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Abstract: Intrauterine growth restriction, a condition in which the fetus exhibits poor growth in
utero, results in infants born small for gestational age (SGA infants). Most human intrauterine
growth restriction cases are caused by placental insufficiency, and infants are born SGA because
of sub-optimal delivery of the nutrients and oxygen to the fetus. Being born SGA is associated
with impaired cognitive functions and fine motor skills, consistent with disrupted cerebellar
development. Despite decades of research, the cellular and molecular mechanisms of cerebellar
abnormalities associated with intrauterine growth restriction remain poorly understood. We
explored how intrauterine growth restriction affects the development of the cerebellum using the
pig as a clinically relevant large animal model and comparing cerebellar samples collected from
newborn pigs that were small for gestational age (SGA pigs) and normal weight littermates. The
cerebellum of SGA pigs was smaller compared to controls and histological and
immunohistochemical analysis revealed an excessive accumulation of differentiating neurons in
the cerebellar external granule cell layer (EGL), and particularly in the inner Tagl-positive
region. The outer, Tagl-negative, EGL revealed little difference between SGA and control
cerebella. While the outer EGL contains proliferating granule cell progenitors, the inner EGL
contains granule neurons that exited the cell cycle and initiate migration to the internal granule
cell layer (IGL). Thickening of the Tagl+ layer in SGA pigs suggests an accumulation of newly
differentiated neurons due to disruption of migration. Using laser capture microdissection of the
EGL and gRT-PCR analysis, we found that intrauterine growth restriction compromises
expression of several genes that are essential for the radial migration of granule cells. Taken
together, our data suggest that an impaired migration in the EGL contributes to disruption of
cerebellar development and, as a result, may lead to the long-term motor and cognitive deficits
associated with intrauterine growth restriction.
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Abstract: While it was long thought that genetic and biochemical signals were solely
responsible for the development of the brain, we now know that the brain is subject to the
coupled effect of both biological and physical forces in gyrification as our brains’ complex
wrinkled structure develops. As neurons migrate to the outer layers of the cortex, they generate
compressive stresses and, eventually, instabilities that lead to gyrification. We hypothesized that
these instabilities generate mechanical asymmetries that lead to thickness variations in the
cortex. While cortical thickness is tightly controlled between individuals, it varies markedly and
consistently within individuals, with consistently thicker gyri and thinner sulci. In a multi-
pronged study, we used medical image analysis, computational finite element simulations, and
non-biological physical experiments to test whether biological heterogeneity is necessary to the
formation of cortical thickness variations, or if these bifurcations can emerge naturally from the
passive forces involved in mechanical instabilities. Using N=564 MRI scans of typically-
developing individuals (ages 7-64 years) from the preprocessed Autism Brain Imaging Data
Exchange (ABIDE), we considered sulcal and gyral regions separately and found mean
thicknesses of 2.47 and 2.87mm, respectively (p < 107-10). Additionally, we found that cortical
thickness correlates inversely with curvature on the vertex level. In numerical finite element
simulations of a thin growing film attached to an elastic substrate and in experiments involving
thin polymer layers cured on prestretched polymeric substrates, the layers began with uniform
thickness and then bifurcated into thick peaks and thin valleys. These results indicate that
thickness variations similar to those seen in the human brain naturally emerge from the passive
physical forces generated during instabilities and wrinkling. In addition to their histological
characteristics, functional specializations, and axonal trajectories, gyri and sulci appear to differ
in their mechanical state as well. Our work predicts that the ratio between gyral and sulcal
thicknesses is more pronounced in soft tissues and in thicker layers. This study suggests that
physical forces are an important contributer during the process of brain development, and raises



additional questions about their role in both health and neurological disorders, where cortical
thickness is known to be affected.
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Abstract: Hippocampal neurogenesis has been shown to play a critical role for antidepressant
effect, is negatively regulated by stress, and non-invasive neurostimulation therapy very potently
increases neurogenesis. To confirm and further elucidate specific changes in hippocampal
neurogenesis following stimulation therapies, we examined the timeline of neurogenesis after
electroconvulsive shock (ECS), an animal model of electroconvulsive therapy (ECT), in mice,
and compared with neurogenesis changes following repetitive transcranial magnetic stimulation
(rTMS, 10 Hz) and intermittent theta burst stimulation (iTBS). These are the three most
frequently clinically administered neurostimulation treatments for major depressive disorders.
We first assessed new-born cell survival, proliferation, and maturation at 1, 3, or 7 days
following a single session of ECS, rTMS, or iTBS neurostimulation. Bromodeoxyuridine (BrdU)
was injected to label neurons born two days prior to neuronal stimulation to assess neuronal
survival. We found that just one session of ECS increased the number of surviving cells
significantly immediately starting on day 1, declining back to baseline on day 3. We saw similar
changes with ITBS, but not rTMS. Cell proliferation levels, seen by examining PCNA, following
ECS was similar to non-stimulated shams on day 1, peaked on day 3, and declined to basal levels
on day 7. One session of iTBS and rTMS did not cause changes in cell proliferation. The data
indicates that there is a delayed and transient increase in neuronal proliferation following ECS,
and a loss of earlier-born cells that may be due to neuronal death to counteract the proliferating
cell increase. For neuronal maturation, labelled by DCX, we did not see differences across days
for all forms of neurostimulation.

Since neurostimulation is applied chronically in the clinic, we also investigated whether 10



sessions of iTBS impacted neurogenesis levels and new neuron morphology. Using an Ascl1-
CreER mouse, we found that the morphology of adult-born tdTomato+ neurons was also not
affected by subsequent chronic iITBS treatment, in terms of dendritic length and spines. Ongoing
work is examining the effects of chronic neurostimulation on neurogenesis marker levels.
Collectively, these results indicate that different neurostimulation paradigms recruit distinct
aspects of the neurogenic process.
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Abstract: Blood Oxygen Level Dependent (BOLD) signal measured by fMRI provide an
indirect interpretation of underlying neuron activity. This interpretation is tightly dependent on
the neurovascular coupling relationship. We are interested in studying how neurovascular
coupling develops in postnatal mice. Previous research in this line was mainly conducted in
anesthetized or sedated animals which by themselves can alter the neurovascular relationship. In
this study, we scanned awake mice at various ages from neonates to adulthood (P10-P60). Visual
or whisker stimulation were used during the fMRI imaging to evoke sensory responses in
animals. We compared the changes in BOLD responses at different ages. We found that the mice
started to display positive BOLD response from P14, but not before that. During the
developmental period to juvenile/adolescence, the animals showed a monotonic increase in
BOLD amplitude and shorter response latency. Such results can provide important insight into
understanding the development of neurovascular coupling in neonates.
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Abstract: New neurons are continuously produced in the subgranular zone of the dentate gyrus
of the hippocampus throughout life. These adult-born dentate granule cells (abDGCs) undergo a
stereotyped process of morphological and functional maturation that recapitulates postnatal
neuronal development. The inhibitory neurotransmitter GABA is critical for survival,
morphological development, and functional maturation of abDGCs. However, little is known
about the precise pattern of connectivity between abDGCs and local interneurons, the main
source of GABA inputs onto abDGCs. In the present study we focused on two morphologically
and chemically distinct populations of dentate interneurons: parvalbumin (PV) and somatostatin
(SST) cells. PV interneurons are the most well-studied source of GABA input to abDGCs, but
little is known about the development of inputs from SST interneurons onto abDGCs. Previous
studies have proposed that GABA released from PV interneurons regulates adult neural stem cell
quiescence, survival, and early morphological development of abDGCs. However, abDGCs
receive input from multiple other interneuron classes whose function and timing of input remain
unknown. This raises the possibility that inputs from specific interneuron populations
differentially regulate abDGC maturation. Here we characterize the development of inputs from
SST and PV interneurons onto abDGCs in the first four weeks after differentiation using
retroviral birthdating combined with optogenetic activation of interneurons. We found that
abDGCs receive input from PV interneurons in the first week after differentiation, but do not
receive input from SST interneurons until the second week. We also found that the number of
synapses from both PV and SST interneurons onto abDGCs increases as the cells mature. Prior
studies have demonstrated that voluntary wheel running by mice increases adult hippocampal
neurogenesis and improves performance on tasks that rely on this process. We find that
voluntary wheel running increases the maximal GABAergic input to abDGCs from both PV and
SST interneurons. We propose that the sequential pattern of GABAergic innervation to abDGCs
is important to the proper development and integration of these neurons into the hippocampal
circuit.
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Abstract: The suprachiasmatic nucleus (SCN) of the hypothalamus contains a circadian clock
that serves an executive function in the circadian timing system of the body. Scattered
throughout the SCN and other brain areas are oligodendrocyte progenitor cells (OPCs) with
reported abilities to differentiate into neurons and glia. Because the SCN has many cells with
characteristics of stem or progenitor cells an exploration of SCN OPCs might also provide
insight into apparently undifferentiated SCN cells. OPCs are mitotically active and have an
important role in ongoing myelination in the adult brain. One important question concerning fate
determination during OPC differentiation is whether the neuronal phenotype it generates is
determined by brain location. We used a defined medium to induce OPC proliferation in explant
cultures of the SCN, resulting in monolayer cells that included 87% OPCs and suspended cells.
The explant was then removed and a second medium was used to induce differentiation into
neurons, which were identified by electrical impulses recorded with microelectrode arrays and
neuron-specific proteins identified by immunocytochemistry. After differentiation, at least 42%
of cells expressed vasoactive intestinal polypeptide (VIP), which is highly expressed in the SCN
and suggests site-specific cell fate determination. Time-lapse imaging was used to determine
whether the neurons were produced from cells with the OPC morphology rather than other
possible progenitor cells in the cultures. In differentiating cultures, a subset of OPCs formed
oligodendrocytes positive for myelin oligodendrocyte glycoprotein that appeared to initiate
myelination of nascent neurons. These OPC cultures were passaged and expanded in culture
repeatedly. OPC cell lines derived from adult SCN cultures may provide a consistent source of
rhythmic cells that would enable simpler genetic manipulation of key mammalian clock genes.
They may also provide an adequate supply of cells for characterizing low-abundance proteins
serving in clock functions, myelination, and possible circadian regulation of OPC differentiation.
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Abstract: Dopaminergic (DA) neurons in the olfactory bulb are inhibitory interneurons that co-
release dopamine and GABA to regulate the transmission of information at the earliest stages of
sensory processing. The vast majority of bulbar DA neurons are of the anaxonic subtype, and are
one of the few neuronal types in the mammalian brain that are continually generated throughout
postnatal life. Here, we performed simultaneous electrophysiological recordings and single-cell
RNA sequencing (patch-Seq), coupled with immunohistochemical and birth-dating approaches
to ask whether this continuous neuronal production results in a gradient of cell states within the
resident population of bulbar DA neurons. BrdU based birthdating in 4-week old DAT-IRES-
Cre/Floxed-tdT mice revealed that resident DA neurons span an age range of at least 2 weeks.
We next collected individual DA neurons by either manual sorting of tdT positive DA neurons,
or aspiration after patch-clamp recordings in acute slices. We performed single-cell RNA
sequencing using the Smart-Seq2 protocol, obtaining an average of 2.3 million 100bp paired-end
reads per cell. Consensus clustering identified 3 putative subpopulations of DA neurons, while
cell trajectory analysis identified a single, unbranched, trajectory that closely matched the
clusters. Differential gene expression analysis along the identified trajectory revealed 680
differentially expressed genes. This gene set was significantly enriched for GO terms related to
neuronal and synaptic function, indicating that the identified trajectory may reflect a
maturational gradient of DA cell state. Ongoing analysis of electrophysiological properties along
the identified trajectory will reveal whether it describes a gradient of functional states. Finally,
combining EdU birth-dating with immunostaining for markers differentially expressed along the
trajectory will assign a temporal identity to the single-cell transcriptional profiles. In summary,
we have found a hitherto unanticipated gradient of cell state within a specific neuronal subtype, a
gradient which could underpin the functional maturation of DA cells in the postnatal brain.
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Abstract: In the olfactory bulb glomerular layer, dopaminergic (DA) neurons function as
inhibitory interneurons that co-release both GABA and dopamine to modulate nose-to-cortex
signal processing. Our previous work has shown that embryonic and adult neurogenesis produce
two distinct subtypes of DA neurons. The most striking morphological difference between these
two subtypes is that the embryonically-generated DA neurons can have an axon, while the adult-
generated ones never do. Here we investigated the potential for different connectivity of these
two DA subtypes in terms of their synaptic input and output. We used DATC"®* transgenic mice
combined with microinjection techniques such as stereotaxic rostral migratory stream (RMS)
injection in adult animals and in utero intraventricular injection in embryos, to sparsely label the
two subtypes with Cre-dependent viral constructs. We utilized monosynaptic retrograde tracing
with pseudotyped rabies virus (RV) to examine the different neuronal cell types that have direct
synaptic input to these two subtypes. On top of revealing well-known input connections, such as
from olfactory sensory neurons, RV tracing revealed yet-to-be-defined neurons both inside and
outside of the olfactory bulb that have direct monosynaptic input to the DA neurons. To label
putative synaptic output sites, we used a Cre-dependent virus overexpression synaptophysin
fused to mRuby. We found that adult-generated axon-negative DA neurons contain a high
density of dendritic synaptophysin puncta that co-localize with the vesicular GABA transporter
(VGAT), consistent with their ability to perform dendritic release of neurotransmitters. In
contrast, the dendrites of embryonically-generated axon-positive DA neurons contained low
densities of putative transmitter release sites. However, synaptophysin puncta were clearly
present in DA axon terminals, suggestive of a reduced utilization of dendritic release when
axonal output connectivity is possible. By investigating how the same neuronal cell type born at
different stages in life can have different connectivity within local circuits, this prompts the
question of whether these DA neuron subtypes have fundamentally different roles in olfactory
processing.
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SVCT2
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Abstract: Introduction: During brain development, the main stem cells of the cerebral cortex is
the radial glia (RG), which remain after birth. In rodents, RG are present until the second week
of life, maintaining their stem cell properties. Few studies have analyzed the cellular
characteristics and molecules that regulate the function of these stem cells in post-natal stages.
Here, we have analyzed the (i) expression of different proteins present in RG, (ii) expression of
the vitamin C (\Vc¢) transporters, SVCT2 and GLUT]1, as V¢ regulates pluripotency and
differentiation mechanisms in stem cells and (iii) in vivo formation of neurons from RG and
neuronal migration in the cerebral cortex.

Materials-Methods: Post-natal RG of rat brains from 1 to 20 postnatal days were analyzed by
immunohistochemistry coupled to spectral confocal microscopy and two-photon microscopy.
Scanning electron microscopy was used for general morphology analysis. In situ hybridization
was performed to define SVCT2 expression in cerebral ventricular areas. We used laser
microdissection to isolate different areas of the cerebral cortex and analyze SVCT2 expression
by grt-PCR. GFP adenoviral labeling was also used in post-natal stages to define normal RG
distribution. PN1 rats were electroporated with a GFP- SVCT2 plasmid and analyzed at different
days post-electroporation.

Results: Postnatal RG is highly present in the first postnatal week of brain development with
polarized morphology. They have similar topographic morphology in the ventricular area as
compared with embryonic RG. SVCT?2 is expressed in post-natal RG during the first days of PN
stages; however, its expression decreased as development decreases. After this period, the
elongated morphology of RG transforms to ependymal cells with high GLUT1 expression.
Adenovirus-GFP labeled IRGc and showed the presence of migratory neurons in the cerebral



cortex.

Discussion: RG have particular cellular properties; they express ventricularly polarized SVCT2
and form neurons that migrate through the cerebral cortex. SVCT2 expression is maintained in
RG upon neuronal differentiation. Before the RG changes morphology and express classical
markers, they lose the expression of SVCT2. Thus, V¢ may regulate the expression of different
genes (Nanog) that define the main functions of these cells.
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Abstract: Complex patterns of cell division, migration, elimination, and differentiation define
brain structure and function. Ability to image, quantify, and analyze dividing and migrating cells
in the whole brain (3D) is critical for revealing the features that are not recognized on
conventional flat sections. Moreover, a time series of 3D images (pseudo-4D) may uncover
dynamics and hidden patterns of the processes that underlie brain development, aging, disease,
and therapy. This holds especially true for the studies of neurogenesis both in the developing and
the adult nervous system where neural stem and progenitor cells divide in restricted regions and
migrate along intricate trajectories to reach distant areas of the brain. We developed a new
histological technique for 3D imaging of proliferating cells in the whole brain of developing and
adult mice, based on labeling the dividing cells with 5-ethynyl-2'-deoxyuridine (EdU) and
detecting them with fluorescent azide using whole-mount click-reaction (WM-CLICK). We also



developed novel methods for automatic volume registration, cell counting, and morphing of 3D
images for pseudo-4D data representation.We have now applied these techniques for visualizing
patterns of cell division and migration in the early postnatal and adult mouse brain. We describe
3D patterns of division and migration of cells, most of them neural progenitors, and arrange a 3D
time series into a pseudo-4D representation of cell division and migration in the perinatal brain.
We also discovered three distinct proliferation/migration streams in the subventricular zone of
the adult mouse brain - dorsolateral, dorsomedial and ventral, which merge together into a
common rostral migration stream (RMS) and traced the 4D dynamics of their formation.
Furthermore, we developed new computational algorithms to reveal the changes in the 3D
patterns of cell division induced by pro- or anti-neurogenic factors, such as memantine and
gamma-radiation, finding several brain areas affected by memantine treatment, including CA
regions and dentate gyrus of the hippocampus, subcallosal zone, postpiriform transition area, and
caudal piriform cortex. We also used WM-CLICK and computational algorithms to reveal the
differences in early brain development of the wild type vs. autism model mice. Together, these
examples demonstrate the utility of our approach for the quantitative and descriptive analysis of
neurogenesis.
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Title: Developmental changes to the neural stem cell niche in fetal-onset hydrocephalus
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Abstract: Fetal-onset hydrocephalus is a common human birth defect affecting nearly 1 out of
every 1000 live births and is characterized by abnormal expansion of the brain’s ventricular
system. The ventricular-subventricular zone (V-SVZ) stem cell niche, which lies subjacent to the
brain’s lateral ventricles, is likely implicated in cases of fetal-onset hydrocephalus. Multipotent
V-SVZ stem cells are capable of producing neuron precursors and a variety of glia, including
ependymal cells that provide epithelial-like functions for the ventricular system. Here, we
evaluate the hypothesis that increased ventricular surface area in hydrocephalus increases
demand for ependymal cell coverage. Thus, V-SVZ stem cell functions would shift toward
ependymogenesis at the expense of neurogenesis - contributing to cognitive deficits experienced
in hydrocephalus patients. Our group’s novel approach to understanding development in
hydrocephalus involves correlating volumetric and curvature data of ventricles from MRI
segmentation with V-SVZ histology data from immunofluorescence. We have characterized
normal human development of the lateral ventricles (n=125) and cellular organization of the V-
SVZ (n=10) at time points from 20-gestational weeks to 10-years. We have shown that during
normal brain growth and development: 1) human ependymogenesis proceeds in a posterior to
anterior fashion, 2) human lateral ventricle ependymogenesis produces “pinwheel”
cytoarchitecture similar to that in other mammals, and 3) lateral ventricle volume and surface
area plateau around 1.5-years - when human ependymogenesis is completed. In a case study
format, equivalent MRI and immunofluorescence analysis of fetal/postnatal hydrocephalus
brains shows: 1) reduced ventricle-surface stem cell counts per unit area, 2) variable degrees of
astrogliosis, and 3) extensive warping of the ventricular lining associated with surgical treatment
via shunting. In fetal stages, hyperproliferative V-SVZ phenotypes have been observed. This
study will provide researchers and clinicians with a foundation to develop enhanced tools for
hydrocephalus diagnosis and treatment.

Disclosures: S. Kumar: None. A.M. Coletti: None. D. Singh: None. M.R. Del Bigio:
None. K.T. Kahle: None. J.C. Conover: None.

Poster

113. Postnatal Neurogenesis

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM
Program #/Poster #: 113.12/A12

Topic: A.02. Postnatal Neurogenesis

Support: NIH-DC013791
NIH-DC012441
Brown-Coxe Fellowship Yale University



Title: Axon extension and molecular maturation of olfactory sensory neurons in the young adult
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Abstract: Mouse olfactory sensory neurons (OSNs) express only 1 of ~1200 types of olfactory
receptors (ORs). Although OSNs expressing the same OR are widely distributed within the OE
they project their axons specifically into 2-3 molecularly specific olfactory bub glomeruli. This
highly organized topographic map must be maintained throughout the life due to the robust
ongoing neurogenesis of OSNs. The olfactory system is not fully formed during embryogenesis
and high levels of plasticity are evident during perinatal stages. Furthermore, the olfactory nerve
is not fully formed during the first 3 postnatal weeks. Although numerous works have used the
OE as a model to study neurogenic processes in perinatal stages, little has been done to
understand the behavior of those OSNs produced in a mature environment, where the olfactory
nerve is fully formed and the axons of new OSNs must navigate established axon tracts and
innervate the appropriate glomerulus. In this study we used an in vivo fate-mapping strategy to
track the spatiotemporal axonal extension of OSNs produced in 25-day-old (P25) mice.
Moreover, we used BrdU pulse-labeling to analyze the radial migration of OSNs cell bodies
throughout the OE and their molecular maturation beginning at basal cell division to establish a
temporal correlation with their axon projection. Our results show that, once the olfactory nerve is
fully formed, newborn OSNSs require 8 days following basal cell division to sequentially
transition from immature to mature OSNs. In parallel, OSNs generated in the young adult extend
their axons gradually beginning 2 days following basal cell division and continuing for 8 more
days until they innervate the glomerular neuropil 10 days after basal cell division. In summary,
this study showed that the overall maturation process of the OSNs occurs sequentially in the
young adult OE, once the olfactory system is completely developed.
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Abstract: In the adult hippocampus of many mammalian species, populations of newborn
dentate granule cells (GCs) are continuously generated and undergo subsequent activity-
dependent neuronal maturation and incorporation into the preexisting hippocampal circuitry.
Increasing evidence has demonstrated that these young adult-born GCs participate in numerous
cognitive and affective processes such as pattern separation, acquisition and retrieval of
hippocampal dependent memories, and stress responses. Therefore, the mechanisms that control
maturation of adult-born GCs are of relevance to multiple neurocognitive processes. We have
found that the GIuK2 receptor subunit, a member of the kainate receptor subfamily of glutamate
receptors, which are abundantly expressed on adult-born GCs, contributes to the activity-
dependent maturation of this important neuronal population. To study the maturation of adult-
born GCs we used retroviral birth-date labeling of dividing neural progenitors to track their
development during a 2 to 6-week critical period. Using single cell patch clamp recordings, we
compared the maturation of GCs in both constitutive GluK2 KO mice and after conditional
GIuK2 deletion restricted to the adult-born GCs. Functional measures were made including the
intrinsic membrane properties, and both inhibitory and excitatory synaptic inputs at various time
points after retroviral labeling. We found that these measures of neuronal maturity were
consistent with a more rapid maturation of adult-born GCs after ablation of GluK2. Further, we
found that this novel role for kainate receptors was mediated by an effect on GABA signaling,
which is known to play a critical role in adult-born GC maturation. Finally, using an inducible
knockout strategy, we timed GluK2 ablation in adult-born neurons and found that mice had
significant deficits in spatial memory tasks known to be dependent on adult-born neurons. In
summary, our studies have revealed a novel role of kainate receptors in regulating the maturation
of adult-born GCs and consequent adult-neurogenesis dependent cognitive behaviors.
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Abstract: Adult neurogenesis in the mammalian hippocampus is a dynamic process during
which newborn neurons integrate into the preexisting circuitry in an ongoing basis. Adult-
generated granule cells in the dentate gyrus extend mossy fiber axons, which are known to form
connections with hilar interneurons, mossy cells, and pyramidal neurons of the CA2 and CA3
regions. Studies have shown that a portion of hilar parvalbumin-positive (PV+) interneurons are
enwrapped in perineuronal nets (PNNs), specialized extracellular matrix structures known to
control plasticty in other systems. We used GFP retrovirus labeling and 3R-Tau immunolabeling
to investigate mossy fibers emanating from adult-generated neurons and determine whether they
form contacts with PV+PNN+ hilar interneurons. Using high-resolution confocal microscopy
and Wisteria floribunda agglutinin labeling, we quantitatively analyzed PNNs associated with
PV+ interneurons and compared mossy fiber and bouton numbers across PV+ cells with and
without PNNs (PV+PNN+ vs. PV+PNN-), as well as across various PNN intensities. Our data
suggest consistently greater mossy fiber and bouton number associated with PV+ cells that had
higher PNN intensity. Furthermore, when comparing neighboring PV+PNN+ and PVV+PNN-
interneurons we found a similar relationship—PV+PNN+ interneurons had more mossy fiber
boutons than PV+PNN- interneurons. We also explored whether the presence of new neurons in
the dentate gyrus had an influence on PNN expression using GFAP-TK mice in which adult
neurogenesis was blocked, and found a decrease in hilar PNN expression around PV+PNN+
interneurons compared to age matched wild-type mice. These results indicate that new neurons
preferentially innervate PV+ interneurons surrounded by PNNs and that their activity may
further increase PNN expression around these cells.
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Title: Fyn controls detachment of chain-forming neuroblasts by regulating cell cell adhesion in
the postnatal brain
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Abstract: In the postnatal brain, neuroblasts are continuously generated from neural stem cells
in the ventricular-subventricular zone (V-SVZ). Neuroblasts generated in the V-SVZ form chain-
like cell aggregates and migrate toward the olfactory bulb (OB) through the rostral migratory
stream (RMS). After reaching the OB, neuroblasts are dissociated from the neuronal chains and
start to migrate individually and radially toward their final destination. In this process, the
transition from the chain to individual neuron migration is believed to be critical for maintaining
the OB structure and function. However, the cellular and molecular mechanisms controlling cell-
cell adhesion during this detachment remain unknown. Here, we report the function of Fyn, a
nonreceptor tyrosine kinase, in the detachment of neuroblasts from chains in the male and female
mouse OB. First, we performed a chemical screen in in vitro cultures of V-SVZ-derived
migrating neuroblasts. Of 287 target-known chemical inhibitors, we found that PP2,an Src
family tyrosine kinase (SFK) inhibitor, prevented the detachment of neuroblasts from chains in
vitro. By a combination of immunohistochemical analysis and in vivo loss- and gain-of-function
experiments, we found that Fyn, a member of the SFK, promotes detachment of neuroblasts from
the chains, and is involved in neuronal migration from the RMS into the OB. We further show
that Fyn and Dabl (disabled-1) decrease the cell-cell adhesion between chain-forming
neuroblasts, which involves adherens junction-like structures. Furthermore, Fyn-mediated
promotion of detachment of neuroblasts from chains was canceled by Dabl deficiency. These
results indicate that Dab1 is involved in the Fyn-induced promotion of neuroblast detachment
and migration in the OB. We lastly performed Fyn and N-cadherin double-KD experiments. N-
cadherin KD rescued the Fyn KD induced suppression of the detachment of neuroblasts, in the
double-KD condition.This result indicate that Fyn regulates the N-cadherin-mediated cell
adhesion between neuroblasts. Together, our results suggest that Fyn-mediated regulation of the
cell-cell adhesion of neuroblasts is critical for their detachment from chains in the postnatal OB.
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Abstract: Post-natal neurogenesis occurs throughout life in the subventricular zone (SVZ) and
subgranular zone (SGZ) of the dentate gyrus (DG) of hippocampus in mouse models. Loss of
neurogenesis in the hippocampus affects cognition, memory and intellectual ability, but
mechanisms that sustain neurogenesis remain elusive. Kabuki syndrome (KS) is associated with
varying degrees of intellectual disability. Around 80% of the cases are caused by the
heterozygous loss-of-function mutations in an epigenetic modifier histone lysine-specific
methyltransferase 2D (KMT2D). A mouse model carrying a heterozygous mutation in Kmt2d
shows reduced histone H3 lysine 4 (H3K4) trimethylation, decreased hippocampal neurogenesis
as well as a deficit in somatosensory function and learning and memory. We restored
trimethylation in the Kmt2d* mouse brain to concomitantly improve nociception, learning, and
memory, as measured by two independent neurobehavioral assays. Deficit in Kmt2d affects
cellular metabolism and Kmt2d* mice show suppression of stem cells, neural progenitors and
newborn young neurons in the SGZ of the hippocampal DG. Enhancement of trimethylation in
the brain revealed heterogeneous but overall higher levels of doublecortin (DCX) positive
newborn young neurons. Our analyses yield an understanding of the relationship between
chromatin structure, metabolism and the induction and progression of neurogenesis from stem
cells to mature neurons in the SGZ of the DG of the hippocampus. The studies provide key
insights into mechanisms by which epigenetic factors control neurogenesis and develop
strategies to stimulate neurogenesis and treat intellectual disability in KS as well as more
prevalent neurological conditions.
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Abstract: Neural progenitors with distinct potential in generating progeny are associated with a
spatially distinct microenvironment. Neocortical intermediate progenitors (IPs) located in the
subventricular zone (SVZ) of the developing brain generate neurons for all cortical layers and are
essential for cortical expansion. We show that spatial control of neural progenitor positioning is
essential for neocortical development. We demonstrate that the positioning of IPs is
epigenetically regulated by histone deacetylatases in a developmental stage specific manner. In
mutant brains, mispositioned neural progenitors are located at the ventricular surface where they
divide and differentiate into neurons, thereby leading to the cortical malformation. Our results
demonstrate the importance of the spatial positioning of neural progenitors in cortical
development and reveal a mechanism underlying the establishment of the SVZ
microenvironment.
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Abstract: Adult hippocampal neurogenesis is regulated by Wnt ligands and antagonists within
the local microenvironment. It remains obscure how neural stem cells and newborn neurons
respond to Wnt signals in the neurogenic niche. Lin28a is a conserved RNA binding protein,
playing important roles in regulating cellular metabolism of various types of cells. We found that
Lin28a remains existent in neural stem cells and granule neurons in the adult dentate gyrus.
Conditional knock-out of Lin28a in the hippocampal neural stem cells impairs neurogenesis and
the responsiveness of neural stem cells to Wnt3a, a Wnt ligand in the niche. Over-expression of
Lin28a increases proliferation of neural stem cells, and promotes the development of newborn
neurons. Moreover, over-expression of Lin28a in neural stem cells in the dentate gyrus enhances
hippocampal neurogenesis, resulting in improved pattern separation. Our study suggests Lin28a
regulates hippocampal neurogenesis by responding to niche Wnt signals.
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Abstract: Retinoic acid (RA) is the active ingredient of vitamin A. It exerts its canonical activity
by binding to nuclear RA receptors (RARS) to regulate gene expression. Increasingly, RA is also
known to elicit nongenomic RAR-independent activities, most widely detected in activating
extracellular regulated kinase (ERK)1/2. This study validated the functional role of cellular



retinoic acid-binding protein 1 (Crabpl) in mediating nongenomic activity in RA, specifically
activating ERK1/2 to rapidly augment the cell cycle by expanding the growth 1 phase and
slowing down embryonic stem cell and neural stem cell (NSC) proliferation. The study further
uncovered the physiological activity of Crabpl in modulating NSC proliferation and animal
behavior. In the Crabpl knockout mouse hippocampus, where Crabpl is otherwise detected in
the subgranular zone, neurogenesis and NSC proliferation increased and hippocampus-dependent
brain functions such as learning and memory correspondingly improved. This study established
the physiological role of Crabpl in modulating stem cell proliferation and hippocampus-
dependent brain activities such as learning and memory.
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Title: Sox17 regulates notch during the development and regeneration of oligodendrocyte cells
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Abstract: Sox17 is, to date, the only member of the Sox F family of factors to have a
demonstrated role in neural cell development. To understand its function in the development and
spontaneous repair of oligodendrocytes in the subcortical white matter (WM), we established a
novel floxed Sox17 mouse to characterize the effects of CNPCre-(CKO) and PDGFRaCreERT2-
(PCKO) targeted Sox17 ablation. Postnatal oligodendrogenesis in subcortical WM of both
Sox17-deficient strains was altered in biphasic fashion: first transiently increased at postnatal day
18 (P18), then decreased by P30, with increased cell death and reduced Olig2, CC1 and MAG-
expressing OLs. P60 Sox17 CKO showed thin myelin and deficits in motor coordination.
Decreased WM densities of proliferating NG2+ progenitors at P18 was followed by recovery at
P30. Oligodendroglial response after lysolecithin-induced focal demyelination in P60 adults was
also deficient in both Sox17 mutant strains, showing attenuated NG2 cell expansion at 7 days



post lesion (7DPL). The NG2 cell reduction in CKO was accompanied by increased cells
expressing TCF7L2 at 7DPL, indicating differentiation. However, TCF7L2 cells were later
reduced at 10 DPL. This pattern is also observed in developing WM. Sox17 ablation
significantly reduced the numbers of cells expressing Activated Notchl (ActN1/NICD) and Hes
gene targets in developing WM. In cultured oligodendrocyte progenitor cells, Sox17 siRNA
decreased ActN1 protein and Notchl RNA. siRNA silencing of Sox17 and Notchl, and
pharmacological gamma-secretase inhibition significantly decreased TCF7L2 expression,
indicating shared targets between Sox17 and Notchl in the control of progenitor cell
development. Despite decreasing TCF7L2 RNA levels, gamma-secretase inhibition increased
progenitor differentiation into TCF7L2+ and O4+ pre-myelinating oligodendrocytes in culture.
Gel-shift assays using either P12 WM lysate or cultured oligodendrocyte progenitor cell nuclear
extracts revealed a specific Sox17-containing complex that bound a Notch1 enhancer probe,
suggesting possible direct Sox17 regulation of Notchl expression. Injection of gamma-secretase
inhibitor into adult WM of Sox17-overexpressing transgenic mice led to reduction of its
enhanced NG2 cell population, indicating intrinsic Notch-dependent progenitor signaling by
Sox17. These studies reveal a previously uncharacterized expansion function for Sox17 in CNS
progenitors, with subsequent impact on oligodendrocyte differentiation and accumulation.
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Abstract: Tanycytes are specialized glia cells residing in the mediobasal hypothalamus, which
have been proposed to function as neural progenitors in adult animals. However, the mechanisms
that regulate tanycyte proliferative and neurogenic competence are lacking. Here, we report the
effects of conditional ablation of hypothalamic tanycytes using RaxCreER;Eno2-Isl-DTA mice.
We show that tamoxifen-induced Cre activation leads to a selective and dose-dependent ablation
of tanycytes. Short-term expose to tamoxifen selectively ablates beta2? tanycytes of the median



eminence, while prolonged tamoxifen exposure efficiently Kills alpha2, betal and beta2
tanycytes. Ablation of beta2 tanycytes leads to a rapid, compensatory increase in proliferation of
surrounding tanycytes, that results in full regeneration of the ablated tanycytes. In contrast, loss
of alpha2 tanycytes prevents tanycyte regeneration. This also leads to a transient increase in the
number of tanycyte-derived neurons in hypothalamic parenchyma, although these cells do not
label with BrdU. In parallel, we also generated tanycyte-specific deletion of the NFI class
transcription factors Nfia, Nfib, and Nfix. This resulted in a rapid induction of proliferation in all
classes of tanycytes, and led to high levels of neurogenesis in alpha tanycytes. Tanycyte-derived
HuC/D+ immature neuronal precursors migrated into the dorsomedial and ventromedial
hypothalamus, eventually maturing and expressing NeuN. These data demonstrate the existence
of quorum signaling that acts to maintain correct numbers of tanycytes in adult hypothalamus,
and establish NFI factors as key negative regulators of proliferative and neurogenic competence
in tanycytes.
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Abstract: Glioblastoma (GBM) are highly aggressive brain tumors with high degree of cellular
heterogeneity and genetic mutations that contribute to their poor prognosis. Remarkably, critical
transcription factors that normally regulate glial-lineage development are aberrantly co-
expressed in GBM, conferring cancer stem-like properties which may be responsible for driving
tumor progression and therapeutic resistance. The functional role of individual transcription
factors in GBMs in vivo remains elusive. Here, using patient-derived-xenograft (PDX) GBMs,



we demonstrate that Achaete-scute homolog 1 (ASCL1), a bHLH transcription factor, binds to a
host of transcriptional targets that are central to GBM development and progression, which
include neural stem cell and glial transcription factors (NFIA, OLIG2, SOX2, SOX10),
oncogenic intracellular signaling molecules, chromatin modifying genes, and cell cycle and
mitotic genes. We also show that the loss of ASCL1 significantly reduces the proliferation of
GBMs in vivo in a murine glioma model, resulting in an extended survival for these animals.
RNA-seq analysis of the mouse GBM tumors reveal that the loss of ASCLL1 is associated with
down-regulation of cell cycle genes, complementing the findings in the PDX-GBMs and
illustrating an important role for ASCL1 in controlling the proliferation of GBMs.

Disclosures: T. Vue: None. R.K. Kollipara: None. M.D. Borromeo: None. T. Smith:
None. T. Mashimo: None. D.K. Burns: None. R.M. Bachoo: None. J.E. Johnson: None.

Poster

113. Postnatal Neurogenesis

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM

Program #/Poster #: 113.23/A23

Topic: A.01. Neurogenesis and Gliogenesis

Support: NSFC31271123

Title: Pen-2 is essential for the maintenance of neural stem cells in the developing neocortex
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Abstract: Presenilin enhancer 2 (Pen-2) is a key subunit of y-secretase and has been implicated
in neurodevelopmental disease. However, it remains unknown whether Pen-2 is required for the
maintenance of neural stem cells (NSCs) and cortical development. To address this question, we
generated Pen-2 conditional knockout (cKO) mice in which Pen-2 is specifically inactivated in
neural progenitor cells (NPCs) in the dorsal telencephalon. We find that Pen-2 cKO cortices
display remarkable depletion of radial glial progenitors (RGPs) but transiently increased number
of intermediate progenitors (IPs) as compared to controls. We demonstrate that the proliferation
rate of RGPs and IPs is not changed in Pen-2 cKO cortices. Molecular analyses reveal decreased
levels of Hes1 and Hes5 in Pen-2 KO cells. We show that reintroduction of Notchl intracellular
domain (NICD) into Pen-2 cKO cortices restores the population of RGPs/IPs but not cortical
morphology. Taken together, these findings suggest that Pen-2 regulates the maintenance of
NSCs in the developing neocortex in a Notch-dependent mechanism.

Disclosures: G. Chen: None. S. Cheng: None. T. Liu: None.



Poster

113. Postnatal Neurogenesis

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM
Program #/Poster #: 113.24/A24

Topic: A.01. Neurogenesis and Gliogenesis

Support: Graduate School Of Life Sciences,Wuerzburg PhD fellowship
DFG - BL567/3-2
DFG - TRR58 A10

Title: Intracellular auto-activation of Trk receptors modulates actin dynamics via focal adhesion
kinase
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Abstract: Receptor tyrosine kinase B (TrkB), the receptor for the neurotrophin brain-derived
neurotrophic factor (BDNF), plays an important role in neuronal survival, differentiation and
plasticity. Conventionally, TrkB activation is induced by dimerization of receptor monomers on
binding of BDNF at extracellular sites. The intracellular activation domain of TrkB consists of a
tyrosine kinase core, with three tyrosine () residues at positions 701, 705 and 706, that
catalyses the phosphorylation reaction between ATPy and tyrosine. The release of cis-
autoinhibition of the kinase domain and its subsequent auto-phosphorylation then phosphorylates
tyrosine residues outside of the catalytic domain. Phosphorylation of Y515 creates the binding
site for Shc (Src homologous and collagen-like protein) and phosphorylated Y816 serves as the
adaptor site for Phospholipase C (PLCy). Initially, when investigating the role of the Y705
residue in TrkB transactivation, we observed that while on the one hand, growth factor depletion
after overexpression of TrkB was sufficient to reduce TrkB downstream signaling, it also
increased TrkB phosphorylation. Therefore, we cloned multiple TrkB phosphorylation mutants
and found that a high, local abundance of the receptor is sufficient to activate TrkB in a ligand-
independent manner. This autoactivation of TrkB is blocked when either the ATP-binding site or
Tyr705 in the core domain is mutated. Confocal analysis of overexpressed TrkB mutants
revealed that the vast majority of phosphorylated TrkB, in the absence of a ligand, is found at
intracellular locations and was preferentially seen in roundish cells, lacking filopodia. Therefore
we performed live cell imaging of actin dynamics and saw that autoactive TrkB changed the
cellular morphology by reducing actin filopodia formation. Surprisingly, this process was fully
reversible when treated with K252a, a known inhibitor of TrkB kinase activity and was not seen
in TrkB Y705F mutants. Signaling cascade analysis confirmed that autoactive TrkB is a



powerful activator of Focal Adhesion Kinase (FAK) and therefore disrupts actin filopodia
formation. This signaling axis from Y705 to FAK can be mimicked by expression of the soluble,
cytosolic TrkB kinase domain and is not active when the TrkB kinase domain becomes
membrane bound by artificial membrane anchors. The biological function of the signaling
pathway is not clear yet, but recent research on the protumorigenic function of NTRK2 lets us
assume that ‘intracellular autoactivation by abundance’ might contribute to the protumorigenic
and promigratory function of Trk receptors.
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Abstract: The small molecule diazepam binding inhibitor (DBI) is a versatile regulator of adult
brain functions. It is a key housekeeping gene in astrocytes throughout the mature brain where it
is involved in fatty acid transportation as well as the production of neurosteroids to fine-tune
synaptic transmission. Studies of recent years also identified DBI as a key modulator of
GABAergic effects on neural progenitor cell populations of the adult stem cell niches. Gamma-
amino-butyric-acid (GABA) is an important modulator of many processes during central nervous
system (CNS) development. It acts tonically on progenitor cells in the telencephalic ventricular
(VZ) and subventricular zone (SVZ) as well as on immature neurons, regulating various
processes including progenitor cell proliferation and neuronal migration even before the
formation of the first chemical synapses. Coinsidering the multiple pathways by which DBI
exerts its diverse functions in the adult brain, raises the pressing question as to its role during the
development of the telencephalon.

Here we investigated the functions of DBI during telencephalic development in vivo. We used in
utero genetic manipulations in mice to alter the expression of DBI from the onset of
neurogenesis and analysed different features of brain development. We found that DBI



expression shows regional heterogeneity, it is restricted to progenitor cells during development
and affects developmental trajectories of the generated progeny.
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Abstract: The precise epigenomic regulation of the transcriptome plays an integral role in the
regulation of brain development and function. Epigenetic modifications of histones and DNA
determine the way chromatin is packaged in the nuclei, in-turn the chromatin architecture
regulates gene-expression through long-range interactions. We and others have shown that the
epigenome plays a pivotal role in the process of memory and learning and its dysregulation has
been implicated in numerous human diseases. Moreover, recent technological advances allow the
interrogation of the three-dimensional (3D) nuclear architecture (Hi-C) and have revealed that
A/B compartments, topologically associating domains (TADs), and long range interactions play
an integral role during neurodevelopment and abrogation of the nuclear architecture has been
linked to intellectual disability. Furthermore, recent whole-genome transcriptional profiling of
various tissue samples from individuals with Down Syndrome (DS) as well as DS-mouse models
have revealed that T21 induces genome-wide transcriptional disruption in addition to the dosage
dependent up-regulation of the genes on chromosome 21 (HSA21). We observe that these
transcriptional alterations are associated with 3D-genome architecture reorganization as a
consequence of DS.
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Abstract: Disorders of cholesterol synthesis constitute a class of eight rare pediatric diseases
exhibiting broad clinical phenotypes, including neurological dysfunction. Smith-Lemli-Opitz
syndrome (SLOS) is the most common disease in this class and results from mutations in
DHCRY7, inhibiting the final step of cholesterol synthesis. SLOS presents with a wide range of
neurological phenotypes including intellectual disability, autistic behaviors, microcephaly,
cerebellar malformation, and hippocampal hypoplasia. However, the mechanisms whereby
DHCR7 mutations lead to the neurodevelopmental and functional deficits observed in patients
are unclear. To uncover cellular phenotypes and causative signaling deficits resulting from
DHCR7 mutations, we previously developed patient-derived induced pluripotent stem cell
(iPSC) models from multiple SLOS subjects. Through analysis at the transcriptional, protein, and
cellular level, we have determined that DHCR?7 disruption induces defects at multiple stages of
development. At the neural stem cell (NSC) stage, inhibited proliferation and a four-fold
decrease in MS-1 and hNestin expression highlights loss of SLOS multipotency. Using 2D and
organoid differentiation models, we demonstrated a 3-fold increase in neuronal differentiation of
SLOS NSCs corresponding to attenuated astrogenesis, identified by a six-fold decrease in GFAP
expression and glial transcript expression in SLOS. Transcriptomic and functional analyses
suggested that the shift away from astrogenesis in SLOS is due to intrinsic signaling differences
present at the NSC stage, altered signaling mechanisms are only partially correctable by
cholesterol supplementation, and dynamic signaling deficits in SLOS models occur throughout
differentiation in both 2D and 3D models. Through stabilization of inhibited Wnt signaling, we
were able to normalize aberrant differentiation patterns and promote astrogenesis. Conversely,
iIPSC models of Lathosterolosis, a separate and distinct cholesterol synthesis disorder, do not
exhibit Wnt signaling defects and are non-responsive to Wnt stabilization, demonstrating



mechanistic differences between these disorders. These studies detail a basic requirement for
cholesterol homeostasis for neurodevelopment, identify critical cellular phenotypes potentially
contributing to CNS malformations and neurological dysfunction in SLOS, and highlight the
precise regulation of signaling pathways by cholesterol homeostasis during neurodevelopment.
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Abstract: Many neuropsychiatric risk genes contribute to epigenetic regulation of gene
expression but very little is known about specific chromatin-associated mechanisms governing
the formation and maintenance of neuronal connectivity. Here we show that transcallosal
connectivity is critically dependent on C11orf46 (also known asARL14EP), a small nuclear
protein encoded in the chromosome 11p13 Wilms Tumor, Aniridia, Genitourinary
Abnormalities, intellectual disability (formerly referred to as Mental Retardation) (WAGR) risk
locus.C11orf46 haploinsufficiency in WAGR microdeletion cases was associated with severe
hypoplasia of the corpus callosum. In utero short hairpin RNA-mediated C11orf46 knockdown
disrupted transcallosal projections of cortical pyramidal neurons, a phenotype that was rescued
by wild type C11orf46 but not the C1lorf46R236Hmutant associated with autosomal recessive
intellectual disability. Multiple genes encoding key regulators of axonal growth and
differentiation, including Sema6A, were hyperexpressed in C11orf46-knockdown neurons.
Importantly, RNA-guided epigenetic editing of neuronal Sema6a gene promoters via a dCas9
protein- conjugated SunTag scaffold with multimeric (10x) C11orf46 binding during early
developmental periods, resulted in normalization of expression and rescue of transcallosal
dysconnectivity via repressive chromatin remodeling, including up-regulated histone H3K9



methylation by the KAP1-SETDB1 repressor complex. Our study demonstrates that
interhemispheric communication is highly sensitive to locus-specific remodeling of neuronal
chromatin, revealing the therapeutic potential for shaping the brain’s connectome via gene-
targeted designer activators and repressor proteins.
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Abstract: Brain connectivity and function depend on the precise formation of neuronal
connections during development. In the central nervous system, most axonal projections are
organized into topographic maps according to the spatial organization of the neurons they
originate from or the type of stimulus they respond to. An important mechanism contributing to
topographic map formation is pre-target axon sorting, where axons become pre-ordered en route
to their destination. A salient example is the visual system, where retinal axons are
topographically sorted along the dorso-ventral axis in the optic tract before reaching the optic
tectum. While optic tract sorting contributes to the topographic fidelity of retinotectal
connections, little is known about how it is established. Our previous studies in zebrafish have
shown that optic tract sorting is achieved through the selective degeneration of missorted dorsal
axons that have erroneously misrouted along the dorsal branch of the tract. Heparan sulfate, a
type of sugar chains carried by core proteins known as heparan sulfate proteoglycans (HSPGSs),
acts non-cell-autonomously along ventral axons to regulate the degeneration of these missorted
dorsal axons. We have now identified the HSPG Glypican-3 (Gpc3) as specifically expressed in
ventral retinal ganglion cells (RGCs) throughout development. Using CRISPR/Cas9 genome
editing, we have generated several gpc3 mutant alleles encoding a truncated, non-functional
protein. Analysis of retinal axon sorting in gpc3 mutants reveals that some dorsal retinal axons
are missorted along the dorsal branch of the optic tract, demonstrating a novel function for Gpc3
in axon-axon interactions. We are now using genetic and biochemical approaches to identify the



signaling pathway and molecular mechanism by which Gpc3 regulates pre-target optic tract
sorting in vivo. Overall, our study unravels a novel function for Gpc3 in trans-axonal signaling
and developmental axon degeneration during neural circuit formation.
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Abstract: Nogo receptor type 1 (NgR1) is known to inhibit neuronal regeneration in the CNS.
Ligand binding to NgR1 leads to the activation of interaction between NgR1 and its co-receptor
p75NTR, activating RhoA, resulting in actin depolymerization. So far, several reports have
shown that regulation of NgR1-mediated signaling promotes neuronal regeneration. We
identified lateral olfactory tract usher substance (LOTUS) as a membrane-bound protein and
found that LOTUS interacts directly with NgR1 and inhibits its function by blocking the binding
of its all five ligands: Nogo, myelin-associated glycoprotein (MAG), oligodendrocyte myelin
glycoprotein (OMgp), B lymphocyte stimulator (BLyS) and chondroitin sulfate proteoglycans
(CSPGs). Therefore, LOTUS is expected to have therapeutic potential for the promotion of
neuronal regeneration. On the other hand, soluble form of LOTUS (s-LOTUS) is identified
abundantly in human cerebrospinal fluid, and its concentration fluctuates according to the
morbidity of neuronal inflammation such as multiple sclerosis and meningitis. This evidence
implicates that s-LOTUS also has some physiological functions. However, it remains unknown
whether s-LOTUS has an inhibitory action on NgR1 function as a candidate for therapeutic
agents. Here, we show that s-LOTUS inhibits NgR1-mediated signaling by inhibiting the
molecular interaction between NgR1 and its co-receptor p75 neurotrophin receptor (p75NTR). In
contrast to the membrane-bound form of LOTUS, s-LOTUS did not block ligand binding to
NgR1. However, we identified p75NTR as a novel LOTUS binding partner. Binding assays and



pull-down assays revealed that s-LOTUS suppressed the interaction between p75NTR and
NgR1. s-LOTUS inhibited Nogo or MAG-induced RhoA activation in murine primary cortical
neurons. Functional analyses in vitro revealed that s-LOTUS inhibited growth cone collapse and
neurite outgrowth inhibition induced by all of NgR1's five ligands in chick DRG neurons. In
addition, treatment with s-LOTUS inhibited ligand-induced growth cone collapse in olfactory
bulb neurons of lotus-knockout mice. Finally, we observed that intravitreous injection of s-
LOTUS promoted axonal regeneration in optic nerve crush injury in adult mice of either sex.
These findings suggest that s-LOTUS inhibits NgR1-mediated signaling by interfering with the
interaction between NgR1 and p75NTR. Thus, s-LOTUS may have potential as a therapeutic
agent for neuronal regeneration in the damaged CNS.
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Abstract: During development and regeneration, neurons navigate through a changing and
highly complex environment to ultimately establish remarkably accurate connections with their
target cells. The tips of these growing axons, growth cones, rapidly respond to various
environmental cues, including classical guidance proteins such as netrins and semaphorins.
Recent studies have led to the identification of other, non-traditional guidance cues, including the
Vitamin A metabolite, retinoic acid (RA). RA has been shown to act as a chemoattractant for
both vertebrate and invertebrate neurons in vitro. Little is known, however, about the nature of
the underlying regulatory molecules or biochemical pathways involved in fine-tuning growth
cone turning responses to a gradient of RA. MicroRNAs (miRNAS), a class of conserved non-
coding RNAs, have recently been proposed to regulate gene expression and local protein
synthesis during growth cone guidance in response to traditional protein cues. Our goal is to
determine the role that miRNAs play as mediators of axonal guidance in response to a non-
traditional guidance cue such as RA. We have previously established that growth cones from
neurons of the pond snail, Lymnaea stagnalis, exhibit positive turning responses toward RA in a



local protein synthesis-dependent manner. We now have evidence for the compartmentalization
of miR-124 in these growth cones and axons, as well as in cell bodies within the brain. We
utilize LNA-FISH to precisely localize miR-124 in the growth cone during different phases of a
turning response to RA. Moreover, we have also upregulated/inhibited miR-124 to identify its
importance to growth cone guidance. To determine the specificity of miR-124 to RA-induced
growth cone responses, we have further investigated the localization of this miRNA in response
to a different attractive guidance cue, serotonin. These studies will advance our knowledge of the
fine-tuning of growth cone dynamics, especially the underlying mechanisms of RA-induced
chemoattraction. Further, this research will elucidate the role of miRNAs in local protein
synthesis in both development and regeneration of the central nervous system.
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Abstract: The neuregulins (Nrgs 1-4) are a family of structurally related signaling molecules
that play fundamental roles in the developing and mature nervous system. Nrgl has been shown
to influence neurite outgrowth in PC12 cells and in multiple populations of neurons including
those in the retina, hippocampus, cerebral cortex, midbrain, spinal cord, and cerebellum. In
comparison, the ability of Nrg2 and Nrg3 to promote neurite outgrowth has remained
understudied. The Nrgs have the potential to bind to and activate members of the ErbB family of
receptor tyrosine kinases, which are comprised of 4 receptors, ErbB1-4. In rodent cortical
neurons, the expression of ErbB4 is limited to GABAergic interneurons, with predominant
expression in the parvalbumin-expressing subset of these cells. In this study, we characterized
and compared the effects of Nrgl, Nrg2, and Nrg3, on neurite number and neurite elongation in
cortical GABAergic interneurons at early stages of their differentiation in vitro. For these efforts,
we prepared neuronal cultures from embryonic day 17-18 rat cerebral cortices and treated them
with either GST-Nrgl1, GST-Nrg2, GST-Nrg3 or GST for 2 or 5 days in culture. Following
treatment, we assessed the length of all primary neurites, the length of the longest primary



neurite, the average length of the primary neurites (excluding the longest one), and also counted
the number of primary neurites per cell. We observed that all three Nrgs enhanced neurite
outgrowth in cultured ErbB4(+)/GABA(+) interneurons, which were predominately parvalbumin
-positive in our cultures. We did not detect enhanced neurite outgrowth of ErbB4(-)/GABA(+)
and other ErbB4 (-) neurons. At 2 days in vitro (DIV), all morphometric parameters measured
were enhanced by Nrg treatment, while at 5 DIV, only axon length (longest neurite) was
significantly enhanced. All 3 Nrgs increased the number of total neurites in ErbB4(+)/GABA(+)
neurons at both 2 and 5 DIV. These results broaden our limited understanding of the molecular
mechanisms regulating neurite outgrowth and the differentiation of GABAergic interneurons.
Additional studies will be required to determine if the ability of the Nrgs to promote neurite
outgrowth in vitro has functional relevance in vivo.
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Abstract: Many axons in the vertebrate nervous system are surrounded by myelin, an insulating
sheath that keeps axonal impulse propagation velocity high and energy consumption low, and
thus enables rapid and efficient signal transmission. The myelination of axons is an important
parameter determining the function of neuronal circuits and contributing to their plasticity.
Recently, we showed that a large fraction of myelin in the mouse and human neocortex
ensheathes axons of inhibitory parvalbumin-positive interneurons, and that these axons have
distinctive structural and molecular features that contrast with those of the majority of excitatory
myelinated axons. It is known that in mammalian neocortex, myelination occurs postnatally over
a prolonged period of time. However, there are no data on the developmental course of
myelination specifically of inhibitory axons. In the present study we address this question by
using immunofluorescent array tomography on mouse neocortical tissue from different ages
spanning between 2 weeks postnatally to 2 years. We focus on 2 different areas, visual cortex
and piriform cortex.



Our results show that, as expected, in both cortical areas there is a prolonged period of
development of myelination. A period of rapid myelination occurs between 2 weeks of age,
when only a few myelinated axons are seen in the deep cortical layers 5 and 6, and 1 month of
age, when myelinated axons extend all the way to layer 1 and their density reaches a quarter of
the mature levels. By 3 months of age the density of myelinated axons is about 60% and it
continues to increase until approximately 7 months. Interestingly, inhibitory myelinated axons
follow a different developmental pattern in the earlier ages. At 2 weeks of age, practically no
inhibitory axons in cortex are myelinated, but by 1 month they are already at 35% of mature
levels, compared to only 20% for the excitatory axons. When analyzing individual dye-filled
parvalbumin interneurons a similar pattern is observed, with no myelination seen at 2 weeks of
age, then highly variable intermittent myelination of the proximal axonal arbor at 1 month, which
continues to increase until at least 7 months of age.

The developmental pattern of cortical myelination suggests that neuronal circuits in mouse
mature much later than generally appreciated, after 6 months of age.
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Abstract: Neural stem cells are promised for cell therapy of neurodegenerative disorders and
spinal cord injury. That requires - next to controlled differentiation of the stem cells to neurons -
integration in the neural tissue and formation of precisely wired neural circuits. Substrate-bound
gradients expressed in numerous spatio-temporal patterns play a crucial role during the
development of complex neural networks. Previous study has shown that using a discontinuous
substrate-bound gradient the neuronal cell position, the neurite growth and axon directionality of
rat cortical neurons could be controlled. In this study we examined if these data could be
transduced to human neurons. The gradient pattern was fabricated by microcontact printing using
laminin/poly-L-lysine (PLL). The gradients were tested for their impact on axon guidance of
neural stem cells-derived human neurons. The axon was evaluated by TAU-1 and the dendrites
by MAP-2 immunostaining. We found that the microgradient directed neurons’ adhesion and



guided up to 80% of the axons. Our approach proved to be very successful in guiding axons of
single human neurons with very high efficiency Thereby, we could see that the data previously
gained by using rat cortical neurons could be confirmed for human neurons. These data could be
useful to engineer defined functional circuits of human neurons for cell therapy application.
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Abstract: The mammalian Pcdhg gene cluster consists of 22 variable exons and 3 constant
exons, which encode the gamma-protocadherins (y-Pcdhs), a family of 22 cell adhesion
molecules. The proteins form dimers promiscuously in cis, but with distinct homophilic
preferences in trans, resulting in a zipper-like lattice of dimers between membranes. When many
isoforms are shared between opposing membranes, a larger lattice can form, and in cell
aggregation studies, subtle differences between cells in isoform ratios greatly affect cell binding.
Thus, through isoform combination, the y-Pcdhs, alone or in complex with the related a- and -
clustered Pcdhs, could generate many thousands of distinct cellular recognition units. The y-
Pcdhs critically regulate multiple neurodevelopmental processes, including neuronal survival,
synapse formation, dendrite self-avoidance, and dendrite arborization, and mice null for the
Pcdhg cluster exhibit perinatal lethality. However, the requirement for isoform variety in these
functions is still unclear. To precisely ask whether molecular diversity is essential for normal y-
Pcdh function, and to determine if any particular isoform(s) is critically important, we used
CRISPR/Cas9 genome editing to generate an unbiased array of mutations in the variable exons
of the Pcdhg locus in mice. sgRNAs were designed to target sequences near the start codon of
each of the 22 Pcdhg variable exons and were injected together as a mixture into fertilized eggs.
We established ~30 new lines with between 1 and 21 disrupted variable exons, with disruptions



ranging from small indels to large rearrangements between guide sites. We found that isoform
diversity per se was not required for neuronal survival or for survival of the animal. Multiple
lines with substantially reduced isoform diversity were viable as homozygotes. However,
mutations that included disruption of the yC4 variable exon resulted in widespread neuronal cell
death in the spinal cord and retina and perinatal lethality. To directly test the crucial nature of
this isoform, we analyzed two additional lines — one in which yC4 was the only intact isoform,
and one in which yC4 was the only disrupted isoform. We found that yC4 is necessary and
sufficient among y-Pcdh isoforms for organismal survival and for cell survival in many of the
neuronal subtypes assayed.
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Abstract: The mammalian Pcdhg gene cluster consists of 22 variable exons and 3 constant
exons, which together encode the gamma-protocadherins (y-Pcdhs), a family of 22 cell adhesion
molecules. The proteins form dimers promiscuously in cis, but with distinct homophilic
preferences in trans, resulting in a zipper-like lattice of dimers between membranes. When many
isoforms are shared between opposing membranes, a larger lattice can form, and in cell
aggregation studies, subtle differences between cells in isoform ratios greatly affect cell binding.
Thus, through isoform combination, the y-Pcdhs, alone or in complex with the related a- and -
clustered Pcdhs, could generate many thousands of distinct cellular recognition units. In previous
work, we showed that the y-Pcdhs are required for normal dendritic arbor complexity in cortical
neurons, and presented evidence that arborization could be increased or decreased in vivo by,
respectively, manipulations that promoted or blocked homophilic trans interactions. Though



single isoforms may mediate some Pcdhg functions when misexpressed, the requirement for
isoform diversity during normal development remains unclear. To ask whether molecular
diversity is essential for normal y-Pcdh function, and to determine if any particular isoform(s) is
critically important, we used CRISPR/Cas9 genome editing to establish ~30 new lines of mice
with between 1 and 21 disrupted Pcdhg variable exons, with disruptions ranging from small
indels to large rearrangements between guide sites. Analysis of multiple lines retaining distinct
functional Pcdhg isoform repertoires indicates that molecular diversity indeed contributes to the
formation of complex dendritic arbors in the cortex. Arborization is significantly reduced in mice
specifically lacking the ubiquitously-expressed yC3 isoform, which regulates dendrite
development via Axinl signaling. Arbor complexity is also adversely affected in lines lacking all
or most of the stochastically-expressed yA (12) and yB (7) isoforms but retaining expression of
the 3 ubiquitous C-type isoforms (yC3, yC4, and yC5). As mouse lines lacking yC4 uniquely
exhibit neonatal lethality (see adjacent linked poster), we are currently breeding trans-
heterozygotes harboring one cortex-restricted conditional null allele to allow analysis of
postnatal arborization.
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Abstract: Defects in neuronal morphology can lead to functional consequences and are related
to neurodevelopmental disorders. Development of proper neuronal morphology depends on early
mechanisms including neurite formation and dendritic branching. To better understand cortical
development, it is useful to determine which signaling pathways are important for regulating
neuronal morphology. Ribosomal protein SA (Rpsa) is known to interact with the extracellular
matrix and function in neuroprotection. Here, we identified a novel function for Rpsa in
regulating several aspects of neuronal morphogenesis by using in utero electroporation to



knockdown (KD) Rpsa in vivo. At P3, Rpsa deficient neurons displayed orientation defects in the
mean angle at which the apical dendrite extends from the middle of the soma relative to the
cortical plate. At P15, defects in neuronal morphogenesis were observed in Rpsa KD neurons,
which had significantly fewer and shorter extensions with less branching as compared with
control neurons. The Rpsa KD phenotype could be rescued by Rpsa overexpression (OE) at both
time-points. To investigate the functional consequences of these morphological defects, the
GCaMP6s calcium indicator was used to record spontaneous activity in live brain slices. Rpsa
KD neurons had a significantly lower mean difference between maximum and minimum
fluorescence intensity peaks, suggesting that the spontaneous activity of Rpsa deficient neurons
is lower than that of control neurons. Preliminary whole-cell recordings also suggest a possible
functional difference, with decreased spontaneous EPSC amplitudes in Rpsa deficient neurons.
To further delineate the signaling mechanism of Rpsa, we investigated its extracellular ligand,
pigment epithelium derived factor (PEDF), and Integrin subunit alpha 6 (Itga6), which is known
to interact with Rpsa on the plasma membrane. Similar defects in neuronal morphogenesis are
observed following Rpsa KD, PEDF KD, and Itga6 KD. Additionally, Rpsa OE rescued
morphological defects resulting from PEDF KD in vivo, suggesting that PEDF is the ligand
responsible for initiating Rpsa signaling involved in regulating neuronal morphogenesis. We
hypothesize that Itga6 OE will rescue morphological defects caused by PEDF KD by facilitating
its interaction with Rpsa. Further investigation will advance our understanding of neuronal
morphogenesis in normal brain development and in the context of neurodevelopmental disorders,
as well as increase our knowledge of a relatively unstudied and complex signaling mechanism.
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Abstract: Activity-dependent neuroprotective protein (Adnp) is a master regulator of ~400
genes essential to embryonic and postnatal development. Mutations in Adnp are the most



frequent underlying Autism Spectrum Disorder (ASD) and lead to a distinctive combination of
clinical features. Adnp functions in the nucleus as a transcription factor, and in the cytoplasm
during neuronal maturation to promote dendritic spine/synapse formation via microtubule (MT)
interactions. Adnp’s activities in earlier neuronal development remain elusive but are important
to understand how Adnp mutations result in pathology. Previous research has suggested that
Adnp may play a role in promoting neurite formation, which prompted us to investigate this role
in more detail. Our RNA-Sequencing (RNA-Seq) data suggest increased Adnp expression
throughout neuritogenesis, and our cortical neuritogenesis analyses implicate a much more
complex role for Adnp in neuronal morphogenesis than previously reported. Overexpression
(OE) of Adnp in primary cortical neurons leads to premature spine-like formation on all neurites,
including the neurite most likely to become the axon, suggesting that Adnp may function in
neuronal polarization. Knockdown (KD) of Adnp in primary cortical neurons leads to increased
neurite initiation and defective neurite elongation, suggesting that Adnp has distinct roles in
each. Neurite elongation defects included increasing the length of the neurite most likely to
become the axon, while decreasing the length of the remaining neurites. This suggests that Adnp
also has distinct roles in the neurite most likely to become the axon vs. the neurites most likely to
become the dendrites. We postulate that this may occur via multiple mechanisms: either Adnp
interacts with differentially distributed cytoskeletal proteins such as Tau in the primitive axon
and MAP?2 in the primitive dendrites for example, or that Adnp itself also plays a role in
neuronal polarization. In vivo analysis using in utero electroporation revealed Adnp KD leads to
another morphological deficit, disrupting the angle of the apical dendrite at P3. This suggests
altered connectivity and response to guidance cues, which is ultimately based on microtubule
stabilization. Adnp is known to promote MT polymerization and we conclude that this defect at
P3 as a result of Adnp KD is due to altered MT dynamics. We conclude that Adnp works via
multiple distinct mechanisms to establish proper neuronal morphogenesis which is crucial for
cortical development.
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Abstract: Autism spectrum disorder (ASD) is a developmental disorder of variable severity
characterized by impairments in social interaction and communication as well as restricted and
repetitive patterns of movement. Past research suggests that certain gut and dietary factors may
transiently worsen symptoms in ASD. Propionic acid (PPA) is a short chain fatty acid and an
important intermediate of cellular metabolism. PPA is also a by-product of a subpopulation of
human gut enterobacteria. Previous studies have shown that treatment with PPA can create both
brain and behavioural responses in rats that are characteristic of ASD in humans. A strong and
consistent male bias in ASD prevalence has been observed, and several sex-differential genetic
and hormonal factors have been suggested to contribute to this bias. Past studies have reported a
neuroprotective effect of the sex hormones prolactin and estrogen, for both hippocampal
neurodegeneration and neuroinflammation, which have been proposed as potential etiological
mechanisms in autism. Very little research has examined the effects of PPA in females. The
present study explored putative sex differences in the effects of PPA on a rodent behavioural
ASD phenotype. Male (N = 16) and female (N = 16) rats were systemically treated with PPA
(500mg/kg) or PBS control and tested in a light-dark anxiety procedure. PPA-treated females
displayed similar patterns of anxiety-like behaviour (i.e. duration of time spent in the light
chamber and nosepokes into the light chamber) to PPA-treated males, which differed
significantly from PBS treated rats.
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Abstract: A signaling cascade that plays a crucial role in the development of an autistic-like
phenotype is the PI3BK/AKT/mTOR pathway. A mouse model that illustrates this connection is
the neuronal subset specific (NS) Pten knockout model which exhibits hyperactivity of mTOR.
Despite the importance of communicative deficits in an autistic-like phenotype, few studies have
assessed communicative behaviors in NS-Pten knockout animals. The present study sought to
characterize communicative behaviors in NS-Pten wildtype and knockout pup and adult mice.
Neonatal vocalizations were elicited from males and females on postnatal days 8 and 11 via the
maternal isolation paradigm. Adult vocalizations were elicited from 7-week-old males via the
female urine induced vocalization paradigm using a separate cohort of mice. Scent marking,
another form of communicative behavior, was also assessed in adult NS-Pten knockout and
wildtype mice. In pups, we found that NS-Pten knockout mice emitted fewer vocalizations for
both sexes, (p &It .05). Knockout males had calls of a shorter duration (p &It .001) and lower
peak amplitude on day 8 (p &It .001), while emitting calls of a shorter duration (p &It .001),
lower peak amplitude (p &It .001), and higher peak frequency (p &It .001), and fundamental
frequency (p &It .001), on day 11 relative to wildtype males. Knockout female pups vocalized at
a lower peak amplitude (p &It .001), and fundamental frequency (p &It .001), and a higher peak
frequency (p &It .001), on day 8, while showing a shorter duration (p &It .001), and higher peak
frequency (p &It .001), and fundamental frequency (p &It .001), on day 11 relative to wildtype
females. Spectrographic analyses revealed significant differences in call-type utilization for both
genotypes (p &It .05). In adulthood, NS-Pten knockout mice did not display a significant
difference in call quantity or scent marking behavior (p &gt .05). NS-Pten adult knockout mice
exhibited calls of a lower mean peak frequency than wildtype males (p &It .05). Additionally,
adult knockout mice utilized different types of calls than wildtype mice (p &It .05). This study
indicates that hyperactivity of mTOR results in both quantitative and qualitative changes in
communicative behaviors for both pup and adult NS-Pten knockout mice.
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Abstract: The social motivational theory of Autism Spectrum Disorder (ASD) focuses on social
anhedonia as the key causal feature of the impaired peer relationships that characterize patients
and are a core symptom of ASD. Accordingly, ASD can be regarded as an extreme case of early-
onset reduced social motivation. We previously reported that motivational anhedonia induced in
rats by exposure to a chronic stress protocol is relieved by repeated treatment with fenofibrate
(FBR), an agonist of PPARa and CB1/CB2 receptors clinically used to treat hyperlipidemia (1).
In this study, we assessed whether a long-term FBR treatment started at early age relieved social
motivational anhedonia in a model of ASD. ASD-like symptoms were induced in Sprague-
Dawley rats by a single in utero exposure to valproic acid (VPA, 500 mg/kg) at gestational day
12.5. ASD has a 4:1 prevalence in boys, yet, increasing evidence suggests that it is often
underdiagnosed and undertreated in females. Thus, we aimed to identify an ASD-like behavioral
phenotype in male and female VPA-exposed rats and to assess whether FBR administration
differentially affected one sex over the other. At weaning (P21) the VPA- or saline-exposed
offspring were fed with a FBR-enriched diet (0.2% FBR) or standard diet until P48-53. At this
time, rats of the four experimental groups (n = 8-10) were behaviorally tested to evaluate ASD
core domains, i.e. social behaviors (3-chamber sociability, 3-ch ST; social transmission of food
preference, STFP), and repetitive (RB) and perseverative (marble burying, MB) behaviors. VPA-
exposed male rats showed impaired social behaviors (3-ch ST and STFP) and FBR
administration relieved these ASD-like deficits. In VPA-exposed female rats only the STFP test
demonstrated an impaired social interaction that was relieved by FBR administration. Repetitive
and perseverative behaviors were increased in VPA-exposed male rats and MB behavior was
normalized upon FBR administration. VPA-exposed female rats only showed increased RB that
was not affected by FBR treatment. These results support the hypothesis that motivational
mechanisms underpin ASD social impairments. Moreover, they offer a new perspective for ASD
therapy since subsets of patients may significantly benefit from a pharmacological treatment that
targets the core symptoms of the disorder and FBR is already chronically employed with no
overt toxicity. The study also provides preliminary information on the neurobiology of distinct
core symptom expression in the two sexes and their responses to specific treatments, rarely
addressed issues by experimental studies of ASD.

