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The Journal of Physiological Sciences

Plenary Lecture1

Olfaction and Stress

(March 28, Thu., 17:30-18:30, Room A)

PL1

Olfaction and Stress
Linda Buck (Fred Hutchinson Cancer Research Center, USA)

The sense of smell allows mammals to perceive a multitude of
environmental chemicals as having a distinct odor. It also mediates
the detection of pheromones and predator odors that elicit innate
responses. We are interested in how the olfactory system detects
different chemicals and how the nervous system translates those
chemicals into diverse perceptions and behaviors. Using a
combination of molecular, cellular, and genetic approaches, we
have identified families of receptors that initially detect odorants
and pheromones in peripheral sense organs, asked how those
receptors encode the identities of different chemicals, and
investigated how the signals they generate are routed and organized
in the nervous system to yield distinct perceptions and instinctive
responses. Our work also touches on other neural circuits that affect
emotions and innate drives that modulate behavior. (COl: No)

Plenary Lecture2

Natural Products as Probes of the Pain Pathway:
From Physiology to Atomic Structure

(March 29, Fri., 8:50-9:50, Room A)

PL2

Natural Products as Probes of the Pain Pathway: From
Physiology to Atomic Structure

David Julius (Department of Physiology, UC, USA)

We are interested in determining the molecular basis of nociception
with an emphasis on identifying molecules that detect noxious
(pain-producing) stimuli. We are also interested in understanding
how nociception is altered in response to tissue or nerve injury. Our
approach has been to identify molecular targets for natural products
that mimic the psychophysical effects of commonly encountered
somatosensory stimuli, such as heat or cold, and to then ask how
these molecules are activated or modulated by noxious stimuli or
injury.

We have focused on three members of the TRP channel family
(TRPV1, TRPMS, and TRPA1) that are expressed by subpopulations
of primary afferent sensory neurons and which have been implicated
in the detection of thermal stimuli and/or inflammatory agents.
Genetic studies support the idea that the capsaicin receptor (TRPV1)
and the menthol receptor (TRPMS) function as detectors of heat
and cold, respectively, whereas the wasabi receptor (TRPA1)
functions as a detector of environmental and endogenous chemical
irritants.

From a signal transduction and therapeutics perspective, there is
great interest in understanding how these channels are activated
(gated) by physical and/or chemical stimuli. We have used a
combination of molecular genetics, natural product biochemistry,
and biophysics to address these issues and probe mechanisms of
stimulus detection, channel activation, and coding logic of the
somatosensory system. (COl: No)
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Plenary Lecture3

Looking back on 30 years of autophagy research
-dynamic equilibrium of the cell-

(March 30, Sat., 8:50-9:50, Room A)

PL3

Looking back on 30 years of autophagy research -dynamic
equilibrium of the cell-

Yoshinori Ohsumi (Institute of Innovative Research, Tokyo Institute
of Technology(IIR), Japan)

Every cellular event is achieved through a balance between
synthesis and degradation. Now it is realized that degradation
process is highly regulated and is equally as important as synthesis.
My studies of autophagy begun with simple light microscopy,
showing that nutrient starvation induces massive delivery of
cytoplasmic components to the vacuole in yeast. EM analysis
revealed that the membrane dynamics underlying this process are
similar to known macroautophagy in mammals. Taking advantage
of the yeast, we were able to rapidly identify many autophagy-
defective mutant, revealing 18 ATG genes essential for autophagy.
These Atg proteins function in concert to form a specialized
membrane structure, the autophagosome. The identification of the
ATG genes, which are conserved from yeast to mammals,
completely changed the landscape of autophagy research. Up to
now a truly broad range of physiological functions of autophagy
have been unveiled. Autophagy plays critical roles not only in
nutrient recycling, but also intracellular clearance through the
elimination of harmful proteins and organelles, and is relevant to
many diseases. We are working to understand the unique membrane
dynamics during autophagy by structural and functional analyses of
Atg proteins, and also are trying to answer quantitatively when,
what and how cytoplasmic constituents are degraded via autophagy
in yeast. [ will present some of our recent results and discuss their
implications for autophagy research. (COI: Properly Declared)

PSJ and JSPFSM co-organized
Special Talk Session

Towards the Summit with Sport Science

(March 30, Sat., 18:20-19:10, Room A)

no abstract
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Special Lecturei

The Susumu Hagiwara
Memorial Lecture

Beyond memory circuit: Origins of metamemory
and retrospection in the primate

(March 29, Fri., 17:20-18:10, Room A)

SL1

Beyond memory circuit: Origins of metamemory and
retrospection in the primate

Yasushi Miyashita (RIKEN Center for Brain Science, Japan)

Research field on memory mechanisms is dramatically growing. In
this lecture, I will discuss recent progresses in understanding of
hierarchical structures of the cognitive memory system and
“metamemory” system that enables retrospection and self-
evaluation of our own memory [1-2]. Our investigation started from
single neuronal activities in the temporal cortex [3-5]. Then we
combined whole-brain searches for neural correlates of metamemory
using fMRI and subsequent examinations for causal behavioral
impacts of targeted intervention in macaques: inactivation at area 9
and area 10 selectively impaired metacognitive performance on
experienced and unexperienced events, respectively, without
impairing recognition performance per se. It indicates that distinct
prefrontal read-out sites supervise recognition networks, but not
contribute to the recognition itself. I propose that this functional
architecture provides a foundation for our retrospection.

References:

[1] Miyamoto, K., Setsuie, R., Osada, T. & Miyashita, Y. Neuron
97, 980-989, 2018. [2] Miyamoto, K., Osada, T., Setsuie, R.,
Takeda, M., Tamura, K., Adachi, Y. & Miyashita, Y. Science 355,
188-193, 2017. [3] Tamura, K., Takeda, M., Setsuie, R., Tsubota,
T., Hirabayashi, T., Miyamoto, K. & Miyashita, Y. Science 357,
687-692, 2017. [4] Hirabayashi, T., Takeuchi, D., Tamura, K. &
Miyashita, Y. Science 341, 191-195, 2013. [5] Takeuchi, D.,
Hirabayashi, T., Tamura, K. & Miyashita, Y. Science 331, 1443-
1447, 2011. (COI: No)

Special Lecture2

Signaling by Mitochondrial Flashes

(March 29, Fri., 17:20-18:10, Room B)

SL2
Signaling by Mitochondrial Flashes

Heping (Peace) Cheng, Xianhua Wang (Institute of Molecular
Medicine, Peking-Tsinghua Center for Life Sciences, Peking
University, China)

Mitochondrial flashes (mitoflashes) represent fundamental bio-
chemical and biophysical dynamics of the organelle, involving sud-
den depolarization of mitochondrial membrane potential (D' ),
bursting production of reactive oxygen species (ROS), and acceler-
ated extrusion of matrix protons. The mitoflash is universally pres-
ent and highly conserved across all the eukaryotic cells and organ-
isms ranging from C elegans to zebrafish and to rodents and
humans, with its ancestral activity may be evolutionarily emerged
in prokaryotes. Core mitochondrial signals, e,g., matrix Ca*', basal
ROS, and nanodomian matrix protons, act as potent physiological
mitoflash regulators, and the rate of occurrence of mitoflashes is
highly regulated, varying over orders of magnitude in response to
regulatory factors, altered metabolic rate and energy demand, and
physiological activities such as synaptic transmission in hippocam-
pal neurons, as well as stresses and diseases. As a signaling entity,
mitoflashes are digital, local (single-mitochondrion), and stochas-
tic, and operate in primary frequency-modulatory manner. As such,
targeting mitoflash activity may provide a novel means for the con-
trol of mitochondrial metabolism and signaling in health and dis-
ease.

