrease in numbers of both proliferating
progenitors and NPCs, without any effect on OPC numbers. Taken together, these in vivo and in
vitro data demonstrate that high intracellular TH availability is favoured in NSCs and NPCs by
expression of transporters, receptors and absence of Dio3, thus permitting NSC commitment
towards NPCs in the adult mouse SVZ. In contrast, in OPCs, Dio3 expression reduces T3
availability thereby promoting glial determination. The absence of both MCT8 and OATP1C1



induces a strong reduction of SVZ-derived NSCs and NPCs. Our work could have numerous
applications in stem cell research for neurodegenerative diseases, by providing a better
understanding of the mechanisms underlying TH availability in the control of glia-neuron cell-
fate choice.
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Abstract: Adult neurogenesis, a process of generating functionally integrated neurons
throughout life, constitutes an important strategy to generate plasticity in the mature central
nervous system. In the adult subgranular zone (SGZ) of the hippocampus, neural stem cells
(NSCs) generate new granule cells via a well characterized cell lineage that includes a succession
of intermediate progenitor cells (IPCs). The majority of NSCs in the SGZ niche are in a
reversible state of quiescence, a situation that protects the cells from DNA damage and the
population from depletion. However, little is known, of how the transition from quiescence to an
active mitotic state is regulated.

Genes of the Sox family of transcription factors are essential during neurogenesis. In the
developing spinal cord, Sox5 controls cell cycle exit of neural progenitors and dorsal
interneurons specification counteracting the Wnt signalling pathway (1,2). More recently, we
have characterized that both Sox5 and Sox6 are expressed in the majority of NSCs and in IPCs in
the SGZ of adult mouse hippocampus.

Using inducible conditional mutant mice to specifically delete Sox5 and Sox6 expression in the
adult neurogenic niches, we have determined that Sox5 and Sox6 are required for radial glial-like
NSCs proliferation and for the generation of new neurons in the adult SGZ. In neurospheres



cultures obtained from the hippocampus of those mutant mice, we have established that Sox5
and Sox6 are not required for the proliferation of IPCs. However, in neurosphere experiments in
a quiescence state promoted by BMP4, the absence of Sox5 blocked the possibility of transition
from the quiescence to the proliferating state induced by removal of BMP4 and addition of
FGF2. Moreover, looking for the possible molecular mechanism controlled by Sox5 and Sox6
we have determined that proneural gene Ascll (required for the NSCs to transit from quiescence
to activation) is severly downregulated in the radial glial-like NSCs of the SGZ in Sox5 or Sox6
adult mutant hippocampus.

In summary, Sox5 and Sox6 are required in NSCs for the transition from the quiescence to the
activated mitotic state, an step essential to promote neurogenesis in a tightly regulated manner
throughout adulthood.

1.Martinez-Morales, P.L., Quiroga, A.C., Barbas, J.A and Morales, A.V. (2010) Sox5 controls
cell cycle progression in neural progenitors by interfering with Wnt/p-catenin pathway. EMBO
reports. 11(6):466-472.

2. Quiroga, A. C., Stolt, C. C., Diez del Corral, R., Dimitrov, S., Perez-Alcala, S., Sock, E.,
Morales, A. V. (2015). Sox5 controls dorsal progenitor and interneuron specification in the
spinal cord. Dev Neurobiol, 75(5), 522-538.

Disclosures: A.V. Morales: None. L. Li: None. M. Ciorraga: None. C. Cérdoba: None. V.
Zinchuk: None. E. Calleja: None. S. Nicolis: None. V. Lefebvre: None.

Nanosymposium

184. Postnatal Neurogenesis: Molecular Mechanisms
Location: SDCC 1

Time: Sunday, November 4, 2018, 1:00 PM - 3:30 PM
Presentation Number: 184.09

Topic: A.02. Postnatal Neurogenesis

Support: The Japan Society for the Promotion of Science
Fellowship from the Paul F. Glenn Center for Biology of Aging Research
The Kanae foundation
The Paul G. Allen Family Trust
The JPB Foundation
The Dolby Foundation
The Helmsley Trust

Title: Roles of nuclear lamin in adult neurogenesis and brain aging
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Abstract: The adult hippocampus hosts neural stem cells (NSCs) that give rise to new neurons
throughout the life span. Long-term maintenance of neurogenic property in the adult
hippocampus is crucial for retaining structural and functional plasticity, and this neurogenic
capability is declined during aging. However, underlying mechanisms still remain elusive. Here
we show that deterioration of nuclear lamina organization in adult NSCs (ANSCs) underlies loss
of neurogenic properties in the adult hippocampus during aging. We found that LaminB1, a
nuclear lamina component, is highly expressed in ANSCs and immature adult-born neurons, but
its levels decline during aging. Precocious reduction of LaminB1 by inducible-knockout of
Lmnbl in ANSCs transiently increases proliferation and neurogenesis, but depletes neurogenic
properties at later times, suggesting that depletion of LaminB1 in ANSCs recapitulates reduced
neurogenic property during aging. Furthermore, depletion of LaminB1 in ANSCs recapitulates
age-related anxiety-like behavior, suggesting that LaminB1-directed nuclear architecture may
play a critical role in brain aging. These findings reveal that nuclear lamina organized by
LaminB1 plays essential roles for maintaining and balancing neurogenic properties and imply an
indispensable contribution of nuclear architecture in ANSC’s aging.
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Abstract: Introduction: Human brain functional networks consist of densely linked hubs to
support information transfer. Meeting metabolic demands of these hubs plays a vital role for
maintaining the brain functional connectivity during resting state. Regional cerebral blood flow
(rCBF) from pseudo-continuous arterial-spin-labeling (pCASL) perfusion MRI [1] quantifies
essential property of brain metabolism. The default-mode network (DMN) [2], is a critical brain
network at the resting-state. Functional connectivity among the DMN hubs can be quantified by
functional connectivity strength (FCS) from resting-state fMRI (rs-fMRI). During infant brain
development, rapid neuronal growth supported by rCBF increases [3] could result in emergence
of the DMN [4]. We hypothesize that rCBF increase in infant development is coupled with FCS
increase at the DMN hubs. Methods: 44 infants (16 females, age range: 1.4 to 27.7 months)
were scanned with rs-fMRI and pCASL perfusion MRI sequences with a 3T Philips Achieva
scanner. RCBF was estimated from pCASL data using the model in the literature [1]. After
preprocessing, independent component analysis (ICA) in FSL software was applied to
preprocessed rs-fMRI data to generate individual DMN hubs in a template space. The DMN hub
locations were identified in the template space after averaging DMN hubs of individual infants.
All DMN hubs in the template space were used as the region-of-interest (ROI) to calculate
functional connectivity strength (FCS) [5] within the DMN and rCBF at these DMN hubs.
Results: Emerging DMN hubs, including left and right posterior cingulate and medial prefrontal
cortex, can be identified with the infant rs-fMRI data. RCBF of the DMN network increases
significantly during 0-2 years (r = 0.823, p < 0.01). FCS within the DMN also increases
significantly (r = 0.408, p < 0.01) from 0 to 2 years. Furthermore, significant correlation was
found between the increasing rCBF and increasing FCS within the DMN (r = 0.36, p < 0.05).
Conclusions: The present study delineated maturational trajectories of rCBF and FCS of the
DMN from 0 to 2 years, filling the gap of knowledge of quantified physiological and functional
brain development in this critical period. Coupled increases of rCBF and FCS within the DMN
suggest increases of rCBF in the DMN meet the metabolic demand of functional maturation
within the DMN and provide physiological underpinning of functional emergence of the DMN
during infancy. References: [1] Alsop et al., (2015) MRM 73: 102. [2] Raichle et al., (2001)
PNAS 98: 676. [3] Ouyang et al. (2017) Neuroimage 147: 233. [4] Gao et al., (2009) PNAS 106:
6790. [5] Cao et al., (2017) Cerebral Cortex 27: 1949.
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Abstract: Astrocyte reprogramming, or forced conversion, to neurons using transcription factors
is a promising strategy for stroke repair. This approach offers benefits over traditional cell
replacement strategies by enabling the targeted generation of new cells at the site of injury
without the challenges associated with transplantation or mobilization of endogenous precursors.
To date, a number of studies have demonstrated successful reprogramming of astrocytes to
neurons. However, it remains unknown whether reprogramming impacts functional outcome-
arguably the most clinically relevant measure of stroke recovery. Using AAV delivery of
transcription factor NeuroD1 and cell tracking approaches, we demonstrate that around 15% of
all neurons in the stroke-injured cortex are derived from reprogrammed astrocytes. We further
demonstrate the production of regionally appropriate neuron phenotypes that span all 6 cortical
layers. Importantly, astrocyte reprogramming results in the improvement of motor function,
indicating that reprogramming is a viable strategy for stroke repair. Our study is the first to
analyze functional outcome following the reprogramming of astrocytes into neurons in a pre-
clinical model of stroke.
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Title: Chemical conversion of human astrocytes into neurons through modulation of multiple
pathways
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Abstract: We have previously identified a cocktail of nine small molecules, when applied by
three steps, were able to convert human astrocytes into neurons, but nine molecule stepwise
treatment are difficult for clinical applications. Here, we optimize the formula to only 4 or even 3
small molecules for astrocyte-to-neuron conversion. With the four drugs applied together for 6
days, the reprogramming efficiency is further improved than nine small molecules. By replacing
the four drugs by their analogues individually or together, we demonstrate that modulation of 4
or 3 signaling pathways among Notch, GSK-3, TGF-B, and BMP pathways are sufficient to
change an astrocyte into a neuron. Importantly, chemically converted human neurons can survive
more than 7 months. The chemically converted human neurons are fully functional, as shown by
repetitive action potential firing and robust synaptic burst activities. Mechanistically,
transcriptional activation of NeuroD1 and neurogenin 2, together with an increase of MeCP2 and
a decrease of REST, is involved in chemical reprogramming. Interestingly, the chemically
converted neurons are mostly forebrain glutamatergic neurons. When administered in vivo
through intracranial or intraperitoneal injection, the core drugs significantly increase the adult
neurogenesis in the mouse hippocampus. Together, our chemical reprogramming approach using
a few small molecules to generate functional new neurons may pave the way for a potential drug
therapy for brain repair.
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Abstract: Alzheimer’s disease (AD) is a progressive neurodegenerative disease which affects at
least 47 million people worldwide as per World Alzheimer Report of 2016. Currently, there are
no specific drugs or therapies that could cure AD effectively. Previous studies have indicated
that neural stem cell (NSC) transplantation could improve the ability of learning and memory in
AD model mice. In our study, we initially approved the function of NSC transplantation on
learning and memory in AD model mice; we also focus on the molecular mechanisms of NSC
transplantation on AD pathology. The primary hippocampal NSCs from C57 mice was extracted
and cultivated, further infected with lentiviral vectors containing GFP, and then was stereotactic
injected to the bilateral cerebral hippocampal CA1 in 21-week-old tau/tta mice. The behavioral
tests showed that NSCs transplantation significantly improved the ability of short-term memory
and certainly ameliorated the ability of long-term memory in tau/tta mice compared to sham-
operated mice. We did immuno-fluorescence tests and found that the GFP-NeuN, GFP-GFAP
and GFP-Ibal were co-localized in hippocampus of tau/tta mice, indicating injected exogenous
NSCs can differentiate; meanwhile, we did ThS staining test and found the number of
neurofibrillary tangles in CA1 region were much decreased compared to that in CA3 or DG
region in tau/tta mice. The above results indicated NSCs transplantation has the potential to
improve the ability of learning and memory in AD model mice which is possibly related to the
elimination of neurofibrillary tangles. Further work will be continued on exploring whether
transplanted NSCs would incorporate into neural circuits to perform its function and studying the
proteomic analysis to reveal the molecular mechanisms of NSCs transplantation on AD
pathology.
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Abstract: Three-dimensional (3D) in vitro cell and tissue culture models, particularly for the
central nervous system, allow for the exploration of mechanisms of organ development, cellular
interactions, and disease progression within defined environments. Here we describe the
development and characterization of human 3D tissue models that promote the differentiation
and long-term survival of functional neural networks. These tissue cultures show diverse cell
populations including neurons and astroglial cells interacting in 3D, and exhibit spontaneous
neural activity confirmed through electrophysiological recordings and calcium imaging over at
least 9 months. This approach allows for the direct integration of pluripotent stem cells into the
3D construct bypassing early neural differentiation steps (embryoid bodies and neural rosettes).
The streamlined process provides a system that can be manipulated to support a variety of
experimental applications. The similar growth and gene expression responses indicate the
feasibility of generating patient-specific brain tissue models. We are in the progress of
developing 3D neural tissue models of Alzheimer’s and Parkinson’s disease to identify disease
mechanisms and for investigating drugs targeting neurodegenerative diseases.
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Abstract: Intravenous infusion of mesenchymal stem cells (MSCs) derived from bone marrow
improves behavioral function in rat models of spinal cord injury (SCI). However, most studies
have focused on the acute or subacute phase of SCI. The purpose of this study was to investigate
whether intravenously deliveredMSCs improve functional and structural outcome after contusive
chronic SCI.Rats receiveda severe contusion at the T9 level spinal cordand received at random
intravenous infusion of MSCs (1.0 x 10%) or vehicle (DMEM) 10 weeks after the induction of
SCI. Open field locomotor function was assessed using the Basso,Beattie, and Bresnahan (BBB)
locomotor rating scale weekly until 20 weeks post-SCI (Figure). Motor recovery was greater in
the MSC-treated group with rapid improvement beginning in earlier post-infusion times than in
the vehicle-treated group. GFP*MSCs were found in the injured spinal cord parenchyma the day
after GFP-MSC infusion, and the percentage of intravenously infused cells accumulating in the
injured spinal cord was at least 5.5%.Blood spinal cord barrier (BSCB) integrity was assessed by
the intravenous infusion of Evans Blue (EvB) with spectrophotometric quantitation of its leakage
into the parenchyma. In the vehicle-infused group, intense EvB staining was distributed within
the spinal cord lesion. On the other hand, BSCB leakage was significantly reduced in the MSC-
treated rats. Immunohistochemical staining for RECA-1 and PDGFR-bshowed increased
microvasculature/repair-neovascularization in MSC-treated rats. There was extensive
remyelination around the lesion center and increased sprouting of the corticospinal tract and
serotonergic fibers after MSC infusion. These results indicate that the systemic infusion of MSCs
results in functional improvement that is associated with structural changes in the chronically
injured spinal cord including stabilization of the BSCB, axonal sprouting/regeneration and
remyelination.
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Title: Investigating the mechanism of regulation of select tight junctions implicated in
neurovascular dysfunction by human umbilical cord perivascular cells after modelled traumatic
brain injury
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Abstract: Traumatic Brain Injury (TBI) is the leading cause of morbidity and life-years lost in
North America thus advancement of clinical therapeutics is an urgent issue. Primary injury
occurs when the brain is impacted with sufficient force to cause trauma. A secondary injury
phase continues for weeks to months after the initial insult and is composed of cellular and
molecular mechanisms that contribute to blood brain barrier breakdown, axonal breakdown and
glutamate toxicity among other events. This secondary injury disrupts tight junction (TJs)
complexes such as occludin and the intercellular adaptor, ZO1 leading to a compromised blood
brain barrier (BBB) and axonal integrity. Human umbilical cord derived perivascular cells
(HUCPVCs) are known to express mesenchymal, neurotrophic and vascular factors. The
pleiotropic activity of these factors may potentially protect the neurovascular unit and rescue
white matter damage after TBI.