(1) Scheggi et al. Neuropharmacol. 110:251-259, 2016.
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Abstract: Autism Spectrum disorders (ASD) is a mental condition with a strong genetic
component that affects 1% of the population. Despite the identification of a large variety of
genes involved, the underlying mechanisms are still poorly understood. ASD is difficult to
diagnose because of the complex spectrum of core symptoms and connected co-morbidities
involved. These symptoms include social deficits, anxiety, stereotypic and repetitive behaviors as
well as impaired cognitive capabilities. To date, it is unclear whether the variety of co-
morbidities and symptoms described arise independently as a consequence of altered
developmental processes or whether they involve shared underlying mechanisms. Furthermore,
the onset and development of deficits can vary even among patients harboring the same genetic
defect, suggesting that genetic predisposition alone might not be sufficient to trigger the full
extent of ASD symptoms. Using Shank3-/- mice as a model for ASD, we searched for
experience-dependent mechanisms which might acutely control manifestation of ASD
symptoms. We show that experience of a novel context induces long-lasting and context specific
sensitization, which accounts for several characteristic ASD phenotypes including anxiety,
repetitive locomotion and failure to engage with novelty including social cues. We identify
elevated Parvalbumin (PV) expression as a biomarker for ASD, and correlate sensitization to the
induction of aberrant plasticity in ventral hippocampus PV-interneurons of Shank3-/- mice.
Based on these findings, we developed behavioral, pharmacological and pharmacogenetic
interventions schemes that are effective to prevent circuit and behavioral alterations in Shank3-/-
mice, and might serve as a basis to be develop rational therapies to prevent and treat core
symptoms of ASD.
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Abstract: It is well established thatCa?*/calmodulin dependent protein kinase Il alpha(CaMKII
alpha) is important for synaptic plasticity, learning and memory. Mutations in the CAMK2A
gene, which encodes CaMKII alpha,have been linked to Autism Spectrum Disorder(ASD)and
intellectual disability. Previous characterization of mice harboring an ASD-associated Glu183 to
Val knock-in mutation in CaMKII alpha (E183V-KI), which reduces CaMKII alpha expression
and activity, revealed an impairment in social motivation, increased repetitive behaviors, as well
as hyperactivity. To better understand behavioral roles of CaMKII alpha, we compared
behavioral phenotypes of mice with various CaMKII alpha genotypes (homozygous): E183V-KI;
CaMKII alpha-null (KO); Thr286 to Ala knock-in (T286A-K1) mutation (prevents Thr286
autophosphorylation). Compared to wild-type (WT) mice, all three genotypes displayed similar
hyperactivity in a novel open field arena and spent less time in the center of the arena. Although
open field behavior is consistent with increased anxiety, testing on an elevated plus or zero maze
revealed that all three genotypes spent more time in the open domains compared to the closed
relative to their WT controls, indicating decreased anxiety. Moreover, testing in a light-dark box
revealed that none of the mouse lines displayed an anxiety phenotype. We interpret these data to
indicate that these CaMKII alpha mutations do not affect anxiety per se, and that phenotypes in
the open field arena and elevated mazes are driven by a heightened “escape” behavior, consistent
with robust increases in jumping and rearing along the walls of the open field arena, as well as
the overall hyperactivity. Despite these strong phenotypic similarities, testing in a 3-chamber
arena revealed no deficits in social exploration in CaMKII alpha-KO mice, in contrast to E183V-
K1 mice (analyses of T286A-KI mice are ongoing). We also explored the impact of these
CaMKII alpha mutations on tactile sensitivity. All three CaMKII alpha mutant mouse lines
displayed increased threshold to respond in the VVon-Frey filament test, compared to WT mice.
Moreover, WT mice preferentially explored a textured object relative to a visually very similar



but smooth object, whereas all three CaMKII alpha mutant mice failed to differentiate between
these objects. Together these data suggest that tactile sensation is impaired in these CaMKI|I
alphamutant mouse lines. In summary, our data demonstrate that CaMKI1 alphahas an important
role in behavioral phenotypes associated with ASD that involve multiple regions of the brain.
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Abstract: This study included three groups of school age children as they communicated in a
semi-natural conversation. The groups of children included individuals with High Functioning
Autism (HFA) and children with Perinatal Stroke (PS). This study focused on social
communication in individuals with neurodevelopmental disorders of different nature and origin
with the goal of better characterizing the social phenotype of each group. Children with HFA and
children with PS all display atypical social profiles. Individuals with HFA tend to be withdrawn,
while children with PS show a more nuance social profile, dictated by the side of injury. Past
research has shown that young children with Right Hemisphere Injury (RHI) but not those with
Left Hemisphere Injury (LHI) show affective impairments as early as the first year of life. Few
studies have investigated the social phenotypes of these children during school-age as the
majority of studies occur before the age of 6. This study included 43 children in total between 7
to 14 years of age; 23 children with HFA, 20 children with PS. The first task was a social dialog
between the child and an experimenter. During this task, coding of eye contact of the child was
conducted and instances of initiation was coded to observe which participant lead the
conversation. Frequency of eye contact to the experimenter measures and reflected the degree of
sociability for each participant. For the second dataset, four questionnaires were distributed to
parent/caregivers to complete. Results showed that there was a significant correlation between
age of the child and eye contact of the child (p=0.011). As the child developed, changes in
communicative behaviors through eye contact increased, reflecting a change in communicative



style in all three groups. For example, children ages 7-11, the average initiation of eye contact
was 43.64 instances. On the other hand, children ages 12-14 averaged 83.52 instances of initiated
eye contact. Initiation of conversation by the experimenter was not significant, suggesting the
experimenter was consistent during the task (p=.85). Insights from this study adds unique
knowledge to our understanding of social development as well as contribute to better-informed
treatment methods in the future.
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Abstract: Many neuropsychiatric disorders are associated with deficits in social behavior. While
it is common to try to examine these disorders by developing an animal model specific to each
disorder, it is becoming increasingly popular to consider mental health disorders in terms of
functional dimensions rather than by diagnostic labels (Yuhas, 2017). This way, we can move
away from these diagnostic labels, which have proven to be heterogeneous (NIMH Strategic
Plan, 2015). Thus, we are aiming to model the complex social behavioral deficits observed
across a number of neurodevelopmental disorders, including autism and early onset
schizophrenia, as a means of answering important questions relevant to both of these disorders.
In addition to genetic factors, epidemiological data indicate that environmental factors also
contribute to the risk of early onset neurodevelopmental disorders. Neonatal exposure to
infectious pathogens is one of these environmental factors, suggesting that activation of the
neonatal immune system may contribute to disease pathology. Microglia, the resident immune
cells of the brain, perform functions crucial for normal brain development and behavior.
According to a “two-hit model of neuroinflammation,” neonatal neuroimmune activation causes
persistent deficits in microglial functioning, resulting in an exaggerated immune response and
significant behavioral deficits following subsequent immune activation later in life. Importantly,
males are more likely than females to be diagnosed with disorders such as autism and early onset



schizophrenia. During early development, males and females exhibit different microglial
phenotypes, possibly leaving males more susceptible to the negative outcomes associated with
early-life neuroinflammation. Our goal was to better understand the impact of the two-hit model
of neuroinflammation on the development and expression of social behaviors in male and female
rats. We piloted behavioral paradigms to characterize the development of social behavior in
juvenile rats and applied the two-hit model of neuroinflammation to determine how immune
activation may affect the expression of these social behaviors. We concurrently measured
cytokine expression in the male and female juvenile brain. Our preliminary analysis indicate that
the timing (neonatal or juvenile) and the nature (E.coli or lipopolysaccharide) of the
neuroimmune activation both play an important role its impact on the expression of specific
social behaviors.
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Abstract: Autism spectrum disorder (ASD) is a prevalent neurodevelopmental disorder with
core deficits in social communication, including impairment of speech and language processes.
We hypothesize that with such impairment there is a loss in coordination within and across the
speech subsystems: the vocal tract (articulators), source (vocal folds), and prosody (pitch,
energy, and timing), reflecting possibly loss in neural coordination. Here, we present our initial
exploratory findings in support of this hypothesis indicating reduced complexity in coordination
of articulators. We designed a non-intrusive platform to collect speech acoustics from audio as
part of a larger multimodal data collection involving in addition facial muscle intensities from
video and hand pressure and displacement from a custom iPad writing/drawing app. The protocol
includes a phonetically-balanced (age-appropriate) short paragraph and a diadochokinetic
sequence ‘pa-ta-ka,” as well as involving facial expression while speaking and hand dexterity
over a range of tasks. MIT/MGH IRB approvals were obtained prior to an initial data collection



of 5 controls (4 males) and 5 ASD subjects (males). Subjects are 6-12 years of age, verbal, and
able to read the paragraph except for one control subject. We measured articulatory coordination
by an approach introduced and validated for other neurological conditions (Quatieri et al, 2017):
first, we computed temporal correlations across pairs of the first three vocal tract resonances,
sampled at multiple different relative time delays. We computed eigenvalues from the resulting
correlation matrices, which were constructed at multiple different time-delay scales. Based on
preliminary analysis we found a strong Cohen’s d effect size for the average eigenvalues of the
ASD class relative to controls for both the paragraph and diadochokinetic sequence. The general
pattern of effect sizes, positive and close to +1 for large eigenvalues, and negative and close to -1
for small eigenvalues (with p values under 0.05) indicates lower complexity of articulatory
coordination, i.e., fewer independent degrees of freedom in controlling muscle-motor
movements of the tongue, lips, jaw, and velum. While further validation of both statistical
significance and interpretation is needed due to small sample size, our exploratory results suggest
the speech markers hold potential in monitoring the efficacy of interventions. Complexity of
coordination of facial muscle movements (obtained from video) while speaking, as well as
coordination of quantified hand movements while drawing, show similar effect-size patterns.
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Abstract: Autism spectrum disorder (ASD) is a developmental disorder with various symptoms
such as difficulties with: social interactions, verbal and nonverbal communication, anxiety, and
restricted/repetitive behaviors. ASD is common, with a reported incidence of 1 in 63 individuals
and a male bias. Previous work has shown that ASD may be characterized by altered
mitochondrial respiration through defective tryptophan utilization. The aim of our study is to test



the possibility that a mouse ASD phenotype can be rescued by targeting tryptophan metabolic
pathways. Specifically, we are evaluating the role of the kynurenine pathway in ASD, which
metabolizes tryptophan and produces nicotinamide adenine dinucleotide (NAD+). We are using
a well-characterized in utero exposure to valproic acid (VPA) as our mouse model. Post-natal
treatment with the nutraceutical nicotinamide riboside (NR) was used to determine if increasing
cellular NAD+ levels would reverse or improve ASD-linked behaviors. We have evaluated an
initial cohort of animals on a behavioral battery including: the open field test, three-chamber
sociability test, marble burying, and the elevated plus maze. Preliminary data reveal NR
supplementation partially rescues sociability deficits, anxiety-related symptoms, but increases
hyperactivity. Preliminary data also reveal a greater response to NR supplementation in female
mice.
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by
primary difficulties in social function. Individuals with ASD display slowed neural processing of
social visual information, such as human faces, as indexed by the N170, a face-sensitive event-
related potential (ERP). Pivotal Response Treatment (PRT), a behavioral intervention, uses
naturalistic play-based interactions to improve social communication skills in children with
ASD. Prior research has demonstrated the effectiveness of PRT in improving social behavior in
autism and provided suggestive evidence of hemodynamic changes in brain function associated



with treatment response. The current study sought to examine the feasibility of a scalable
method, extracranial EEG, to characterize neural correlates of behavioral improvement in the
context of PRT; specifically, we examined changes in N170 latency in response to treatment.
Preschool-aged children with ASD (n=7, mean age = 5.6 years) received a 16-week course of
PRT. EEG was recorded while participants viewed computer-generated faces with neutral and
fearful affect before and after treatment. Additionally, a subset (n=3) served as a waitlist control
group, receiving a second EEG at a 16 week delay but prior to treatment onset.

Analyses revealed a main effect of treatment [F(1,6)=11.34, p=.015], with reduction in N170
latency for both neutral (p =.027) and fearful (p = .029) faces. There was no significant change
in N170 latency during the waitlist control period [F(1,2)=2.45, p=.26], suggesting that
reductions in N170 latency following PRT were due to treatment effects rather than passage of
time. Additionally, participants’ N170 latency prior to PRT significantly correlated with
treatment-associated change in latency for neutral faces (r=-.873, p=.010); participants who
initially showed more atypical neural response to faces showed the most dramatic normalization
during treatment.

This study provides initial evidence of the effectiveness of the face-sensitive N170 as a potential
index of treatment response in ASD. Results also suggest that N170 latency may denote a strata
within ASD (i.e., individuals displaying the most delayed latencies) more likely to respond to
behavioral interventions targeting social function.
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Abstract: The chromodomain helicase DNA-binding (CHD) family of proteins are chromatin
remodelers that play a key role in regulating developmental processes. In humans, mutations in
CHD?7 and CHD8 are implicated in CHARGE syndrome and autism spectrum disorders,
respectively. Mutations in kismet (kis), the Drosophila ortholog to CHD7 and CHDS, lead to



defects in synaptic morphology at the neuromuscular junction as well as increased expression of
postsynaptic cell adhesion molecules, including the Neuroligins (NIgs). Behavioral analysis of
mutants overexpressing Nlgl (n=30), Nlg3 (n=30), and Nlg4 (n=30) reveals a significant decline
in motor function compared to controls (n=30). Kis mutants (n=30) also display this decrease in
locomotor activity. The central nervous system of Drosophila is primarily cholinergic, with
cholinergic neurons synapsing upon the glutamatergic neurons at the neuromuscular junction. To
explore the possibility of any downstream effects on glutamatergic synapse organization, we
examined the effects of acetylcholine receptor (AChR) activation by nicotine on larval motor
function. Control larvae exposed to minimal levels of nicotine (n=40) demonstrate increased
crawling behavior when compared to nicotine-deprived larvae (n=40). We are currently
investigating if AChR activation by nicotine modifies the downstream expression of cell
adhesion molecules, which are responsible for maintaining the structural integrity of the synapse.
We will also examine if AChR activation restores the impaired motor function of kismet and cell
adhesion molecule mutants. Together, these experiments will promote further understanding of
mechanisms that lead to the aberrant synaptic organization implicated in neurodevelopmental
disorders, like CHARGE syndrome and autism spectrum disorders.
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Title: Sex dependent behavioral deficits and neuropathology in environmental mouse models of
autism

Authors: *M. JABER, O. HAIDA, T. AL SAGHEER, M. FRANCHETEAU, A. BALBOUS,
P.-O. FERNAGUT;

Lab. de Neurosciences Expérimentales et Cliniques, Inserm U1084, Univ. de Poitiers, Poitiers,
France

Abstract: Autism spectrum disorders (ASD) is a psychiatric disease, difficult to diagnose and
with no curative treatment. A wide range of symptoms have been identified in ASD patients such
as social interaction deficits, restricted interests and repetitive movements. While motor and gait
disorders have been constantly reported, they are not included within the diagnosis criteria.



Determination of behavioral and cellular disturbances associated with motor dysfunction may
lead to better diagnosis and help develop new therapeutic approaches. In our study, we aimed at
(1) investigating whether ASD mouse models manifest motor and gait impairments and thrived to
determine the neuronal network involved in these deficits and (ii) identifying differences
between males and females as the sex ratio in ASD is 3 boys for 1 girl. We used environmental
mouse models to characterize different aspects of their behavior and determined the
neurohistological readouts underlying deficits. For this, pregnant females were exposed at E 12.5
to either valproic acid, an anticonvulsant drug, or poly I:C, a double stranded RNA that provokes
a maternal immune activation. Our results demonstrate sociability deficits, fine motor and gait
disorders and neuronal loss in ASD mice models. These deficits were present in a sex and
model-specific manner underlying the spectrum of the disease. Additionally, a correlation
analysis revealed relationships among motor disorders, social interactions and number of neurons
in specific sublobules of the cerebellum. Our results indicate that motor disorders in ASD could
be used as a marker of the disease severity and that the cerebellum could be targeted for
therapeutic strategies.
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Title: Impaired sensorimotor synchronization in autism reveals slow updating of internal priors
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Abstract: Autism is characterized by deficits in social communication and repetitive patterns of
behavior, interests and activities. In recent years there is growing understanding that atypical
sensory processing and motor deficits are core to the disorder. Recent findings show that
individuals with autism underuse previous environmental information in making perceptual
decisions relative to neurotypical individuals (Karaminis et al., 2016). This finding has been
interpreted within a Bayesian framework, but in different ways: According to one hypothesis



individuals with autism over-estimate the volatility of the environment (Lawson et al., 2017),
therefore they are expected to adequately track fast environmental changes, and underuse
knowledge acquired over a long time period. By contrast, according to the slow updating account
(Lieder et al., 2019) they are expected to track and update changes slowly but adequately
accumulate information over long durations. We tested these conflicting predictions by
measuring sensorimotor synchronization (finger tapping) to an external metronome with both
fixed and alternating tempos (control n=47, autism n=30). Performance in finger tapping is
characterized by: (a) phase - the temporal interval between the metronome beat and the
participant’s response; (b) period - participant’s inter-response-interval. Participants with autism
showed substantially larger phase variability (p<0.005, Mann-Whitney U test in all group
comparisons) and higher correlation between consecutive phases (p<0.01), implying reduced
correction of phase errors. Using an autoregressive model of the phase responses we show that
this reduction is specific to the most recent phase, so the deficit has a fixed time-course,
hampering only the use of very recent stimuli. Using a computational model for tapping (Jacoby
et al., 2015) we find that individuals with autism have noisier phase correction, but their period
retention and motor noise are in the neurotypical range (both p>0.24). In the alternating tempo
conditions, individuals with autism failed to adapt their phase to the changes, and we show that
this impairment stems from a reduction in the period compensation response directly following
the change (p<0.002). Lastly, we show these two responses are correlated in both groups
(rcon=0.34, rasa=0.8, both p<0.02), pointing to a shared mechanism of slow integration of the
external metronome stimuli as a dynamic temporal trigger for sensorimotor synchronization.
These results support the slow updating account of autism and are in line with behavioral reports
of the difficulties individuals with autism face when the environment changes abruptly.
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by
impairments in social communication and the presence of repetitive behaviors. Some of the
earliest diagnostic markers for ASD are impairments in the language domain. Crucially,
individuals with language impairments are at a high risk for literacy failure. In adults, language
and reading impairments can result in reduced workplace preparedness, fewer educational
opportunities to enhance social and workforce skills, and low income over the lifetime. Despite
this, there are few studies examining the relationship between ASD and reading, and an even
greater paucity of studies of reading in adults with ASD.

We explored the relationship between neural activation, reading ability, and severity of autism
traits in adults with (n = 12) and without (n = 18) ASD diagnoses. Participants (N = 30, age =
28.7, SD = 6.4) completed standardized assessments of ASD traits (Autism Quotient, AQ) and
symptom severity (Social Responsiveness Scale, SRS), general cognitive ability, and reading and
comprehension skills. Participants also completed a functional magnetic resonance imaging
(fMRI) session, during which we probed print-selective regions of the brain using a repetition
suppression design.

Across all individuals, the left fusiform gyrus (visual word form area) exhibited significantly
reduced activation for repeated print, and increased repetition to print was associated with better
reading (r = .41 p =.032). Regardless of diagnosis, individual differences in ASD traits and
severity of social cognition impairments were associated reading skills (AQ, r =-.37 p = .051,;
SRS cognition r = -.49 p =.008). Higher ASD traits were also associated with reduced repetition
suppression to text (r = -.39, p = .03).

Together these findings suggest that ASD trait and symptom severity are associated with reading
ability and neural response to print across individuals with and without a formal ASD diagnosis.
Social-communication impairments are a core diagnostic feature of ASD. However, language
impairments may extend beyond social communication into reading. Reading impairments in
ASD have lasting consequences for success in the workplace, transition to independent living,
and global functioning. Efforts to improve global functioning in adults with ASD should
consider and seek to improve reading ability and comprehension.
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Title: Eye blink and pupillometry as peripheral indicators of reward responsivity in autism
spectrum disorder
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Abstract: Altered motivational drives may contribute to clinical phenotypes characterized by
aberrant reward response and social impairments, such as those observed in autism spectrum
disorders (ASD). Spontaneous eye blink and measures of pupil response have been highlighted
as peripheral indicators of noradrenergic and dopaminergic activity that influence homeostatic
drive states. The overall objective of the current research was to assess the relationship between
reward responsivity and ASD features in children (N=76) with and without a clinical diagnosis
of ASD. We assessed the relationship between reward responsivity and ASD by assessing
whether quantitative features of reward responsivity (measured using eye blink rate, pupil
response, and the Sensitivity to Punishment and Sensitivity to Reward Questionnaire for
Children; SPSRQ-C) are linearly related to ASD features (measured using the Social
Responsiveness Scale; SRS) and/or a clinical diagnosis of ASD. Resting pupil diameter and
blink rate were measured during a passive eye tracking task that displayed alternating dark and
light stimuli. We report significant relationships between resting pupil diameter and blink rate,
quantitative measures of reward responsivity (SPSRQ-C), and ASD features (SRS). Given these
relationships, we assessed whether measures of eye blink and pupil diameter could be used as a
neurobiological correlate of reward response and predictor of clinically significant ASD features.
In a binary logistic regression, we find that resting pupil measurements can be used as a
significant predictor of ASD diagnosis. This research highlights individual differences across
objective and behavioral measures of reward response that scale with the presence of ASD
features. Finally, this work emphasizes that eye tracking technology can capture peripheral
measures that correspond to underlying neurobiology in patients with below and above average
cognitive ability, indicating promise for future use in clinical trials of heterogeneous populations.
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Title: Dissection of prefrontal corticothalamic circuitry in the regulation of social behaviors
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Abstract: The medial prefrontal cortex (mPFC) plays a key role in regulating social behaviors.
Previously work has shown that optogenetic activation of dopamine receptor 2 positive (Drd2+)
neurons in mPFC disrupted social interaction in wildtype mice and in the prenatal valproic acid
exposure (VPA) mouse model of autism. In addition, previously published work showed that in
VPA mice, inhibition of Drd2+ neurons in mPFC increased social exploration behavior.
However, because mPFC Drd2+ neurons project to multiple subcortical locations, the precise
subcortical target responsible for these behaviors is unclear. The medial dorsal thalamus (MD) is
one of main postsynaptic targets of the mPFC. Here, we tested the hypothesis that the
mPFC—MD circuit is required for mPFC-dependent social behaviors. To do this, in wildtype
mice we optogenetically activated the terminals of mPFC—MD projection neurons during
exploration of novel mice and of novel objects. Then, to test the hypothesis that the abnormal
social behavior of VPA mice could be modulated by selective inhibition of the mPFC—MD
circuit, we optogenetically inhibited the terminals of mPFC—MD projection neurons in MD in
VPA mice and saline controls. To find circuit-level convergence across autism models, we
characterized social behavior in the fragile X mouse model of autism. In Fmr1 knockout (KO)
mice, we found abnormalities in social exploration. These differences in social exploration were
not associated with general hyperactivity, anxiety, increased interest in novelty, or changes in
olfaction. To test the hypothesis that targeting the mPFC—MD circuit would reverse social
exploration differences in fragile X mice, we performed optogenetic manipulations of this circuit
during social behavior assays in Fmrl wildtype and knockout mice. Our ongoing experiments
are dissecting the cell types and subregions of the MD thalamus that mediate this social
exploration behaviors and their links to abnormal social behavior in autism in both VPA and
fragile X mouse models.
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Abstract: Motor abnormalities, including gait disruptions, are pervasive in neurodevelopmental
disorders such as autism spectrum disorder (ASD) and Williams syndrome (WS). Motor
impairments may emerge in the first year of life, often preceding the hallmark social-
communicative deficits of ASD (Mosconi and Sweeney 2015), and include abnormalities in
locomotor gait such as shorter stride length and greater stance width (Kindregan et al. 2015). As
many as 80% of ASD-associated genetic syndromes are also associated with motor impairments
(Mosconi and Sweeney 2015), but there have been few studies exploring how these various
genetic forms of ASD may differ in their disruptions of gait. Related neurodevelopmental
disorders such as WS also feature gait abnormalities (Hocking et al. 2009; Hocking et al. 2013)
but have not been directly compared to those observed in ASD. As motor phenotypes lend
themselves well to translational research, we propose that mouse models present a promising
opportunity to examine gait development across multiple neurodevelopmental disorders in a
high-throughput, genetically informative manner. Here we employ the DigiGait treadmill system
(Mouse Specifics, Inc.) to quantify changes in spatial, temporal, and postural gait parameters
from weaning to adulthood in three genetic mouse models: a SHANK3B deletion model of
Phelan-McDermid syndrome and other non-syndromic ASD; an NF1 mutant model of
neurofibromatosis associated with ASD; and the “complete deletion” model of WS, which is
lacking the entire Williams syndrome critical region. Across these models, we observed changes
in gait variability and delayed maturation of distinct gait parameters compared to wildtype
littermate controls. We are further investigating how changes in body size may be mediating gait
development. This work provides an important step toward linking gait with specific genetic
disruptions in neurodevelopmental disorders.
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Abstract: DNA derived from mobile elements comprises nearly half of the human genome.
Endogenously encoded Long Interspersed Element-1 (LINE-1 or L1) is a mobile element that
causes somatic mosaicism in the human hippocampus and other regions. While it has been
hypothesized that aberrant somatic L1 activity could be a response to environmental challenges
and contribute to neurological disorders, direct evidence of L1 activation and the functional
consequences of L1 mediated somatic mosaicism has remained elusive. Herein, we investigate
the functional role of inflammation-driven L1 activity in contributing to neurological disorders.
Maternal immune activation (MIA) during embryonic neurogenesis increases the risk of
developing schizophrenia and autism and correlates with increased L1 copy number in mouse
and macaque brain.

We established an in vivo mouse model to manipulate levels of L1 during MIA. Mice exposed to
fetal MIA demonstrate impaired sensorimotor gating measured by prepulse inhibition. This
parallels the sensorimotor-gating deficits observed in humans at high risk of schizophrenia. We
demonstrate that attenuating L1 activity during fetal MIA specifically ameliorates the
sensorimotor gating function without altering the acute pro-inflammatory immune response.
These results show that excessive L1 activity specifically causes sensorimotor abnormalities as a
result of a known environmental risk factor for schizophrenia and autism.
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Abstract: Creatine (Cr) transporter (CrT) deficiency is an orphan disorder (CTD, OMIM
#300352) characterized by intellectual disability, epilepsy and autistic-like behavior. Epilepsy is
one of the symptoms with the greatest impact on everyday life of patients and families. Animal
models are crucial tools to analyze disease mechanisms and to develop new therapeutic
strategies. Four murine models of CTD are available so far. However, they have been analyzed
only at the behavioral, neurochemical and anatomical level. To expand our knowledge about the
face validity of the murine model, we monitored brain excitability and seizure susceptibility in
the CrT knockout mice using video-EEG recording sessions. Our data show that CrT loss-of-
function results in higher susceptibility to kainic acid (KA)-induced seizures, as assessed both at
behavioral and electrophysiological level. Accordingly, we detected a prominent reduction of
parvalbuminergic synapses in the cerebral cortex. This activity allowed us to fill a substantial
gap in the current literature and to provide a more comprehensive set of normative data for the
evaluation of potential therapeutic approaches. In addition, since CTD patients show an epileptic
phenotype, we analyzed the EEG pattern of animals during spontaneous behaviours and found
some specific band alteration that can be prognostic of seizures predisposition.
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Abstract: CDKLS5 disorder is a severe neurodevelopmental disorder caused by mutations in the
X-linked cyclin-dependent kinase-like 5 (CDKLS5) gene. It predominantly affects females that
typically present with severe early epileptic encephalopathy, global developmental delay, motor



dysfunction, autistic features and sleep disturbances. To develop a gene therapy, we initially
characterised the human CDKL5 (hCDKLS5) transcript isoforms expressed in the brain, neuronal
cell lines, primary astrocytes and embryonic stem cell (ESC)-derived cortical interneurons, in
which hCDKL5 1 and to a lesser extent hCDKL5_2 isoforms were found ubiquitously
expressed. These isoforms were subsequently cloned into recombinant adeno-associated viral
(AAV) vector genome and high-titre AAV vectors were produced. Intrajugular delivery of AAV-
PHP.B-GFP vector in adult wild-type male mice transduced neurons and astrocytes throughout
the brain more efficiently than AAV9 (1 x 102 vg per animal, n = 3 per group). CdkI5 knockout
(KO) male mice treated with AAV-PHP.B-hCDKL5 _1 vector via intrajugular injection at age
28-30 days exhibited significant behavioural improvements compared to GFP-treated controls (1
x 102 vg per animal, n = 10 per group). AAV-DJ vectors efficiently transduced induced
pluripotent stem cell (iPSC)-derived neural progenitors, which were subsequently differentiated
into neurons. When treating CDKL5-mutant neurons, hCDKL5_1 expression led to an increased
density of synaptic puncta on secondary dendrites, whilst \CDKL5_2 ameliorated the calcium
signalling defect, implying distinct functions of these isoforms in neurons. This study provides
the first evidence that AAV-mediated gene therapy can be utilised for treatment of CDKL5
disorder.
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Abstract: Callosal dysgenesis (CD) is a neurodevelopmental syndrome that causes a
malformation of the Corpus Callosum (CC). Although its ontogenetic mechanisms are still
unknown, the anatomical changes in these patients are well documented. There are several
different phenotypes in the morphology of the CC and different abnormal bundles that derive
from the axonal misguidance, such as the Probst, sigmoid and inter-cortical bundles. We
employed a connectomic approach to map the circuits of the whole brain and how they are
rewired in this congenital malformation. For the structural connectome, we used the Human
Connectome Project control data to compare them with 7 CD patients (5 complete agenesis and 2
hypoplasic). For the functional connectome we excluded one patient (complete agenesis) that
could not acquire rsFMRI data. This approach allowed us to reveal a complete, whole brain
rewiring in these patients. We showed a structural shift from interhemispheric to
intrahemispheric connections that is not seen in the functional map. This suggests that somehow
the patients’ brains found a way to reconnect regions through alternative multisynaptic routs. Our
findings strongly imply that CD is a disorder that does affect the corpus callosum only, but also
affects the whole cerebral cortex, creating a different, rewired brain along development.
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Abstract: V-type proton (H+) ATPase (V-ATPase) is ATP-dependent proton pump involved in
the active transport of hydrogen ions and plays ubiquitous role in pH homeostasis of endosomes,
lysosomes, and other intracellular organelles. V-ATPase is a multi-subunit enzyme, which is
composed of a cytosolic V1 domain that hydrolyses ATP (ATP6V1A) and a transmembrane VO
domain that translocate protons by a rotary mechanism. Recently, whole exome sequencing
(WES) has identified de novo heterozygous mutation (p. Pro27Arg, p.Asp00Tyr, p.Asp349Asn,



p.Asp371Gly) in the ATP6V1A gene encoding the V1A subunit of the V-ATPase in patients
with developmental encephalopathy with epilepsy. The heterozygous variant p. Pro27Arg was
identified at Center for Rare Childhood Disorders (C4RCD). To understand the biology of the
ATP6V1A mutation, we established patient-derived dermal fibroblast cultures. Patient-derived
ATP6V1A-mutant fibroblasts demonstrated increased vacuolar pH levels indicating that p.
Pro27Arg mutations may cause reduced function of V-ATPase . The patient fibroblast also
showed decreased Lysosomal protein (LAMP-1) without any alterations in the EEA1 levels
compared to controls. Interestingly, patient cell also displayed markedly reduced ATP synthesis
machinery molecules such as complex I, I, IV and ATP synthase or Complex V. This was
accompanied by significantly less mitochondrial ATP generation, which was measured by ATP-
monitoring luminescence assay in patient derived fibroblasts. Furthermore, mutated fibroblasts
significantly down-regulated TOMZ20 protein levels as compared to control cells. Collectively,
our study provides evidence that p. Pro27Arg de novo heterozygous mutation in ATP6V1A is
associated with mitochondrial dysfunctions
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Abstract: Hypersensitivity to light touch and tactile defensiveness are common symptoms in
patients with autism spectrum disorders (ASD). However, the underlying neuronal changes
leading to these symptoms are not known. An alteration in the balance between excitation and
inhibition (E/I balance) is thought to be commonly altered in ASD and the activity of
parvalbumin (PV) positive interneurons is critical for maintaining the E/I balance. Recent studies
suggest that the number of cortical PV cells is decreased in ASD patients as well as in several
mouse models of ASD. To investigate whether changes in interneurons underlies the alteration in
light touch sensitivity in ASD, we compared expression of PV, Somatostatin (SST), Calbindin
(CB) and Calretinin (CL) in the somatosensory cortex of two genetic mouse models of ASD,
(contactin associated protein-like 2 knockout (Cntnap2™) and SH3/ankyrin domain gene 3



knockout (Shank3™"). Consistent with previous studies, we found that the expression level of PV
was decreased in interneurons in the somatosensory cortex of Cntnap2”- and Shank3”- animals
with no change in SST, CB or CL or the overall number of interneurons. Notably, we found that
the reduction in PV expression was stronger in one hemisphere. To investigate whether such
lateralization could correlate with hypersensitivity to tactile stimulation (i.e., similar to that
observed in ASD patients), we evaluated bilateral hind paw sensitivity to mechanical and thermal
stimulation using VVon-Frey and Hargreaves tests respectively. Left and right hind paw
sensitivities were compared and a potential correlation with lateralized changes in PV cells in the
somatosensory cortex were investigated. There was no difference in thermal sensitivity between
left vs. right hind paws of WT and ASD mice. In addition, while there was no difference in
mechanical sensitivity between the two sides in WT mice (left/ right ratio: 1.13 + 0.12), the ratio
of the low intensity mechanical stimulation on the two sides in ASD models almost doubled
(Shank3: 2.34 + 0.7, Cntnap2™: 2.10 + 0.52, two-way ANOVA, p &lIt; 0.001 re WT). This
effect was due to an increase in sensitivity on one side, which correlated with a reduced
expression of PV in the contralateral somatosensory cortex in the same animals. These results
suggest that lateralized changes in PV expression in the somatosensory cortex may underlie the
tactile hypersensitivity and defensiveness in ASD patients.
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Title: A custom movement tracking software for behavioral analyses of an adult zebrafish
shank3-mutant model of autism
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Abstract: Autism spectrum disorder (ASD) is a neurodevelopmental disorder that affects more
than 1% of the world population. ASD is characterized by social and cognitive deficits, aberrant



fear responses and altered sensory processing. The pathogenesis of ASD is not well understood
because it involves complex interaction between genetic, neurobiological and environmental
factors. Zebrafish due to its genetic amenability and overall conserved vertebrate specific brain
organization represents an increasingly important model organism to study neural circuits of
behavior in health and disease. Using zebrafish as a model, our overall objective aims to dissect
the neural circuitry underlying autistic characteristics with a focus on odor-driven behaviors and
sensory processing. Towards this aim, we have generated a software tool for movement tracking
behavior applied to a recently established zebrafish shank3a/bdouble mutant model of autism.
Specifically, we compare normal wt versus mutant models in behavioral paradigms of fear
conditioning and social-approach behavior. The results of this project will form the foundation
for detailed neural circuit analyses focusing on aberrant behavioral output as it occurs in patients
with autism.
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Title: Assessment of Shank3 expression at excitatory synapses in the cerebellar cortex
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Abstract: Multidomain proteins Shank1, Shank2, and Shank3 are core components of
postsynaptic densities at many excitatory synapses. Mutations of Shank genes, Shank3 in
particular, are associated with ASD and like disorders (e.g. Phelan-McDermid Syndrome).
Similarly, the absence of specific Shank3 isoforms in mice result in ASD-like behavioral
phenotypes often used to understand the role of Shank3 in brain regions like striatum,
hippocampus, and cortex. However, little is known about the role of Shank3 in cerebellar
function, despite high Shank3 (isoforms ¢ and d) expression in cerebellar granule cells, our
budding understanding of the cerebellum’s role in both motor and non-motor circuits, and
implications for cerebellar involvement in ASD. To understand how Shank3 may be involved in
glutamatergic transmission in the cerebellum, adult male and female wildtype C57bl/6 mice
(n=5) were euthanized and cerebelli extracted and sectioned. Shank3, pre-, and postsynaptic
protein expression patterns in the cerebellar cortex were determined using



immunohistochemistry and imaged using a Nikon Spinning Disk Confocal microscope, then
qualitatively analyzed for co-expression patterns. Shank3 is expressed in areas surrounding
nearly all VGLUT1/2-expressing presynaptic mossy fiber terminals, composing classical rosette
structures. Likewise, Shank3 co-localizes with specific glutamatergic receptor subtypes/subunits
in the granule cell layer, many of which are specifically expressed in cerebellar granule cells and
include NR2C, GluA2, GluA4, and GIuK5. While NR2C, GIuA2, and GluA4 colocalized with a
higher percentage of Shank3 protein (nearly 1:1), GluK5 and Shank 3 were localized, but not
exclusively. These data indicate the nature of excitatory synaptic transmission in the cerebellar
cortex may depend upon signaling by Shank3, a known ASD-related gene/protein. As such, work
to understand the precise functional role of Shank3 in mossy fiber-granule cell synaptic
transmission may be key in understanding how a known ASD-related gene/protein could perturb
signal integration in the cerebellum. These data highlighting the importance of and support
broadening the research focus to include a deeper understanding of the cerebellum’s role in
ASD.
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synaptic mechanisms using human stem cell derived cortical neurons
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Abstract: Background: NRXN1 and SHANKS are presynaptic and postsynaptic cell adhesion
molecules respectively and are known to be highly penetrant for syndromic and idiopathic
autism. However, the contribution of NRXN1 and SHANKS towards autism pathophysiology
through the regulation of presynaptic neurotransmitter release and activity dependent



homeostatic plasticity is not well characterised in human neurons.Objectives: The aim is to study
NRXN1 and SHANKS3 deletion-mediated differences in the structure and function of synapses
and to investigate whether and how presynaptic NRXN1 affects presynaptic neurotransmitter
release and postsynaptic SHANKS3 mediate homeostatic control of activity dependent
plasticity.Methods: In this study we are using iPSCs from individuals with deletions in
SHANKS3 (n=2, 1 male, 1 female), NRXN1 (n=2, 1 male, 1 female) and healthy controls (n=2).
NGN2-GFP was introduced in the iPSCs using lentiviral vectors to generate excitatory cortical
neurons for assays. The neurons were tested for expression of MAP2 and synaptic markers such
as Synaptophysin and Homerl. The expression of immediate early genes were measured with
gRT PCR. Neurite formation was assayed using live imaging of GFP-tagged NGN2 neurons.
Presynaptic release of synaptic vesicles was measured using FM4-64X dye under stimulating
conditions. The spontaneous and activity dependent firing was measured with calcium imaging
under non-stimulating and stimulating conditions. The network activity of neurons was further
measured using extracellular (multielectrode arrays). Results: There was no significant change in
presynaptic and postsynaptic puncta number in NRXN1 and SHANKS3 lines but calcium imaging
revealed impairment in synaptic connectivity induced by channel blockers. Moreover, the neurite
outgrowth assay on patient lines demonstrate impaired neuronal migration due to changes in the
ratio of filamentous to globular actin. There was a significant change in rate of spontaneous
firing (mean firing rate) (P<0.005) in all autism lines. Currently we are generating isogenic
hiPSC lines by introduction of deletions of NRXN1 and/or SHANKS3 gene in wildtype hiPSC
lines with CRISPR-Cas9 gene editing technique to validate the results.Conclusions: Loss of
function of autism related synaptic cell adhesion molecules such as presynaptic NRXN1 and
postsynaptic SHANK3 may not have any immediate effect on synaptic puncta number but
affects synaptic mechanisms through distinct molecular mechanisms. NRXN1 affects
presynaptic release of synaptic vesicles whereas SHANKS is essential for homeostatic control of
activity dependent synaptic plasticity.
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Title: Altered expression of cadherin-8 and cadherin-11 suggests their potential roles in
excitatory synapse development and autism
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Abstract: Autism is a neurodevelopmental condition, characterized by both phenotypic and
genetic heterogeneity. The condition currently affects 1 in 59 individuals in the United States and
is diagnosed by core symptoms in social interaction, communication and repetitive patterns of
behavior. The genetic complexity is reflected by the fact that no single gene identified
contributes to more than 1% of autism cases. To date, the cause(s) of autism is not known,
however association studies have identified a multitude of risk genes that may contribute to its
etiology. Many of these risk genes converge into common pathways. The cadherin superfamily,
one of the largest families of cell adhesion molecules, may represent such a vulnerable pathway.
The cadherin family comprises more than one hundred proteins, which are further grouped into
subfamilies including classical type I and Il cadherins, clustered and non-clustered
protocadherins and atypical FAT cadherins. Although the functions of the majority of the
cadherins are not fully understood, genome-wide association implicates cadherins across all
subfamilies as candidate risk genes.

The overall goal of this study is to understand the involvement of two autism-associated type 11
classical cadherins, cadherin-8 (CDH8) and cadherin-11 (CDH11), in excitatory synapse
development and autism. We revealed that the temporal expression of both, CDH8 and CDH11,
coincides in time with the formation of synapses, a process that has been found to be affected in
autism. The distribution of CDH8 and CDH11 within the cell further demonstrated enrichment of
these proteins in the synapses. Induced pluripotent stem cell (iPSC)-derived neurons from
individuals with autism showed decreased levels of CDH11 and elevated levels of CDH8. Using
CDH11 knockout mice, we found similarly increased levels of CDH8 protein in forebrain
lysates. The excitatory postsynaptic cell adhesion molecule Neuroligin-1, which we identified as
a binding partner of CDH8, but not CDH11, as well as PSD95 also showed increased expression
in CDH11 knockout mouse brains. Together, these results provide evidence that CDH8 and
CDH11 are involved in regulating the development of excitatory synapses. Alterations in the
balance between CDH8 and CDH11, as observed in autism-derived neurons, may result in an
increase in the number of dendritic spines. Increased dendritic spine densities have been
observed in brains of some autism individuals, indicating a mechanism by which CDH8 and
CDH11 may be involved in the etiology of autism.
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Abstract: Autism spectrum disorder (ASD) is characterized by impaired social interaction and
communication, restricted interests, and repetitive behaviors. Although various rodent models
have been used for studying synaptic pathology in ASD, synaptic development is highly different
between rodents and primates, making the results in rodents difficult to translate to human ASD
study. Recently, we have developed an ASD model of a primate (the common marmoset) with
exposure to valproic acid (VPA) in utero. The VPA-exposed marmosets show abnormalities in
social behavior as seen in human ASD (Yasue et al. Behav. Brain Res. (2015) 292: 323). To
explore synaptic abnormalities in the brain region related to social behavior in the ASD model
marmoset, we prepared acute slices from the dorsomedial prefrontal cortex (area 8b/9) of VPA-
exposed and unexposed (UE) marmosets at the ages of neonates, 3 months as late toddlerhood,
and 6 months as early adolescence, and then performed electrophysiological and structural
analyses in layer 3 pyramidal neurons.

We revealed that in neonates, the density of dendritic spines was lower in VPA animals than in
UE animals, but the spine density was normal or slightly higher in VPA animals at 3 and 6
months compared to UE animals. In contrast, the spine volume was normal in neonates and at 6
months, but was lower in VPA animals at 3 months, suggesting a reduced synaptic efficacy at
this age. Electrophysiological analyses revealed that in neonates, the frequencies of both
excitatory and inhibitory miniature postsynaptic currents (MEPSCs and mIPSCs) were lower in
VPA animals. At 3 months, the mEPSC frequency was also lower in VPA animals, but the
mIPSC frequency was similar for UE and VPA animals. At 6 months, both the mEPSC and
mIPSC frequencies were similar for UE and VPA animals. As expected from these data, the
excitatory/inhibitory (E/1) ratio of evoked synaptic currents was lower in VPA animals at 3
months, while the E/I ratio was similar for UE and VVPA neonates and at 6 months. These results
suggest that both excitatory and inhibitory synapses are maldeveloped in the ASD model
marmoset at the early stage of postnatal development, and that they become normalized in



different time courses. The transient reduction in the E/I ratio around 3 months may be crucial
for the development of ASD.
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disorder
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Abstract: Autism spectrum disorder (ASD) is a developmental disorder that affects
communication and behavior. Symptoms generally appear in the first two years of life, when
children have difficulty to maintain eye contact and to develop speech. ASD patients are also
hypersensitive to sensory stimuli. In this regard,the retina is the primary sensory detector for
vision and is the most accessible part of the CNS to study brain wiring and function. We
investigated the retinal function and some proteins’ expression in adolescent male mice
prenatally exposed to the valproic acid (VPA), as a useful model for ASD. Methods: Female
C57BL/6 mice received VPA (600 mg/kg, ip) or saline at the gestational day 11. Their male
adolescent pups (P29-35) were tested for anxiety and social interaction. Their retinal function
was assessed by full-field scotopic electroretinograms (ERGs), and some retinal proteins related
to synaptic function by immunoassays. Results: Adolescents prenatally exposed to VPA are
smaller and showed increased anxiety-like behaviors and impaired social interest. The a-wave
amplitudes of retinas from VPA-exposed mice were smaller than those of CTR animals, whereas
no differences were found in b-wave or oscillatory potentials. The glutamatergic receptor
mGIuR5 was more expressed in the retinas of VPA mice, while GABA, GAD, synapsin-1 and
FMRP proteins were reduced when compared to controls. Conclusions: Adolescent male mice



prenatally exposed to VPA (at the E11) display behaviors compatible to ASD. They have
alterations in retinal function, suggesting photoreceptor dysfunctions, with cones probably more
affected than rods, and altered expression of synaptic, glutamatergic and GABAergic markers in
both synaptic layers of the retina. These results support the view that synaptic disturbances with
excitatory/inhibitory imbalance early in life are implicated in autism phenotypes and highlight
the importance to study the retina as a reliable earlier marker in ASD.
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Abstract: Autism spectrum disorders (ASDs) are neurodevelopmental conditions that manifest
in aberrant social communications and repetitive behaviors. Altered function of NMDA receptors
(NMDARS) has been reported in several animal ASD models, but specific roles of synaptic and
extrasynaptic NMDARs have not been elucidated. We hypothesized that targeting of eNMDARs
may be beneficial in ASDs, because a) extracellular glutamate levels were reported to be
elevated in ASD brains, suggesting that eENMDAR overactivation can play a role in the
excitability of neuronal networks in ASDs, and b) ASD-prevalent mutations in synaptic
anchoring proteins might lead to the increase in eNMDARSs due to their lateral diffusion as
observed in Huntington’s disease.

Memantine, an FDA-approved drug with preferential activity toward eNMDARs, demonstrated
promising results in animals, but did not perform well in clinical trials, partly because its
concentration had to be kept low (below ICso) to avoid side effects related to inhibition of
synaptic NMDARs.

Recognizing the need for exclusive rather than preferential modulators of eNMDARS, we
employed a rational drug design strategy (Savchenko et al., 2016) to engineer an eNMDAR
antagonist that due to its steric properties is incapable of reaching SNMDARSs inside the synaptic
cleft while still modulating eNMDARs. Our exclusive eNMDAR antagonist, dubbed AuM, has
~50 memantine molecules conjugated to a 13-nm Au nanoparticle, and exhibits a hydrodynamic
diameter of ~35 nm.



We injected 3-day old wild-type (WT) and Sedt5+/-mice (Moore et al., 2019) with 2 pul AuM or
saline into each ventricle. The 3-month survival rate in all groups was 100%. Animals were
monitored for signs of abnormal behavior (locomotion, eating, sleeping), and according to
veterinarian’s evaluation, appeared to be normal. Three months after injection, animals were
subjected to several behavioral tests. We found no statistically significant differences between
AuM- and saline-injected WT animals on any of these tests, while AuM improved the
performance of Sedt5+/- mice.

Based on these findings, we can conclude that targeting of eNMDARs is a valid therapeutic
approach for ASDs.
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Title: Chloride co-transporters: Major contributors in pathophysiology of SYNGAP1* mutation

Authors: *V. VERMA!, T. BEHNISCH?, V. VAIDYA?, R. S. MUDDASHETTY*, J. P.
CLEMENT?,

!Neurosci., Jawaharlal Nehru Ctr. For Advanced Scientific Res., Bangalore, India; 2Fudan Univ.,
Fudan, China; 3Tata Inst. of Fundamental Res., Mumbai, India; #InStem, Bangalore, India

Abstract: In the past few decades, hundreds of genetic loci are reported to contribute or cause
Intellectual Disability (ID) and Autism Spectrum Disorder (ASD), which affects 1-3% of world
population. Autosomal-dominant de novo heterozygous mutation in SYNGAP1 has been reported
as a cause of ID. SYNGAP1 encodes synaptic RAS-GAP, SYNGAPL, which is downstream of
NMDA receptors, and negatively regulates RAS, and AMPA receptor trafficking to post-
synapse. Using Syngap1*- mouse model, studies have shown that this mutation leads to
accelerated maturation of dendritic spine synapses, along-with premature spine pruning, and
altered critical period of plasticity during early stages of development. This leads to abnormal
excitatory connections that may alter excitatory to inhibitory (E/I) balance. Studies have shown
that GABA is the major inhibitory neurotransmitter in central nervous system, which is
excitatory in early stages of development and inhibitory in later stages of development. Two CI
co-transporters in brain, NKCC1 and KCC2, mediate the dual function of GABA. NKCC1
expressed during early stages of development allows CI to enter the cell, which makes GABA



excitatory. Towards the end of neuronal maturation, i.e. around 1-2 weeks in hippocampus,
KCC2 becomes functional that allows extrusion of CI" ions and, thus, makes GABA inhibitory.
Moreover, KCC2 is shown to gate AMPA receptor trafficking to post-synapse via cofilin
phosphorylation through RAC1 pathway, which is shown to be altered in ID models like Rett
and Fragile X syndrome. In this study, we are trying to understand the impact of Syngap1*- in
maturation and function of KCC2 and NKCC1 in early stages of development. Studying this
might enable the possibility of rewiring of the neuronal connections in the adult brain by
targeting KCC2 with commercially available drugs, which eventually would help to rescue the
physiological and behavioural phenotypes in Syngap1* mice.
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Abstract: Shankl, Shank2 and Shank3 are scaffold proteins located in the postsynaptic density
of excitatory glutamatergic synapses, essential for synaptic function and development. Mutations
in SHANK genes are strongly associated with Autism Spectrum Disorders (ASDs); in particular,
SHANKS haploinsufficiency is considered the major cause of the neurological symptoms of
Phelan McDermid Syndrome (PMS), a neurodevelopmental disorder characterized by expressive
language delay, intellectual disability, hypotonia, autistic-like behaviour, and epilepsy. Since an
imbalance between excitatory and inhibitory systems may lead to autism symptoms, we
hypothesized that some neuropathological features described in PMS patients might be due to
alterations of the inhibitory system. Indeed the function of Shank3 in excitatory synapses on
inhibitory neurons has been not fully explored. We thus generated PV-cre*- Shank3 flo"t mice,
in which Shanka3 is deleted selectively in parvalbumin positive (PV+) interneurons. We



performed behavior tests in adult mice and discovered an impairment in grooming, learning, and
memory tasks. Furthermore, we demonstrated that treatment with Ganaxolone, a positive
modulator of GABAA receptors, improves the altered phenotypes of mice. The results of our
study suggest that GABAergic system might represent a pharmacological target to develop new
treatment for patients with PMS.
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Abstract: Shank proteins are large scaffold proteins located at post-synaptic density (PSD) of
excitatory synapses which have a crucial role in formation, maturation and function of synapses.
It is known that haploinsufficiency of SHANKS is the major cause of neurological symptoms
associated with Phelan-McDermid Syndrome (PMS), which include hypotonia, speech delay and
autistic behaviour. Indeed, we recently demonstrated that SHANKS is essential to mediate
mGlu5 receptor signalling by recruiting Homerlb/c, another scaffold protein, to the PSD
(Vicidomini et al. 2017). In order to better clarify if positive allosteric modulators (PAMs) of
mGlu5 might rescue the synaptic and behavioral alterations of Shank3 KO mice we tested the
ability of VU0409551, a potent and selective positive allosteric modulator of mGlu5 receptor, to
rescue behavioural and synaptic dysfunction in Shank3411 - mice. We found that the acute
treatment with VU0409551 rescues repetitive and stereotyped behaviours, social impairments
and intellectual inflexibility observed in Shank3411 7~ mice. Moreover, we found a specific
reduction of protein translation, measured by SUnSET methodology, in cortex and striatum of
Shank3411 " mice that can be rescued by chronic treatment with VU0409551. In summary our



results suggest that mGlu5 signalling is impaired in Shank3411 - mice and that mGlu5 PAMs
may represent a new pharmacologic approach for ameliorating symptoms of patients affected by
PMS.

Vicidomini C, Ponzoni L, Lim L, Schmeisser M, Reim D, Morello N, Orelanna D, Tozzi A,
Durante V, Scalmani P, Mantegazza M, Genazzani AA, Giustetto M, Sala M, Calabresi P,
Boeckers TM, Sala C, Verpelli C (2017) Pharmacological enhancement of mGlu5 receptors
rescues behavioral deficits in SHANKS3 knock-out mice. Mol Psychiatry 22:689-702.

Disclosures: F. Giona: None. L. Ponzoni: None. S. Landi: None. A. Tozzi: None. M. Sala:
None. G. Ratto: None. C.W. Lindsley: None. C.K. Jones: None. T.M. Bockers: None. C.
Sala: None. C. Verpelli: None.

Poster

116. Autism: Synaptic and Cellular Mechanisms 11
Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM
Program #/Poster #: 116.11/A72

Topic: A.07. Developmental Disorders

Support:  CONICYT PAI 77180077
CONICYT Fondecyt 11180540
NIH-R01-EY014074
HHMI

Title: Role of the autism spectrum disorder associated gene VPS50 in synaptic function

Authors: *F. J. BUSTOS?, H. HAENSGEN?, H. HORVITZ2, M. CONSTANTINE-PATON?;
tUniv. Andrés Bello, Santiago, Chile; 2MIT, Cambridge, MA

Abstract: Introduction: Autism Spectrum Disorders (ASD) are incurable and debilitating
psychiatric syndromes that have a prevalence of 1 in every 50 children every year. Many studies
have tried to identify a single gene that could account for the synaptic defects and phenotype
observed in subjects with ASD. However, to date there are more than 400 genes that have been
associated with high risk for causing ASD. Many of them have not been characterized on their
specific role controlling synaptic transmission. Here we show the functional characterization of
VPS50, an ASD associated gene, that controls synaptic transmission by reducing synaptic vesicle
acidification.

Material and Methods: To infect neuronal cultures, adeno associated viruses (AAV) coding for
CRISPR/Cas9 were designed to specifically knock out VPS50. 7 days after infection deletions in
the genomic sequence were determined, and also changes in expression of VPS50 by Western
blot and RT-gPCR. The genetically encoded probe SyPhy was used to determine synaptic vesicle
acidification. Electrophysiology recordings and calcium imaging were used to determine



synaptic defects of infected neurons.

Results: Our results show that neurons infected with CRISPR/Cas9 targeting VPS50 have indels
in their genomic sequence. These indels produce the KO of VPS50 expression measured by
MRNA and proteins levels. Using SyPhy we determined that VPS50 KO neurons show
decreased acidification of synaptic vesicles. Electrophysiology recordings and calcium imaging
demonstrates that neurons KO for VPS50 display deficient synaptic function.

Discussion: Our findings provide insights into the mechanisms by which an associated ASD
gene produces synaptic defects. We show that disrupting vesicle acidification by VPS50 KO
have severe deficits on synaptic function. We propose that artificially acidifying synaptic
vesicles could recover these deficits.
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Abstract: Neurofibromatosis 1 (NF1), a neuro-cardio-facial-cutaneous (NCFC) syndrome, is a
monogenic disorder caused by mutations in the Nf1 gene, whose protein product, Neurofibromin,
inhibits Ras GTPase activity thereby altering RAS/MAPK signaling. Importantly, RAS/MAPK
signaling is perturbed in multiple conditions associated with autism spectrum disorder (ASD).
NF1 is characterized by café au lait spots, two or more neurofibromas, freckling in the axillary
and inguinal regions, optic gliomas and lisch nodules. NF1 often presents clinically with a co-
morbid diagnosis of intellectual disability (ID) and/or ASD, with the underlying brain
abnormalities and associated cognitive symptoms poorly understood, thus prompting the need for



new assessments. We conditionally deleted (using Nkx2.1-Cre) Nfl from the medial ganglionic
eminence (MGE), an embryonic forebrain progenitor domain that gives rise to a multitude of
cells, including early born oligodendrocytes (OGs), cholinergic striatal interneurons and cortical
GABAergic interneurons (CINs). Deletion of Nf1 resulted in a neurobiological phenotype with
surprising alterations in both OGs and CINs. Our Nf1 model induced persistence of immature
MGE-lineage OGs in the neocortex that prevented later born OGs from occupying the same
regions. Moreover, there was a specific reduction in parvalbumin (PV)-expressing CINs without
any changes in other MGE-lineage interneurons. Notably, post-natal deletion of Nfl in PV+
CINs did not affect their numbers in the cortex, suggesting important roles for Nf1 during
development. These findings report novel insights into the role of Nf1, and potentially
RAS/MAPK signaling, which may underlie associated cognitive symptoms in NF1. Moreover,
these findings may elucidate potential mechanisms and offer interventional therapeutic targets in
ASDs and other RASopathies.
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Abstract: Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by
social communication deficits and restricted behaviors or interests. Several genetic and
environmental factors have been implicated in the pathogenesis of ASD, and genetic variants
identified in ASD patients are identified on genes encoding synaptic proteins. These variations
cause aberrant synaptogenesis and synaptic plasticity, supporting the notion that abnormal
excitatory and inhibitory (E/I) balance is involved in the pathological process of ASD. Maternal
valproic acid (VPA) use during pregnancy has been associated with a higher probability of ASD
in the offspring. Previous studies showed that the VPA treatment caused the abnormal E/I
balance in in vivo and in vitro rodent models, although the pathological mechanism of VPA on
the synaptogenesis remains largely unknown. To clarify the molecules involved in the VPA-



induced abnormal E/I balance, we analyzed the primary neuronal culture obtained from maternal
VPA treated pups. We found an excessive formation of excitatory, but not inhibitory,
presynapses in this culture system. Moreover, the conditioned medium of maternal VPA-treated
neurons contained the aberrant excitatory presynapse organizer activity. To identify the proteins
responsible to this activity, we applied the Secretome Proteins Enrichment with Click Sugars
(SPECs) method (Kuhn et al., EMBO J 2012). In combination with the metabolic glycan
labelling and the click chemistry-mediated biotinylation, SPECS enables us to identify the
secreted proteins at proteome-wide level without contamination of cellular- and serum-derived
proteins. We identified 145 proteins, and then quantitatively compared the secretome profile of
the conditioned medium from maternal VPA-treated primary neurons with that from control
primary neurons. We found that the levels of three proteins were significantly changed in the
medium from the maternal VPA-treated neurons. Currently we are verifying the effects of these
proteins on the excitatory presynapse formation, and the results will be presented
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Title: Autism-linked dopamine transporter mutation alters striatal dopamine neurotransmission
and dopamine-dependent behaviors
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Abstract: The dopamine transporter (DAT), a presynaptic membrane protein, regulates the
temporal and spatial availability of the neurotransmitter dopamine (DA) by rapidly clearing
released DA from the synapse. The precise regulation of synaptic DA by the DAT fine-tunes the
phasic nature of the DA signal, which is required for reward processing and behavioral learning.
Dysregulation of the DA system has been implicated in various neuropsychiatric disorders,
including Autism Spectrum Disorder (ASD). A de novo mutation in the SLC6A3 gene resulting
in a threonine to methionine substitution at site 356 (DAT T356M) was recently identified in an
individual with ASD. Our group sought to determine the impact of this variant from the level of
transporter structure and function to the level of mammalian behavior. Structural modeling
demonstrated that a corresponding mutation in a DAT-homologous transporter promotes an
outward-facing transporter conformation upon substrate binding, a conformation possibly
underlying anomalous DA efflux. We found that this variant supported persistent reverse
transport of DA (i.e. anomalous DA efflux) in transfected cells and hyperlocomotion in
Drosophila melanogaster. Mice homozygous for this mutation (DAT T356M** mice) displayed
significant impairments in the uptake of released DA and reduced total tissue content of DA.
DAT T356M** mice also exhibited a number of behavioral changes corresponding with the
behavioral characteristics of ASD. These behavioral changes included reduced social preference,
repetitive behaviors, and profound increases in spontaneous locomotor activity. Antagonism of
the DAT reduced the observed hyperlocomotion in DAT T356M** animals, suggesting that
DAT-mediated leak of DA may underlie hyperactivity in these animals. Taken together, this
research provides new evidence for a role of DAT dysfunction (specifically anomalous DA
efflux) in the behavioral changes typically associated with ASD and ADHD. Our model suggests
that blockade of the DAT may improve behavior via reduction of DAT-mediated DA efflux.
This work presents the exciting possibility of a potential mechanistic underpinning for the
behavioral changes seen in ASD and ADHD. Future work should seek to determine to what
degree DA dysfunction exists across patients with these neuropsychiatric disorders. Importantly,
this work provides a rigorous model for studying the impact of genetic variants on both
transporter physiology and behavior from the structural to the mammalian level, a task that is
becoming increasingly important with the now-common use of whole exome sequencing in the
clinic and the drive to practice precision medicine.
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Abstract: Autism spectrum disorders (ASDs) are characterized by a range of behavioral and
neurological deficits. In utero exposure to the antiepileptic drug valproic acid (VPA) has been
associated with several teratogenic effects including developmental delay and ASD. A mouse
model of prenatal VPA exposure exhibits ASD-like behaviors such as impaired social
interactions, repetitive behaviors and hypersensitivity. In this study we have investigated
anatomical and physiological alterations in layer 5 pyramidal neurons in primary somatosensory
cortex (S1) in this mouse model. Using a combined approach of two-photon laser imaging and
patch-clamp electrophysiology, we investigated whether dendritic spine phenotype, intrinsic
neuronal excitability, and basic synaptic physiology were altered in the VPA-exposure model.
We tested for changes at two distinct time points: adolescence (P30) and adult (>P90). We found
a decrease in dendritic spine density and spine length at both time points in the VPA model
compared to WT animals. Preliminary findings also indicate dampened intrinsic excitability
associated with a decreased frequency of spontaneous excitatory synaptic events in the VPA
model. Taken together, these data suggest a mechanism of altered morphology and intrinsic
excitability in pyramidal neurons of VPA-treated mice that may contribute to the ASD
behavioral phenotype that persists in adulthood.
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Authors: *M. CUNNIFF, E. MARKENSCOFF-PAPADIMITRIOU, J. L. RUBENSTEIN, V.
S. SOHAL;
Dept. of Psychiatry, Univ. of California, San Francisco, San Francisco, CA

Abstract: PogZ has been identified as a risk factor for autism and intellectual disability — over
25 de novo loss of function mutations have been found in whole-exome sequencing studies.
PogZ is one of many chromatin modifiers that has have been linked to autism susceptibility, but
it remains unclear how mutations in non-specific genetic modifiers result in a consistent
phenotype. We sought to characterize a PogZ mutant mouse in order to identify physiological
alterations in physiology to better understandthat might contribute to aspects of PogZ’s role in
disease etiology. PogZ mice have grossly normal social and cognitive behavior but show a
reduction in specific anxiety-related behavioral measures compared to wildtype littermates,
spending more time exploring open arms in an elevated plus maze. Based on previous work in
our lab and others suggesting a role for communication between the ventral hippocampus
(vHPC) and prefrontal cortex (PFC) in anxiety-related behaviorslooking at the link between
ventral hippocampal-prefrontal cortex synchrony and anxiety,, we recorded local field potentials
from the PFC and vHPC in freely moving mice. PogZ heterozygotes have normal synchrony
between brain regions at baseline but have dampened responses in high anxiety specific
environments which normally elicit anxiety-related avoidance. This suggests that abnormal
communication between the vHPC and PFC may contribute to behavioral phenotypes in these
mice. We are currently To further investigating potential underlying mechanisms using
characterize this connection, we are using brain slice electrophysiology to characterize the
properties of prefrontal neurons as well as vVHPC-mPFC synapses in PogZ mutant mice.record
from PFC pyramidal cells and interneurons in order to characterize their intrinsic properties and
response to ventral hippocampal stimulation.
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Abstract: Microdeletions and mutations in the MEF2C gene cause a neurodevelopmental
disorder termed MEF2C Haploinsufficiency Syndrome (MCHS). Symptoms of MCHS include
core autism symptoms, such as deficits in speech and social reciprocity, and repetitive motor
behaviors. In addition, individuals with MCHS often present with epilepsy, intellectual
disability, sleep disturbances, hypotonia and high pain tolerance. Through mouse models, we aim
to uncover the mechanisms underlying MCHS. Here, we show that MCHS-associated MEF2C
missense mutations cluster in the conserved DNA binding domain, and generation of several of
the patient missense mutations produced in a dramatic reduction in MEF2C DNA binding
affinity. DNA binding-deficient global Mef2c heterozygous mice (Mef2c-het) display numerous
MCHS-related behaviors as well as input-specific reductions in cortical excitatory synaptic
transmission. As a regulator of neuronal synapse development, MEF2C hypofunction in neurons
is presumed to underlie most MCHS symptoms, but MEF2C is also expressed in neuroimmune
cells, specifically microglia. Our ongoing studies suggest critical roles for MEF2C in both
neuronal and neuroimmune populations for behavioral and synaptic phenotypes in a genetic
mouse model of MCHS.
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Abstract: An association between macrocephaly and autism spectrum disorder (ASD) has long
been established. The brain overgrowth prior to most clinical manifestations of ASD suggests
that the mechanisms involved in excessive growth also contribute to the pathogenesis of the
disorder. Neural progenitor cells (NPCs) derived from induced pluripotent stem cells of ASD
individuals with early developmental brain enlargement are inherently more proliferative than
control NPCs. Here, we showed that NPCs derived from ASD individuals with macrocephaly
displayed an altered DNA replication program and increased DNA damage. High throughput
genome-wide translocation sequencing (HTGTS) identified genomic fragile regions in genes in
control NPCs upon replication stress. Intriguingly, ASD-derived NPCs harbored elevated DNA
double-strand breaks in replication stress-susceptible genes compared to control NPCs. Our
results demonstrate that replication-associated genomic instability may cause neurological
dysfunction by disrupting long neural genes linked to neurodevelopmental diseases.
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Abstract: Introduction Inter-individual variations in specific cortical sulci were often reported
but comprehensive sulcal patterns were never studied sufficiently. Further, any study which has
described sulcal variations between the two hemispheres of the same individuals, are scarce in
literature. A variation in the sulcal pattern of brain will create a cortical signature unique to the
individuals which may have important neurophysiological and forensic implications. We have
studied here the inter-individual and inter-hemispheric variations of the cortical sulcal patterns in
human brain. Materials and Methods Fifteen complete human brain specimens along with the
meninges were taken out from the formalin fixed (10%) cadavers following standard dissection
protocol. Dural coverings were sectioned and removed, and arachnoid matter was gently peeled
out from the cortical surfaces for each brain. Further, the specimens were photographed from
superior, posterior and lateral aspects under standardized dimensional settings. Individual sulci
were identified with the help of a standard text book and a neuroanatomy atlas. An image
analyzer software (Image J, from NIH) was used to delineate sulcal patterns in individual images
and to study angular relationship of the specific sulci. The angle between the each of the sulci
(central, pre-central, post-central, and parieto-occipital, intra-parietal, and lateral frontal sulcus)
and the longitudinal fissure, and the superior temporal sulcus and a vertical line passing through
the lateral fissure were measured. For each sulcus mean, range, standard deviation (SD), and
coefficient of variance (CoV= SD/Mean x 100) were calculated from the measurement values (in
degrees). Results Inter-individual and inter-hemispheric variation of the sulcal angles ranged
from SD: 2.32-9.78, CoV: 18.61-77.09% and SD: 2.9-11.17, CoV: 62.44% -106. 9%
respectively. Discussion Our results showed that pronounced variations in the sulcal patterns
existed not only between the individuals but also between the two hemispheres of the same
individuals. The unique cortical sulcal patterns arising of the individual specific variations may
explain their uniqueness in terms of the personality and behaviour. An individual specific sulcal
pattern constructed from the neuroimaging data can be used as a signature for the forensic
identifications. The inter-hemispheric variations in sulcal patterns which indirectly represent
varying white matter arrangement in each hemisphere may explain the distinctive information
processing between two cerebral hemispheres.
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Abstract: We previously created an anatomical monkey brain template, called the National
Institute of Mental Health Macaque Template - or NMT (Seidlitz et al. 2017). The NMT is a
nonlinear average of T1-weighted in vivo MRI scans from 31 adult rhesus macaques. As such, it
is highly representative of the species. Using scripts we provide that register a monkey's
anatomical scan to the NMT, data from individual monkeys can be presented or analyzed in the
NMT space or projected onto its various cortical surfaces. Because CIVET (Kim et al. 2005),
FreeSurfer (Fischl 2012), and other automated cortical surface extraction pipelines were
designed to work on human anatomical scans, making these original NMT surfaces required
extensive manual editing and they were not suited for assessing morphometric properties such as
cortical thickness.