(COI: No)
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Special Lecture3

Tentonin 3, a Mechanosensitive Channel with
Baroreceptor Function

(March 29, Fri., 17:20-18:10, Room C)

SL3

Tentonin 3, a Mechanosensitive Channel with Baroreceptor
Function

Uhtaek Oh (Brain Science Institute, KIST, Korea)

Mechanosensation is required for tactile sensation, proprioception,
hearing, baroreceptor reflex, pain and other physiological functions.
Mechanosensation begins with mechanotransduction channels in
nerve terminals or receptor cells. With bioinformatics, we identified
that TMEM150C/Tentonin 3 confers mechanosensitive currents in
DRG neurons with slowly-adapting inactivation kinetics. Tentonin
3 (TTN3) is expressed highly in DRG neurons and activated by
mechanical stimuli with distinctly slow inactivation kinetics.
Baroreceptors present in carotid sinus and aorta are stretch receptors
detecting blood pressure changes. As TTN3 is a mechanosensitive
channel, therefore, it is likely that TTN3 acts as a mechanosensitive
channel responsible for baroreceptor function. Indeed, TTN3 is
expressed in nodose ganglion neurons that innervate in
baroreceptors. Neural activity of aortic depressor nerves in response
to intra-aortic is markedly reduced in TTN3-/- mice. Ambient blood
pressures and heart rates of freely moving TTN3-/- mice were
higher. The sensitivity of baroreceptor reflex was markedly reduced
in TTN3-/- mice. We also found a clear rescue of blood pressure,
heart rate, and baroreceptor reflex sensitivity to the levels of those
of wild-type mice when Ttn3 is overexpressed in nodose ganglion
in TTN3-/- mice. These results suggest that TTN3 is a
mechanosensitive channel responsible for detecting dynamic
change in arterial pressures in baroreceptors. (COI: No)

Special Lecture4

Finding Instructional Balance Using the
Educational Triangle

(March 29, Fri., 17:20-18:10, Room D)

SL4

Finding Instructional Balance Using the Educational
Triangle

Robert Graham Carroll (Office of Medical Education, Brody
School of Medicine, East Carolina University, USA)

The rapid transformation of the educational setting has generated
unease and confusion in both teachers and learners. One approach
for managing educational change 1is to understand the
interrelationships of three essential components of the educational
process: objectives, activities, and assessments. Using the example
of medical education, the instructional objectives have shifted from
a focus on content and now describe “competencies” as the desired
instructional outcome. This shift toward competencies expands the
educational goal from teaching in individual to the development of
a professional. The second component, the educational activity, is
the most malleable of the three and is shaped by the adult learning
theory of Malcolm Knowles. The impressive learning gains from
“retrieval-based learning” demonstrated by Jeffrey Karpicke
provides insights and possibly a mechanism for the superior
outcomes associated with active learning approaches.
Transformation of assessment now allows this third component of
the triangle to better align with the activities of a profession.
Practical demonstrations, such as the Entrustable Professional
Activities (EPAs) of Ollie ten Cate ensure that determinations of
mastery reflect real-world capabilities. Conceiving the learning
environment in the form of the educational triangle assists
instructors focus on things that truly impact the educational process.

(COl: No)
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Special Lecture5

Toward the Mysteries of Sleep

(March 30, Sat., 17:20-18:10, Room B)

SL5
Toward the Mysteries of Sleep

Masashi Yanagisawa (International Institute for Integrative Sleep
Medlicine (WPI-IIIS), University of Tsukuba, Japan)

Despite the fact that the executive neurocircuitry and neurochemistry
for sleep/wake switching has been increasingly revealed in recent
years, the mechanism for homeostatic regulation of sleep, as well as
the neural substrate for “sleepiness” (sleep need), remains unknown.
To crack open this black box, we have initiated a large-scale forward
genetic screen of sleep/wake phenotype in mice based on true
somnographic (EEG/EMG) measurements. We have so far screened
>8,000 heterozygous ENU-mutagenized founders and established a
number of pedigrees exhibiting heritable and specific sleep/wake
abnormalities. By combining linkage analysis and the next-
generation whole exome sequencing, we have molecularly
identified and verified the causal mutation in several of these
pedigrees (Funato et al. Nature 539: 378-383, 2016). Biochemical
and neurophysiological analyses of these mutations are underway.
Since these dominant mutations cause strong phenotypic traits, we
expect that the mutated genes will provide new insights into the
elusive pathway regulating sleep/wakefulness. Indeed, through a
systematic cross-comparison of the Sleepy mutants and sleep-
deprived mice, we have recently found that the cumulative
phosphorylation state of a specific set of mostly synaptic proteins
may be the molecular substrate of sleep need (Wang et al. Nature,
558: 435439, 2018). (COIl: No)

Special Lecture6

The Beauty of Physiological Mechanisms in
Skeletal Muscle Function and Fatigue

(March 30, Sat., 17:20-18:10, Room C)

SL6

The Beauty of Physiological Mechanisms in Skeletal
Muscle Function and Fatigue

Graham Douglas Lamb (Department of Physiology, La Trobe
University, Australia)

The almost sole task of skeletal muscle is to contract upon demand,
accurately and repeatedly, enabling fine or powerful movements as
required. Muscle contraction is initiated by action potentials
spreading out from the neuromuscular junction along the muscle
fibre and then into the fine transverse-tubular system, where it
triggers release of calcium from internal stores, the sarcoplasmic
reticulum, and this calcium in turn activates the contractile proteins
to contract. Optimum performance of the system is achieved by a
whole range of exquisite physiological mechanisms that ensure the
reliable spread of the excitation and accurate control of calcium
release despite the severe constraints set by the physical structure of
the muscle fibre and the large ionic and metabolic changes occurring
with repeated highly energetic contractions. Even the inevitable
decline of muscle performance with repeated activity, which we
call ‘muscle fatigue’, is a highly controlled event closely governed
by further specific physiological mechanisms, all acting to ensure
the best functional outcome. (COl: No)
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Special Lecture7

The importance of understanding fetal physiology
for detecting brain injury before birth

(March 30, Sat., 17:20-18:10, Room F)

SL7

The importance of understanding fetal physiology for
detecting brain injury before birth

Laura Bennet (Department of Physiology, The University of
Auckland, Australia)

Hypoxic-ischaemic encephalopathy at birth affects around 1-3/1000
live births at term and upwards of 120/1000 live preterm births.
Preterm infants in particular are at significant risk for impaired
neurodevelopment, which is underpinned by both brain injury and
altered development of the neural network. While very preterm
babies are most at risk, even late or near-term babies have an
increased risk for cognitive and behavioural problems. Importantly,
it is increasingly recognised that many adverse events that cause
brain injury or impaired brain development, such as hypoxia, can
occur well before birth. Clinical evidence suggests, for example,
that many cases of cerebral palsy, in children born term and preterm,
have their origins in fetal life. Detecting these at risk babies, even
before birth, is critical for early implementation of neuroprotection
and neurorepair treatments. This talk will present research on how
perinatal brain injury evolves after adverse events such as hypoxia
and inflammation, and how knowing the timing of an insult is
important for effective treatment strategies. The presentation will
explore how the fetus adapts to injurious insults and how fetal
adaptation can be altered by combinations of insults and clinical
therapies. Potential perinatal neuroprotection and repair strategies
will be discussed as well as methods for detecting evolving brain
injury before birth, such as fetal heart rate, fetal behaviour and fetal
circadian rhythms. (COl: Properly Declared)

Special Lecture8
The Sunao Tawara Memorial Lecture

Mitochondria in fetal programming of
metabolic syndrome-associated end
organ dysfunctions in adults