Rats were subjected to a fluid percussion injury (FPI) and systemically infused with 1.5 x 10°
cells at 1.5h post-injury and sacrificed at acute time points for analysis. Vascular leakage was
assessed using an Evan’s blue assay and expressed in pug of dye per gram of tissue. At 24h and
48h vascular leakage was 6.4 ug and 15.5 pug vs. 1.7 pg in sham rats. HUCPVC treated rats had
5.5 ug and 3.3 pg at 24 and 48 hours, respectively. Vascular density assessed by RECA-1
immunohistochemistry (IHC) at 24h and 48h showed that vascular density was reduced by 40%
in injured animals relative to sham and cell-treated animals. IHC for neurofilament integrity as
assessed with NF200 revealed aggregate formation in axons and reduced axonal length in
cortical sections of FPI animals relative to sham and cell-treated animals. Cortical tissue at the
injury site was extracted at 24h and 48h for Western blot analysis to examine the expression of
TJ complexes and neurofilament breakdown. At 24h and 48h, NF200 expression was increased
by 200% and 140% respectively in injured animals relative to sham animals. HUCPVC
administration reduced NF200 expression to sham levels by 48h. Evaluation of the Occludin-
Z01 complex formation by immunoprecipitation and western blot analysis indicated a 100%
increase in complex formation at 24h in FPI animals. Modeled TBI demonstrated increased
vascular leakage and axonal irregularities. The infusion of HUCPVCs following injury was
associated with reduced vascular leakage suggesting a potential therapeutic strategy to address
vascular disruption after TBI. In addition to the therapeutic potential of these cells, they can be
used as a tool to understand some of the complex secondary mechanisms that contribute to
breakdown of the BBB
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Abstract: Leigh syndrome (LS) is a rare untreatable neurological disorder. Pathognomonic
features include basal ganglia defects and lactate acidosis. LS becomes apparent in infants
following a metabolic stress, leading to death in two-three years. LS is caused by mutations of
nuclear DNA (nDNA) or mitochondrial DNA (mtDNA) in more than 75 genes of the respiratory
chain. LS research presently lacks good model systems for mechanistic studies, which hampers
the discovery of therapies. This is particularly the case for the nuclear gene SURF1, a hotspot for
LS mutations whose impairment is not pathogenic in mouse models. Here, we generated induced
pluripotent stem cells (iPSCs) carrying SURF1 mutations and obtained human composite
cultures composed of electrophysiologically active dopaminergic neurons and functional
astrocytes. Composite culture derived from LS patients carrying SURF1 mutations show defects
in mitochondrial movement, bioenergetics, and mitochondrial membrane polarization and
impaired neuronal firing over time. We obtained CRISPR/Cas9-based genome corrected iPSCs
to confirm the normalization of these phenotypes. This approach allows us to determine which
dysfunctions are specifically due to the SURF1 mutation. Finally, high-content analysis (HCA)
of mitochondrial neuronal health can be used to screen the insults and stresses that can show
toxicity specifically in patient neural cultures. This HCA approach may be used in the future to
identify stresses that are responsible for the decompensation and “crises” observed in the
patients. The platform may unveil agents capable of preserving the neural homeostasis in LS by
protecting against its susceptibility to insults. This may enable the development of novel
treatment strategies against a debilitating and so far untreatable condition.

Disclosures: G. Inak: None. R. Juettner: None. A. Zink: None. P. Lisowski: None. B. Mlody:
None. M. Gotthardt: None. R. Kuehn: None. E.E. Wanker: None. M. Schuelke: None. A.
Prigione: None.



Nanosymposium

185. Neural Stem Cells: Reprogramming, Regeneration, and Transplantation
Location: SDCC 2

Time: Sunday, November 4, 2018, 1:00 PM - 3:00 PM

Presentation Number: 185.08

Topic: A.03. Stem Cells and Reprogramming

Support: 3iRegeneration TEKES

Title: Caudalised brain organoids for modelling human brain development

Authors: *S. M. MOLCHANOVA?, M. CHEREPKOVA!, S. ABDURAKHMANOVA?, T. P.
TAIRA®, T. OTONKOSKI*, M. M. BESPALOV?

Fac. of Medicine, Res. Programs Unit, Mol. Neurol., 2Fac. of Medicine, Inst. of Biomedicine,
3Vet. Biosci., Univ. of Helsinki, Helsinki, Finland

Abstract: Defects in the development of synaptic connectivity and neuronal networks very
likely underlie pathological changes, seen in neurodevelopmental disorders, such as autism
spectrum disorder and schizophrenia. Although we now understand a lot about synaptic
development of the rodent’s brain, the transfer of this knowledge to the human neurons has been
for so far very challenging. Here, we describe the in vitro model of developing human neuronal
network.

We generate human neuroectodermal stem cells (RNESC) from pluripotent stem cells (PSC) that
can be expanded for at least 50 passages, likely possess a caudal identity (HoxC4-expressing),
and can differentiate into neurons, astrocytes and oligodendrocyte precursors. In suspension,
NESC form brain organoids, containing self-organized structures resembling developing brain
ventricles. Brain organoids can grow in a rotating culture for 3 months and survive for up to 5-6
months. By the age of 4 months, most of the neurons show repetitive action potential firing and
spontaneous synaptic excitatory and inhibitory currents. The first synaptic currents start to
appear at the age of two months, and develop gradually after that - as a result, nearly 70 % of the
neurons are synaptically connected in 4-month-old organoids. Synaptic development is
accompanied by the cell growth and extension of the dendritic tree, seen as a change in
membrane resistance, cell capacitance and dendritic length, estimated from biocytin staining.
The synaptic development is correlated with the change in the electric behaviour of the neurons.
Cells in 2-month-old organoids either are not able to maintain the stable membrane potential, or
display the voltage transients, seen as a shift of the membrane potential in a square-like shape.
When organoids mature, voltage transients disappear and are substituted by the spontaneous
action potential firing, occurring either irregularly or in bursts. This is accompanied by the
decrease in occurrence of spontaneous calcium waves, recorded using calcium-sensitive
fluorophores.

The sequential developmental evens, shown in brain organoids in vitro, resemble the process of



activity-driven synaptic maturation, described for neonatal rodent brain. Our data prove that
developing neurons with human genetic background, cultured in organoid-like shape, may be
used as in vitro model for studying the human synaptic development in healthy and pathological
conditions.
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Abstract: It has been assumed for a long time that lifespan and healthspan strongly correlate, but
the two can be clearly dissociated. Although life expectancy increases globally, increasing
longevity is scarcely accompanied by an extended healthspan. Thus how to achieve healthy
aging emerges as one of the most challenging heath issues. Here we report that two conserved
epigenetic modulators prevent healthy aging via repressing mitochondrial functions.

By genome-wide RNAI screening of candidate genes regulating the age-related serotonin and
dopamine loss, which are known to cause behavioral deterioration in C. elegans, we identified a
neuronal epigenetic reader BAZ-2 and a neuronal histone 3 lysine 9 methyltransferase SET-6 as
modulators of aging. By occupying at the promoter regions, these epigenetic modulators
repressed the expression of nuclear genes encoding mitochondrial proteins and hence reduced
mitochondrial functions, a mechanism conserved in mouse cultured neurons and human cells;
deletion of these epigenetic modulators prevented age-related deterioration in the worm's food-
induced behavior, food intake, and male virility by improving mitochondrial functions.
Furthermore, the expression levels of their human homologues increased in normal aging human
brains and positively correlated with Alzheimer's disease progression.

Thus, our genome-wide RNAI screen in C. elegans reveals conserved mechanisms underlying
biological regulation of healthy aging, providing a new insight for achieving healthy aging.
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Abstract: Brain aging is accompanied by a number of cellular and molecular changes that may
ultimately lead to cognitive deficits. One of these changes is a decline in the activity of the
endocannabinoid system characterised by diminished 2-arachidonoylglycerol levels and reduced
coupling between cannabinoid CB1 receptors and Gi-protein. Reduced CB1 receptor signalling
in CB17- or GABA/CB17 mice leads to accelerated brain ageing, therefore we asked whether
activation of CBL1 receptors could alleviate symptoms of brain ageing. We showed that the
normal age-related decline of cognitive functions can be counteracted with a chronic low dose of
A9-tetrahydrocannabinol (THC). Thus, both mature (12-month-old) and old (18-month-old) mice
receiving THC showed similar learning and memory performance in the Morris water-maze,
novel object location recognition and social recognition tests as vehicle-treated young (2-month-
old) animals. The same treatment in young animals did not influence or even worsened their
learning ability. The restoration of the memory performance in mature animals was accompanied
by an enhanced expression of synaptic marker proteins and an increased spine density in the
hippocampus. Most strikingly, THC treatment facilitated a rebalanced hippocampal gene
transcription in old mice so that their expression profiles closely resembled that of young THC-
free animals, while the expression pattern of THC-treated young mice was similar as in vehicle-
treated mature animals. This indicates that the enhanced CB1 tone achieved through low-dose



THC treatment may have normalized the weak cannabinoid signalling signature in mature
animals and thus reverted some of the age-related changes in gene expression, whereby several
genes with antiaging effects were upregulated while genes contributing to aging were
downregulated. Together with changes in gene expression pattern, THC-treatment enhanced
acetylation and decreased trimethylation of histone 3 and 4 in the hippocampus of mature
animals. Changes in the epigenetic landscape are critical for the long lasting beneficial effect of
THC on old animals, because pharmacological inhibition of histone acetylation completely
blocked all anti-aging effects of THC. Thus, chronic low dose THC-treatment has a long lasting
anti-aging effect and restoration of CB1 signalling in old individuals could be an effective
strategy to treat or prevent age-related cognitive impairments.
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Abstract: Aging is the major risk factor for neurodegenerative disorders, cancer, and diabetes.
As the aging population is growing rapidly around the world, how to age with well-preserved
functions emerges as one of the most important health issues. The rate of behavioral and
cognitive decline is remarkably different among aging individuals. By dissecting the genetic
basis of this variability, we discover the first genetic pathway underlying natural variation in
aging rate in Caenorhabditis elegans. We find that natural isolates of C. elegans show diverse
lifespan and varied rates of decline in many behaviors including male virility, feeding, and
locomotion. DNA polymorphisms in a novel neuropeptide-coding gene, named rgba-1, and its
receptor gene npr-28 modulate the rate of decline in worm mating behavior. Glia-derived
RGBA-1 neuropeptides activate NPR-28 signaling, which acts in serotonergic and dopaminergic



neurons to accelerate aging. Down-regulation of this signaling largely prevents age-related
decline in male virility and feeding. Furthermore, this signaling involves protein deacetylase
SIR-2.1-dependent activation of mitochondrial unfolded protein response (UPR™), a pathway
that modulates aging. Population genetic analysis shows that genomic regions surrounding rgba-
1 and npr-28 may have been subjected to selective sweep (with Tajima’s D values of —2.31 and
— 1.47, respectively). Thus, natural variation in neuropeptide-mediated glia-neuron signaling
modulates the rate of aging. Besides, our further studies on long-lived wild strains with vigorous
behaviors identify other candidate genes that modulate the rate of behavioral aging and
longevity. Our work thus paves a new avenue to study age-related behavioral decline and opens a
door for comprehensive understanding the biological regulation of healthy aging.