We have now extended the CIVET pipeline so that it can create surface maps of individual
macaque brains (CIVET-Macaque; Lepage et al. 2018) using only a T1-weighted anatomical
MRI. CIVET-Macaque uses an updated, symmetric version of the NMT for registration and
generates high resolution white matter, grey matter and mid-cortical surfaces, with
corresponding nodes and spatially uniform tiling, through a fully automated and open access
pipeline. CIVET also computes various morphological features such as cortical thickness and
curvature. These properties can be evaluated at each node or averaged across nodes belonging to
the same anatomical structure. Each node is anatomically labeled based on our Cortical
Hierarchical Atlas of the Rhesus Macaque (CHARM). Corresponding nodes are directly
comparable between monkeys because, while nodes are positioned according to an individual's
specific morphology, their anatomical location and numbering remains constant. CIVET-
Macaque, in conjunction with the NMT, thus allows macaque neuroimaging data to be evaluated



at the group level or individually both in the volume and on the surface.

We report typical morphological values computed for the surfaces generated by applying
CIVET-Macaque to the symmetric NMT volume itself. Additionally, by generating surfaces for
over 100 macaques, we assess how the metrics of cortical thickness and curvature vary across
subjects and whether they exhibit hemispheric asymmetry. Our quantification of morphological
variance in a large population of macaques makes it possible to identify anatomical
abnormalities in vivo, whether they be naturally occurring or result from a behavioral,
pharmacological, genetic, or other experimental manipulation. These data will also be useful for
studies of macaque brain development and comparisons across primate species.
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Abstract: The process of development of the human brain can be categorized into three distinct
stages including neuronal proliferation, neuronal migration, and cortical folding. The last stage,
cortical folding, starts around the 22nd week of gestation and continues until 2 years of age. By
the end of this stage, the human brain has developed a very complex and convoluted outer
surface. The cortical folding can be portrayed as a biological optimization process aiming to
maximize the cognitive abilities while minimizing the cost of the neuronal network within the
limited skull volume. The driven mechanism of development of the brain is highly dependent
upon the parental genetic background and physical factors that can be assumed to be interrelated.
However, this morphological evolution and the key factors shaping the brain still remain to be
explained. Furthermore, to explore the folding mechanism would also help in the understanding
of abnormal cortical patterns associated with some mental disorders including developmental
delay, autism, and schizophrenia. In this computational study, a finite element analysis is
implemented to predict the emerging morphological patterns of a developing brain as a result of
cortical folding. A two-dimensional, initially smooth, bilayer Finite Element model has been
established to simulate folding patterns based on the differential growth hypothesis. From a
mechanical point of view, the role of mechanical factors on cortical folding, such as the initial



cortex thickness, growth ratio and stiffness ratio between gray and white matter, is investigated
via simulations of volumetric tissue expansion. The results indicate that some mechanical and
geometrical regulators play a role in the ultimate morphological configuration. A few instances
are: smooth surface patterns akin to Lissencephaly would prevail if the subcortex has lower or
equal stiffness than the cortex. Different degrees of folding would depend on initial cortex
thickness and on differences in tissue growth ratios (e.g. the degree of convolution decreases
when the subcortex has a lower growth rate than the cortex).
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Abstract: MacBrainResource is comprised of five collections of histologically processed brain
slides and EM blocks generated over decades of primate research in the laboratories of Drs.
Pasko Rakic and Patricia Goldman-Rakic. These brain materials are now freely available to
researchers worldwide for use in their own research initiatives either by visiting the Department
of Neuroscience at Yale or via web access (for more information, see macbrainresource.org or
https://medicine.yale.edu/neuroscience/macbrain/). To enable researchers to access and analyze
slides from their home institutes, slides are digitized on an “as needed” basis by scanning them
on an Aperio CS2 scanner and uploading these images to the MacBrainResource database. The
requested slides are then made available remotely via free download of the Aperio software
packages, eSlideManager and ImageScope. The image files (svs) can be imported into
commercially available software programs, such as Stereo Investigator (SI, MicroBrightfield,
Williston, VT), that are designed for morphometric and stereologic analyses. For example,
Collection 1 slides features cases in which tritiated thymidine was injected systemically at ages
spanning embryonic day 25 (E25) to adult. Slides from these cases have been processed
autoradiographically to identify newly generated neurons throughout the brain. These slides can
be examined at high resolution using the meander scan feature of Stereo Investigator to map the




distribution of labeled neurons in different brain regions. Collection 4 includes cases of non-
human primates that were prenatally exposed to x-irradiation, as well as sham-irradiated and
non-irradiated control brains. All these brains were processed in a manner compatible for
stereologic analyses; therefore area, volume, cell size and population estimates can be made
using the Cavalieri, nucleator, optical fractionator and optical disector functions of the Sl
software. Remote access to MacBrainResource slides should further enhance the value of this
resource to foster non-human primate research without the cost or need to sacrifice additional
animals.
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Abstract: While sub-cortical structures have been relatively conserved from non-human to
human primates, the cerebral cortex underwent radical changes including massive expansion and
potentially the incorporation of new areas. Previous cross-species comparisons showed that this
expansion involved mainly association systems whereas motor and sensory areas exhibit only
modest differences. Therefore, characterizing the changes in cortical organization and their
impact on sub-cortical structures is crucial for our understanding of mammalian brain evolution.
To characterize cortical organization, we compared resting-state functional connectivity MRI
data of humans and macaque monkeys. First, human and macaque cortices were parcellated
using von Mises-Fisher clustering algorithm (Yeo et al., 2011). Similar to humans, cortical
surface parcellation of macaque cortex shows a stable division to seven networks. We found
similar organization of Visual, Somatomotor, and Limbic cortical networks. However,
association networks diverged, demonstrating limited distal connectivity in macaques. After
characterizing cortical organization, we sought to parcellate the striatum and hippocampus based
on the cortical networks such that each voxel in these regions was assigned to a cortical network.
Parcellation of the hippocampus and striatum demonstrated a differential representation of
association networks within these areas. In humans a larger proportional volume of the
hippocampus and striatum is associated with the Default network relative to the homologue
regions in macaques. Our results demonstrate that the expansion of high-order cortical regions in



the human brain is accompanied by changes in cortico-subcortical connectivity with implications
to the contributions of these regions. We are now modifying the von Mises-Fisher clustering
algorithm to the mouse brain with the aim to evaluate arealization classification changes across
the mammalian class extending it to rodents, a species extensively studied both in the context of
basic research and models of disease.
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Abstract: The claustrum complex, which in primates includes the claustrum and dorsal
endopiriform nucleus, is among the most widely connected forebrain structures. However, its
function(s) remain undetermined, and even its structural organization is poorly understood. We
have recently identified subdivisions of the marmoset claustrum complex based on
myeloarchitectonic and cytoarchitectonic characteristics, and here we describe the patterns of
cortical connectivity derived from post-mortem diffusion weighted tractography obtained from
high field strength (9.4T) magnetic resonance imaging and tract tracing studies with respect to
that compartmentalization. Whole fixed brains from 3 adult marmosets (Callithrix jacchus) were
obtained after the animals were used for unrelated, MARP Animal Ethics Committee-approved
electrophysiological studies. Perfused brains were immersed in proton-free oil and stably
mounted for imaging in a 9.4T/20cm Bruker MRI. Multi-gradient echo images were acquired
using a 40 mm volume resonator and the following imaging parameters: repetition time = 200
ms; echo times = 6, 12, .., 60 ms; field of view = 35.84 x 24.5 x 19.2 mm?3; matrix size = 512 x
350 x 274; and resolution = 70 x 70 x70 um?®. Total imaging time was approximately 16
hours/brain. Results of the imaging studies were compared to previously published connections
from in vivo tract tracing studies performed in our lab using neuroanatomical tracers.
Comparisons were based on seed regions of interest generated from histological reconstructions
of the claustrum complex and cortical injection sites. Differential distribution of claustro-cortical
connections was observed with respect to the subdivisions of the claustrum complex and ‘rich
club’ cortical areas known to be components of major resting state functional networks,
including the default mode and dorsal attention networks. Our findings provide structural
connectivity data which are consistent with recent hypotheses of claustrum-complex involvement
in behavioural process which exhibit modulation of functional networks during behavioural and
attention-dependent tasks.
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Abstract: The midsagittal area of the corpus callosum (CC) is frequently used as a marker of
brain development, connectivity, and function. Previous work in our laboratory has shown, via
MRI quantification, age-related changes in subdivisions of the corpus callosum in capuchin
monkeys, with the genu and splenium displaying continued growth over the lifespan (Phillips &
Sherwood, 2012). Here we quantify myelin characteristics from electron micrographs to more
fully understand differential patterns of white matter development in the CC. Measurements of
myelin thickness, density, and myelin fraction were obtained in a systematic random fashion
from electron microscopy digital photographs of the anterior regions of the CC from infant (n =
2; male n = 2) and adult capuchin monkeys (Cebus apella; n = 2; male n = 1). We hypothesized
that infants would have reduced myelin thickness, myelin density, and myelin fraction of axonal
fibers compared to adults. Measurements were conducted by CMW who was blind to the age and
sex of subjects; validation checks were performed by KAP. In the genu of the corpus callosum,
infants had thinner myelin (M = 0.167 um) than the adult subjects (M = 0.240 um). Similarly, the
subjects had a lower density of myelinated axons (infants: M = 0.376 axons/um? image; adults:
M = 0.534 axons/um? image) and lower myelin fraction (infants: M = 0.056 pm? myelin/pm?
image; adults: M = 0.160 um? myelin/um? image). However, these differences were not
consistent in the rostral midbody of the CC. These results confirm differences in the rate of
development of myelin in the anterior region of the CC.
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Abstract: Dorsal root ganglia (DRG) are components of spinal nerves which contain sensory
neuronal somata and are located bilaterally in the intervertebral foramina of the spinal column.
Recent work has demonstrated the DRG as a potentially advantageous site for neural interface
devices. Clinical interfaces with DRG include electrical stimulation to drive reflex organ
function or reduce pain, and animal models suggest that neural recordings at the DRG can be
used as feedback for medical devices. Any interface with DRG is highly dependent on the unique
anatomy of this neural structure and could benefit from a quantitative description of the location
of their neurons. In this study, we analyzed the anatomy of L4 and L5 DRG collected from
deceased donors through the National Disease Research Interchange (Philadelphia, PA). We
screened and excluded donors for disorders that could affect DRG morphology (e.g.
neuropathies, spinal stenosis, herniations, spinal injuries etc.). After gross tissue measurement
and trimming, DRG were stained (Histowiz Inc., Long Island, NY) for brightfield imaging with a
rabbit monoclonal to neurofilament heavy antibody (Abcam ab40796; for identifying neurons)
and hematoxylin (for co-location of nuclei). Images were processed with a custom MATLAB
graphic user interface (GUI), using validated parameters for thresholding and morphological
transformation. The GUI was used to identify the shape and size of each DRG and nerve fascicle,
as well as the locations and sizes of their constituent axons and neuronal somata. These spatially-
defined elements were normalized to a circular profile for cross-sample density comparisons
based on neuron size. GUI output was also used to produce 3D models of DRG profiles. We
analyzed images from a total of 31 DRG (13 L4, 18 L5), 1-4 each from 10 donors (7 male, 3
female; 7 Caucasian, 2 Hispanic, 1 Black; age 25-59 [47+10]; BMI 24-38 [30+5]). Preliminary
qualitative results indicate that human DRG somata preferentially congregate around the dorsal
outer edge of the ganglion, similar to previous results in feline models. Our ongoing quantitative
analysis will rigorously characterize the spatial organization of cell location and size as well as
the relationship between the two. This is the first time that the microanatomy of human DRG has
been described quantitatively. These results provide a basis for computational modeling and
design of future clinical neural interfaces with DRG.
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Title: Histological analysis of the cerebellum of Polypterus senegalus
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Dept. of Chem. and Biosci., Kagoshima Univ., Kagoshima, Japan

Abstract: Primitive actinopterygian fish has cerebellum as seen in other gnathostoms including
teleost fish but details of their structure including efferent systems are not well understood. Here
we investigated morphology, cellular organization, and efferent systems of the cerebellum of
Polypterus senegalus, most ancestral actinopterygian fish. The Polypterus cerebellum is
subdivided into the valvula, corpus, and auricula cerebelli, and Giemsa stained sections showed
that all of them have typical molecular and granule cell layers. Three-dimensional distribution of
these layers was revealed by higher resolution X-ray micro-CT analysis. Immunohistochemistry
with anti-1P3 receptor 1 antibody, marker of the Purkinje cells, revealed that cell bodies of the
Purkinje cells were not distributed as layered manner and clustered in specific regions especially
in the valvula and corpus. Immunolabeling with some antibodies which were known markers of
the cerebellar neurons were performed for further characterization of cells in the Polypterus
cerebellum. The climbing fibers labeled by anti-parvalbumin antibody did not reach to the cell
bodies and dendrites, and terminated mainly on around initial portion of the axon. Anti-calretinin
antibody labeled cell bodies in the posterior-lateral area of the auricula cerebelli. Retrograde
labelings of cerebellar efferent neurons were also performed by application of carbocyanine dye
in outside of the cerebellum. Labeled cell bodies were observed around the ventro-lateral region
of auricular cerebelli and made the nuclear-like structure. These results indicate that the
Polypterus cerebellum has cerebellar nucleus-like structure as cerebellar efferent system as seen
in the elasmobranch and other tetrapods.
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Abstract: The pineal organ is one of the vertebrate circumventricular organs. It is a
neuroendocrine gland situated in the roof of the 3rd ventricle that regulates circadian and
circannual rhythms through the cyclical release of melatonin. Pineal organ development has been
studied as a paradigm for asymmetrical neurogenesis in zebrafish embryos and for photoreceptor
evolution; however, little is known about the earliest steps of pineal cell fate specification.
Classical fate mapping studies in amphibian and avian embryos suggested that pineal progenitors
originate from the anterolateral border of the neural plate. Using gene expression and cell lineage
mapping in zebrafish we show here that a subset of pineal progenitors originates in the non-
neural ectoderm that borders the neural plate. Gene expression in chick embryos also suggests a
non-neural origin of pineal progenitor cells. Using gain and loss-of-function experiments
targeting the dIx gene family (encoding homeodomain transcription factors that specify the
neural plate border region and that are required for placode formation), we demonstrate that the
non-neural contribution to the pineal organ is placodal. We also show that Fibroblast Growth
Factor signalling from the anterior neural border and midbrain-hindbrain boundary restricts the
pineal progenitor domain to its specific position. These data suggest an underlying similarity of
the pineal organ with the eye and pituitary gland, both of which form through interactions
between neural and non-neural tissues.
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Abstract: The evolutionary process of adaptation to an obligatory aquatic lifestyle made crucial
modifications in cetacean brain structure and function. One of the most important adaptations is
related to their brain size, which is larger than expected for their body size in toothed whales.
This finding led to many comparisons with humans, as it is commonly accepted that cetaceans
evolved these large brains to support complex cognitive capabilities. Nevertheless, the
neuroanatomy of only few toothed whales’ species has been examined to date. For this purpose,
we analyzed the brain morphology and volumetric of Baird’s beaked whale (Berardius bairdii),
one of the largest and rarest toothed whales found in the North Pacific Ocean deep waters. Two
paraformaldehyde-fixed brains (ca. 5000g) were scanned with a 3.0T Siemens system
(MAGNETOM Prisma) scanner in the axial, horizontal and sagittal. The volume of the whole
brain, amygdala, hippocampus, cerebellum, cortex, superior and inferior colliculi, ventricular
system, corpus callosum (volume and mid-sagittal cross-sectional area) and the cortical
perimeter were measured. The results obtained for the external and internal anatomical
organization revealed typical characteristics previously observed in other toothed whales: (1)
brain wider than long; (2) considerable encephalization; (3) the typical odontocete neocortical
gyrification pattern; (4) lack of olfactory bulb and tract; (5) thin cortical grey matter; (6) thin
corpus callosum; (7) large size of many components of the auditory system, e.g. large inferior
colliculus and lateral lemniscus, presumably necessary for echolocation. In addition, the cortical
volume and exposed cortical surface reveal the same scaling relationship as that of a multi-
species data set previous reported. This finding indicates that overall external shape of Baird’s
beaked whale cortex is typical mammalian, despite its unusual detailed shape, large size and high
gyrification level. Nevertheless, further histological and immunohistochemical analysis are
needed to provide a full description of their neuroanatomy (such as cell composition, cell type
distribution, etc.).
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Abstract: African naked mole-rats are eusocial, fossorial rodents that have adapted a tolerance
for hypoxia and hypercapnia which they encounter within their densely populated underground
nests. Previous work has demonstrated that this tolerance in the brain is achieved by both
systemic changes, such as an improved oxygen carrying capacity in blood, and neuronal changes,
such as the preservation of neotenous features and alternative strategies to reduce oxygen
demand. Here, we examined whether naked mole-rats also demonstrate changes to the brain
vasculature to accommodate their environmental tolerance. Brain clearing methods were used
and optimized for India ink perfused brains of naked mole-rats and age matched mice. Cleared
brains were imaged on a custom built light sheet microscope and vascular measurements were
made on 3D reconstructed stacks. This approach consistently produced superior clearing in the
naked mole-rat brain, compared to the mouse brain, confirming it as a suitable model for brain
clearing studies. Gross observations demonstrated a vascular network of major arteries more
similar to the guinea pig than to the mouse. At the microscopic level, naked mole-rat’s cortical
vascular diameter is within a similar range to that of the mouse, but the proportion of the brain
that accounts for vasculature appear to be larger. This initial vascular map of the naked mole-rat
brain may yield important clues to the significant adaptations this species possesses. This work
was supported by NSF CAREER Award 1149446 (to DM).
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Abstract: We wanted to look for differences among orders in the volume fraction devoted to six
different brain structures: hippocampus, striatum, neocortex, schizocortex, thalamus, and
cerebellum. We quantified the volume of each structure and of the whole brain for each species.
We sought to analyze the differences in the volume fractions across orders with an ANCOVA
and use regression to determine any differences among the slopes of lines relating volume
fraction to log10 brain size. PROBLEM: the analyses that we wished to use requires



independent groups and our data points were phylogenetically related.

Our data comes from the Comparative Mammalian Brain Collection, which has images of
coronal sections of 61 different mammals of 5 groups: primates (n = 10), carnivores (n =17),
artiodactyla (n = 8), rodents (n = 7) and Others (n = 19). The others group was included because
we only had three or fewer representatives for certain orders.

We created a phylogenetic tree by using an online tool called PhyloT, which generates a tree
based on data from NCBI using our species. To make the correction, we used the R packages
“ape” and “phytools”, both of which consist of various functions that allow for data analyses in a
phylogenetic framework. The ape package plotted the tree and formatted it according to the
regression model described by Grafen (1989), which essentially equalizes tree branch length.
Next, we computed the expected variances and covariances within and among the variables using
the vcv.phylo function. Using the phyl.resid function from the phytools package, we computed a
multiple regression model, using log brain volume as our beta vector and the covariance matrix
as our X values, solved for Y, and found the residuals.

With the corrected residuals, we ran ANCOVASs using a covariate of log brain size to remove the
effects attributable to brain size. The pattern of results did not vary much between the raw and
corrected volume fraction. Revel (2009) notes that these corrections result in fewer Type I errors,
and we correspondingly found fewer significant results--especially for the log brain covariate.
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Abstract: Ligand-gated ion-channel N-methyl-D-aspartate receptors (NMDARS) are major
excitatory receptors in the brain and have critical developmental and maintenance roles in the
central nervous system. Most studies of recombinant NMDARs have focused on diheteromeric
receptors that contain two copies of GIuN1 and two identical GIUN2 subunits. However, diverse
GIuN2-subunits are expressed in most neurons, and there is strong evidence suggesting many
native NMDARs are triheteromeric assemblies of two GIuN1 and two different GIuN2 subunits
(e.g. GIuN1/GIuN2A/GIuN2D or any other combination). Receptors that contain two different
subunits, such as GIuN2A and GIuN2D, may have unique pharmacological and functional
properties that are distinct from the corresponding diheteromeric assemblies. Elucidating
triheteromeric NMDAR pharmacology has been impeded by limited methods to express
triheteromeric assemblies without diheteromeric receptors in a heterologous system. We have
adapted a strategy using the masking of the endoplasmic reticulum retention signal to selectively
express trineteromeric GIUN1/GIuUN2A/GIuN2D receptors with minimal contribution of
diheteromeric assemblies (“escape currents”) in Xenopus laevis oocytes. We have profiled
expression of GIuN1/GluN2A/GIuN2D receptors and their “escape current” controls over a 5-
day period post injection and found that optimal triheteromeric expression happens on the 4th
day post injection for this triheteromeric combination. Furthermore, triheteromeric
GIuN1/GIuN2A/GIuN2D receptors have distinct pharmacological profile in experiments with
selective and non-selective agonists, endogenous ions (zinc, magnesium), and allosteric
modulators, demonstrated by distinct ECso/ICso values compared to the diheteromeric
GIuN1/GIuN2A and GIuN1/GIuN2D receptors. For example, GIUN1/GIuN2A/GIuN2D receptors
had intermediate ECso values for glutamate and glycine. Interestingly, as seen for other
triheteromeric NMDARS, a single copy of GIUN2A was enough for zinc-mediated inhibition in
GIuN1/GIuN2A/GIuN2D NMDARs. This study will advance our understanding of
triheteromeric NMDAR function and pharmacology, and aid in development of compounds with
therapeutic potential.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) mediate a slow component of excitatory
postsynaptic transmission in the central nervous system, thereby exerting a critical role in
neuronal development and brain function. Here we summarize the clinical presentations for 18
patients harboring 12 de novo missense variants in GRIN1, GRIN2A, GRIN2B that alter residues
in the M2 reentrant loop, a region that lines the pore and is intolerant to missense variation. The
resulting amino acid exchanges are GIuN1 p.Gly618Arg, p.Gly620Arg; GIuN2A p.Leu611Glu,
p.Leu614Ser, p.Asn615Lys; GIuUN2B p.Trp607Cyc, p.Gly611Val, p.Asn615lle, p.Asn615Lys,
p.Asn616Lys, p.Val618Gly and p.Val620Met. These de novo variants were identified in children
with a set of neurological and neuropsychiatric conditions. The pharmacological properties,
biophysical characteristics, and receptor cell surface expression were evaluated in vitro.
Compared to WT receptors, the mutant NMDARs exhibited either no or modest changes in
potency (ECso values) for both glutamate and glycine, as well as no or modest changes in proton
inhibition (percentage current inhibition at pH 6.8 compared with the pH 7.6 using two-electrode
voltage clamp current recordings from Xenopus laevis oocytes. Whole cell patch clamp
recordings and beta-lactamase assays on transiently transfected HEK293 cells indicated that
these variants can have modest changes in synaptic-like response time course and surface
expression. However, functional evaluation showed that all the mutant NMDARs showed



significantly reduced Mg?* inhibition, with significantly increased ICso values and decreased
degree of Mg?* inhibition of agonist-evoked current response. The voltage-dependence of Mg?*
inhibition is significantly reduced in all variants. The NMDARSs hosting a single copy of a
mutant subunit showed a dominant reduction in Mg?* inhibition for some variants. These variant
NMDARs also show reduced single channel conductance, as well as altered open probability.
The data suggest that missense variants increase NMDAR charge transfer in addition to varied
and complex influences on NMDAR functional properties, which may underlie the patients’
phenotypes.
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Abstract: a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPARS) mediate
fast excitatory synaptic signals, and thus are of great significance in nervous system development
and various pathological conditions. Here, we described 24 rare variants identified by next-
generation sequencing in multiple GRIA genes encoding AMPAR subunits in children with
epilepsy and/or developmental delay/intellectual disabilities. The patients’ phenotypes are
summarized and functional properties of the AMPA receptors with these variants are evaluated
in addition to wild type (WT) human AMPA receptors. Identical variants were introduced into
human cDNAs encoding GIuA receptors through the QuikChange methods. cRNA were
synthesized from cDNA and injected into Xenopus laevis oocytes, and two-electrode voltage-
clamp recordings were used to evaluate agonist potency. We studied 24 patients with GRIA
variants, which included 2 GRIA1 variants, 2 GRIA2 variants, 20 GRIA3 variants. Of these 24
patients, 4% (1/24) present with epilepsy and developmental delay/intellectual disability, 8%
(2/24) present with epilepsy without developmental delay/intellectual disability, and 38% (9/24)
show only developmental delay/intellectual disability without seizures. Meanwhile, 4% (1/24) of
the variants are located in the amino terminal domain (ATD), 33% (8/24) are in the agonist
binding domain (ABD), 33% (8/24) are in transmembrane domains (TMD), 29% (7/24) of
variants are in linker regions. Functional evaluation by using voltage clamp to record current
revealed 7 gain-of-function variants (7/24 or 29%) that enhanced glutamate and kainate potency
by 1.5~15-fold, compared to the corresponding WT receptors. We also found 5 loss-of-function
variants (5/24 or 21%) that reduced glutamate and kainate potency by 1.6~51-fold, compared to
the corresponding WT receptors. 5 of the 7 the gain-of-function variants are located in TMD or
the linker regions, and 2 of the 5 loss-of-function variants are located in the linker regions.
Noteworthily, similar phenotypes were associated with both gain- and loss-of-function variants
in the same gene. Overall, our results suggest that AMPAR variants are highly relevant with
epilepsy and developmental delay/intellectual disabilities in children, and the transmembrane
domain or the linker regions were associated with functional variation to a large extent.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are ligand-gated ionotropic receptors
which mediate a slow, calcium-permeable component of excitatory synaptic transmission in the
central nervous system. The NMDARs are encoded by the GRIN gene family. Genetic variants in
GRIN genes are associated with multiple nervous system disorders. In this study we report six
novel GRIN2D variants and one previously-described disease-associated GRIN2D variant in two
patients with developmental and epileptic encephalopathy (DEE). These variants are Ser573Phe
(c.1718C>T, S573F), Val667l1le (c.1999G>A, V6671), Leu670Phe (2008C>T, L670F),
Ala675Thr (2023G>A, A675T), Ala678Asp (2033C>A, A678D), Ser1271Leu (3812C>T,
S1271L) and Arg1313Trp (3937C>T, R1313W). The amino acids affected by the variants are
located in the pre-M1 helix, transmembrane domain M3, and the intracellular carboxyl terminal
domain (CTD). DEE is the unifying phenotype across these patients and the seizure types ranged
from focal seizures, atypical absence seizures, tonic or atonic seizures, to epileptic spasms. We
performed two-electrode voltage clamp current recordings (TEVC) on Xenopus laevis oocytes, in
addition to whole-cell voltage-clamp current recordings and beta-lactamase assay on HEK293
cells to explore the associated functional changes for these variants. Our results reveal that
GIuN2D-A675T significantly enhanced agonist potency by 19-fold for glutamate (ECso: 0.02 uM
vs 0.39 uM for wild type, WT), 3-fold increase for glycine (ECso: 0.04 uM vs 0.12 uM for WT)
and 14-fold increase for D-serine (ECso: 0.01 pM vs 0.14 uM for WT). GIuN2D-A678D



produced a 13-fold increase of glutamate potency (ECso: 0.03 uM), a 2-fold increase of glycine
potency (ECso: 0.06 uM), and a 3.5-fold increase of D-serine potency (ECso: 0.04 uM). By
contrast, the GIuUN2D-S573F, S1271L and R1313W substitutions only modestly decreased of
glycine potency, without changing glutamate or D-serine potency. GIuN2D-S573F, GIuN2D-
L670F, and GIuN2D-A675T reduced the sensitivity to endogenous protons. The GIuN2D-L670F
and GIuN2D-A678D mutant receptors have higher calculated open probability compared to WT
receptors. The GIuUN2D-S573F, A675T, and A678D substitutions significantly decrease current
amplitude. GIuN2D-L670F variant slows current response deactivation time course and
increased charge transfer. All six variants decreased receptor surface trafficking. In addition, we
evaluated a set of FDA-approved NMDAR channel blockers to rescue functional changes of
mutant receptors. This work may shed light on the pathological mechanisms of GRIN2D-
mediated DEE and provide opportunities for precision medicine.
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Abstract: NMDA receptors (NMDARS) are ligand-gated ion channels that assemble into
tetrameric receptor complexes that contain glycine-binding GIuN1 and GIuN3 subunits
(GIuN3A-B) and glutamate-binding GIuN2 subunits (GIuN2A-D). Functional receptors can be
assembled from GIuN1/GIuN2, GIuN1/GIuN3, and GIuN1/GluN2/GIuN3 subunits, although the
functional properties of these latter tri-heteromeric receptors remain enigmatic. Co-assembly of
glycine-binding GluN1 and GIuN3 subunits creates glycine-activated receptors that possess a
strikingly different pharmacological profile than conventional NMDARs that contain GIuN1 and
GIuN2 and require both glutamate and glycine binding to activate. In addition, the GIuN3
subunit has been suggested to influence synaptic development and plasticity. The study of
GluN3-containing receptors has been hampered by the lack of pharmacological tools selective
for the GIuN3 subunit, which would allow dissection of the contribution of this receptor to
neuronal function. We have identified a negative allosteric modulator (EU-1180-438) that is
highly selective for GIuN1/GIluN3 receptors over GIuN1/GIuN2 NMDA, AMPA, and kainate
receptors. The concentration-effect relationship using two-electrode voltage clamp current
recordings indicated that EU1180-438 inhibited GIUN1/3A receptors (co-expressed with GIuUN1-
F484A,T518L) by 72% at saturating concentrations with an 1Cso value of 2.9 uM. GluN1-
FA84A,T518L/GIuN3A receptors showed a comparable glycine potency in the presence and
absence of 30 uM EU1180-438. EU1180-438-induced maximal inhibition of GIuN1-
FA84A,T518L/GIuN3A current response was not altered by increasing glycine concentration,
consistent with a non-competitive mechanism of action. Analysis of the current-voltage
relationship revealed a similar degree of inhibition of the current response by EU1180-438 at all
voltages, which we interpret as evidence that the inhibition does not reflect voltage-dependent
channel block. These data support the idea that EU1180-438 is a negative allosteric modulator.
The compound inhibits neuronal responses mediated by GIuN3A-containing NMDA receptors
recorded from hippocampal slice preparations in the presence of CGP-78608. These findings
demonstrate that structural differences between GIuN3 and other glutamate receptor subunits can
be exploited to generate subunit-selective ligands, which have utility in exploring the role GIuN3
plays in neuronal function.
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Abstract: N-methyl-D-aspartate receptors (NMDARS), ionotropic glutamate receptors, are
comprised of two GIuN1 and two GIuN2 subunits. NMDARs can also be formed by tri-
heteromeric receptors through combination of GIuN1 and two different GIuN2 subunits, and the
expression of these different complexes is both spatially and temporally defined. Genetic
variation in the GRIN2A gene encoding the GIUN2A subunit has been associated with focal
epilepsy and speech disorder with or without cognitive disability. Here, we investigated the
functional effects of a de novo GRIN2A missense variant (¢.1930 A>G; p.Ser644Gly, S644G)
identified in a child with epilepsy, developmental delay, absence of speech, and intellectual
disability. Our in vitro studies using two-electrode voltage clamp recordings on Xenopus oocytes
revealed that the S644G variant enhanced glutamate and glycine potency by 17-fold (0.18 uM vs
3.0 uM of wild type, WT) and 10-fold (0.08 uM vs 0.86 uM of WT), respectively, indicating the
variant receptors can be activated by much low concentrations of agonists. The variant also was
virtually insensitive to endogenous negative allosteric modulators, such as extracellular H* and
zinc. Whole-cell patch clamp recordings of transfected HEK cells suggests that S644G has a
significantly prolonged deactivation time course following synaptic-like glutamate application
by 44-fold (2,129 ms vs 48 ms of WT), and increased charge transfer by 50-fold. The channel
open probability calculated from the degree of potentiation by the sulfhydryl-modifying reagent



methanethiosulfonate ethylammonium (MTSEA) for the mutant receptor was 6.7-fold higher
than that of the WT, and indicates that the mutant channel can generate profound neuronal
depolarization by spending more time in the open state. NMDARSs that contained only a single
copy of S644G showed an intermediate, but significantly enhanced agonist potency and
synaptic-like response time course. Taken together, these data suggest the S644G is a gain-of-
function variant. Homozygous Grin2a-p.S644G knockin mice showed severe spontaneous
seizures, and died between PND15 and PND17. Heterozygotes mice had altered seizure
threshold. Multielectrode array (MEA) analysis from cultured cortical neurons indicated both
mutant heterozygous and homozygous networks displayed significantly increased spontaneous
firing and altered bursting kinetics compared to the WT controls. The influence of this mutation
on sensitivity to FDA-approved NMDAR antagonists was also evaluated, including memantine,
dextromethorphan, and amantadine in vitro and dextromethorphan in vivo to explore potential
rescue pharmacology.
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Abstract: The N-methyl-D-aspartate (NMDA) subtype of glutamate receptor plays a crucial role
in brain physiology and pathogenesis of disorders. Functional tetra-heteromeric NMDA receptor
ion channels can be formed by two GIuN1 subunits and two identical or different non-GluN1
subunits. Recent studies report that GIuN1/2A/2B subunit containing trineteromeric NMDA
receptors are predominantly expressed in the adult cortex and hippocampus. Further
understanding of this complex combination of NMDA receptor subunits is limited by lack of
chemical tools to isolate the GIuN1/2A/2B from the diheteromeric receptors. In the present
study, using two-electrode voltage clamp electrophysiology, we have identified and
characterized a compound (CNS004), which selectively potentiates agonist-evoked recombinant
GIuN1/2A/2B and GIuN1/2B receptor currents, but it has no effect on GIuN1/2A receptors. In
contrast, with a tenfold increase in agonist concentration, CNS004 potentiates GIuUN1/2A while
leaving GIuN1/2A/2B and GIuN1/2B receptor currents unaltered. A whole-cell patch-clamp
electrophysiology assay with rapid solution exchange reveals that co-application of agonist and
CNSO004 inhibits current amplitude in GIuN1/2A, GIuN1/2B, and GIuN1/2A/2B receptors;
however, a prolonged co-application of agonist and CNS004 potentiates the steady state current
in GIUN1/2A/2B receptors. Decay curve analysis indicates a CNS004-mediated increase in
desensitization and deactivation time constants in GIuUN1/2A/2B receptors. These results reveal
an agonist concentration-dependent positive and negative allosteric modulatory effect of
CNSO004 that is selective to GIuUN1/2A/2B over GIuN1/2A receptors. This novel selectivity
pattern will be helpful to separate the native GIuUN1/2A/2B receptors from GIuN1/2A receptors.
Therefore, CNS004 or its future analogs will be helpful in developing clinically useful
GIuN1/2A/2B receptor selective pharmacological agents.
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Abstract: Ligand-gated ion channels are of particular interest to the pharmaceutical industry for
the treatment of diseases from a variety of therapeutic areas including CNS disorders, respiratory
disease and chronic pain. Ligand-gated ion channels have historically been investigated using
fluorescence-based and low throughput patch-clamp techniques. However the development of
the Qube 384 automated patch-clamp system has allowed rapid exchange of liquid and direct
measurement of ion channel currents on a millisecond timescale, making it possible to run HTS
campaigns and support SAR with a functional readout. Here, we have used the Qube platform to
develop an assay against the NR1/NR2A receptor, which is part of the N-methyl-D-aspartate
(NMDA) glutamate receptor family. For this assay we utilized stacked liquid addition which
enabled us to assess the open state kinetics of the channel and to investigate the effects of
antagonists with multiple modes of actions. We observed stable agonist responses for both
NMDA and glycine, with ECso values (2.7 and 42.1 uM, respectively) which compared to
literature values. The assay format was stable over multiple agonist applications and wash
periods, this meant it was suitable for compound testing and sensitive enough to detect
antagonists with multiple modes of action. D-AP-5, a competitive antagonist, inhibited
NR1/NR2A receptors with an I1Cso value of 0.48 UM and the inhibition was stable over six
consecutive agonist/antagonist applications. Whereas, the potency of ketamine, a use-dependent
inhibitor, increased over the six agonist/antagonist applications, I1Cso values of 30.2 uM at
application one, versus 2.7 UM at application six. By utilizing of stacked liquid additions in a
384 automated electrophysiology platform we have created an assay against NMDA receptors
which is suitable for compound testing and sensitive enough to detect different modes of actions.
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Abstract: Excitotoxicity is a major hallmark of many neurodegeneration cases like cerebral
ischemia. Excitotoxicity is caused by accumulation of glutamate in extracellular space leading to
hyperactivation of glutamate receptors such as NMDA receptor. Excessive influx of calcium
following NMDA receptor activation, will eventually activate apoptotic pathways leading to loss
of neurons. Various research shows that regulation of NMDA receptor subunit composition,
localization, surface expression, and activity strongly determine the activation of pro-death or
pro-survival pathways after a course of an ischemic insult. Strong evidence suggests that
differential subunit phosphorylation of NMDAR define receptor activity, downstream signaling
pathways, and localization. NMDA receptor subunit phosphorylation and activity is regulated by
protein phosphatases such as protein phosphatase 1. PP1 obtains substrate specificity by forming
complexes with targeting subunits. Spinophilin, the major PP1 targeting protein in the
postsynaptic density, is known to change phosphorylation state of various substrates via its PP1
binding ability. Our data show that spinophilin can function to decrease both PP1y1 and PP1a
binding to the GIuN2B subunit of the NMDAR in vitro and in vivo. We also demonstrate that,
overexpression of spinophilin attenuated PP1-induced decreases in Ser-1284 phosphorylation on
GIuN2B. Furthermore, we show that global loss of spinophilin alters GIuN2B phosphorylation
and interactome in mouse hippocampus. Taken together, our data demonstrate a unique
mechanism by which spinophilin attenuates PP1y1-dependent dephosphorylation of GIuUN2B at
Ser-1284, a site that has altered phosphorylation in ischemia.
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Title: Pregnane based steroids: A new class of positive allosteric modulators of NMDA
receptors
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are glutamate-activated ion channels
which play a key role in excitatory synaptic transmission. Their hypofunction has been shown to
be implicated in the etiology of neuropsychiatric disorders like autism, intellectual disability, and
schizophrenia. Therefore, positive allosteric modulators of NMDARS, such as some
neurosteroids, may have a favorable effect on these disorders. Experimental data from several
laboratories indicate that steroids with a flat structure at the A/B ring — like an endogenous
steroid pregnenolone sulfate (PE-S) — potentiate NMDAR responses, while steroids with a
“bent” structure — like an endogenous steroid pregnanolone sulfate (PA-S) - inhibit them. The
aim of this study is to characterize the structure-activity relationship underlying the positive
modulatory effect for newly synthetized analogs of PA-S.

We have prepared a set of pregnane analogs in which the ester bond was substituted by a C-C
bond (w5B-pregnan-3a-yl derivatives of carboxylic acids) and assessed their activity at
recombinant GIuUN1/GIuN2B receptors expressed in HEK293 cells using the patch-clamp
technique. The results of our experiments show that analogs with short C3 residues (e.g.
3a5BPA-Carboxylate (200 uM) and 3a5BPA-Acetate (10 uM)) inhibit NMDAR responses
(65+3%; n=5 and 79+3%; n=6, respectively). However, derivatives with elongated aliphatic
chain (3a5BPA-Butyrate (15 uM) and 3a5BPA-Propionate (30 uM)) potentiate the responses
(82+10%; n=7 and 37£1%; n=4, respectively), which is unexpected due to their “bent” structure.
15uM 3B5BPA-Butyrate (35BPA-But) also showed a strong potentiating effect on NMDAR
(190+6%; n=7).

Subsequent analysis of the steroid effect showed that 3B5BPA-But is similar to PE-S in terms of
slow on- and off- kinetics, and disuse-dependence of the effect at GIUN1/GIuN2B receptors.
However, further experiments showed additive effects of both steroids, providing evidence for
distinct binding sites or mechanisms of action. Alanine scanning mutagenesis of the amino acid
residues within outer segments of the transmembrane domains (TMDs) of GIuN1 (Q559A-
V572A; T809A-V825A) and GIuN2B (S555A-1568A; D814-L825A) subunits indicated that
residues which affect the degree of 3BSBPA-But potentiation are located at the interface between
the TMDs TM1and TM4 of both subunits and are different from those which affect PE-S
potentiation.

Our study shows that the newly synthesized pregnane analogs are potent positive modulators of
NMDARs whose effect is mediated by the interaction with the TMDs and indicates new
possibilities for in silico development of new therapeutics.
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Abstract: Introduction: NMDA receptors are glutamatergic ionotropic receptors involved in
excitatory neurotransmission, synaptic plasticity and excitotoxic cell death. Positive allosteric
modulators that increase the activity of NMDARs may provide a therapeutic aid for patients
suffering from neuropsychiatric disorders where NMDARs hypofunction is thought to be
involved, such as intellectual disability, autism spectrum disorders, or schizophrenia. Here, we
report a structure-activity relationship study defining structural features affording positive
modulatory effect. According to the literature, the planar ring structure of the A-5 and 5a-steroids
favors potentiation of NMDARs. Experimental approach: Electrophysiological recordings and
live microscopy were performed on heterologous HEK293 cells expressing GIuN1/GluN2B
receptors. Key results: A series of novel steroidal modulators has been prepared targeting
structural modifications at C-3, C-5 and C-17. First, dicarboxylic acid hemiesters of various
lengths in combination with 5a, A-4, and A-5 have been prepared. Next, a series of compounds
bearing various type of negatively charged C-3 substituents was prepared. Last, isosteric
replacement of pregnane 17-acetyl moiety afforded a series of steroidal carbonitriles bearing
various geometry. The modulatory effect at GIuUN1/GIuN2B receptors was studied. Conclusions:
Novel structural requirements affording novel steroidal positive modulators have been identified.



Moreover, our data suggest that the steroid recognition site(s) bear a high degree of structural
specificity associated with NMDAR function.
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Abstract: N-methyl-D-aspartate receptor (NMDAR) antagonism is a research area with broad
implications to pathological conditions such as Alzheimer’s disease and epilepsy. NMDARs are
excitatory glutamate- and glycine-gated ion channels that are formed by pairing two GIuN1
subunits with two GIuN2 (A-D) and/or GIuN3 (A-B) subunits. NMDAR channels exhibit high
calcium permeability, allowing them to contribute to development and synaptic plasticity, but
also to pathophysiological excitotoxicity. Many NMDAR antagonists, including memantine and
MK-801, are channel blockers, which inhibit by blocking ion flow at a site in the ion channel
(the “deep site”). Glasgow et.al. (2018, Neuropharm 137, 344) recently showed that memantine
can access the deep site via two paths: the traditional channel blocking path from the
extracellular solution, or by associating with a “second site” from which memantine can transit
to the deep site following NMDAR activation. Unpublished work from our lab indicates that the
second site is a reservoir located in the cell membrane; we thus renamed the phenomenon
“membrane to channel inhibition” (MCI). Here we investigate MCI by MK-801 using tsA201
cells transfected to express NMDARSs. To determine whether MK-801 MCI of NMDARs
composed of GIuN1 and GIuN2A subunits (GIuUN1/2A receptors) is voltage dependent we
applied 1 uM MK-801 at either -65 or +35 mV. To ensure that MK-801 could not block
NMDARs from the extracellular solution, we applied MK-801 in the absence of glutamate and
presence of 50 UM APV; washed off both antagonists; applied 1 mM glutamate (all solutions
contained 100 uM glycine); measured the minimum NMDAR-mediated current relative to
control current (Imci/lcon). We found that Imci/Icon at -65 mV (0.38 + 0.04 (n=4)) was
significantly different from Imci/lcon at +35 mV (0.64 + 0.02 (n=3); p = 0.002). Our results
suggest that voltage dependence of MK-801 MCI is weaker than typically observed for channel



block by monovalent blockers. We examined the time course of MCI onset (tm) and found that
v at -65 mV (0.93 + 0.02 s (n=4)) was not significantly different from tv at +35 mV (0.89 £ 0.1
s; (n=3)). While examining NMDAR subtype dependence of MK-801 MCI we found that at -65
mV, Imci/lcon 0f GIUN1/2B receptors (0.30 £ 0.02; (n=3)) was not significantly different from
Imci/lcon Of GIUN1/2A receptors (0.38 £ 0.03 (n=4); p=0.28). The ™ for GIuUN1/2B receptors
(0.93 £ 0.03 s (n=3)) was significantly different from tm for GIUN1/2A receptors (1.20 £ 0.05 s;
(n=3); p=0.02). Finally, we examined MK-801 MCI in neuronal cultures, Imci/lcon at -65 mV was
0.48 £ 0.03; (n=3) and ™ was 1.02 £ 0.03 s; (n=3). Overall, MK-801 MCI has moderate voltage
dependence and slow kinetics.
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Abstract: N-methyl-D-aspartate receptors (NMDARS) are ionotropic glutamate receptors
expressed at nearly all excitatory vertebrate synapses. NMDARSs are key mediators of neuronal
Ca?" influx and play a central role in synaptogenesis, synaptic plasticity, dendritic integration,
and neuronal survival. NMDARs also display impressive functional diversity, with each
NMDAR subtype possessing different biophysical and pharmacological properties, expression
patterns, and signaling partners. Aberrant NMDAR activity is heavily involved in neurological
and psychiatric disorders. Thus, drugs targeting NMDARSs are of great clinical interest. The
NMDAR channel blocker memantine (Mem) is a well-tolerated Alzheimer’s disease medication
and shows promise in treatment of other disorders including ischemia and Huntington’s disease.
Interestingly, Mem displays a strikingly different clinical profile from other NMDAR channel
blockers, most notably ketamine (Ket). This discrepancy could partially result from Mem
preferentially targeting specific subpopulations of NMDARSs distinct from those inhibited by
Ket. We recently reported that Mem, but not Ket, enhances desensitization of GIUN1/2A
receptors (NMDARs composed of GIuN1 and GIuN2A subunits) in a Ca?*-dependent manner,
suggesting that Mem stabilizes a Ca?*-dependent desensitized receptor state. Here we further
investigate the relation between Ca?*-dependent desensitization and the mechanism of action of



Mem. Experiments manipulating free [Ca?*] in the recording pipette revealed that inhibition of
GIuN1/2A receptors by Mem, but not Ket, powerfully depends on intracellular [Ca?*], a
phenomenon we term [Ca?*]-dependent block (CDB). Truncation of the C-terminal domain of
the GIuN1 subunit, a region of the receptor required for Ca?*-dependent desensitization, ablated
CDB by Mem. Furthermore, Mem inhibition of GIuN1/2B receptors shows no dependence on
intracellular [Ca2*]. The subtype specificity and dependence on increased intracellular [Ca*] of
CDB could lead to Mem preferentially inhibiting overactive neuronal subpopulations with
enriched GIUN2A expression. Our results strongly support the hypothesis that Mem stabilizes a
Ca?*-dependent desensitized state of GIUN1/2A receptors and describe a previously unexamined
form of context-dependent NMDAR antagonism.
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Title: Voltage dependence of synaptic NMDA receptor potentiation by exogenous co-agonist
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Abstract: NMDA receptors (NMDARS) are glutamate receptors that also require a co-agonist
for channel opening. The identity of the co-agonist, either glycine or D-serine, is
developmentally and spatially regulated in the brain, and although the co-agonists regulate
synaptic transmission, neuronal function, and synaptic plasticity, their availability at the synapse
remains poorly understood. Though initial studies suggested that the NMDAR co-agonist site is
saturated, later studies have demonstrated that the co-agonist site is not saturated at synapses and
that co-agonist availability may be regulated by activity. Indeed, the co-agonist site has become
an attractive target for drug discovery efforts. However, our understanding of the regulation of
NMDAR co-agonist site occupancy surprisingly remains quite limited and controversial. Indeed,
exogenous application of co-agonists on acute brain slices produces heterogeneous amounts of
NMDAR-EPSC potentiation making firm conclusions regarding saturation state difficult. This
heterogeneity is especially evident with exogenous glycine application, though this is typically
interpreted as being due to synapse-flanking glycine transporters and glycine-dependent



NMDAR endocytosis. However, D-serine application has also produced heterogeneous
potentiation indicating that more complex mechanisms are at play. Here we report an additional
complexity - exogenous D-serine application on voltage-clamped CA1 pyramidal neurons of P60
mice potentiates NMDAR-EPSCs at negative but not positive holding potentials.

Disclosures: J.M. Wong: None. E.V. Barragan: None. J.A. Gray: None.
Poster

118. lonotropic Glutamate Receptors: Pharmacology

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM

Program #/Poster #: 118.15/B21

Topic: B.02. Ligand-Gated lon Channels

Title: NYX-783, a novel NMDAR modulator, rescues the detrimental effects of encephalitis-
causing anti-NMDAR antibodies on GIuN2B-NMDAR expression in vitro

Authors: *M. E. SCHMIDT?, S. U. SAHU?, R. A. KROES'?, M. BLAAGJERG®*, E.
COLECHIO!, T. BHATTACHARYA! J. R. MOSKAL'?;

LAptinyx Inc., Evanston, IL; 2Northwestern Univ., Evanston, IL; *Odense Univ. Hosp., Odense,
Denmark; “Univ. of Southern Denmark, Odense, Denmark

Abstract: N-methyl-D-aspartate receptors (NMDARS) are ionotropic glutamate receptors found
in the central nervous system (CNS) and are critical for synaptic plasticity processes underlying
numerous cognitive functions, including learning and memory. Loss of NMDAR function is
implicated in many psychiatric and CNS disorders, including anti-NMDAR encephalitis
(ANRE). Symptoms of ANRE begin with severe psychiatric problems and progress to seizures,
movement impairments, and autonomic dysfunction. ANRE is an autoimmune disorder caused
by the production of antibodies against the obligatory GIuN1 subunit of the NMDAR. Binding of
anti-GluN1 antibodies to the NMDAR leads to receptor internalization and thereby a reduction in
functional NMDARSs. Although ANRE can be treated with various immunotherapies, many
patients have persistent cognitive deficits. Here we show that NYX-783, a small molecule
NMDAR modulator, enhanced long-term potentiation (LTP) in rat hippocampal and medial
prefrontal cortex (mPFC) slices, as well as improved rats’ performance in the novel object
recognition (NOR) paradigm. Proteomic analysis of rat mPFC found that NY X-783 increased
GIuN2A- and GIuN2B-NMDAR expression in the post-synaptic density. Similarly, in HEK cells
expressing recombinant NMDARs, NY X-783 increased GIuN2B-NMDAR surface expression.
Given the effects of NYX-783 on NMDAR-dependent synaptic plasticity, NOR performance,
and NMDAR surface/synaptic expression, we sought to determine whether it could rescue
NMDAR internalization in response to anti-GluN1 antibody exposure. In HEK cells expressing
recombinant GIuN2B-NMDARs, 45min incubation with either ANRE patient IgG or CSF
decreased GIuUN2B-NMDAR surface expression. Without treatment, these expression levels



remained low until 2 hours following antibody removal. In contrast, incubation with NYX-783
after antibody removal resulted in normalized NMDAR expression within 30min of NY X-783
application. In summary, NYX-783 can enhance ex vivo LTP, improve learning, increase
NMDARs at the synapse in vivo, as well as restore lost NMDARSs to the surface following
ANRE patient antibody exposure. Altogether these data support the further investigation of

NY X-783 for the treatment of ANRE.
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Title: Ketamine selectively enhances AMPA neurotransmission onto a subgroup of identified
serotoninergic neurons of the rat dorsal raphe
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Abstract: It is now well established that the non-competitive NMDA antagonist ketamine is
effective as a quickly acting antidepressant that can be used in selected clinical situations.
However, its mechanism(s) of action is (are) not well understood. One region where an effect of
the drug would make great sense is the dorsal raphe. Indirect evidence also points to the
possibility of an enhanced excitability of serotoninergic (5HT) neurons in this area. We set out to
directly test this hypothesis using whole-cell patch clamp recordings in brainstem slices from
juvenile (P21-P30) rats. We used a conventional bicarbonate-based Ringer and a KCI-based
intrapipette solution. This allowed us to discriminate presumed 5HT from non-5HT neurons.
5HT neurons were identified as cells generating an outward current > 30 pA in voltage clamp at -
60 mV during superfusion of 100 nM of the 5HT1a agonist 8-OH-DPAT (calculated Ex was = -
93 mV). Voltage clamp experiments were performed to test ketamine’s effect on SEPSCs in the



presence of 10uM gabazine and 1 uM CGP55845. We found that 10 uM racemic ketamine
markedly enhanced fast AMPA EPSCs (both amplitude and frequency) in about half of 5SHT
neurons (N total = 18). This effect was very spectacular in some neurons, where « barrages » of
EPSCs were observed during ketamine. The 8-OH-DPAT-induced currents had a similar
amplitude in both ketamine-sensitive and insensitive neurons. On the other hand, SEPSCs
observed in non-5HT neurons were unaffected (N = 6). The effect of ketamine was shared by the
racemate of its metabolite 2,6-hydroxynorketamine (HNK). In current clamp recordings, both
ketamine and HNK increased the firing of 5SHT neurons in whole-cell recordings when AMPA,
NMDA, GABAAa and GABAGs receptors were blocked. However, this effect was not observed in
extracellularly recorded S5HT neurons from adult rats (using 10 uM phenylephrine to boost their
pacemaking). Additional experiments are in progress to resolve this issue. In conclusion, both
ketamine and HNK robustly enhance AMPA EPSCs onto a subgroup of pharmacologically
identified 5HT neurons. It remains to be determined whether this subgroup projects to specific
targets, given that subpopulations of DR 5HT neurons have been shown to have specific and
non-overlapping projections (Ren et al., Cell 175, 472-487, 2018).
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Abstract: 17p-estradiol (E2) acutely potentiates hippocampal CA3-CA1 synapses via largely
independent pre- and postsynaptic mechanisms. Although E2-induced potentiation is similar in
magnitude between males and females, the underlying molecular signaling is strikingly different.
We previously reported sex differences in the requirements of estrogen receptor subtypes,
calcium sources, and protein kinase A to induce this potentiation. To determine where these
distinct signaling mechanisms converge to produce similar potentiation, here we investigated
mechanisms underlying the postsynaptic component of E2-potentiation. Using whole-cell
voltage clamp recording and glutamate uncaging in acute hippocampal slices from adult rats, we
confirmed that E2 acutely potentiates 2-photon evoked excitatory postsynaptic currents



(2pEPSCs) at a subset of synapses in both sexes. In females, E2 potentiated 2pEPSCs by
83+11% in 37 of 78 spines on 18 cells and, in males, by 88+8% in 33 of 54 spines on 12 cells
(n.s.).

To investigate whether postsynaptic potentiation is due to increased AMPAR conductance and/or
AMPAR number, we performed conventional and peak scaled non-stationary fluctuation
analysis (cCNSFA and psNSFA) on the decay phase of 2pEPSCs in all spines with >18 events in
both baseline and E2 conditions. In females, cNSFA estimated that AMPAR conductance
increased in 13 of 17 E2-responsive spines (76%), by 101+24%, whereas in males, cCNSFA
estimated that conductance increased in only 8 out of 20 (40%) responsive spines, by 117+28%
(Fisher’s exact test, p=0.04). Subsequent psNSFA on the same spines showed that responsive
spines increased in either AMPAR conductance or number, but not both. psNSFA confirmed the
increases in conductance observed with cNSFA, and also showed that AMPAR number
increased in the other E2-responsive spines where conductance did not increase; psNSFA
estimated that AMPAR number increased by 125+35% in females (n=4) and by 127+26 % in
males (n=12). In E2 non-responsive spines (females n=12, males n=10), neither cNSFA nor
psNSFA indicated changes in AMPAR properties with E2 treatment. Overall, this study
demonstrates that: (1) E2 potentiates excitatory synapses through both increased AMPAR
conductance and AMPAR number, but that individual synapses show one or the other change
and not both; and (2) whereas increased AMPAR conductance and number occur in roughly
equal proportions in males, increased AMPAR conductance predominates in females. Thus the
distinct molecular signaling that underlies synaptic potentiation in males and females leads to
distinct patterns of AMPAR modulation that produce similar magnitude synaptic potentiation.
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Abstract: The spatio-temporal organization of neurotransmitter receptors in the postsynaptic
membrane is a fundamental determinant of synaptic transmission and thus information
processing by the brain. lonotropic AMPA glutamate receptors (AMPAR) mediate fast
excitatory synaptic transmission in the central nervous system. Using a combination of high
resolution single molecule superresolution imaging and tracking techniques, we have established



that AMPARs are not all stable in the synapse as thought initially, but in large part undergo
continuous entry and exit to and from the post-synaptic density through lateral diffusion. The
other fraction of AMPAR are highly concentrated inside synapses into a few clusters of around
seventy nanometers. These results have opened the new possibility that glutamatergic synaptic
transmission is controlled by the regulation at the nanometer scale of the position and
composition of these highly concentrated nanodomains. The dynamic exchange of AMPAR
within the PSD and between synaptic and extrasynaptic sites is highly regulated by neuronal
activity. We have demonstrated that AMPAR conformation strongly impacts their mobility,
desensitized receptors being more mobile than naive ones. This property likely explains how
post-synaptic AMPAR receptor mobility can regulate short term synaptic plasticity, a feature
previously ascribed to pre-synaptic mechanisms. Recently, using new methods to exogenously
control AMPAR surface diffusion, we have demonstrated that AMPAR surface diffusion directly
controls the establishment of long term synaptic plasticity. We will now present a series of new
results that 1) establish a link between regulation of AMPAR surface diffusion and changes in
short term plasticity during Long Term Depression, 2) expand the role of AMPAR surface
diffusion to synaptic plasticity in vivo and 3) present how controlling AMPAR surface
trafficking can provide insight into the implication of synaptic plasticity in various learning
paradigms.
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Abstract: L-type voltage gated Ca?* channels (LVGCC) are integral membrane proteins that
modulate the influx of Ca?" into excitable cells in response to membrane depolarization. In the
brain, Cav1.2 is the most abundant LVGCC and accounts for ~89% of LVGCCs. Cav1.2 has been
shown to couple Ca?* currents to transcriptional regulation, playing an important role in dendritic
development, synaptic plasticity, neuronal survival and learning and memory. The Cav1.2 protein



complex is an assemblage of three different subunits, with the main pore forming subunit, a1C,
being encoded for by CACNA1C. Functional mutations within exon 8 cause Timothy Syndrome,
which is characterized by heart defects and autism spectrum symptoms, likely resulting from a
gain of function mutation. Additionally, GWAS studies have linked several SNPs within
CACNA1C, most of which are found in intron 3, to bipolar disorder, schizophrenia and major
depressive disorder, which are thought to be a result of alterations in transcriptional regulation.
Changes in expression of Cav1.2 have also been linked to Alzheimer’s disease (AD) and its well-
supported hypothesis that calcium dysregulation contributes to AD pathology. It has been shown
that APP interacts with Cav1.2, and complete loss of APP results in a substantial increase in
Cav1.2 in GABAergic neurons, and a comparable increase in Ca* currents.

While it is clear that changes in the CACNALC sequence and Cav1.2 expression are associated
with several disease states, and there has been a significant amount of work demonstrating the
loss of Cav1.2 produces a number of behavioral and affective phenotypes, little effort has been
made to understand the impact of increased expression. Therefore, we have created a novel line
of transgenic mice that over express Cav1.2, which contains an HA tag allowing us to detect the
exogenous protein expression. Expression of the transgene is driven by the CAG promoter, and
contains a Lox-Stop-Lox cassette upstream of the cDNA sequence, allowing us to control its
expression using cre-recombinase.