(March 31, Sun., 9:40-10:30, Room A)

SL8

Mitochondria in fetal programming of metabolic syndrome-
associated end organ dysfunctions in adults

Julie Yh Chan'; Yung-Mei Chao'; You-Lin Tain? ('Institute for
Translational Research in Biomedicine, Kaohsiung Chang Gung
Memorial Hospital, Taiwan, *Department of Pediatric Nephrology,
Kaohsing Chang Gung Memorial Hospital, Taiwan)

Compelling evidence suggests that adult metabolic syndrome
(MetS) may originate from a suboptimal intrauterine environment
that affects fetal and infant development and alters the risk profile
for disease later in life. This process is referred to as fetal
programming of adult disease. Our laboratory has demonstrated
that cardiac and kidney dysfunctions are associated with MetS in
adult offspring to maternal caloric restriction, high fructose or fat
diet, and diabetes. The pathologic mechanisms for the fetal
programming of MetS-associated end organ dysfunction are
multifactorial but altered mitochondrial integrity and function is the
key culprit for structural changes and/or functional deficiency in
adult offspring. In particular, exposure to maternal high fructose
during fetal life profoundly affects mitochondrial nutrient sensing
signaling, decreases mitochondrial biogenesis and bioenergetics,
and influences mitochondrial dynamics, leading to augmented
generation of reactive oxygen species, production of
proinflammatory cytokines and promotion of epigenetic changes.
Conversely, interventions that protect mitochondrial integrity or
functions alleviate the biological changes, tissue damage and
functional alterations in offsprings subjected to maternal
malnutrition. Together our data indicate that mitochondria play a
pivotal role in priming the heart and kidney to oxidative stress that
might enhance the risk for MetS-associated cardiovascular disease
in adult offsprings. (COl: No)
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Special Lecture9

Modeling Human Neurological/Psychiatric
Disorders using iPS cells and Transgenic
Non-Human Primates

(March 31, Sun., 9:40-10:30, Room B)

SL9

Modeling Human Neurological/Psychiatric Disorders using
iPS cells and Transgenic Non-Human Primates

Hideyuki Okano (Department of Physiology, Keio University
School of Medicine, Japan)

In order to overcome these difficulties for the investigation of
human psychiatric/psychiatric disorders, we are taking advantage
of iPS cell technologies and transgenic non-human primates for
modeling human psychiatric/psychiatric disorders. So far, we have
established iPS cells from the patients of about 40 human
psychiatric/psychiatric ~ disorders and characterized their
pathophysiology. Using iPSC-technology, we have established a
large number of in vitro cellular models of sporadic ALS (ALS).
These models showed phenotypic differences in their pattern of
neuronal degeneration, types of abnormal protein aggregates, cell
death mechanisms, and onset and progression of these phenotypes
in vitro among cases. We further evaluated multiple-phenotype
rescue of these subclassified SALS models using agents selected
from non-SOD1 FALS models, and identified ropinirole as a
potential therapeutic candidate. Furthermore, for faithfully
modeling the human psychiatric/psychiatric disorders in vivo, we
developed transgenic non-human primates (common marmosets)
with germline transmission. In the present talk, we also wish to
mention our recent data of generation of common marmoset
transgenic models of Parkinson disease. Furthermore, we recently
generated knock-out technologies of common marmoset using
genome editing technologies for the generation of transgenic
marmoset model of autism and psychiatric disorders. (COl:
Properly Declared)
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Local Organizing Committee

Symposium

Symposium1i

Molecular mechanisms of aging

(Co-organized by the Japanese Society of
Anti-Aging Medicine)

(March 29, Fri., 10:00-12:00, Room A)

S1-1

The FGF-Klotho endocrine system and aging

Makoto Kuro-o (Division of Anti-aging Medicine, Center for Molecular Medicine,
Jichi Medical University, Japan)

Phosphate homeostasis in mammals is maintained by the FGF23-Klotho endocrine axis. In
response to phosphate intake, a peptide hormone FGF23 is secreted from the bone and binds to its
receptor Klotho expressed in the kidney to increase urinary phosphate excretion, thereby
maintaining the phosphate balance. Mice lacking FGF23 or Klotho suffer from hyperphosphatemia
due to impaired phosphate excretion, and unexpectedly, from complex phenotypes resembling
human aging. Restoration of the phosphate balance by dietary phosphate restriction rescued them
from the aging-like phenotypes, suggesting that phosphate is regarded as a factor that accelerates
aging. Because the blood is super-saturated solution in terms of phosphate and calcium ions,
increase in the serum phosphate level can trigger precipitation of calcium phosphate. Calcium
phosphate binds to serum protein fetuin-A and form colloidal nanoparticles called calciprotein
particles (CPP). CPP has the activity that induces cell death in vascular endothelial cells,
calcification in vascular smooth muscle cells, and innate immune responses in macrophages. CPP
levels in the blood are increased in mice lacking Klotho and in patients with chronic kidney
disease (CKD), both suffer from accelerated aging. We propose that CPP is a pathogen of aging
and thus a potential therapeutic target for age-associated disorders including arteriosclerosis,
chronic non-infectious inflammation, and CKD. (COI: Properly Declared)

S1-2

The roles and mechanisms of SASP in aging and
cancer

Eiji Hara'? ('Research Institute for Microbial Diseases, Osaka University, Japan
2Immunology Frontier Research Center, Osaka University, Japan)

Over the last few decades, it has become apparent that oncogenic proliferative signals are coupled
to a variety of growth inhibitory responses, such as the induction of apoptotic cell death or
irreversible cell cycle arrest known as “cellular senescence”. Thus, both apoptosis and cellular
senescence are thought to act as important tumor suppression mechanisms. Unlike apoptotic
cells, however, senescent cells remain viable for long periods of time and accumulate with
increasing age in various organs and tissues in vivo. Moreover, recent studies reveal that although
cellular senescence initially functions as a tumor suppressive process through implementation of
stable cell cycle arrest, it may eventually promote chronic inflammation through secretion of
various pro-inflammatory factors called “senescence associated secretory phenotype (SASP)”. It
is therefore quite possible that accumulation of senescent cells during the aging process in vivo
may contribute to age-associated increases of various inflammatory disorders, such as cancer.
Here, I introduce our recent work on molecular and cellular biology of cellular senescence,
focusing on its positive and negative roles in controlling cancer development. We believe that a
better understanding of the molecular mechanisms involved will lead to new strategies for the
prevention of aging-associated cancer. (COIl: No)

S1-3

Necroptosis promotes the Aging of the Male
Reproductive System in Mice and Man

Xiaodong Wang; Dianrong Li; Lingjun Meng; Tao Xu; Yaning Su;
Xiao Liu; Zhiyuan Zhang (National Institute of Biological Sciences, China)

Necroptosis is a form of regulated necrotic cell death in mammals that is executed by a
pseudokinase named mixed lineage kinase-domain like protein MLKL. Upon necroptosis
induction mediated by the tumor necrosis factor family of cytokines, a pair of kinases, RIP1 and
RIP3, become activated and RIP3 kinase then phosphorylates MLKL at specific sites within its
pseudokinase domain to cause MLKL activation and cell death. Recently, our laboratory
discovered that male reproductive organs of necroptosis defective mice retain “youthful”
morphology and function into advanced age, while those of age-matched wild type mice
morphologically and functionally deteriorate. The RIP3 phosphorylation of MLKL, the activation
marker of necroptosis, is detected in spermatogonial stem cells and Sertoli cells in the seminiferous
tubules in testis of old but not in young wild type mice. Similar observation was also made in old
but not in young men. Moreover, feeding of wild type mice with an RIP1 inhibitor prior to the
normal onset of age-related changes in their reproductive organs blocked the appearance of signs
of aging. However, the offspring of these old male mice showed a variety of birth defects,
possibly due to damages still happened in their DNA. We therefore propose that testis aging is
controlled by a necroptosis-mediated program that effectively eliminates damaged DNA
accumulated during the animal aging process from the reproductive pool of animal species. (COI:
No)