The sample sizes in our study were determined from related previous analyses in the literature.
All behavioral experiments were repeated on at least three days. The experimenters were blind to
the genotype or treatment.
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Title: Origins of age-related neurogenesis decline
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Abstract: Neural stem cells (NSC) must balance the production of newborn cells with their own
maintenance to continually modify circuits throughout life. However, time significantly
diminishes neurogenesis in the adult rodent hippocampus. The cellular and molecular
mechanisms driving stem cells out of balance remain largely unknown. We developed in vivo
single cell linage tracing, computational modeling approaches, single cell RNA-sequencing and
systems level data science to comprehensively investigate neural stem cell adaptation and
restoration during aging. We identify NSC loss, slowing kinetics and cell fate choice switches as
reasons why neurogenesis declines during aging. Strikingly, we elucidate that these changes
occur early in adulthood, between 3 and 6 months of age in mouse. We also identify_mechanisms
mediating slowing NSC expansion and define the molecular signatures of NSC deep quiescence.
Our study elucidates cellular and molecular origins of neurogenesis decline and may serve as a
new mammalian stem cell model to study early-onset cellular aging.
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Title: An epidermal antimicrobial peptide and its neuronal receptor regulate dendrite
degeneration in aging and infection
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Abstract: Infections have been identified as possible risk factors for aging-related
neurodegenerative diseases, but it remains unclear whether infection-related immune molecules
have a causative role in neurodegeneration during aging. Here, we reveal an unexpected role of
an epidermally-expressed antimicrobial peptide, NLP-29 (neuropeptide-like protein 29), in
triggering aging-associated dendrite degeneration in C. elegans. The age-dependent increase of
nlp-29 expression is regulated by the epidermal tir-1/SARM - pmk-1/p38 MAPK innate
immunity pathway. We further identify that an orphan G protein-coupled receptor NPR-12
(neuropeptide receptor 12) acts in neurons as a receptor for NLP-29, and also demonstrate that
autophagic machinery is involved cell-autonomously downstream of NPR-12, to transduce
degeneration signals. Moreover, we show that fungal infections cause dendrite degeneration
using a similar mechanism as in aging, through NLP-29, NPR-12 and autophagy. Finally, we
present evidence to show that NLP-29/antimicrobial peptide can cause the degeneration of NPR-
12-expressing rat cortical neurons in the same manner as in C. elegans neurons, in support of an
evolutionarily conserved mechanism linking infection, aging and neurodegeneration. Our
findings reveal an important causative role of antimicrobial peptides, their neuronal receptors
and the autophagy pathway in aging- and infection-associated dendrite degeneration.
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Abstract: Synaptic dysfunction and mitochondrial dysfunction are early pathological features of
Alzheimer’s disease (AD)-affected brains. However, the underlying mechanisms and strategies
to rescue synaptic and mitochondrial injury remain largely unknown. Endophilin Al is a brain-
specific protein enriched in synaptic terminals. It has been reported to play a critical role in
endocytosis, a critical process for neurotransmitters clearance from synaptic cleft and dendritic
spine morphogenesis and stability. We have previously demonstrated that endophilin Al protein
level was significantly increased in AD-affected human brains and AB-producing AD mouse
model, suggesting that Endophilin A1 may potentially be an important intracellular player in the
synaptic alterations relevant to the pathogenesis of AD. However, to date, the direct effect of
Endophilin A1 on AB-induced synaptic impairment in vivo AD mice has not yet been explored.
Here, we establish the in vivo consequences of upregulation of Endophilin A1 expression in Af-
rich environments, leading to alterations in synaptic transmission and vesicle release as shown by
a decline in long-term potentiation (LTP) and blocking synaptic vesicle release and learning and
memory impairment in AD mice. Notably, increasing endophilin A1 augments cerebral A}
accumulation and interferes with APP processing by activation of gamma-secretase.
Furthermore, increased expression of endophilin Al impaired mitochondrial respiratory function
and produced reactive oxygen species (ROS) together with activation of p38 MAP kinase. Our
results indicate that Endophilin Al1-mediated signal transduction via mitochondrial ROS/p38
MAP kinase contributes to AB-induced mitochondrial dysfunction, synaptic injury, and cognitive
decline. Blockade of endophilin Al-mediated signaling protects against Ap-induced synaptic
damage. Thus, these studies significantly enhance our understanding of the AD pathogenesis for
exploring the effective therapeutic strategy for AD via endophilin Al-involved synaptic
dysfunction.
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Abstract: Mitochondrial defect is an early pathological feature of the Alzheimer’s disease (AD).
Aberrant mitochondrial dynamics, perturbed bioenergetics function, especially mitochondrial
dysfunction, and excessive reactive oxygen species (ROS) are observed in AD brains. Evidence
has shown that Amyloid-f (AB) peptide has the deleterious effects on mitochondrial function.
The defective mitochondria are progressively accumulated in axons and synapses over the
lifetime of AD-affected neurons. PTEN-induced putative kinase 1 (PINK1) is critical to the
maintenance of mitochondrial integrity and function by promoting the removal of damaged
mitochondria via mitophagy-a selective form of autophagy whereby defective mitochondria are
specifically engulfed by autophagosomes and targeted for degradation in the lysosomes. In the
present study, we demonstrate for the first time that PINK1 is associated with AD pathology.
Restoring neuronal PINK 1 function strikingly reduces AP levels, amyloid-associated pathology,
oxidative stress, as well as mitochondrial and synaptic dysfunction. In contrast, PINK1-deficient
mAPP mice augmented cerebral AP accumulation, mitochondrial abnormalities, impairments in
learning and memory, as well as synaptic plasticity at earlier age in comparison with mAPP
mice. Notably, gene therapy-mediated PINK1 overexpression promotes the clearance of
damaged mitochondria by augmenting autophagy signaling via activation of autophagy receptors
(OPTN and NDP52), thereby alleviating AB-induced loss of synapses and cognitive decline in
AD mice. Loss of PINKL1 activity or blockade of PINK1-mediated signaling fails to reverse Af-
induced detrimental effects. Our present study offers new insights into PINK1-dependent
amyloid pathology through autophagy signaling and mitochondrial quality, contributing to the
synaptic and cognitive dysfunction in the pathogenesis of AD. Thus, activation of PINK1 may
represent a new therapeutic avenue for halting AD progression at the early stage through
mitochondrial quality control combined with eliminating amyloid pathology.
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Abstract: The amyloid precursor protein (APP), the precursor to AP plaques,, mediates cargo-
motor attachments for axonal transport. In APP KO mice transport is decreased. In old transgenic
mice expressing mutated human (APPS"'"%) linked to Familial Alzheimer’s Disease, with both
over-expression of mutated protein and plaques, axonal transport is altered, as detected by time-
lapse manganese-enhanced magnetic resonance imaging (MEMRI) in living mouse brains. We
seek to answer whether expression of mutated APP effects transport dynamics independent of
plaque, and do plaques alone contribute to transport defects? To explore this, we used the Tet-
Off system to decouple expression of APPSV"® from presence of plaques, and then studied
transport using our MEMRI technique in three experimental groups of 6 month-old transgenic
mice equal numbers of both genders, in which APPS"'" was manipulated by doxycycline: Group
A (+ plagues, + APPSYINY) (n=12); Group B (+ plaques, no APPS"!"%) (n=12), and group C (no
plaques, + APPSV"Y) (n=12). MEMRI allows us to observe axonal transport in live animals with
T1-weighted MRI. Time-lapse MR images were captured before and a successive time points
after stereotactic injection of Mn?* (3-5nL) into CA3 of the hippocampus. Images of multiple
individuals were aligned and processed with our automated computational pipeline, and
statistical parametric mapping (SPM) performed. After imaging, brains were harvested for
biochemistry or histopathology. Paired T-tests within-group between time points support the
impression that APPS¥I"d expression alone may affect transport destinations and rates of
accumulation. Histology and biochemistry showed that Groups A and B but not C displayed
plaques, and APPS"I"d was expressed 3.2-fold over normal at sacrifice in Groups A and C but not
B, with A detected only in Groups A and B. Cholinergic neurons that project to hippocampus
from the medial septal nucleus were decreased in Group C (p=0.0006 by ANOVA, n=15).
Isolated hippocampal vesicles contained Mn?*, as well as Trk (NGF receptor), Rab 5 and 7
(associated with transport vesicles), suggesting a distinct vesicle population is affected by these
APP mutations. These surprising results implicate APPS*'" in transport defects, separable from
the effect of plaque.
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Abstract: Aging is the main risk factor for the most common neurodegenerative disorder,
Alzheimer’s disease (AD). The neurodegenerative process in AD is initially characterized by
synaptic loss accompanied by B-Amyloid (AP) accumulation. AP can accumulate in the “normal”
aging brain. Defective clearance of A} has been postulated as responsible for AB accumulation
in the late-onset AD, however, whether the production of AP is also potentiated with aging is not
well established. We set out to investigate if and how cellular aging-drives alterations of
intracellular trafficking that potentiate AP production and thus cause synaptic decline. To study
neuronal aging, we used primary mouse cortical neurons aged in culture. We confirmed that
cortical neurons (E16) undergo a stereotyped process of differentiation, maturation and aging in
28 days in vitro (DIV). At 28 DIV, neurons accumulate lipofuscin, the hallmark of aging, mainly
in lysosomes of the cell body. We found that aged neurites evidence a dramatic rise in
endogenous intracellular AP production. Since AP is produced upon endocytosis and consequent
proteolysis of the amyloid precursor protein (APP) by its secretases, we measured APP
endocytosis by pulse-chase experiments using immunofluorescence quantitative analysis and
biochemical analysis in aged neurons compared to mature neurons (21 DIV). Unexpectedly, we
found an enhancement of APP endocytosis and processing in aged neurons without alterations on
total APP levels. We found early endosomes up-regulated. We confirmed that this up-regulation
of APP processing and endocytosis in aged mouse brain. Importantly, in aged neurons, there is a
decrease in the number of synapses with prominent loss of spines. We thus asked if this synaptic
decline could be reversed by inhibition of AP production. We found that both y- and -secretase
inhibition can partially rescue aging-synaptic decline. Overall our data indicate that an increase
in APP endocytosis contributes to augment A production with aging which impacts synaptic
function, even in normal aged neurons.
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Abstract: A major challenge for accelerating therapeutics of Alzheimer’s Disease (AD) and
“normal” Aging is the identification of dynamic neuronal and glial biomarkers that distinguish
them, supporting Down syndrome (DS) as the ideal model. The pathology of aging involves
degenerative neuronal and myelin features and genetic causes like AD, that also characterize
100% with DS by age 35 as harbingers of dementia affecting ~70%. However, DS-AD dementia
merges with signs of accelerated aging seen in DS with three copies of the HS Chr 21 gene APP
encoding the amyloid plaque protein, but without biomarkers for the age-related waning of
capacities not related to AD. We examined the architecture of myelin in 22 cervical spinal cord
samples obtained from the NIH NeuroBioBank (NBB) and our NIH DS study, with diagnoses of
DS (41-76y), AD (54-60y) or normal control (50-74y) by genetic (confocal microscopy) and
morphological (transmission electron microscopy) analyses of 11 single donor glutaraldehyde
(GA) and formalin (F) fixed tissues. The results thus far indicate that DS myelin (n=6, F and GA
fixed tissues) exhibited striking age-related redundancy and exaggerated ballooning (Figure
bottom-left). In contrast, myelin in AD (n=4; 54, 60y) was ballooned but non-redundant,
revealing compacted myelin sheaths (top-right). Myelin of aged controls (52-58y) was less
ballooned and more compact (top-left). Chloroform extraction eliminated ballooned myelin
laminae resulting in large empty regions in DS retaining compacted myelin (bottom-right). These
results indicate that aged and less so young DS but not AD is associated with redundant myelin
sheaths that are readily extracted in contrast to normal myelin. This biomarker of normal aging in
DS may suggest a linear decrease in conduction velocity and consequent cognitive loss in DS.
Although its severity may result from aberrant repair by the Chr 21 encoded gene OLIG2, the
redundancy biomarker may reflect physiologic and modifiable in vivo dysfunction that
constitutes a therapeutic target for non-AD aging, whether or not related to Alzheimer’s
neuropathology.
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Abstract: Objective Severeal articles are published about increased permeability and altered
morphology of the blood-brain barrier (BBB) with advanced age. Our study aimed to compare
the structure of brain microvessels and function of P-glycoprotein (P-gp) at the BBB and its
behavioral consequences in young and aged Wistar rats.

Methods Male Wistar rats 2-3 months (young) and 14-16 months (middle aged) were studied.
Dual and triple-probe microdialysis techniques were used to compare BBB permeability for
quinidine (QND) in young and aged rats in presence and absence of a specific P-gp inhibitor
(PSC-833). Concentrations of QND were analyzed by LCMS-MS. Comparative MR imaging of
the brains was performed to study anatomical changes, and also single photon emission
computed tomography (SPECT) imaging was applied for comparison P-gp functionality. For
ultrastructural analysis, electronmicroscopy was performed. The efflux transporter expression at
the BBB was studied at RNA and protein levels. For behavioral analysis Morris-Water maze,
New Object Recognition and Pot Jumping tests were used.