In preliminary behavioral studies, mice with pan neuronal expression of the transgene have a
decrease in anxiety-like behaviors, as measured by an increase in the amount of time spent in the
open arms of the elevated-plus maze and the open sides of the zero maze when compared to
controls. Additionally, they have a deficit in contextual associative learning, as assessed by
Pavlovian fear conditioning. These mice do not appear to have any deficits in motor coordination
or locomotor activity when assessed in the open field and rota-rod tasks. These results are
consistent with previous studies associating CACNALC with affective disease states.
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Title: Endoplasmic reticular junctophilin proteins maintain a Cavl.3-RyR2-KCa3.1 tri-protein
complex at ER-PM junctions in hippocampal pyramidal neurons
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Abstract: Extracellular calcium entry mediated by plasma membrane (PM) L-type voltage gated
calcium channels (Cavl family) and endoplasmic reticular (ER) internal calcium release by
ryanodine receptors (RyR) plays a vital role in controlling the firing pattern of hippocampal
pyramidal neurons. Our recent work reported the assembly and functional coupling of a tri-
protein complex of L-type Cav1.3 channel, intermediate conductance calcium-activated
potassium channel (KCa3.1) and ER-localised RyR2 channels in generating a slow
afterhyperpolarization (SAHP) in hippocampal pyramidal neurons. However, the molecular
details of this multiprotein assembly have not been characterized. With the use of stochastic
optical reconstruction super-resolution microscopy (STORM) and FRET to detect protein-
protein interactions we found ER junctophilin (JPH) proteins forming close associations with
members of the Cav1.3-RyR2-KCa3.1 complex. STORM imaging (30-40 nm precision) of
dissociated hippocampal neurons in TIRF mode (100-150 nm) revealed overlapping nano
clusters of JPH 3 & 4 proteins with clusters of subunits of the Cav1.3-RyR2-KCa3.1 complex.
Further, FRET was observed between all members of the Cav1.3-RyR2-KCa3.1 complex with
JPH 3 & 4. As JPH proteins are found at the site of ER-PM junctions we expressed the ER-PM
junctional marker MAPPER-GFP in hippocampal neurons with subunits of the Cav1.3-RyR2-
KCa3.1 complex. STORM demonstrated close apposition between MAPPER-GFP and members
of the Cav1.3-RyR2-KCa3.1 complex, suggesting localization at ER-PM junctions. Treatment of
hippocampal neurons with shRNAs against JPH 3 &4 dissociated the multi-protein complex and
also abolished the SAHP. Further infusion of CA1 pyramidal neurons in the slice preparation
with JPH 3 & 4 antibodies decreased spike accommodation and increased spike frequency in
current clamp mode and in voltage clamp mode the infusion of JPH 3 & 4 antibodies resulted in
a decrease of SAHP current. These data establish a tight association and functional coupling
between JPH proteins and the Cav1.3-RyR2-KCa3.1 complex at ER-PM junctions to trigger
activation of the hippocampal SAHP.
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Abstract: Neuronal L-type calcium channels of the Cav1.3 subclass are multisubunit complexes
composed of the pore-forming Cavaa subunit and auxiliary Cavoz2o and Cavp subunits. It is
acknowledged that the pacemaker activity in the adult substantia nigra depends on the L-type
channel activity. Likewise, experimental evidence suggest that altered function of Cav1.3
channels may play a role in the progress of the neurodegenerative mechanisms implicated in
Parkinson's disease (PD), including a dysregulation of channel expression levels associated with
mitochondrial oxidative stress. In addition, Cav1.3 channel antagonists have been described as
potential therapeutic tools for PD. Although Cav1.3 channel expression is precisely regulated, an
increased level of L-type channel expression has been observed in aged animals that could be
related with alterations in the synthesis and/or degradation processes. In a previous report, by
using a combination of biochemical and functional analyses, we showed that Parkin, an E3
enzyme of the ubiquitin-proteasome system (UPS), may interact with the neuronal Cav2.2
channels promoting their ubiquitin-mediated degradation. On the other hand, a role for Parkin
mutations in the early-onset autosomal recessive and sporadic PD has been also described
previously. Therefore, the present report aims to gain insights into the possible degradation
mechanisms of the neuronal Cav1.3 channel protein by the UPS. First, immunoprecipitation
assays demonstrated the interaction between Parkin and the Cav1.3 channels heterologously
expressed in HEK-293 cells and in neural tissues. Parkin overexpression led to a reduced level of
total and membrane protein, and a decrease in the Cav channel current density. Patch clamp
recordings performed in the presence of MG132 prevented Parkin effects suggesting enhanced
channel proteasomal degradation. In addition, the half-life of the Cav1.30u protein was
significantly reduced by Parkin. Together, these results suggest that Parkin may promote the
proteasomal degradation of the Cav1.3 channel, which might be related, at least in part, to the
pathophysiology of PD.
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Abstract: Gain of Cav1.3 L-type Ca?* channel function has previously been identified as the
disease-causing mechanism of de novo CACNA1D missense mutations in individuals with a
broad neurodevelopmental disease spectrum (autism spectrum disorder with and without
neurological and endocrine symptoms). Demonstration of characteristic gain-of-function gating
changes for newly identified rare missense mutations in patients with severe neurodevelopmental
disorders can therefore strongly support their pathogenic role. We investigated if such
CACNALD mutations occur in patients previously sequenced in the Deciphering Developmental
Disorders Study (DDD-S).

Among the validated DDD-S de novo single nucleotide variants (SNV) we identified the
CACNALD SNV S652L (not reported in gnomAD, gnomad.broadinstitute.org) in a patient
(#262954) with delayed speech and language development and global developmental delay.
S652L has not been classified as disease mutation in DDD-S. C-terminally long (WTL) and short
(WTs) wild-type and S652L Cav1.3 al subunits were co-expressed together with f3 and 026-1
subunits in tsA-201 cells and Ca?* or Ba?* currents (15 mM) were measured using the whole-cell
patch-clamp technique.

For WTL and WTs mutation S652L significantly shifted the voltage-dependence of activation
(Vos.act) and steady-state inactivation (Vos,inact) to more negative potentials (13-17 mV),
significantly increased window currents at subthreshold voltages, slowed tail currents and
increased Ca®" entry during action potential-like stimulations (10 Hz trains). Inclusion of
alternative exons 11 or exons 32 caused significantly more negative Vosact (3 mV) and Vo5 inact
(6 mV) in WTs without preventing gating changes of the mutation. In contrast, missense variant
S652W, which has been identified in three unrelated apparently healthy individuals, shifted
Vo.5,act and Vos,inact t0 more positive voltages.

By demonstrating typical gain-of-function gating changes for S652L we identify its disease-
causing role for this patient with a severe neurodevelopmental disorder. Pathogenicity is not
observed for S652W, which reduces activation voltage-sensitivity of Cav1.3. Therefore, the
prediction of the pathogenicity of CACNA1D mutations also has to consider the amino acid
change and not only the amino acid position alone. Moreover, we identify exons 11 and 32 as



determinants of the characteristic low-voltage activation of Cav1.3 channels.
Patients carrying the S652L or other gain-of function mutations may benefit from treatment with
already available L-type Ca?* channel blockers, such as felodipine.
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Abstract: Spontaneous firing and exocytosis of midbrain neurons has been recently addressed
by means of Micro-Graphitic Multi Electrode Arrays (uG-SCD-MEAS) (Tomagra et al., Front.
Neurosci, 2019). When used as potentiometric biosensors, uG-SCD-MEAs can resolve action
potential firing of cultured midbrain neurons (14 DIV) in the range of 0.7 to 7 Hz with high
signal-to-noise ratio and also assay the different modulatory pathways induced by levodopa (L-
DOPA, 20 uM). When used as amperometric biosensors, uG-SCD-MEAs can reveal multisite
dopamine release from different dopaminergic (DA) neurons that occurs at a basal mean
frequency of 0.11 Hz and increases 4-fold when cells are depolarized by 30 mM KCI.

As the complexity of responses revealed by uG-SCD-MEAs may arise from the interaction of
different neuronal populations, we undertook a detailed electrophysiological study on isolated



DA neurons, identified by their TH-GFP positive staining, with the aim of investigating the ionic
basis of cell firing and their coupling to dopamine release.

Here we report that L-type calcium channels play a significant role in sustaining the firing
activity of DA neurons. In current-clamp conditions, 3 uM nifedipine was sufficient to reduce
the spontaneous firing frequency by approximately 60-70% and the AP peak amplitude by 15%.
The relative contribution of L-type versus nifedipine-insensitive currents in action potential
generation was estimated using action potential clamp commands. Concerning the detection of
the secretory activity from isolated dopaminergic neurons (7 DIV), somatodendritic release of
dopamine and Ca?*-dependence of secretion were measured by means of depolarization-evoked
membrane capacitance increases, using pulses of increased duration (10-300 ms). Under these
conditions, secretory responses increased up to 57 fF. This value was confirmed by double-pulse
protocols that allowed to estimate the mean size of the ready releasable pool (~65 fF; RRP).
Three-fold potentiation of the RRP occurred following incubation with L-DOPA, while the
treatment had no effect on the quantal charge flowing through Ca?* channels.
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dendrites
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Abstract: Neurons perform a remarkable range of tasks by altering their physiology as a result
of external stimuli. Excitation-transcription (E-T) coupling is the process by which neurons alter
their gene expression in response to these inputs. The most important effector of E-T coupling in
neurons is calcium- and cAMP response element binding protein (CREB), a transcription factor



whose role in learning and memory has been firmly established in numerous organisms. L-type
voltage-gated calcium (Cavl) channels are critical for several forms of neuronal plasticity largely
because of their privileged role in regulating CREB. This privilege stems from Cav1 channels’
special relationship with important downstream signaling molecules, such as calcium/calmodulin
(CaM)-dependent kinase 11 (CaMKII). Though the importance of E-T coupling in neuronal
plasticity is well established, the process by which it is initiated remains poorly understood.
Specifically, it is unclear where on the cell membrane molecules like Cav1 channels initiate this
process, a question that in turn determines the types of stimuli capable of altering neurons’
genetic program.

To better understand the initiation of E-T coupling, we investigated the spatial profile of Cav1
channel activity and the biochemical mechanisms Cavl channels use to control signaling to
CREB in the nucleus. First, we show evidence that miniature excitatory post-synaptic potentials
(mEPSPs) are capable of driving CREB activation in the absence of action potentials and require
Cav1 channels and N-methyl-D-aspartate receptors (NMDARS) to do so. We isolated the
activation of Cav1 channels at specific anatomical regions of the neuronal membrane to show
that Cav1 channels can signal to the nucleus from dendritic spines. We then tested Cav1
channels’ ability to act in concert with NMDARs. We pharmacologically isolated calcium flux
through Cav1 channels from its voltage dependent conformational signal (VDC) and found that
Cavl VDC can synergize with calcium influx through NMDARSs to signal to activate CREB via
CaMKII. Finally, we provide evidence that synergy between Cavl channels and NMDARSs is
exaggerated in a mouse model of Timothy Syndrome, a genetic form of autism spectrum
disorder, resulting in an exaggerated CREB response to synaptic activity. Together, these results
suggest that Cav1-mediated E-T coupling can begin from the dendritic spine and is based on the
interplay between several local signals with important implications for neurons’ ability to
convert synaptic inputs into changes in gene expression.

Disclosures: N. Mandelberg: None. S.D. Sun: None. B. Li: None. R.W. Tsien: None.
Poster

119. Calcium Channels

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM

Program #/Poster #: 119.07/B31

Topic: B.04. lon Channels

Support: NIH Grant R37AG008796
NIH Grant RF1IAG017139

Title: Effects of cyclopiazonic acid (CPA) on total calcium accumulation observed in apical
dendrites of CA1 pyramidal neurons from young adult and aged rats



Authors: T. S. JEFFERSON, J. F. DISTERHOFT, *M. M. OH;
Physiol., Feinberg Sch. of Medicine/Northwestern Univ., Chicago, IL

Abstract: The increase in the postburst afterhyperpolarization (AHP) of CA1 pyramidal neurons
has been hypothesized to be a main source of the learning and memory impairments observed in
aging subjects (Disterhoft & Oh 2006). The postburst AHP is mainly comprised of Ca?*-
dependent potassium conductances and thus is triggered by a rise in cytosolic Ca?* levels
([Ca?*]). Hence, many studies have shown that the postburst AHP is significantly reduced by
blockade of L-type voltage-dependent Ca?* channels (LVCC) and of Ca?*-induced Ca?* release
(CICR) in CA1 pyramidal neurons (reviewed in Disterhoft & Oh 2006, 2007). In addition,
increased LVCC activity (Thibault & Landfield 1996) and larger CICR capacity (with use of
cyclopiazonic acid (CPA) or ryanodine: Kumar & Foster 2004; Gant et al. 2006) have been
suggested in CA1 neurons of aged animals. We have provided Ca?*-imaging data that
demonstrated Ca?* influx is enhanced in CA1 neurons from aged rats (Oh et al. 2013). However,
it remains unclear if the reductions in the postburst AHP following blockade of LVCC or CICR
are due to reduced [Ca?*]. Hence, the present study was designed to address the relative
contribution of CICR (by bath application of CPA) to the rise in cytosolic Ca?* levels evoked
with trains of action potentials (APS).

Hippocampal slices were prepared from young adult (3-4 mo) and aged (27-30 mo) male
F344xBN rats. Whole-cell current clamp and Ca?*-imaging (Oregon Green BAPTA-6F and
Alexa 594) data evoked with 100Hz AP trains were collected using a custom built 2-photon laser
scanning microscope system before and 20 min after 10pM CPA was added to the perfusate. Our
preliminary data suggest that bath application of CPA increased evoked [Ca?*] by ~15% in
young adult (n=5) and ~20% in aged (n=6) CAL1 neurons. Vehicle control resulted in similar
increase in [Ca?*] (~10%) in both young adult (n=15) and aged (n=9) CA1 neurons. These
preliminary findings are surprising and contrary to the suggested reduction of [Ca?"] by
antagonizing SERCA function with CPA.

Ongoing studies are designed to explore the contribution of LVCCs to the total Ca?* rise evoked
with AP trains. In addition, potential learning- and aging-related differences in the contribution
of LVCC and CICR to the total Ca?" rise are also being examined.
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Title: Expression and localization of P/Q type calcium channel Cav2.1 in iron-induced
experimental epilepsy
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Abstract: Epilepsy is a chronic neurological disorder characterized by the occurrence of
spontaneous and recurrent seizures. The importance of Ca2* currents in seizure generation and
the establishment of epilepsy are well known. VVoltage-gated calcium channels are important for
signal transmission in neurons. Cav2.1 is dominant and most effective calcium ion channel in
triggering action potential-evoked release at synapses. Thus, the present study was executed to
explore the expression and localization of Cav2.1 in epilepsy. Rats were made epileptic by
intracortical injection of FeCls. Epileptic seizures were confirmed by analyzing
electroencephalographic and multiple unit activity recordings after 30 days of FeClsinjection.
Next, we evaluated the mRNA and protein expression of Cav2.1 using real time-PCR and
western blot analysis. Localization and protein expression was also confirmed by
immunofluorescence analysis respectively. Our results demonstrated the occurrence of discrete
epileptiform episodes and concurrently increased MUA counts. The mRNA and protein levels of
Cav2.1a were down-regulated in the cortex and hippocampus of epileptic rats. Moreover, these
changes were more in the hippocampus region as compared to the cortex. The study also
demonstrated that Cav2.1 channels were dominant in the presynaptic neurons which were the
sites with higher changes in neurons. In conclusion, the study indicates that expression and
localization of Cav2.1 might be an important mechanism for the modulation of neuronal
functions in epilepsy. Thus, targeting Cav2.1 expression may provide a new therapeutic strategy
for the treatment of epilepsy.
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Abstract: Presynaptic Cav2.2 are activated by action potentials, and their calcium current
induces neurotransmitter release. In this context, the regulating of Cav2.2 activity is critical, and
one of the most important mechanisms for doing so is through G-protein coupled receptor
(GPCR) activity. Two members of GPCRs able to modulate Cav activity are the ghrelin receptor
(GHSR) and the dopamine receptor type 2 (D2R). We have previously demonstrated that GHSR
constitutive activity reduces Cav2.2 trafficking to the plasma membrane and that ghrelin-induced
GHSR activity inhibits Cav2.2 current. On the other hand, dopamine-induced D2R activity also
inhibits Cav2.2 current. It has been recently shown that D2R and GHSR are able to hetero-
dimerize in hypothalamic neurons. Here we explore how co-expression of GHSR and D2R
modulates the effect that each GPCR has individually on Cav2.2. We found that GHSR-D2R co-
expression increases the basal inhibition of Cav2.2 by GHSR constitutive activity, since less
GHSR is needed to reduce Cav2.2 current when D2R is co-transfected. We tested if this effect is
trough GHSR constitutive activity using as a tools an inverse agonist SPA (Substance-P analog)
and a mutated version of GHSR (A204E) lacking of constitutive activity, and we were able to
occlude the inhibitory effect. Next, we explore the signaling cascade implied in this effect on
Cav2.2 and we found that co-expression of a Gg dominant negative mutant or co-expression of t
Gpy buffer peptide (Mas-GRK2-ct) completely block the reduction in the amplitude of Cav2.2
currents. By contrast, the acute inhibitory effect of ghrelin on Cav2.2 current is unaffected by
GHSR-D2R co-expression. Meanwhile, GHSR-D2R co-expression decreases inhibition of
Cav2.2 by dopamine-evoked D2R activity (increase in ECso), since a higher dopamine
concentration is needed to inhibit Cav2.2 current when GHSR is co-transfected. This last effect
depends on GHSR constitutive activity, since it is occluded by pre-incubation with SPA, and is
coupled to Gq protein. Currently, we are exploring if this novel effect of GHSR-D2R hetero-
dimerization has an impact on native calcium currents on hypothalamic primary cultures.

Disclosures: E.R. Mustafa: None. S. Cordisco Gonzalez: None. S.S. Rodriguez: None. J.
Raingo: None.

Poster

119. Calcium Channels

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM
Program #/Poster #: 119.10/B34

Topic: B.04. lon Channels

Support: ROOMHO099405

Title: Detection of a Cacnalb (Cav2.2) splice variant in brain tissue



Authors: *A. S. ANDRADE?, A. BUNDA!, B. LACARUBBA?, M. AKIKI?;
!Biol. Sci., 2Molecular, Cell. and Biomed. Sci., Univ. of New Hampshire, Durham, NH

Abstract: Presynaptic Cav2.2 (N-type) channels are fundamental for transmitter release across
the nervous system. The gene encoding Cav2.2 channels, Cacnalb, contains alternatively spliced
exons that originate functionally distinct splice variants (e18a, e24a, e31a and 37a/37b).
Alternative splicing of the cassette exon 18a generates two mRNA transcripts (+e18a-Cacnalb
and Ael8a-Cacnalb). In this study, using novel mouse genetic models and in situ hybridization
(BaseScope™), we confirmed that +e18a-Cacnalb splice variants are expressed in
monoaminergic regions of midbrain. We expanded these studies and identified +e18a-Cacnalb
MRNA in deep cerebellar cells and spinal cord motor neurons. Furthermore, we determined that
+el8a-Cacnalb is enriched in cholecystokinin expressing interneurons. Our results provide key
information to understand cell-specific functions of Cav2.2 channels.
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Abstract: Dopamine and its receptors play an important yet not fully understood role in the
prefrontal cortex (PFC) function. Alterations in dopamine receptor type 1 (D1R) density and
sensitivity to dopamine are associated with cognitive deficits of aging and schizophrenia. In
pyramidal neurons of the PFC, Kisilevsky and col. (2008) showed that D1R co-localizes and
physically interacts with voltage-gated calcium channels type 2.2 (Cav2.2) and that this
interaction modulates Cav2.2 density in postsynaptic sites. Furthermore D1R was reported to
display constitutive activity through coupling to Gs protein in absence of dopamine, but the
impact of this agonist-independent activation of D1R on Cav currents has never been studied.



Our aim here is to understand the role of agonist independent D1R activity on the stimulatory
effect on Cav2.2 surface expression. To do it we transfected HEK293t cells with increasing
D1R:Cav2.2 molar ratios (MR) and verified expression levels using YFP-tagged D1R. We
recorded whole-cell calcium currents and found an increase in Cav2.2 current density by D1R
co-expression (152.6% of control at 0.1 D1R:Cav2.2 MR, P=0.0029). To explore the role of D1R
constitutive activity on this effect, we treated cells with Haloperidol (D1R inverse agonist) and
Cholerotoxin (Gs protein inhibitor). Results indicate that the increase in current density depends
on D1R constitutive activity. We next aimed to understand the scope of this effect on pyramidal
neurons of the PFC, where Cav2.2 has critical post-synaptic functions contributing to firing and
plasticity. We recorded voltage gated calcium currents from PFC neurons in brain slices from 4
to 6 week old mice injected with intra-peritoneal haloperidol (1mg/kg) or vehicle, and found that
native calcium currents from haloperidol treated mice were significantly smaller than currents
from control mice. Moreover we found that the current reduced by haloperidol treatment is
mainly Cav2.2 subtype since the sensitivity to ® conotoxin GVIA 1 uM of calcium currents is
dramatically reduced in haloperidol treated mice. In this context, our study could contribute to
understand the mechanism involved in cognitive deficits of aging and schizophrenia associated
with changes in D1R expression levels at the PFC.
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Abstract: It is well known that the sympathetic nervous system plays an important role in
regulating blood flow in skeletal muscle during exercise and that N-type Ca?* (Cav2.2) channels
are expressed in primary afferents of dorsal root ganglia (DRG). DRG sensory neurons are key
mediators in sensing a variety of noxious stimuli that are released under mechanical stress or
inflammatory conditions. It has been shown that release of serotonin (5-HT), a peripheral



inflammatory mediator, is increased substantially in ischemic or injured muscle. Previously, we
reported that Cav2.2 channels are the major type of voltage-gated Ca?* channels in rat DRG
neurons innervating triceps surae muscle. In the present study, we examined the 5-HT-mediated
modulation of Cav2.2 channels via 5-HT receptors in rat DRG neurons innervating this muscle
type three days following injection of the retrograde tracer, Dil. Whole-cell patch-clamp
recordings of Cav2.2 currents (Ica) were made from isolated Dil-labeled DRG neurons. Whole-
cell Ica were evoked with the “triple-pulse” protocol. Application of 5-HT (0.1 uM - 30 uM)
blocked the Ica in a voltage-dependent manner. The 5-HT pharmacological profile showed a
dose-dependent inhibition of the prepulse current with an ICso of approximately 2.6 uM.
Furthermore, the 5-HT-mediated Ica modulation was blocked following overnight pretreatment
with pertussis toxin (PTX, 500 ng/ml) indicating that 5-HT receptors couple with Cav2.2 via
Gaiio G protein subunits. This further suggests that the 5-HT1 receptor subfamily was responsible
for the lca modulation. To ascertain the 5-HT1 receptor subtype that couples to Cav2.2, we
employed selective 5-HT1B and 5-HT-1C receptor blockers. Exposure of either SB216641 (30
uM, 5-HT1B blocker) or LY310762 (30 uM, 5-HT1D blocker) alone led to partial agonist
effects. That is, SB216641 and LY 310762 blocked Ica 60+11% (n=4) and 38+4% (n=4),
respectively, suggesting that these specific blockers exhibit intrinsic activity. Overall, these
results suggest that 5-HT modulation of Ica in rat DRG innervating triceps surae muscle occurs
following stimulation of 5-HT1 receptor subfamily. These findings contribute to our
understanding of how the release of 5-HT onto inflamed or injured tissues can contribute to
peripheral sensitization of nerve fibers and pain transmission.
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Abstract: Aim of Investigation: Neuropathic pain is caused by somatosensory injury or various
diseases affecting the somatosensory nervous system. Millions of people worldwide suffer from
neuropathic pain with an estimated prevalence up to 8% of the population. Neuropathic pain is
chronic, severe and opioid-resistant and its treatment is as urgent as challenging. The N-type
calcium channel Cav2.2 was shown to be an attractive target for therapeutic intervention
concerning chronic and neuropathic pain conditions. The well-known Cav2.2 inhibitor omega-
Conotoxin (Ziconotide, Prialt, GVIA) is clinically used for treatment of pain, but needs to be
delivered intrathecally, which is a very invasive application route. We have identified the orally
available drug candidate PRI-004, which specifically inhibits the Cav2.2 at nano-molar
concentrations. Aim of the current study was to explore PRI1-004"s in vitro and in vivo efficacy
as therapeutic substance against neuropathic pain.

Methods: We used whole-cell patch-clamp recordings to investigate PRI-004"s potential to
inhibit Cav2.2, heterologously expressed in tsA201 cells. The spinal nerve ligation and the
sciatic inflammatory neuritis rat models were used to investigate in vivo efficacy.

Results: Application of PRI-004 in vitro reduced the peak current amplitude by more than 50%
without altering the voltage-dependence of the channel activation. No effect was observed on
Cav1.2 L-type channel that is the predominant isoform in the heart. Using both the spinal nerve
ligation and the sciatic inflammatory neuritis models in rat we could show that oral application
of PRI-004 exerts therapeutic reversion of tactile allodynia.

Conclusions: PRI-004 is inhibiting the N-type calcium channel at nanomolar concentrations
without affecting L-type calcium channels and exerts therapeutic activity in two rat models of
neuropathic pain. Because PRI-004 is orally available, it might be a promising new drug
candidate for treatment of neuropathic pain.
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Title: Exploration of Cav2 channel mutations predicted to affect GV-58-mediated slowed
deactivation
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Abstract: We recently developed a number of Cav2-selective agonist gating modifiers (e.g. GV-
58), based on the parent molecule R-roscovitine, that have therapeutic potential to treat a number
of diseases and conditions that result in neuromuscular weakness (including Lambert-Eaton
Myasthenic Syndrome, Spinal Muscular Atrophy, and botulinum toxin A poisoning). These first-
in-class drugs act selectively on Cav2 calcium channels within milliseconds after channel
opening to stabilize the open state, prolonging their mean open time and slowing deactivation in
whole-cell currents. However, it is currently unknown which amino acids within the Cav2
channel structure are important for the effects of these agonist gating modifiers. To explore this
question, we made chimeric calcium channels (with a mix of Cav2 and Cavl domains) and found
that drug activity resides within domain Il1 of the Cav2 channel structure (consistent with
previous work demonstrating that the parent molecule (R-roscovitine) Cav2 effects were
dependent on domain 111 (Yarotsky et al., 2012)). We then generated open and closed state
homology models of the Cav2.1 calcium channel. Using these models, we performed in silico
drug docking simulations to compare predicted binding sites in open and closed channel
configurations. We explored predicted binding sites that were present in open, but not closed
channels, and compared amino acids in drug-sensitive Cav2 vs. drug-insensitive Cavl channels
to generate target amino acids to evaluate in mutagenesis experiments. Candidate amino acids
were mutated using site-directed mutagenesis from their Cav2 identity to the homologous amino
acids within Cavl. Mutant channels were expressed in HEK293 cells for functional analysis
using patch clamp electrophysiology. Depolarization-evoked currents through mutant calcium
channels were recorded in the absence and presence of GV-58 or related analog to evaluate
effects on channel deactivation. By calculating the effect of GV-58 and related analogs on the
deactivation kinetics of the mutant channels compared to its effect on wild-type channels, we
determined the extent to which each mutation disrupted drug-induced gating modification and,
therefore, the extent to which the wild-type residues are important for drug agonist activity.
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Abstract: Our previous studies established that T-type calcium channels in the thalamus are
inhibited by neurosteroid analogue (3,5p,17p)-3-hydroxyandrostane-17-carbonitrile (33-OH).
Here we performed in vitro and in vivo electrophysiological studies from central medial nucleus
of thalamus (CeM) in order to interrogate the specific mechanisms underlying the role of Cav3.1
channels in thalamocortical excitability in vitro and oscillations in vivo during 33-OH induced
unconsciousness. We first assessed the effects of intra-peritoneal (i.p.) injections of 3f-OH on
loss of righting reflex (LORR) in adult male wild type (WT) and Cav3.1 knockout (KO) mice.
We found that after i.p. injections of 80 mg/kg of 3p-OH, half of WT mice exhibited LORR
while Cav3.1 KO animals were completely resistant. We next performed patch clamp excitability
experiments in acute brain slices from male juvenile WT and Cav3.1 KO mice. Although tonic
firing was significantly inhibited in both WT (84% at 100 pA, p<0.001) and Cav3.1 KO mice
(53% at 100 pA; p<0.05), 3 uM 3B-OH hyperpolarized neurons only in WT animals (-5 mV;
p<0.01). Rebound bursting after cell hyperpolarization was observed only in WT mice and 3f3-
OH reduced (for about 30%) low threshold spike amplitude (LTS, p<0.01) and increased the
threshold for LTS (for -9 mV). We next recorded local field potentials (LFPs) from the mice
after i.p. injections of 80 mg/kg 33-OH. Although we found no differences under baseline
conditions between WT and mutant mice, we noticed after i.p. injections of 33-OH there was a
prominent increase in 8 (0.5-4 Hz) oscillations in WT cohort (p<0.001). Similarly, 0 (4-8 Hz)
and a (8-13 Hz) oscillations were increased in WT animals (p<0.01 and p<0.05, respectively).
Spectral analysis after 33-OH determined that power density was much higher in WT mice than
in KO mice, particularly in 2-10 Hz frequency range (p<0.001) and 12 Hz (p<0.01). We propose
that inability of 33-OH to hyperpolarize neurons and to increase slow oscillations (mostly in 6
frequency range) in Cav3.1 KO mice can explain inability of 33-OH to induce LORR in the
mutant mice. Observed effect on tonic excitability in both strains, even though more prominent
in WT mice, could implicate a different target for 33-OH effects besides Cav3.1 T-channels.
However, this reduced excitability alone in Cav3.1 KO mice could not induce unconsciousness
state after injections of 33-OH. Our results demonstrate for the first time the importance of
Cav3.1 T-channels in thalamocortical excitability and oscillations that underlie neurosteroid-
induced unconsciousness.
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Abstract: We have recently identified the Ca?* channel and chemotaxis receptor (cache) domain
containing protein 1 (CACHD1) as a protein with structural similarities to the 020 voltage-gated
Ca?* channel (VGCC) auxiliary subunit that modulates the activity of low-voltage-activated
(LVA) CaV3 (T-type) VGCCs. In high-voltage-activated (HVA) VGCCs, 026 subunits contain a
metal ion-dependent adhesion site (MIDAS) (DxSxS) within their von Willebrand factor A
domains that dictates functional effects including an increase of forward trafficking of HVA
VGCCs to the cell surface. Here, we investigate the role of the variant CACHD1 MIDAS
(DxGxS) motif on Cav3.1 trafficking.

Subcellular localization, trafficking and expression levels of Myc-CACHD1 and GFP-Cav3.1-
HA proteins were determined in HEK-293 cells by proximity ligation assays, biotinylation
assays, western blotting and immunofluorescence and confocal microscopy. Mutations in the
variant MIDAS motif of CACHD1 (D%*xGxS to AXAXA, termed CACHD1-AAA) were
generated by PCR using standard techniques. Data were analyzed by one-way ANOVA with
Tukey’s post-hoc test or paired Student’s t-test as appropriate.

CACHDL1 was prominently expressed at the cell surface and underwent constitutive
internalization. CACHD1 promoted cell-surface localization of Cav3.1 (1.7£0.3 fold increase,
n=4, p<0.05) in biotinylation assays. Proximity ligation assays revealed that CACHD1 and
Cav3.1 are in close proximity at the cell-surface (<40 nm) and co-immunoprecipitation studies
supported presence of Cav3.1*CACHDI1 protein complexes. When expressed in HEK-293 cells,
CACHD1-AAA was largely restricted to intracellular compartments with little apparent
trafficking to the cell surface, being expressed at significantly lower levels compared to
CACHDL1 (14£1%, n=4, p<0.05). Notably, CACHD1-AAA did not promote the cell surface
localization of Cav3.1 (1.1+0.2%, fold increase n=4, p<0.05 compared to CACHD1).

These data suggest that CACHDL is a constitutively trafficking membrane protein and that
residues within the putative MIDAS motif are critical for the trafficking of CACHD1 and Cav3.1
to the cell surface. It will be of interest to determine the role of other CACDH1 sequence motifs
on trafficking and other Cav3 functionality in regard to these data.
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Abstract: Cholinergic neurons in the nucleus ambiguus (NAm) contribute to cardiac vagal and a
part of laryngeal nerves to regulate cardiorespiratory tones. We have recently characterized these
cholinergic NAm neurons in acute brainstem slices prepared from adult mouse and identified a
prolonged rebound oscillatory firing pattern which can last for seconds. This rebound excitation
pattern is mediated by T-type calcium current (ICaT), as ICaT specific inhibitors effectively
abolishes it. In mammals, ICaT is generated by Cav3.1 (Cacnalg), Cav3.2 (Cacnalh) and Cav3.3
(Cacnali) channels. These channels are differentially expressed in pacemaking neurons and other
excitable cells including cardiac and vascular myocytes. Currently, specific T-type channel genes
responsible for rebound excitation of the NAm neurons have not yet been identified. We
explored Cav3 genes responsible for rebound excitation pattern by using transgenic mice that
lack Cav3.1 (Cacnalg) and Cav3.2 (Cacnalh) in the NAm. The Cav3.1 gene deletion in the
cholinergic NAm neurons was achieved by crossing mice expressing Chat-cre and conditional
floxed Cacnalg deletion. Cav3.1 deletion eliminated rebound excitation in 65% (11/17) of
cholinergic NAm neurons, while intact rebound excitation was detected in the rest of neurons.
Further deletion of Cav3.2 KO by crossing the Cav3.1 conditional deletion mouse with Cav3.2
KO mouse eliminated rebound excitation in the majority of NAm neurons (88%, 7/8 cells), while
intact rebound excitation was still detected in a single NAm neuron. These results indicate
Cav3.1 and Cav3.2 are the major T-type calcium channels in the NAm neurons, while a minor
subset of neurons may express Cav3.3 or other related channels that allow generation of rebound
excitation. Because of all or none effect of sensitivity to Cav3 gene deletion, each NAm neuron
may differently express predominant Cav3 channel genes.
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Abstract: Spinocerebellar ataxias (SCAS) are a heterogeneous group of neurodegenerative
disorders characterized by brainstem and cerebellum degeneration. They are autosomal dominant
genetic diseases with approximately 44 known subtypes, and dominant mutations in the
CACNA1G gene, encoding the alpha-1G subunit of the low-voltage-gated T-type calcium
channel Cav3.1, cause SCA42. Cav3.1 plays crucial roles in cardiac and smooth muscle cells and
neurons by regulating intracellular Ca?* signaling and modulating transmembrane potential, and
mice that are null for this gene present severe motor coordination defects, abnormal electrical
conductance in the heart, aberrant action potentials in the brain, disrupted sleeping patterns, and
absence epilepsy. CACNALG undergoes extensive alternative splicing, and Cav3.1 splice variants
display altered channel kinetics, localization, and cytosolic Ca?* trafficking. In this work, we
analyze the function of two exons, termed E34 and E35. They are found immediately after
domain 1V in the intracellular C-terminus, but their function is still largely unknown. We have
discovered that these exons are alternatively spliced in all possible combinations in mouse
tissues, giving rise to four different splice variants. E34 and E35 are preferentially included in
nerve tissue postnatally, while they are mostly skipped in embryonic tissues. To investigate the
mechanism of E34 and E35 splicing regulation, we generated minigene reporters and tested them
against specific splicing factors that may modulate their inclusion and/or skipping. To examine
the physiological properties of Cav3.1 C-terminal splice variants, Xenopus oocytes were injected
with cRNAs corresponding to specific splice variants, and channel activity was measured using
two-electrode voltage clamp technique. We also investigated the effects of the calcium binding
protein calmodulin on the channel activity of the different splice variants. Taken together, our
data show that alternative splicing at E34 and E35 of Cav3.1 may modify Ca?* influx through the
channel and regulate excitability and intrinsic firing pattern of neurons.



Disclosures: M. Ruggiu: None. R. Wang: None. Z. Wang: None. M. Hossain: None. J.
Mirkovic: None. S. Sabzanov: None. Y. Yu: None.

Poster

119. Calcium Channels

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM
Program #/Poster #: 119.19/B43

Topic: B.04. lon Channels

Support: R0O1 AA027023
RO1 DA03913
RO1 MH122729
R21 MH112117
NSF 1650113

Title: Voltage-dependent and intracellular store-dependent contributors to calcium dynamics at
the axon initial segment of neocortical pyramidal cells
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Abstract: The axon initial segment (AIS) is a key site for synaptic integration and action
potential initiation in central neurons. In addition to the high density of sodium and potassium
channels that are localized to the AIS, the array of calcium channels present here can affect
action potential (AP) generation, timing, and the generation of high frequency bursts of APs. In a
range of cell classes, low voltage-activated calcium channels are enriched in the AIS. However,
in the neocortex, the complement of calcium channels present at the AIS remains unclear. Some
studies suggest that high voltage-activated calcium channels are the primary contributors to
calcium influx at the AIS, while other studies highlight the importance of low voltage-activated
calcium channels. In addition to plasma membrane calcium channels, the AIS of pyramidal
neurons also contains cisternal organelles that may release calcium in response to AP-evoked Ca
influx.

Here, we examine the interactions between plasma membrane calcium channels and intracellular
calcium stores in pyramidal neurons in mouse prefrontal cortex. We characterized the
contribution of calcium channels present at the AIS of Layer 5 pyramidal neurons to AP-evoked
calcium influx using whole-cell current-clamp electrophysiology, selective pharmacology, and
two-photon linescan-based microscopy. We further explored the sub-structure of calcium influx
with high-speed, diffraction limited calcium imaging using low-affinity dyes. Interestingly, we
identified “hotspots” of calcium influx that occurred periodically along the AIS. Calcium influx



at these hotspots occurred predominantly during the falling phase of the AP, similar to calcium
tail currents measured at synaptic boutons. This suggests that calcium channels may be clustered
within the AIS in discrete regions, perhaps in close proximity to cisternal organelles.
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Abstract: Volatile anesthetics are essential to modern medicine, but despite their widespread
clinical use, their cellular and molecular mechanisms of action remain unclear. Volatile
anesthetics depress synaptic transmission by both pre- and post-synaptic effects including
inhibition of activity-dependent Ca?* influx into the presynaptic nerve terminal. However, the
principal sites of action upstream of Ca?* entry are unknown. Axonal endoplasmic reticulum
(ER) controls presynaptic Ca?* through sequestration, and decreased ER Ca?* has been linked to
reductions in presynaptic Ca?" influx as well as reductions in synaptic vesicle (SV) exocytosis.
ER Ca?" efflux and influx mechanisms are essential for cytoplasmic Ca?* regulation. They
provide possible targets for anesthetic action, as mutations in the RyR1 ryanodine receptor
sarcoplasmic reticulum (SR) efflux channel in skeletal muscle lead to isoflurane-induced
malignant hyperthermia (MH), a pharmacogenetic condition characterized by hyperthermia and
muscle rigidity. While we understand MH in skeletal muscle in reasonable detail, the effects of
MH mutations on neuronal function are unknown. In this study, primary cultures of rat
hippocampal neurons were used to test isoflurane-induced changes in ER Ca?* dynamics
measured using transfection of the genetically encoded fluorescent ER Ca?* sensor ER-
GCaMP6-150. Preliminary data indicate that isoflurane decreases ER Ca?* in neurons. We
hypothesize that depression of presynaptic Ca?* entry and SV exocytosis by isoflurane
involves effects on ER Ca?* dynamics. This project will further our understanding of the
neuronal mechanisms of action of isoflurane in an MH relevant pathway. This will contribute to



the development of more selective anesthetics with fewer side effects, decreasing patient risk, as
well as improved treatment for MH patients.
Supported by NIH grant GM 58055.
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Abstract: Calcium is a crucial second messenger in the central nervous system, acting both pre-
and post-synaptically to drive several important physiological processes, including
neurotransmitter release, modulating signaling pathways, and inducing post-synaptic responses
related to learning and memory. Our lab has shown previously that the L-, T-, and P/Q-type
voltage-gated calcium channel (VGCC) genes CACNA1C, CACNA1H, and CACNA1A,
respectively, are bicistronic, meaning that they encode two structurally unrelated proteins with
distinct functions from the same mRNA. These three genes each encode a VGCC subunit
through canonical, cap-dependent translation and a transcription factor through utilization of a
cryptic Internal Ribosome Entry Site (IRES) within the open reading frame. Our lab has
previously characterized the CACNA1A secondary protein a1 ACT extensively, elucidating its
critical effects during normal cerebellar development and the pathogenic effects of its variants in
disorders such as spinocerebellar ataxia 6 (SCAG6). The secondary proteins produced by
CACNALC and CACNA1H, termed alCCT and ol HCT respectively, were only recently
identified by our lab and others, and their function and regulation as transcriptional regulatory
units is poorly understood. We hypothesize that these secondary proteins function as activity-
coupled transcription factors that regulate an ensemble of genes coincident with calcium channel
activity. Using fluorescence microscopy coupled with calcium uncaging in primary neuronal
cultures, we have been able to quantify the translocation kinetics of these VGCC secondary
proteins following local increases in calcium concentration in real time. Additionally, using
RNA-seq, CHiP-seq, and ATAC-seq, we have fully characterized the transcriptional effect each
of these secondary proteins has on neural progenitor cells (NPCs), driving genes that are crucial
for proper neuronal differentiation and development. Furthermore, we propose that dysfunction



of these novel secondary proteins could contribute to the complex phenotypes observed in
neuropsychiatric diseases related to mutations in CACNAL1C and CACNA1H and could therefore
potentially be attractive therapeutic targets.
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Abstract: The Cavy2 auxiliary subunit, also referred to as Stargazin, is a protein that possesses
four transmembrane domains with cytoplasmic N- and C-termini, exclusively localized in the
central nervous system. The protein is expressed in the presynaptic membrane where it inhibits
voltage-gated Ca®* (Cav) channel functional expression, as well as in the postsynaptic membrane
where it controls the targeting of the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid
(AMPA) receptors towards the plasma membrane. As can be anticipated from its location and
function, alterations in the expression of the Cavy2 subunit may give rise to various neurological
disorders including epilepsy. Despite the relevance of the Cavyz subunit in health and disease, its
regulation at transcriptional level has not been intensively addressed. Recently, it has been
reported that the CACNG2 gene promoter (encoding Cavyz2) can direct transcriptional activity
both in sense and antisense directions. In addition, the promoter could regulate the transcription
of a long non-coding RNA (IncRNA) in antisense direction. In this work, we further investigated
the CACNG2 gene promoter in antisense direction. Our results showed that this promoter region
has three possible transcription start sites and a TATA box that may regulate the IncRNA
transcription. Interestingly, the InCRNA may increase the expression of Cavyz, providing insight
into the molecular mechanisms that regulate the expression of this intriguing protein.
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Abstract: Diverse growth factors including the epidermal growth factor (EGF) regulate the
expression of ion channels. In this context, previous studies have shown that chronic treatment
with EGF increases calcium currents through high voltage-activated (HVA) channels, probably
by increasing the number of functional channels at the plasma membrane of GH3 pituitary
adenoma cells. An upregulation in prolactin (PRL) secretion associated with an increase in the
number of PRL-secreting cells has also been reported in the GH3 cultures in response to EGF.
Here, we investigated whether the treatment with EGF increases the expression of the 020-1
auxiliary subunit, a key molecular component of the HVA channel complex. Given that this
protein promotes the membrane localization of HVA channels, an increase in its expression
would explain the changes in calcium current density observed in GH3 cells after EGF treatment.
Our results showed that EGF activates the Ras/Raf/MEK/ERK signaling pathway and
significantly increases a26-1 expression at transcriptional and translational levels. Sequence
analysis of the CACNA2D1 gene promoter (encoding a26-1) revealed several binding sites for
transcription factors activated by the signaling pathway of interest including CREB and ELK-1.
Chromatin immunoprecipitation (ChlP) and site-directed mutagenesis assays showed that ELK-1
is important for the transcriptional regulation of the CACNA2D1 promoter in response to EGF.
Furthermore, biotinylation assays suggested that the treatment with the growth factor increases
the membrane expression of the 023-1 subunit. In addition, patch-clamp recordings in GH3 cells
showed that ELK-1 overexpression significantly increases current density through HVA
channels, while ELK-1 knockdown decreased the functional expression of these channels. Last,
by using an enzyme-linked immunosorbent assay, we found that 026-1 overexpression in GH3
cells increases PRL secretion. These results suggest that EGF by activating the



Ras/Raf/MEK/ERK/ELK-1 signaling pathway may influence the functional expression of HVA
channels and the secretory behavior of pituitary GH3 cells.
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Title: Store-operated Orail channels regulate Ca?* signaling in dendritic spines, synaptic
plasticity, and cognition
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Abstract: Synaptic plasticity, and in particular, long-term potentiation (LTP) is widely
considered to be a major cellular mechanism underlying the formation and acquisition of
memories. Alterations in LTP are linked to diseases such as Asperger syndrome, autism and
Alzheimer’s Disease, highlighting the importance of this process for human health. Most forms
of synaptic plasticity require elevations of intracellular Ca?* as an early and obligate step and for
many types of LTP, this is thought be mediated by the opening of NMDA receptors. However,
the role of other Ca?* pathways including intracellular stores and store-operated Ca?* entry
(SOCE) remains obscure. SOCE is a wide-spread mechanism for mobilizing intracellular Ca?*
elevations in many non-excitable cells and is mediated by the Ca?* channel, Orail, and its
activator, the ER Ca?" sensor, STIM1. However, the role of SOCE in regulating Ca?* signaling in
the brain is largely unknown. Here, using brain-specific constitutive and cell-specific knockouts
of Orail and STIM1, we sought to understand the role this pathway for neuronal Ca?* signaling
and cognitive function. Analysis of Orail KO mice showed significant defects in many learning
and memory tasks, including Y-maze, Morris-water maze, and fear conditioning, but no
detectable changes in sensorimotor function. Measurements of CA3-CAL LTP in brain slices
revealed a striking impairment of LTP in the Orail KO mice. To determine the mechanistic basis
of these phenotypes, we studied postsynaptic Ca?* elevations evoked by glutamate uncaging in
dendritic spines using the genetically-encoded Ca?* indicator, jGCaMP7f. These measurements
showed that deletion of Orail significantly diminishes the amplitude of Glu-uncaging evoked



Ca?* rises in dendritic spines. Further, this loss of Ca?* signaling is accompanied by decrease in
the activation of the key effector enzyme, CaMKII. These results identify a novel role for Orail
channels in regulating dendritic Ca?* signaling and synaptic plasticity, and raise the possibility of
targeting Orail channels for developing therapeutics for cognitive dysfunction.
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Title: Li* differentially affects mitochondrial Ca?* efflux in central and peripheral neurons
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Abstract: During neuronal activity, Ca®* entering the cell is buffered by mitochondria and
subsequently released back to the cytosol, primarily via mitochondrial Na*/Ca?* exchanger
(mtNCX). This process contributes to shaping Ca?* responses and regulating many neuronal
processes including synaptic transmission, gene expression and neuronal survival. It is thought
that Na*/Ca®*/Li* exchanger (NCLX) is the major mediator of mitochondrial Ca?* efflux.
However, some reports suggest that the Na*/Ca?* exchanger family members NCX1-3 are also
involved in this transport in neurons. The hallmark of NCLX not shared by NCX1-3, is its ability
to use Li* to effectively drive transmembrane Ca?* transport in the absence of Na*. To better
understand the molecular and pharmacological properties of mtNCX in neurons, we exploited
this unique property of NCLX and examined how Li* affects mitochondrial Ca?* transport in
central and peripheral neurons, represented by mouse hippocampal and dorsal root ganglia
(DRG) neurons, respectively. By simultaneously monitoring depolarization-induced changes in
mitochondrial and cytosolic Ca?* substitution with Li* dramatically slowed mitochondrial Ca?*
efflux in hippocampal, but not DRG, neurons. The mtNCX inhibitor CGP37157 blocked
mitochondrial Ca?" efflux in both types of neurons. Quantitative RT-PCR showed similar NCLX



expression in adult DRG, hippocampus, cortex, and neonatal hippocampal cultures. NCLX
knockdown using shRNA did not significantly change the rate of mitochondrial Ca* efflux in
either DRG or hippocampal neurons. Notably, Li*-induced Ca?* efflux from isolated brain
mitochondria was significantly slower than that induced by Na*. A similar effect was found in
isolated liver and heart mitochondria. Collectively, our findings suggest that the properties of
mitochondrial Ca?* efflux differ between central and peripheral neurons, and that besides NCLX,
other proteins may contribute to mitochondrial Ca?* efflux in the brain.
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Abstract: The ether-a-go-go (Eag) K™ channel is a voltage-gated K* channel. Two mammalian
Eag isoforms, Eagl (Kv10.1) and Eag2 (Kv10.2), have been shown to be primarily expressed in
the brain. Eagl may contribute to regulate the nervous system development and the neuronal
signaling transduction besides the potassium current in neuronal cells. Mutations in the gene
encoding human Eagl K* channel (KCNH1) have been associated with the congenital
neurodevelopmental diseases Temple-Baraitser syndrome and Zimmermann-Laband syndrome.
Some of the disease-associated Eagl mutations may lead to enhanced degradation of the K*
channel protein, the detailed molecular mechanism of which remains obscure. Here, we aim to
determine the molecular machinery responsible for the ubiquitin-dependent regulation of Eagl
K* channel. By employing yeast two-hybrid screening of a rat brain cDNA library, we identified
a specific RING E3 ubiquitin ligase, MKRNL1 (also known as RNF61), as a potential binding
partner of Eagl. The interaction between Eagl and MKRN1 was confirmed by co-
immunoprecipitation, GST pull-down, and proximity ligation assays. Detailed biochemical
analyses revealed that MKRNL1 interacted mostly with immature Eagl proteins at the
endoplasmic reticulum (ER). Interestingly, similar to the effect of treatment with the proteasomal
inhibitor MG132, co-expression with MKRNL1 resulted in the presence of a low-molecular-
weight protein band that corresponds with the non-glycosylated form of Eagl. Moreover,
MKRN1 over-expression promoted the ubiquitination and degradation of Eagl, whereas ShRNA



knockdown of MKRN1 notably enhanced Eagl protein expression. Altogether, our data suggest
that MKRN1 may contribute to the ER quality control of Eagl K* channel.
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Abstract: Large conductance Ca®" and high-voltage activated K* channels (BK channels) are
critical determinants of neuronal firing and are important for action potential (AP) repolarization
and maintenance of neuronal firing frequencies. Dysfunction of BK channels can have wide
ranging consequences including predisposing an individual to seizures. We demonstrate that the
temporal activity of BK channels in rat hippocampal neurons changes across the first postnatal
week in the context of AP firing. This finding may explain in part why neonates are at increased
risk of seizures.

Whole cell patch clamp recording in current clamp mode was used to record APs from
dissociated, heterogeneous cultures of CA1 hippocampal neurons. Single APs were evoked by 8
nA, 0.1 ms depolarizations. When comparing neurons with similar AP duration (2-3 ms),
perfusion with the BK antagonist Iberiotoxin (Ibtx, 100nM) increased AP duration by 0.46+0.12
ms (n=27) in neurons from 1-2 day old rats and by 0.17+0.05 ms in neurons from 6-7 day old
rats (n=47; p<0.05, Mann-Whitney rank sum test). To determine the importance of BK channels
in maintaining firing frequency we compared the effects of IbTx on successive firing rates. IbTx
had a greater effect on the early firing frequency, the change in duration of the first inter-AP
interval in a 100 ms train, in neurons from 1 day old rats (n=13) than in neurons from 7 day old
rats (n=25; t-test, p<0.01), but did not have a significant impact on the last inter-AP interval.
Preliminary data using a 1000 ms pulse in cells with >20Hz firing rate (putative interneurons)
suggest a greater effect of IbTx in reducing early firing frequency in AP trains recorded in
neurons from 1 day old rats, and a greater reduction in late firing frequency in AP trains recorded
in neurons from 7 day old rats.

Together our data suggest that BK channels have fast, transient activity in the early neonatal



period that is replaced by slower-onset sustained activity by the end of the first postnatal week.
This is supported by previous expression studies demonstrating that the BK isoform STREX, a
fast-activating, transiently activating variant, is principally expressed in prenatal development,
and is gradually replaced over the first postnatal week by the ZERO isoform, which is slower-
activating and sustained (MacDonald SH-F, et al., BMC Dev Biol. 2006, 6:37). Changes in BK
channel activity could facilitate sustained, high-frequency firing in hippocampal interneurons,
allowing for proper regulation of hippocampal excitability and more effective suppression of
seizure activity as development progresses.
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Abstract: Integrins are cell adhesion heterodimers that interact with extracellular matrix (ECM)
receptors. They regulate various cellular functions in the central nervous system such as the
localization of ion channels, Ca?* homeostasis and synaptic transmission. In this study, we found
that B3 integrin interacts with small conductance (SK) Ca?*-activated K* channels. SK channels
are responsible for the medium afterhyperpolarization current (mlAHP) that regulates
excitability and firing pattern in many neurons. We investigated firing properties of layer V
pyramidal neurons of the medial prefrontal cortex (mPFC) in WT and B3 integrin KO mice. In
layer V, two populations of pyramidal neurons can be distinguished: corticopontine (CPn) and
commissural (COM). By using electrophysiological recordings and pharmacology, we identify a
mIAHP in both types of neurons and in both genotypes, albeit with different characteristics:
mIAHP is larger and faster in CPn than in COM neurons; in the KO, the mIAHP is smaller in
CPn neurons, as compared to WT. Furthermore, the SK channel-specific blocker apamin affects
differently the firing pattern of CPn and COM neurons; it increases adaptation in CPn neurons,
while having no significant effect in COM neurons. To complement the electrophysiological
results, we used viral retrograde labelling to investigate expression of B3 integrin and SK channel
in both neuronal types. Altogether, our findings suggest that B3 integrin regulates the mIAHP



and the firing properties of layer VV pyramidal neurons, although to different degrees in CPn and
COM neurons.
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Abstract: Microglia play key roles in both CNS homeostasis and immune defense. Microglia
activation following the detection of danger signals results in the release of factors involved in
neuronal damage. Microglia express a number of cell surface receptors and channels that can
activate microglia upon environmental changes. We have previously demonstrated that blocking
the calcium-activated KCa3.1 potassium channel reduces microglial activation and neurotoxicity
in both Alzheimer’s disease and ischemic stroke. We also showed that KCa3.1 blockers inhibit
pro-inflammatory cytokine production in cultured microglia after stimulation with
lipopolysaccharides (LPS). In the current study, our goal is to determinate if KCa3.1 is active
and required for microglial M1-like pro-inflammatory activation following
intracerebroventricular injection (ICV) of LPS in 3 months old C57BL/6J mice. ICV-LPS
enhanced cerebral Iba-1 immunoreactivity, indicating microglial activation. Using microglia
freshly isolated from these mice, we found that LPS increased microglial KCa3.1 current density
and mRNA expression. LPS also upregulated both mRNA expression and protein levels of pro-
inflammatory mediators such as IL-1p, TNF-a, IL-6, and iNOS. To assess whether KCa3.1 is
required for pro-inflammatory response of microglia in vivo, two complementary approaches,
genetic knockout (KCa3.1-/-) and selective pharmacological blockage (Senicapoc), were used.
We found that both KCa3.1 knockout and Senicapoc reduced Iba-1 immunoreactivity and
expression of proinflammatory mediators, and mitigated LPS-induced long-term potentiation
(LTP) impairment. These results support our hypothesis that KCa3.1 plays a pivotal role in the
activation of microglia and the KCa3.1 blocker Senicapoc is a therapeutic candidate for
neurological diseases where microglia-mediated neurotoxicity is implicated in the pathogenesis.
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Abstract: Small conductance ©??*-activated K+ (SK) channels, expressed throughout the CNS,
constrain the intrinsic excitability of neurons by enhancing the afterhyperpolarization, and shape
glutamatergic postsynaptic potentials and limit the induction of NMDA receptor (NMDAR)-
dependent synaptic plasticity, by affecting NMDAR activation. Homomeric or heteromeric SK
channels are comprised of subtypes SK1, SK2 and SK3. Behaviorally, SK channels modulate the
encoding of memory dependent upon several forebrain regions, including the hippocampus.
Hippocampal memory and physiology is compromised in several neurological and psychiatric
conditions including schizophrenia, depression, epilepsy as well as aging and Alzheimer’s
disease. It is hypothesized that drugs that influence SK channel function may modulate the
expression of cognitive impairments associated with hippocampal compromise including
executive functioning, working memory, and selective attention. Studies are in progress to
establish the effect of the SK2 activator, CyPPA, and the SK1 activator, GW542573X, on
cognitive impairments associated with a repeated systemic ketamine treatment regimen.
Consistent with previous reports, we found that daily systemic administration of ketamine (KET)
for 7 days led to the expression of cognitive deficits in long-term memory tasks, and impaired
latent inhibition in male C57BL/6J mice. Chronic KET- or saline-treated mice received systemic
CyPPA or vehicle and were placed in a familiar arena containing two identical novel objects. A
test session was presented 24 h later to assess strength of object memory. KET/VEH-treated
mice demonstrated significantly less novel object exploration compared to SAL/VEH-treated
mice, indicating KET-induced object memory impairment. Consistent with previous work,
SAL/CyPPA-treated mice exhibited impaired object memory. Mice that received KET/CyPPA
showed significantly more novel object recognition compared to KET/VEH-treated mice,
indicating that CyPPA influenced KET-induced memory impairment. These results suggest that
SK2 channels modulate the expression of cognitive deficits associated with the repeated



ketamine model. Experiments testing the effects of systemic CyPPA and GW542573X on trace
fear conditioning and a 5-choice serial reaction time task in KET-treated C57BL/6J mice are
planned.
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Title: Simulations of SK2 and SK3 currents in spinal motoneurons
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Abstract: Small conductance Ca?*-activated potassium (SK) channels mediate medium after-
hyperpolarization (mAHP) in motoneurons (MN) and are responsible for regulating the
motoneuronal excitability by modulating the MN discharge rate. It has been shown that fast and
slow MNs differ in their intrinsic expression level of SK channels, and its SK2 and SK3
isoforms, and were correlated to their AHP differences (Deardorff et al., 2013). Specifically,
slow MNs express both SK2 and SK3 isoforms, whereas fast MNs express only the SK2

isoform. However, it is unknown whether the ionic currents mediated by the SK2 and SK3
isoforms are similar or different? Given that SK2 and SK3 currents cannot be experimentally
isolated using pharmacological agents, we employed computer simulations to investigate their
kinetic properties. Therefore, the goal of the present work is to reverse engineer the SK2 and
SK3 currents from the electrophysiological recordings obtained from fast and slow mouse MNs.
The developed computer models of these currents would then be used to compare their properties
and channel kinetics.

To achieve that, intracellular recordings were first obtained from spinal MNs in the whole-cord
preparation of adult mice, and MNs were split into their respective type using their AHP % decay
(Deardorff et al., 2013). Following the methodology of Elbasiouny et. al (2005), high-fidelity
computer models of fast and slow MNs were then developed based on the 3D reconstructed
morphology of MN types. For each cell model, the model parameters were adjusted and
optimized until they matched 18 different electrical properties (i.e., input resistance, time
constant, rheobase, AP height and width, AHP size and duration, Fl-gain, etc.) measured



experimentally from slow and fast MNs.

Our simulations suggest that SK2 and SK3 currents have different properties with respect to their
Ca?* sensitivity. Specifically, SK3 currents activate at low Ca?* concentrations, whereas SK2
currents require higher Ca?* concentrations in order to activate. Additionally, our simulations
indicate that SK3 current is faster than SK2 current, as suggested by the difference in their
activation time constants. Furthermore, the simulations indicate that SK3 currents in slow cells
contribute more to the cell AHP than SK2 currents. Taken together, the developed SK2 and SK3
models simulate motoneuronal SK currents more accurately than existing unified SK models that
do not differentiate between the currents of both isoforms. The difference in kinetics of these
currents underlie the difference in mAHP between fast and slow MNs.
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Abstract: The neuromodulator dopamine plays key roles in regulating important brain functions
including motor control, motivation and cognition. Dopamine is mainly released by midbrain
dopaminergic neurons (DANS). Alteration of spiking activities or selective loss of these neurons
could cause changes in dopamine release in the midbrain and other target brain regions, leading
to severe brain disorders including Parkinson’s disease, depression, and schizophrenia. Voltage-
gated K* (Kv) channels determine neuronal excitability and regulate neurotransmitter release.
Previous studies focus on Kv channels at the somatodendritic compartments. However, it
remains largely unclear about the biophysical properties and the function of Kv channels
distributed at the axon of DANS. In this study, we performed whole-cell recordings from the
axons of DANSs in acute midbrain slices from tyrosine hydroxylase (TH)-GFP mice. We
observed the rapidly activating and inactivating A-type K* currents in DAN axons. In addition,



we also detected the rapidly activating but slowly inactivating D-type currents in the axon.
Blocking these currents respectively could substantially prolong axonal APs, indicating the
involvement of both currents in axonal AP repolarization. Further experiments with carbon-fiber
electrochemical amperometry demonstrated that, in the presence of A- or D-current blockers,
dopamine release in the dorsal striatum induced by optogenetic stimulation of dopaminergic
axons was substantially enhanced. In conclusion, we show that Kv channels that mediate A- and
D-currents shape AP waveform in DAN axons, and subsequently regulate dopamine release in
the target brain region. Therefore, these axonal potassium channels could be potential drug
targets for the modulation of DAN excitability and the treatment of related brain disorders.
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Title: Activation of Slack potassium channels (KCNT1) triggers an increase in mRNA
translation
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Abstract: The Slack ion channel is a member of a family of large conductance sodium-activated
potassium channels. Several gain-of-function Slack mutations are associated with early-onset
epilepsy and severe intellectual disability in humans. Misregulation of mRNA translation is a
possible explanation for the intellectual disability phenotype. FMRP, an important regulator of
MRNA translation, binds both Slack mRNA and the Slack protein. The association of Slack with
FMRP stimulates channel activity, raising the possibility that activation of Slack channels may
also regulate the function of FMRP. Our laboratory has previously identified Slack as required
for a translation-dependent recovery from an extended period of inhibition in Aplysia neurons
following stimulation, further suggesting that Slack may play a role in the regulation of MRNA
translation. Using FRAP experiments to visualize real-time translation in a stable Slack-
expressing HEK cell line and in mouse cortical neurons, together with pharmacological
manipulation and silencing RNA knockdowns, we have found that Slack activation causes an
increase in translation that is enhanced in the absence of FMRP. This increase in translation



persists in the presence of the Slack channel blocker quinidine, indicating that it does not require
ion flux through the channel. We also found that the R455H Slack mutation, one of the clinical
mutations affecting human patients, causes a baseline increase in translation levels. This
mechanism of Slack-dependent translation potentially represents the first instance of the direct
modulation of MRNA translation by activation of an ion channel. The increased translation levels
caused by the Slack mutation indicate that misregulation of translation is a possible mechanism
to explain the intellectual disability experienced by patients with Slack mutations.
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Abstract: In recent years, more and more genetic KCNT1mutants that are associated with
epilepsy, Brugada syndrome and cardiac arrhythmia have been identified from patients with
epilepsy. However, whether the mutants related to cardiac arrhythmia share similar biophysical
properties with mutants associated with epilepsy remains elusive. In this abstract, we
characterized the biophysical properties of 13 epilepsy associated genetic mutants of
KCNT1channels, including two mutants associated with cardiac arrhythmia. We found that 12 of
total 13 mutants possess enhanced maximum Po while some of them also have enhanced sodium
sensitivity. Furthermore, the patient who carried the only one mutant that has decreased Po and
lower maximum Po actually has other factor that may induce epilepsy. Thus, the enhanced
maximum Po and increased sodium sensitivity could be a standard to judge if a Slack channel
mutant is really associated with epilepsy. Furthermore, KCNT1 channel KO mice are resistent to
PTZ induced epilepsy, while the H777H KI mice has the spontaneus seizure. Furthermore, the
cardiac arrythemia can be attributed to the expression patterns of KCNT1 channel in heart.
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Title: Suppression of macro- and micro-scopic Kv1.1 channel activity by amyloid peptide
fragments
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Abstract: Past studies have linked the beta amyloid peptide (AB) to the disruption of Ca?*
homeostasis, synaptic communication, and long-term potentiation (LTP), but the underlying
mechanism(s) is still largely unclear. Because Kv1.1 and related channels are activated during an
action potential, regulate depolarization Ca?* influx, and the inhibition of Kv1 channels can be
neurotoxic, we speculate that AB-suppression of Kv1 channels may be early targets in
Alzheimer's Disease (AD) pathogenesis. Stage V and VI Xenopus laevis oocytes [Ecocyte
Bioscience (Austin, TX)] were injected with Kv1.1 cRNA. The effects of bath application of A
fragments (1-42) and (25-35) on macroscopic currents were assed using standard two electrode
voltage-clamp (TEVC) methods, whereas direct single channel effects were assessed using patch
clamp and artificial membrane techniques ["tip-dip" and black lipid membrane (BLM)]. Bath
application of 1 uM APB(1-42) produced 45% suppression of macroscopic Kv1.1 currents,
whereas AB(25-35) produced ~38% suppression within 30 min. AP suppression of Kv1.1 was
partially Ca®*- and PP2B-dependent, with only ~25% AP suppression taking place when cells
were loaded with BAPTA-AM or exposed to the PP2B-inhibitor cyclosporine A (CsA).
Reduction in macroscopic currents was not dependent on a reduction in the number of channels
present, as western blot analyses did not reveal any detectable differences in band intensities
between conditions. Application of AP to the intracellular face of Kv1.1 channels in both patch
clamp and tip dip experiments produced dramatic reductions in p(open), with no observable
current ~2 min post-addition. BLM experiments also showed reductions in p(open) in response
to intra- and extra-cellular A application but did not fully eliminate channel activity (~45%
reduction). Suppression of Kv1.1 and related K* channels presynaptically could lead to larger
and longer action potentials, thus allowing a greater influx of Ca?* and subsequent increase in
glutamate release. Postsynaptically, the increased glutamate release, through activation of
AMPA and NMDA receptors, may contribute to excitotoxicity.
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Abstract: De novo mutations in the KCNA2 gene have recently been identified as a causative
factor for developmental epileptic encephalopathies (DEE). The KCNA2 gene encodes the
voltage-gated potassium channel Kv1.2 a-subunit which is widely expressed across the brain, in
both excitatory and inhibitory neurons. The experiments performed in heterologous expression
systems indicated gain- or loss-of-function effects caused by some of the identified KCNA2
mutations, whereas a number of those mutations, such as the p.Thr374Ala mutation, showed
both gain- and loss-of-function effects on the channel function. In this study, developmental
epileptic encephalopathy caused by the KCNA2-p.Thr374Ala mutation, which was identified in
patients with the most severe phenotype among the KCNA2-related DEEs, was investigated in an
IPSC-derived neuronal model system. To do so, human iPSCs were differentiated into excitatory
neuronal cultures via overexpression of the neuronal transcription factor Neurogenin-2 and co-
cultured with astrocytes for up to 8 weeks to obtain mature neuronal networks.
Electrophysiological experiments were performed to compare passive and active electrical
properties of patient-derived neurons to those of healthy controls. We found that patient-derived
neurons expressing Kv1.2-p.Thr374Ala mutant channels showed a decreased outward current
density and were hypoexcitable compared to neurons from healthy controls. Half-width and
rising phase of action potentials were prolonged in patient-derived neurons, which may explain
the significantly reduced frequency of evoked action potentials, and at the same time raises the
question whether prolonged action potentials could be the reason for increased neurotransmitter
release from the presynaptic terminals leading to hyperexcitability of the network. On the other
hand, spike rate adaptation was impaired in patient-derived neurons, which may lead to a
hyperexcitability on the network level. Further studies, on both single cell and network level,
including interneuron differentiation protocols are needed to gain deeper insight into the
mechanism of KCNA2 -related DEE.
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Title: Functional interaction between the voltage-gated potassium channel Kv1.3 and purinergic
P2X receptors in pro-inflammatory microglia
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Abstract: As the main immunocompetent cells of the brain microglia directly regulate many
aspects of the CNS, from synapse formation during early development to maintenance of
neuronal health thereafter. Under pathophysiological conditions, microglia are activated by
danger associated molecular patterns (DAMPSs) derived from local tissue damage and ischemia.
We have previously showed that brain microglia express potassium ion channels, whose
differential expression profile is associated with and regulates distinct microglial activation
states. For example, microglia stimulated with the classical M1 stimulus lipopolysaccharides
(LPS) consistently display increased Kv1.3 channel expression and their treatment with the
Kv1.3-selective PAP-1 inhibitor reduced proinflammatory markers such as IL-1f, iNOS and
COX2. As potassium ion efflux repolarizes membrane potential, and hence determines the
driving force for calcium entry, we further investigated the relationship between microglial
Kv1.3 channels and P2X purinergic receptors. Using patch-clamp recordings of cultured primary
microglia, we observed that in addition to the increase in Kv1.3 currents, LPS also reduces the
constitutive expression of ATP-induced currents. In agreement with our patch-clamp recording
results, LPS-stimulated microglia displayed reduced ATP-induced calcium signals in calcium
imaging experiments compared to non-treated control cells and cells stimulated with IL-4. We
further confirmed these changes at the gene expression level using qPCR on both cultured
microglia and microglia acutely isolated from mice receiving LPS via intracerebroventricular
injection. Functionally, pharmacological inhibition of Kv1.3 negatively affected calcium
response to ATP in Kv1.3-expressing microglia, affirming its role in modulating the driving
force for calcium entry. Interestingly, microglia from mice experiencing ischemic stroke after
MCAO procedure displayed an increase in both Kv1.3 and P2X currents, suggesting specificity
in the respective DAMPs triggered by different models of inflammation. Since Kv1.3 inhibitors
effectively reduced microglia-associated inflammatory responses in vitro and in vivo, our data



suggest a possible mechanism for their mode of action via reducing calcium entry mediated by
the P2X receptors to regulate intracellular calcium.
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Title: Control of neuronal excitability by palmitoylation-dependent ion channel clustering at the
axon initial segment
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Abstract: Precise subcellular clustering of neurotransmitter receptors and ion channels is
essential for normal synaptic transmission and neuronal excitability. Perhaps the best-studied
example of such clustering is at excitatory synapses, where the ‘scaffold’ protein PSD-95
controls the clustering of glutamate receptors. It is well established that PSD-95 critically
requires the protein-lipid modification palmitoylation for its clustering activity. However,
although PSD-95’s close paralog PSD-93 is also palmitoylated, the functional importance of
PSD-93 palmitoylation and the relevant palmitoyl acyltransferase (PAT) are both unknown. We
found that a largely unstudied PAT, ZDHHC14, directly binds and palmitoylates PSD-93.
Strikingly, rather than target PSD-93 to synapses, palmitoylation targets PSD-93 to another
important site of ion channel clustering, the Axon Initial Segment (AIS). Lentiviral-mediated
Zdhhc14 knockdown reduced both palmitoylation and AlS targeting of PSD-93 and also Kv1
family potassium channels to which PSD-93 directly binds. Consistent with their co-regulation,
ZDHHC14 expression mirrors that of Kv1 channels during neurodevelopment, and Zdhhc14
knockdown lowers the threshold of action potential firing and thereby increases neuronal
excitability. Synaptic clustering of glutamate receptors and AlS clustering of Kv1 channels are
thus both controlled by similar palmitoylation-dependent mechanisms, but each involves distinct
PDZ domain proteins that are in turn regulated by distinct PATs. These findings have broad
implications for our understanding of physiological regulation of neuronal excitability and its
dysfunction in conditions such as epilepsy.