S1-4

Significance of NAD/Sirtuins in Non-Communicable
Diseases (NCD) and Metabo-Aging

Hiroshi Itoh (Department of Endocrinology, Metabolism and Nephrology School of
Medicine, Keio University, Japan)

I proposed the clinical concept of “Metabolic domino”, which illustrates the whole picture of
cause, pathophysiology and complication of metabolic syndrome. Cancers are known to
frequently occur in Metabolic domino, and these diseases are collectively called, “Non-
Communicable Diseases (NCD). NAD-dependent deacetylases, Sirtuins are responsible for life
span expansion, which indicates that energy metabolism and epigenetic gene regulation are
significant for longevity (“metabo-aging”). The tissue concentration of NAD and/or its precursor,
nicotinamide mononucleotide (NMN) is crucial for Sirtuin activation. We have reported that in
diabetic nephropathy, the decrease of Sirt 1 in the proximal renal tubules by high blood glucose is
the first event, which triggers the decrease of Sirtl in podocyte via the decreased delivery of NMN
from the tubules to podocytes. The decrease of Sirtl in podocytes induces up-regulation of
Claudin 1 epigenetically and causes albuminuria (Nat Med 2013). Down-regulation of Sirtl
expression by high glucose is mediated by the increased uptake of glucose via SGLT (sodium-
glucose co-transporter) 2 and stimulates renal gluconeogenesis (Sci Rep 2018). We also observed
that renal proximal tubules-specific iNampt knock-out mice exhibit severe renal fibrosis. NAD/
Sirtuins is, thus, the appropriate target for the “pre-emptive medicine” of NCD. The clinical study
to investigate the effect of orally-administered NMN has started in Keio University. (COl:
Properly Declared)
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Local Organizing Committee

Symposium

Symposium2

Thermal biology: A new world of life science

(whole day symposium) part I

(Co-organized by Grant-in-Aid for Scientific Research on
Innovative Areas ‘Thermal Biology’ of MEXT, Japan)

(March 29, Fri., 10:00-12:00, Room B)

S2-1

Physiological Significance of Thermosensitive TRP
Channels

Makoto Tominaga‘ 2 (!Division of Cell Signaling, National Institute for
Physiological Sciences, Japan, *Thermal Biology Group, Exploratory Research Center
on Life and Living Systems, Japan)

TRP (transient receptor potential) channels are non-selective cation channels having relatively
high Ca*'permeability, and comprise six related protein families (TRPC, TRPV, TRPM, TRPA,
TRPML, TRPP) in mammals. One subunit of the TRP channel is composed of six transmembrane
domains and a pore region with both amino and carboxyl termini on the cytosolic side. Among the
huge TRP super family of ion channels, some have been proven to be involved in thermosensation
detecting ambient temperatures from cold to hot. There are now eleven thermosensitive TRP
channels (TRPV1, TRPV2, TRPV3, TRPV4, TRPM2, TRPM3, TRPM4, TRPMS, TRPMS,
TRPAI and TRPCS) with distinct temperature thresholds for their activation. Structures of
TRPVI1, TRPV2, TRPV3, TRPV4, TRPM2, TRPM4, TRPMS and TRPA1 have been clarified in
the last several years mainly with single particle analysis with cryoEM. We found that some
thermosensitive TRP channels make a complex with Ca*"-activated chloride channel, anoctaminl
(ANOLI). Interaction between TRPV4 and ANOL is involved in water efflux in choroid plexus,
salivary gland and lacrimal grand epithelial cells. And TRPV1 (TRPA1)/ANOI interaction was
found to be involved in the enhancement of nociceptive signals through further depolarization
upon chloride efflux in peripheral sensory neurons. This interaction could be one of the reasons
why TRP channels have high Ca*'permeability. (COIl: No)

S2-2

Imaging intracellular temperature unveils thermal
signaling in single cells

Kohki Okabe'? (!Graduate School of Pharmaceutical Sciences, University of
Tokyo, Japan, *PRESTO, JST, Japan)

Temperature, a key regulator of biochemical reactions, influences many physiological functions
of organisms. Recent progress in intracellular thermometry shows temporal and spatial variation
associated with cellular functions, shedding light on an intriguing hypothesis: temperature change
inside of a cell is essentially involved in cell functions. Considering this, we have been
investigating how intracellular temperature mediates cell functions, which we call intracellular
thermal signaling. We first developed a novel method to visualize intracellular temperature
distribution using a fluorescent polymeric thermometer. The images of intracellular temperature
distribution of COS?7 cells indicated an interesting temperature gradient observed between the
nucleus and the cytoplasm at the steady-state and the local temperature change provoked by
endogenous heat production from mitochondria. Furthermore, the introduction of a simple and
artificial heat source using infra-red (IR) laser irradiation allowed transient and quantitative
heating in single living cells. By the manipulation of local temperature inside living cells, we have
also revealed a unique cellular response including acute translation reprogramming through RNA
granule formation, revealing the existence of this intracellular thermal signaling. These results
propose a novel principle of intracellular signal transduction, which will be of great significance
in thermal biology. (COI: No)

S2-3

Transient intracellular acidification regulates the core
transcriptional heat shock response

David Allan Drummond?'; Catherine G Triandafillou?;

Christopher D Katanski'; Aaron R Dinner ( Department of Biochemistry
and Molecular Biology, The University of Chicago, USA; *Graduate Program in
Biophysical Sciences, The University of Chicago, USA; *Department of Chemistry and
the James Franck Institute, The University of Chicago, USA)

Cellular stress induces rapid expression of genes encoding molecular chaperones. Stress also
triggers transient intracellular acidification which, by unknown mechanisms, is broadly associated
with increased stress resistance in eukaryotes. Here, using budding yeast as a model, we discover
that preventing cells from transiently acidifying during heat shock compromises induction of
molecular chaperones and fitness. Both acidification and subsequent restoration of intracellular
pH are required for robust chaperone induction, with pH recovery and chaperone production
predicting resumption of division in single cells. Failure to acidify specifically suppresses genes
regulated by the conserved heat shock transcription factor Hsfl, which is repressed by chaperones
under non-stress conditions. The failure of heat to induce the heat shock response without
concomitant acidification implicates pH-sensitive stress-sensing proteins in recruiting chaperone
repressors to activate Hsfl under physiological conditions. Our findings reveal a central, causal
role for intracellular pH in the eukaryotic transcriptional stress response. (COIl: No)
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Gastrointestinal microbiome and
immunophysiology (CPS, Taiwan)

(March 29, Fri., 10:00-12:00, Room C)

S3-1

Metabologenomic approach reveals the function of gut
microbiota in health and disease

Shinji Fukuda'-2345 (!nstitute for Advanced Biosciences, Keio University, Japan;
’PRESTO, Japan Science and Technology Agency (JST), *Kanagawa Institute of
Industrial Science and Technology (KISTEC-KAST), *Transborder Medical Research
Center, University of Tsukuba; *Metabologenomics, Inc., Japan)