Results The control level of QND in absence of PSC-833 was higher in aged than in young rats.
In presence of PSC-833, the brain levels increased less in aged than in young animals suggesting
lower expression level or impaired functionality of P-gp in old subjects. In MR imaging the
extension of cerebral ventricles increased significantly and there were also characteristic
ultrastructural changes at the BBB with aging by electronmicroscopy. The P-gp expression
seems to be decreased both at protein and at RNA levels in aged rats. However, there was no
significant cognitive impairement observed with healthy aging in the behavioral tests.
Conclusions Our results indicate many differences between young adult and aged rats in the
structure and function of the BBB. These findings suggest a lower expression and/or reduced P-
gp function with aging but, on the other hand, there was no memory and learning deficit
observed in the applied behavioral assays in aged subjects. In summary, it can be concluded that
healthy aging is a risk factor for increased permeability of BBB, which results in a higher CNS
exposure to dangerous xenobiotics and bacterial components in old subjects.
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Abstract: Soluble oligomers of the AP peptide (ABOs) are toxins that target and disrupt
synapses, and generation of ABOs has been recently recognized as a likely initiating event in
Alzheimer’s disease (AD). There is a translational gap in AD studies, with promising drugs
developed based on work in rodent models demonstrating minimal translation in AD patients in
clinical trials. Additionally, although women have a two-fold greater lifetime risk of developing
AD compared to men, females have not been a focus of preclinical studies. Thus, we sought to
develop a model of ABO toxicity in female rhesus monkeys, to take advantage of the highly
developed cortical structures in this species, as well as the similarities in the endocrine system
between rhesus monkeys and humans. Repeated intracerebroventricular injections of ABOs were
performed in 4 adult female rhesus monkeys. Controls consist of 2 animals injected with
scrambled AP peptide and 3 non-injected animals (age range: 11-19 years old). High-resolution
confocal microscopy and morphometric analysis of alexa filled neurons were used to evaluate
synaptic, neuronal, and glial markers in the dorsolateral prefrontal cortex (dIPFC) and
hippocampus after A injections. Cerebrospinal fluid (CSF) and brain tissue were also collected
and analyzed for biomarkers of AD pathology, including: phosphorylated Tau protein (pTau),
total Tau, AB1-42, AP1-a0and TNF-a levels. APO injection into the lateral ventricle of the brain
induces loss of thin spines in targeted dIPFC neurons, an area highly vulnerable in aging and AD.
Further, ABOs associate with the synaptic marker PSD95, inducing loss of more than 60% of
local excitatory synapses. APOs induced a robust neuroinflammatory response in the
hippocampus, with numerous activated ameboid microglia and TNF-a release. Finally, ABOs
increased CSF levels of APi1-42, pTau Ser396 and pTau Ser199, but not A1-40 or total Tau. No
similar changes were observed in the scrambled A injected animals nor the non-injected
controls. These initial findings from detailed quantitative analysis of effects of ABO
administration on synapses in a female nonhuman primate model, are a very promising step
toward understanding the mechanism of early AD pathogenesis in the primate brain, and may
help develop an effective disease-modifying therapy of high relevance to women’s health.

Disclosures: D. Beckman: None. K. Donis-Cox: None. S. Ott: None. W.G. Janssen:
None. M.G. Baxter: None. J.H. Morrison: None.



Nanosymposium

187. Alzheimer's Disease: Synapses, Mechanisms, and Models
Location: SDCC 33

Time: Sunday, November 4, 2018, 1:00 PM - 4:00 PM
Presentation Number: 187.02

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

Support: FAPERJ
CAPES
CNPq
ISN

Title: Targeting translation impairment to restore cognitive deficits in Alzheimer’s disease
models

Authors: *M. M. OLIVEIRA!, M. V. LOURENCO?, F. LONGO?, N. KASICA3, W. YANG*,
T. MAS, F. G. DE FELICES, E. KLANN’, S. T. FERREIRA!

YInst. of Med. Biochem. Leopoldo de Meis, Federal Univ. of Rio De Janeiro, Rio de Janeiro,
Brazil; 2Ctr. for Neural Sci., New York Univ., New York, NY; *Wake Forest Baptist Hlth.,
Winston-Salem, NC; “Wake Forest Baptist Med. Ctr., Winston Salem, NC; °Intrnl. Medicine-
Geriatrics, Wake Forest Sch. of Med., Winston Salem, NC; Fed Univ. Rio De Janeiro, Rio de
Janeiro, Brazil; "Ctr. for Neural Sci., New York Univ. Ctr. for Neural Sci., New York, NY

Abstract: Alzheimer’s disease (AD) is the major form of dementia, with no efficient treatment
approved. It becomes essential, thus, to elucidate the precise mechanisms affected in these
patients, offering new targets. The amyloid cascade hypothesis dictates that synapse loss is a
consequence of synaptotoxic effects triggered by amyloid beta oligomers (AbOs), the major
neurotoxins involved in AD. Although complex, the effects triggered by AbOs inflict damage in
pathways that are central to neural activity and synapse consolidation. Protein synthesis
downregulation appears as a central candidate to AbO-induced synaptic impairment, due to its
central role on synaptic consolidation. We and other groups have shown that the eukaryotic
initiation factor 2 alpha (elF2a), a central regulator of protein synthesis, presents elevated
activity in AD brains and AD models. elF2a promotes the uncoupling of the ternary complex, the
machinery responsible for the majority of cellular translation. Modulating this pathway, thus,
emerges as an attractive therapeutic approach. ISRIB is a small synthetic molecule that boosts
elF2B activity, enhancing the translational process dependent of the ternary complex. Recent
evidences indicate that ISRIB counteracts protein synthesis impairment induced by the activation
of the endoplasmic reticulum stress pathways, a mechanism that is directly regulated by
elF2alpha activity. We sought to investigate whether ISRIB could counteract the cognitive
impairment induced by AbOs. For this, we used a well-established model in our lab to study
AbOs toxicity in vivo, consisting of a single injection of an AbOs suspension



intracerebroventricularly (i.c.v.). Mice injected with AbOs present memory loss in different
memory tasks even 10 days post-injection. Our results indicate that ISRIB prevents AbO-
induced cognitive impairment in the Novel Object Recognition (NOR) task and in the Contextual
Fear Conditioning (CFC) task, indicating that boosting the translation could counteract
neurotoxic effects induced by AbOs. The hippocampus of mice injected with both AbOs and
ISRIB presented lower levels of ATF4, when compared to the hippocampus of AbOs-injected
mice. We therefore sought to investigate whether ISRIB could prevent AbO-induced protein
synthesis impairment. We found that ISRIB rescued proteostasis in both cultured neurons and
hippocampal slices. Finally, chronic injection of ISRIB in 10 to 13-month old APP/PS1 had
neuroprotective effects in different memory paradigms. Our data indicate that ISRIB could have
a neuroprotective effect over AbOs activity, unraveling an alternative mechanism that could be
exploited as a therapeutic target.
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Abstract: Emerging evidence suggests that dysfunction in the ubiquitin-proteasome system
(UPS) plays an important role in the pathogenesis of age-related neurodegenerative diseases,
including Alzheimer’s disease (AD). For instance, the ubiquitin C-terminal hydrolase Uch-L1 is
typically downregulated in AD brains. Restoration of Uch-L1 activity in an animal model of AD



improves UPS activity, and alleviates synaptic injury and memory loss (Gong et al. Cell, 2006).
However, the underlying mechanism of Uch-L1 dysfunction in AD, particularly in sporadic
cases, remains unknown. In a variety of neurodegenerative disorders, reactive nitrogen species
(RNS) produce nitrosative stress and contribute to neuronal damage. In AD, oligomerized
amyloid-p (AP) peptide can trigger the generation of excessive RNS, resulting in aberrant protein
S-nitrosylation, representing a covalent reaction of NO-related species with a critical cysteine
thiol group, to modulate protein function (Nakamura et al. Neuron, 2013). Here, we show that
human postmortem AD brains and AD transgenic mouse models manifest S-nitrosylated Uch-L1
protein (SNO-Uch-L1). In cell-based and transgenic mouse models of AD, we found that A
oligomers trigger SNO-Uch-L1 formation, thus inhibiting Uch-L1 deubiquitination activity.
Importantly, expression of non-nitrosylatable Uch-L1 protects dendritic spines from A
oligomer-induced damage, consistent with the notion that S-nitrosylation of Uch-L1 contributes
to AB-related synaptic injury. Thus, these findings link UPS dysfunction and aberrant redox
signaling to AB-induced synaptic damage in AD. Additionally, our studies suggest that S-
nitrosylation and thus inhibition of Uch-L1 activity may represent a potential new target for AD
therapy and possibly other diseases associated with nitrosative stress.
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Abstract: Discoveries through human genome-wide association studies have implicated
numerous loci that associate with an increased risk for Alzheimer’s disease (AD), but their roles
in AD pathogenesis remain obscure. We previously found that cindr, a conserved, Drosophila
homolog of the AD susceptibility locus, CD2AP, modulates Tau-mediated neurodegeneration.
CD2AP is an actin-binding, adaptor protein required for mammalian kidney function, but its role
in the nervous system and in AD remains unresolved. Therefore, we generated a cindr null



mutant in Drosophila and characterized its requirements for neuronal function and maintenance.
Cindr is expressed robustly in the Drosophila nervous system and is enriched at presynaptic
boutons, where it associates/interacts with other presynaptic proteins such as Synapsin and
Synaptotagmin. In flies lacking cindr, the adult brain develops normally, and there is no overt
evidence for age-dependent neurodegeneration. Instead, cindr mutants show impaired synaptic
maturation, and neurotransmission due to reduced basal, presynaptic calcium levels. Moreover,
cindr interacts both physically and genetically with Leonardo (leo), the ortholog of 14-3-3 Zeta,
and they function in concert to affect protein turnover via regulation of the Ubiquitin-Proteasome
System (UPS). Studies of CD2AP null mice validate and support a conserved function in
synaptic proteostasis, as loss of CD2AP similarly impacts proteasome activity, and affects the
degradation of proteins including Synapsin, Synaptophysin and PMCA. In an analysis of 838
postmortem human brains, we further show that CD2AP protein levels are anti-correlated with
synaptic proteins, including Synapsin, and this relationship is altered in AD. Using a cross-
species experimental paradigm, we discovered a conserved role of cindr/CD2AP in synapse
structure and function, and suggest a potential interaction with Tau-induced proteinopathy and
resulting synaptotoxicity in AD.
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Abstract: Defective brain hormonal signaling has been associated with neurodegenerative
diseases, particularly Alzheimer’s disease (AD), a disorder characterized by synapse and
memory failure. Irisin is an exercise-induced myokine released upon cleavage of membrane-
bound precursor protein FNDCS5, recently reported to be expressed in the hippocampus, a key
memory center in the brain. We show that irisin levels are reduced in AD hippocampi and
cerebrospinal fluid, and in experimental models of AD. Knockdown of brain FNDC5/irisin
impaired long-term potentiation and novel object recognition memory in mice. Conversely,
boosting brain levels of FNDC5/irisin rescued synaptic plasticity and memory in AD mouse
models. Peripheral overexpression of FNDC5/irisin rescued memory impairment, whereas
blockade of either peripheral or brain irisin attenuated the neuroprotective actions of physical
exercise on synaptic plasticity and memory in AD mice. By showing that FNDC5/irisin is an
important mediator of the beneficial effects of exercise in the diseased brain, our findings place
FNDCH5/irisin as a novel agent capable of opposing synapse failure and memory impairment in
AD.
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Abstract: Alzheimer’s disease (AD) is pathologically defined by the deposition of amyloid beta
in plaques and tau in neurofibrillary tangles in the brain. Strong evidence supports the notion that
amyloid beta is the trigger that initiates disease while tau is the bullet that causes
neurodegeneration; however understanding the cascade leading from amyloid beta to tau remains
one of the frustratingly large knowledge gaps in the field. One potential site of this cascade is
within synapses. Synapse loss is the strongest pathological correlate of cognitive decline in AD,
and previous work implicates both amyloid beta and tau in synapse degeneration. Here we tested
the hypothesis that amyloid beta and tau interact to cause synaptic dysfunction and behavioural
impairments in a novel model of AD. We observe that removing endogenous mouse tau protects
plaque-bearing APP/PS1 mice from synaptic plasticity and behavioural deficits without
preventing plaque-associated synapse loss. Mice expressing both APP/PS1 and human tau
transgenes develop an age-related hyperactivity phenotype, which completely recovers when tau
levels are lowered by transgene suppression. This functional recovery was accompanied by a
reduction in the proportions of pre and postsynaptic terminals containing tau. In human AD brain
samples, we also observed tau in pre and postsynaptic terminals, supporting a potential role for
tau in synaptic dysfunction. These data indicate that the amyloid cascade may occur at least in
part in synapses where tau promotes amyloid beta mediated synapse dysfunction, suggesting
lowering tau at synapses as a potential therapeutic approach in AD.
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Abstract: Alzheimer’s disease is characterized by widespread amyloid-f (Ap) plaques and tau
neurofibrillary tangles (NFTSs) in the brain. The relationship of these two pathological lesions to
one another is a central mystery of Alzheimer biology. Here we employed in vivo two-photon
calcium-imaging of large populations of layer 2/3 cortical neurons in a novel mouse model
expressing both human A and tau. Our recordings reveal a strong tau-dependent suppression of
activity and silencing of a vast number of neurons (63.01 + 2.3 %), which dominates over A-
dependent neuronal hyperactivity. We show that NFTs are neither sufficient nor required for the
silencing, which instead is dependent on soluble tau. We demonstrate that by repressing tau gene
expression the silencing phenotype can be rapidly rescued in tau mice (fractions of silent neurons
before treatment: 50.84 + 3.49 %, after treatment: 25.92 + 2.57 %). Surprisingly, however, the
same treatment was much less effective in the presence of AP (fractions of silent neurons before
treatment: 64.25 + 4.21 %, after treatment: 61.87 + 2.28 %). Together, our new data demonstrate
that soluble tau not only impairs neuronal circuits, but also blocks the effects of Ap, which may
help explain the failure of the numerous clinical trials directed at reducing A in the brains of
Alzheimer patients to reverse cognitive deficits, as abnormal tau remains even after clearance of
AB.
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Abstract: Alzheimer’s disease (AD) is associated with early hypothalamic dysfunction leading
to weight loss and metabolic dysregulation (Cell Metab. 2015, 22, 761). Dyshomeostasis of