Disclosures: S.S. Sanders: None. L.M. Hernandez: None. H. Soh: None. S.S. Karnam:
None. A. Tzingounis: None. G. Thomas: None.

Poster

120. Potassium Channels |

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM

Program #/Poster #: 120.14/B63

Topic: B.04. lon Channels

Support:  KRF-2019R1A2C2003642

Title: Trafficking and localization of Kv2.1-HCN2 channel complexes in neurons
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Abstract: The voltage-gated potassium channel Kv2.1 has a critical role in regulating neuronal
membrane excitability and is localized to plasma membrane clusters on the soma, proximal
dendrites, and axon initial segment (AlS). Hyperpolarization activated cyclic nucleotide-gated
channel 2 (HCNZ2) is localized to the soma, dendrites, and axon terminals in neurons, and these
localizations show differences among neuronal cell types. HCN2 channel is implicated in
neuropathic pain, febrile seizure, and depression and contributes spontaneous rhythmic activity
in brain. Here, we show that Kv2.1 channels affinity-purified from rat brain are associated with
HCN2 channels using mass spectrometry. HCN2 and Kv2.1 channel expressions reveal a
different distribution among the distinct regions of the brain. Co-expression of HCN2-WT and
Kv2.1 in heterologous cells results in plasma membrane localization, while HCN2-N380Q, a
trafficking-defective mutant, retains Kv2.1 in the endoplasmic reticulum. In hippocampal
neurons, HCN2-WT dramatically reconstitutes the large somatodendritic and axonal clusters of
Kv2.1 in plasma membrane, whereas HCN2-N380Q significantly leads to disruption of the
clustering and AlS specific localization of Kv2.1. Thus, these results suggest that HCN2 channel
regulates the surface localization and axonal trafficking of Kv2.1 in neurons.
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Abstract: Voltage-gated K* channel Kv3.1b play a crucial role in regulating fast-spiking
properties of neurons and is wildly expressed in the dendrites, the somatodendritic region, and
the axonal nodes of Ranvier in neurons. It has been reported that balance activity of Kv3 and
Nav channels is important for inducting and maintaining fast-spiking. Here, we show that Nav[33,
an auxiliary subunit of Nav channels, is a part of the Kv3.1b channel complex in rat brain using
mass spectrometry. Co-expression of NavB3 results in changes in the steady-state expression
levels and stability of Kv3.1b channels. Interestingly, Kv3.1b and Navf33 are differentially
expressed between distinct regions of the brain and have a different expression pattern during
brain development. Navp3 regulates Kv3.1b channel trafficking to the cell surface and reduces
the localization and expression of Kv3.1b in dendrites in hippocampal neurons. In addition,
Navp3 dramatically decrease the current densities of Kv3.1b channel in a voltage-dependent
manner and induces a hyperpolarizing shift in the voltage dependence of steady-state
inactivation. Therefore, these data suggest an unexpected role for Navf3 in regulating the
biophysical characteristics and localization of Kv3.1b channel.
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Title: Tank binding kinase-1 interacts with the cytoplasmic C-terminus of the Kv3.3 potassium
channel
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Abstract: Spinocerebellar Ataxia type 13 (SCA13), a condition that lead to cerebellar
degeneration, is caused by mutations in the KCNC3 gene, which encodes the voltage-dependent
potassium channel Kv3.3. These channels are expressed at particularly high levels in Purkinje
cells in the cerebellum, and directly bind Hax-1, a cell survival protein required for survival of
the cerebellum. To investigate how KCNC3 mutations lead to neurodegeneration, we generated
mice bearing the G592R Kv3.3 mutation using CRISPR Cas9 gene editing. G592R Kv3.3
channels are fully functional as potassium channels but have abnormal interactions with
cytoplasmic signaling pathways and lead to cerebellar degeneration in humans. A screen for
protein kinases activated by this mutation revealed that the activity of Tank-Binding protein 1
(TBK1), an enzyme that plays a key role in the formation of multivesicular bodies, autophagy
and mitophagy, is much higher in the cerebellum of G592R Kv3.3 knock-in mice than in that of
wild type animals. Total levels of TBK1 and of phosphorylated S6 protein were not altered by
the mutation, and no differences in TBK1 activation were detected in the forebrain of mutant and
wild type animals. We found that TBK1 can be coimmunoprecipitated with Kv3.3 channels and
that this binding is significantly enhanced by the G592R mutation. To determine sites on the
Kv3.3 channel required for interaction with TBK1, we carried out a series of gene truncations C-
terminus of Kv3.3 and determined that a stretch of amino acids in the center of the cytoplasmic
C-terminus, including polyproline rich-region that contains G592R is required for tight
association of TBK1 with the channel. Using transfected cell lines, we found that G592R Kv3.3
channels increases TBK1 activation basally and that depolarization of the mutant channels
further stimulates TBK1 activity over that produced by depolarization of wild type channels. By
immunoelectron microscopy and western blotting, we find that the enhanced activation of TBK1
in G592R Kv3.3 knock-in mice is associated with increased numbers of intracellular
multivesicular bodies containing Hax-1, increased levels of CD63, a molecular marker for
multivesicular bodies, and increased LAMP2 expression. No change was found in levels of
LC3B, a protein associated with autophagy. Our findings suggest that Kv3.3 channels both
physically and functionally interact with TBK1, and that this protein complex regulate the
trafficking of Kv3.3 together with the survival protein Hax-1 into multivesicular bodies and
lysosomes for degradation.
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Abstract: The A-type potassium current (l1a) is a vital regulator of neuronal excitability. In
rodent hippocampal CA1 pyramidal cells, this current is carried primarily by voltage-gated
Kv4.2 K+ channels. Along with other voltage-gated ion channels localized in the
somatodendritic compartment of pyramidal cells, Kv4.2 contributes to the firing mode of the
cell. Kv4.2 function is regulated by associated auxiliary subunits in complex with the channel
and dysfunctions in this regulation have been implicated in pathological conditions characterized
by aberrant neuronal excitability, including epilepsy. To date, modulation of complex formation
and stability has not been fully addressed. To identify potential modifiers of the Kv4.2 complex,
we utilized tandem affinity purification with mass spectrometry to screen additional Kv4.2
binding partners. We identified the cis/trans peptidyl-prolyl isomerase, Pinl, as a novel Kv4.2
binding partner. To probe the role of Pinl in regulating Kv4.2 function, Crispr-cas9 technology
was utilized to generate Pin1-Kv4.2 binding mutant knockin mice (Kv4.2TA). We confirmed
disruption of endogenous Kv4.2-Pinl binding by co-immunoprecipitation from whole brain
lysates. We investigated the physiological consequence of this reduced binding on neuronal
excitability using whole-cell patch clamp electrophysiology in acute hippocampal slices from
adult mice. Kv4.2TA mice displayed reduced action potential (AP) firing frequency in response
to stepped somatic current injections. Additionally, enhanced after-hyperpolarization and
increased interspike intervals were observed in AP trains in Kv4.2TA mice. This reduction in
neuronal excitability was replicated by pharmacological blockade of Pinl activity in wild type
(WT) mice. As Kv4.2-containing channels are known to reduce excitability in pyramidal neurons
by shunting depolarization and providing repolarization, these results suggest enhanced Kv4.2
function in Kv4.2TA mice. To confirm a direct influence by Pinl on Kv4.2 function, we
performed voltage-clamp recordings from outside-out somatic patches pulled from CA1
pyramidal cells. Isolation of Ia current revealed a significant increase in current density in
patches pulled from Kv4.2TA cells relative to WT. Additionally, a leftward shift in the
normalized recovery from inactivation curve was identified in Kv4.2TA cells relative to WT
suggesting faster recovery of conductance from a non-conducting state. Therefore, we show that
Pinl modulates CA1 pyramidal cell excitability through regulation of Kv4.2 channel availability
and recovery from inactivation kinetics.
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Title: Intermittent channel trafficking in dendrites
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Abstract: Neurons are excitable cells that contain processes that can extend hundreds or
thousands of microns away from the cell body. This unique morphology presents several
logistical obstacles regarding the function of the cell as a cohesive unit. One such challenge is
the transport and regulation of ion channel concentrations throughout the dendritic arborization
of pyramidal cells. To compound this issue, Kv4.2 is a voltage-gated potassium channel that is
endogenously expressed with increasing density with distance from the soma. Previous modeling
studies confirm that such cargo demand profiles create transport bottlenecks and result in critical
speed-precision tradeoffs.

We propose that ion channels such as Kv4.2 are trafficked on microtubules intermittently in
discrete on/off states to improve system stability. This hypothesis is based on 200+ hours of
dendrite imaging following transfection of Kv4.2-GFP. Dendritic transport was observed in only
30% of total recording time, and dendritic activity appears to follow a dichotomous random
process with puncta appearing in clustered bursts. Extended-time recordings reveal on-states
with puncta trafficking for over 1 hr in duration and off-states lasting up to 2.5 hrs. Interestingly,
axonal trafficking is present during 90% of total recording time, and puncta transport in axons
appear to be continuous with no distinct off-state. Inferential statistical analysis of the dataset is
performed to determine which stochastic process best describes the underlying intermittent
phenomenon. Prospective models include the inhomogenous Poisson point process, the telegraph
process, and combinations of these processes.

The observed intermittent phenomenon has been replicated in a mathematical model to assess its
feasibility in improving system stability. Initial open-loop simulations reveal a speed-stability
tradeoff governed by the frequency of the intermittent phenomenon. In closed-loop simulations,



linear controllers with increasing gains result in instability, whereas an on/off nonlinear switch
controller can reduce instability.
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Abstract: Patch-seq is a powerful approach to characterize the electrophysiological,
morphological and transcriptomic features from single mouse and human neurons. Using this
technique at scale has allowed us to establish the correspondence between a neuron’s intrinsic
electrical properties and its transcriptomic ‘type’. Understanding how specific ion channels
contribute to differences in the electrical signature of different transcriptomic types can allow us
to better understand neuronal function. To study these channels, we modified the patch-seq
protocol to include a ‘nucleated patch’ recording following characterization of the cell’s intrinsic
electrical properties by whole cell current clamp recording. Due to its roughly spherical
geometry, this configuration is ideal to characterize ion channel currents and densities of the
perisomatic region. Here we relate these macroscopic voltage-gated channel currents to the cell’s
transcriptomic signature. Using well-established voltage clamp protocols, we isolate the
amplitude and kinetics of inactivating and non-inactivating potassium currents. In general, we
find distinct potassium channel amplitude and kinetics between cells identified within and
between transcriptomic cell classes. Ongoing analysis seeks to relate these differences to specific
ion channel genes, intrinsic firing pattern differences, and cell morphologies. Ultimately these
independent data modalities create a synergistic, more comprehensive, and refined taxonomy of
neuronal diversity in the mouse and human cortex.
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Title: Activity-evoked and spontaneous opening of synaptic fusion pores
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Abstract: Synaptic release of neuropeptides packaged in dense-core vesicles (DCVs) regulates
synapses, circuits and behaviors including feeding, sleeping and pain perception. Exocytosis of
DCVs has been avidly studied in non-neuronal cells, but not in native synapses. Presynaptic
DCVs differ from their non-neuronal counterparts in many respects. For example, they are
smaller (~100 nm instead of 300-1000 nm), allowing them to fit in thin axons and small boutons.
Therefore, they cannot form the very large fusion pores produced by neuroendocrine secretory
granules. Neuropeptide release at the Drosophila neuromuscular junction is slow and dynamin
dependent. However, fusion pore gating properties and permeability for molecules as large as
neuropeptides (0.65-2 kDa for the NMJ neuropeptides proctolin, MIP and CCAP) remain
unknown. Fusion pore opening can be detected by imaging extracellular fluorescent dyes
entering docked vesicles, but this approach would label DCVs and small synaptic vesicles, which
mediate small molecule co-transmission. Here we selectively image DCV fusion pores at
Drosophila type Is synaptic boutons by genetically loading DCVs with a proneuropeptide fused
to a fluorogen-activating protein (FAP). Specifically, we used an antibody-derived light chain
variable domain whose fused homodimer (an atypical scFv) binds malachite green with
picomolar affinity to generate far red fluorescence. Applying a variety of membrane impermeant
malachite green derivatives allowed us to image when and where fusion pores open at synapses
and to probe their conduction properties. We report that activity-evoked kiss and run exocytosis
opens synaptic DCV fusion pores away from active zones that readily conduct molecules larger
than most native neuropeptides (i.e., at least 4.5 kDa). Remarkably, these synaptic fusion pores
also open spontaneously in the absence of stimulation and extracellular Ca?*. SNARE
perturbations demonstrate different mechanisms for activity-evoked and spontaneous fusion pore
openings, with the latter sharing features of spontaneous small molecule transmitter release by



active zone-associated small synaptic vesicles. Fusion pore opening at resting synapses provides
a mechanism for activity-independent peptidergic transmission.
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Title: Vesicular calcium sensor synaptotagmin-1 mediates neurotransmission from mammalian
rods and cones
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Abstract: Synaptic exocytosis from amphibian photoreceptors does not use the Ca?* sensor
Synaptotagmin-1 (Syt1) and shows unusually low Ca?* cooperativity. However, Syt1 is present
in synaptic terminals of mouse rods and cones suggesting it may serve as the exocytotic Ca?*
sensor in mammals. To test a role for Sytl in mouse rods and cones, we generated mice with
loxP sites flanking exon 6 in Syt1 and crossed them with Rho-iCre or HRGP-Cre mice that
express Cre only in rods or cones, respectively. We confirmed selective Sytl elimination from
rods or cones by immunohistochemistry. Consistent with diminished rod output, eliminating
Syt from rods suppressed ERG b-waves (reflecting bipolar cell responses) evoked by dim
flashes. Consistent with loss of release from cones, eliminating Syt1 from cones reduced b-
waves evoked by bright flashes and abolished responses to high frequency flicker. Neither ERG
a-waves (reflecting photoreceptor light responses) nor presynaptic Ca?* currents (lca) were
altered. Removal of Syt1 also did not alter synaptic anatomy or promote ectopic sprouting of
bipolar and horizontal cell dendrites. Anion currents accompanying presynaptic glutamate
transporter activity were used to measure glutamate release from individual rods and cones.
Release from cones was also assessed from the inhibition of Ica by vesicular protons. Eliminating
Sytl abolished release from cones evoked by 2-25 ms depolarizing steps. Loss of Sytl abolished
release from rods evoked by 5 ms steps but did not fully eliminate release evoked by 25 or 500
ms steps. Spontaneous release persisted in both rods and cones. To measure Ca?* cooperativity of
release, we varied extracellular Ca?* and recorded post-synaptic currents evoked in horizontal or



ganglion cells by extracellular stimulation of cones or cone bipolar cells, respectively. Like
amphibians, mouse cones showed a low cooperativity of N=2.7 whereas bipolar cells showed a
more typical high cooperativity of 5.

These results indicate that Syt1 is the Ca?* sensor that regulates fast synaptic release by mouse
rods and cones while other sensors contribute to spontaneous and slower forms of release.
Although salamander photoreceptors do not use Syt1, mouse and salamander show similarly low
Ca?* cooperativity unlike most other synapses, suggesting this property is not due to use of a
particular Syt. The undisturbed synaptic anatomy seen after deletion of Sytl suggests a limited
role for neurotransmission in maintaining photoreceptor synapse integrity, emphasizing the
importance of proteins involved in active zone organization.
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Abstract: Objective & Rationale C2 domains are common in eukaryotic proteins and often
occur as tandem pairs. At neuronal synapses, the tandem-C2 domain protein synaptotagmin-1
(syt1) acts as a fast Ca?* sensor that synchronizes exocytosis with Ca?* influx during action
potential firing. Heterozygous missense mutations in sytl have recently been associated with
severe but heterogeneous developmental delay, highlighting the importance of this protein for
normal brain function. Syt1 triggers exocytosis via Ca?*-dependent penetration of the presynaptic
plasma membrane by its tandem C2 domains, and a significant body of work suggests that these
tandem domains act cooperatively via direct interactions with one another. However, while each
C2 domain of syt1 contains a Ca?*-binding pocket, it is unknown whether these binding pockets



function cooperatively but distinctly (as in hemoglobin binding oxygen) or act as a unified Ca?*
binding site. Moreover, well-defined pathogenic mechanisms and the basis for phenotypic
heterogeneity in sytl-associated developmental disorder remain unknown. Methods & Results
Here, we report the clinical, physiologic and biophysical characterization of three sytl mutations
from human patients of varying disability. Release of both GABA and glutamate was
differentially and severely impaired in cultured neurons expressing mutant variants. Strikingly,
in biophysical studies, Ca?*-dependent membrane penetration was always coupled between C2A
and C2B regardless of mutation, establishing a unified mechanism for Ca?*-dependent membrane
penetration by sytl. Conclusions Our results establish the molecular cause of, and basis for
phenotypic heterogeneity in, sytl-associated developmental disorder. Our results also define a
fundamental mechanistic aspect of sytl that is essential for synaptic transmission in vivo.
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Title: Ca®*-triggered neurotransmitter release requires two Ca®*sensors in C. elegans
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Abstract: Synaptic vesicles (SVs) fuse with plasma membrane to release neurotransmitters.
Several members in Synaptotagmin family proteins have been recognized as Ca?* sensors to
mediate SV release through their tandem C2 domains (C2A and C2B). Here we report that SV
release at the C. elegans neuromuscular junctions (NMJs) requires two Ca?* sensors, SNT-1 and
SNT-3. Stimulus-evoked excitatory postsynaptic current (EPSC) was reduced by 60% in C.
elegans mutant lacking snt-1, a mouse Sytl homolog. Electrophysiological screening of all other
Synaptotagmin isoforms have identified SNT-3 as a second Ca?* sensor required for Ca?*-
triggered neurotransmitter release. The remaining evoked release in snt-1 mutant was completely
abolished in snt-1;snt-3 double mutants. However, SV release was normal in snt-3 single
mutants, suggesting that the SNT-3 serves as a Ca?* sensor only when SNT-1 is absent.
Compared to SNT-1 which has an N-terminal transmembrane domain (TM), SNT-3 lacks a TM,



leading to a diffused expression in the axons. Biochemical evidence showed that SNT-3 interacts
with plasma membrane, and the C2 domains have a similar Ca*-binding affinity with SNT-1.
These findings raised new questions of how SNT-3 exerts a Ca* sensor function, and why SNT-
3 is not functional when SNT-1 exists.
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Abstract: Proper brain function requires a balance between excitatory and inhibitory neuronal
activity. This balance, which is disrupted in various neural disorders, ultimately depends on the
functional properties of both excitatory and inhibitory neurons; however, how the physiological
properties of presynaptic terminals are controlled in these neurons is largely unknown. In this
study, we generated pHIluorin-conjugated, synaptic vesicle-specific tracers that are preferentially
expressed in excitatory or inhibitory nerve terminals. We found that synaptic vesicle recycling is
~1.8-fold slower in inhibitory nerve terminals than excitatory nerve terminals, resulting in
reduced efficacy of synaptic vesicle trafficking in inhibitory presynaptic terminals during
repetitive activities. Interestingly, this relative difference in trafficking efficiency is mediated by
synaptic vesicle protein 2A (SV2A), which is more highly expressed in inhibitory synapses and
interacts in a phosphorylation-dependent manner with synaptotagmin I. These findings indicate
that SV2A coordinates distinct properties of synaptic vesicle trafficking between excitatory and
inhibitory synapses.
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Abstract: Ribbon synapses, including those of hair cells and retinal bipolar cells, show a
remarkable capability for synchronous release of multiple vesicles. We examined the frequency
of synchronous multiquantal release in ribbon-bearing rod photoreceptor cells and tested the
hypothesis that multiquantal (MQ) release involves homotypic fusion among neighboring
vesicles on synaptic ribbons promoted by the SNARE protein syntaxin3B. To measure release
presynaptically in salamander rods, we recorded anion currents that accompany glutamate
transporter activity (Iai). To amplify laciy), we used a pipette solution with SCN™ as the
principal anion. The control pipette solution contained 5 mM EGTA as the Ca?* buffer; we also
tested 0.05 mM EGTA and 5 mM BAPTA. For recordings from horizontal cells, we used a
CsGluconate-based pipette solution. In rod/horizontal cell pairs, spontaneous laciu) events
recorded presynaptically were correlated in amplitude with simultaneous miniature post-synaptic
currents (r?=0.25+0.05, N=7 pairs) indicating that glutamate release can be detected both pre-
and post-synaptically. The quantal content of spontaneous Ia@iyand mEPSCs averaged
1.57+0.08 (N=7) and 1.46+0.12 (N=5), respectively, indicating that many rod release events are
multiquantal. The frequency of MQ events (>15 pA) did not differ with 0.5 MM and 5 mM
EGTA but was almost completely abolished after 4 min with 10 mM BAPTA (p<0.0001). This
suggests that MQ fusion occurs within 100 nm of Ca?* channels beneath synaptic ribbons. The
overall frequency of large and small events was reduced by 10 mM BAPTA and slightly reduced
by 5 mM EGTA relative to 0.05 mM EGTA, consistent with a combination of ribbon and non-
ribbon release of uniquantal events. Damaging synaptic ribbons by fluorophore-assisted laser



inactivation of a FITC-RIBEYE binding peptide introduced through the patch pipette reduced the
frequency of spontaneous MQ events (N=7, p=0.02) as well as the amplitude of laI) evoked by
2 ms steps to -10 mV (p=0.0008). These changes were not seen with a scrambled control peptide.
Introduction of a peptide that mimics the SNARE-binding region of syntaxin 3B speeded time-
dependent decline of MQ events. 15 min after patch rupture, the proportion of large (>15 pA) to
small events declined by 87+6%, significantly more than with a scrambled control peptide
(57£10%, p =0.03). The overall frequency of spontaneous currents was not reduced by the
syntaxin3B peptide (p = 0.88). Our results suggest that a substantial fraction of spontaneous
release from rods is MQ, occurring preferentially at ribbons and promoted by syntaxin3B,
perhaps by facilitating homotypic fusion of vesicles.
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Title: Nano-resolved study of acetylcholine neurotransmission on single B1/B2 Aplysia cells
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Abstract: Acetylcholine is an important neurotransmitter that has been found to be linked to
learning, memory, and neural plasticity, which leads this molecule to be important in
understanding neurodegenerative diseases such as Alzheimer’s disease. Because of that, the
rationale behind this study is to be able to analyze acetylcholine release with high spatiotemporal
precision. Currently, there are electrochemical methods that are able to detect redox active
neurotransmitters such as dopamine and serotonin using carbon fiber electrodes. However,
because acetylcholine is a non-redox active molecule, many of the electrochemical studies on it
use complex enzyme-bound electrodes. Here, we present a study that uses a nano-interface
between two immiscible electrolyte solutions (nano-1TIES) electrodel that is able to selectively
detect acetylcholine with nanometer resolution; these electrodes can be made to be 5-500 nm in
radius and have a fairly simple and robust design principle that involves pulling capillaries and
adding an immiscible liquid to the tip. Using scanning electrochemical microscopy, we are able
to place the electrode within a nanometer-scale distance from the surface of a neuron. For this



study, Aplysia californica B1/B2 neurons were cultured on a poly-L-Lysine coated silicon wafer.
As these neurons are known to be cholinergic, they are an ideal initial model system. Using
feedback mode and chronoamperometry, we were able to see acetylcholine release upon
potassium stimulation at the nano-tip placed near the surface of the cell membrane. We see
picoamp currents, and high (>20:1) signal to noise ratios upon stimulation. To summarize the
results, we putatively determine, based on previous work,2 that these are vesicular exocytosis
events which have an average t1/2 of 9.2 + 4.9 s and an average total release of 3.7 x 107 + 2.4
107 molecules, which corresponds to a concentration of 6.5 = 1.9 uM. We are coupling this
exploratory electrochemical data with mass spectrometry data, specifically using capillary
electrophoresis-electrospray ionization-mass spectrometry to provide a second analytical control
for acetylcholine detection. Our current efforts are to qualitatively detect whether acetylcholine
is present in the B1/B2 single neurons, which the data supports. The significance of our results
demonstrates the design of a useful nanometer spatially resolved and millisecond temporal
resolved electrochemical platform for detecting acetylcholine on single cells.

Shen, M.*; Colombo, M. L. Analytical Methods, 2015, 7, 7095-7105.

Welle, T. M.; Alanis, K.; Colombo, M. L.; Sweedler, J. V.; Shen, M.* Chem. Sci., 2018, 9,
4937-4941.
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Title: A dual role for the UNC-13 M domain in Ca?*-triggered neurotransmitter release
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Abstract: Synaptic vesicle (SV) priming and fusion require the Munc13 family of proteins,
several of which (e.g. Munc13-1, Munc13-2, and ubMunc13-2) have been shown to be essential
in regulating short-term synaptic plasticity. However, the underlying molecular mechanisms
remain unclear. The nematode C. elegans expresses two UNC-13 isoforms, UNC-13L and UNC-



13S (also called UNC-13MR). Here we report a novel dual function of the N-terminal M domain
in C. elegans UNC-13MR, a Munc13-2 ortholog. Deleting the M domain in UNC-13MR led to a
significant increase in tonic and evoked neurotransmitter release, as well as the size of the readily
releasable vesicle pool, revealing an inhibitory function of the M domain in SV priming and
fusion. The inhibitory effects of the M domain were eliminated in the absence of the C1 and C2B
domains. This suggests that the M domain inhibits the C1-C2B module during synaptic
transmission. Interestingly, we found that the M domain directly promoted SV fusion when fused
to the MUNC2C fragment, which has been shown to be the minimal region required for priming
and fusion. These findings reveal that the M domain regulates synaptic transmission via dual
modes. However, it is still unclear how it switches between these modes under physiological
conditions.
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Abstract: Synaptic neurotransmitter release is mediated by a complex and highly regulated
molecular machinery. Munc13 protein family members orchestrate SNARE complex assembly
and are critical for rendering synaptic vesicles functionally release-competent for calcium-
evoked fusion during synaptic activity. Previous electron tomography analyses of synapses from
Munc13-deficient mutants using high-pressure freezing fixation and automated freeze
substitution on plastic sections indicated that in this preparation Munc13s have an essential role
in attaching or “docking” vesicles to the plasma membrane and that therefore synaptic vesicle
docking and priming may represent morphological and functional manifestations of the same
process. To address the question of how Munc13s execute their function on the molecular level,
we established a methodological workflow that allows us to isolate synaptosomes from
hippocampal organotypic slice cultures of Munc13-1 and -2 double KO mice and image them by



cryo-electron tomography, a method that utilizes faithful sample preservation and direct imaging
of fully hydrated unlabeled biological material to provide an accurate representation of molecular
architecture of cells at a single nanometer resolution. The automated detection and analysis of
synaptic vesicle-bound complexes showed that genetic ablation of Munc13-1 and -2 proteins
increases the distance between the membrane-proximal vesicles and the plasma membrane
without changing the vesicle number and has profound effects on the properties of tethers that
link synaptic vesicles to the plasma membrane.
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Abstract: Sphingosine-1-phosphate (S1P), a bioactive phospholipid, is implied to be involved in
many neurological diseases such as Alzheimer's disease and multiple sclerosis. SphK1, a major
kinase responsible for S1P production in the brain, is concentrated within presynaptic terminals
and important for synaptic transmission. However, it remains largely undefined whether the
SphK1/S1P pathway is important for synaptic vesicle endocytosis, a process that is critical to
maintain synaptic transmission by generating synaptic vesicles locally within the synaptic
terminals. Using pHIuorin-based live-cell imaging, we studied the potential roles of SphK1/S1P
pathway in synaptic vesicle recycling in neurons in culture by examining the effects of
SphK1%82P (SphK1PN), a dominant negative catalytic inactive mutant of SphK1. Consistent with
previous reports, we observed a defect in exocytosis induced by SphK1PN, suggesting a role of
SphK1/S1P in exocytosis. Interestingly, SphK1PN also slowed down the signal decay of
pHluorin tagged to synaptophysin, indicating a critical role of SphK1/S1P pathway in synaptic
vesicle endocytosis. The importance of SphK1/S1P pathway in endocytosis is further validated
by the fact that SphK 1PN has no effect on the reacidification rate of newly formed endocytic
vesicles. Furthermore, by detecting single vesicle endocytosis in chromaffin cells using cell-
attached capacitance measurements, we found that SphK1PN increased the duration of vesicle
fission, a rate-limiting step in endocytosis, indicating an importance of SphK1/S1P pathway in



vesicle fission during endocytosis. Taken together, our study supports a critical role of
SphK1/S1P pathway in synaptic vesicle endocytosis. Based on the close relationship between
malfunctions in synaptic vesicle endocytosis and neurological disorders, our data may provide
new insights into pathological mechanisms of neurological disorders related to the SphK1/S1P
pathway.
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Abstract: The calcium-dependent activator protein for secretion (CAPS) is an established
priming factor for large dense core vesicles (LDCVs) and has been reported to prime synaptic
vesicles (SVs) as well. It is a multi-domain protein consisting of two family members CAPS1
and CAPS2. Recently, we showed that in dorsal root ganglion (DRG) neurons CAPS1
exclusively mediates SV exocytosis, while CAPS2 only promote neuropeptide release from
LDCVs. We further showed that their differential function is due to distinct localization. In fact,
CAPSL1 is highly enriched at synapses while CAPS2 has a more diffuse mainly somatic
localization. To establish and maintain this differential localization, the subcellular transport
mechanism of both CAPS paralogs must differ and be tightly controlled. In the peripheral
nervous system, cell soma and synaptic contacts are separated by a great distance, which poses a
challenge for synaptic targeting of cytoplasmic proteins. Active zone proteins overcome this
problem by their association with so-called piccolo/bassoon transport vesicles. We propose that
CAPS1 but not CAPS2 is able to bind to these vesicles to be directed to synapses. We
investigated this question by targeted mutagenesis of CAPS2. We verified that our mutant
CAPS2/CAPSL1 was correctly expressed and functional. Using immunocytochemistry together
with confocal microscopy we could show that the CAPS2/CAPSL1 chimera protein was re-



localized from the soma to synapses. With this approach we identified a specific domain
responsible for CAPS1 synaptic localization.
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Abstract: Fusion of the neurotransmitter filled vesicles with neuronal plasma membrane is
commenced and accomplished by the intricate interactions of the components of the vesicular
release machinery. Not only the vesicle fusion process itself, but also the preceding steps, vesicle
docking and priming, are carried through by the sequential events of these interactions. Among
the proteins involved in all the steps leading to neurotransmitter release, it is the SNARE
complex which form the backbone of these sequential reactions. Furthermore, a great body of
data points towards the binary complex composed of the SNARE protein Syntaxin-1 (Stx1
collectively refers to Stx1A and Stx1B) and its close binding partner Munc18-1 as one of the
initiation factors of the assembly of the vesicular release machinery. Crystallographic
investigations on this binary complex have revealed two distinct binding sites on Stx1 for its
interaction with Munc18-1: a short fragment at its N-terminal end, called N-peptide, and the
Hanc-domain together with the SNARE motif when in closed conformation. Powerful evidence
driven from in vitro studies show that both N-peptide binding and Hanc-domain binding modes
are essential for an unimpaired Stx1-Munc18-1 complex function. On the other hand, a
consensus about whether these binding modes occur collaboratively or in isolation from one
another and also a consensus about whether they perform distinct and indispensable functions in
the sequential events leading to neurotransmitter release in vivo are still not achieved. To address
these issues, we used our Stx1A/1B double knockout (DKO) mouse model system in which we



can provide a complete loss of vesicle priming and fusion, and a severe impairment of vesicle
docking in hippocampal neurons. By means of a rescue approach, we determined the
electrophysiological characteristics of vesicle priming and fusion in Stx1A/1B DKO neurons
lentivirally expressing Stx1A mutants which lack either N-peptide or Hasc-domain, or which are
rendered locked in an open conformation. Even though neither N-peptide nor Hasc-domain of
Stx1A has proven to be absolutely required for vesicle priming and vesicle fusion per se, we
could show independent modulatory effects of these two Munc18-1 binding modes on
neurotransmitter release.
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Abstract: The dynamic balance between excitation and inhibition in synaptic transmission is
necessary for proper functions of the brain. Inhibitory synaptic transmission, which is mediated
mainly by GABA and glycine, regulates the neuronal excitability. Inhibitory synaptic
transmission is reported to considerably differ from excitatory synaptic transmission. However,
the inhibitory synaptic transmission compared to the excitatory synaptic transmission remains
poorly understood. In particular, the precise and dynamic motion of synaptic vesicles containing
inhibitory neurotransmitters up to the moment of exocytosis remains unknown. In this study, we
investigated the dynamics of GABAergic synaptic vesicles in mature rat hippocampal neurons by
real-time three-dimensional tracking of single synaptic vesicles till the moment of exocytosis. To
specifically label single GABAergic vesicles, we used quantum dot-conjugated antibodies



against the luminal domain of vesicular GABA transporter (VGAT), co-labeling inhibitory
presynaptic terminals with CypHer5E-tagged anti-VGAT. Using a partial quenching of the
guantum dot signal as a reporter of kiss-and-run fusion, we found that the prevalence of kiss-and-
run fusion in the GABAergic vesicles was distinct from that of synaptic vesicles labeled by
synaptotagmin-1 (Syt1) antibodies conjugated with quantum dots. The net displacement of
GABAergic synaptic vesicles undergoing fusion was significantly different from that of Syt1-
labeled synaptic vesicles. Based on the results, we suggest that GABAergic synaptic vesicles
may have dynamics distinct from Sytl1-labeled synaptic vesicles.
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Title: The organization and occupancy of synaptic vesicle fusion sites
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Abstract: Synaptic vesicles fuse with the plasma membrane to release neurotransmitter
following an action potential, after which new vesicles must ‘dock’ to refill vacated release sites.
How many vesicles can fuse at a single active zone, where they fuse within the active zone, and
how quickly they are replaced with new vesicles is not well-established. To capture synaptic
vesicle exocytosis at cultured mouse hippocampal synapses, we induced single action potentials
by electrical field stimulation then subjected neurons to high-pressure freezing to examine their
morphology by electron microscopy. During synchronous release, multiple vesicles can fuse at a
single active zone; this multivesicular release is augmented by increasing the extracellular
calcium concentration. Synchronous fusions are distributed throughout the active zone, whereas
asynchronous fusions are biased toward the center of the active zone. Immediately after
stimulation, the total number of docked vesicles across all synapses decreases by ~1/3. Between
8 and 14 ms, new vesicles are recruited to the plasma membrane and fully replenish the docked
pool, but docking of these vesicles is transient and they either undock or fuse within 100 ms.



These results demonstrate that recruitment of synaptic vesicles to release sites is rapid and
reversible.
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Abstract: The serotonin (5-HT) transporter (SERT) is an important regulator of 5-HT signaling
in the CNS. SERT is also highly expressed in adrenal chromaffin cells which comprise the
neuroendocrine arm of the sympathetic nervous system. Based on our current and previous work
we hypothesize that adrenal chromaffin cells are a previously unrecognized peripheral hub for
serotonergic control of the sympathoadrenal stress response. To test this hypothesis we used
carbon fiber amperometry to investigate how 5-HT / SERT modulates catecholamine secretion
from isolated mouse adrenal chromaffin cells. We show that 5-HT1a receptors inhibited
catecholamine secretion by reducing the number of evoked vesicular release events. This
pathway was enhanced by blocking SERT activity using escitalopram (an SSRI antidepressant)
or in cells isolated from SERT” mice. SERT had a second distinct mechanism of action
independent of 5-HT1a receptor activation. The half-width (duration) and charge (amount of
oxidizable transmitter released) of individual amperometric spikes (vesicular fusion events) was
significantly smaller (~35%) in SERT" cells compared to wild-type cells. The same effect was
recapitulated in wild-type cells by in vitro pharmacological block of SERT (~72hrs culture with
escitalopram) or by restricting the amount of extracellular 5-HT available for uptake (~72hrs
culture dialyzed serum media). HPLC showed the 5-HT content of adrenal glands from wild-type
mice only accounts for a small fraction (~0.13%) of the total monoamines, which are
predominantly epinephrine and norepinephrine. Although the 5-HT content was significantly
reduced (50-80%) in glands isolated from SERT"-mice, the catecholamine content was unaltered
making it unlikely that the reduced size of quantal release events (35% decrease of amperometric
spike charge) is simply due to reduced vesicular monoamine content. Ongoing work will dissect



the underlying mechanisms by which adrenal SERT / 5-HT regulate catecholamine secretion and
hence the sympathoadrenal stress response.

Disclosures: R.L. Brindley: None. K.P. Currie: None.
Poster

121. Neurotransmitter Release and Vesicle Recycling
Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM
Program #/Poster #: 121.16/B84

Topic: B.05. Neurotransmitter Release

Support: T32-GMO007767
NIH Grant GM111997

Title: Synaptotagmin-7 endows a population of dense core vesicles with distinct calcium sensing
and fusion properties
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Abstract: Synaptotagmin-7 (Syt7) is one of two major calcium sensors for regulated exocytosis
in adrenal chromaffin cells. Its high sensitivity allows tunable secretory responses to a range of
stimuli that result in graded increases in intracellular calcium. Despite the undoubted importance
of Syt7, questions remain as to whether the protein operates from the vesicle or plasma
membranes and to what degree the functions of chromaffin cell Syts are redundant. Here, these
issues were examined using two distinct experimental preparations - primary mouse chromaffin
cells lacking endogenous Syt7 and a reconstitution assay employing cell-derived granules
expressing either Syt7 or Sytl. First, we find that endogenous Syt7 is punctate in appearance,
consistent with its sorting to organelles. Antibody-based staining reveals it to be co-localized
with plasminogen activator inhibitor 1 (PAI1) - a protein of the vesicle dense core - but rarely
with Sytl. Functionally, mouse chromaffin cells lacking Syt7 exhibit properties that readily
distinguish them from WT cells. For example, lumenal cargo proteins are released at faster rates
from Syt7 KO cells than WT cells. KO cells also exhibit deficits in fusion efficacy, both in
response to elevated KCI depolarization and cholinergic stimulation. To further distinguish
between the roles of Syt7 and Syt1 in fusion, purified dense core vesicles expressing only one of
the two proteins were triggered to fuse on reconstituted planar supported bilayers bearing t-
SNAREs. These studies demonstrate that Syt7 confers substantially greater calcium sensitivity to
granule fusion than Sytl and slows that rate at which cargos are released, just as in primary cells



employing overexpressed Syts. By virtue of its sorting and biochemistry, Syt7 serves unique
roles in the biology of the chromaffin cell secretory response in ways that distinguish it from
Sytl.
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Title: Activity dependent modulation of synaptic transmission and of presynaptic calcium
dynamics by a-synuclein
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Abstract: Recent work suggests that a-synuclein (a-Syn) is a physiologic attenuator of
neurotransmission and that it exhibits functional interactions with key presynaptic proteins
(synapsin, VAMP2) known to participate in different segments of the synaptic vesicle (SV)
cycle. Nevertheless, the specific role of a-syn in the SV cycle and the mechanism by which it
constrains it remain unknown, partly due to the fact that deletion of a-syn in mice has been
reported to produce only mild effects. By varying stimulation protocols, we report that contrary
to previous findings, deletion of a-syn and a-syn overexpression produce opposite but varying
effects on SV recycling as imaged using synaptophysin-pHIluorin. Furthermore, using genetically
encoded calcium indicators, we find that the expression level of a-syn alters the magnitude of
calcium transients in both the cytosolic and mitochondrial compartments of the presynaptic
terminal. Finally, we report that altering a-Syn expression changes the resting distribution of SVs
within the terminal. Our findings thus support an activity and calcium-dependent role for a-syn
in modulating neurotransmitter release and in defining the structure of the presynaptic terminal.
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Abstract: In previous studies in rats, 1) vaginocervical mechanostimulation (VCS) produced
analgesia, 2) the analgesia was “exhausted” (i.e., habituated) by prolonged (1 hour) VCS;
vasoactive intestinal peptide (VIP) is: 3) concentrated in rat sacral spinal cord, 4) released into
superfusates of spinal cord during VCS or 5) electrical stimulation of the pelvic nerve; 6) the
pelvic nerve provides vaginocervical afferents; 7) intrathecal administration of VIP produces
analgesia. Presently, we utilized immunohistochemical reactivity of VIP to visualize the levels of
VIP in the sacral-3 dorsal horn after VCS-induced exhaustion of analgesia, compared to a no-
VCS control condition. Methods: Sprague-Dawley rats (150-190g bw) were ovariectomized and
treated with estradiol benzoate (5ug/d sc x 2; n=6) or sesame oil (n=6). VCS (100g) was applied
for up to one hour and tail flick latency (TFL) to radiant heat was measured each 10 min as the
indicator of analgesia. Rats were sacrificed by ketamine/xylazine overdose, the experimental
group upon analgesia exhaustion, the control group upon neither stimulation nor testing. Rats
were perfused with buffered formalin and the spinal cords removed by spine/spinal cord
transection plus air pressure. Immunohistochemistry (40um sections) using VIP antibody was
prepared by FD Neurotechnologies. Image analysis used a Nikon microscope with NIS BRS
11.00 software. We constructed ROIs of laminae 1-2 for each image, set a constant brightness
(density) threshold, omitted size or circularity criteria, and measured the proportion of the
immunoreactive area to the entire ROI. Results: Initial unstimulated baseline TFL was
3.6x0.5sec, which increased significantly to 7.6+0.6sec during VCS (t=-1.85, p<0.05). After
continuous VCS to analgesia exhaustion (approx 1 hour), as designed, the TFL had returned to
2.7+0.2sec (NS versus initial TFL). The VCS-to-exhaustion group showed a significantly higher
VIP immunoreactive proportion of the ROI (0.30£0.1) than the control group (0.08+0.1; t=-2.8,
p<0.01). VIP immunoreactivity between the estrogen and oil control groups was NS (t=-0.03,
p=0.5). While depletion of the primary afferent neuropeptide VIP in laminae 1-2 could be
expected to accompany exhaustion of the analgesic response to the peptide, the present finding
of increased VIP immunoreactivity could be a consequence of: a) accumulation of VIP in the




synaptic space prior to enzymatic degradation and/or clearing, b) released VIP being bound to
the postsynaptic membranes, c) internalization of VIP into postsynaptic neurons, d) relative
inaccessibility to antibody of VIP in presynaptic vesicles yielding apparently low levels prior to
VCS.
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Abstract: Retrieval of synaptic vesicles via endocytosis is essential for maintaining repetitive
synaptic transmission. At the calyx of Held, a giant glutamatergic synapse in the auditory
brainstem that fires continuous action potentials at high-frequency up to several hundred hertz,
efficient vesicle recycling is especially crucial to meet the demand for intense synaptic
transmission. Using two-photon Na* imaging, we found the Na* accumulated robustly at the
calyceal terminals during high-frequency firing. By directly measuring the membrane
capacitance at calyx of Held, we found that increase of presynaptic Na* concentration facilitated
both slow and rapid forms of endocytosis, as well as endocytosis overshoot, while did not affect
the readily releasable pool size, calcium influx, or exocytosis. To examine whether this
facilitation is related to the Na* dependent vesicular content change, we dialyzed the calyceal
terminal with different concentrations of glutamate or blocked the vesicular glutamate uptake
with bafilomycin and found the rate of endocytosis was not affected by regulating the glutamate
contents. Since endocytosis is critically dependent on intracellular Ca?* and the activity of
Na*/Ca?" exchanger (NCX) might have been altered when we changed the Na* gradient, we then
lowered the extracellular Na* concentration, which inhibiting the NCX function and mimicking
the concentration gradient change induced by increased intracellular Na* concentration.
However, no differences in endocytosis rate were observed. Therefore, during high-frequency
synaptic transmission, when large amounts of synaptic vesicles are fused, Na* accumulated in
terminals, facilitated vesicle recycling and sustained reliable synaptic transmission.
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Abstract: Dynamin-Related Protein 1 (DRP1) is essential for mitochondrial fission, autophagy
and localization, as well as for the regulation of synaptic vesicle (SV) recycling. However, the
mechanisms by which DRP1 contributes to the latter process remain incompletely understood.
Our recently published work shows that impaired transmission is due in part to increased
cytosolic Ca?* load during activity. Alternatively, other prior work suggests that DRP1 is
involved in SV endocytosis directly. Here, we sought to determine whether presynaptic
mitochondrial Ca?* uptake, and/or SV endocytosis are altered due to DRP1 loss from the giant
calyx of Held synapse.

DRP1 was selectively eliminated in the presynaptic terminal by injecting Floxed-DRP1
(DRP1fI/fl) mice with a recombinant adeno-associated virus expressing Cre recombinase and
GFP reporter, at postnatal day 1 (P1). To monitor Ca?* flux in the intact presynaptic terminal, a
genetically encoded cytosolic calcium indicator JRGECO1a) or a mitochondrial calcium
indicator (mito-LAR-GECQ1.2) were co-injected. Fluorescence changes were monitored in
response to electrical stimulation.

Activity-dependent increases in cytoplasmic calcium were larger in DRP1-KO mice versus
controls, with slower clearance kinetics. Surprisingly, mitochondrial calcium following
stimulation was also significantly increased in DRP1-KO terminals versus controls. Whereas
mitochondria were able to retain calcium after prolonged stimulus (400 Hz, 5 seconds) in control
terminals, mitochondrial Ca?* dispersed immediately following stimulus cessation in DRP1-KO
terminals. Defective mitochondrial calcium handling contributes to defective SV recycling in
DRP-KO, but the mechanism is unclear.

We tested whether DRP1 has a direct role in SV retrieval by measuring presynaptic capacitance
changes with direct whole-cell electrophysiology recordings at the calyx terminal. While Ca?*
influx and exocytosis were largely normal in DRP1-KO terminals, we observed a near complete



lack of SV endocytosis compared to WT mice (P<0.05). This result implicates DRP1 function in
a two-step model for SV membrane scission during compensatory endocytosis.

Our data indicate DRP1 supports neurotransmission at the mouse calyx of Held through
multifaceted functions: impacting mitochondrial calcium buffering via a novel mechanism, and
directly mediating SV retrieval. Further studies into the role of this protein in pathological
neurotransmission are necessary.
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Abstract: The rapid recycling of vesicles in the presynaptic terminal during exocytosis,
endocytosis and vesicle trafficking at the active zone maintains proper synaptic function. Vesicle
reuptake occurs via clathrin-mediated and clathrin-independent endocytosis, and both rely on
dynamin for the final step of membrane fission and vesicle reformation. Not only membrane
recycling but also active zone clearance depends on efficient membrane reuptake, making
dynamin a key player in continuous neurotransmission, especially at synapses that fire at high
frequencies. To study the disruption of endocytosis we blocked dynamin with Dyngo 4A (30 uM
or 60 uM) and recorded glutamatergic and glycinergic currents from neurons of MNTB or LSO
in brainstem slices from postnatal day 20-25 mice (C57BL/6J). We evoked PSCs by electrically
stimulating the afferent fibers of each nucleus at 300 Hz (33-35°C; 1.2mM [Ca?']e).To ensure
proper delivery of Dyngo 4A to the nerve terminals, we sonicated the solution and incubated the
slices with Dyngo 4A for at least 20 minutes prior to recordings. We observed a striking effect of
Dyngo 4A on MNTB synapses: a large increase in the frequency of the spontaneous EPSCS
(SEPSCs; 3.4+0.7 Hz to 38.6+6.8 Hz), indicating the drug was acting on the presynaptic
terminal. We also observed a reduction in the evoked EPSC amplitude (~40%), sometimes
leading to failures at the end of the stimulation protocol, which may be explained by a reduction
in evoked vesicle pool size (smaller readily releasable pool - RRP). In the LSO, we observed a



strong reduction on glycinergic elPSCs (~70%), without failures at 300Hz stimulation, indicating
a reduced RRP. The paired-pulse ratio increased (suggesting a reduction in release probability)
and the short-term plasticity (STP) of the elPSCs trains was altered with Dyngo 4A, indicating a
role for dynamin in vesicle recycling and STP at the LSO. For both synapses, under the same
paradigms, we show that dynamin is necessary to maintain the RRP size and that it maintains a
reliable transmission in MNTB during high-frequency afferent fiber activity. In LSO synapses,
dynamin activity regulates RRP size and also shapes STP, which ultimately regulates
information coding in the postsynaptic neuron.
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Abstract: The transient receptor potential canonical 5 (TRPC5), a nonselective Ca?* permeable
cation channel, is linked to neurological diseases such as epilepsy and Huntington’s disease.
TRPCS5 is concentrated in presynaptic terminals and interacts with many endocytic proteins.
However, it is unclear whether TRPC5 plays a role in synaptic vesicle recycling. Using
synaptophysin-pHluorin based live-cell imaging, we examined effects of a well-established
dominant negative TRPC5 mutant (TRPC5PN) on synaptic vesicle endocytosis in neurons in
culture. There was an increase in the duration of the pHIuorin signal decay after stimulation,
indicating a potential role of TRPC5 in synaptic vesicle endocytosis, considering no change in
the acidification rate of endocytic vesicles was observed. Collectively, our data reveals a
physiological function of TRPC5 in synaptic vesicle endocytosis.
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Title: The structural dynamics of actin and presynaptic vesicles in a mammalian synapse
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Abstract: The phenomenon of post-tetanic potentiation occurs in part due to the accumulation of
a readily releasable pool (RRP) of vesicles following rapid vesicle depletion. Clustering of the
neuronal active zone, mediated by the actin cytoskeleton, is inversely correlated with vesicle
cycling. Thus, molecular crowding within the active zone may be a key regulator of RRP size.
One mechanism by which actin polymerization may be regulated in an activity-dependent
manner is via the voltage-gated potassium channel Kv3.3. This channel is expressed in subsets of
rapidly firing neurons and influences action potential repolarization. The C-terminal of Kv3.3
interacts with the Arp2/3 complex and the anti-apoptotic protein Hax1 to assemble actin
filaments, which in turn impedes N-type inactivation of the channel. Super resolution
microscopy shows that either knockout of the Kv3.3 gene or knock-in of a functional Kv3.3
channel mutant that fails to interact with the Arp2/3 complex result in disruption of the actin
cytoskeleton in the calyx of Held presynaptic terminal in the auditory brainstem. Thus, Kv3.3
organizes the actin structure of the presynaptic terminal, offering a possible mechanism for the
activity-dependent accumulation of vesicles at the active zone. In order to test this hypothesis,
we depolarized synapses and visualized the reorganization of the actin cytoskeleton and the
presynaptic vesicles in the period following stimulation. We found that stimulation induced a
rapid depolymerization in F-actin at the active zone followed by polymerization of actin in a
region distal to the active zone 15 seconds later. By 30 seconds, this polymerized actin had
consolidated at the active zone, restoring the original actin architecture of the presynaptic
terminal. We are now using three-dimensional reconstruction of these synapses to visualize how
the changes in the actin architecture facilitate changes in the size and spread of vesicle pools at
the active zone. The activity-dependent structural changes in the presynaptic terminal that we



have identified here offer novel insights into the basic mechanisms of synaptic plasticity and
neurodegenerative disease as well as directions for future studies.
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Title: Regulation of vesicle acidification by Rabconnectin3a at the neuronal synapse
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Abstract: Acidification of vesicles is achieved by vacuolar ATPases (VATPases), a family of
proton pumps that controls the pH gradient across organelle membranes. Despite their critical
importance at the synapse and in many intracellular trafficking routes, the regulation of vATPase
activity is poorly understood. In a search for the vATPase regulators, we cloned human DmxI2
gene encoding Rabconnectin-3a (Rbcn-3a). An alteration in the gene dosage of DmxI2 in human
patients resulted in a complex pathology called as poly endocrine-polyneuropathy syndrome
(PEPNS). Rbcn-3a encodes a large 340kDa protein, whose function at the mammalian synapse
remains largely unknown.

We found it to be present on every organelle that acidifies; including SVs. Loss of Rbcn-3a in
mice resulted in early embryonic lethality. When Rbcn-3a is eliminated from neuronal cells in
culture, neurons developed normally, yet their activity was perturbed. Neurons without Rbcn-3a
failed to fully acidify SVs, and showed altered SV recycling. Curiously, the synapses of neurons
without Rbcn-3a also accumulated lysosomes-like structures and lysosomal markers, suggesting
an unanticipated connection between the machinery for endocytosis, acidification and cellular
homeostasis.
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Abstract: Synaptic transmission at mammalian central synapse is undergoing with stochastic
activity at physiological temperature. Synaptic recycling vesicle pool with proper kinetic
structure ensures sustained synaptic transmission. However, the kinetic structure of recycling
vesicle pool has never been quantitatively analyzed so far and most of the studies were
performed at room temperature and under resting neuronal status. With combination of
presynaptic capacitance measurement and postsynaptic EPSC recording on the calyx of Held
synapse at physiological temperature, we studied the vesicle recycling under sustained
presynaptic stimulation at physiological temperature. The kinetics of vesicle reuse was revealed
by impeding transmitter refilling with folimycin. It was found that more than 90% vesicles
involved in recycling at calyceal terminals but they are not homogeneously competent for
reusing. A significant surface pool of vesicles was detected corresponding to different intensity
of stimulations. We dissected the group of recycling vesicles as kinetically connected
subpopulations and obtained the kinetic structure of the recycling vesicle pool in nerve terminal.
The sizes and transferring rates among these sub-pools were dynamically regulated by neuronal
activity thus to ensure the efficient synaptic transmission. Our work for the first time provides a
guantitative description of synaptic vesicles trafficking along a complete recycling pathway,
which helps to understand the impact of vesicle recycling on stable and reliable synaptic
transmission under variant neuronal activities.

Disclosures: Z. Liu: None. Y. Zhu: None. Y. Hu: None. S. Zhang: None. J. Sun: None.



Poster

121. Neurotransmitter Release and Vesicle Recycling

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM

Program #/Poster #: 121.26/B94

Topic: B.05. Neurotransmitter Release

Title: Calcium- and phospholipid-dependent regulation of synaptic plasticity by Munc13-1

Authors: *N. LIPSTEIN?, S. CHANG?, K.-H. LIN* B. H. COOPER?, A. GHUMAN!, J. J.
JANS®, H. TASCHENBERGER?, N. BROSE?;

1Dept. of Mol. Neurobio., Max-Planck Inst. of Exptl. Med., Géttingen, Germany; 2Dept. of Mol.
Neurobio., Max-Planck Inst. of Exptl. Med., Goettingen, Germany; Univ. of Toronto, Toronto,
ON, Canada; “Max Planck Inst. for Biophysical Chem., Géttingen, Germany; Utrecht Univ.
Med. Ctr., Utrecht, Netherlands

Abstract: Synaptic transmission exhibits rapid and dynamic changes in efficacy, a phenomenon
termed short-term synaptic plasticity (STP). While it is well-established that STP is fundamental
for information processing in neuronal networks, the molecular basis of STP remains unclear. At
the presynaptic active zone, neurotransmitter release is tightly coupled in time and space by the
Ca?*-dependent, coordinated function of hundreds of proteins and their interplay with membrane
lipids of the synaptic vesicle and of the plasma membrane. Munc13 proteins are key regulators of
neurotransmitter release, as they mediate the priming step that renders synaptic vesicles fusion-
competent, and their genetic elimination causes a complete block of neurotransmission. We use
mouse genetics tools and electrophysiology to study how Ca?*- and phospholipid signaling to
Munc13s impacts synaptic transmission and STP at the calyx of Held synapse. In addition, we
study the molecular mechanisms by which variations in Munc13s leads to abnormal
neurotransmission in a novel congenital brain disorder, characterized by autism-spectrum
disorder, a dyskinetic movement disorder, and intellectual disability.
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Abstract: Successful synaptic transmission requires release of neurotransmitter from the
presynaptic terminal by synaptic vesicle exocytosis. The retrieval of synaptic vesicles from the
plasma membrane by endocytosis is crucial for maintaining synaptic structure and efficient
neurotransmission. Sites of synaptic vesicle fusion must be cleared rapidly; therefore, the
coupling of exo- and endocytosis is crucial. Despite many years of research, the exact molecular
and biophysical requirements exo- and endocytosis coupling are still debated. The role of Ca?* in
exo- and endocytosis coupling has remained particularly enigmatic, in large part because of
calcium’s necessity in triggering synaptic vesicle fusion. We sought to gain insight into whether
Ca?" is required for initiating endocytosis by triggering exocytosis in a calcium-independent
manner: exposure of cultured neurons to hypertonic sucrose solution (Rosenmund and Stevens,
1996). Using electron microscopy analysis of high-pressure frozen hippocampal synapses, we
found that sucrose application induced formation of membrane invaginations, or endocytic pits,
that resolved upon sucrose washout. Sucrose induced endocytic pit formation independent of
clathrin or temperature; however, in synapses that were incapable of undergoing exocytosis or
where the actin dynamics were shifted towards a depolymerized state by treatment with
latrunculin-A, hypertonic sucrose was unable to induce endocytic pits. Furthermore, we
investigated whether calcium is necessary for the Kinetics of endocytosis by monitoring the
sucrose evoked fluorescence signal of the pH sensitive variant of GFP, pHlourin, tagged to
synaptophysin (SypHy) with live-cell imaging. We found that that protein recycling occurs in the
absence of Ca?" influx. Interestingly, Ca®* chelation by BAPTA slowed the sucrose-evoked
SypHy decay, without affecting the formation of endocytic pits, suggesting that while Ca?*
influx is not required to initiate endocytosis, it plays a role in modulating the speed of the
complete recycling process. Overall, our data clarify the controversial role of Ca?* in the
initiation of endocytosis at presynaptic terminals. We suggest that membrane tension, and not
Ca?" influx, drives the initial coupling of exo- and endocytosis at small central synapses.
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Title: Effects of acute ATP shortage on the synaptic vesicle cycle at the ultrastructural level
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Abstract: Following synaptic vesicle fusion at the presynaptic terminal, vesicular membrane and
proteins must be recycled via endocytosis to replenish the vesicle pool. A previous study
revealed using the pHIuorin assay that local depletion of ATP at presynaptic terminals impairs
the rate of vesicle cycling during sustained synaptic activity, possibly by blocking endocytosis.
However, due to limitations inherent to the pHluorin approach, it is unknown which exact step in
the vesicle cycling process is most sensitive to the availability of ATP. Moreover, it is unclear
whether glycolysis or oxidative phosphorylation (OxPhos) is more important for supplying
energy to the synaptic vesicle cycle. In the present study, we used time-resolved electron
microscopy to capture rapid changes in the presynaptic membrane ultrastructure in cultured
hippocampal neurons at various time points following stimulation. We combined this method
with drug treatments that acutely block glycolysis and OxPhos and found that acute ATP
depletion leads to the arrest of spontaneous as well as activity-induced synaptic vesicle
endocytosis at early stages. In addition, blocking OxPhos alone has a weaker effect than blocking
both oxidative phosphorylation and glycolysis. This suggests that aerobic glycolysis alone might
be able to partially meet the energy demand of vesicle cycling independent of OxPhos.
Furthermore, we found that prolonged block of OxPhos leads to the clustering of PFKL, a rate-
limiting glycolytic enzyme, towards synaptic sites. Our results shed new light on the energetics
of synaptic vesicle endocytosis and may have important implications for the pathophysiology of
brain ischemia.
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Abstract: Endocytosis, which recycles vesicles and sustains synaptic transmission, employs the
force-generating cytoskeletal filamentous actin (F-actin) to bend membrane for vesicle
formation. We have now found that F-actin at mouse calyx nerve terminals is organized by
Kv3.3 voltage-dependent potassium channels that binds the Arp2/3 actin-nucleating complex.
Kv3.3 is expressed at high levels in the calyx of Held presynaptic terminals in the medial nucleus
of the trapezoid body. By electron immunomicroscopy, the channel is found to be localized
adjacent to clusters of vesicles at presynaptic membranes that face the postsynaptic cell. These
terminals have a dense subcortical actin network that is absent in postsynaptic membranes, which
lack Kv3.3. This presynaptic actin network in disrupted in Kv3.3 knockout animals and in those
that express a mutant channel, G592R Kv3.3, which has normal electrophysiological function
but cannot bind the Arp2/3 complex. Both slow (~10-30 s) and rapid (less than ~3 s) endocytosis
are inhibited in Kv3.3 knockout animals and in those expressing G592R Kv3.3. We found a
similar effect of deletion or mutation of Kv3.3 on synaptic vesicle endocytosis at synapses of
hippocampal neurons in culture. These results suggest updating current endocytosis model by
including potassium channels in organizing actin cytoskeleton for force generation at nerve
terminals. This model not only extends the repertoire of crucial endocytic players unexpectedly
to potassium channels, but also may link endocytosis to, and thus improve our understanding of,
potassium channel-relevant diseases, particularly human spinocerebellar ataxia type 13 is caused
by Kv3.3 mutations, and which are characterized by cerebellar atrophy, motor symptoms, and
abnormalities in auditory function.
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Title: Understanding the neuronal trafficking of tissue type plasminogen activator and its
neuronal functions
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Abstract: The discovery of the neuronal expression of the serine protease tissue type
plasminogen activator (tPA) has opened new avenues of research. With important functions in
the physiopathology of the central nervous system, tPA can maybe bring answers in
understanding neurotransmission in a certain subtype of glutamatergic neurons. For example, its
interactions with synaptic receptors (NMDAR, LRP1, Annexin 11, and EGFR) and its role in the
maturation of BDNF have been reported to mediate its ability to control the synaptic plasticity
and of the neuronal survival. Thus, a better description of the mechanisms regulating the
neuronal trafficking of tPA may help to further understand how tPA can influence brain
functions and dysfunctions.

Using an innovative labelling of the intracellular tPA, we have recently revealed from living
primary cultures of cortical and hippocampal neurons, the neuronal distribution of tPA (Lenoir S.
et al., Frontiers Cell. Neurosci., In press). We have also demonstrated that the neuronal tPA was
contained in endosomal vesicles positives for Rabs and in exosomal vesicles positives for
synaptobrevin-2 (VAMP2), both in dendrites and axons. tPA-containing vesicles differ in their
dynamics, with the dendritic vesicles that are less mobiles than the axonal vesicles, these laters
displaying mainly a retrograde transport. Furthermore, we have also demonstrated that the
trafficking and the exocytosis of tPA were finely tuned by the neuronal activity through
mechanisms that are dependent of Ca* influx. We have thus observed that the neuronal activity
reduced the motion and the velocity of tPA positives vesicles and enhanced the exocytosis of
tPA positive vesicles both in axons and dendrites.