The gut microbiota form a highly complex ecological community together with host intestinal
cells. The so-called gut ecosystem has a profound influence on human physiology, immunology,
and nutrition. It has been reported that imbalance in the structure of gut ecosystem could be a risk
factor in human disorders including not merely gut-associated diseases but also systemic
disorders. However, the molecular mechanisms of the host-microbial crosstalk remain obscure.
To this end, we firstly established a highly integrated metagenomic and metabolomic approaches,
metabologenomics, and found that acetate produced from carbohydrate metabolism by probiotic
bifidobacteria largely contributes to the protection of mice from enterohaemorrhagic E. coli
0O157:H7 lethal infection through enhancement of gut epithelial barrier function. In addition, we
showed that butyrate produced from dietary fiber metabolism by microbial order Clostridiales
progresses the induction of regulatory T cell differentiation from naive T cells through epigenetic
modification, which suppress colonic inflammation. Moreover, metabologenomic approach
revealed that succinate produced from neonate gut microbiota mediates Clostridiales colonization
followed by protection against enteropathogenic infection. Taken together, gut microbiota-
derived metabolites are considered to be crucial factors to shape host physiological homeostasis.
(COI: Properly Declared)

S3-2

Pathophysiology of the gut microbiota in digestive
diseases

Sunny Hei Wong"?® (‘Department of Medicine and Therapeutics, Faculty of
Medicine, The Chinese University of Hong Kong, China, *Li Ka Shing Institute of
Health Sciences, The Chinese University of Hong Kong; ’Institute of Digestive
Disease, The Chinese University of Hong Kong, Hong Kong)

Micro-organisms have contributed to the etiology of many diseases, including infectious diseases
but also metabolic, inflammatory and neoplastic diseases. Some of these diseases occur in the
digestive tract, such as inflammatory bowel diseases, colorectal cancer and gastric cancer. With
the advent of sequencing technology and bioinformatics, we now understand our microbiome in
an unprecedented resolution; whereas gnotobiotic and transgenic animal studies allow us to
dissect the functional role of these microbes. These work have shown a distinct pattern of
microbial composition in the gut of diseased patients, and evaluated putative candidate bacteria
involved in the pathogenesis. In this talk, I will share on the importance of gut microbiome in
these digestive diseases, as well as recent insight into the pathogenic mechanisms from the gut
microbiome. I would also discuss potential clinical implications of these recent findings. (COI:
No)

S3-3

Microbiota dysbiosis and immune abnormality in
colorectal carcinogenesis

Linda Chia-Hui Yu (National Taiwan University College of Medicine, Taiwan)

An ecosystem of microorganisms habituates the human intestinal tract which is defined as the gut
microbiota, composed of bacteria, archaea, virus, and fungi. The gut microbiota is involved in the
maintenance of intestinal homeostasis, and abnormality in the microbial composition (termed
dysbiosis) played a crucial role in colorectal tumorigenesis. A two-hit theory that involves
aberrant host immune signals recognizing the dysbiotic bacterial contents has been proposed in
carcinogenesis. I will discuss the specific roles from the host and bacterial side that lead to colon
tumor formation. From the host’s side, intestinal epithelial CD14/TLR4-mediated innate signaling
after recognizing bacterial lipopolysaccharide was responsible for antagonistic regulation of cell
death and proliferation, two of the major hallmarks of cancers. From the microbial side,
tumorigenic bacteria with transmissible properties, mucosal-association, and Gram-negative
characteristics were identified in experimental models of colitis-associated colon cancer models.
The characterization of virulence factors related to epithelial genotoxicity and signaling had
provided mechanistic insights into host-microbe interaction for tumor progression. Our
understanding of the two-hit mechanistic interplay between host and bacteria will shed light to the
development of novel strategies for management of colon cancers. (COIl: No)

S$3-4

Microbiota biofilm dysbiosis and pathobiont release
induced by enteropathogens or in IBD

Andre G. Buret (Biological Sciences, Inflammation Research Network, Canada)

Abnormalities in the commensal gut microbiome (dysbiosis) contribute to the pathogenesis of
Inflammatory Bowel Disease (IBD) and a variety of other disorders. Functional abnormalities of
the dysbiotic microbiota and the formation of pathobionts remain incompletely understood. Gut
microbiota live on the intestinal mucus as poly-microbial communities called “biofilms”. Beyond
abnormalities in their taxonomic representations, a better understanding of how disruptions in
these commensal mucosal biofilm communities are regulated will pave the way towards new
therapies.

Dietary iron supplementation leads to disease exacerbation and a higher risk of infection in IBD,
via unclear mechanisms. Iron uptake is known to facilitate the expression of virulence in bacteria.
AIM: to characterize iron-dependent mechanisms that promote pathobiont release from dysbiotic
microbiota biofilms induced by enteropathogens, or in IBD, and to test whether a hydrogen
sulfide (H,S)-releasing compound (ATB-429) could selectively correct this microbiota dysbiosis.
These findings highlight a new pathogenic mechanism of pathobiont dispersion from microbiota
biofilms. Results also demonstrate that ATB-429 inhibits the development of pathobionts from
microbiota biofilms through iron chelation, restoring microbiome biofilm and mucus homeostasis,
and reducing inflammation, all critical hallmarks of IBD. (COI: No)
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Teaching physiology; International perspectives
(whole day symposium) part I
(March 29, Fri., 10:00-12:00, Room D)

S4-1

Role that the ‘step-by-step study of life sciences’ may
play in health-related higher education

Masato Shibuya'?; Kaname Higuchi'?; Toshikazu Yamashita??®
('Dept Physiol, Kagawa Nutrition Jr Col, Tokyo Japan, Japan; *Dept Applied Physiol,
Kagawa Nutrition Univ, Saitama Japan, *Life Science Education Sharing Group,
Japan)

An innovative educational material on human life science was designed, including 3 features: 1)
The entire material is presented in very small steps. For example, typical introductory figure on
the circulatory system is divided into 20 steps and figures. 2) Straight-forward illustrations and
animations are presented making it easier to understand the mechanism of various functions. This
was done in part by using different types of arrows with different meanings such as movement,
chemical changes, increase and decrease. 3) Simple multi-choice questions are presented
allowing learners to self-test their understanding. The materials were installed onto Moodle,
making it possible to give online tests using randomized questions and to record/monitor progress.
The system and materials were used to enforce self-study and group studying. An anonymous
survey showed that the material, the opportunity for self-study, and the class settings were
effective and favored by the students. (COI: No)

S4-2

Team-based Learning - the backbone of medical
education in LKCMedicine

Fabian C.l. Lim (Lee Kong Chian School of Medicine, Nanyang Technological
University, Singapore)

Lee Kong Chian School of Medicine (LKCMedicine) is a joint medical school by Nanyang
Technological University, Singapore, and Imperial College London.

One unique feature of the curriculum in LKCMedicine is the application of “Team-based
Learning” (TBL) as our core pedagogy in the delivery of the curriculum. All lectures in the 5-year
programme are delivered using the TBL format, which focuses on self-directed learning and
research and the collective knowledge of the team, and class, to arrive at a solution. Such a
pedagogy exposes the students to effective problem solving in the working environment i.e.,
strong foundation in biomedical science, research, team debates and discussions, and the delivery
of solutions.