intracellular calcium [Ca?*]i is a major mechanism by which AP alters neuronal function (Cell
2012, 148: 1204). Voltage-gated L-type Ca?* channels (LTCC) are key modulators of [Ca®'];,
spontaneous firings (SF) and reactive oxygen species (ROS) in neurons. We previously found
that [Ca2*]i increased and a low voltage-threshold-activated (LTA) L-type Ca?* current present in
hypothalamic arcuate (ARC) neuropeptide Y (NPY) neurons from mice overexpressing mutated
amyloid precursor protein (tg2576) (SfN 2017). Here we tested whether LTA LTCC-dependent
mechanisms are involved in the [Ca?']; dyshomeostasis and dysfunction induced by APP
overexpression or ABi-42 in NPY neurons. Using whole-cell current-clamp on ARC NPY
neurons, we found increased SF in tg2576 slices and AP1-42 (100 nM)-treated WT slices, an
effect inhibited by the L-type Ca?* channel blocker nimodipine (NMD) (Hz, tg2576 4.01+0.57;
NMD 1.94+0.66; P<0.05, N=10. WT 2.48+0.53; A1-42 3.9+0.61; NMD 1.9+0.46; P<0.05, N=5-
8), but not by N-type or P/Q-type Ca2* channel blockers (P>0.05, N=4). We then compared
[Ca?*]i in ARC and cortical (COR) NPY neurons from WT and tg2576 mice using Fura-2.
Baseline [Ca?*]iwas higher in ARC and COR NPY neurons from tg2576 than those from WT
mice, which was reduced by NMD (340/380nm, ARC NPY: WT 0.17£0.02; tg2576 0.47+0.05;
NMD 0.29+0.04. COR NPY: WT 0.33+0.12; t9g2576 0.82+0.07; NMD 0.62+0.04. P<0.05; N=5-
33). Next, whole-cell voltage-clamp in WT ARC NPY neurons found that the peak currents (PC)
of LTCC I/V curves were shifted to lower threshold potentials after application of AP1-42
compared to vehicle (-20 vs 0OmV; P<0.05, n=6). Similarly, application of APB1-42t0 ARC NPY
neurons from dihydropyridine insensitive (DHP™) Cav1.2 mice shifted the PC of LTCC I/V
curves to -20mV, which was reversed by NMD (pA at -20mV; veh -460+£56.1A; AP1-42 -
1189+92.2; NMD -686.5 +148.6; P<0.05, N=5). Finally, using the mitochondrial ROS dye
MitoSox red, we found that ABi-42 increased mitochondrial ROS in ARC but not in COR NPY
neurons of DHP”- Cayv1.2 mice, an effect inhibited by NMD (2uM) (ARC NPY: AP1.42 by
37.1£9.7%; NMD by 14.5+7.5%; P<0.05, N=10-20). Since DHP”~ Cay1.2 mice have functional
Cav1.2 but are insensitive to NMD, it is likely that APP overexpression or AP1-42 in ARC NPY
neurons disrupts [Ca?*]i via Cav1.3 L-type Ca®* influx, leading to high SF and mitochondrial
ROS formation. The data raise the possibility that Cav1.3 in ARC NPY neurons mediate the Ca?*
dysregulation underlying hypothalamic dysfunction in AD.
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Abstract: Vascular dysfunction has been linked to the onset of Alzheimer’s Disease (AD). AD
brains exhibit impaired brain vasculature pathology and there is a strong association between
cognitive decline and cerebrovascular abnormalities. Interestingly the changes in the
microvasculature precede cognitive decline and neurodegeneration. One of the mechanisms that
may lead to this pathology is endothelial dysfunction and decreased angiogenesis which affect
the integrity of vascular architecture and plasticity, ultimately impairing neuronal health and
function.

EphB4/ephrinB2 system is an important regulator of the vascular system in both development
and adulthood. Binding of EphB4 receptor to its transmembrane ligand ephrinB2 on the surface
of endothelial cells (ECs) of blood vessels stimulates angiogenesis and the cytoplasmic domain
of ephrinB2 is necessary for this function.

We found that Presenilinl (PS1), which plays a central role in familial AD (FAD), regulates the
EphB4-Fc-induced processing of ephrinB2 in primary ECs in a y-secretase-dependent manner
producing cytosolic peptide ephrinB2/CTF2 (efnB2/CTF2). We also found that EphB4-Fc-
induced sprouting, tube formation and VE-cadherin angiogenic complexes depend on PS1/y-
secretase (Warren et al., 2018) and that ECs from PS1 FAD brains have decreased angiogenic
functions as they fail to increase sprouting, tube formation and angiogenic complexes in response
to angiogenic factor EphB4-Fc.

We had previously shown that overexpression of efnB2/CTF2 peptide significantly increases EC
sprouting, tube formation and VE-cadherin angiogenic complexes in vitro (Warren et al, 2018).
Here we show that overexpression of efnB2/CTF2 significantly increases sprouting of PS1 FAD
mutant ECs in vitro. To improve the angiogenic function of this peptide we prepared a small
peptide based on the sequence of efnB2/CTF2, which contains its C-terminal sequence necessary
for angiogenic function (Warren et al., 2018). This peptide is more stable compared to
efnB2/CTF2 and is able to penetrate the cells as it contains a TAT sequence at its N-terminus.
WT or PS1 FAD brain ECs treated with this peptide have significantly increased sprouting in
vitro compared to cells treated with control peptide. The above show that the angiogenic function
of PS1 FAD mutant brains ECs is rescued by this small peptide providing a candidate agent for
treatment of impaired vascular functions observed in AD brains.
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Abstract: Alzheimer’s disease (AD) is a chronic neurodegenerative disorder characterized by
progressive cognitive impairments mainly affecting the aging population. Selective hippocampal
deficits, including synaptic failure, are a defining pathology of Alzheimer's disease (AD).
However, the molecular mechanisms that lead to hippocampal synaptic injury remain a long-
standing scientific question. Recent studies have highlighted the role of growth hormone
secretagogue receptorla (GHSR1a or ghrelin receptor) in regulating hippocampal synaptic
function. But whether GHSR1a deregulation contributes to hippocampal pathology in AD has
never been comprehensively studied. Here, we found abnormally increased GHSR1a expression
in the hippocampi from postmortem AD brains as well as AD animal models (5xFAD mice).
Furthermore, we demonstrate a physical interaction between amyloid beta (AB) and GHSR 1a,
which suppresses GHSR’s function that leads to hippocampal synaptic stress and impaired
cognitive function. Genetic deletion of GHSR (GHSR Null mice) replicates the hippocampal
synaptic injury and cognitive deficits seen in the age- and gender- matched 5xFAD mice, further
suggesting a functional loss of GHSR1a in hippocampal pathology in AD. The deleterious effect
of AB-mediated GHSR1a deregulation on hippocampal synaptic function is likely to be a result
of defective GHSR1a downstream signaling and its failure to control dopamine receptor D1
(DRD1). The simplest interpretation of our results is that abnormal GHSR1a regulation is a
primary pathology accompanying AD and plays a critical role in mediating hippocampal lesions
via its interplay with AP. Therefore, GHSR1a may be a potential therapeutic target for the
correction of hippocampal synaptic failure and cognitive deficits in AD.
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Abstract: Synaptic mitochondrial dysfunction in Alzheimer’s Disease (AD) is strongly
associated with FLIFO ATP synthase deregulation, which results in inefficient OXPHOS and
collapsed mitochondrial membrane potential, as well as excess mitochondrial Permeability
Transition pore (mPTP) formation. Our studies have determined the physical interaction between
a F1IFO ATP synthase key subunit called Oligomycin Sensitivity Conferring Protein (OSCP) and
Amyloid B (AP), as well as the interaction between A and the key mPTP regulator Cyclophilin
D (CypD) in AD brains. Given the known interplay of OSCP with CypD, it has raised an
intriguing question that whether AP is a factor promoting the formation of OSCP/CypD complex
in AD-related pathological settings, thus inducing excess mPTP formation and aggravating
synaptic mitochondrial dysfunction in AD. For the present study, CypD deficient mice were
crossed with 5xFAD mice (an AD mouse model with human APP/AP overexpression). The mice
at different ages were used to isolate synaptic mitochondria brain to perform mitochondrial
studies and making brain cryosections for immunostaining and interaction studies. We found that
the interaction between OSCP/CypD elevates in AB-rich conditions in the AD mouse brains
along with reduced synaptic mitochondrial function and F1IFO ATP synthase dysfunction.
Moreover, the OSCP/AP interaction decreases with CypD depletion in a dose dependent manner
in AD-related conditions. Our further biochemical studies showed that AR enhances
OSCP/CypD binding affinity/ Lastly, the dose-dependent CypD depletion restored the decreased
OSCEP levels in the AD mice brain together with attenuated mitochondrial OXPHQOS function,
restored ATP levels, and mitigated mitochondrial calcium handling capacity as well as alleviated
F1FO ATP synthase enzymatic activity in AD mouse brains. Similarly, depleting the
CypD/OSCEP interaction also relieved memory loss in AD mice brain. In conclusion, these results
convey a triad of the proteins interactions and depicts that A promotes CypD/OSCP interaction,
which is potentially a critical cause of mitochondrial dysfunction in AD brain.
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Abstract: Alzheimer’s disease (AD) is caused by synaptic and neuronal loss in the brain that
eventually results in cognitive decline. Late onset AD (LOAD) generally has a late onset (> 65
years of age) and is responsible for over 95% of AD cases. Aging is the highest risk factor for
LOAD, but the underlying mechanism causing LOAD is poorly understood. One of the
characteristic hallmarks of AD is senile plagues containing the amyloid B-peptide (AB). AP is
produced from the amyloid precursor protein by sequential proteolytic cleavages by -secretase
and y-secretase. y-Secretase is an aspartyl protease complex, containing presenilin (PS),
nicastrin, Aph-1, and Pen-2. Regulation of y-secretase involves both obligatory subunits and
modulatory proteins. The role of these essential components has been well studied, however,
little is known about the presence and function of y-secretase modulatory proteins (GSMPS).
Here, we used y-secretase modulators (GSMs) to identify GSMPs. We identified a GSMP that is
an innate immune response protein and is induced by multiple proinflammatory cytokines.
GSMP directly binds y-secretase. Down-regulation of GSMP in cells reduces y-secretase activity
for AP production. Expression of this GSMP is increased with aging and in AD mouse models.
Furthermore, this GSMP protein is upregulated in a subset of LOAD patients that exhibit higher
y-secretase activity for Af production. These findings reveal an unprecedented mechanism in
which y-secretase is modulated by GSMP under neuroinflammatory conditions and contributes
to the pathogenesis of a subpopulation of LOAD patients.

Disclosures: J. Hur: None. G.R. Frost: None. X. Wu: None. S. Pan: None. C. Crump:
None. J. Wang: None. J. Tcw: None. A. McKenzie: None. Y. Sagi: None. K.R. Sadleir:



None. R. Rissman: None. R. Vassar: None. B. Zhang: None. D.S. Johnson: None. E.
Masliah: None. P. Greengard: None. A. Goate: None. Y. Li: None.