TPA is mainly known for its role in the control of the fibrinolysis when present in the blood, but
studies on its neuronal physiology are relatively weak. These data provide new insights about the



neuronal trafficking of tPA, contributing to a better knowledge of the neuronal functions of this
serine protease.
Key words: tPA, neurons, vesicular trafficking, plasticity.
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Abstract: "PSD lattice™ has been identified in the preparation obtained after treatment of
synaptosome, synaptic plasma membrane (SPM) or Triton X-100-PSD with deoxycholate, a
relatively strong detergent, and has been considered to be a basic backbone of type | PSDs before
the discovery of various scaffold/adaptor proteins. However, major constituents of the PSD
lattice and the relationship between the PSD lattice and the scaffold/adaptor protein model for
PSD structure have not yet been known. Previously we purified a fraction enriched with PSD
lattice-like structures from rat forebrain and discussed the relationship between the PSD lattice
structure and the scaffold/adaptor protein model (Suzuki et al., 2018, J. Neurochem., 144, 390-
407). However, the whole protein molecules constituting the PSD lattice could not been
identified, because some proteins in the preparation were SDS-insoluble. In this paper, we
improved the purification protocol and succeeded in avoiding denaturation of component
proteins. The newly prepared PSD lattice-like preparation enabled identification and analyzes of
the component proteins by SDS-PAGE and western blotting. Indeed, we identified protein
components by SDS-PAGE, western blotting and mass spectrometry, and examined localization
of the identified proteins in the PSD lattice-like structures by immuno-gold electron microscopy.
We found that tubulin, both alpha- and beta-tubulin, are major constituents. Unexpectedly,
contents of other cytoskeletal proteins such as fodrin, actin and alpha-internexin, and typical
scaffold/adaptor proteins, such as PSD-95, Shank, Homer and GKAP were very few in a typical
PSD lattice. Microtubules, microfilaments and intermediate filaments were not present in the
preparation and thus, they were not the structures constituting the PSD lattice. Our results
suggest that tubulin may construct a PSD lattice-like structure either alone or associated with
other proteins at the postsynaptic site of neurons. We propose that non-microtubule tubulin may



form PSD lattice-like structure at the postsynaptic sites. This tubulin may be a long-sought form
of tubulin present in the SPM.
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Abstract: Numerous electrophysiological evidences have shown that synaptic strengths are
highly correlated with synapse sizes via a mechanism called synaptic plasticity. While the
distribution of synapse sizes for different areas of the brain has been illustrated earlier in research
articles, discovering the potential precision of synapse sizes has not been studied previously.
Another fundamental question, assuming we can calculate the precision of synapses, would be
the possible distinguishable category of synapse sizes that code information and the possible
interpretation of calculated precision. To answer these questions, a detailed experimental
analysis of a dense three-dimensional reconstruction of serial section electron microscopy
(3DEM) from the middle stratum radiatum in hippocampal area CA1 of rat has been analyzed to
determine how much information can be stored at a synapse through synaptic plasticity. In a
previous study (TM Bartol Jr, Elife 4 (2015)) the authors measured the coefficient of variation of
spine head volumes of 10 same-dendrite same-axon (SDSA) pairs from this data set assuming
Signal-to-Noise Ratio (SNR) with a value of 1. Then, with a simulation analysis approach, it was
found that 26 Gaussian distributions could span the range of spine sizes of the 10 SDSA pairs,
implying that the storage capacity of the rat brain synapses for this region is 4.7 bits of
information. We have analyzed the complete data set of 287 spine head volumes using novel
clustering approaches and advanced information theory and found a set of distinguishable
clusters of synaptic strengths. Here, we have found the new lower bound for the storage capacity
of synapses in stratum radiatum in rat hippocampal area CAL1 based on experimental data. We
further extended our analysis on synapses from 3DEM data set of granule cell dendrites in the
middle molecular layer (MML) of the dentate gyrus. We have answered this question whether



the DG calculated capacity for control cases is changed in response to inducing LTP in vivo and
if it differs from the capacity of area CA1 synapses. Our analysis shows that inducing LTP
increases the number of distinguishable clusters of synaptic strengths compared to the control
case. Last but not least, our analysis shows that the CA1 synapses are more precise than the DG
synapses.
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Abstract: Augmentation of LTP is a current model for the advantages of spaced versus massed
learning. In the adult rat hippocampus, LTP can be saturated after one round of repeated bursts of
high-frequency stimulation, namely theta-burst stimulation (TBS). Further potentiation, or
augmentation of LTP, can only be achieved after a refractory period of at least 90 minutes and
requires 4 hours for augmentation to be reliable. In spaced learning, memory consolidation is
greatly improved if training is spread across spaced trials rather than clumped together in one
“cram session.” Spaced learning is better than massed learning for memory consolidation and
enhancement of LTP. Interestingly, prior studies in humans used spaced vs massed training
protocols to test word-word association recall and found that both older adults (mean age of 65
years) and young adults (mean age of 19 years) show improvement in memory recall when
spaced training was used. However, the amount of improvement compared to massed training
protocols in older adults was significantly less than in young adults, indicating spaced learning
loses efficacy as we age. In models of age-related cognitive decline, LTP is surprisingly intact;
however, augmentation of LTP has not been tested. Our preliminary data demonstrate a reduced
capacity for augmentation of LTP in aged rats (25-26 months). Aged rats were assessed for
cognitive impairment in concurrent experiments alongside young adults using the Morris Water
Maze (MWM). Tissue from the stratum radiatum of hippocampal area CA1 from young adults
and cognitively impaired aged rats was processed for 3DEM. Initial findings revealed the
distribution of synapse size was shifted right (larger) for aged impaired animals relative to young



adults. These findings suggest the intriguing possibility that synapses of cognitively impaired
aged animals are unable to be augmented because their synaptic weight is already saturated.
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Abstract: Learning is crucial for survival. One interesting aspect of learning in humans is that
efficiency of learning can be improved when there are breaks between episodes of learning.
Long-term potentiation (LTP) of synaptic strength has been proposed to be the cellular basis of
learning and memory. Notably, LTP can saturate in the hippocampus and that this saturation can
lead to deficits in behavioral learning tasks. Intriguingly, saturation of LTP is released over time.
Thus, it is possible that saturation of LTP in the hippocampus is the underlying phenomenon that
explains the increased efficacy of spaced learning over massed learning. We propose that LTP
saturates at individual synapses. In the hippocampus, most excitatory synapses occur at small
protrusions on dendrites called dendritic spines. Spines are dynamic and have been shown to
stabilize and grow in response to high-frequency stimulation in vitro and during learning in vivo.
The size of a spine is strongly correlated with the strength and size of its associated synapse.
Here, we use high-frequency 2-photon glutamate uncaging and time-lapse imaging to show that
structural LTP can saturate at individual dendritic spines after a single LTP induction. We also
show that saturation of LTP is specific to the stimulated spine. We hypothesize that this
saturation is due to altered function of specific components of the signaling cascades involved in
LTP. Using 2-photon FRET fluorescence lifetime imaging and a molecularly encoded CaMKI|I
FRET probe, we show that 30 minutes following structural LTP induction at single spines,
CaMKII activation in response to high-frequency stimulation is significantly reduced. We are
currently investigating a potential mechanism for the decreased CaMKI|I activation. This work
will further our understanding of the signaling mechanisms that limit LTP and thus will lead to a
better understanding of learning.
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Abstract: NMDAR-linked Ca*™ current represents a significant percentage of post-synaptic
transient Ca*™ current. It is pertinent to the modulation of synaptic strength that underlies
dendritic spine plasticity and cognitive function. In the hippocampus, synaptic potentiation is
tuned by CaMKIIa Thr286/287 phosphorylation. On the other hand, post-synaptic transient Ca™*
current produced by glutamatergic ionotropic neurotransmission repetitively activate small
conductance (SK2) channels which in turn abrogates the potentiation event. Here, we
demonstrate that the upstream suppression of GIuN1 function in the CA1 of the hippocampus
suppressed T286/T287 phosphorylation of CaMKII, and was accompanied by an increased SK2
expression, and activity. Consistent with the ablation of GIuN1 function, positive modulation of
SK2 in wild type hippocampus (normal GIuN1) decreased T286/T287 phosphorylation of
CaMKII and bursting frequency that is determined - mostly - by T286 CaMKlIla. Together with
the suppression of T287 phosphorylation of CaMKII, a significant loss of hippocampal a-
actinin suggests that SK2 impact spine localization of CaMKI|, and its substrate targeting
downstream of NMDAR. Our results demonstrate that positive modulation of SK2 function in
the CAL refines synaptic plasticity by attenuating CaMKII T286/T287 phosphorylation, and
synaptic localization.
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Abstract: Activity driven changes in neuronal connectivity are important for the experience-
dependent remodeling of brain circuitry during development, learning and memory. The
formation and elimination of dendritic spine synapses are vital for this refinement of synaptic
circuits. Notably, the elimination or pruning of excessive and imprecise dendritic spine synapses
has been linked to improvements in learning, and increased spine loss has been associated with
intellectual disability and behavioral impairment. Morphological changes in dendritic spines are
closely linked to changes in synaptic function, and it is now widely established that the shrinkage
and elimination of spines can be driven by glutamatergic activity patterns that lead to the long-
term depression (LTD) of synaptic strength. However, recent studies surprisingly showed that
blocking ion flow through the NMDA-type glutamate receptor (NMDAR) did not prevent spine
shrinkage and LTD induction. Instead, these novel findings support a model where glutamate
binding to the receptor is sufficient to induce conformational changes in the NMDAR signaling
complex, which lead to spine shrinkage and synaptic weakening independent of NMDAR-
mediated Ca?*-influx. We have previously shown that activation of p38 MAPK is necessary for
this non-ionotropic NMDAR-dependent signaling in activity-dependent spine shrinkage. Using
two-photon glutamate uncaging, time-lapse imaging, and whole-cell recordings, we have further
investigated the role of non-ionotropic NMDAR signaling during spine structural and functional
plasticity. Specifically, we have focused on how glutamate binding to the NMDAR complex in
the absence of ion influx drives p38 MAPK activation and on how this novel signaling cascade
causes spine structural changes during input-specific synaptic plasticity. Results from these
experiments will lead to a better understanding of the signaling mechanisms driving dendritic
spine remodeling during neuronal circuit development and plasticity and should provide new
insights into how dysregulation of these plasticity mechanisms contributes to altered synaptic
connectivity in neurological disorders.
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Abstract: Learning and memory formation are vital biological processes that involve dynamic
rewiring of the neural circuitry. Modification of synaptic connections in the cerebral cortex
involves growth, stabilization, and elimination of dendritic spines, all of which depend on the
activation of NMDA-type glutamate receptors (NMDARs). Simultaneous binding of glutamate
and co-agonist, glycine or d-serine, to the NMDARSs allow for opening of the channel. NMDAR
activation can result in either long-term potentiation (LTP) and spine growth, or long-term
depression (LTD) and spine shrinkage. While calcium influx through the receptor is crucial for
LTP and spine growth, binding of glutamate to the NMDAR is sufficient to induce LTD and
spine shrinkage in an ion-flux independent manner. Non-ionotropic NMDAR signaling is
thought to be vital for memory formation by mediating spine shrinkage and elimination;
however, excessive signaling may underlie reduced synaptic connectivity observed in
neurological disorders. Notably, schizophrenia is a debilitating disorder with symptoms such as
hallucinations and cognitive deficits that is also associated with decreased spine density,
decreased d-serine levels, and reduced expression of the enzyme that produces d-serine, serine
racemase. Under these conditions, it would be expected that decreased NMDAR co-agonist
availability would bias glutamatergic synapses toward non-ionotropic NMDAR signaling,
leading to LTD and spine shrinkage. With the use of two-photon imaging, glutamate uncaging,
and biochemistry on serine racemase knockout mice, which lack d-serine and exhibit many of
the neuropathological features observed in schizophrenia, we test this novel hypothesis that a
bias for non-ionotropic NMDAR signaling due to decreased d-serine availability obstructs
growth and stabilization of spines, ultimately leading to decreased spine density associated with
the disorder. Findings from this study will help further our understanding of the underlying
molecular and cellular mechanisms for schizophrenia, and could also increase our understanding
of other neurological disorders that stem from dysregulation of synaptic plasticity mechanisms.
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Abstract: Patterns of postsynaptic activity that induce long-term potentiation of fast excitatory
transmission at glutamatergic synapses between hippocampal neurons cause enlargement of the
postsynaptic dendritic spine and promote growth in the volume of the potentiated spine’s content
of endoplasmic reticulum (ER). Such postsynaptic activity patterns also impact Ca* signaling in
the adjoining dendritic shaft, in a zone centered on the spine-shaft junction and that extends ~10-
20 um in either direction along the shaft. Comparing this functionally specialized “paraspinal”
zone in the shaft with the dendrite in general, plasticity-inducing stimulation of a single spine
(uncaging of MNI-glutamate via 60 laser flashes of 2 msec duration, once per sec, in 0 Mg?
solution and in a 1 pum x 1 um box adjacent to the spine) causes: (i) more profound and extensive
depletion of Ca?* stores in the shaft ER, (ii) a greater degree of interaction between stromal
interaction molecule 1 (STIM1) and voltage-gated L-type Ca?* channels in the shaft (as
measured by Forster resonance energy transfer between over-expressed fluorescent protein-
tagged partners), and (iii) consequently generates stronger feedback inhibition of shaft L-type
Ca?* channels by STIM1.

Here we show that the length of the paraspinal zone along the dendritic axis can be
approximately doubled through the neuromodulatory action of isoproterenol-stimulated 3-
adrenergic receptors (BARs). The mechanism of BAR enlargement of the zone arises from
protein kinase A-mediated enhancement of L-type Ca?* current. The isoproterenol-enhanced
influx of Ca?* through L-type Ca?* channels depletes [Ca?*]er via ryanodine receptor-dependent,
Ca?*-induced Ca?* release along a ~doubled length of the dendrite. This extended zone of Ca?*
depletion-activated STIM1 inhibits L-type Ca?* channels along a stretch of dendrite that is also
~doubled in length compared to control. An important function of the dendritic shaft’s paraspinal
zone is to support crosstalk between spines along its length, such that spines neighboring a
strongly stimulated spine (1 Hz uncaging, 60 sec) are enabled to themselves undergo structural



plasticity in response to stimulation (0.167 Hz uncaging, 60 sec) that would otherwise be
subthreshold for induction of spine structural plasticity. For the weakly-stimulated neighboring
spines, both spine volume and spine ER volume become enlarged. RNAIi knockdown of STIM1
or block by nimodipine of L-type Ca?* channels prevents crosstalk, indicating that STIM1 and L
channels are required. Finally, activation of BARs extends the range along the shaft over which
such spine-to-spine communication can occur.
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Abstract: The mechanisms underlying experience-dependent learning arguably represent a
major challenge in neuroscience. Recent, elegant studies shifted the focus from single synaptic
mechanisms to coordinated changes involving several synapses within short dendritic stretches.
Spatial organization of locally coordinated synapses was shown to be mediated by the immediate
early gene Arc, a key molecular player in activity-dependent plasticity. Recent findings from our
group and others may be relevant to these mechanisms. In the human brain, we have shown a
novel structure, i.e. CS6 clusters (50-200 um diameter), enriched in 6-sulfated chondroitin
sulfate proteoglycans (CS6-CSPGs), molecules known to play a key role in synaptic plasticity.
Our results show that CS6 clusters are altered in psychiatric disorders and are composed of
numerous glial cells surrounding a cluster of dendrites. On the basis of their molecular and
cellular composition, we postulated that CS6 clusters may correspond to transient
microenvironment contributing to coordinated synaptic plasticity. To test this hypothesis, we
focused on the mouse barrel cortex and used a combination of somatosensory manipulations,
immunohistochemistry, high resolution imaging and quantitative microscopy. Electron
microscopy data show that CS6 clusters result from the accumulation of CS6-CSPG within
dendritic spines and astrocytes end-feet surrounding them, within a segregated microdomain. In



naive home-caged animals, we found that dendritic spine densities are higher in dendrites within
CS6 clusters as compared to segments of the same dendrite located outside (p=0.04, n=8).
Unilateral sensory (whisker) stimulation induced a significant increase of CS6 clusters within 2
hours (p=0.001, n=4). Conversely, sensory deprivation (whisker trimming, 1 week) induced a
significant decrease of the number of CS6 clusters in the barrel cortex (p=0.00001, n=5). Finally,
numbers CS6 clusters were significantly and positively correlated to the expression of the
neuroplastic protein Arc (r=0.76, p=0.02, n=8). Together, these findings indicate that CS6
clusters form in response to specific stimulation with temporal and subcellular characteristics
consistent with locally coordinated plasticity. Our results are consistent with the hypothesis that
CS6 clusters may correspond to transient, multi-synaptic memory engrams.
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Abstract: microRNAs (miRNAs), small non-coding RNA, have emerged as critical regulators of
synapse development and plasticity through their control of gene expression. However, we still
do not know the distribution and role of miRNAs at dendritic spines which major loci of
excitatory inputs and synaptic plasticity accompanying structural changes. Brain-specific miR-
134s likely regulate the morphological maturation of spines, but their subcellular distributions
and functional impacts have rarely been assessed. Here, we adapted atomic force microscopy
(AFM) to visualize in situ miR-134s, which indicated that they are mainly distributed at nearby
dendritic shafts and necks of spines. The abundance of miR-134s varied between
morphologically and functionally distinct spine types and their amounts were inversely
correlated with their postulated maturation stages. Moreover, spines exhibited reduced contents
of miR-134s when selectively stimulated with beads containing a brain-derived neurotrophic
factor (BDNF). From these results, in situ visualizations of miRNAs provided unprecedented
insights into the “inverse synaptic-tagging” roles of miR-134s that are selective to
inactive/irrelevant synapses and potentially a molecular means for modifying synaptic
connectivity via structural alteration.
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Abstract: Objective To develop fluorescence-based automated imaging methodologies suitable
for the detection and quantification of changes in synapse number and spine morphology upon
modulation of disease risk genes and pharmacological treatments. Methods Rat primary
hippocampal neurons were transfected at DIVV7 with eGFP and then fixed at DIV21 for spine
identification in rat hippocampal neurons transfected. ASD risk gene delivery to neurons was
conducted with Adeno-Associated Viruses (AAV) or lipofectamine-mediated plasmid
transfection. Transfected neurons were imaged on a PerkinElmer Opera high-content imaging
platform. Automated image analysis of pre- and post-synaptic markers was performed using in-
house developed AcapellaTM-based scripts and data were compared to manual counting
techniques (Imaris, Bitplane). Results Initial experiments used antibodies against synaptophysin
and PSD95 as pre- and post-synaptic markers, respectively. Automated detection and analysis
demonstrated a decrease in synapse number after pharmacological enhancement of synaptic
transmission. This effect could be blocked by pharmacological inhibition of synaptic
transmission. The structure of the post-synaptic spine is critical for synaptic transmission. We
therefore developed an automated Z-plane analysis protocol for measuring eGFP-labelled
primary neurons in multiwell plate format. Data obtained on spine length, volume and density
compared favorably to manual analysis methods. To model diseases at a synaptic level we used
AAV-mediated sShRNASs to knock-down key Autism Spectrum Disease (ASD) related genes.
Automated counting of pre- and post-synaptic pairs identified either up- or down-regulation of
synapse density depending on the ASD gene being targeted. Conclusions Monitoring synaptic
integrity in cultured neurons in combination with modulation of risk gene expression by viral
transduction could serve as an experimental system for measuring synaptic dysfunction
associated with CNS disorders. This robust platform for the automated collection and analysis of
both synapse number and spine morphology can thus be used to identify/validate targets and/or



small molecules capable of regulating neuronal synapses. Such information would be beneficial
for the development of CNS disease therapies.
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Abstract: Dendritic spines are dynamic postsynaptic structures that play an important role in
cognitive functions, such as learning and memory. The dysregulation of spine size, shape and
density may lead to learning and memory deficiencies, as well as neurological disorders such as
autism spectrum disorders (ASD). Previous studies from our laboratory have demonstrated that
partitioning defective 1 ¢ (Parlc), also known as microtubule affinity regulating kinase 1
(MARK?1), regulates dendritic spine morphogenesis and plasticity in cultured hippocampal
neurons. Interestingly, studies have found multiple single nucleotide polymorphisms of MARK1
associated with ASD and bipolar disorder. However, the role of Parlc/MARKTL in synaptic
plasticity and cognitive functions in vivo is still unknown. Therefore, we developed a conditional
knockout (cKO) MARK1 mouse model to examine the effects of MARKZ1 depletion on spine
morphogenesis and cognitive functions such as learning and memory. In this mouse model,
MARKT1 is depleted postnatally from pyramidal neurons of the forebrain including the
hippocampus and the cerebral cortex. We found that dendritic spine density is significantly
decreased in the MARKZ1 conditional KO mice compared to wild type controls. Furthermore,
MARK1 cKO mice show a defect in spatial learning in the Morris water maze test and
significantly reduced anxiety in the Elevated Plus Maze. Together, our studies point to an
important role for MARK1 in regulating dendritic spine morphogenesis, spatial learning and
anxiety-related behavior in vivo.
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Abstract: Ubiquitination is a reversible post-translational modification involved in nearly every
cellular process. Although the ubiquitin proteasome system (UPS) is well established to regulate
synaptic protein degradation and turnover and has a major role in synapse remodeling and
plasticity, the role of non-proteolytic ubiquitination has not been well studied in the CNS. CYLD
is a Lysine 63 (K63) deubiquitinase that can specifically cleave non-proteolytic K63-linked
polyubiquitin chains attached to protein substrates. CYLD is best known for its role in regulating
the NF-«xB signaling pathway in the immune system and its causative involvement in familial
cylindromatosis, a benign tumor in the head and neck. However, recent studies from us and
others have reported that CYLD is enriched in the post-synaptic density (PSD) of excitatory
neurons in rodent brains, mediates the deubiquitination of the synaptic scaffold PSD-95, and is
recruited to the PSD by neuronal activity. Here, we investigate the role of CYLD in synaptic
remodeling and plasticity using a combination of biochemical, cellular imaging,
electrophysiology, and behavior techniques. We found that CYLD reduces mature dendritic
spine density and dendrite arborization in rodent hippocampal neurons in vitro and in vivo,
whereas knockdown of CYLD has the opposite effects. Consistently, Western blotting shows
that CYLD regulates the levels and clustering of a number of synaptic proteins. Brain slice
electrophysiology experiments on CYLD knockout (KO) mice reveals significantly increased
synaptic strength and altered short- and long-term plasticity in the mutant hippocampus. Finally,
we investigated the behavior of CYLD KO mice and found an increase of depression and
anxiety-like phenotypes, and a decrease in behavioral flexibility in mutant mice. Together, our
results indicate that CYLD has an important role in synapse development, remodeling, and
plasticity, and is potentially involved in certain neurological and psychiatric disorders.
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Abstract: Hemispheric asymmetry is a fundamental feature of the mammalian central nervous
system, enabling regional specialization of function. The formation of the asymmetry depends
both on genetics and experience. In the hippocampus, the left side is more associated with
context-dependent episodic memory and the right with spatial memory formation. We discovered
input-side dependent asymmetry of synaptic connections between CA3-CAL pyramidal cells in
the stratum radiatum (sr), where projections from the left CA3 make smaller synapses with a
higher density of NMDA receptor subunit NR2B than those originating from the right CA3
(Kawakami et al., 2003; Shinohara et al., 2008). Shinohara et al (2013) also identified that
environmental enrichment induces a right-side specific increase in synapse density in CA1 sr in
rats, which may reflect right side-dominant formation of spatial memory. Here, we aim to
examine how these two different hippocampal asymmetries that depend on genetics and
experience, respectively, are related to each other. Environmental enrichment for 6 weeks after
weaning induced a significant right-side specific increase in synapse density in mouse CA1 sr,
confirming the previous results in rats. To investigate the importance of input-side in the right-
side specific synapse increase, we performed unilateral injections of AAV expressing venus-
VAMP?2 into the CA3 area, and examined the terminal densities by measuring fluorescence
intensities and synapse densities at the EM level in the ipsilateral and contralateral sr in wild-
type mice. We found that the contralateral connections from the left CA3 are solely responsible
for the right-side specific synaptic density increase. However, no change in synapse density was
induced in the iv mutant nor PirB knockout mice, which lack the input-side dependent
asymmetry (Kawakami et al., 2008; Ukai et al., 2017). These results suggest that the input-side
dependent asymmetry plays a critical role in the formation of experience-driven laterality in the
brain.
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Abstract: Sleep loss is an increasing phenomenon and has a major impact on our lives. For
example, even a single night of sleep deprivation (SD) can severely affect hippocampal function.
Modifications in synaptic strength directly influence neuronal communication, which is
important for normal brain function as well as the processing and storage of information. Five
hours of SD impairs hippocampus-dependent memory consolidation, and reduces spine density
specifically in hippocampal area CA1, but not area CA3. Because the dentate gyrus (DG) is
essential for hippocampus-dependent memory processing, we examined whether a brief period of
SD also hampers the dendritic structure in the DG. For this purpose, male C57BL/6J mice were
randomly assigned to the control or SD group. SD was performed for five hours using the gentle
stimulation method. After sacrifice, brains were impregnated with Golgi stain. Subsequently,
coronal sections were analyzed for spine density. We showed that five hours of SD decreases
spine density in the DG. Furthermore, SD hampered spine density predominantly in the inferior
blade of the DG, while the superior blade was largely unaffected. The reductions in spine
numbers were most prominent in the first few branches of the dendritic tree and selective for thin
and branched spines. In conclusion, the inferior blade of the DG remarkably seems to be more
vulnerable to SD than the superior blade at the level of structural plasticity. The suggestive loss
of connectivity in the DG may contribute to memory deficits observed after SD, as structural
reorganization in this subregion is fundamental for cognitive processes, such as pattern
separation. In addition to sleep loss, these structural impairments often accompany
neurodegenerative diseases and, therefore, this study may contribute to the development of new
therapeutic approaches to combat disorders that are associated with memory deficits.
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Abstract: Epilepsy is characterized by the synchronous discharge of specific neuronal groups in
the brain, which is associated with imbalance of neuronal excitatory-inhibitory processes.
However, the mechanisms that generate seizures derived from the loss of inhibitory control of
neurons firing synchronously are unknown. Adult rats were injected with 65 mg/kg of
Pentylenetetrazole, ip. Behavior was video-recorded, and at 30 minutes they were sacrificed for
the subsequent study of pyramidal neurons from the hippocampal CAL field, by the Golgi
method. Six neurons per rat were studied, and spines were counted in a dendritic segment of 50
um in length per neuron. All the experimental animals presented stereotyped activity, anterior
limb clonus, and tonic-clonic seizures before 30 minutes. The experimental animals showed
more spines than controls, whilst the proportional density of thin spines decreased concomitantly
with an increase in mushroom, stubby and wide spines. The inhibition of the GABAergic activity
induced by Pentilentetrazol could provoke disinhibition of the glutamatergic neurotransmission
that occurs on dendritic spines. Accordingly, a likely synaptic potentiation (increase of
mushroom spines) is suggested, as well as an over-excitation possibly mediated by the greater
amount of stubby and wide spines.
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Title: Functional and anatomical specificity of spinogenesis in the motor cortex during motor
learning
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Abstract: Plasticity in the motor cortex is thought to underlie the flexible generation of novel
skilled motor patterns. Motor learning accompanies the formation of new dendritic spines in the
motor cortex, but how the new spines modify the existing circuit is unknown. Using longitudinal
2-photon imaging of either GCaMP6f or iGIUSNFR, we monitored spinogenesis and how it
relates to the activity of nearby dendritic spines on the apical dendrites of layer 2/3 excitatory
neurons in the primary motor cortex while a mouse learned a cued lever-press task. We found
that the presence of task-related synapses in early learning sessions predicted nearby spine
additions on the same dendrite. The pairs of new spines and nearby task-related spines show
higher activity correlation than distance-matched pairs, especially during movements, indicating
that such spine pairs form “clusters” that are co-active during movements. Furthermore, co-
activation of such clusters tended to coincide with movements that are similar in kinematics and
successful at achieving a reward, suggesting that cluster co-activation represents the engagement
of a learning-related circuit for the generation of more stereotyped behavior. In order to
understand the local connectivity rules of new clustered spines that form during learning, we
performed correlated light- and electron microscopy (CLEM) to investigate with EM the cellular
micro-environment of dendrites imaged in vivo during learning. We found that new spines form
structural synapses, supporting the notion that such observations acquired from in vivo imaging
represent meaningful changes to the circuit. By tracing the presynaptic axon contacting the new
spines, we found that a subset of these synapses connected with axons contacting another, nearby
task-related spine, suggesting that some synaptic clusters reflect the duplication of axonal
contacts on a single dendrite. Taken together, these data reveal a functional principle in which
task-related spine activity during learning guides the formation of nearby new spines, some of
which contact the same task-related axon, to generate local clusters of synapses with similar
functional roles.

Disclosures: N.G. Hedrick: None. Z. Lu: None. E.A. Bushong: None. B. Lim: None. M.H.
Ellisman: None. T. Komiyama: None. P. Yao: None. Y. Xuan: None.

Poster

122. Structural Plasticity and Circuit Remodeling 11
Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM
Program #/Poster #: 122.18/C14

Topic: B.07. Synaptic Plasticity



Support: NIH R01DC05640
NIH ROINS104911
NIH P41GM103412

Title: Toric spines on space-specific neurons: Location, expression and intracellular organization
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Abstract: Toric spines are novel dendritic protrusions found on a subset of space-specific
neurons (SSNs) in the barn owl auditory localization pathway. Using serial blockface scanning
electron microscopy (SBFSEM), we previously reported the unusual ultrastructure of toric spines
and their unprecedented capacity for synaptic convergence - up to 11 different axons innervating
a single spine. Here we investigate the precise location of toric SSNs within the auditory space
map. This map is constructed from convergence in the axonal projections from the lateral shell of
the central nucleus of the inferior colliculus (ICCIs) onto SSNs in the external nucleus (ICX). We
labeled toric and non-toric SSNs via injection of retrograde tracer in the deep layers of optic
tectum (OT), which receives a monosynaptic connection from both SSN populations. All labeled
cells were mapped relative to cytoarchitectonic markers calbindin, calretinin and CaMKIlI.
Consistent with previous results, most SSNs were located within ICX with a minority found in
ICCls; both toric and non-toric SSNs were found in each. Preliminary data indicate that the
plasticity protein CaMKI|I is expressed in some, but not all, toric spines and is independent of
CaMKII expression in the soma and dendrites. These results are consistent with previous studies
implicating toric spines as a microstructural locus of learning. To further investigate their
intracellular organization we partially reconstructed unlabeled neuropil in the SBFSEM volume.
Dendrites studded with toric or typical spines could be clearly identified along with intracellular
organelles including mitochondria and cytoskeletal elements. Quantitative comparison of the
prevalence and volumetric density of these internal structures is underway. In total, our
localization of toric spines with the ICCls-1CX microcircuit lays a foundation for identifying the
sources of axonal input, and characterization of intracellular organization provides the first
glimpse into the inner workings of a highly unusual synaptic integrator. Future work will be
aimed towards determining whether the patterns convergence onto toric spines are adaptably
adjusted during prism-induced plasticity, and whether this is accompanied by internal
rearrangement.
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Title: Diazepam-induced breakdown of inhibitory synapses mediated by phospholipase C
delta/calcium/calcineurin signalling pathway
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Abstract: Benzodiazepines facilitate the inhibitory actions of GABA by binding to GABAA
receptors (GABAARS), ligand-gated chloride/bicarbonate channels, which are the key mediators
of transmission at GABAergic synapses in the brain. Here we report that prolonged exposure to
diazepam, the most widely used benzodiazepine in clinic, leads to a gradual breakdown of
GABAergic synapses. The loss of synapses and the preceding, time- and dose-dependent
decrease in surface levels of GABAARSs, mediated by dynamin-dependent internalisation, were
blocked by Ro 15-1788, a competitive benzodiazepine antagonist, and bicuculline, a competitive
GABA antagonist, indicating that prolonged enhancement of GABAAR activity by diazepam is
integral to the underlying molecular mechanism. Characterisation of this mechanism has
revealed a metabotropic-type signalling downstream of GABAARS, involving mobilisation of
intracellular calcium and activation of the calcium/calmodulin-dependent phosphatase
calcineurin, which promotes their endocytosis leading to disassembly of inhibitory synapses.
Functional coupling between GABAARs and intracellular calcium stores was sensitive to
phospholipase C (PLC) inhibition, and regulated by PLC9, a PLC isoform found in direct
association with GABAARSs. Thus, a PLCd/calcium/calcineurin signalling converts the initial
enhancement of GABAARS by benzodiazepines to a long-term downregulation of GABAergic
synapses, this potentially underpinning the development of pharmacological and behavioural
tolerance to these widely prescribed drugs.
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Abstract: Prior studies have shown that neurons within the spinal cord can support instrumental
learning (Grau et al., 1998, Behav. Neurosci., 112, 1366). In a typical experiment, rats undergo a
thoracic (T2) transection and are subsequently tested by applying electrical stimulation (shock)
to one hind leg whenever the leg is extended. Over time, transected animals learn to maintain the
stimulated leg in a flexed position that minimizes net shock exposure. Treatments that impair
spinal cord function (e.g., i.t. lidocaine), or that disrupt communication between the periphery
and the spinal cord (e.g., cutting the sciatic nerve), block learning. Interestingly, if
communication with the spinal cord is cut after the response is acquired, animals given response-
contingent shock continue to maintain the leg in a flexed position. This implies that a peripheral
modification contributes to the maintenance of the learned response. The present study explores
the circumstances under which the learned response is weakened (extinguished). In Experiment
1, rats underwent a spinal transection and were trained for 30 min with response contingent
shock the next day. After 25 min of training, half the animals had the sciatic nerve cut.
Performance was tested for an additional 30 min, with or without response-contingent shock.
During testing, all animals continued to maintain a flexion response. Next (Experiment 2), we
examined whether exposure to non-contingent stimulation would weaken the learned response.
Spinally transected rats received 30 min of training followed by 6 min of variable intermittent
shock given independent of leg position. Performance was then assessed for 30 min. Exposure to
non-contingent shock had no effect on the maintenance of the learned response. Further work is
being conducted to examine whether a longer period of non-contingent stimulation, applied to
other dermatomes, will lead to the extinction of the learned response.
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Abstract: Activity-dependent changes in synaptic structure and function are thought to be the
basis of learning and memory. The Drosophila glutamatergic neuromuscular junction (NMJ) has
been used as a model to study the molecular mechanisms underlying activity-dependent
plasticity. By performing a stimulation paradigm consisting of patterned depolarizations, the
NMJ undergoes rapid changes similar to those seen in dendritic spines in mammalian
hippocampal cultures. A challenge remains to identify a stimulation paradigm able to promote
activity-dependent plasticity in intact animals. Here, we study animals expressing the
temperature-gated calcium channel TRPAL in motor neurons and submitted to constant or
patterned temperature shifts. We ask whether these transgenic flies can be used to study activity-
dependent plasticity. We first exposed TRPA1 expressing larvae to constant 29°C temperature
for 90 minutes. We found that this approach is not sufficient to promote a significant increase in
structural changes when compared to control NMJs submitted to the same temperature shifts. We
then submitted larvae to patterned stimulations (5 pulses of temperature shift from 21°C to 29°C
within 90 minutes) and showed that this stimulation protocol was able to promote structural
changes at the NMJ. Surprisingly, we noticed that prolonged rest after stimulation allowed for
increased structural changes not only in TRPAL expressing NMJs, but also in control NMJs. This
suggests that acute temperature increase alone may have an effect on the neuronal activity
driving structural changes. To limit this effect, we tested a paradigm using the smallest degree of
temperature change capable of controlling TRPAL activation (5 pulses from 23°C to 27°C within
90 minutes). We showed that this was sufficient to promote morphological changes. More
importantly, prolonged rest showed no further increase in structural changes in controls or
transgenic NMJs, showing that a high degree of temperature change alone can account for the
structural modifications. In conclusion, we demonstrate that TRPAL activation works as a tool to
promote structural changes. However, we found that acute temperature shifts can alter the
structure of the NMJ. Interestingly, evidence suggests that the mammalian brain is exposed to



temperature fluctuations due to blood flow, provoking functional consequences on synaptic
efficacy. Similarly, work on hippocampal cell cultures showed that acute temperature shifts
modulate short term synaptic plasticity properties. We now plan to use the Drosophila NMJ to
further evaluate the effects of acute temperature shifts on neuronal activity.
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Abstract: Synapses are shaped by plastic events that promote or limit changes in synaptic
strength. Modifications in synaptic strength due to electrical activity are often accompanied by
structural changes in synapse shape and number. At the Drosophila neuromuscular junction
(NMJ) activity-dependent plasticity is characterized by the apparition of new synaptic structures
after repeated stimulation. Our lab recently showed that these activity-dependent modifications
are regulated presynaptically by Cortactin, a cortical actin binding protein, involved in regulating
cytoskeletal dynamics and controlled by the Wnt/wingless (wg) signaling. Although the wg
canonical pathway has been implicated in activity-dependent synaptic plasticity, it is still unclear
whether the wg planar cell polarity pathway (PCP) is necessary for this phenomenon. We asked
whether core molecules of the wg PCP pathway, which regulate cytoskeletal dynamics, can be
involved in this process. The wg PCP pathway is composed of a series of small GTPases (Rac,
Rho and Cdc42) which are downstream of disheveled (dsh) and upstream of INK. Here, we
looked at the appearance of de novo boutons formation after repeated stimulation in mutants and
animals expressing the dominant-negative or constitutively-active form of some members of the
PCP pathway. We found that dsh* mutants, which contain a PCP-specific mutation, had hindered
plasticity after stimulation, suggesting that the PCP pathway has a role in this plasticity. We also
studied diablo (dbo), a molecule that interacts with dsh to promote the PCP pathway; dbo
mutants showed a reduction in the formation of new boutons upon stimulation. We also found



that late expression of constitutively-active Racl and dominant-negative Rhol resulted in over-
plastic synapses. In contrast, altering Cdc42 function did not affect activity-dependent synaptic
plasticity. We hypothesize that, like for growth cone formation, Racl promotes protrusions
formation during activity-dependent plasticity, while Rhol is able to mediate retractions. In
addition, we present data suggesting that JNK activity can also affect activity-dependent
plasticity. Taken together our data demonstrate that the PCP pathway is essential to the
regulation of activity-dependent synaptic plasticity.
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Abstract: Numerous studies have linked physiological adaption and pathological maladaptation
processes to plastic changes at chemical synapses. Cortical interneurons, communicate not only
by chemical but also by electrical synapses. Plasticity mediated by electrical synapses can be
induced in an in vitro setting. However, the question remains whether altered electrical coupling
in cortical interneurons occurs in an in vivo behavioural paradigm. Thus, we set out to investigate
plasticity of electrical synapses between cortical interneurons induced by physiological stimuli.
We focused on the visual cortex comparing visual deprived mice and mice housed in a normal
light-dark cycle. This stimulus was chosen as it is a physiological, benign and strong stimulus.
We first performed paired patch-clamp recordings of interneurons in the visual cortex in control
and 24h visual deprived animals. We observed significant changes in electrical coupling between
interneurons that belong to defined subtypes. The strongest effect was found between fast-
spiking, putative parvalbumin-expressing (PV™) interneurons, where the coupling decreases more
than 5-fold after visual deprivation. Additional experiments indicated that this effect reaches a
plateau after 4h of visual deprivation and can be reversed by light exposure. To reveal the
underlying mechanism, we used sparse labelling in PVC™ x Cx365¢7 mice to define the density,
size and distribution of electrical synapses within PV* interneurons. Preliminary results indicate



that plasticity of electrical synapses can be induced by a physiological stimulus and involves
structural alterations.
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Abstract: Rationale:

Generalized tonic-clonic seizures (GTCS) are the leading risk factor of sudden unexpected death
in epilepsy (SUDEP). People who succumb to SUDEP show neuronal injury in autonomic and
respiratory regulatory brain sites, although the mechanisms underlying such injury remain
unknown. A failure of oxygenation to cells undergoing high metabolic demands during ictal
events, either from apnea of from reduced perfusion via profound blood pressure loss, establishes
a scenario for excitotoxic injury and impaired ability of regulatory sites to recover.

Methods:

Peripheral oxygen saturation (sPO2) measurements were obtained during long-term epilepsy
monitoring of 43 GTCS patients with continuously-collected pulse oximetry. Regional brain
morphometric (gray and white matter volume) alterations, relative to extent and duration of peri-
ictal reductions in sSPO2 (hypoxemia) in patients with GTCS were assessed using voxel-based
morphometry (VBM) and segmentation-derived measurements of regional volume. N=43
healthy controls were included for comparison. Age and sex were used as covariates, and p-
values were family-wise-error-rate (FWER) corrected (p<0.05).

Results:



Compared to controls, GTCS with hypoxemia showed gray matter volume loss in the bilateral
thalamus, hypothalamus, cerebellum, vermis, periaqueductal gray, temporal pole and cingulate.
GTCS without hypoxemia showed lateral cerebellar gray matter loss only. Subjects with severe
hypoxemia (<75% O2 saturation) showed the most extensive thalamic gray matter loss, and
extent of peri-ictal O2 loss correlated negatively with left (r = -0.429, p = 0.03) and right (r = -
0.468, p = 0.02) thalamic volume. White matter loss in the medulla and parabrachial pons
appeared in GTCS with hypoxemia, compared with controls.

Conclusions:

GTCS with hypoxemia are accompanied by volume alterations to autonomic- and respiratory-
regulatory brain regions. Loss was most extensive within the thalamus and declined with severity
of hypoxemia. This study may provide insights into pathomechanisms underlying brain structural
alterations in SUDEP, and may clarify the nature of strategies that might be incorporated to
prevent neural injury during ictal events.
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Abstract: Epilepsy is one of the major neurologic diseases, and astrocytes play important roles
in epileptogenesis. To investigate possible roles of astrocyte-related receptors in patients with
intractable epilepsy associated with focal cortical dysplasia (FCD), hippocampal sclerosis (HS)
and other conditions, we examined resected epileptic foci from 51 patients, including 23 FCD
(including type I, lla, and Ilb), 20 HS, 5 tuberous sclerosis complex, and 3 low-grade
astrocytoma. Control samples were from 21 autopsied brains of patients without epilepsy or
neurologic deficits and 5 patients with pathologic gliosis without epilepsy. Immunohistochemical
and immunoblot analyses with antibodies against purinergic receptor subtypes P2RY1, P2RY?2,



P2RY4, potassium channels of Kv4.2 and Kir4.1, and metabotropic receptors of mGIuR1 and
mGIuR5 were performed. Anti-glial fibrillary acidic protein (GFAP), anti-NeuN, and anti-CD68
immunostaining was used to identify astrocytes, neurons, and microglia, respectively. Most
GFAP-immunopositive astrocyte cells in the brain samples from patients with epilepsy were
P2RY1-, P2RY2-, P2RY4-, Kv4.2-, Kir4.1-, mGluR1-, and mGIluR5-positive, whereas samples
from controls and pathologic gliosis showed lower expression levels of these astrocyte-related
receptors. The findings suggest that, although these receptors are necessary for astrocyte
transmission, formation of the neuron-glia network, and other physiologic functions,
overexpression in the brains of patients with intractable epilepsy may be associated with
activation of intracellular and glio-neuronal signaling pathways that contribute to
epileptogenesis.
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Abstract: Introduction: Mesial temporal lobe epilepsy (MTLE) is the most frequent focal
epileptic syndrome in adults, and the majority of seizures originate primarily from the
hippocampus. The resected hippocampal tissueoften showssevere neuronal loss as that referred
to hippocampal sclerosis (HS).Accordingly, there isa paradox between the clinical and
pathological features: why should epilepsybe derived from such degeneratedtissue? Here we
investigated epileptiform activities ex vivousing living hippocampal tissuetaken from
patientswith MTLE. Methods: We prepared acute brain slices from patients with MTLE within
45 min after resection, and opticalimaging orlocal field potential recordings (LFP) was
performed ex vivo. We also used a brain block corresponding to the mirror surface of each slice



and performed histopathological examination. Results: We revealed that epileptiform activities
developed from the subiculum, regardless of the existence of HS. We found
spontaneousrhythmic activitiesin the subiculum and detected discrete component of high
frequency oscillations (HFO), a clinical biomarker of the ECoG suggesting the epileptogenic
regions.Immunohistochemistry of the HS tissue revealed loss of inwardly rectifying K+channel
4.1 (Kir 4.1) in astrocytes in the subiculum, indicating failure of the extracellular K+buffering
and possible association with neuronal hyperexcitability. Conclusion: These results indicate that
pathophysiological alterations involving the subiculum could be responsible for epileptogenesis
in patients with MTLE.
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Abstract: Rational. REST/NRSF acts as a transcriptional repressor of neuronal genes when it
binds to its consensus sequence (site RE1) in DNA. Some reports show that after seizures
induction in animals models, there is an overexpression of REST/NRSF. In vivo and in vitro
studies have shown that the GRIA2 and GABRD genes possess the RE1 sites in their promoter
regions.Aim. Evaluate the expression of REST/NRSF in hippocampus of patients with Mesial
Temporal Lobe Epilepsy (MTLE), its regulatory function on GluR2 and GABRD genes and
investigate the correlation with clinical and psychiatric variables.Methods: Hippocampal tissue
was obtained from patients with MTLE (n=28) and autopsy hippocampus as a control was used
(n=13). The mRNA and protein expression of REST/NRSF, GRIA2 (GluR2) and GABRD
(GABAAs) was evaluated by real-time PCR and Western Blot respectively. The binding of



REST/NRSF to the GRIA2 and GABRD promoters was evaluated by chromatin
immunoprecipitation (ChIP). Finally, the correlation with clinical and psychiatric variables was
evaluated.

Results: The expression of REST/NRSF mRNA increasing 141.63% (p<0.05) and protein levels
increasing 353% (p<0.05). The correlation analysis revealed that the higher the frequency of
epileptic seizures, the higher the protein levels of REST/NRSF (r=0.658, p<0.05). No
correlations was found with other clinicals variables. The patients with MTLE plus mood
disorders exhibited an overexpression of REST/NRSF in mRNA (55% vs autopsies, p<0.05) and
protein (148% vs autopsies, p<0.05). Fifteen patients had MTLE without psychiatric disorders.
The hippocampus of these patients showed a more evident overexpression of REST/NRSF
(mMRNA, 171%, p<0.001 vs autopsies; protein 230%, p<0,001 vs autopsies). It was shown that
REST/NRSF binds to the REL1 site in the promoters of GRIA1 (3.37% more than autopsies) and
GABRD (4.37% more than autopsies), which correlated with a 41% (p<0.05) and 37% (p<0.05)
of decrement in the transcriptional expression respectively. Conclusion: REST/NRSF is
overexpressed in the hippocampus of patients with MTLE which depends on the frequency of
seizures and underlies the development of psychiatric comorbidities. Overexpression of this
repressor transcription factor is important in the regulation of GRIA2 and GABRD genes in the
pathophysiology of MTLE.
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Abstract: Status epilepticus (SE) is a life-threatening prolonged epileptic seizure that requires
benzodiazepines and antiepileptic drugs. In around 25% of cases, SE is refractory to these drugs
and requires anesthetic drugs. In refractory SE (RSE), the excessive and sustained activation of
neurons may induce excitotoxic processes. As a result, patients with RSE may present focal or
diffuse brain atrophy (MRI), especially in hippocampal structures, with subsequent severe
neurological sequels. One previously unexplored mechanism participating in the excitotoxicity
observed in SE may involve the homeostasis of cholesterol in the brain. Brain cholesterol is
synthetized de novo by astrocytes and transported by apolipoprotein E (ApoE) to neurons, where
it is metabolized in 24-hydroxycholesterol (24-OHc) by the cholesterol-24 hydroxylase enzyme
(CYP46A1). We recently reported that a viral AAV vector that codes for a ShRNA, blocking the
expression of CYP46A1, resulted in progressive neuronal loss and epileptic abnormalities when
injected in the mice hippocampus. We found that these cellular and EEG modifications were
similar as those observed in humans and animal models of RSE. We speculated that the
accumulation of cholesterol in the neuronal membranes during SE might increase their viscosity
and decrease the mobility of the neurotransmitter receptors out of the synapses, thereby
increasing excitotoxicity and focal neuronal death. To test this hypothesis, we have set up a
LC/MS-MS method to screen cholesterol content and a wide panel of its precursors and
metabolites in both mice and humans. We studied the homeostasis of cholesterol in mice brains
through inducing SE by means of acute intrahippocampal injection of kainic acid (compared to
PBS). We also collected blood samples, cerebrospinal fluid and post mortem brain tissue of
patients suffering from SE and from a control population. Moreover, we performed
immunohistochemically analysis reflecting brain cholesterol homeostasis. We identified changes
in brain cholesterol metabolism in the mice model, namely a decrease of 24-OHc levels and an
increase of desmosterol levels in the hippocampus. A decrease of 24-OHc levels in serum and an
increase of the synthesis of the cholesterol were also found in patients compared to controls.
Additionally, we noticed disturbances in lipid panels, notably the increase of ApoE in the blood
of SE patients. Finally, immunohistochemically analysis showed neuronal death and gliosis in
both mice and patients. To conclude, our results show the increase of the synthesis of brain
cholesterol as a consequence of SE. We speculate that statin might provide a neuroprotective
effect in SE.
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Abstract: There is no known biomarker for predicting epilepsy before its onset (i.e. the
epileptogenesis period). In this study, we aimed to explore the possible use of novel proteins as
potential serum or cerebrospinal fluid (CSF) biomarkers during epileptogenesis. To do this,
proteomic analysis was employed in the CSF from the LiCl-Pilocarpine-induced epileptic rats
after 5 days of inducing status epilepticus (SE). As a result, 6 proteins, including Kininogen
(KNG) 1 and 2, were found to be increased in the CSF of the LiCl-Pilo-treated rats compared to
the controls. Higher level of KNG in the CSF was also confirmed by ELISA: LiCl-Pilocarpine
(2.61 £ 0.41 pg/ml, n = 10), LiCl (0.98 + 0.40 pg/ml, n = 11) (p = 0.031, one-way ANOVA) and
naive groups (0.21 £ 0.3 ug/ml, n =7) (p = 0.001, one-way ANOVA). Western blot detection of
KNG also revealed a higher expression of this protein in the hippocampus of epileptic rats: LiCl-
Pilo (4.42 + 0.84 fold, n = 4), LiCl (2.03 £ 0.76 fold, n = 4) (p = 0.002, one-way ANOVA),
compared to naive animals (p < 0.001, one-way ANOVA, n = 4). However, serum level of KNG
was not significantly different between the groups. KNG is the precursor molecule of the
kallikrein-kinin system that has been implicated in the pathophysiology of brain disorders such
as Alzheimer’s and brain cancer such as glioma. In order to investigate whether KNG in CSF
could be a biomarker for epileptogenesis in human patients, we further enrolled 12 patients (9
male, 3 female, 17-77 yrs) with encephalitis and 5 control patients (1 male, 4 female, 3 with
headache, 1 with depression, and 1 with schizophrenia, 19-39 yrs) in our study. ELISA study for
KNG was done on the CSF and serum collected during the postacute phase of encephalitis, and a
2-year follow-up was done for any possible development of epilepsy in these patients. The
results revealed a significantly higher expression of KNG in the CSF of encephalitis patients
(1.89 £ 0.22 pg/ml, n = 12) compared to the controls (1.07 £ 0.09 pg/ml, n =5) (p < 0.01, t-test).
Interestingly, in the encephalitis patients, higher KNG levels in the postacute phase was detected
in the CSF who developed epilepsy during the 2-year follow up than that of patients who did not



develop epilepsy. In contrast, serum level of KNG was not significantly different between the
groups, a finding similar to that of in the animal study. Taken together, our data suggests KNG as
a potential CSF biomarker for epileptogenesis and gives a possible insight that this protein might
play an important role in the pathophysiology of epilepsy. Through overexpression or
knockdown studies of KNG in the rat hippocampus, the involvement of this protein in
epileptogenesis is our ongoing investigation.
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Abstract: INTRODUCTION: Epilepsy is a neuronal disorder with a high prevalence. The
inflammatory process can induce neuronal damage and contribute to the etiopathogenesis and
recurrence of seizures in epilepsy. Thephosphatidylinositol-3-kinase/mechanistic target of
rapamycin (PISBK/mTOR) pathway regulates the production of inflammatory mediators by
immune cells and may be involved in epilepsy.In this context, we have investigated if peripheral
mononuclear cells of patients with Temporal Lobe Epilepsy (TLE) reveal deregulations in the
PI3K/mTOR pathway, which may contribute to abnormal production and release of
inflammatory mediators. METHODS: Blood samples were taken from patients with TLE and
non epileptic subjects, aged between 18 and 65 years old, who agreed to participate by signing
the Informed Consent. In addition to the peripheral blood, we collected the medical history and
sociodemographic data, as well as we measured the weight and height of the patients. Peripheral
blood was collected in vacuum tubes containing sodium heparin and was centrifuged.The cells
were subjected to culture in the presence or absence of blocker of the enzymes PI3K and mTOR,
and were subsequently stimulated byphytohaemagglutinin (PHA). Cytokines were evaluated by
using Human Inflammatory CBA method. This project was approved by the Research Ethics
Committee - CEP (N°147543/2013). RESULTS: The basal levels of TNF were different in



patients with TLE. When the PBMC was stimuled by PHA, the levels of IL-10 and TNF was
elevated just in TLE patients. In addition, inhibition of PI3K and mTOR resulted in the decrease
of the levels of TNF and IL-10 in the PBMC epileptic patients cells. CONCLUSION: In the
present study, we have demonstrated that both pro- and anti-inflammatory mediators can be
altered in patients with epilepsy, and cytokine production by immune cells is controlled
differently in cells from healthy controls. The alteration in the levels of these mediators could
contribute for the pathogenesis of epilepsy and for the refractoriness to the treatment. However,
further studies are necessary to better understand the role of these cytokines in the
pathophysiology of TLE. ACKNOWLEDGMENT: Fapemig and CNPq
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Title: Cannabinoid receptors in microvessels of the blood-brain barrier of the temporal cortex
and hippocampus of patients with drug-resistant temporal lobe epilepsy
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Abstract: In the blood brain barrier (BBB), the activation of CB1 and CB2 receptors (CB1R and
CB2R) has been suggested to protect against damage. The breakdown of the BBB is a common
feature of epilepsy. However, at present it is unknown the CB1R and CB2R expression and
activation in the BBB of subjects with drug resistant epilepsy. The aim of this study was to
characterize the expression and activation of CB1R and CB2R in BBB microvessels (MVs) of
brain tissue obtained from patients (n=12) with drug-resistant temporal lobe epilepsy (DRTLE).
Hippocampus and temporal neocortex samples were collected immediately after their surgical
resection. The results obtained were compared with those from autopsies (n=12). MVs were
isolated through the homogenization and centrifugation of the brain tissue. MVs were submitted
to the following experiments: a) western blot to determine the protein expression of CB1R and



CB2R; and b) binding assay with [3*S] GTPyS to estimate CBIR and CB2R-induced G protein
activation (Emax and pEC50). Western blot experiments revealed a decreased expression of
CB1R and CB2R in hippocampus (61%, p<0.001; 74%, p<0.01, respectively). In contrast,
temporal neocortex showed a high protein expression (CB1R, 86%, p <0.01; CB2R, 149%, p
<0.01). The binding assay with [*®*S]-GTPyS did not reveal significant differences between
autopsies and DRTLE subjects, neither the maximum stimulation values (Emax), nor potency of
stimulation (pEC50) in both, hippocampus (CB1, p<0.1; CB2, p<0.1) and temporal neocortex
(CB1, p<0.1; CB2, p<0.1). The present study provides for the first time the estimation of
expression and G protein activation of CBR1 and CBR2 in the MV of patients with DRTLE. The
protein expression of CB1R and CB2R depended on the brain area evaluated. Nevertheless, the
functionality of these receptors was maintained at autopsy values. Further in vitro experiments
are necessary to determine the specific role of CBR1 and CBR2 in the integrity of BBB of
patients with DRTLE.
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Title: CRISPR mediated manipulation of epilesy associated genes and its application in mouse
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Abstract: Precise genome editing in combination with viral delivery systems provides a valuable
tool for neuroscience research. Traditionally, the role of genes in neuronal circuits has been
addressed by overexpression or knock-out/knock-down systems. However, those techniques do
not manipulate the endogenous loci excluding important information regarding the contribution



of the genomic nature in biological processes, especially important when studying the human
brain. The CRISPR system is a powerful tool for specific manipulation of the endogenous
genome and it can be used to i) switch On and Off endogenous genes; ii) label endogenous
proteins with fluorescent markers and iii) introduce/revert specific mutations. Here, we
constructed a CRISPR system for targeting the promoter of the epileptogenesis associated gene
encoding the T-Type calcium channel Cav3.2 to switch On (CRISPRa-activator) and Off
(CRISPRIi-inhibitor) its expression in a mouse neuroblastoma cell line (NS20Y), in mouse
dissociated cortical neurons and in organotypic mouse hippocampal slices. Transfection of
NS20Y cells with a reporter construct (Cav3.2 promoter driving m-Ruby/venus expression) and
the CRISPRa system showed a strong expression of the fluorescent protein in comparison to the
basal activity of the Cav3.2 promoter whereas almost no detectable fluorescence was seen after
transfection with CRISPRI. A combination of adeno-associated viral and lentiviral gene delivery
of the CRISPRa components lead to the activation of the Cav3.2 promoter in mouse cortical
neurons and organotypic slices. Quantitative RT-PCR revealed increased relative expression of
Cav3.2 in NS20Y cells transfected with CRISPRa (2.64 fold change, N=3) in comparison to
control cells. Consistently, endogenous expression of Cav3.2 was reduced using the CRISPRi
system (1.5 fold reduction, N=3). In addition, we transduced human organotypic hippocampal
slices resected from epileptic patients, with lentiviruses. These results reflect the possibility of
manipulating the expression of the epilepsy-associated gene Cav3.2 ex-vivo and provide a
valuable tool for specifically study the contribution of the calcium channel in epileptogenesis.
Furthermore, combining gene manipulation by CRISPRa/i with lentiviral gene delivery we can
confirm this process in a human scenario.
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Title: Neuronal and synaptic pathology in human CDKLS5 deficiency disorder



Authors: *J. C. WACKER?, K. A. SANSALONE!, M. YENNAWAR?, F. E. JENSEN?, D. M.
TALOSY;
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Abstract: CDKLS5 deficiency disorder (CDD) is caused by mutations of the cyclin-dependent
kinase-like 5 (CDKLJ5) gene. Disease features include early-onset epilepsy and cognitive
dysfunction. CDKLS is highly expressed in the brain during synaptogenesis. Loss of CDKL5
function in mice has been associated with increased axonal connectivity, decreased dendritic
arborization and downregulation of several post-synaptic proteins. We hypothesized that similar
structural changes may arise from CDKL5 mutation in humans, causing a shift in the
excitation/inhibition balance likely contributing to the disease phenotype.

Postmortem hippocampal and temporal lobe cortical samples from two patients with CDD (5.7
and 30 years) and region-matched control specimens from patients with normal neurological
history (3.5-29 years; n=6) were obtained from the NIH NeuroBioBank. CDD was confirmed by
genetic testing and both cases presented with epilepsy and cognitive disability. Hippocampal and
temporal lobe surgical specimens from treatment-resistant epilepsy cases from the University of
Pennsylvania (21-28 years; n=4) were used for additional comparison. Samples were subjected
to histological, immunohistochemical (IHC) and Western blot (WB) analysis. Statistical
significance was assessed by one-way ANOVA.

Hematoxilyn and eosin revealed diffuse cortical thinning but no evidence of neuronal loss in
CDD cases, except for a marked reduction of hippocampal granule cell densities. IHC for
neuronal marker MAP-2 revealed a relative preservation of dendritic arbors in CDD cases, while
immunostaining for phoshorylated neurofilament SMI 312 demonstrated longer and more
elaborated axonal branches in CDD hippocampus and temporal lobe cortex, consistent with
increased axonal growth. The hippocampal levels of SMI 312, the pre-synaptic marker synapsin
and the post-synaptic scaffolding protein PSD-95 were further quantified by WB. SMI 312 was
highly upregulated in CDD (212% of control), but not in epilepsy cases (38% of the control),
suggesting a rather direct effect of CDKL5 mutation on axonal development, as opposed to a
seizure-induced change (p<0.01). Synapsin levels were higher in both CDD (195%) and epilepsy
(151%) patients compared to controls (p<0.05), while there were subtler differences in PSD-95
levels between groups (133% of the control in CDKLS5 and 49% of the control in the epilepsy
cases; p<0.05).

Our data is consistent with increased pre- and post-synaptic function in human CDD, which
along with previously reported upregulation of GluA2-lacking AMPARSs in the same patients (J
Neurosci. 2041-18.2019), provides a basis for new therapeutic strategies for this disorder.
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Abstract: Epilepsy is a chronic neurologic disorder characterized by recurrent seizures and
variable cognitive and neurodevelopmental issues. In many individuals the underlying
pathogenesis is unknown, but burgeoning evidence indicates a link between neuroinflammation
and seizure development. Therapeutically targeting inflammation in epilepsy is of particular
interest for patients who do not respond to the current standard of care. Likewise, identifying
changes in peripheral immune status may provide a unique biomarker for acute seizure
prediction, irrespective of the nature of the initial insult. In our first study, using high-resolution
repeated-measures temporal profiling of serum cytokine levels and flow cytometric analysis of
the activation status of circulating neutrophils and monocytes, we established an immune profile
for patients undergoing multi-day continuous video-EEG monitoring. We identified a temporal
correlation between clinical seizure events and increased levels of serum monocyte
chemoattractant, CCL2, as well as evidence of acute peri-ictal changes in the status of
inflammatory monocytes. Furthermore, we also use innovative peri-electrode large molecule
microdialysis at the site of intracranial EEG recording electrodes to analyze dynamic changes in
the levels of CCL2, TNFa, IL1b, and IL6 in the hippocampus following viral infection in a viral
encephalitis epilepsy mouse model. In our second study, we investigate an autoinflammatory and
autoimmune seizure phenotype without any known genetic mutations and receptor
autoantibodies. In a subset of severe drug- refractory pediatric patients, we were able to delineate
innate cell and stimulus-dependent defects in the Toll-Like Receptor (TLR) and NFKkB pathways
and the subsequent production of chemokines including IL1b. We hope that the thorough
characterization of these unique cases paired with the temporally-resolved data set of peri-ictal
chemokine fluctuation in a general epileptic population as well as mouse models will help us
understand the acute inflammatory cascade which underlies seizure generation.
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Title: Respiratory related brain pulsations are disturbed in epilepsy

Authors: *J. KANANEN?, T. TUOVINEN?, V. KORHONEN!?, N. HUOTARIY, H.
HELAKARIY, H. ANSAKORPI, P. LEVAN?, V. KIVINIEMIY;
Univ. of Oulu, Oulu, Finland; ?Univ. of Freiburg, Freiburg, Germany

Abstract: Introduction: Patients with epilepsy (PWE) have altered coefficient of signal noise
variation (CV) in fast-fMRI*2. In this study we estimate the physiological source of the altered
noise CV from band passed physiological signals present in fast-fMRI.

Methods: After informed consent 102 healthy controls (HC, 37.5 £ 15.4 yr., 51F) and 33 PWE
(34.6 +10.2 yr., 21F), were imaged using Siemens 3T MRI with fMRI as before?. Subjects
were scanned in two sites (Oulu & Freiburg) for 5-min (TR=100ms). Standard FSL pre-
processing® with FIX-ICA, was used”. The data was band pass filtered to very low frequency
(VLF =0.01-0.1 Hz), respiratory (RB=0.11-0.51 Hz) and cardiac (CB=0.8-1.76 Hz) for CV and
FFT power calculations. Voxel-wise CV (6 / n, p = signal mean, ¢ = standard deviation) and sum
of spectral power density (SPD) were calculated. FSL randomise (10 000 non-parametric perm.,
age covariate) was used to evaluate group differences. The standard score of SPD maps were
calculated over HC population and compared it to PWE group.

Results: Respiratory band signal showed elevated CV (p < 0.01, Fig.1A) and even more
distinctively SPD power (p < 0.001, Fig.1B, for signal example Fig.1C) in basal and temporal
brain areas. VLF and CB had no statistical differences. PWE had SPD power > 10 ¢ over control
mean in 25/33 cases, while HC had none, for examples and SPD histograms in both groups, c.f.
Fig.1D, E respectively.

Conclusion: The respiratory signal power fMRI signal significantly increased in PWE group in
brain areas that control respiration and arousal. Using standard score to threshold SPD maps,
individual differences in PWE subjects could be detected. This indicates that physiological brain
pulsation abnormality could be influencing epileptiform activity.

References: 1. Kananen J. et al., 2018, Brain Behav 2. Kiviniemi V. et al., 2016, JCBFM3.
Jenkinson M. et al., 2012, Neurolmage 4. Griffanti, L. et al., 2014. Neuroimage
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Figure 1. A) CV differences between groups in respiratory band, p-value < 0.01. B) Respiratory band
spectral power density sum differences between groups, p-value < 0.001. C) Example respiratory band
passed signal of one patient and one control from selected brain stem region of interest (white cubic).
D) Example individual maps of periodogram with minimum value of Z-score 10 from three patients. E)
Histograms from group (102 HC and 33 PWE) mean image.
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Title: The use of auditory steady-state responses to actively probe abnormal coupling associated
with epilepsy
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Abstract: Auditory Steady-State Responses (ASSR) are evoked potentials generated by sound
stimuli presented at a relatively fast rate such that transient responses overlap. Amplitude-
modulated (AM) tones are a particular case of ASSR stimuli that recruit neurons responding to
the carrier frequency, in an oscillatory pattern which follows the modulating frequency. Aside
from its use in evaluating auditory pathway integrity, AM-ASSR has been used as a diagnostic
tool to quantify the degree of coupling and recruitment of brain structures that may be
compromised in pathologies such as schizophrenia and bipolar disorder. This work aims to
evaluate the use of ASSR to unveil features related to epilepsy. We hypothesized that putative
epileptogenic areas would present abnormal amplitude responses and hyper-connectivity to
surrounding networks that may be recruited by ASSR stimuli, thus significantly modifying the
evoked response pattern. The experimental protocol involves the use of AM sound stimuli to
elicit ASSRs in patients with refractory epilepsy implanted with deep electrodes. Stimulation
consisted of 6 trials each 60 seconds in duration, with 30 s silence periods in between. In each
trial, an 85 dB Amplitude Modulated (AM) tone is played with two speakers facing each side of
the patient’s head. Different Carrier frequencies (1 kHz, 2 kHz, pink noise, white noise, brown
noise and frequency sweep) were modulated at 79.58 Hz for each trial. We evaluated the ASSR
amplitude and Phase-Locking-Value (PLV) between channel-pairs for two patients; which
showed enhanced responses for temporal and hippocampal electrodes and hemispheric
asymmetry. An intriguing finding is that, for each electrode, response profiles show that middle
contacts (as opposed to more superficial contacts), in regions of white matter, yielded higher
energy responses surrounding the modulatory frequency band. Connectivity matrices were
calculated before and during ASSRs, giving an idea of how active probing changes network
synchrony and topology evaluation, with the most visible being increases in intra and inter
hemisphere connectivity between temporal electrodes in the ASSR frequency band. Our results
can be considered as a successful proof of principle for the use of ASSR in Epilepsy, although
the low number of patients and the lack of well-defined seizure foci in the selected patients limit
the strength of data interpretation. With the validation of the proposed hypothesis, the diagnostic
value of the ASSR for unveiling abnormal coupling within and around epileptogenic regions
would open a new venue for epilepsy diagnosis and presurgical evaluation in which passive EEG
analysis is inconclusive.
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Title: Temporal analysis of preictal high-frequency oscillation rates in refractory epilepsy
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Abstract: Purpose: High-frequency oscillations (HFOs) have become an accepted and important
biomarker of epilepsy, as numerous studies have shown improved clinical outcomes for resection
of tissue with high HFO rates. While most clinical literature focuses on the spatial context of
HFOs in delineating the seizure onset zone for surgical planning, few studies have adequately
addressed potential temporal relationships of HFO rates with preictal states and imminent seizure
generation. Accordingly, here we have analyzed HFO rates as a continuous function of time until
seizure onset to better understand their potential involvement in seizure generation, spread, and
subsequent termination. Methods: We analyzed intracranial EEG data from 30 patients with
refractory epilepsy undergoing long-term pre-surgical evaluation. Utilizing an automated HFO
detector that removes muscle and electrode artifacts, we grouped HFOs into hour-long windows
centered on each of a patient’s recorded seizures. Using the non-parametric Nelson-Aalen hazard
model, we then estimated HFO rates as a continuous function of time relative to the aligned
seizure onsets, and compared the resulting data with seizure onset zone and resected volume. We
also performed the same procedure for half-hour segments of baseline interictal data, and using
Pearson’s correlation, made statistical comparisons of potential preictal temporal trends against
those of baseline. Results: We found in general that HFO rates do not increase preictally as onset
is reached. A large increase in HFO rates was found during ictal activity for the majority of
patients, followed by an accompanying decrease in HFO rates back to baseline postictally.
Immediately following seizure offset, a number of patients showed significantly decreased HFO
activity before baseline rates resumed. Channels in the seizure onset zone generally had the
highest HFO rates for all compared epochs (baseline, preictal, ictal and postictal). This effect
was also pronounced in the resected volume channels. Discussion: These results corroborate
existing findings that HFO rates within epileptic tissue are higher overall, through all stages of




interical, preictal, ictal, and postictal. However, there was no significant increase in HFO rate in
the preictal period. This finding suggests that HFO rate is not a reliable temporal biomarker of
seizure onset time.
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Title: Mechanisms of dynamic inhibitory neuronal control of human seizures
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Abstract: Inhibitory neuronal activity is critical for the normal functioning of the brain, but is
thought to go awry during neurological disorders such as epilepsy. There exist at least three
distinct theories for how inhibition may decrease during a seizure: excessive chloride
accumulation inside neurons that turns inhibition into excitation; hyperpolarization of fast-
spiking (FS) inhibitory neurons by other inhibitory neurons; and depolarization block of FS
neurons due to excessive synaptic drive or extracellular potassium accumulation. Despite its
fundamental importance, it is not known which, if any, of these theories explain how seizures
invade the human neocortex. Here, using large-scale recordings of neocortical single neurons in
patients with secondarily generalized tonic-clonic seizures, we show that FS activity first
increases as a seizure spreads across the neocortex, clearly impeding and altering the spatial flow
of fast epileptic traveling waves. Strikingly consistent and unexpected dynamics then follow:
some FS cells pause their firing due to transient inhibition from other cells. However, these
hyperpolarized FS cells always resume their firing after a pause. Cessation of FS cell firing then
occurs due to massive depolarization of their membrane potential (decoded using a novel
method), leading to depolarization block. RS cells increase their firing immediately after the
cession of nearby FS cells. However, RS cells, too, subsequently enter depolarization block. Our
results are only fully consistent with one theory of why inhibition fails in the middle of seizures:
depolarization block of FS neurons. Our simple computational models of excessive
depolarization reproduce all the biophysics of the in vivo human single unit data. These results



extend our understanding of the dynamically precise cellular interplay that occurs during
secondarily generalized seizures in humans.
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Title: Action potential alterations and cell-type specific activity through ictal recruitment in
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Abstract: Much recent debate has focused on cell-type-specific patterns of activation at seizure
onset. However, action potential waveform changes during seizures can confound detection
sensitivity and classification of single units. We developed template matching-based methods to
identify single neurons in ictal microelectrode recordings from 27 patients with intractable focal
epilepsy. Neuronal identities were defined as action potentials occurring within the convex hull
in the feature space of standard, cluster-sorted neurons in the period either side of the seizure,
while discarding those with < 1% chance of occurring in a y*-distribution based on Mahalanobis
distance. Action potential match likelihood was calculated using the Gaussian distribution of
voltages in the original neuron from which probabilistic firing rates were calculated. Neurons
were then subclassified by putative cell type using waveforms and firing patterns.