The students download and listen to online lecture materials before attending the TBL session.
Each TBL sessions goes from 0830h - 1730h and begins with an individual assessment, followed
by team-based assessments using the same set of MCQ questions. The students then put up
“burning questions” to seek clarifications on lecture materials or assessment questions /answers,
which are opened to the class to answer. The facilitators, comprising clinicians and scientists, will
guide the discussions or supplement the information to address these questions in depth. The
second half of the day is spend on application exercise conducted at the team-level. All
assessments and application exercises are graded as part of the final scores in the semester. (COI:
No)

S4-3

The role of Indonesian Physiology Society to improve
physiology teaching in Indonesia
Adrianta Surjadhana (Department of Physiology, Ciputra University, Indonesia)

The Indonesian Physiology Society (IPS) was built in 1964 at Yogyakarta and is a national
professional organization for physiologists. The mission of IPS is to improve physiology
education besides research and social services.Our members are medical doctors from the 84
medical schools in Indonesia ,besides that there are members working at the veterinary,dental
,pharmacy and other health sciences .Since Indonesia is a wide spread country with many islands
; which is a geographic problem, also the newer medical schools have few lecturers and less
teaching experience.A faculty development program from the IPS to improve the quality of
teaching physiology is a must.Activities that help these programs, include to have national IPS
meeting for teaching physiology, making national learning objectives for teaching physiology,
workshops on teaching, dry lab and computer simulations to replace the wet lab experiments,
sending staff to abroad to get fellowships for teaching physiology, student physiology Olympiad,
translating English physiology textbooks to Indonesian language. With the use of new technology
we have What’s App groups for teaching physiology where we could discuss important issues that
the students face, difficult concept and also Zoom teleconferences among our members.The IPS
is proud to and thankful for the dedicated members who helped the IPS tasks to improve
physiology education in Indonesia.

Keywords : Indonesian Physiology Society, faculty development (COIl: No)

S4-4
Ethical Teaching: A Dilemma in Medical Education

Arif Siddiqui1; Kusal Kanti DaSZ(’Barrett Hodgson University, Pakistan;
’BLDE University, India)

The ethical underpinnings of professional sessions like meeting, training and workshops cover
faculty activities like research ethics, publication ethics and clinical ethics but it hardly discusses
issues of Ethical Teaching. An equivalent emphasis on incorporating sound ethical approaches in
teaching has yet to be established. Academic sessions specific to teaching physiology also
generally focus on the mechanics and philosophy of teaching, but hardly ever touch the issues of
Ethical Teaching.

Teachers are the greatest assets of any education system. They stand in the interface of
transmission of knowledge, skills and values. It is not that easy to become an ‘ethical teacher’ as
there are very few guidelines or rules that are available which could be followed as principles on
ethical teaching. Certain issues pertaining to ethical teaching are based on academic honesty
between teachers and student may destroy the fabric of sanctity of medical profession whereas
other based on laws, such as sexual harassment and discrimination. Beyond these, there are many
issues that medical faculty members may face, as these are quite different by nature as compared
to clinical ethics or research ethics. The session is intended to be a resource for educators to help
discuss, recognize and analyze situations that could result in public and professional harm. (COI:
No)
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S5-1

Calcium-sensing receptor and PDGF signals on
vascular remodeling in pulmonary hypertension

Aya Yamamura; Motohiko Sato (Department of Physiology, Aichi Medical
University, Japan)

Aim: Pulmonary arterial hypertension (PAH) is a progressive and fatal disease of the pulmonary
artery. We previously reported that the calcium-sensing receptor (CaSR) is upregulated in
pulmonary arterial smooth muscle cells (PASMCs) from idiopathic pulmonary arterial
hypertension (IPAH) patients. However, the mechanisms have not yet been elucidated. In the
present study, we demonstrate that platelet-derived growth factor (PDGF) promotes CaSR
expression and thereafter facilitates vascular remodeling in PASMCs.

Results: The expression of PDGF receptors was stronger in IPAH-PASMCs than in normal-
PASMCs. The phosphorylation of PDGF receptors by PDGF was longer lasting in IPAH-
PASMCs. The phosphorylation levels of the downstream pathways were also higher in IPAH-
PASMCs. The PDGF-induced CaSR upregulation was attenuated by the siRNA knockdown of
PDGEF receptors, STAT1/3, or imatinib. In monocrotaline-induced pulmonary hypertensive rats,
imatinib reduced the CaSR upregulation, thereby improving the pathological state of pulmonary
hypertension. The combination of NPS2143 and imatinib acted additively to inhibit the
development of pulmonary hypertension.

Conclusion: The present results suggest that enhanced PDGF signaling is involved in the CaSR
upregulation, leading to vascular remodeling due to excessive proliferation of IPAH-PASMCs.
The crosslink between CaSR and PDGF signals is a novel pathophysiological mechanism
contributing to the development of PAH. (COl: No)

S5-2

Relationship between Physical Stimulus and Cardiac
Remodeling

Masanari Umemura; Masatoshi Narikawa; Ryo Tanaka;
Yoshihiro Ishikawa (Cardiovascular Research Institute, Yokohama City
University Graduate School of Medicine, Japan)

Mechanical stimulus and humoral factors may contribute to not only enlargement of cardiac
myocytes, but also to activation and proliferation of cardiac fibroblasts, and differentiation of
cardiac fibroblasts into myofibroblasts, which synthesize larger amounts of extracellular matrix
(ECM), resulting in cardiac hypertrophy, excessive accumulation of ECM, and cardiac fibrosis.
However, the function and cellular signaling pathway of physical stimulus in cardiac fibroblast
remain elusive. We evaluated the effect of hyperthermia and compressive force, i.e. hydrostatic
pressure (HP) in human cardiac fibroblast (HCFs). Hyperthermia (42 °C) inhibited the TGF-b-
induced IL-6 production and a-SMA expression. Moreover, hyperthermia treatment prevented
cardiac fibrosis in Ang II infusion mice model. Our results showed that hyperthermia directly
inhibited the TGF-b-induced differentiation from fibroblast to the myofibroblast phenotype in
HCFs and cardiac fibrosis in mice model. In contrast, we also evaluated the effects of HP using a
pressure-loading apparatus in HCFs. High HP (200 mmHg) resulted in phosphorylation of Akt.
HP then greatly inhibited glycogen synthase kinase 3 (GSK-3). HP inhibited collagen matrix
production in a three-dimensional HCF culture. Our finding suggested that HP under a certain
condition suppressed cardiac fibrosis via Akt/GSK-3 signaling in HCFs. We concluded that
regulation of physical stimulus may be applicable to the prevention of cardiac fibrosis. (COI:
Properly Declared)

S5-3

The Neuro-Mechanical unloading limits the infarct size
and prevents subsequent heart failure

Keita Saku (Department of Advanced Risk Stratification for Cardiovascular
Disease, Center for Disruptive Cardiovascular Medicine, Kyushu University, Japan)

Acute myocardial infarction (AMI) is the major cause of heart failure. It is well known that
reducing the infarct size in AMI leads to attenuate the occurrence of subsequent heart failure. Left
ventricular (LV) assist device (LVAD) mechanically unloads the heart, thereby decreases
myocardial oxygen consumption. Vagal nerve stimulation (VNS) restores normal autonomic
balance and exerts powerful anti-infarct effects. We examined whether the combination of LVAD
and VNS in AMI limits the infarct size and prevents heart failure in the long term. We allocated
24 dogs into 4 groups, IR (no treatment group, n=7), LVAD (n=6), VNS (n=4) and LVAD+VNS
(n=5). We occluded left anterior descending coronary artery for 180 minutes then reperfused.
Each treatment was initiated from 90 minutes after the onset of ischemia and terminated to 60
minutes after reperfusion. LVAD+VNS strikingly reduced the infarct size by more than 70% (IR:
13.3£2.5, LVAD: 8.742.9, VNS: 5.8+4.7, LVAD+VNS: 2.9£1.3 %, p<0.05). In addition,
LVAD+VNS fully normalized LV end-systolic elastance and LV end-diastolic pressure. In
conclusions, the combination of LVAD and VNS, neuro-mechanical unloading, in AMI
synergistically reduces the infarct size and prevents heart failure in the long term. In this session,
we will also introduce our approach to translate this therapeutic strategy into clinical by the
catheter LAVD (Impella®) and intravenous VNS technic (iVNS). (COI: Properly Declared)