Nanosymposium

188. Alzheimer's Disease and Other Dementias: Tau and TDP-43 Proteinopathies
Location: SDCC 5

Time: Sunday, November 4, 2018, 1:00 PM - 3:15 PM

Presentation Number: 188.01

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

Support: NINDS NS085770
NIA AG013854

Title: Distribution of tdp-43 pathology in hippocampal synaptic relays suggests trans-synaptic
propagation in primary progressive aphasia

Authors: *D. T. OHM, P. JAMSHIDI, G. KIM, K. BOLBOLAN, S. WEINTRAUB, E. H.
BIGIO, M. M. MESULAM, C. GEULA
Northwestern Univ., Chicago, IL

Abstract: Aggregation and propagation of misfolded proteins in the form of abnormal inclusions
is a common feature of neurodegenerative diseases. A hallmark of frontotemporal lobar
degeneration (FTLD) is the abnormal aggregation of inclusions containing hyperphosphorylated
tau or the 43-kDa transactive response element DNA-binding protein (TDP-43) (FTLD-TDP).
While pathologic spread has been suggested to act through axonal pathways and prion-like
mechanisms, existing evidence from the human brain is limited to qualitative and semi-
quantitative observations at the gross anatomical level. Using unbiased stereology, this study
aimed to quantitatively investigate potential trans-synaptic propagation of abnormal TDP-43
precipitates in the well-established neural circuitry of the hippocampus, which encompasses a
highly ordered chain of intrinsic single synaptic connections that link cytoarchitectonically
distinct zones. Whole-hemisphere sections from brains of five participants with clinical
diagnoses of primary progressive aphasia (PPA)—a neurodegenerative disorder in which
language is the most salient deficit— were examined. All brain specimens had post-mortem
diagnoses of FTLD-TDP. We have shown that mature TDP-43 inclusions in these brains display
a clinically concordant distribution that favors the language-dominant hemisphere. Bilateral
whole-hemisphere brain sections were immunohistochemically stained using an antibody to
phosphorylated TDP-43 (pS409/410-2). Four PPA participants were right-handed and had
asymmetric left hemisphere atrophy, and one was left-handed with asymmetric right hemisphere
atrophy. TDP-43-positive mature (darkly stained, fibrillar) and pre-inclusions (diffuse nuclear
and/or cytoplasmic staining, potential precursors to mature inclusions) were quantified in the
granule cell layer of the dentate gyrus (DG) and the pyramidal cell layers of CA3, CA2, and
CAL. The highest density of mature TDP-43 inclusions were found in the granule neurons of



DG, followed by significantly fewer inclusions in the pyramidal neurons of CA3 (one synaptic
relay away), and still fewer inclusions in CAl and CA2 (p<0.05) pyramidal neurons (two
synapses away). TDP-43 pre-inclusions, however, showed highest densities in either DG or CA3,
followed by lower densities in CA1 and CA2. Our quantitative results suggest trans-synaptic
propagation of intracellular TDP-43 inclusions. Moreover, the relationship between patterns of
pre- and mature inclusions corroborates the concept that pre-inclusions are present prior to the
formation of mature TDP inclusions and develop through progressive stages into dark mature
aggregates.
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Abstract: TDP-43 is a multifunctional and essential RNA-binding protein, whose abnormal
cytoplasmic aggregation characterizes the affected neurons in majority of patients with
amyotrophic lateral sclerosis (ALS) and in about 45% of patients with frontotemporal dementia
(FTD). Moreover, TDP-43 copathology is found in sub-populations of Alzheimer’s disease
(AD), Huntingtons’ disease (HD), Lewy body diseases, and Pick’s disease, among others.
Neurodegenerative diseases linked to deposition of TDP-43 are therefore classified as TDP-43
proteinopathies. Even though the loss of normal nuclear localization and cytoplasmic TDP-43
aggregation correlates with neurodegeneration, the exact mechanisms of neurotoxicity remain
elusive. Nonetheless, recent research suggests that similar to other protein aggregation diseases,
TDP-43 proteinopathies follow the prion paradigm through templated conversion and spread of
pathologic conformers across the central nervous system. Antibody-mediated clearance of
pathological TDP-43 aggregates therefore represents an attractive strategy for therapeutic
intervention. However, the lack of tools for accurate diagnosis and monitoring of disease
progression have impeded the research and development of therapeutics for TDP-43
proteinopathies. We have generated a set of antibodies targeting different regions of TDP-43 that



specifically recognize pathological TDP-43 inclusions in post-mortem brain tissue from ALS and
FTD patients. These antibodies display high affinity and selectivity for misfolded TDP-43 in
vitro and are currently being evaluated for their therapeutic potential. To complement the
therapeutic approach, we are generating small molecules suitable for further development as
positron emission tomography (PET) ligands. We have identified a set of small molecules that
specifically bind to pathological TDP-43 in post-mortem brain tissue and display suitable CNS
PET properties. Additional compounds are currently being synthesized and evaluated with the
goal to develop PET ligands with high affinity for TDP-43 while being selective over amyloid-
beta and tau aggregates.
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Title: Clinicopathological correlations of mixed pathology in Alzheimer's disease
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Abstract: Alzheimer’s disease (AD) is neuropathologically characterized by neurofibrillary
tangles (NFT) and amyloid-p plaques. However, mixed pathologies often co-occur in older AD
patients. These include Lewy body disease (LBD), hippocampal sclerosis (HpScl) (of a TDP-43
etiology), and vascular disease. For clinical trial design, it is of crucial importance to assess
whether these “mixed AD” cases differ in their clinicopathologic characteristics. The FLorida
Autopsied Multi-Ethnic (FLAME) cohort was queried for AD cases, and sub-classified based
upon mixed LBD and HpScl pathologies. The cases were limited to a Braak NFT stage>1V and
those lacking known mutations. The final cohort (n=1491) consisted of 6 groups as shown in
Table 1: pure AD [lacking Lewy body or HpScl pathology], AD-amygdala predominant Lewy
bodies (AD-ALB), AD-LBD, AD-HpScl, AD-ALB-HpScl, and AD-LBD-HpScl. Standard
neuropathologic procedures were performed. Clinical progression was assessed using age onset
of cognitive symptoms, disease duration, and by examining the mini-mental state examination
score (MMSE) proximal to death. Age onset (p=0.002) and age at death (p<0.001) differed
across AD groups, with AD-HpScl having the oldest age. Disease duration also differed with
AD-ALB found to have the longest disease duration (p<0.001). Neither education (p=0.978) nor
final MMSE score differed (p=0.512). Vascular disease was most commonly observed in AD-
HpScl and AD-ALB-HpScl, but not in AD-LBD-HpScl (p=0.003). Interestingly, higher TDP-43,
but lower NFT Braak stage, was observed in AD-LBD as compared to AD-ALB. The frequency
of APOE-&4 carriers was highest in AD cases with multiple proteinopathies (AD-LBD-HpScl
and AD-ALB-HpScl) (p=0.002), although these cohorts were the smallest in size. Mixed AD
cases significantly differ with regard to clinicopathologic characteristics. Co-existing HpScl is
typically observed in older patients, while the longest disease duration is seen in AD-ALB. Our
findings could implicate a larger clinical window for treatment in these groups. In particular the
high co-morbidity of vascular disease provides an opportunity for prophylactic treatment.

Clinicopathologic characteristics

AD- AD-ALB- AD-LBD- |P-

Characteristics AD AD-ALB |AD-LBD HpScl  HpScl HpScl value



0,
Number (% total of 819 218 332 77 (5%) |13 (1%) (32 (2%)

n=1491) (55%) (15%) (22%)
81 (75, 88 86 82
Age at death, yr. 86) 81 (75,86) |80 (74,86) (83.91) (81.89) (80,89 <0.001
Females (% total of 455 116 158 49 o 0
AD type) (56%)  (53%)  (48%)  (6a%) || (°4%) |17(53%) 0.100
Education, yr 14 (12,16) 14 (12,16) 14 (12,16) -3 14 12 0.978
A ' ' ' (12,16) ((12,16) ((12,16) '
Clinical findings
75 74 71
Age of onset, yr. 72 (65,78) |70 (62,76) |72 (66,78) (70,80) |(66,78) |(67,76) 0.002
Disease
duration, yr. 9(6,11) |10(7,13) 9(6,11) |8(6,10) 9(6,12) 9(6,12) <0.001
MMSE Final score |13 (6,20) 11 (6,15) 12 (5,18 (1161 19) 8 (6,9) 10 (6,15) 0.512
Postmortem
findings
Vascular disease 234/815 |54/217 71/331 32/77 6/13 7/32 0.003
(29%) (25%) (21%) (42%) |(46%) (22%) '
TDP-43 194/559 |74/191 123/280 |77 13 31 <0.001

(35%)  (39%)  (44%)  (100%) (100%) |(100%)
NFT Braak stage VI (V,VI) VI(V,VI) [V (V,VI) [VI(V,VI) VI (V,VI) VI(V,VI) |<0.001
Thal amyloid phase 5(5,5) |5(55) 5(5) [5(5) 5(55) |5(55) |5(5,5)
335/572 |124/187 [190/281 40/61  |12/12  [24/30

APOE ed+ (58%)  |(66%)  (68%)  (66%) (100%) (80%) °-002
MAPT (HIHD) 2481422 [78/134 (1451243 3044 |y oo (167?/3/07) 0630

(59%)  (58%)  (60%)  (68%)
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Title: Detection of Alzheimer’s disease (AD) specific tau pathology in co-morbid
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Abstract: A major challenge of neuropathological phenotyping frontotemporal lobar
degeneration-tau (FTLD-tau) is assessing the extent of co-occurring Alzheimer’s disease (AD)
tau pathology since current diagnostic antibodies detect hyperphosphorylated tau present in both
FLTD-tau and AD. Therefore, we utilize GT-38, an AD tau selective monoclonal antibody that
does not detect FTLD-tau pathology, to systematically evaluate and Braak stage AD
neurofibrillary tangle (NFT) tau co-pathology in a large series of 158 cases of FTLD-tau. We
selected consecutive cases of progressive supranuclear palsy (PSP), corticobasal degeneration
(CBD), and Pick’s disease (PiD) to evaluate AD NFT tau pathology with GT-38
immunohistochemical staining of the hippocampus, entorhinal cortex, pons, locus coeruleus, and
visual cortex according to National Institute on Aging-Alzheimer’s Association (NIA-AA)
neuropathological criteria. Overall, 63% of FTLD-tau cases had some degree of co-occurring AD
NFT tau pathology (i.e. Braak > B1) with 70/158=B1, 26/158=B2, 3/158=B3. We tested whether
AD co-pathology is more frequent within a specific FTLD-tau subtype and found increased
frequency with PSP (x? (6, n =158) = 15.19; p = 0.019). Patients were grouped with no/negligible
AD NFT tau (Braak BO/B1) or medium/high level AD NFT tau (Braak B2/3) to assess whether
higher Braak stages associated with advanced age. B2/3 stage patients were older than patients
with BO/1 AD tau co-pathology (mean difference 7.511 + 1.833 years; p < 0.01 by two-tailed t-
test). Next, we will investigate the hypothesis that co-occurring AD tau pathology correlates with
clinical symptoms including episodic memory deficits by analysis of clinical neuropsychiatric
examination records. This study will provide insight into the clinical significance of co-occurring
AD with FTLD-tau and demonstrates that the AD tau selective antibody GT-38 provides a
unique tool for neuropathological staging of AD tau pathology.
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Abstract: Objective and Rationale: Trans-neuronal misfolded tau propagation, in a prion
fashion, has been shown in tissue culture and experimental animals, but not in vivo in humans.
We tried to determine whether tau deposition in non-fluent primary progressive aphasia (nfPPA)
follows a network pattern. Methods: Eight nfPPA patients, all PET amyloid-negative, and eight
healthy controls had 8F-AV-1451 tau PET. The SUV ratio over the cerebellar gray matter was
calculated for t = 80-100 min. The two groups were compared using SPM. MRI tractography
was performed in the nfPPA group. Additionally, in a different group of 35 healthy subjects with
similar age as the nfPPA patients, we determined normal network functional connectivity with
BOLD MRI using the voxel most often activated in syntactic tasks as seed. Results: nfPPA
patients had impaired language production and increased *8F-AV-1451 uptake in two major
clusters (p < 0.05 FWE corrected): the larger in Broca’s area (inferior premotor frontal cortex)
and the smaller in the syntactic comprehension area of the left temporal lobe, which was also the
area most heavily connected to Broca’s area in the MRI connectivity analysis in healthy subjects.
Furthermore, MR tractography revealed abnormal thinning, most pronounced anteriorly, of the
left arcuate fasciculus, connecting the frontal and temporal nodes of the language network.
Conclusions: Increased *¥F-AV-14510 signal in nfPPA most likely reflects binding to abnormal
tau. Binding was greatest in Broca’s area, where degeneration begins in nfPPA, and, to a lesser
extent, in the posterior node of the syntactic network. The arcuate fasciculus was thinned in the
left hemisphere suggesting that it is the pathway traveled by misfolded proteins associated with
neuronal and axonal degeneration. Our findings provide in vivo evidence that, in
neurodegenerative dementia, misfolded tau propagates in a prion-like manner.

Disclosures: J.C. Masdeu: B. Contracted Research/Research Grant (principal investigator for a
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Fregonara: None. M. Yu: None. N. Pal: None. C. Karmonik: None. B. Spann: None. G.
Roman: None. P. Schulz: None.