We identified two distinct neuronal activity patterns at seizure onset. Type 1, found in 8 patients,
was characterized by tonic firing, reduced spike amplitude (91.4% % 7.0%; p < 0.05, Mann-
Whitney U test), and increased half-width (133.8% £ 19.0%; p < 0.05, Mann-Whitney U test).
Type 2 showed burst firing with no change in waveform. All neurons returned to their pre-ictal



wave shapes after seizure termination. We interpret Type 1 as consistent with recruited tissue as
defined in prior animal studies and Type 2 as a downstream effect of recruited tissue. Of the 413
neurons, 48 (11%) were identified as putative interneurons. Of these, 35 (73%) showed
significantly increased firing during seizures; 1 (2%) showed a decrease. While interneuron
firing was maintained throughout the seizure, there was out-of-phase firing and a prominent,
transient increase in firing of interneurons just prior to the onset of Type 1 activity.

We conclude that the distinction between tissue that has been recruited versus penumbra is
maintained at the level of single neurons. Strict, novel template matching methods enabled us to
demonstrate continued firing of the putative inhibitory population following ictal invasion. The
interneuron activity patterns during the ictal transition suggest that multiple mechanisms are
involved, including altered inhibitory effects and depolarization block. However our data do not
appear to corroborate an interneuronal triggering mechanism.
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Title: Measuring DC dynamics at multiple spatial scales in human intracranial electrophysiology
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Abstract: Direct current (DC) potentials and slow baseline EEG fluctuations can be measured
using Platinum/Iridium electrodes implanted in the brain. Slow wave potential activity can be
associated with multiple mechanisms, including neuronal, glia and slow pH substrate changes.
There are several neurological diseases connected with slow wave and DC potentials, including
spreading depression (SD), hypoxic-ischemic SD-like depolarization, and seizures. Changes in
excitatory activity and overall sodium and potassium concentration and influence of glia cells on
extracellular space are among proposed mechanisms of seizure-related DC shifts. Previous



studies using clinical, macro-scale intracranial electrodes (~10mm?) have characterized seizure
related DC fluctuations in focal human epilepsy.

We utilized wide-band recordings from hybrid depth electrodes containing Platinum/Iridium
clinical macroelectrode contacts and microwires (40 um) for electrophysiological DC recordings
to quantify local and wide-spread DC fluctuations. Five patients with mesial temporal lobe
epilepsy were implanted with hybrid depth electrodes in the hippocampus. Data were recorded
and retrospectively quantified over different brain states, vigilance - awake, sleep, and pre-ictal,
ictal, and postictal periods.

The primary finding was that brain regions generating spontaneous focal seizures had greater DC
fluctuations at baseline, during seizures, and post-seizure then other brain regions. There was no
clear difference between inter-ictal and pre-ictal DC fluctuations in either brain region. On an
individual patient level this was true for 4 out of 5 patients. In contrast, only 1 patient had a
higher DC shift measured at the microscale level during seizures. At the microdomain level we
did not observe consistent changes prior to seizures.
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Title: Correlates of hippocampal interictal epileptiform discharges on scalp EEG recordings
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Abstract: Epileptiform activity limited to the hippocampus is thought to be largely undetectable
by scalp EEG recording methods, possibly due to the structure’s curved shape and deep location
in the brain. Due to the difficulties in capturing hippocampal activity on the scalp, patients with
suspected temporal lobe seizures may remain undiagnosed or require invasive intracranial
monitoring to confirm a diagnosis.Clinical observations have noted that some hippocampal
interictal epileptiform discharges (HC-IED) are temporally associated with scalp patterns such as



small sharp spikes that are visible on a single-trial basis. In this study, we utilized an array of
signal processing methods to identify and characterize manifestations of HC-1EDs in scalp
recordings. Using a data set of simultaneous intracranial and extracranial recordings obtained
from epilepsy patients undergoing preoperative monitoring, we classified hippocampal IEDs by
their waveform morphology. Signal averaging of scalp signals associated with different
classification groups showed an emergence of clearly identifiable scalp spikes associated with
HC-IEDs. Cross-correlation analysis showed that a subset of IEDs show tight temporal locking
between scalp and intracranial signals, suggesting signal propagation via volume conduction.
These IEDs also showed in scalp topographic maps, a bilaterally symmetric dipole, in line with a
deep dipole source. In contrast, other groups of hippocampal IEDs showed delayed correlations
between scalp and intracranial signals, suggesting that the signal seen on the scalp comes from a
secondary source. These IEDs showed a more complex non-symmetric rotating scalp
topography, suggesting a larger role for physiological propagation that underlies the scalp signals
observed on the scalp. Finally, using signal-to-noise ratio analysis of single trials, detectability of
these scalp correlates on a single-trial basis all patients analyzed had at least 1 group of HC-IEDs
that showed a significant SNR on a single-trial basis in over 25% of HC-1EDs, suggesting that
these scalp signals may be useful in identifying HC-IEDs using non-invasive methods.
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Title: Decreases in cellular firing accompany saccade onsets in human mesial temporal lobe
structures and neocortex
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Abstract: Background: In the primate brain, saccadic eye movements are strongly correlated to
mnemonic processing. With invasive local field potential (LFP) recordings in humans, we have
shown that in mesial temporal lobe (MTL) structures, saccade-associated potentials demonstrate



phase clustering in the theta and alpha bands without associated power increases. This specific
electrophysiological signature suggests that neuronal firing rates are modulated in time, without
increases in spike rates.

Methods: To explore this hypothesis, we performed single unit recordings in epilepsy patients
undergoing intracranial EEG monitoring with macro-micro depth electrodes. Depth electrode
placement was determined clinically. Subjects performed a visual search task with continuous
eye tracking to ascertain saccade onset timing. Offline spike sorting and peri-saccadic time
histograms were constructed for well-separated units.

Results: From 245 neurons recorded from the MTL and occipital lobe, we examined saccade-
related modulation. We found a firing rate decrease in 20% of the neurons recorded in the MTL
and in 90% from the occipital cortex. Additionally, occipital units demonstrated a ‘rebound’
increase in spiking following the inhibitory period, whereas the MTL units did not. Furthermore,
the decrease in firing rate appears to be modulated by the directionality of the saccades, which
suggests that a corollary may mediate the firing changes we observed.

Conclusions: Single unit recordings in humans suggest that inhibition dominates the peri-
saccadic interval in MTL structures and neocortical regions. These results are consistent with the
lack of power increases observed in the LFP in MTL sites.
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Title: Investigating intrinsic electrophysiological diversity of human pyramidal cells across
cortical layers and between individuals
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Abstract: The hyperpolarization-activated non-specific cation current, In, greatly shapes a
neuron’s subthreshold and active integrative properties. Here, we wanted to understand how In
and other intrinsic features contribute to the electrophysiological differences between superficial
(L2/3) and deep layer (L5) pyramidal neurons in human neocortex.We performed whole-cell
recordings in vitro from 214 pyramidal neurons from unaffected cortical tissue resected from 51
patients undergoing neurosurgery for temporal lobe epilepsy or tumor resection at Toronto



Western Hospital. We validated our results in a second dataset of 413 neurons recorded from 42
patients collected by the Allen Institute for Brain Sciences.We found that human L5 pyramidal
neurons had more prominent sag and larger In currents relative to L2/3 neurons. In addition, L5
neurons were more excitable, with rebound bursting following hyperpolarizing input, higher
input resistances, and more depolarized resting potentials. Pharmacologically blocking In
produced a larger change in membrane properties in L5 compared to L2/3 neurons and markedly
reduced the observed cell-to-cell variability across cells. Though we did not find evidence for a
specific resonant frequency in either L5 or L2/3, we found that L5 neurons are better able to
track inputs at the delta and theta frequencies. Lastly, by correlating neuronal physiology with
patient-level demographic features, we found that sag amplitudes are larger in neurons recorded
from older patients and those with a tumor diagnosis. Sag is a dominant feature of the human
cortical microcircuit and is prominently expressed in L5 pyramidal cells. In addition, neuronal In
is not a fixed feature of a cell type but instead dynamically changes due to a subject’s disease
state and over the lifetime, providing a potential correlate for age-related cognitive decline.
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Title: Discrimination of high frequency oscillations from sharp transients in the
electrocorticogram of patients with refractory epilepsy
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Abstract: High frequency oscillations (HFOs) are potentially useful biomarkers of epileptogenic
brain tissue. In diagnostic use for surgical treatment, true HFOs first need to be identified and
their region of activity demarcated to predict the location and extent of cortex to be resected for a
patient to become seizure-free. HFOs co-occurring with spikes are potentially stronger markers
of epileptogenic cortex than HFOs alone. But HFOs masked by spikes may be rejected as
artifacts (false negatives). The purpose of this study is to develop an algorithm that retains such



events while rejecting genuine artifacts based on rhythmicity criteria. With IRB approval, eight
epilepsy patients admitted for invasive presurgical evaluation were monitored using intracranial
EEG (IEEG) with 1000 Hz sampling rate. HFO candidates were first identified using a slightly
modified version of a well-known algorithm (Staba et al., 2002), which is highly sensitive to
HFOs but admits spikes and other artifacts which, when filtered, look like genuine HFOs. This
deficiency is addressed here by modeling the transient baseline (see figure) of the iIEEG around a
detection. When a spike fitted thus is subtracted from the signal the residual does not produce a
false ripple when sent through a highpass filter. An HFO riding on the spike remains in the
residual after the spike is eliminated. If the baseline does not contain a spike, it is unaffected.
This approach decouples HFOs from spikes and other artifacts in the iEEG. A superset of 2500
detections made by the standard algorithm were selected at random from 1-3 channels in each
recording and further screened using our two-step algorithm. True HFOs were distinguished
from spikes with a sensitivity of 80%, specificity of 80%, positive prediction value of 94%, and
Cohen’s kappa of 50%. This procedure mostly rejected spikes while retaining highly rhythmic
HFOs and HFOs co-occurring with spikes whose site of origin is strongly correlated with the
seizure onset zone (SOZ) demarcated by the physician.
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Abstract: Benign epilepsy with centrotemporal spikes (BECTS) is the most common childhood
focal epilepsy. While all patients spontaneously enter into remission by adolescence, BECTS is
linked to the development of various sensorimotor deficits that in some cases follow patients into
adulthood. There is evidence in other studies of focal epilepsies that the way the brain transiently
coordinates the flow of information between cortical regions, i.e. functional connectivity, is
disrupted. However, there is limited understanding of the specific differences in functional
connectivity between BECTS patients at time of diagnosis, patients in remission, and healthy
individuals, and whether these functional connectivity changes correlate with behavioral deficits.
We hypothesize that the impact of BECTS during a critical period in cognitive development has
long-lasting effects on the functional connections, and that the differences in functional
connectivity provide the neurological basis for deficits present later in life. We propose a data
analysis pipeline to address this hypothesis. We analyze high-density electroencephalography
recordings sourced to the brain surface to map out the functional connections at different stages
of BECTS, and compare these functional connections with age-matched controls to characterize
how signaling between cortical areas is disrupted. Then, we determine which differences are
predictive of task performance on language and motor tasks. By understanding the differences in
brain network organization, we may understand why neurological impairments develop in certain
individuals with BECTS and establish a direct relationship between functional connectivity and
cognitive processes.
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Abstract: Temporal lobe epilepsy (TLE) is the most common adulthood form of focal epilepsy,
which is characterized by seizures that often originate from limbic structures, including the
hippocampus. Previous studies suggested that the thalamus, as a key relay or processing hub of
neuronal information flow between cortical-subcortical structures, have been implicated in
seizures propagation, awareness maintenance and seizure related cognitive deficits. However, the
specific functional alterations between different thalamic subregions and cortical systems in
patients with TLE are still unknown. In the present study, we choose the anterior (ANT), ventral
posterior medial (VPM) and central lateral (CL) nuclei of the thalamus as seeds to investigate the
divergent thalamocortical connectivity patterns in patients with TLE. Functional connectivity
(FC) was adopted to explore the role of different thalamic nuclei in TLE. Pearson’s correlation
analysis was further used to assess the association between FC alterations and disease duration,
seizure frequency and the immediate and delayed memory scores. Our results revealed typical
differential spatial FC patterns of different thalamic seeds in both healthy controls (HC) and TLE
patients (P < 0.05, FDR corrected). Furthermore, relative to HC, significantly abnormal FC
between different thalamic seeds and distinct cortical networks in TLE were observed (P < 0.05,
GRF corrected). For the ANT, TLE showed decreased FC in the limbic system and medial
prefrontal cortex, while increased FC in the dorsal lateral prefrontal cortex. For the VPM, we
observed decreased FC in the sensorimotor network and cerebellum. We also found decreased
FC between the cluster of midbrain and the CL. In addition, the decreased FC between the left
ANT and the left hippocampus was positively correlated with the immediate (r = 0.56, p =
0.0071) and delayed (r = 0.50, p = 0.0168) memory scores. These findings suggest different
thalamic nuclei owns divergent thalamocortical connectivity patterns and may help explain why
focal temporal lobe seizures often disrupt widespread cortical networks and play a negative role
in cognition sustainence in patients. Further understanding of different thalamocortical circuits
for different thalamic nuclei in temporal lobe epilepsy may lead to improved treatments directly
targeting different modes of impaired function.

Disclosures: R. Li: None. L. Zhang: None. D. Liu: None. L. Wang: None. B. Xiao: None. H.
Chen: None. L. Feng: None.

Poster

123. Epilepsy: Human Studies

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM
Program #/Poster #: 123.24/C43



Topic: B.10. Epilepsy
Support: ERC starting grant [716321]

Title: Selective network dynamic abnormalities in juvenile myoclonic epilepsy revealed by
MEG energy landscape
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Abstract: Juvenile myoclonic epilepsy (JME) is the most common syndrome of the idiopathic
generalized epilepsy. Previous studies suggested that JIME might be a network disorder affecting
resting-state brain activity. However, it is unknown whether JME patients had widespread or
selective abnormalities in the network dynamics across different resting-state networks (RSN).
Here, we used a novel pairwise maximum entropy model (pMEM) and energy landscape analysis
to characterize network dynamics and its abnormalities in MEG (magnetoencephalography)
resting-state data.

26 JME patients and 26 age- and gender-matched controls underwent a MEG recording session,
in which 5-minutes eyes-open resting-state MEG data were collected from a 275-channel CTF
system. Pre-processed MEG data were co-registered to individual participant’s MRI structural
scan and source localized to the 90 AAL atlas regions using LCMV beamformer. We fitted the
PMEM to the oscillatory power envelopes in theta (4-7 Hz), alpha (8-13 Hz), beta (15-25 Hz)
and gamma (30-60 Hz) bands in three RSNs: default mode network (DMN), frontoparietal
network (FPN) and sensorimotor network (SMN). The pMEM allows estimating the occurrence
probability of each network state, with its regional activity and pairwise regional correlations to
be constrained by empirical data.

The pMEM provided an accurate fit to the oscillatory activity data (JME: R?=0.92 Controls: R>=
0.94). We used energy values derived from the pMEM to depict an energy landscape of the
network, with a higher energy state corresponding to a lower occurrence probability. When
comparing the energy landscape between groups, JME patients showed a lower number of local
energy minima (F(1, 50)=5.27; p=0.03) and had higher energy values than controls in the theta,
beta and gamma-band of FPN oscillatory activity and the beta-band of DMN activity, but not in
the SMN. Furthermore, a leave-one-out classification of individual participants using support
vector machines and the energy values in the t-band FPN showed that the pMEM measures
provided high predictive power in discriminating JME patients from controls. These findings
suggest that JME patients had impaired multi-stability in selective networks and frequency bands
in the frontoparietal networks.
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Abstract: Most existing multi-compartment neuron models are constrained by non-human data.
However, the correlation between neurons in animal models and humans is not one-to-one,
leaving the use of these models in a human setting inherently fraught with caveats. Moreover,
these models are typically created utilizing an averaged snapshot of the activity of a given cell
type, ignoring the cell-to-cell variability known to cause major differences between similarly
classified neurons.

Here we present a model of a human L5 cortical pyramidal neuron with the morphology and
primary constraining electrophysiological data obtained from the same cell. In vitro whole-cell
recordings were obtained from neurons from patients undergoing neurosurgery for temporal lobe
epilepsy or tumor resection. The recordings focused on the dynamics of the h-current, which
were identified with hyperpolarizing current clamp experiments in the presence of tetrodotoxin.
Morphology of this neuron was obtained from biocytin fills and was reconstructed via IMARIS
software for model development.

The modeling process utilized tools in the NEURON simulation environment and a “cycling”
approach to closely fit the results of the hyperpolarizing current clamp experiments while
maintaining reasonable spiking behavior relative to that seen in other human L5 pyramidal
neurons. The final model parameters faithfully replicated h-channel mediated voltage responses,
as well as general human L5 repetitive spiking and post-inhibitory rebound (PIR) characteristics
driven by other channel types. Importantly, this model reproduced resonance and frequency-
dependent gain features observed in these cells experimentally that were not used in model
creation, lending further credibility to the model capturing an essence of this cell type’s
dynamics.

Comparing the features of the h-channel in this human model to analogous rodent models
suggests key differences between the dynamics of this channel which provide testable
hypotheses in the exploration of crucial inter-species h-channel differences. Such insights could
provide important translational information for building computational models of human circuits.



Indeed, it has recently been demonstrated that h-channel densities differ between mouse and
human L2/3 pyramidal cells; our findings suggest that in addition to these inter-species
differences in h-channel density, differences in channel kinetics may also contribute to the
uniqueness of human L5 pyramidal cells.

This model is not only one of the first human pyramidal cell models, but the only of which the
authors are aware that takes into account potential cell-to-cell variability.
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Title: Patient-specific computational models of cortical activation for seizure improvement
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Abstract: Electrical stimulation can be an effective therapy for patients with epilepsy. However,
clinical outcomes are variable; some patients achieve complete freedom from seizures while
others experience little to no effect. Patient-specific computational models can be used to
investigate the neurophysiological effects of stimulation, but it is unclear how fiber orientation
and cortical geometry impact model predictions. The objective of this study was to use
computational models to predict effective and ineffective stimulation parameters for seizure
arrest and investigate the effects of cerebral spinal fluid (CSF) thickness on activation profiles.
We created both theoretical and patient-specific finite element meshes and solved the bioelectric
field problem for multiple stimulation parameters for 2.3 mm diameter subdural electrodes. We
observed considerable variability in electrode locations relative to the cortical surface in a single
subject (Fig. 1A). We estimated neural activation using the Hessian matrix of the second spatial
derivative of the extracellular voltage. We found cathodic stimulation preferentially activated



fibers tangential to the electrode surface whereas anodic stimulation preferentially activated
fibers orthogonal to the electrode surface. For a simple theoretical case of an electrode on flat
cortex, anodic stimulation activated fibers deeper within cortex compared to cathodic stimulation
at the same magnitude (Fig. 1B). As the CSF thickness increased under the electrode the
maximum depth of activation decreased (Fig. 1B). These results have the potential to inform
selective and optimal cortical stimulation parameters to modulate pathogenic epileptic circuits
and improve seizure arrest. Additionally, the observed variability in electrode locations
highlights the importance of using patient-specific computational models to study the effects of
cortical stimulation. Future work will include correlating patient-specific activation with seizure
outcomes in a cohort of patients implanted with the Responsive Neurostimulation System.
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Figure 1. A. Patient-specific finite element mesh. The three insets show how variable the
electrode (pink) location can be relative to the complex cortical geometry. B. Depth of activation
for a theoretical flat cortical model. We varied the CSF thickness and magnitude of cathodic (red
traces) and anodic (blue traces) stimulation.
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Abstract: Spike ripples in human neural voltage recordings have been proposed as a biomarker
of epilepsy and recently associated with the most common type of childhood epilepsy syndrome:
benign epilepsy with centrotemporal spikes (BECTS). To date, finding and identifying spike
ripple events has been a time-intensive and laborious process involving hours of manual visual
inspection and validation by clinical experts. A semi-automated process identifies candidate
spike ripple events, saving considerable time and effort, but still requires expert validation. We
propose a new framework to fully automate this process using techniques from machine learning
and statistical analysis. We utilize a convolutional neural network and Bayesian statistical model
on spectrogram data from candidate spike ripple events to predict patient outcomes. Preliminary
results show high accuracy in classification of individual spike ripple events, and strong evidence
for the ability of this method to accurately predict subject status (healthy, active disease, or in
remission).
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Title: Targeted non-invasive neurostimulation reduces seizures in epilepsy patients with prior
surgical interventions
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Abstract: Objective: To determine whether epilepsy patients with prior surgeries deemed
ineffective can see meaningful seizure reductions with non-invasive neurostimulation,



specifically using transcranial current stimulation (tCS). Background: A significant number of
medication resistant epilepsy patients treated with surgery do not see a significant reduction in
seizure count. These patients have no other non-pharmacological options. Design/Methods: The
authors are involved in a clinical trial under an open FDA IDE to evaluate the effectiveness of
targeted transcranial current stimulation (tCS) to reduce seizures. We previously reported that
patients resistant to medication treated saw a median seizure reduction of 47% from baseline
eight weeks after completing the treatment. After the start of the trial, the FDA agreed to expand
the inclusion criteria to allow patients with prior surgical interventions. For each of these patients
a personalized stimulation montage was determined by using an MRI of the patients head to
build a finite-element model to model current flows in the brain. A genetic algorithm was then
used to determine placement and current levels of between six and eight scalp electrodes to
deliver currents preferentially to the seizure focus. These patients then followed the standard
treatment protocol of 10X 20 minute stimulation sessions over two weeks, with eight weeks of
follow-up. No changes in any medications were made. Results: Three patients - one with prior
resective surgery, one with burr holes from a prior EEG, one with a VR shunt - were treated with
this protocol. These patients reported seizure reductions in the eight weeks following treatment
of 75%, 44%, and 90% respectively. No adverse events were reported for any of these patients.
Conclusion: Targeted non-invasive neurostimulation using transcranial current stimulation may
be an effective therapy for controlling seizures in surgical non-responders.
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Abstract: Alzheimer’s disease (AD) is one of neurodegenerative diseases and the most common
cause of dementia. Pathology of AD includes the extracellular accumulation of amyloid beta
peptide, the intracellular accumulation of hyper-phosphorylated tau, the loss of drebrin from
dendritic spines, and the loss of neuronal cells mainly in the cerebral cortex and hippocampus.
Among them synaptic dysfunction has most correlation with cognitive dysfunction in the AD
brains. Drebrin is an actin binding protein and stabilizes actin filaments. Drebrin-decorated stable
actin filaments accumulate in dendritic spines and are thought to be crucial for synaptic
plasticity. Drebrin has been decreased at onset of dementia in AD. We therefore hypothesized
that loss of drebrin, that is, loss of stable actin filaments from dendritic spines elicits synaptic
dysfunction and causes dementia in AD. Here we used the App knock-in (K1) mouse model of
AD (AppN-6F KI mouse), to analyze the details of abnormal synapse in AD. First we performed
immunohistochemical analysis using AppN--G-F KI mice brains and wild-type mice brains. We
focused on the cortex and found no drebrin immunoreactivity around amyloid plaques in the
AppN=&F KI mice brains, however, no clear difference of drebrin immunoreactivity in other
regions than amyloid plaques between two types of mice brains. This result indicates that
endogenous amyloid beta reduces drebrin in vivo and this is consistent with our previous data
showing drebrin clusters reduction by exogenous amyloid beta in vitro. We further used primary
hippocampal cultured neurons derived from the AppN-G-F KI mice (AppN-©-F KI neurons) and
evaluated synaptic status based on drebrin cluster number using high-content imaging analysis.
Our data showed AppN~¢-F K1 neurons had less drebrin clusters indicating low functionality of
synapse. These data suggest that the loss of drebrin from the dendritic spine in AD brains causes
synaptic dysfunction.
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Abstract: Current drug for Alzheimer’s disease (AD) is symptomatic treatments that only
ameliorate the symptoms. Therefore, disease-modifying therapy, such as neuroprotective and



neurorestorative interventions, is strongly desired. However, there is no approved treatment with
a proven disease-modifying effect. Recently, epigenetics has gained particular attention for its
role in memory. It was shown that specific inhibition of histone deacetylase 2 (HDAC?2) restore
memory impairment in neurodegenerative model mice. Moreover, in wild type mice, HDAC2
specific inhibition induces dendritic and spine growth. Meanwhile, it was known that
dysmorphology of dendrites and spines was seen in amyloid 3 precursor protein (APP) over
expression mice. However, in the APP overexpressed condition, whether specific inhibition of
HDAC2 restore dendritic and spine damages is still unknown. In this study, we aimed to evaluate
if HDAC2 specific inhibition can restore dendritic and spine impairment in the APP
overexpressed condition using PS/APP mice (mutant presenilin 1 and APP transgenic mice). We
specifically inhibited HDAC?2 in the CA1 region of hippocampus using adeno associated virus
coding HDAC2 RNAI. Neural morphology was analyzed using golgi staining method. In the
PS/APP mice, dendrites and mushroom-like spines in the CA1 region of hippocampus were
impaired as previously reported. We demonstrated that HDAC2 specific inhibition restored
dysmorphology in dendrites and mushroom-like spines, as well as the impairment of long-term
potentiation and episodic memory in PS/APP mice. These results indicate that HDAC2 specific
inhibition can recover damaged neuron under a state in which APP was overexpressed.
Furthermore, it is expected that HDAC2 specific inhibition has the potential to be disease-
modifying therapy in the treatment for AD.
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Abstract: Among the cognitive impairments observed in Alzheimer’s disease (AD) patients, one
of the most unbearable is their inability to recognize or remember other persons. However, little
is known about the neural substrates of social memory deficits in AD. Recently, it was shown
that inactivation of pyramidal neurons in area CA2 of the hippocampus induces specific social
memory impairments. Area CA2 also contains a high density of parvalbumin (PV)-expressing
inhibitory interneurons with unique properties, such as particularly high presence of their
specific extracellular matrix, the perineuronal net (PNN). PNNs are forming with an activity-
dependent manner around PV cells during their maturation and are ensuring the stabilization of
synapses. Furthermore, PV interneurons in area CA2 express a unique long-term depression
mediated by Delta opioid receptor (DOR-iLTD) which may contribute to social memory
formation. We previously showed that transgenic mice resembling key features of AD display
impaired PV cell function linked to their memory deficits. Thus, we wondered whether
enhancing PV cell function in area CA2 of AD mice would restore social memory. First, a
stereological analysis of PV/PNN staining in the area CA2 revealed that the absolute number of
PV+ and PV+/PNN+ cells are dramatically decreased in Tg2576 compared to non-transgenic
(NTg) mice. Using voltage-clamp recordings of acute hippocampal slices, we observed a
decreased of DOR-ILTD associated with an increase of the excitability in area CA2 of Tg2576
compared to NTg mice. We then addressed the behavioral consequences of the reduced
inhibition in this region, and found that Tg2576 mice exhibit intact sociability, but display
impaired social memory. Neuregulin-1 (NRGL1) is involved in experience-dependent maturation
of PV cells and promotes the formation of PNN. Furthermore, NRG1 and its receptor ErbB4 are
playing active roles in regulating inhibitory transmission and plasticity in area CA2. Hence, we
proposed that NRG1 local injection in area CA2 of AD mice may be beneficial. We indeed
found that NRG1 injection in area CA2 of Tg2576 mice was able to locally increase the number
of PV+ and PV+/PNN+ cells and to improve social memory, without affecting other types of
hippocampal-dependent memory. We conclude that the alteration of PV cells and their PNN in
area CA2 disrupt the establishment of social memory in Tg2576 mice.
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Abstract: Hippocampus is responsible for computing contextual and spatiotemporal information
and an indispensable brain region for processing learning and memory. The imbalance of
inhibitory and excitatory input results in disrupted action potential output mainly from pyramidal
neurons in hippocampus. Thus, the derangement of the neural circuit and subsequent
epileptiform activity in hippocampus was considered a critical event involved in cognitive
disorders, e.g. Alzheimer’s disease (AD). However, the mechanism of neuronal hyperactivity
involved in cognitive circuit dysfunction and AD pathology is still enigmatic. We have found
that CA1 pyramidal neurons in hippocampus of a mouse model of AD, 5XFAD mouse presented
hyper discharging due to postsynaptic dislocation of y-aminobutyric acid A (GABAA.) receptors
which caused an imbalance of excitation/inhibition in the neural circuit. Here, we sought to
investigate whether slow and persistent activation of GABAA receptors could restore
hippocampal network and prevent cognitive dysfunction in early stage of 5XFAD mouse to
estimate the value of GABAA receptors as a target for AD treatment. We treated 5XFAD male
mice at 3.5 months old with chronic intracerebroventricular infusion of GABAA receptor agonist,
Gaboxadol (GBX) by mini-osmotic pumps (5 uM,0.25 ul/hr, n=4), and observed an obvious
improvement in hippocampus-dependent behaviors after 28 days of continuous administration,
compared with 5XFAD mice pumped with saline (n=3). More interestingly, AB accumulation
not only in hippocampus but also in cortex near to lateral ventricles of the mouse model treated
with GBX was significantly cleared. As expected, the GABAA receptor subunits, ol and y2
expression and synaptic location were restored. These data imply that CA1 neuronal
hyperactivity due to inhibitory postsynaptic disruption may be a trigger for Ap production and
aggregation, most importantly, for cognitive disorder occurrence in early stage of AD.
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Abstract: Pure memory impairments constitute the earliest clinical sign of Alzheimer's disease
(AD), the most frequent form of late-life dementia. Understanding the neural correlates of AD-
associated memory failures requires measurements of hippocampal activity in awake, freely
behaving mice. While previous 2-photon studies have been instrumental in identifying aberrant
activity in CAL1 circuits in mouse AD models, they were performed only under anesthesia and at
single time points. To explore AD-associated hippocampal pathophysiology, we combined large-
scale Ca* imaging over extended time periods by utilizing miniature microscopy and
extracellular electrophysiology in CA1 hippocampal circuits. We used chronic, longitudinal
recordings of the same CA1 pyramidal neurons using GCaMP6f-based Ca?* imaging in behaving
wild-type (WT) mice vs. APP/PS1 model of familial AD. Unexpectedly, we did not observe
hyperactivity in CA1 network of APP/PS1 mice during exploration. Average level of CAl
activity, reflected by the mean Ca?* rates per neuron and the number of active neurons, was
similar between WT and APP/PS1 mice. However, a profound difference was observed in
response of CA1 network activity to general anesthesia, associated with unconsciousness and
amnesia. While WT mice displayed a significant reduction in the number of active CAL neurons
and their activity in response to anesthesia, the opposite reaction was detected in APP/PS1 mice.
Notably, neuronal populations were largely non-overlapping in awake and anesthetized states.
Augmented and synchronized somatic CA1 Ca?" activity was accompanied by pathological spike
waveforms in the stratum radiatum of anesthetized APP/PS1 mice. Pathological CA1 spikes
were robustly induced in several AD models by distinct anesthetics. Based on these results, we
propose that dysregulation of hippocampal activity set points in anesthetized, amnestic brain
states may present the neurobiological basis underlying accelerated progression of AD
pathophysiology by anesthesia proposed by earlier studies.
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Abstract: Objective: One of the main forms of synaptic plasticity found at the excitatory
synapses is the long-term potentiation (LTP), which is altered in neurodegenerative diseases.
Compensatory mechanisms are responsible for the clinical signs of suppression of
neurodegeneration. Intervention into their mechanisms on an example of the ratio of excitatory
and depressor synaptic responses will contribute to the development of therapeutic strategies.
Methods: After 12-28 weeks (w) of experiment on the model of Alzheimer’s disease (AD), an
activity of single neurons of hippocampus (H), Amygdala (Am) and, nucleus basalis of Meynert
(NBM) to high frequency stimulation (HFS) of entorhinal cortex (EC) was recorded. The high
frequency stimulation of H resulted in an activity of single neurons of the Am and NBM. By
means of on-line selection and special mathematical analysis, tetanic potentiation (TP) and
depression (TD) further combined with posttetanic uni- and multidirectional sequences (PTP and
PTD), were revealed. In morpho- and histochemical study, the method of revelation of Ca2+-
dependent phosphorylation was used.

Results: On the 12th weeks of experiment a strong TD of NBM and Am neurons to HFS of H, as
well as a weak TD in H and NBM neurons to HFS of EC were found. TP occurred by the
activation of EC in the H (TP PTP) and in Am (TP PTD) neurons, equal to and above the norm
in neurons of Am to HFS of H. In the NBM neurons of to HFS of EC, the weakest excitation to
HFS of H was detected. In the H neurons to HFS of EC and in Am and NBM neurons to HFS of
H, after 13-28 weeks, TD and tetanic excitation in all cases were low, which indicating on
depletion of compensatory opportunities. Morpho- and histo-chemical changes of H, Am and
NBM neurons on the model of AD were characterized by total tendency to structural-metabolic
dysfunctions, with distortion of forms, as well as central chromatolysis.

Conclusion: The absence of expressed depression, presupposed by us as a protector in the
present study, makes it necessary to involve pharmacological interventions with a view to its



strengthening, and therefore is the subject of the next explorations. Electrophysiological data
have been confirmed morphologically.

Keywords: Alzheimer’s disease; Hippocampus, Rostral amygdalopiriform area, Basal nucleus
of meynert; Single spike activity; Acid phosphatase
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Abstract: Laminin (LN) can interact with PrP® to promote neuritogenesis via Erk, while biding
of amyloid-beta oligomers (ABo) to PrP® generates synaptic dysfunction via Fyn kinase. In both
pathways, mGIuR1 is recruited as co-receptor. The involvement of PrP¢/mGIuR1 in these
opposite functions suggests that this complex acts as a key element in the regulation of synaptic
activity, which oscillates along the sleep-wake cycle. Thus, we investigated how sleep
deprivation can interfere these molecular pathways. We also verified the interference of Afo on
LN binding to PrP® and on neuritogenesis. C57BL/6 mice (3-month males) were subjected to
sleep deprivation for 3 days (SD) and hippocampi were collected at two time points of circadian
period (13h and 21h). Immunoenzymatic Assay (ELISA) and Western Blotting were performed
for quantification of AB40 and AB42 peptides and protein levels. Competition between oAf and
LN was evaluated by in vitro binding assay. Neurite outgrowth assay was carried out using
neurons expressing PrPC (Prnp+/+) or not (Prnp0/0). Images obtained were analyzed with
NeuronJ of Image J version 1.50i. We observed that SD reduced PrPC levels in active state (21h),
but didn’t change mGluR1 levels. Moreover, SD tended to increase the levels of AP peptides and
Fyn kinase phosphorylation in rest period (13h). Laminin levels did not change between groups,
but the phosphorylation of ERK tended to increase in SD13h group. Through an in vitro binding



assay, we observed that ABo can compete with LN for PrP® binding. The influence of ABo was
also observed in neuritogenesis. LN promoted longer neurite outgrowth than not treated cells in
both control and Prpn knockout cells. AP alone did not show any effects. When both ligands
were added together, a discrete reduction was observed compared with LN group only in control
cells. These indicate that LN binding to PrP® can be affected by the presence of APo attenuating
neuritogenesis.
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Abstract: Patients with Alzheimer's disease (AD) are at risk for seizures and accelerated
cognitive decline. Mechanisms of seizures and related synaptic dysfunction in AD are active
areas of investigation. Alterations in ion channels have been identified in transgenic mouse
models of AD, but levels of voltage-gated potassium channels have not been fully explored. In
particular, little is known about the Kv1.1 channel in AD. Mutations in Kv1.1 or autoantibodies
against Kv1.1 cause neuronal overexcitation in several human diseases, including episodic ataxia
type 1, epilepsy, myokymia, and limbic encephalitis, indicating that Kv1.1 is critical for
regulating neuronal excitability. To explore voltage-gated potassium channels in a model of AD,
we used hAPP-J20 mice ages 4-6 months, and determined mRNA levels of four highly expressed
voltage-gated potassium channels - Kv1.1, Kv1.2, Kv1.4, and Kv4.2 - in dentate gyrus,
entorhinal cortex, motor cortex, and somatosensory cortex. Using RT-gPCR, we identified
reductions in Kv1.1 mRNA in the somatosensory cortex of hAPP-J20 mice. Western blotting
revealed reductions in the Kv1.1 channel but not the Kvbeta2 subunit in the somatosensory
cortex of hAPP-J20 mice. Immunolabeling revealed that the reductions in Kv1.1 channels in the



somatosensory cortex occurred in both pyramidal cells and GABAergic interneurons. Kv1.1
levels in the somatosensory cortex were lower in hAPP-J20 mice, which overexpress mutant
hAPP and have high Abetal-42 levels, than in the wild-type hAPP line I5, which overexpresses
hAPP at levels similar to J20, suggesting some dependence on Abetal-42 levels. Levetiracetam
treatment (75 mg/kg/day) for 28 days did not affect Kv1.1 levels in hAPP-J20 mice indicating
that reduction of Kv1.1 is not a consequence of hyperexcitability, but rather could contribute to
hyperexcitability. To assess the functional relevance of Kv1.1 depletion in the context of an AD
model, we crossed Kv1.1 heterozygous mice (Kv1.1 +/-) with hAPP-J9 mice, which have lower
expression of mutant hAPP than the J20 line. We performed behavioral tests on mice ages 4-9
months. While the Kv1.1 +/- mice and hAPP-J9 mice had normal survival, the double mutant
(Kv1.1 +/- hAPP-J9) mice had premature mortality, as well as impairments in elevated plus maze
(2 independent cohorts) and light-dark box tests (n=16-25 mice/genotype) of anxiety. Together,
these data indicate that elevated Abetal-42 levels may act synergistically with Kv1.1 depletion to
exacerbate cognitive deterioration in AD. Ongoing investigation will further characterize the
relationships between Kv1.1 loss and AD-related hyperexcitability.
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Abstract: Synaptic dysfunction is hypothesized to participate in the neurodegeneration of
Alzheimer's disease. Synapses are the cell-cell junctions of neurotransmission required for
chemical neurotransmitter communication among neural circuits for mediating behaviors. It is
logical to hypothesize that synapses of affected human Alzheimer's disease (AD) brain cortex
displays alterations in synaptic protein systems responsible for neurotransmission. To evaluate
this hypothesis, human brain cortex tissue from AD and age-matched controls were analyzed by
isolation of synaptosomes (by density gradient centrifugation) representing nerve terminals
associated with post-synaptic components. The synaptic proteomes of these synaptosome



samples were analyzed by global proteomics mass spectrometry, as well as by peptidomics for
analyses of endogenous peptide neurotransmitters. Integration of peptidomics analyses of
endogenous peptide neurotransmitters provides an innovative 'neuropeptidomics' dimension to
‘proteomics’ of synaptic protein systems. Proteomics data indicated identification of more than
5,500 proteins among AD and control synaptosomes (4 subjects per group). Proteins were
categorized as those (a) present only in AD (158 proteins), (b) present only in controls (281
proteins), and (c) present in both AD and control (5193 proteins) with quantitative comparisons
for up-regulation and down-regulation. For the majority of proteins shared in AD and controls,
quantitation revealed distinct patterns of up-regulated and down-regulated proteins in AD
compared to controls, with significance values of p < 0.05. GO (gene ontology) analyses
indicated up-regulation in AD of cellular localization and signaling functions, including vesicle
mediated transport, and down-regulation in AD of biological quality and phosphotidyl inositol
signaling. Peptidomics data revealed the differential presence of peptide fragments of AP, tau,
chromogranin A, VGF, enkephalin, dynorphin, and other neuropeptides in AD compared to
controls. Specific peptides were present in only AD, in only control, or in both AD and control.
This rich dataset of endogenous peptidomics and proteomics of synaptosomes reveals
dysregulation of synaptic neurotransmission systems in human AD brain cortex.
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Abstract: There is a strong link between auditory function and cognitive decline. Hearing loss in
midlife has been identified as a risk factor for progression to Alzheimer’s disease (AD)
(Livingston et al., 2017), and central auditory processing disorders can precede AD onset by 5-



10 years (lliadou et al., 2003), which posits auditory function as a possible early biomarker for
later-life progression to dementia. While the primary auditory cortex (Al) is a key site for
learning-dependent sensory neuroplasticity that contributes to long-term memory formation, the
relationship between auditory system function and cognition remains largely understudied in
animal models of AD. Here, we used a next-generation model (NexGenMo) of AD developed by
Luciano D’ Adamio to examine auditory cognitive function and cortical plasticity in a CRISPR-
mediated point mutation knock-in (K1) rat. K1 introduces one (App®*; n = 6) or two copies
(App®’s; n = 6) of a familial Swedish mutation to the amyloid precursor protein (APPswe), vs.
controls with the humanized sequence knocked-in (App™*; n=6). Animals were trained on a 2-
tone associative/auditory discrimination (2TAD) task, which requires them to respond (by
barpress; BP) to one tone (5.0 kHz) for reward, and to inhibit BPs to another tone (11.5 kHz).
Successful auditory learning and cue-selective memory formation has been shown to depend on
learning-induced Al plasticity that sharpens and strengthens acoustic representation of learned
cues in long-term memory. We hypothesized that APPswe would produce disrupted learning and
memory due to failures of normal learning-induced cortical plasticity. 2TAD learning and
performance levels were delayed and blunted in animals with APPSwe. Memory Tests
immediately after reaching performance level criterion also revealed that the memory formed for
the rewarded tone was less precise with APPswe. Another Memory Test 5 weeks later showed
that time-dependent consolidation processes that sharpen auditory memories were also disrupted
with APPSwe. Electrophysiology revealed normal auditory brainstem responses (ABRs) and
cortical physiology to support that learning deficits were not due to hearing loss or atypical Al
organization. However, learning-induced Al tuning bandwidth changes were different between
genotypes, and paralleled the learning and memory delays with APPswe. This is the first report
on the behavioral and neurophysiological consequences of this NexGenMo of AD on auditory
associative learning, and the first of few studies examining memory-related sensory cortical
function in AD.
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Title: mTORCL1 signaling in abeta-oligomer-based and transgenic murine models of Alzheimer’s
disease
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Abstract: The mammalian target of rapamycin (mTOR) plays a fundamental role in cell
proliferation, survival and autophagy. In particular, mMTOR complex 1 (mTORC1) has a key role
in the regulation of protein synthesis activated by stimuli such as amino acids, insulin and other
growth factors. Both insulin signaling and protein synthesis are impaired in Alzheimer’s disease
(AD), the most common cause of elderly dementia. Because of this, the mTORC1 signaling
pathway has received much attention in recent AD research. However, results from such studies
remain controversial. While most groups have shown an upregulation of the mTORC1 pathway
in experimental models of AD, others have reported an opposite effect. We are currently
studying the mTORC1 pathway in two different models of AD: wild-type Swiss mice receiving
intracerebroventricular (icv) infusions of amyloid-p oligomers (ABO), toxins that build up in the
AD brain and are thought to cause synapse failure and memory loss, and transgenic APP/PS1
mice. Our results show that mTORCL1 signaling is significantly reduced in the mouse
hippocampus 7 days after icv infusion of ABOs. Surprisingly, we do not find any changes in
mTORC1 signaling in the hippocampi of APP/PS1mice, a transgenic model engineered to
overproduce the amyloid-f peptide, at either 4 or 8 months of age, when AD-related
neuropathology and memory impairment are detected. Results may point to potentially critical
differences between acute and chronic models of AD, and to disease stage-dependent regulation
of mMTORC1 signaling. Further, results may be connected to recently reported differences in
MTORCL subcellular localization (plasma membrane versus lysosomes), a possibility we are
currently exploring. Resolving these apparently conflicting results may be an important step
towards proper understanding of mMTORCL signaling in AD, and to the development of therapies
focused on reestablishing proteostasis.
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Title: Targeting defective protein synthesis to correct memory impairment in Alzheimer's
disease models
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Abstract: De novo protein synthesis is a core requirement for long-term memory consolidation.
Amongst several regulators of translation, elF2a phosphorylation (eIF2a-P) impairs synaptic
plasticity and cognitive performance by inhibition of elF2B, which is necessary for formation of
the ternary translation initiation complex. In recent years, disrupted protein synthesis has been
implicated in a number of neurodegenerative disorders, including Alzheimer’s disease (AD).
elF2a phosphorylation plays a major role in the disruption of proteostasis in AD, mediating
disease-related impairment of synaptic plasticity and cognitive deficits. However, whether other
components of translation initiation exhibit aberrant activity or levels in AD remains unknown.
We found that frontal cortical tissue from AD patients exhibits marked reductions in el[F2Ba and
elF2Be. We thus hypothesized that boosting elF2B activity might restore translation and rescue
memory impairments in AD models. To test this hypothesis, we used ISRIB, a small-molecule
compound that binds to elF2B and enhances its catalytic activity even in the presence of
inhibitory elF2a phosphorylation, thus normalizing protein synthesis. Intraperitoneal
administration of ISRIB prevented memory impairment induced by intracerebroventricular
(i.c.v.) infusion of AD-linked amyloid-p oligomers (ABO) in mice. We further found that ISRIB
rescued memory impairments displayed by APPswePS1AE9 AD model mice. Mechanistically,
ISRIB rescued proteostasis, prevented ATF4 translation, and reduced dendritic spine loss in the
hippocampi of ABO-infused mice. Our results suggest that counteracting eIF2a-phosphorylation-
mediated downregulation of brain protein synthesis using ISRIB may be an attractive and yet
unexplored therapeutic approach in AD.
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Title: Mobilizing hippocampal noradrenergic fibers to produce dopamine improves contextual
fear memory in Tg2576 (Alzheimer's model) mice
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Abstract: Hippocampal dopamine (DA) is required for long-term memory* and is supplied by
co-release from noradrenergic (NE) fibers to a greater extent than from other DA sources?. The
locus coeruleus, the source of NE, undergoes significant degeneration early in the course of
Alzheimer’s disease (AD). However, the effect of this degeneration on the progress of AD
remains unclear®. We proposed that loss of DA co-release from NE fibers in the hippocampus,
rather than a decrease in NE content or release, could result in memory declines in AD. We
tested this hypothesis in a long-term study of Tg2576 mice, a useful animal model of AD.
Vehicle-treated wildtype littermate controls (1) were compared to Tg2576 mice (3-3.5 months
old) treated for 5 months with (2) Vehicle; (3) N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine
hydrochloride (DSP-4) to damage the NE system; (4) DSP-4 and Nepicastat to inhibit
Dopamine-beta-hydroxylase (DBH) and increase DA levels; and (5) DSP-4 and Nepicastat and
Droxidopa/Benserazide to replenish NE in the brain via a DA-independent pathway and block
the peripheral action of Droxidopa. At the end of the five-month trial mice underwent behavioral
testing and were sacrificed for brain tissue collection. We found that hippocampal-dependent
contextual fear memory was decreased close to 50% for Tg2576 mice compared to WT
littermates. This improved up to WT levels when NE fibers in the hippocampus were mobilized
to produce more DA. Contextual fear memory indicators did not appear to depend on
hippocampal NE content or DBH fluorescence but co-varied with hippocampal DA content.
These data support a model in which increased DA, coming from NE pathways, contributes to
behavioral improvements in an Azheimer’s model. This work was funded by the Alzheimer’s
Drug Discovery Foundation, grant 20160803.*Lisman, et al, Trends in Neuroscience 34:536-547,
2011.2Duszkiewicz, et al, Trends in Neuroscience 42:102-114, 2019.3Gannon, et al, Brain Res.
1702:12-16, 2019.
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impairment
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Abstract: Micro-infracts caused by ischemia, micro bleeds and hemorrhage are major
contributors to vascular and mixed dementia in elderly population. Because vascular insults
contributes significantly to the burden of disease pathology there is need to develop vascular
dementia model with milder insult leading to memory impairment. In present study we used ET-
1 (Endothelin 1) a 21 amino acid vasoconstricting peptide to produce transient ischemia. ET-1
was injected stereotactically into lateral ventricles of C57 mice. Expression of CD31, a marker of
endothelial cells was measured to confirm vasoconstriction by immunohistochemistry. To assess
the associative learning and spatial memory deficits, contextual fear conditioning, object
recognition and Morris water maze task was performed. Activity dependent protein translation
was measured in synaptoneurosomes prepared from hippocampus, which is crucial for synaptic
plasticity. ET-1 injection resulted in considerable decrease in CD31 expression in blood vessels
represented as number and length in hippocampal region after 3 days. Impaired blood flow
following ET-1 injection leads to deficits in associative learning and spatial memory after 7 days
reflected as loss of activity dependent protein translation in synaptoneurosomes prepared from
hippocampal tissue. Further there was decreased Akt phosphorylation and down regulation of
MTOR signaling cascade in hippocampus indicating potential dysfunction in synaptic plasticity.
However the transient memory deficits could be inversed by 30 days. Further, when we gave
repeated vascular insults once every three weeks there was sustained associative learning and
spatial memory deficits. These results suggested that repeated minor vascular insult gradually
worsen the pathology leading to learning and memory impairment similar to Alzheimer’s
disease.
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Abstract: Recent data support an integrative hypothesis that the cerebellum participates to the
cognitive and neuropsychiatric deficits in Alzheimer disease (AD). Beside its well-known role in
sensori-motor control and learning, the cerebellum has a role in cognitive processes and in
spatial navigation requiring the formation of a hippocampal spatial map and the induction of
goal-directed behaviour. Reciprocity in this relation was also showed in eye-blink conditioning
during which a tone is associated to corneal air puff and therefore to eyelid closure. This task is
an associative learning dependent on LTD between parallel fibers and Purkinje cells but the trace
version of this task is hippocampus dependent. The importance of cerebello-hippocampal
network in navigation was also demonstrated by fMRI and virtual reality in humans. Here, we
have investigated the spatial learning and memory (Morris Water Maze), the synaptic plasticity
(LTP) in the hippocampus and the local field potential (LFP) related to the Purkinje cell firing in
the cerebellum of a mouse model of AD, the APPswe/PSEN1dE9 mice. These mice begin to
develop AP deposits by six months of age, with abundant plaques in the hippocampus and cortex
by nine months. We demonstrated by stimulating Schaffer’s collaterals in transverse
hippocampal slices that LTP was impaired in 7-month old APP/PS1 mice. By using Ethovision
in Morris Water Maze, maximum swim time and the spatial reference memory were analysed.
The time to reach the platform and the time spend in the quadrant were both significantly altered
in AD mice with respect to littermate control confirming the important role played by the
hippocampus in navigation. Electrophysiological exploration of the cerebellum of these AD mice
demonstrated the emergence of spontaneous LFP oscillations occurring as dual-frequency
oscillation peaking at 26.2 Hz +/- 10.1 Hz (range from 13 Hz to 46 Hz) and at 247 Hz +/- 50.9
Hz (range from 183 Hz to 459 Hz) throughout the cerebellum of all of the AD mice explored
(n=5). These abnormal oscillations were absent in wild-type controls. Interestingly, such type of
pathological LFP dual-frequency oscillations have been reported in ataxic knockout mice lacking
calcium binding proteins and in mouse model of myotonic dystrophy for the fast oscillation.
These results are discussed in line of the functional relationship between the cerebellum and the
hippocampus.
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Title: Impact of D-serine depletion in the B-amyloid cascade related to Alzheimer's disease
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Abstract: D-serine, as a co-agonist of N-methyl-D-aspartate subtype of glutamate receptors
(NMDAR), is a key regulator of their activation and hence involves in functional brain plasticity
and memory process. The homeostasis of these receptors is affected by soluble oligomers of the
beta-amyloid peptide (AR) in Alzheimer’s disease (AD). In the course of AD, early functional
dysregulations of NMDAR are well known, even though contribution of D-serine remains so far
to be determined. In 3-4 month-old transgenic mice model of amyloidogenesis (5xFAD) showing
marked increase in AR rates and apparent unaffected D-serine levels, extracellular
electrophysiological recordings reveal impaired NMDAR-dependent long-term potentiation at
CA1/CA3 hippocampal synapses, without significant changes in basal synaptic transmission.
This deficit persists at 12 month of age when amyloid deposits are present with concomitant
disabilities in cognitive functions. Generating 5xFAD mice with depletion of D-serine (through
invalidation of the synthesis enzyme: Serine Racemase), we observed that these functional
alterations and the long-term behavioral impairment were prevented whereas Ao rates remain
significantly elevated and comparable to 5XAFD mice. Therefore, these results provide
convincing evidence for a critical and transient involvement of D-serine in hippocampal network
dysfunctions and related cognitive disabilities driven by increased amyloidogenesis.
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Title: Silencing interferon gamma receptor expression at the choroid plexus abrogates the
therapeutic capacity of PD-L1 blockade in a mouse model of Alzheimer's disease
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Abstract: Emerging results from our laboratory have suggested that transient blockade of the
Programmed cell death protein 1 (PD-1)/PD-L1 immune checkpoint pathway, results in
improved cognitive performance and other pathological hallmarks in the amyloid-driven 5XFAD
mouse model of Alzheimer’s disease (AD). This approach is based on the contention that the
treatment induces the release of effector memory T cells, and thereby allows elevation of
Interferon gamma (IFNy) at the choroid plexus (CP). In this regard, we have proposed that this
IFNy signal activates the CP tissue to express leukocyte trafficking molecules that support the
entry of monocyte-derived macrophages to the AD brain. Here, we assess the role of this
pathway using 5XFAD-(IFNy receptor 1)'%'® mice. The mice were intracerebroventricularly
(i.c.v.) injected with TAT-CRE recombinase or PBS, and following a 2 weeks recovery period,
we administered a single intraperitoneally (i.p.) injection of anti-PD-L1 antibody or 1gG. Four
weeks later, cognitive performance of all mice was assessed. Our results show that the
improvement in cognitive performance induced by anti-PD-L1 treatment was hindered following
TAT-CRE injection, relative to controls. Overall, these results support our suggested mechanism
that the effect of blocking PD-1/PD-L1 immune checkpoint pathway in AD modification
involves IFN-y-dependent signaling at the brain’s CP epithelium.
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Abstract: Alzheimer’s disease (AD) is a neurodegenerative pathology, and the most frequent
cause of senile dementia. Our group has demonstrated that boosting the peripheral immune
response by transiently blocking the immune checkpoint Programmed Death protein-1 (PD-
1)/PD-L1 pathway, resulted in improved cognitive performance and reduction in pathological
symptoms. Here, we characterized the immunological landscape in the periphery and in the brain
following a single injection of anti-PD-L1 antibody, and assessed the role of monocyte-derived
macrophages in the healing process. Using cytometry by time-of-flight (CyTOF), we examined
the immune profile of blood mononuclear cells and brain immune cells isolated at different time
points following PD-L1 blockade, in both 5XFAD and DM-hTAU murine models of AD and tau
pathology, respectively. Specifically, we simultaneously assessed more than 30 parameters and
analysed the multidimensional datasets through R/Bioconductor t-SNE maps displaying
Phenograph-guided clustering of immune cell populations. Our findings show that targeting PD-
L1 modifies the immunological profile of the blood and brain in a time-dependent manner. To
assess the role of macrophages in the disease-modification process induced by the treatment, we
neutralized C-C chemokine receptor type 2 (CCR2), which is involved in the migration of
monocytes from the bone marrow to the blood and in their homing to inflamed tissues. Injection
of anti-CCR2 antibody to DM-hTAU mice abolished the beneficial effect of anti-PD-L1 on
disease pathology as assessed behaviorally using short-term and working memory tasks, as well
as on cortical aggregated tau, measured by FRET-based immuno-assay.

Overall, this study describes the immune profile of murine blood and brain along disease



progression after immunotherapy, and demonstrates a key role for monocyte-derived
macrophages during immune checkpoint blockade for dementia/AD treatment.
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Abstract: The barrier systems of the brain regulate the bidirectional communication between
brain and periphery, and are thereby fundamental for brain homeostasis. Among these barriers,
the choroid plexus (CP) controls peripheral immune cell trafficking to the brain as well as
molecular exchange, including lipid trafficking, between the blood and the cerebrospinal fluid. In
chronic neurodegenerative conditions, such as Alzheimer’s disease (AD), alterations of the
physiological properties of the CP impair its function. For example in animal model of
Alzheimer’s driven by amylod plaques, the 5XFAD, immune cell trafficking through the CP is
impaired and it was linked to deficiency in systemic interferon gamma (IFNy) signaling.
Consistently, antibody-mediated systemic blockade of anti-PD-1 (programmed death-1) or its
ligand (programmed death-ligand 1, PD-L1) elevates IFNy-expressing systemic effector memory
T cells and leads to reduction in disease pathology, at least partially due to increased immune
cell trafficking through the CP. The implications to lipid-trafficking-properties of the CP induced
following such AD immunotherapy and how these changes could potentially alter the brain lipid
state and contribute to disease pathology amelioration have not been elucidated. We found that
anti-PD-L1 systemic blockade in 5xFAD mice induces transient changes in the lipid state in both



the periphery and the cerebrospinal fluid (CSF), particularly in the total cholesterol levels.
Additionally, we found that anti-PD-L1 induces temporal changes of cholesterol metabolism-
related genes at the CP. Among those, the expression of the key regulator of brain cholesterol
homeostasis, cholesterol hydroxylase CYP46A1, was restored to wild-type control levels in
treated 5XFAD mice. Addionally, CYP46A1 downstream target, apolipoprotein E (APOE),
involved in cholesterol and A clearance within the brain, was also induced following treatment.
Interestengly, both CYP46A1 and APOE are reduced in primary CP cultures exposed to pro-
inflammatory mediators that characterize brain inflammation in AD. Overall, our results suggest
that systemic anti-PD-L1-mediated blockade in AD might rescue lipid trafficking at the CP and
thereby contribute to the overall alleviation of disease pathology.
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Abstract: Alzheimer’s disease (AD) is a degenerative disorder of the central nervous system
resulting in memory loss. The process of protein synthesis is essential for growth and
maintenance of cells and is thought to be a critical process involved in long term memory
formation. Protein synthesis also acts locally at the synapse to maintain stable neuronal
connections. We studied a transgenic model of AD in the Fisher 344 rat that has all the hallmarks
of the human disease including amyloid plaques, tau pathology, gliosis and neuronal loss (Cohen
etal., 2013, J Neurosci 33:6245). Our preliminary study included six groups of female rats
(Fisher 344 and AD) at three ages (6, 12, and 20 months). The number of rats of each genotype
were 3, 5, and 3 for each age, respectively. We measured in vivo protein synthesis rates by means
of the autoradiographic L-[1-*C]-leucine method (Smith et al., 1988, Proc Nat Acad Sci
85:9341) in 16 regions, primarily cortical and limbic areas. Results were analyzed by a mixed
model ANOVA with age and genotype as between subjects and region as within subjects
variables. The genotype x region x age interaction was statistically significant (p=0.02). Post-hoc
comparisons indicate that in 6 regions (retrosplenial cortex, frontal cortex, parietal cortex, septal
nuclei, hippocampus, and hippocampal CA1 pyramidal cell layer), rCPS were statistically
significantly lower (20-26%) in AD rats at 6 months of age. However, at 12 and 20 months of



age, most genotype differences were not statistically significant. In the AD groups, rCPS were
relatively constant across the three ages. In contrast, in the control rats, rCPS decreased with age,
particularly between 6 and 12 months. These decreases (24-27%) were statistically significant in
retrosplenial cortex, frontal cortex, and the CAL1 pyramidal cell layer. Our results indicate that
decreased rCPS in AD rats was already present at 6 months of age before the appearance of
neuropathological changes. Our study suggests that measurement of rCPS could be an early
marker of disease progression and could be useful to identify subjects who might benefit from
early treatment. Moreover, the measurement of rCPS in human subjects is now possible with
positron emission tomography and L-[1-1*C]leucine (Schmidt et al., 2005, J Cer Bl Flow&
Metab 25:617).
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Abstract: Background

Alzheimer’s disease (AD) is characterized by the aggregation of amyloid-f (AP, a product of
amyloid precursor protein or APP) and hyperphosphorylated tau proteins. In addition,
contemporary evidence strongly argued that the impairment of structural connectomes and
functional connectivity in many brain regions. In humans, AD patients showed fiber-specific
white matter reduction. To date, little evidence has been found associating abnormal aggregation
of AP with fiber-specific white matter properties in an animal model. The main aim of this study
was to determine whether the measures of fiber density (FD), fiber bundle cross-section (FC),
and fiber density and bundle cross-section (FDC) is linked with APP mutations in mice.
Methods



Diffusion-weighted image (DWI) (36 directions, b=1000 s/mmz2) of three mouse strains, the
PSAPP (n = 12), the E22AAP (n = 12), and ArcAB (n = 12) were included in this analysis.
Previous study showed that APP mutations impaired white matter properties in ArcAf and
PSAPP mice. However, AP aggregations are varied in these mice strains, including predominant
extracellular deposits in PSAPP, intracellular deposits in E22AAp, and intra-, extra- cellular with
vascular deposits in ArcAP. Our analysis includes three strains with an equal number (n = 6) of
transgenic and wild type mice. We used FSL and MRtrix3 programs to preprocess DWI data. We
then performed novel fixel-based analysis technique available in MRtrix3, to measure the FD,
FC and FDC measures in mouse brain.

Results

Our whole-brain analysis showed a significant reduction of fiber-specific white matter properties
including FD, FC, and FDC in the ArcAP mice in several regions. These measures were
significantly reduced in the anterior commissure, corpus callosum and hippocampal commissure.
However, there was no significant change in FD, FC, and FDC values in the whole brain of
E22AAp and PSAPP mice.

Conclusions

The findings of this fixel-based analysis study showed compelling evidence of reduced FD, FC
and FDC in ArcAp transgenic mice. Our results are consistent with previous studies those also
showed a reduced white matter properties in both humans and animals. The observed reductions
might indicate a decrement of axonal diameter or axon count and can explain the basis of
structural and functional connectivity deficits in AD.