S5-4

Long noncoding RNAs: emerging players in cardiac
electrical and structural remodeling

Yong Zhang; Ying Zhang; Lei Jiao; Lina Xuan; Xin Liu;

Baofeng Yang (Department of Pharmacology, Harbin Medical University, China)

Cardiac remodeling results in poor prognosis because of its association with ventricular
dysfunction and malignant arrhythmias. We firstly performed the microarray profiling and
bioinformatics analyses of long non-coding RNAs (IncRNAs) in a mouse model of heart failure
(HF) characterized by cardiac remodeling. Then we measured the levels of selected IncRNAs
with high profiles linking to cardiac dysfunction in clinical samples. We found that circulating
level of ZFAS1 was markedly lower in AMI than in non-AMI subjects. While CCRR is decreased
in patients with HF. Then we identified ZFAS1 as a inhibitor of SERCA2a by binding to
SERCA2a protein. Abnormally increased ZFAS1 in MI impaired cardiac function. Most
prominently, we identified a conserved functional domain of ZFASI1, which is much shorter and
responsible for its deleterious effects. Moreover, we found CCRR silencing induced arrhythmias
by destruction of intercalated discs and gap junctions to slow longitudinal cardiac conduction in
healthy mice. CCRR overexpression improves cardiac conduction by blocking endocytic
trafficking of connexin43 (Cx43) to prevent its degradation via binding to Cx43-interacting
protein CIP85. We identified the functional domain of CCRR, which can reproduce the functional
roles of full-length CCRR. Our studies suggest ZFAS1 and CCRR play pivotal roles in cardiac
remodeling, provides therapeutic strategy for ameliorating cardiac dysfunction. (COl: No)
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Symposium6

Facilitation of Recovery of Motor Function After
Paralysis
(Co-sponsored by Uno Hospital)

(March 29, Fri., 10:00-12:00, Room F)

S6-1

CRMP2 Binding Compound, Edonerpic Maleate,
Accelerates Motor Function Recovery from Brain
Damage

Takuya Takahashi (Department of Physiology Yokohama City University, Japan)

Brain damage such as stroke is a devastating neurological condition, which may severely
compromise patient quality of life. No effective medication-mediated intervention to accelerate
rehabilitation has been established. We found that a small compound, edonerpic-maleate,
facilitated experience-driven synaptic glutamate AMPA (a-amino-3-hydroxy-5-methyl-4-
isoxazole-propionic-acid) receptor delivery and resulted in the acceleration of motor function
recovery after motor cortex cryoinjury in mice in a training-dependent manner through cortical
reorganization. Edonerpic bound to collapsin-response-mediator-protein 2 (CRMP2) and failed to
augment recovery in CRMP2-deficient mice. Edonerpic-maleate enhanced motor function
recovery from internal capsule hemorrhage in non-human primates. Thus, edonerpic-maleate, a
neural plasticity enhancer, could be a clinically potent small compound to accelerate rehabilitation
after brain damage. (COI: Properly Declared)

S6-2
Bypassing damaged neural pathways via a neural
interface

Yukio Nishimura (Neural Prosthesis Project, Tokyo Metropolitan Institute of
Medical Science, Japan)

Functional loss of limb control in individuals with spinal cord injury or stroke can be caused by
transection of descending pathways those connects cortical to spinal network, although neural
circuits locate above and below the impaired site remains their function. I will show an artificial
neuronal connection (ANC) that bridges supra-spinal system and spinal network beyond the
lesion site restore lost function. The ANC was produced by a computer interface that can detect
the neural activity and converted in real-time to activity-contingent electrical stimuli delivered to
nervous system. A promising application is to bridge impaired biological connections, a paradigm
that was demonstrated for cortically controlled electrical stimulation of paralyzed forearm
muscles. ANC have clinical potential for restoring walking ability in patients with spinal cord
injury. A clinical application of the ANC is the volitional walking in could be restored by muscle-
controlled non-invasive magnetic stimulation to lumbar spinal cord. Patients with severe SCI
could regain voluntarily-controlled walking which are initiate, stop walking and change the step
cycles through ANC. These paradigms have numerous potential applications, depending on the
input signals, the computed transform and the output targets. (COl: Properly Declared)

S6-3

Repetitive facilitation exercise with non-invasive
stimulation for recovery of hemiplegia

Seiji Etoh; Megumi Shimodozono; Kazumi Kawahira (Department of
Rehabilitation and Physical Medicine, Kagoshima University Graduate School of
Medical and Dental Sciences, Japan)

It is thought that increases in the number of repetitions involved in rehabilitation of hemiplegic
limbs are associated with improved functional outcome. The repetitive facilitation exercises
(RFE) give sufficient physical stimulation to elevate the level of excitation of the corresponding
injured descending motor tracts and it allows the patient to initiate movements of the hemiplegic
limbs in response to his/her intention. RFE is more effective than conventional rehabilitation in
improving hemiplegic upper limb function.

Neuromuscular electrical stimulation (NMES) over the hemiparetic limbs can facilitate excitation
of the affected motor areas and enhance the recovery of motor dysfunction. RFE under NMES is
more effective than conventional rehabilitation for lessening arm impairment. Downregulation of
the contralesional motor cortex by 1Hz repetitive transcranial magnetic stimulation (rTMS)
decrease the transcallosal inhibition from the contralesional to the ipsilesional motor cortex, and
thus facilitate recovery after stroke. 1Hz rTMS facilitated the effects of RFE in improving motor
function of the affected upper limb. NMES combined with rTMS also facilitate the beneficial
effects of RFE. The Direct application of vibratory stimuli (DAViS) that delivered to the spastic
muscles induces improvements in clinical spasticity which prevents the functional recovery. RFE
with these non-invasive stimulations can be an effective approach for functional recovery of
hemiplegic limbs. (COI: No)

S6-4

Predicting motor outcomes for individual patients after
stroke

Marie-Claire Smith; Cathy Maree Stinear (Department of Medicine,
University of Auckland, New Zealand)

Recovery of motor function after stroke is crucial for regaining independence. However, making
accurate predictions of an individual patient’s motor outcome is difficult when based on clinical
assessment alone. Combining clinical assessment, neurophysiological and neuroimaging
biomarkers of corticomotor structure and function can help to predict motor outcome after stroke.
These combined biomarkers provide clinically useful information for planning the personalised
rehabilitation of a patient. Biomarkers can also be used for patient selection and stratification in
trials investigating rehabilitation interventions that are initiated early after stroke, potentially
improving their sensitivity and efficiency. (COI: No)
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From synaptic and network plasticity to behavior
(CAPS, China)

(March 29, Fri., 10:00-12:00, Room G)

S7-1

Fear extinction requires ASIC1a-dependent regulation
of hippocampal-prefrontal correlates

Tian-Le Xu; Qin Wang; Qi Wang; Wei-Guang Li (Collaborative
Innovation Center for Brain Science, Department of Anatomy and Physiology,
Shanghai Jiao Tong University School of Medicine, China)

Extinction of conditioned fear necessitates the dynamic involvement of hippocampus, medial
prefrontal cortex (mPFC), and basolateral amygdala (BLA), but key molecular players that
regulate these circuits to achieve fear extinction remain largely unknown. Here, we report that
acid-sensing ion channel 1a (ASICla) is a crucial molecular regulator of fear extinction, and this
function requires ASICla in ventral hippocampus (VHPC), but not dorsal hippocampus, mPFC, or
BLA. While genetic disruption or pharmacological inhibition of ASICla in vHPC attenuated the
extinction of conditioned fear, overexpression of the channel in this area promoted fear extinction.
Channelrhodopsin-2-assisted circuit mapping revealed that fear extinction involved an ASICla-
dependent modification of the long-range hippocampal-prefrontal correlates in a projection-
specific manner. Gene expression profiling analysis and validating experiments identified the Fos,
Npas4, and Bdnf as the potential mediators of ASICla regulation of fear extinction.
Mechanistically, genetic overexpression of brain-derived neurotrophic factor (BDNF) in vHPC or
supplement of BDNF protein in mPFC both rescued the deficiency in fear extinction and the
deficits on extinction-driven adaptations of hippocampal-prefrontal correlates caused by the
Asicla gene inactivation in vVHPC. Together, these results establish ASICla as a critical
constituent in fear extinction circuits and thus a promising target for managing adaptive behaviors.