Nanosymposium

188. Alzheimer's Disease and Other Dementias: Tau and TDP-43 Proteinopathies
Location: SDCC 5

Time: Sunday, November 4, 2018, 1:00 PM - 3:15 PM

Presentation Number: 188.06

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

Support: ALS ASSOCIATION STARTER GRANT
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Abstract: Hexanucleotide GGGGCC expansions in C9ORF72 are the most frequent genetic
cause of amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTD). While repeat
expansion has been established to produce one or more toxic products, in affected individuals the
repeat expansion also reduces mRNAs encoding C9ORF72, a predicted guanine exchange factor.
Using mice that express a human CO9ORF72 gene with 450 repeats but which does not encode the
C90RF72 protein, we determine that disruption of one or both endogenous C9ORF72 alleles
enhances cognitive deficits, hippocampal neuron loss, and glial activation. Reduction in
C90RF72 is also found to suppress repeat-mediated elevation in autophagy, accompanied by
accelerated accumulation of dipeptide-repeat proteins produced by AUG-independent translation
of repeat-containing RNAs. More strikingly, disruption of one or both endogenous COORF72
alleles provokes or accelerates premature death of animals overexpressing 66 GGGGCC repeats
by means of somatic brain transgenesis mediated by adeno-associated virus respectively. These
efforts provide direct support for disease mechanism in ALS/FTD from reduced COORF72
function synergizing with repeat-dependent gain-of-toxicity.
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Abstract: Frontotemporal dementia (FTD) is the second leading cause of early onset dementia
following Alzheimer’s disease. It involves atrophy of the frontal & temporal regions of the brain
affecting language, memory, & behavior. TDP-43 pathology is found in most FTD & ALS cases.
It plays a role in transcription, translation & serves as a shuttle between the nucleus & cytoplasm.
Prior to its aggregation, TDP-43 exists as polyubiquitinated, hyperphosphorylated C-terminal
fragments that correlate well with FTD disease progression. Reagents that can selectively
recognize specific TDP variants associated with onset & progression of FTD can be effective
diagnostic & therapeutic tools. A combination of phage display library & AFM based panning
was used to select biomarker candidates that selectively bound to TDP variants present in FTD
individuals but not healthy controls. The scFvs were screened against TDP-43
immunoprecipitated from pooled FTD (n=3), ALS (n=2) & healthy, cognitively normal control
brain tissue homogenates (n=2). Eight scFvs that had significantly higher binding to pooled FTD
over healthy controls were selected for further characterization to be tested with individual FTD
brain tissue homogenate. The scFv candidates were able to select individual FTD brain tissue
homogenates (n=7) over healthy controls (n=5) in sandwich ELISA. To test the utility of these
scFvs as potential blood based biomarkers for neurodegenerative diseases, we tested the anti-
TDP scFvs with FTD-TDP (n=12), FTD-Tau (n=12) & healthy control sera (n=8). The scFvs
readily selected the FTD sera samples over the controls indicating that these TDP variants are
present in blood & may also serve as therapeutic targets.
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Abstract: Silica nanoparticles(SiO2-NPs) are one of the most broadly exploited nanomaterials
and have been utilized in a variety of industries. They are also the most common component in a
number of airborne pollutants, including mineral dust and particulate matter (PM),found in
ambient air as well as circulated air in households and workplaces. Air pollution has been
considered to be a risk factor for inducing Alzheimer’s disease (AD). After inhalation, SiO2-NPs
penetrate the epithelium of the respiratory tract and are then translocated to the brain via either
the circulatory system or the olfactory nerve. However, the role of SiO2-NPs in
neurodegeneration is largely unknown. Here, we evaluated the effects of SiO2-NPs-exposure on
behavior, neuropathology, and synapse in young adult mice and primary cortical neuron cultures.
Male C57BL/6N mice (3 months old) were exposed to either vehicle (sterile PBS) or fluorescein
isothiocyanate-tagged SiO2-NPs (NP) using intranasal instillation. Behavioral tests were
performed after 1 and 2 months of exposure. We observed decreased social activity at both time
points as well as anxiety and cognitive impairment after 2 months in the NP-exposed mice. NP
deposition was primarily detected in the medial prefrontal cortex and the hippocampus.
Neurodegeneration-like pathological changes, including reduced Nissl bodies, increased tau
phosphorylation, and neuroinflammation, were also present in the brains of NP-exposed mice.
Furthermore, we observed NP-induced impairment in exocytosis along with decreased synapsin |
and increased synaptophysin expression in the synaptosome fractions isolated from the frontal
cortex as well as primary neuronal cultures. Extracellular signal-regulated kinase (ERK) and c-
Jun N-terminal kinase (JNK) were also activated in the frontal cortex of NP-exposed mice.
Moreover, inhibition of ERK activation prevented NP-mediated changes in exocytosis in



cultured neurons, highlighting a key role in the changes induced by NP exposure. In conclusion,
intranasal instillation of SiO2-NPs results in mood dysfunction and cognitive impairment in
young adult mice and causes neurodegeneration-like pathology and synaptic changes via ERK
activation. The results may explain why air pollution can be a risk factor for developing AD.
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Title: Chaperone-mediated autophagy is activated by ER stress via p38 for dopaminergic neuron
survival
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Abstract: The interplay between endoplasmic reticulum (ER) and lysosomes is essential for
coordinating a network of key cellular processes in response to stress. How signals are
transduced from ER to lysosomes remains elusive. Here we demonstrate that in dopaminergic
neuron-like SN4741 cells, ER stress activates chaperone-mediated autophagy (CMA). ER
stressors lead to a PERK-dependent activation and recruitment of MKK4 to lysosomes,
activating a lysosomal pool of p38 MAPK. Lysosomal p38 MAPK directly phosphorylates the
CMA receptor LAMP2A at T211 and T213, which induces its change to an active conformation
and membrane accumulation and causes CMA activation. Loss of the ER-CMA coupling
sensitizes cells to ER stress-induced death. Neurotoxins associated with Parkinson's disease fully
engages ER-p38 MAPK-CMA pathway in the mouse brain and uncoupling it results in a greater
loss of SNc dopaminergic neurons. Thus, CMA triggered by ER stress protects dopaminergic
neurons from stress in vitro and in vivo.
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Abstract: The striatum is the gateway to the basal ganglia: GABAergic spiny projection neurons
(SPNss) receive converging glutamatergic inputs from the cortex and the thalamus, as well as
dopaminergic modulation from the substantia nigra, and form the sole output pathways. Altered
striatal circuitry and plasticity is implicated in numerous psychiatric and neurodegenerative
disorders, including Parkinson's disease (PD). While mutations in the PD-linked LRRK2 gene
perturb several cellular functions, the effects on striatal plasticity are unknown. We previously
reported that the LRRK2-G2019S mutation increases glutamatergic transmission in cultured
cortical neurons and striatal slices from young G2019S knock-in (GKI) male mice, suggesting a
role in early pathophysiology. However, glutamatergic inputs from the cortex and thalamus
differ considerably in their striatal synaptic targets, NMDA/AMPA ratios, plasticity and
vulnerability in PD, with a substantial loss of thalamic inputs in PD patients and animal models.
Thus, we sought to examine whether the LRRK2-G2019S mutation has pathway-specific effects,
using selective optogenetic activation of cortical or thalamic inputs while recording from SPNs
in striatal slices from 2-month-old male GKI and wild-type (WT) littermates. We report that both
pathways show greater initial glutamatergic release followed by rapid depletion, as evidenced by
a decrease in light-evoked paired-pulse ratios and stability of responses over time. We further
examined whether there were any input-specific differences in mGluR-dependent LTD, and
whether these effects could be rescued by acute inhibition of LRRK2 kinase activity. This work
extends the LRRK2 literature by demonstrating early pathophysiological changes in both cortical
and thalamic evoked glutamatergic release, and examines the potential for therapeutic
intervention by modulating LRRK2 kinase activity.
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Abstract: The pathogenic D620N (DN) mutation in vacuolar protein sorting 35 (VPS35) is
linked to late-onset, autosomal-dominant Parkinson’s disease (PD). VPS35 is a core component
of the retromer complex, a Rab effector involved in endosomal recycling and intracellular
trafficking of multiple neurotransmitter receptors including GluAl-containing AMPARS. Here
we explore retromer localization, binding of known interactors & novel cargoes, AMPAR
trafficking, and early synaptic dysfunction in a novel D620N knock-in mouse model of PD. We
have uncovered reduced WASH-complex binding to VPS35, accumulation of dendritic VPS35
clusters, and altered glutamatergic transmission in brains and cultured cortical neurons from
knock-in animals. Mutations in another protein, LRRK2, are also linked to late-onset autosomal
dominant Parkinson’s disease and result in similar patterns of aberrant synaptic transmission in
knock-in mouse models. LRRK2 co-immunoprecipitates with VPS35 and has been linked to
glutamate and dopamine release and post-synaptic endosomal recycling of neurotransmitter
receptors. Recent publications have identified Rab GTPases as substrates of the LRRK2 kinase
domain. Here we use LRRK2 kinase inhibition to explore VPS35 and LRRK?2 interactions that
regulate synapse function in VPS35 knock-in and wild-type mice. Many genes linked to PD
appear to be involved in synaptic transmission; thus, understanding the role of VPS35, LRRK2,
and their functional interactions are important for uncovering how disruptions of
neurotransmission lead to neurodegeneration in PD.
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Abstract: Vacuolar protein sorting 35 (VPS35) is one of three components of the retromer
tricomplex that functions to regulate endosomal recycling. The D620N mutation in VPS35
causes autosomal dominant Parkinson’s disease (PD). Cardinal symptom development in
patients with VPS35 D620N mutation are indistinguishable from idiopathic PD, therefore
studying this mutation may provide invaluable insight into the etiology of PD. Cultured cortical
neurons from VPS35 D620N knock-in mice (VKIs) have altered glutamate transmission, and
dopamine release is augmented in the dorsolateral striatum of brain slices from VKI mice;
however, it is unknown whether these synaptic alterations are mechanistically related, or not.
Rab GTPases are involved in presynaptic vesicle cycling between endosome compartments and
plasma membrane. We hypothesize that VPS35 D620N mutations in mice alter presynaptic Rab
GTPase function similarly in cortical and nigrostriatal synapses, leading to changes in glutamate
vesicle release in the cortex and dopamine vesicle release in the striatum. We conducted
biochemical analysis of the levels and phosphorylation state of specific Rabs involved in
vesicular trafficking (Rab 5, 7, 11, and 27), and immunofluorescence staining of VPS35,
glutamate, and dopamine transporters (vVGLUT1 and VMAT2, respectively). In addition to
nigrostriatal dopamine release, corticostriatal and thalamostriatal glutamatergic inputs were
assayed by optogenetic stimulation and recording of EPSCs in striatal projection neurons.
Further identifying the mechanism by which VPS35 D620N mutations alter glutamate and
dopamine transmission may uncover common therapeutic targets in VPS35 and idiopathic PD.
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Abstract: Parkinson’s disease (PD) is a progressive, multi-system disorder whose onset begins
many years prior to clinical diagnosis (based on motor dysfunction), and manifests as a range of
neurological and neuropsychiatric symptoms. Mutations in the LRRK2 gene are the most
common cause of late onset PD, with mutation in the G2019S kinase domain conferring most
risk. Many patients have reported experiencing major sleep disturbances early on in life;
dopamine regulates sleep-wake cycles, and recent evidence suggests that dopamine function and
transport are induced early on in PD. Young LRRK2-G2019S knock-in (LRRK2-KI) mice
exhibit elevated dopamine/glutamate release and some phenotypes similar to dopamine-
transporter (DAT)-depleted mice. DAT-depleted mice have disturbed sleep-wake cycles and
altered sleep architecture. We examined these phenotypes in LRRK2-KI mice in the context of
motor function and physiological alterations during sleep-wake cycles. Since sleep spindles are
transmitted from the thalamus to the cortex via glutamatergic connections and synchronized via
cortico-cortical excitation, we suspected that cortical and thalamic glutamatergic regulation of
spindle entrainment would be altered in the LRRK2-KI model. LRRK2-KI mice were bilaterally
implanted with electrode arrays in frontal/parietal cortices to reveal coordination of sleep
spindles across the cortex. We also tested LRRK2 kinase inhibition for physiological and
behavioral rescue, in hopes of further validating LRRK2 as a target for PD neuroprotection.
Results in LRRK2-KI mice will be compared with VPS35-KI PD mutants.
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Abstract: Parkinson’s disease (PD) is pathologically defined by aggregates composed of the
protein alpha-synuclein (a-syn) known as Lewy Bodies (LBs) and Lewy Neurites (LNSs).
Interestingly, a-syn is normally enriched in presynaptic terminals but, for reasons unknown,
misfolds into abnormal toxic conforms (oligomers, or fibrils) in PD. Transformation of a-syn is
believed to impair multiple cellular processes (axonal transport, endo/lysosomal sorting,
ubiquitin-proteasome and mitochondria) that may ultimately lead to cell death. Although
treatments are effective for some motor symptoms, none prevent or slow the progression of the
disease.

Mutations in a-Syn, LRRK2 and VPS35 cause autosomal dominant late-onset parkinsonism that
is similar to idiopathic PD. Importantly, these proteins are all involved in regulating
endosome/lysosome protein sorting in neurons.

We investigated toxic a-Syn treatment, inoculated as pre-formed fibrils (PFFs), and its effects
upon neuronal survival, neuritic architecture, aberrant a-syn phosphorylation and aggregation. In
cultures from WT, LRRK2 knock-out (LKO) and LRRK2 G2019S knock-in (GKI), cortical
neurons are differentially sensitive to PFF-induced damage. Learning from mouse data, we have
extended the assay into human neuron scenarios.

Indeed, LKO neurons are protected, whereas GKIs are more vulnerable to PFF-induced toxicity.
In addition, levels of the lysosome protein LAMP1 are increased upon PFF treatment and



LAMP1 is basally elevated in resistant LKO neurons. Conversely, vulnerable GKI neurons
exhibit base elevations in the autophagy marker p62, suggesting autophagic impairment, which
might contribute to increased vulnerability. Thus, the endo-lysosomal pathways may be
manipulated to increase resistance to a-Syn pathology, and potentially provide neuroprotective
targets for PD.