Keywords: Alzheimer Disease; white matter; fiber density; fiber cross-section
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Abstract: Alzheimer’s disease (AD) is a growing health problem for which we still lack a clear
mechanistic understanding or reliable treatment options. In this work, we sought to better



understand the neurological changes that occur as a consequence of disease progression. We
focused on the cholinergic basal forebrain system, which projects widely throughout the brain
and is known to be affected in Alzheimer’s disease pathology. By using precise optogenetic
activation of these cells during fMRI, we examined the functional consequences of cholinergic
basal forebrain activity in normal mice and an animal model of Alzheimer’s disease. In order to
specifically target cholinergic cells, ChAT-cre transgenic mice were injected with a viral vector
expressing ChR2 under the DIO promoter. These mice were crossed with the APP/PS1
transgenic model of Alzheimer’s disease enabling us to compare the basal forebrain cholinergic
system in mice that are young (2-5 months old, n=13), aged (7-16 months old, n=11) and aged
Alzheimer’s disease model (7-16 months old, n=14). We investigated the spatial extent and
magnitude of activation throughout the brain in these three groups. In all cases, we found that
cholinergic basal forebrain stimulation led to robust activation in basal forebrain, cortex, and
thalamus. However, the magnitude of activation was weaker in the aged and Alzheimer’s disease
model groups. Interestingly, we observed one significant inhibitory response (p < 0.05, FWE-
corrected), which was located in the somatosensory cortex of the young mice. Surprisingly, this
response was absent in the aged mice but remained in the Alzheimer’s disease model group.
Taken together, these results reveal multiple key findings for better understanding Alzheimer’s
disease pathology. First, optogenetic fMRI allowed us to measure the brain-wide functional
response to activity in the cholinergic basal forebrain. This is in contrast to much of the work on
the basal forebrain cholinergic system to date, which has focused more on anatomical
projections. Unlike optogenetic fMRI, these techniques do not convey information about the
magnitude or sign of the functional response, especially for brain regions that are more than one
synapse away from the basal forebrain. Second, we observed significant changes in the
somatosensory cortex function of aged mice without AD. Finally, we found that this deficit does
not occur in the AD model. These results imply that changes in the excitation-inhibition balance
of the basal forebrain projections occur during aging, but in fact this deficit is protected against
in the Alzheimer’s disease model.
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Abstract: Background: Abnormal aggregation of Tau is a hallmark of Alzheimer Disease (AD)
and other tauopathies. Here we report the effects of expressing human Tau repeat domain
(TauRD) with pro- or anti-aggregant mutations in regulatable transgenic mouse models of AD on
functional neuronal networks and structural connectivity. Methods: Mice were generated to
express the Tau repeat domain with the pro-aggregant mutation AK280, or with the additional
aggregation-disabling mutations 1277P+1308P (“anti-aggregant"), in a regulatable fashion
(doxycyclin-dependent) (Mocanu et al., JNeurosci 2008; Sydow et al., JNeurosci 2011). Both
mice were studied when mutant TauRD was switched ON for 12 months to reach the stage where
pro-aggregant mice show cognitive impairment, whereas anti-aggregant mice remained
cognitively normal. Then, mutant TauRD was switched OFF for 2 months so that soluble
transgenic tau disappeared and cognition recovered in pro-aggregant mice. At these two time
points (12 months TauRD ON, 2 more months TauRD OFF), resting state fMRI and diffusion
MRI were used to determine changes in functional neuronal networks and fiber connectivities.
Results: Functional connectivity was strongly reduced in animals during mutant TauRD
expression. Unexpectedly, mice with the anti-aggregant tau mutant showed identical functional
deficits as pro-aggregant mice, even though there was no cognitive decline by behavioral testing.
Upon 2 months Tau switch-OFF, functional connectivity in both transgenic groups presented
complete normalization of functional connectivity strength, similar to WT littermates. By
contrast, structural connectivity was only marginally sensitive to mutant TauRD expression and
doxycycline treatment. Conclusions: Our studies revealed a strong reduction of functional
neuronal networks by increased TauRD expression , independent of its aggregation, which is
reversible by switching Tau OFF. By contrast, behavioral, biochemical, and
immunohistochemical assays point to a strong dependence on aggregation (i.e. only pro-
aggregant mice become demented). Our results present evidence for early tauopathy biomarkers
or a potential early stage drug target by functional networks analysis (Green et al., Mol.
Neurodeg 2019).
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Abstract: Genetic mutations in amyloid precursor protein (APP) and presenilin-1/2, each of
which lead to an increase in toxic beta-amyloid, are linked to a high risk of Alzheimer’s disease
(AD). However, the extent to which individual genetic variation affects neurobiological factors
to regulate resilience/vulnerability to cognitive and non-cognitive symptoms of AD is not well
understood. To begin to address this gap, the present study investigated brain-wide
microstructural characteristics of genetically diverse mice expressing the 5XxFAD transgene, each
of which show differential susceptibility to AD-related symptoms. Specifically, we used high
angular resolution diffusion MRI (HARDI) and quantified well-known diffusion tensor imaging
(DTI) metrics such as the fraction anisotropy (FA) and mean diffusivity (MD), along with
intracellular volume fraction (neurite density, NDI) and orientation dispersion (ODI) to
investigate detailed morphological differences in hippocampal and cortical tissue. Young (6-8
m.o.) and aged (>12 m.o.) male and female 5xFAD mice on C57BL/6 (B6), F1-B6/DBA/2J
(D2), or various BXD backgrounds, and their sex- and age-matched wildtype counterparts, were
imaged at 11.1 Tesla. Two-way ANOVA indicated a significant strain x mutation effect in the
primary motor cortex and dorsal hippocampal commissure of the D2 strain for FA, and in left
and right entorhinal cortex and subiculum of BXD strains (Bonferroni p <0.05). These results
suggest that strain-specific variation in cognitive outcomes previously demonstrated to exist in



this panel (Neuner et al 2019) may perhaps be due to strain-specific variation in 5XFAD-induced
microstructural alterations. Background strain was also seen to effect measures including MD,
FA, NDI, and ODI in a broad range of brain regions implicated in learning and memory. We are
currently processing functional magnetic resonance (fMRI) data sets in order to determine the
effect of background strain on brain networks and testing a broad range of behaviorally-
phenotyped and genetically-characterized F1-B6/BXD recombinant lines. Results that highlight
brain regions involved in resilience to high-risk AD mutations may improve biomarkers for
susceptibility and provide clues as to the nature of resilience to AD.
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Abstract: The amyloid-p oligomer (APO) hypothesis of Alzheimer’s disease (AD) is one of the
central foci in Alzheimer’s research. The ABO hypothesis posits that synapse loss and nerve cell
death leading to AD is instigated by soluble oligomeric species of the amyloid-f peptide. This
hypothesis is based on the initial discovery that fibril-free synthetic preparations of the amyloid-
B peptide were sufficient to inhibit long-term potentiation and cause selective neuronal death
(Lambert et. al., 1998). Additionally, ABOs accumulate in an AD-dependent fashion and, in
subsequent animal models, have been shown to impair learning and memory and elicit hallmark
pathophysiological features of AD such as tau hyperphosphorylation, neuroinflammation,
oxidative damage, and synapse deterioration. Finally, ABOs are among the first biomarkers of
AD to accumulate. They therefore present the earliest pathology for diagnosis and therapeutic
intervention. We therefore have developed a magnetic resonance imaging (MRI) probe
(ACUMNYS) by coupling the ABO-selective humanized monoclonal antibody ACU-193 (gift of
Acumen Pharmaceuticals) to a magnetic nanostructure for in-vivo detection. In the present study,



New Zealand White rabbits, which have the same amino acid sequence for amyloid-f3 as humans,
received injections of stabilized, covalently-crosslinked ABOs. ABOs accumulation was assessed
by MRI following a single injection of ACUMNS for MRI visualization of injected ABOs.
Validation of probe specificity was performed using immunohistochemical (IHC) staining and a
comparison of confocal images to MRI. The movement of ACUMNS and subsequent binding to
injected ABOs was determined by comparison of signal intensity in regions of the brain known to
be vulnerable to amyloid-beta accumulation. The hippocampus exhibited a difference in mean
intensity in APO-injected rabbits relative to images slices from vehicle-injected rabbits. IHC
analysis of these regions using the ABO-specific monoclonal antibody NU-2 showed that
sections from ABO-injected rabbits display diffuse puncta-like staining associated with the
presence of APOs; sections from control group rabbits did not. Experiments are ongoing with
additional animals to examine ABO-induced impairments in learning and memory using trace-
eyeblink conditioning, a hippocampal-dependent associative learning task, as well as novel
object and novel location recognition tasks.
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Abstract: Studies of the effect of hormone therapy (HT) on cognitive function in post-
menopausal women have produced inconsistent results. Although the exact reason is unclear,
there is evidence that HT may be less effective if it is initiated several years after menopause has



occurred. This has led to the hypothesis that there is a “window of opportunity” for HT
effectiveness, with initiation close to the onset of menopause being crucial. Previously we tested
a group of aged female rhesus macaques (N=28, baseline age 18-26 years) on a spatial working
memory and a visuospatial attention task, after ovariectomy (ovx) and HT (Kohama et al., 2016,
J. Neuroscience). On both tests, estradiol (E) replaced animals performed better than the ovary-
intact and ovx controls as well as the E-group supplemented with progesterone, thus supporting
the “window of opportunity” hypothesis. In the present study the same animals continued on
treatment (no further cognitive testing), anatomical MRI scans of the brain were collected
repeatedly for several years on a 3T Siemens Magnatom system. T1-weighted MPRAGES were
collected both before, during and after ovx, HT and cognitive testing and comparison of WM,
GM and ventricular space were performed over time and correlated to behavior for appropriate
time points. T1-weighted MPRAGES on treatment years 3, 4 and 5 were taken in quadruplicate
at each scan time-point to increase the signal-to-noise ratio. Using a volumetric analysis pipeline,
scans were averaged for each animal at each time-point, then masked and skull-stripped. For
years 3, 4 and 5 found no change in total brain volume, as a factor of treatment, age or the
interaction. Ventricular volume and white matter, displayed a slight albeit non-significant age-
related increase, while gray matter volume showed an age-related decrease, which also fell short
of significance.
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Abstract: Previous studies have found evidence for a quadratic relationship between global
baseline amyloid and rate of change in amyloid over time. As baseline amyloid increases,
amyloid accumulation also increases up to a certain point and then begins to decelerate. We



recently found this relationship in cognitively normal older adults as well, suggesting that high
global amyloid levels even in asymptomatic people may reflect a relatively late stage of
preclinical Alzheimer’s disease (AD). Current studies have focused on global amyloid measures,
however, the distribution of amyloid deposition may not be uniform across cortical regions.
Understanding the progression of regional amyloid accumulation may be beneficial in detecting
the earliest signs of AD pathology. Here, we examined the relationship between regional
baseline amyloid and the regional rate of change in amyloid to determine which regions may be
slowing their rate of amyloid accumulation versus other regions that may still be accumulating
amyloid. Cognitively normal older adults (N = 68) underwent longitudinal amyloid PET imaging
and structural MRI. We examined baseline amyloid and rate of change in amyloid within cortical
lobes. We found a quadratic relationship between amyloid measures in the parietal and frontal
lobes, but a linear relationship in the temporal lobes. Amyloid accumulation may be decelerating
in parietal and frontal lobes, but is still increasing in temporal lobes, suggesting a distinct
hierarchical pattern of amyloid spread. In the parietal lobe, we found that the precuneus was the
biggest driver of the quadratic relationship between amyloid measures. The superior parietal
cortex still exhibited a linear relationship, suggesting it is actively accumulating amyloid. In the
frontal lobe, the rostral middle frontal, superior frontal, and the opercular gyri showed a
quadratic relationship between amyloid measures, however, medial and lateral orbitofrontal
cortex showed a strong linear relationship. In the temporal lobe, we found that the hippocampus
and amygdala showed no relationships between amyloid measures, but a linear relationship was
found in fusiform and inferior temporal gyrus. In more lateral regions, the middle and superior
temporal lobes showed a quadratic relationship. This gradient in the temporal lobe suggests that
amyloid deposition in neocortical regions decelerates, but is still spreading in the MTL. This
suggests that amyloid accumulation rates are not uniform across the brain. Thus, it may be
advantageous to examine the earliest regions of accumulation to slow disease progression.
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Abstract: Due to the progressive nature of Alzheimer’s disease (AD), AD patients may benefit
from its early detection. AD is characterized by cognitive decline and age has been identified as
its strongest risk factor. Local brain signal variability (operationalized here as the voxelwise
standard deviation of the blood oxygen level-dependent signal [SDsoLp]) is sensitive to both age
and cognitive performance, and has recently been used to differentiate individuals with AD from
healthy controls. However, to be a useful biomarker of AD, SDsoLp must be sensitive to the
pathological changes that occur before AD diagnosis, and ideally, even before a diagnosis of
Mild Cognitive Impairment (MCI). In a previous study of ours, we compared a group of
ostensibly healthy older adults (n=20) who scored below the recommended threshold on the
Montreal Cognitive Assessment (MoCA) and who had been shown to have reduced MTL
volume in a previous study (‘at-risk’), with healthy older adults (n=20) who scored within the
normal range on the MoCA (‘controls’). We utilized multivariate PLS analysis to compare the
relationship between SDsoLb and several potentially related variables (age, scores on the MoCA,
global fractional anisotropy (FA), global mean diffusivity (MD), and scores on four cognitive
factors) in both groups. We found that increased SDsoLp in the MTL and occipital cortex was
positively correlated with performance on cognitive control tasks but negatively correlated with
memory scores in the control group. These relations were weaker in the at-risk group. We sought
to extend these findings by exploring the relationship between our healthy and at-risk groups’
volumetry data, specifically within MTL regions where group volumetric differences were
previously found, and SDsoLp. Both groups showed a negative correlation between SDgoLp in
the hippocampus and MTL volumes, particularly in entorhinal and parahippocampal cortex.
These novel observations, in conjunction with the results from our previous study, suggest that
volume loss in the MTL is associated with increased BOLD variability in older adults regardless
of cognitive status, but that the link between this increased variability and memory performance
is disrupted in the at-risk group. We propose this as proof of concept that the relationship
between SDgoLp, particularly in the MTL regions where AD pathology first occurs, and
cognition, may be a useful early indicator of changes preceding MCI.
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Abstract: Diffusion MRI (dMRI) provides insight into microstructural brain changes with aging,
especially in the white matter (WM), not obtainable with standard MRI. It is important to
preprocess dMRI to improve model fit and boost sensitivity to effects of aging. Here we assessed
LPCA denoising (designed for original image resolution; Manjon et al. 2013) and Gibbs
deringing (designed for full k-space coverage; Kellner et al. 2018) tools on derived diffusion
tensor imaging (DTI) scalar metrics in one of seven available ADNI3 protocols that was acquired
with partial Fourier sampling and with scanner-altered voxel size (i.e., zero padded).

We evaluated 3T dMRI scans from 67 ADNI3 control subjects (M/F: 27/40; age 74.3+8.1 y; 10
sites) acquired with the basic_GE_25x protocol (6 bo + 48 b=1000 s/mm? volumes). In the most
comprehensive processing pipeline, interpolated dMRI (256 x 256 matrix) were (1) denoised
with LPCA Dby resizing images back to the original acquisition matrix (116 x 116), and (2)
corrected for Gibbs ringing. Fig 1a outlines six variations of these steps, in addition to
subsequent standardized processing steps. Fractional anisotropy (FA) and mean diffusivity (MD)
maps were computed from corrected dMRI and warped to a template. Within the WM, voxel-
wise DTI model error (RMSE) was compared between pipelines with paired T-tests. Random-
effects regressions tested associations between age and DTI metrics, covarying for sex and
age*sex, and grouping by acquisition site.

The most widespread age associations (FDR q<0.05) were detected with pipelines that included
denoising (after image resizing) and Gibbs deringing (Fig 1b). These pipelines also had lower
model fit RMSE (Fig 1c). Our preliminary analyses indicate that dMRI protocols that do not
closely adhere to LPCA and Gibbs correction tool specifications may still benefit from these
corrections. Ongoing studies are comparing multi-shell dMRI and multicompartment models to
disentangle physiological components of these age effects.
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Figure 1. (A) Flow chart outlining the 6 dMRI preprocessing pipeline variations. (B) Cumulative distribution
function (CDF) plot of p-values for tests of age effects on FA and MD in voxel-wise analysis of data from
healthy controls. Curves that rise at a steeper rate than the black FDR significance threshold line represent
significant voxels and the larger deviations represent more widespread associations. The percent of
significant voxels for each test are noted in the legend. (C) T-values in regions that show significant
differences in the RMSE of DTI model fit between pairs of processing pipelines consistently show lower
error (positive T-value) for pipelines that include Gibbs correction over those that did not and lower error for
pipelines that include denoising, despite necessitating data resampling.
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Abstract: Adequate cerebral blood flow (CBF) is essential for the delivery of oxygen and
nutrients to brain tissue and for proper brain functioning. Previous studies have linked age-
related declines in CBF with neuropsychological deficits and dementia, lower brain volume, and
larger volume of white matter hyperintensities (WMH). WMHs are signal irregularities found on
fluid attenuated inversion recovery (FLAIR) images that are associated with vascular disease and
risk of Alzheimer's and other dementias. In this study we tested for sex differences in vascular
health in older adults using the following three imaging metrics of brain health: CBF, WMH
burden, and normalized brain volume. Forty-one cognitively normal older adults (ages 67-85)
were recruited from the UK Sanders Brown Center on Aging. CBF was quantified using MRI
pseudo-continuous arterial spin labeling (PCASL) scans and WMH volume was identified using
the University of California, Davis WMH script and FLAIR images. Then, using individually
defined FreeSurfer masks, we extracted lobar specific CBF values as well as gray matter and
ventricular structure volume (in mm3) for each participant. Additionally, we classified WMHSs as
periventricular or deep using a pre-established ventricular template. Subsequently, using a
multivariate ANOVA, we tested for a main effect of sex on CBF, structure volume, and volume
of WMHs. Sex had a significant main effect on CBF (F(4,33)=3.044, p=.031), with women
showing higher overall CBF.

This effect of sex on CBF was driven by occipital and temporal lobes. Sex also had a significant
main effect on measures of brain volume (F(2,37)=7.600, p=.002) with women having both
smaller normalized ventricular volume and larger normalized grey matter volume. However, sex
did not have a significant main effect on WMH volume. These results suggest that CBF may be a
more sensitive measure of vascular health than WMHSs. However, future research with a larger
sample sizes will be required to confirm this conclusion.
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Abstract: Objectives: Imaging of type 1 metabotropic glutamate receptor (mGIluR1) in living
human brains became possible in the early 2010s using positron emission tomography (PET).
Cerebral mGIuR1 can be involved in the regulation of neuronal excitability and synaptic
plasticity, which are affected in Alzheimer's disease (AD). However, little evidence exists on the
role of cerebral mGIuR1 in the pathophysiology of AD. Two studies have investigated the
relationship between mGIuR1 and AD; one study found increased expression of cerebral
mGIuR1 in a mouse model of AD and the other found decreased expression of cerebral mGIluR1
in postmortem brains accompanied by AD related-pathology. To advance the understanding of
the exact role of mGIuR1 in AD, we examined cerebral mGIluR1 availability in living patients
with early AD. Methods: Ten patients with early AD (78.9 £ 5.9 years) and 12 age-matched
controls (74.6 = 2.6 years) underwent PET using an mGIuR1 radiotracer. All patients were anti-
dementia drug-naive. VVolumes-of-interest were placed on the frontal, parietal, and temporal
cortices. The binding potential (BPnp) was calculated to estimate cerebral mGIuR1 availability
using the simplified reference tissue model with the white matter as a reference region.
Additionally, BPno maps were generated. Results: No significant difference was observed in
BPnp values between the AD and control groups in the frontal cortex (p = 0.61), parietal cortex
(p = 0.59), or temporal cortex (p = 0.27). BPno maps were averaged and displayed in Figurel,
showing that the distribution of BPnp values was similar between the two groups across the
cortical areas. Conclusions: This study suggests that cerebral mGIuR1 availability is unchanged
in early AD. However, because cerebral mGIuR1 availability may change with the progression
of AD, further longitudinal follow-up is necessary.



Figure 1: BPno maps of 10 patients with AD (A) and 12 controls (B) are displayed on the
standard brain in the axial view. The rainbow-colored scale represents the magnitude of BPnp
values.
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Abstract: Voxel-based morphometry (VBM) is widely used in research and diagnosis of
neurodegenerative diseases, such as Alzheimer's disease (AD). High quality magnetic resonance
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imaging (MRI) and conscientious data preprocessing is necessary for reliable results. However,
while automated preprocessing steps can be run simultaneously for several individuals, manual
steps such as thorough by-hand correction of misclassifications of grey and white matter voxels
are inordinately time- and resource-consuming. In search of an optimized VBM preprocessing
protocol for MRI scans of AD patients, we investigated the direct impact of manual
misclassification corrections on brain-behavioral VBM results. Sixty-three individuals with
neurocognitive disorder due to very early AD [27 male; age = 75.67 + 7.92 years; education =
12.90 + 3.04 years; Mini-Mental State Examination score (MMSE) = 27.51 + 2.04] and 64
demographically matched cognitively healthy control participants (38 male; age = 74.30 £ 6.76
years; education = 12.78 + 2.57 years; MMSE = 29.23 + 0.92) received neuropsychological
testing [e.g. California Verbal Learning Task (CVLT)] and 3-Tesla MRI. T1 MPRAGE images
were preprocessed by conducting all automated and manual steps [manually corrected dataset
(MCD)]. Identical second time preprocessing was performed with the exception that manual
correction of voxel misclassifications was skipped [manually uncorrected dataset (MUD)]. We
performed VBM analyses over all participants using age, sex, and education corrected z-scores
of CVLT measures [i.e. sum of words recalled in learning trials one to five (LTFR1-5) and
number of recalled words during long delayed free recall (LDFR)]. Total intracranial volume
was included as a covariate. Multiple regressions were performed twice, using either MCD or
MUD. As expected, significant clusters were located in regions involved in episodic memory
performance. Peak voxels were identical between MCD and MUD in all but two clusters
(LTFR1-5 analyses, one mm difference each). Cluster sizes differed between MCD and MUD
(no specific pattern). While significances at cluster-level were identical in MCD and MUD for
LDFR, the LTFR1-5 analyses revealed two additional clusters in the MCD and one additional
cluster in the MUD. To summarize, results of VBM analyses using either MCD or MUD differed
mainly at the boarders of identified clusters. Thus, manual correction did not have an explicit
effect on brain-behavioral correlations. We conclude that, although performing all preprocessing
steps obviously remains the gold standard, skipping manual correction of voxel
misclassifications is legitimate when investigating AD subjects.
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Title: Longitudinal MRI study on the progression of transentorhinal cortical thinning during
early stages of Alzheimer's disease: BIOCARD and ADNI cohorts
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Abstract: Histological evidence supports the idea that neurofibrillary tangles form in the
transentorhinal cortex (TEC) before spreading to other regions during Alzheimer's disease. We
previously showed that an increased atrophy rate can be detected in the TEC from longitudinal
MRIs of subjects with mild cognitive impairment (MCI) when compared to controls. In this
study, we present our first results demonstrating how to synchronize data across studies. We
examined differences in TEC thinning across three groups: (1) subjects who progressed from
normal cognition to MCI (n=27) from the BIOCARD cohort, (2) MCI subjects who progressed
to Alzheimer's dementia (AD) (n=18) from ADNI, and (3) controls from both databases (n=17
BIOCARD, n=14 ADNI). The TEC and entorhinal cortex (ERC) were manually segmented in
Seg3D and corrected for within subject variability through an automated approach called
longitudinal diffeomorphometry. Cortical thickness was calculated by another automated
approach that measures distance along a diffeomorphic mapping from the pial to gray-white
surface. Subjects were fit to linear models of cortical thickness, adjusting for age, sex, batch
effect, and subject random effect. The full model compared the atrophy rate in the three groups,
covarying for the same measures. Permutation testing was performed on model residuals to
determine pairwise group differences. The results were then mapped to an 11T atlas with
Krimer's 9 subregions of the TEC and ERC to localize differences. We corrected for multiple
comparisons using a family-wise error rate of 5% and rejected the null hypothesis of no group
differences (p < 0.0001). The distribution of statistically significant regions show cortical
thinning localized to the anterior TEC in subjects who progressed from control to MCI and
cortical thinning throughout the TEC in subjects who progressed from MCI to AD. The figure
shows cortical thickness and group differences projected onto the high-field atlas.
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Abstract: Alzheimer’s disease (AD) is an age-related neurodegenerative condition characterized
by progressive atrophy in the medial temporal lobes that extends to frontal cortex in later disease
stages. However, the relative contributions of atrophy related to “normal” aging or related to the
accumulation of misfolded tau protein is not well understood. In this study we attempt to identify
a “brain age” signature of neurodegeneration in AD that is independent of tau accumulation. To
achieve this goal, we developed a multivariate algorithm by training a linear regression model to
predict the chronological age (CA) of 431 healthy controls (Mean Age=49.4, Range=18-89)
using T1-weighted MRI measurements of mean cortical thickness from 100 regions of interest
(ROI). We first used R bestglm package to identify a subset of the top 20 ROIs in which mean
cortical thickness was significantly associated with CA. These ROIs mapped to bilateral superior
frontal, right medial temporal, and left superior temporal regions. Together predicted age (PA)
by a linear model using mean cortical thickness in these regions was highly associated with CA
in the training cohort (R=0.88; p<2.2e-16). In a cross-validation analysis using an independent
cohort of 184 healthy controls we observed a similar association between PA and CA (R=0.92;
p<2.2e-16), suggesting good reliability. To determine whether this “brain age” signature was
related to age-associated neurodegeneration independent of tau pathology we applied our
training model to a cohort of 76 clinically-diagnosed AD patients with cerebrospinal fluid
evidence of amyloid pathology (<192pg/mL). Each patient also had phosphorylated tau (p-tau)
and total tau (t-tau) CSF measurements available. P-tau levels in the CSF reflect the
accumulation of misfolded tau as a result of neurofibrillary tangles (NFTSs) in AD. T-tau levels in
CSF are a marker of nonspecific axonal loss. Our AD analyses revealed significantly greater
brain age discordance (PA > CA) in AD (M=14.00, SD=13.3) relative to our control cohort (M=-
0.242, SD=9.88, t=9.05, p=4.00e-14) consistent with age-related neurodegeneration. CSF
association analyses revealed a significant t-tau (R=0.24; p=0.036), but not p-tau (R=0.03;
p=0.800) relationship with greater brain age discordance. These findings suggest that
neurodegeneration in superior frontal and temporal cortex may occur due to aging independent
of tau misfolding and provide proof-of-concept evidence for a reliable brain age algorithm that
can be used to better understand the independent contributions of aging and tau misfolding in the
context of AD and related disorders.
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Abstract: Objectives: To identify the white matter tractography based structural connectivity
network change in patients with Alzheimer disease (AD) and Lewy body disease (LBD)
including mixed disease.

Methods: The study included 37 controls and 77 patients with AD-related cognitive impairment
(ADCI) and/or LBD-related cognitive impairment (LBCI) who underwent clinical and
neuropsychological assessment and diffusion tensor (DTI) MRI. There were 37 controls, 22
patients with pure ADCI, 19 patients with pure LBCI, and 36 patients with mixed ADCI and
LBCI. Diagnoses of ADCI and LBCI were supported by 8F-florbetaben PET and *8F-N-(3-
fluoropropyl)-2p-carboxymethoxy-3-(4-iodophenyl) nortropane PET, respectively. We
performed network analysis based on white matter tractography using DTI. The 92 nodes
including 90 Automated anatomincal labeling (AAL) and bilateral substantia innominata were
used. The edge was defined as multiplication of fractional anisotropy and number of fibers
between 2 nodes. After we obtained connectivity matrix, graph theory based analysis was done.
Both global and local measures were obtained. We used general linear model to find the
independent and interactions of ADCI and LBCI on structural connectivity network.

Results: There was no interaction effect of ADCI and LBCI on global and local network
measures. Independent LBCI effect was found in degree of right cingulate gyrus. In global
network measures, scaled path length was significantly increased in mixed disease group
compared to control group. With local network measures, LBCI group showed significantly
increased betweenness centrality of right olfactory cortex and path length of right post cingulate
gyrus compared with control group, which were inversely correlated with global cognitive
function.

Conclusion: From white matter tractography based structural connectivity network analysis, we
found that mixed disease group showed globally inefficient network. And LBD-related cognitive
impairment might be related with dysfunction of white matter network.
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Abstract: Introduction: Vascular endothelial growth factor (VEGF) exerts neuroprotective
effects by regulating angiogenesis, neurogenesis, glucose transport, and inhibiting cell death.
Atherosclerosis alters hemodynamic forces, such as shear stress, which modifies VEGF
expression and endothelial cell proliferation. Variability in atherosclerosis severity may explain
why studies in-vivo find discrepant relationships between VEGF levels and cognition in older
adults. We hypothesize that a higher cardiovascular risk score - an established surrogate for
atherosclerosis - will dampen the neuroprotective effect of VEGF on cognition and glucose
metabolism in Alzheimer’s disease (AD)-signature regions.

Methods: We evaluated 310 participants 55-90 years old (92 cognitively intact, 149 mild
cognitive impairment, 69 AD) from the Alzheimer’s Disease Neuroimaging Initiative (ADNI).
We tested if the Framingham Risk Score (FRS) modified the association of CSF VEGF with 1)
mean bilateral glucose metabolism (FDG-PET) in the posterior cingulate, entorhinal cortex,
fusiform gyrus, lateral temporal cortex (superior, middle, and inferior temporal gyri), parietal
cortex (superior and inferior parietal gyri, precuneus) and 2) neuropsychological composite
measures (executive function and memory). We used multiple linear regression (co-varying for
age, sex, education, APOE4 status, CSF T-tau, and diagnosis). All p-values presented are FDR
corrected at a false discovery rate (FDR) of <5%. We used causal mediation (percentile
bootstrap, B=1000) to evaluate whether the VEGF association with temporal lobe glucose
metabolism mediated the relationship between VEGF and memory.

Results: Higher CSF VEGF was associated with better memory ($=0.416, p<0.001), and higher
glucose metabolism in the lateral temporal lobes (f=0.935, p=0.014) and fusiform gyrus
(B=0.854, p=0.043), but was not associated with executive function. The FRS score modified
these associations (VEGF to memory: f=-0.186, p=0.003; VEGF to lateral temporal lobe SUVR
=-0.040, p=0.043; VEGF to fusiform SUVR: =-0.040, p=0.043). FRS did not modify the
effect of CSF VEGF on executive function. Mean bilateral temporal lobe FDG-PET signal
mediated the relationship between VEGF and memory (estimated mediation effect=0.247; 95%
CI [0.025, 0.54]; p=0.012).



Discussion: The negative interaction of FRS with CSF VEGF suggests that higher CSF VEGF
levels were associated with better memory function and greater temporal lobe glucose
metabolism in persons with lower FRS. Increased cardiovascular risk burden, an associated
measure of atherosclerosis, may dampen the neuroprotective effects of VEGF.
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Abstract: Introduction. Cardiovascular pulsations drive both blood flow and perivascular
metabolic transport in brain tissue®. A novel theory links Alzheimer’s disease (AD) to altered
metabolic waste removal?. We investigated hypothesis that cardiovascular brain pulsations are
altered in AD with functional MRI.

Methods. A total of 64+19+26 healthy controls (CON), 47+22+30 AD patients were scanned
using 3T EPI (ADNI), 1.5 T EPI (local), and 0.1 sec MREG BOLD (local) respectively.
Coefficient of physiological variations in BOLD signal (CVsoLp = std/mean, c.f. Fig 1 a) were
estimated at voxel level®. Cardiovascular brain pulse propagation was also analyzed using optical
flow analytics of the fast MREG data®.

Results. All three datasets presented an increase in CVsoLp in AD subjects, Fig 1 b. The optic
flow analysis showed more variability with overall increase in speed connected to cessation of
cardiovascular pulse propagation in AD, while controls have more continuous pulse patterns, c.f
Fig 1 c-f. Conclusion. The results indicate that cardiovascular pulsations driving the brain
clearance are altered in AD.



@ Example timeserie of 1.5 T rs-VR| data (TR 1.8s) K9 Average magnitude of cardiovascular pulse propagation in MREG data

b CVgopAD>CON
p <0.05, corrected

Substraction ) ¥
AD-CON Iy
BV | o v

.

1.5T,BOLD (TR=1.8s) :
Early beta-amyloid depositions s A

d Statistically significant difference in pulse propagat?on speed magnitude (p<2e-4)

meon N AWM LA dian BB ¢ V. ’@ 7 ’,ﬁ o
Covs a0 ¥ *@,’&) i S 0 G i
1 L L 1 1 1 1 -
T T 1 1 T 1 T >
0.4 0.5 0.6 0.7 0.8 0.9

Time (s) } {
0.1 0.2 0.3

e Anterior cerebral artery
MREG
signal
PR
= CON \ e ]
= AD
Whole brain
VRMS /\
f Control group mean
6% AD group mean

“EPePPCOPP

Statistically significant difference in anterior-posterior pulse propagation (p<2e-4)

Figure 1. a) CVsoLp calculation from BOLD signal. b) Increased CVsoLp (p < 0.05, FDR corr.)
maps in all three AD datasets c) Average, and d) median cardiovascular pulse 0.9 sec (cycles
Ncon=2580, Nap=2519, p<0.0002) propagation speed magnitude in AD vs. Con, e) MREG
signal from anterior cerebral artery, pulse propagation speed over whole brain (Vrwus scale 1.5-
3.1 mm/s with 95% ClI). f) Sagital cardiovascular pulse maps with directions for CON, AD and
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Abstract: Alzheimer's disease (AD) is a major public health concern and there is an urgent need
for medical imaging techniques to better characterize the early stages of the disease and monitor
its progression. Magnetic resonance elastography (MRE) is an emerging non-invasive imaging
technique that can measure the mechanical properties of the brain in vivo. MRE combines
mechanical wave propagation and MRI phase contrast imaging to record harmonic
displacements through soft tissue, which are "inverted" to create maps of tissue viscoelasticity. A
whole-brain, high-resolution MRE spiral sequence was used to acquire data at 1.6 mm isotropic
resolution, which were analyzed using nonlinear inversion to produce maps of shear stiffness.
For the first time, a voxel-wise MRE analysis and state-of-the-art post-hoc region of interest
(ROI) approach was used to assess the volumetric and viscoelastic properties of the brain in AD
(n=12;7M/5M; mean age 77 years) and healthy older adults (n=12;6F/6M; mean age 69 years).
At the whole-brain level, reductions in volume (p=0.006) and stiffness (p=0.002) were observed
in patients with AD relative to OA. Significant reductions in stiffness were also observed when
white matter (p=0.021) and cortical gray matter (p<0.001) compartments were considered
separately. Secondly, voxel-wise analyses of gray matter revealed significant local reductions in
both volume and stiffness in the temporal lobe including fusiform, medial temporal, and superior
temporal gyri. The affected regions, however, were not identical, suggesting that MRE detects
changes in cerebral microstructural integrity that are independent of changes in cortical volume.
Significant reductions in stiffness were also observed in the postcentral gyrus and precuneus in
the parietal lobe. The results of the voxel-wise analysis were further investigated using an ROI
approach in which relevant spatial information was incorporated within MRE inversion to
increase sensitivity and reduce partial volume effects. The observations of stiffness reductions in
medial temporal gyri (p=0.032), superior temporal gyri (p=0.002), postcentral gyri (p=0.026),



and precuneus (p=0.011) all remained statistically significant in AD even after correcting for
regional volumes and age. The pattern of brain stiffness reduction observed in AD is supported
by previous reports of MRE in AD and the known trajectory of disease. The new observation
that stiffness reductions are localized to the temporal and parietal lobes and unrelated to volume
reductions raises the possibility that MRE may provide unique insights regarding the neural
mechanisms which underlie the development and progression of AD.
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Abstract: Age-related cognitive decline and dementia risk are reduced if individuals participate
in regular physical activity and have better cardiorespiratory fitness (Kramer, 2018). However,
little is known about the mechanisms that underlie this relationship. We investigated participants
who took part in an exercise intervention for 6 months and were evaluated for behavioral,
structural, and functional brain changes before and after four different exercise regimens (Voss,
et al., 2016). 162 older adults that had pre- and post-intervention MRI scans, fitness data, and
behavioral data were included. All participants (Age range: 60 - 80 years, 70% female) were
randomized to different exercise groups: walking (n=34), walking + nutritional supplement
(n=39), dance (n=46), and stretching, strengthening, and stability (i.e., non-aerobic) active
controls (n=43). Resting-state and structural MRI images were acquired on a 3T Siemens system
during a single session before and after the interventions (Voss, et al., 2016). All resting-state
preprocessing and analysis were conducted using CONN Toolbox (Whitfield-Gabrieli, et al.,
2016). Anterior and posterior hippocampus served as seed-regions of interest (ROIs). Of the two
ROIs, whole-brain seed-to-voxel analysis showed significant increases in Default Mode Network
anticorrelations with lateral prefrontal cortex (p<.001) in the walking and walking + supplement
groups post-intervention, only for the left anterior hippocampus seed. Previous studies have



shown that during normal aging, resting-state DMN anticorrelations are decreased (Keller, et al.,
2015) in the lateral prefrontal cortex. For the walking (aerobic exercise) groups, the 6-month
exercise intervention was both protective and restorative of hippocampal function. Further
analysis will correlate hippocampal-dependent neuropsychological tasks and fitness measures
with these findings and will determine whether functional connectivity acts as a mechanism by
which exercise improves memory. Our findings provide an opportunity for cross-disciplinary
communication at the SfN meeting, offering an example of the potential utility of neuroimaging
studies for the development of therapeutic approaches for age-related cognitive decline.
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Abstract: Background: The earliest brain changes in Alzheimer’s disease (AD) occur in the
locus coeruleus (LC), the major noradrenergic nucleus of the brain. The LC plays an integral role
in the regulation of arousal, cognitive and autonomic function, thus degenerative changes within
this structure and any associated central noradrenergic system dysfunction may contribute to
cognitive and neuropsychiatric symptoms in AD. Optimal in vivo imaging of the LC is needed to
evaluate its potential as a biomarker in dementia and to assess future treatments targeting the LC-
noradrenergic system. Previous studies have employed T1-weighted and magnetization transfer
(MT)-weighted magnetic resonance imaging (MRI) approaches to report lower LC signal
intensity (considered to represent reduced structural integrity) in patients with AD compared to
controls. However, it is unknown whether any AD-related alterations in LC neuronal activity can
be measured in vivo as no previous FDG PET study has investigated LC cerebral metabolic rate
in AD patients.

Methods: This study compared LC glucose metabolism in patients with AD and cognitively
healthy controls (total N=571) using mean FDG PET and MPRAGE images obtained from the
Alzheimer’s Disease Neuroimaging Initiative (ADNI) database. MPRAGE image data were



corrected with a N4 bias field correction procedure and spatially coregistered to a common
template space using the ANTS v2.1 software package. After each subject’s FDG-PET image
was coregistered to their bias corrected MPRAGE image using a non-linear coregistration
routine in ANTS v2.1, mean cerebral metabolic rate of glucose (CMR-GIc) values were
extracted from a volume of interest defined by previously published LC masks that were applied
to the study-wise template. To minimize intersubject variability, these values were normalized to
a cerebellar region of interest CMRglc. Statistical analysis involved unpaired t-tests (AD vs
controls).

Results:Results will be presented.
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Title: Functional significance of cortical cholinergic circuits in cognitive decline
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Abstract: Basal forebrain cholinergic neurons (BFCNSs) send extensive projections to the cortex
and many subcortical regions of the brain. These highly branched axonal arbors are
metabolically challenging to maintain, likely underlying their vulnerability to fragmentation and
loss in aging. Studies of post-mortem brains from AD patients find significant loss of cholinergic
fibers compared to age-matched, cognitively intact counterparts. One region known to be
vulnerable early in aging is the entorhinal cortex (EC), a cortical region that receives extensive
input from BFCNs. Using the EC as a model of early cortical dysfunction, we investigated the
relationship between altered cholinergic integrity and cortical function in aging. First, in humans,
we used Positron Emission Tomography with ligand [*F]-VAT, a radiotracer that targets the
vesicular acetylcholine transporter, a presynaptic cholinergic protein and marker of cholinergic
synapse health. Recruiting healthy volunteers (HV) and patients with cognitive impairment



(MCI), we sought to visualize and quantify the pattern and density of cholinergic innervation in
health vs disease. Our preliminary findings show lower [*8F]-VAT volume of distribution (V) in
the EC between HV and MCI. Looking across a continuum of cognitive score, we find a
significant correlation between cognitive performance and EC VAT V1. To understand the
mechanism underlying altered VAT uptake, we used a rodent aging model that exhibits
accelerated aging pathology. Confirming that aging model mice have impaired performance on
an EC-based memory task, we asked whether this was driven by alterations to cholinergic input
to the EC. Our initial studies demonstrate dramatic fragmentation of EC cholinergic fibers and
elevated firing rate in aging model mice, pointing to altered circuit dynamics. Ongoing studies
are investigating the effects of altering endogenous acetylcholine levels, using opto- and
chemogenetics, on firing rate and behavioral output. The strength of these studies lies in our
ability to apply high-resolution techniques in both rodents and humans to better understand the
cholinergic system. Using related markers of cholinergic terminal fields, albeit with dissimilar
techniques, further strengthens the idea that the highly quantitative information gathered in
rodents improves our interpretation of in vivo human imaging and allows us to make specific
predictions about what altered VAT uptake can tell us about cognition and cognitive impairment.
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Title: Sphingosine 1-phosphate receptor (S1P1) activity in postmortem human brain
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Abstract: Lipids in the brain have been identified mainly as structural molecules, but they
contribute also to intracellular signaling and behave as neurotransmitters by binding to specific G
protein-coupled receptors (GPCR), which can act as neurolipids modulating other systems. The
S1Piis the main sphingosine 1-phosphate receptor in brain, which is coupled to Ginproteins and



is involved in cell proliferation, growth or neuroprotection. Therefore, the main aim of our study
is to quantify and identify the cerebral distribution of the activity mediated by S1P1in
postmortem human brain samples to know if the distribution of the activity mediated by these
receptors is compatible with different neurodegenerative diseases such as the Alzheimer’s (AD).
[*®*S]GTPyS binding is measured with microscopic resolution to get the S1P1activity by
functional autoradiography stimulated by the selective agonist CYM-5442 (10 uM), in multiple
brain areas implicated in the control of learning and memory and/or cholinergic areas, including
hippocampus, prefrontal cortex, amygdala and caudate-putamen of postmortem human brain
samples. The results showed that S1P1-mediated activity is one of the highest recorded for any
GPCR subtype in most of grey matter areas of the human brain (range 50%-500% stimulation
over the basal values) only comparable to that elicited by other neurolipid receptors such as the
CBaicannabinoid. Moreover, these results suggest that this receptor could be involved in areas
that regulate learning and memory processes and could be modified in neurodegenerative
diseases as AD. Therefore, the specific distribution of S1Piactivity supports that this receptor
could be one of the most abundant and/or efficient GPCR expressed in the brain and related to
higher brain functions.
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Abstract: Intracellular accumulation of cholesterol within neurons can increase the
level/production of beta-amyloid (AB) peptide which plays an important role in the development
of Alzheimer’s disease (AD). A number of recent studies have shown that exosomes, which are
small vesicles (40-100 nm diameter) of endocytic origin secreted by most cells including neurons



and glial cells, represent a novel form of intercellular communication in various physiological
and pathological settings. Neuronal exosomes containing A peptides have been shown to
influence not only the function/vulnerability of neurons but also in “prion-like” propagation of
AD pathology. Unlike neurons, the significance of glial exosomes, particularly those derived
from astrocytes, remain unclear. Recently we reported that cholesterol accumulation within
cultured astrocytes triggered by UI8666A treatment can increase the level/secretion of Af-
related peptides. Thus, as a follow up, we are now establishing the significance of exosomes
derived from cholesterol accumulated astrocytes in the development of AD pathology. Exosomes
were purified from control and U18666A-treated astrocytes culture supernatant by using
differential centrifugation polyethylene glycol precipitation. While secreted exosomes were
characterized by electron microscopy, dynamic light scattering and Dil labeling, the content of
various proteins related to AD pathology was defined by dot blotting, Western blotting and
ELISA. We observed that cholesterol accumulation following U18666A treatment significantly
decreased the release of exosomes compared to control cultured astrocytes as revealed by
electron microscopy, dynamic light scattering and Dil labeling. However, exosomes derived
from U18886A-treated astrocytes, as detected by dot blotting and Western blotting, contain
higher levels of amyloid precursor protein (APP) and APP-cleaved products (i.e., a-CTF and -
CTF) in contrast to control exosomes. The levels of AB1-40 peptide, as measured using ELISA,
also found to be increased in exosomes of U18666A-treated astrocytes compared to control
astrocytes. Cholesterol accumulation in cultured astrocytes can decrease the secretion of
exosomes but enhance the levels of APP and Ap-related peptides in secreted exosomes.
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Abstract: Background: Recently, Amyloid B (Ap) independent pathology is focused attention in
Alzheimer’s disease (AD) pathology. Among them, endocytic dysfunction is the early
pathogenic event before AP aggregates. A body of evidence suggested that one of AP precursor



protein (APP) metabolites, B-carboxyl-terminus fragment (BCTF), accumulated in endosomes
and impaired the endocytic trafficking in AD brain. However, the molecular mechanism is
largely unknown. Previously, we identified TMEM30A (CDC50A) as the candidate partner for
BCTF toxicity. TMEMB30A is a subcomponent of lipid flippase which translocates phospholipids
such as phosphatidylserine (PS) from outer to inner side of lipid bilayers. In this study, we aimed
to analyze how TMEM30A and BCTF complex associates with vesicular trafficking in AD.
Methods: To investigate the molecular mechanism of BCTF mediated traffic impairment, we
established BACEI (B-secretase) stable expression in SH-SY5Y cells. We analyzed the event
induced by complex formation of TMEM30A and BCTF using biochemical approach.

Results: We found that BCTF accumulation caused the interaction between TMEM30A and
BCTF, which resulted in endosomal characteristic change in SH-SY5Y (BACEL). Moreover, this
complex formation affected PS localization in endosomes, which indicated the alteration of lipid
flippase activity.

Conclusion: Our study suggests that TMEM30A and BCTF complex can induce traffic
impairment via lipid flippase dysfunction in AD. Although further analysis is required, our
findings may contribute to the development of a novel AD therapy based on the improvement of
vesicular transports.
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Abstract: Point mutations of Amyloid Precursor Protein (APP) could increase Abeta production
and cause early onset Alzheimer’s disease. Whereas APP Iceland mutation reduces Abeta
production and decrease AD risk. These evidence strongly support Abeta hypothesis for AD.
However, some mutations on gamma secretase reduce Abeta production but still cause familial
AD. There are also studies that suggest these AD causing Presenilin 1 mutations are loss of
function mutations. Given the recent difficulties on the development of Abeta targeting therapy,
doubts have been casted on the original hypothesis. One possibility is that Abeta is not the sole
disease-causing production of APP. We studied metabolism of APP and identified a novel
BACEL1 dependent cleavage that is more dominant in disease-causing APP mutants. This



suggests that product of this cleavage might contribute to the pathogenesis of familial APP
mutations. Further studies have been done to identify the mechanism responsible for this
cleavage with a novel proximal labeling biochemical approach. This could provide new
mechanism and potential drug targets for AD.
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Abstract: Alzheimer disease (AD) is triggered by the long chronic accumulation of Amyloid-f
peptide (AB), which is produced by y-secretase. y-Secretase is an intramembrane aspartic
protease comprised of four components (i.e., Presenilin 1 (PS1), Nicastrin, Aph-1, and Pen-2}
with a hydrophilic catalytic pore. y-Secretase executes the final cleavage process in AP
production and is responsible for the determination of C-terminal length of AP, which impacts on
the neuronal toxicity and aggregability. Recent advances in the field of single-particle cryo-
electron microscopy enables us to understand the detailed structure of y-secretase complex at an
atomic level. However, the molecular dynamics of the y-secretase remained unclear. In this
study, we investigated the structure-activity relationship of PS1, which is the catalytic subunit of
y-secretase, utilizing substituted cysteine accessibility method (SCAM). SCAM is a labeling
experiment to analyze the structure of intramembrane proteases using MTS reagents that
specifically bind to cysteine residues facing aqueous environment. The strongest point of this
approach is that the target protein can be kept in physiological condition since intact cells or
membrane fractions are the samples in this method. SCAM also enables us to detect the
molecular movement of target residue by using small compounds that modify y-secretase activity
(i.e., inhibitors and modulators). In this study, we elucidated that hydrophilicity around
transmembrane domain (TMD) 3 of PS1 changes corresponding to the production ratio of Af42,
which is highly aggregable AP species, by SCAM. We revealed that TMD3 locates at proximity
to TMD7 in which catalytic aspartate resides. Moreover, we found that conformationally
stabilized PS1 by MTS crosslinker at TMD3 and TMD7 losses the sensitivity to the AB42



reducing y-secretase modulator. These results indicate that the structural dynamics of TMD3 is
involved in the regulation of AB42 production.
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Abstract: Alzheimer’s Disease (AD), the most prevalent cause of dementia afflicting the elderly,
is characterized by the accumulation of Tau-positive neurofibrillary tangles (NFTs) and amyloid-
B (AP) containing extracellular plaques within the diseased brain. Production of these aggregated
proteins correlate to the neurodegeneration and loss of cognitive function seen in AD patients.
While a subset of cases may originate intrinsically via genetic mutations in genes encoding
proteins such as the amyloid precursor protein (APP), the vast majority of disease arises
sporadically and with potential extrinsic or environmental influences. Correspondingly, the
greatest risk factor for developing AD is age, as normal functioning systems that regulate
homeostasis weaken. Recent studies have indicated that perturbations in body temperature may
have a role in protein aggregation and the development of pathological features associated with
AD. Thus, in this current project, our aim is to evaluate the influence of ambient temperature on
the cellular processes that drive neurodegeneration observed in AD.

We used wild-type murine neuroblastoma (N2a) and Swedish APP mutant N2a cells to
investigate the effects of ambient temperature within a cellular context on the production,
secretion, and degradation of APP-derived products, such as AB-peptides. Cells grown in a
normothermic (37C) environment or subjected to hypothermic and hyperthermic conditions were
assayed for amyloidogenic markers by western blot, ELISA, and fluorescent
immunocytochemistry. Additionally, we evaluated how these conditions influence cell viability,



which may enhance neurodegeneration in AD.

Our results show an inverse relationship between temperature and APP processing in both wild-
type and mutant cells, indicated by an increased production of AB-related peptides such as o/f-
C-terminal fragments. The secretion of A peptides as well as typical clearance routes via the
endolysosomal system are found to be similarly altered in a temperature dependent manner, with
an increased colocalization of APP and endolysosomal markers in a reduced temperature.
Additionally, we showed that a hypothermic condition can significantly decrease cell viability.
The results that we have obtained so far indicate that a cellular thermal response may directly
influence AD-related pathology by altering the production and secretion of AD-associated
molecules. These results may contribute to an understanding of environmental influences on AD
pathogenesis and the development of alternate therapeutic avenues which are inclusive of both
intrinsic and extrinsic factors.
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Abstract: Amyloid Precursor Protein (APP) is the source of beta amyloid (AB) peptides that
accumulate in Alzheimer’s Disease (AD), but APP may serve important functions in the brain,
including synaptogenesis, remodeling, and regrowth responses following injury. In addition,
neurotoxic forms of A can directly bind APP, suggesting that Ap might also provoke
neurodegeneration by perturbing the normal functions of APP. Although APP may interact with
a variety of signaling molecules, growing evidence supports the model that APP can function as
an atypical G protein-coupled receptor, specifically interacting with the heterotrimeric G protein
Goa to regulate neuronal responses. Early studies in cell culture showed that APP can bind and
activate Goa via a conserved cytoplasmic motif, while chronic stimulation of this pathway can



provoke Ca?* overload and apoptosis. APP mutations linked with AD can also hyperactivate
Goa, while the severity of AD symptoms in patients corresponds with elevated G protein
activity. However, authentic roles for APP-Goa signaling have remained controversial. Using
insect discovery models, we showed that APP family proteins regulate Goa-dependent guidance
responses, providing the first demonstration of this conserved pathway in vivo. Subsequently, we
used cultured murine hippocampal neurons to show that APP-Goa signaling could similarly
regulate their motile responses. Specifically, we found that APP and Goa colocalized in their
leading processes, while endogenous APP co-immunoprecipitated with Goa (but not other G
proteins) from mouse and human brain lysates. Co-expressing APP and Goa as fusion proteins
with complementary portions of Venus fluorescent also showed that the two proteins directly
interact in cultured neurons, while stimulating APP signaling restricted growth cone motility in a
G protein-dependent manner. To investigate how this pathway might affect neuronal remodeling,
we have now found that APP and Goa colocalize in dendrites and synaptic spines of cultured rat
hippocampal neurons, while pharmacological assays suggest that APP-Goa signaling may
promote Ca?*-dependent aspects of synaptic maturation. Conversely, acute treatment with
neurotoxic AP oligomers resulted in reduced synaptic spine densities in a Goa-dependent
manner. Pilot studies using human brain samples also suggest that APP endogenously interacts
with Goa in cortical neurons, an interaction that is diminished in AD. These results provide the
framework for our ongoing investigations into the normal functions of APP-Goa signaling
during neuronal development, and whether disrupting APP-Goa. signaling contributes to the
neuropathology of AD.
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Abstract: Exposure to repetitive hypoxia elicits a cognitive dysfunction but underlying
mechanism by which hypoxia causes cognitive impairment is remains unknown. In this study,
we show that chronic intermittent hypoxia impairs cognitive functions in the adult zebrafish. As
the numbers of hypoxic episode increased, defects in learning and memory (L/M) ability in



zebrafish getting severed. Repetitive hypoxia triggered downregulation of O-GIcNAcylation of
nucleocytoplasmic proteins and accumulation of f-amyloid (AB) and p-Tau in the brain of
zebrafish. At the molecular level, repetitive hypoxia decreased mRNA and protein levels of O-
GIcNAc transferase (OGT) along with increase in O-GIcNAcase (OGA) expression.
Glucosamine (GIcN) recovered hypoxia-induced decrease in O-GIcNAyclation and protected
from cognitive dysfunction and brain pathologies after hypoxia. Furthermore, an O-GIcNAcase
(OGA) inhibitor, Thiamet G, significantly recovered O-GIcNAyclation as well as cognitive
dysfunction and brain pathologies in response to repetitive hypoxia. Our results suggest that
hexosamine biosynthetic pathway could be an important therapeutic target for hypoxic brain
damage.
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Abstract: The purpose of our study is to understand the protective role of miR-455-3p against
abnormal amyloid precursor protein (APP) processing, amyloid beta (AP) formation, defective
mitochondrial biogenesis/dynamics and synaptic damage in AD progression. In-silico analysis of
miR-455-3p has identified the APP gene as a putative target. Using mutant APP cells, miR-455-
3p construct, biochemical and molecular assays, immunofluorescence and transmission electron
microscopy (TEM) analyses, we studied the protective effects of miR-455-3p on - 1) APP
regulation, amyloid beta (AB)(1-40) & (1-42) levels, mitochondrial biogenesis & dynamics; 3)
synaptic activities and 4) cell viability & apoptosis. Our luciferase assay confirmed the binding
of miR-455-3p at the 3’UTR of APP gene. Immunoblot, sandwich ELISA and immunostaining
analyses revealed that the reduced levels of the mutant APP, AB(1-40) & AB(1-42), and C99 by
miR-455-3p. We also found the reduced levels of mMRNA and proteins of mitochondrial
biogenesis (PGCla, NRF1, NRF2, and TFAM) and synaptic genes (synaptophysin and PSD95)



in mutant APP cells; on the other hand, mutant APP cells that express miR-455-3p showed
increased mMRNA and protein levels of biogenesis and synaptic genes. Additionally, expression
of mitochondrial fission proteins (DRP1 and FIS1) were decreased while the fusion proteins
(OPA1L, Mfnl and Mfn2) were increased in cells that express miR-455-3p and mutant APP. Our
TEM analysis showed a decrease in mitochondria number and an increase in the size of
mitochondrial length in mutant APP cells transfected with miR-455-3p. Based on these
observations, we cautiously conclude that miR-455-3p regulate APP processing and protective
against mutant APP-induced mitochondrial and synaptic abnormalities in AD.

Key words: microRNA-455-3p, Alzheimer’s disease, Amyloid Precursor Protein, Amyloid
Beta, Mitochondrial Biogenesis, Synaptic Proteins.
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Abstract: Type 2 Diabetes (T2D) is a risk factor for the development of Late Onset Alzheimer’s
disease (LOAD). AD is characterized by loss of memory and cognitive decline. The hallmarks of
AD are amyloid deposition and neurofibrillary tangles. However, the cause of LOAD is not well

understood. Caveolin-1 (Cav-1) is a 22 kDa coat protein of caveolae, a subset of lipid rafts, and a
major player in transport and signaling across the Blood Brain Barrier (BBB). Here we show loss
of Cav-1 in the brains of T2D patients (n=3) concomitantly with a significant increase in -



Amyloid (AP) levels compared to healthy aging controls. These samples also show reduced
levels of endothelial nitric oxide synthase (eNOS) which is tightly regulated by Cav-1
specifically in endothelial cells, suggesting loss of Cav-1 dependent signaling in endothelial
cells. Loss of Cav-1 and increased AP was recapitulated in the brains of the diabetic mouse
model db/db. Levels of amyloid precursor protein (APP), 3-secretase-1 (BACE-1) and
hyperphosphorylated tau species were increased as well. These mice exhibit cognitive deficits at
12 weeks of age. Restoration of Cav-1 via Cav-1-expressing adenovirus rescues learning and
memory impairments and AD-linked pathology. In summary, this study provides evidence that
depletion of Cav-1 underlies the development of AD in T2D and suggests that restoration of
Cav-1 may be a therapeutic target for the prevention or attenuation of AD.
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Abstract: Alzheimer’s disease (AD), the most common type of dementia, is characterized
neuropathologically by the presence of extracellular B-amyloid (Ap)-containing neuritic plaques
and intracellular tau-positive neurofibrillary tangles in selected regions of the brain. Ap peptides
are generated from the amyloid precursor protein (APP) by amyloidogenic processing mediated
via the enzymes [3- and y-secretases. Some recent studies reported that ambient temperature may
influence disease progression and/or pathology in animal models and AD patients. However,
very little is known about the mechanisms by which temperature can influence APP metabolism
in cells. In the present study, we used astrocytes, to evaluate the impact of temperature on APP
metabolism-related proteins. We investigated the cell viability using the MTT assay and
determined the alterations in the protein levels related to APP metabolism in hypo-/hyper-



thermic conditions using Western blotting (WB). Our MTT results indicated that the viability of
astrocytes decreased substantially under hypothermic conditions but increased at hyperthermic
conditions compared to cells grown at ambient temperature. From our WB data, the astrocyte
marker-GFAP was observed to decrease in a time-dependent fashion under hyperthermic
conditions. While the levels of APP holoprotein were significantly increased under hyperthermic
conditions compared to hypothermic conditions, the levels of APP cleaved products, i.e. a- and
B-CTFs, were found to be differentially altered as a function of time with temperature. The
steady-state levels of the APP-processing enzymes ADAM10 and BACE1 were also altered
variably following exposure of cultured astrocytes to different temperature conditions.
Interestingly, markers (LC-311 and LAMP1) of the autophagic/lysosomal system which regulates
APP metabolism were found to be time-dependently increased under both hypo- and
hyperthermic conditions. This study indicates that alteration in temperature can influence AD
pathology by regulating APP-metabolism in cultured astrocytes.
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Abstract: The identification and validation of molecular mechanisms underlying Alzheimer’s
disease (AD) is of critical importance for the development of effective therapeutics. Therapeutic
development, however, has been hampered by the lack of animal models which mirror the age-
related progression of sporadic AD pathologies. Our laboratory has developed an oxidative
stress-based mouse model of age-related cognitive impairment with AD-like biochemical and
structural pathologies (Aldh2”- mice). Importantly, Aldh2”- mice display increases in oxidative
stress markers (i.e., 4-hydroxynonenal protein adducts) in both the brain and the cerebral
vasculature, including age-related increases in amyloid-f (AB) deposition in cerebral
microvessels (CMVs). The accumulation of A in cerebral blood vessels, known as cerebral



amyloid angiopathy, is associated with cognitive decline and occurs in 80-95% of AD patients.
Our objective was to assess whether vascular oxidative stress alters cerebrovascular proteins
involved in AP disposition. Using a mechanical dispersion and filtration technique, we collected
cerebral microvessels (CMVs) from 3, 6, 9, and 12-month old Aldh2- (KO) mice and age-
matched, wild-type (WT) littermates. Immunoblot analysis of CMVs shows an absence of
neuronal and oligodendrocyte markers such as NeuN and Olig2, the presence of the astrocyte
marker GFAP, and a strong signal for smooth muscle alpha-actin. We assessed the basal levels
of a number of proteins involved in the formation (nicastrin), catabolism (neprilysin), or
transport (LDL-receptor-related protein 1, LRP1) of A, hypothesizing that alterations in the
levels of these proteins may contribute to the increased deposition of A} observed in CMVs.
However, the immunoblot data did not reveal significant differences between WT and KO (n=2-
4 per group) for any of these proteins at any of the ages assessed, indicating that CMV AP
deposition is likely not due to differences in the levels of the three proteins examined. We are
currently following this up with activity assays to determine whether there are differences in the
function/activity of these proteins which could explain the increases in AP deposition, which in
turn could contribute to the cognitive impairment observed in Aldh2- mice.
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Abstract: We previously described that familial Alzheimer Disease knock-in mice that carry
presenilin 1 M146V mutation (PS1-KI) exhibit an increase of axodendritic outgrowth in the
hippocampal area (Deyts et al., eLife 2016). We determined that increased levels of APP
intracellular C-tail fragment (APP-CTF) are a consequence to this outcome, which encompasses
a direct coupling of APP-CTF with Gas protein and subsequent activation of adenylate cyclase
and CREB signaling. We were able to capture the intricate function of APP-CTF using an
experimental construct containing APP intracellular domain, which is tethered to the membrane
via a lipid anchor (named mAICD; Deyts et al., J Neuroscience 2012). We recently reported that
overexpression of MAICD in the brain prevents memory decline in amyloidogenic AD mice
(Deyts et al., Cell Reports 2019). By experimentally targeting APP-CTF at the membrane by
expressing mAICD (devoid of the AP sequence), it allowed us to achieve constitutive activation
of APP-mediated signaling. In order to establish if mAICD overexpression is sufficient to
overcome memory impairment in a non-amyloidogenic mouse model, we tested if a recombinant
adeno-associated virus (rAAV)-mediated expression of mMAICD could also prevent memory
decline in PS1-KI mice. We performed intracerebroventricular delivery of rAAV-mAICD at
birth. Six months later, memory performances were analyzed using novel object recognition and
contextual fear conditioning tasks. We observed that PS1-KI mice exhibit a profound cognitive
deficit in spatial working memory that is rescued by mAICD brain expression. We also found
that sustained APP-mediated signaling through overexpression of mAICD produced a significant
increase in cognitive performance in PS1-KI mice that lack APP expression. Based on our
findings, we conclude that targeting APP-CTF at the membrane early during brain development
is sufficient to reverse cognitive deficit seen in mouse models that do not exhibit amyloidosis
pathology during the course of their life. Although we found that sustained APP-mediated
signaling promotes non-amyloidogenic processing pathway, APP expression is not required to
improve cognitive performance in mouse models that do not accumulate Ap. Therefore our
results suggest that intrinsic property of APP-CTF is sufficient to heighten memory.
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Abstract: Alzheimer's disease (AD) is a chronic and progressive neurodegenerative disease
caused by the accumulation of neurotoxic amyloid-p (Ap) peptides. AP is derived from the
sequential proteolytic cleavage of amyloid precursor protein (APP), which can undergo two
different metabolic pathways: non-amyloidogeinic, and amyloidogenic. In non-amyloidogenic
pathway, APP is cleaved by a-secretase and y-secretase at the plasma membrane, excluding A
production. Alternatively, APP at the plasma membrane is internalized via endocytosis, and
delivered to early endosomes and lysosomes, producing AP via -secretase and y-secretase.
Recently, some studies have shown that insulin in the periphery crosses the blood-brain barrier
and plays important roles in the brain. Furthermore, impaired insulin signaling has been linked to
the progression of AD. Intranasal insulin administration improves memory impairments and
cognition. Recently, we reported that insulin increases the level of cell surface APP, decreasing
the endocytosis rate of APP. Insulin reduced AP generation through up-regulation of APP O-
GIcNAcylation via Akt insulin signaling. In a separate report, we also showed that a significant
amount of APP is localized in lipid rafts, and that increasing cholesterol level increases the
localization of APP in lipid rafts. Since recent studies have suggested that membrane trafficking
plays a key role in the regulation of APP processing, we hypothesize that the reduction of APP
endocytosis by insulin is caused by the change in the APP localization from lipid raft to non-raft
fractions via O-GIcNAcylation. To test this possibility, we used SH-SY5Y cells stably
expressing wild-type APP and BACEL. When antibody for caveolin was used for the marker for
lipid raft, insulin decreased the level of co-localization of APP with caveolin. Consistent with
this result, insulin promoted the translocation of APP from raft fractions to non-raft fractions
when we used discontinuous sucrose gradients to separate lipid raft fractions. The insulin effect
on APP lipid raft localization was blocked by Akt inhibitor, indicating that insulin effects on
APP localization in lipid raft is via Akt signaling. When we labeled the surface APP and
measured the internalized APP, insulin decreased the internalized APP levels in the lipid raft
fractions. These results suggest that insulin reduces the rate of lipid raft-dependent APP
endocytosis by decreasing its localization in lipid rafts.

Disclosures: O. Kwon: None. Y. Cho: None. S. Chung: None.
Poster

126. APP Metabolites in Alzheimer's Disease

Location: Hall A

Time: Sunday, October 20, 2019, 8:00 AM - 12:00 PM

Program #/Poster #: 126.14/D11

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

Title: Cholesterol enriched lipid raft is a platform for APP endocytosis

Authors: *Y. CHO, O. KWON, S. CHUNG;
Sungkyunkwan Univ., Suwon, Korea, Republic of



Abstract: Alzheimer’s disease (AD) is the most common and irreversible neurodegenerative
disorder characterized by progressive loss of cognitive, memory, and behavioral impairments.
The hallmark of pathogenesis of AD is cerebral elevation and deposition of A peptides, which
are generated via the sequential proteolytic cleavage of amyloid precursor protein (APP) by -,
y-secretases. APP at the plasma membrane is internalized via endocytosis, and delivered to early
endosomes and lysosomes, producing AB. As the specialized cholesterol-enriched microdomains,
lipid rafts are considered as platforms for various cell signaling and protein-protein interactions.
It is widely believed that - and y-secretases as well as their substrate APP are localized in lipid
raft microdomains. In our previous study, we found that CHO PS1 AE9 cells showed increased
cellular cholesterol levels, and the elevation of cellular cholesterol is associated with a significant
shift in localization of APP toward cholesterol-enriched lipid raft fractions. Since membrane
trafficking plays a key role in the regulation of APP processing, we investigate whether the
cellular cholesterol level affects the endocytosis of APP in lipid raft microdomains. We found
that PS1 AE9 mutant cell showed increased rate of APP endocytosis compared to PS1 WT cell
using two different APP antibodies to separate internalized APP from APP in the plasma
membrane. Reducing the cholesterol levels to the comparable level of WT cells by MBCD-
cholesterol decreased the rate of APP endocytosis in CHO PS1 AE9 cells. Also, the amount of
colocalization of APP with caveolin, a lipid raft marker, is increased in CHO PS1 AE9 cells.
When we labeled the surface APP and measured the internalized APP, larger amount of labeled
APP was located in lipid raft indicating that APP localized in lipid raft fractions preferentially
undergoes endocytosis compared to APP in non-raft fractions. Our results suggest that
cholesterol-enriched lipid raft microdomain is a platform for the endocytosis of APP, and that the
regulation of APP localization in the lipid raft is important for AP production.
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Abstract: Background: Alzheimer’s disease (AD) is the foremost world-wide cause of age-
related dementia. Its global prevalence is expected to due to an aging population. AD is
characterized by accumulation of extracellular amyloid 8 (AB) plaques and intracellular
aggregates of hyper-phosphorylated microtubule-associated protein tau (p-t) in brains.
Nevertheless, the underlying pathogenesis of AD is presently unknown, particularly the most
common form of AD, late-onset. Even though genetic, epigenetic, and environmental factors
play critical roles in AD etiology (Maloney and Lahiri, Lancet Neurol-2016), specific triggers
are still unknown. We hypothesize that AD results from dysregulation of key biochemical
pathways, particularly through regulatory molecules, such as non-coding RNAs, including
microRNA (Long, Maloney, Rogers and Lahiri, Mol. Psychiatry-2018). We further posit that
disruption of miRNA regulation of membrane metallo-endopeptidase (MME), or neprilysin
could contribute to AP accumulation, hence AD pathogenesis, since MME is an important AB-
clearing enzyme. Method: Using the bioinformatics tools we predicted miRNA binding sites on
the MME mRNA 3’-untranslated region (3’-UTR). Weneuronallydiffer