Disclosures: B. Vieira: None. S.E. Macisaac: None. C.A. Kadgien: None. M.J. Farrer:
None. A.J. Milnerwood: None.
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Abstract: Disease phenotypes can be variable among carriers of a pathogenic mutation.
Background genetic variation is a strong driver of disease variability, in addition to differences in
age and environmental exposure. To investigate the genotype-phenotype relationship that
determines the expressivity of a pathogenic mutation, numerous genetic backgrounds must be
studied. This can be efficiently achieved using model organism collections such as the
Drosophila Genetic Reference Panel (DGRP). We use the DGRP to determine the impact of
genetic background on the locomotor phenotype of a LRRK2 G2019S Drosophila melanogaster
model of Parkinson’s disease. We uncovered variability in the LRRK2 G2019S locomotor
phenotype in different DGRP backgrounds and identified candidate genetic modifiers via a
genome-wide association study. Genes involved in the outgrowth and regulation of neuronal
projections are enriched in these candidate modifiers. RNAI functional testing of candidates
nominated by GWAS reveals several targets that modify both age-related dopamine neuron loss
and associated locomotor dysfunction in the Drosophila LRRK2 G2019S model. These results
demonstrate how natural genetic variation can be used as a powerful tool to identify genes that
modify disease-related phenotypes.
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Authors: *G. CHEN?, Z. GUO?!, L. ZHANG?!, Y. CHEN?, J. YIN?, Z. WU, Y. WANG?, L. GE?
!Biol., Penn State Univ., University Park, PA; 2Chinese Acad. of Sciences, Inst. of Zoology,
Kunming, China

Abstract: Glial scar is widely associated with brain and spinal cord injury, stroke, glioma, and
neurodegenerative disorders such as Alzheimer’s disease. Reactive glia initially exert
neuroprotective role but later form glial scar to inhibit neuroregeneration. Currently, there is no
effective way to reverse glial scar back to neural tissue. We have recently developed an
innovative in vivo cell conversion technology to directly convert reactive glial cells into
functional neurons inside the mouse brain (Guo et al., Cell Stem Cell, 2014, selected as BEST
of 2014 article). This is achieved through in vivo expression of a single neural transcription
factor NeuroD1 in the reactive astrocytes in injured mouse brain or Alzheimer’s disease mouse
model. Our in vivo cell conversion technology makes use of internal glial cells to regenerate
new neurons with 90% conversion efficiency, making it possible for the first time in history
to reverse glial scar back to neural tissue. Such internal cell conversion method will avoid cell
transplantation and immune rejection. More importantly, our recent study in a stroke model
demonstrated that in vivo neuroregeneration efficiency can be as high as 100 times of the
internal regeneration capability in the cerebral cortex after injury, an unprecedented
efficiency in regenerative medicine. We have further discovered a cocktail of small molecules
that can directly convert cultured human astrocytes into functional neurons (Zhang et al., Cell
Stem Cell, 2015), paving the way for a potential drug therapy for human brain repair. We have
also successfully converted reactive glial cells into neurons using NeuroD1 in non-human
primate brains, making an important step toward future clinical trials.

This project was supported by grants from NIH, Alzheimer’s Association, and Charles H. Skip
Smith Endowment Fund. G.C. is Verne M. Willaman Chair in Life Sciences at Penn State
University.
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Abstract: Stroke is the most common cause of adult disability worldwide with few treatment
options and normal brain repair mechanisms fail to promote recovery. The mechanisms behind
this failure are largely unknown but loss of trophic support as well as contribution of
inflammation have been posited as important mediators of the failure of endogenous repair
mechanisms. To address this lack of understanding we utilized both in vitro studies as well as a
rat model of ischemic stroke. Further, because mesenchymal stem cells (MSCs) secrete various
neurotrophic factors and are known to dampen immune responses we examined their efficacy for
treating stroke. Activation with interferon-y has been shown to enhance the paracrine effects of
MSCs so our studies utilized both naive MSCs (nMSC) as well as interferon-y-activated MSCs
(aMSCy). Rats administered MSCs have a more rapid and sustained improvement compared to
vehicle treated animals with improvements in both sensory and motor deficits with significantly
reduced infarct volumes. Furthermore, 1 week after stroke both nMSC and aMSCy significantly
reduce microglia activation which is sustained 3 weeks after stroke suggesting that functional
recovery results from attenuation of post-stroke inflammation. Interestingly, primary microglia
treated with MSC conditioned media exhibit a reduction in expression of the proinflammatory
cytokines IL-6 and TNF-o up to 48 hours in culture with increases of the pro-regenerative IL-10



and IL-4 up to 7 days in culture suggesting that MSCs convert microglia from a proinflammatory
phenotype to an anti-inflammatory phenotype. In contrast to previous literature, we see
reductions in proliferation in the SVZ in vehicle treated animals with no changes in new neurons
or oligodendrocytes after stroke. With MSC treatment, however, there is rescue of total cell
proliferation in the SVZ as well as an increase in oligodendrocyte progenitor cells 24 hours after
stroke suggesting that MSC treatment induces oligodendrocyte differentiation. This is
substantiated by in vitro studies demonstrating that neural stem cells grown in conditioned media
from nMSC, and to a larger extent aMSCy, differentiate into oligodendrocytes. Moreover, 1
week after stroke, aMSCy treated animals have increased myelin levels in the ipsilateral
hemisphere compared to vehicle and nMSC treated animals suggesting that not only do aMSCy
induce oligodendrocyte differentiation but these cells become myelinating oligodendrocytes.
Taken together, these results suggest that aMSCy improve functional recovery following
ischemic stroke by decreasing post-stroke inflammation and promoting myelin-producing
oligodendrocytes.
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Abstract: Stroke represents a leading cause of death and disability worldwide. Optogenetic
stimulation used to enhance stroke recovery has shown potential benefits when applied weeks
after injury. However, benefits of acute brain stimulation have not been reported. Changes in
gamma oscillations (20-50 Hz) have been observed in several neurological disorders but the
relationship between gamma oscillations and cellular pathologies is unclear. We investigated the
effect of the gamma-wave modulation in the acute phase - within 1 hr - after stroke. We
combined multimodal approaches employing optogenetics in conjunction with laser speckle
imaging, two photon microscopy, electrophysiology and behavioral tasks. Transgenic VGAT-
ChR2 mice were implanted with a transcranial chronic window and subjected to photothrombotic



stroke while awake in the target area of somatomotor cortex. Optogenetic stimulation at 40 Hz
ipsilateral to the stroke side resulted in a significantly higher increase in blood flow over the
course of the first week following stroke (Stroke n= 8 vs Stroke + stimulation n=10: p= 0.0148).
Stroke area and stroke volume were significantly reduced in mice that received the stimulation
(Area: Stroke n= 8 vs Stroke + stimulation n= 10, p= 0.0010; Volume: Stroke n= 8 vs Stroke +
stimulation n= 10, p=0.0249). Assessment of motor function showed a significant improvement
over time in mice that received stimulation (NDS: Stroke n= 8 vs Stroke + stimulation n= 10, p<
0.0001. Tapered beam test: Stroke n= 9 vs Stroke + stimulation n= 10, Group x time effect: p
<0.0001). Microglia activation was assessed to investigate whether the stimulation at this
specific frequency would induce local activation of these cells. Electrophysiological recordings
in vivo showed an increase in synchronization in the areas associated to the stimulated one. Two
photon microscopy was used to characterize the effects of stimulation on interneurons and
excitatory cells. In this study, we describe the beneficial effects of acute, 40 Hz brain stimulation
at gamma range: reduced lesion volume and improved motor function after stroke.
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Abstract: Among diseases characterized by cerebrovascular inflammation, ischemic stroke
presents a major threat to human health, killing about 200 thousand people annually in the
United States alone. However, mechanistic evidence of the instantaneous inflammatory
response to cerebrovascular injury, which initiates infarcts, is missing.

Ischemic stroke follows the formation of blood clots inside brain blood vessels. Paradoxically,
these clots may be stabilized by proximate feedback, such as hyper-immune cell activation. As a
means to understand these processes and modify them, it is crucial to be able to monitor clot
formation in real time. Toward this essential goal, | have applied my background in neuro-
immunology (Shaked et al. 2009 Immunity; Wang & Shaked 2013 Immunity; Shaked et al. 2015
Nat Immunol) to my current investigation of the initiation of vascular stroke at the level of a



single vessel, an area of research pioneered in the Kleinfeld laboratory. My background has
allowed me to bring a new focus to the laboratory and address the role of platelet-neutrophil
interactions. These are a potential initiating step in cerebrovascular clot formation. Herein, I’1l
present state-of-the-art in vivo imaging of cerebral blood flow in individual cerebral vessels in
mice, concurrent with the delivery of amplified ultra-short laser pulses target microscopic lesions
to the wall of a targeted microvessel (Nishimura et al. 2006 Nat Meth). | further show the effect
of hyperlipidemia and hyperglycemia on the immediate and early inflammatory response to
vascular injury and cerebral blood flow. Our data demonstrate that delivery of minimal laser
pulses (which corresponds to a fluence of Fr ~1-5J/cm?), which hardly have effect under normal
conditions, are sufficient under metabolic burden (hyperlipidemia and hyperglycemia) to induces
significant blood clots, containing activated platelets and neutrophils. These data are a step
contributing to our understanding of the linkage between metabolic and inflammatory burden in
the context of brain blood supply.
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Title: In vivo bioluminescence imaging shows an increase of Gap43 and Casp3 activity in Tlr2-
deficient mouse brain after ischemic lesion
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Abstract: TIr2-deficient mice have reduced neuroinflammation after brain ischemic lesion.
Following necrosis after ischemia, TLR2 (Toll-like receptor 2) proteins recognize DAMPs
(damage associated molecular patterns) and activate innate immune response in the brain. The
aim of this study was to evaluate the consequences of Tlr2-deficiency accompanied by reduced
inflammation on brain repair after ischemic lesion. To monitor time evolution of brain response
after ischemic lesion, in vivo imaging was used. The lesion size was assessed by MRI (magnetic
resonance imaging), and the molecular events by BLI (bioluminescence imaging). For BLI,
Gap43-luc/GFP transgenic mice was used to get advantage of two different imaging modalities.



Using free luciferin as a substrate, the insight in Gap43 activity (corresponding to the axonal
outgrowth and repair) was obtained. In another approach, the caged luciferin, DEVD-luciferin
(VivoGlo, Promega), was cleaved through enzymatic activity of caspase and released in free
form to react with luciferase. This enabled to image Casp3/7 activity being a marker for neural
stress and apoptosis after ischemic lesion. Tlr2 loss-of-function male mice were compared to
their wild type controls. Ischemic lesion was induced by tMCAOQ (transient medial cerebral
artery occlusion) for 60 min, and brain imaging and analysis were performed in four time points
until 28 days after ischemia. MRI was performed by 7T Bruker BioSpec 70/20 USR, and BLI by
Perkin Elmer IVIS Spectrum. The functional test of animal behavior and protein analysis by
Western blot of brain samples complemented imaging data. The multimodal imaging allowed to
correlate the photon flux recorded by BLI to the lesion size obtained by MRI. This enabled
normalizing the bioluminescence signal among different animals, which resulted in statistically
significant differences between tested (TIr2-deficient) and control group. In TIr2-deficient mice
Gap43 bioluminescence was higher until 28 days after ischemia, and Casp3/7 activity increased
14 days onward as compared to the wild type animals. Synaptic markers DLG4 and
synaptophysin were higher in Tlr2-deficient mice. In conclusion, multimodal in vivo imaging
showed enhanced elements of repair in TIr2-deficient mice.
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Abstract: Stroke, a leading cause of adult disability, recovery, and rehabilitation, is still not well
understood at the molecular level. Recently, there has been an increasing effort to understand the
biochemical and molecular mechanisms of recovery and neuronal plasticity. Neurotrophic
factors (NTFs) are an important group of secreted proteins regulating the development,
maintenance, function, and plasticity of neuronal populations. NTFs have been receiving more



attention as potential therapeutics with regards to assisting in recovery in various models of
stroke. Cerebral dopamine neurotrophic factor (CDNF) is a vertebrate specific paralogue derived
from the same ancestral gene of human MANF, but is thought to have a different function. The
role of CDNF in neuro-inflammation has been investigated with respect to Parkinson’s Disease,
bipolar disorder, and other psychiatric disorders. Recently, there is emerging research linking
CDNF expression to therapeutic recovery in stroke. Expression of CDNF has been detected
throughout the human brain. Additionally, CDNF expression is also detected in non-neuronal
tissues such as the heart, liver, lungs, skeletal muscles, spleen, testis, and thymus. The objective
of this study was to investigate CDNF mRNA expression in peripheral blood of patients with
stroke. Recent studies have demonstrated that alterations of gene expression in peripheral blood
are characteristic of a wide range of diseases including neuronal injuries and cancer. Two cohorts
(n=54 controls, n=23 stroke; n=94 controls, n=44 stroke) of stroke patients along with control
subjects were recruited. Peripheral blood was collected and RNA from platelets was extracted.
CDNF gene expression in platelets was quantified by real time gPCR. In both cohorts of patients,
CDNF expression was significantly (p < 0.01) reduced (first cohort 70% reduction, second
cohort 46% reduction) in platelets of stroke patients compared to those of control subjects. There
were no age related changes in CDNF expression. Since most of the stroke subjects were on
medication, it is difficult to conclude whether the reduction in CDNF expression was due to
stroke or therapeutics. In conclusion, these studies demonstrate the translation of neurological
event into a peripheral circulatory change and further studies could be directed towards the
interplay of CNS, hematopoietic derivatives and utilizing CDNF as a therapeutic tool. This work
was supported by CIHR, Canada
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