(COI: No)

S7-2

How does social conflict affect the synaptic plasticity in
habenulo-interpeduncular pathway?

Hitoshi Okamoto (Lab. for Neural Circuit Dynamics of Decision Making, RIKEN
Center for Brain Science, Japan)

Nicotine stabilizes emotion. Although nicotine activates brain acetylcholine (ACh) systems, little
is known about the mechanisms how to stabilize emotions. We previously identified two
subregions of the dorsal habenula (dHb) in zebrafish that antagonisticallyregulate the outcome of
conflict. Silencing of the dHbL or medial subregion of dHb (dHbM) caused a stronger
predisposition to lose or win a fight, respectively. These results demonstrated that the dHbL and
dHbM comprise a dual control system for conflict resolution of social aggression. In mouse, the
dorsal and ventral subregions of the medial habenula (dMHb and vMHD) are the direct
evolutionary homolog of the dHbL and dHbM in zebrafish. The neurons in the vMHD projecting
to the IPN use both glutamate and acetylcholine as co-neurotransmitters. Here we show that a loss
of cholinergic neurotransmission from the ventral part of the medial habenula (vMHDb) to the
interpeduncular nucleus (IPN) prevented surrender and allowed mice to overcome physically
stronger opponents in instantaneous social conflicts. Conversely, mice in which the vMHb-IPN
pathway was optogenetically activated tended to stop the fight and yield against even gentler
opponents. In this talk, I will put focus on our current study on how the cholinergic transmission
is involved in the neural plasticity in the Hb-IPN pathway which is dependent on the outcome of
social conflict both in zebrafish and mouse. (COIl: Properly Declared)

S7-3

Postnatal refinement of circuit plasticity for spatial
navigation

Ying-Shing Chan; Kenneth Lap-Kei Wu; Wei Shi; Qiu-Fen Jiang;
Chun-Wai Ma; Daisy Kwok-Yan Shum (School of Biomedical Sciences, Li
Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong)

The formation and consolidation of neural networks for a specific function are dependent on
maturation of synaptic elements in the circuit. We hypothesize that synaptic efficacy of vestibular
neurons undergoes postnatal tuning to sharpen spatial coding for the presentation of relevant
behaviors. Whole-cell patch-clamp data from the vestibular nucleus (VN) of neonatal rodents
indicated that endocannabinoid, serotonin and orexin could tune the efficacy of GABA
transmission. The impact of such neuromodulators on postnatal emergence of vestibular-
dependent graviceptive reflex was revealed using specific agonist/antagonist delivered to the
neonatal VN; the deficits in spatial cognition so caused lasted well into adulthood. However,
similar perturbations in juvenile animals posed no effect. To study whether the observed effects
were due to perturbation of GABA circuits, we directly attenuated GABA transmission in the
neonatal VN and found similar behavioral deficits. Optogenetic activation of inhibitory VN
interneurons in these animals revealed permanent reorganization of inhibitory input to projection
neurons. We reason that this underlies derangement of spatial maps in the forebrain of the
experimental animals with spatial cognition deficits. Altogether, we show that neuromodulators
tune GABA transmission and are instrumental in developmental consolidation of the vestibular
circuitry for spatial recognition. /HKRGC-GRF 762313, 17131816, 17113717; NSFC-RCG N_
HKU735/14] (COl: No)

S7-4

Behavioural Impact of Synaptic Kainate Receptor
Protein Levels
Juan Lerma (Instituto de Neurociencias CSIC-UMH, San Juan de Alicante, Spain)

Establishing the adequate receptor number and type at synapses is fundamentally important to
fine tune neuronal communication and brain plasticity associated to learning and memory.
Normally, we tend to think about mutations that alter protein function as a source of disruption of
this process that may lead to disease. However, the vulnerability of neurons to modest changes
(increases or decreases) in levels of normal proteins is an emergent theme in brain disorders and
may provide a new way to understand pathogenesis. Indeed, pervasive brain pathologies can
emerge because of variations in the dosage of certain genes and insertions, deletions, inversions
and duplications may result in loss or gain of protein function. This seems to be the case of kainate
receptors (KARs) and we have addressed this problem in two situations. First, a de novo
duplication of the chromosome 11q23.3—q24.1 locus in which the gene GRIK4 (coding for a high
affinity KAR subunit) lies has been identified in cases of autism, and more recently, a genome-
wide linkage analysis found this gene to be associated to different endophenotypes in
schizophrenia. Animals carrying excess of Grik4 display signs of depression, anxiety and social
impairment, closely reflecting the human endophenotypes associated to autism and schizophrenia.
The synaptic effects of KAR genes overexpression recapitulate functional circuit activity in
humans and may be significant to understand the ethiopathology of human disorders. (COI: No)
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Biophysical mechanisms underlying nano-
vibrations of the sensory epithelium in hearing
organs

(Co-sponsored by the Society for Promotion of International
Oto-Rhino-Laryngology)

(March 29, Fri., 10:00-12:00, Room H)

S8-1

Detection of an atypical motion in cochlear sensory
epithelium

Takeru Ota'?; Fumiaki Nin'?; Samuel Choi??; Hiroshi Hibino'2
(!Department of Molecular Physiology, Niigata University School of Medicine, Japan;
’AMED-CREST, AMED, Japan, *Department of Electrical and Electronics
Engineering, Niigata University, Japan)

Sounds are converted into electrical signals by the cochlea of the inner ear. This process is
triggered by nanoscale vibrations induced in the sensory epithelium inside the organ. In general,
any types of waves are composed of oscillating and/or non-oscillating motions. Whether the latter
occurs in the epithelium in response to acoustic stimuli remains uncertain, because of
methodological limitations in conventional vibrometers. Here we develop an advanced laser
interferometry that simultaneously detects both of the amplitudes of the vibration and mean
position shifts of the object, which represent oscillating and non-oscillating motions, respectively.
The performance of this called “dual Sinusoidal Phase Modulating (SPM)” method was tested
and verified with a piezo-actuator. When a live guinea pig was exposed to acoustic stimuli, the
SPM interferometer quantitively recorded the vibration amplitude of the sensory epithelium as
described elsewhere. An upward baseline shift of several nanometers was also detected. This
reaction was observed with loud sounds of >70 dB, and it was negligible when the animal was
dead. A theoretical approach further suggested that the shift protects the epithelium from injury
induced by strong stimuli. (COIl: No)

S8-2

Sensory tissue motion and hair cell responses in the
base of the gerbil cochlea

Elizabeth Sue Olson'; Clark Elliott Strimbu*; Yi Wang?;

Nathan C Lin®; Elika Fallah? (!Departments of Otolaryngology and Biomedical
Engineering, Columbia University, USA; *Department of Biomedical Engineering,
Columbia University, USA, *Department of Electrical Engineering, Columbia
University, USA; *Department of Otolaryngology, Columbia University, USA)

An important open question of cochlear mechanics is how the cochlear amplifier works at the
right frequencies for a given location. This frequency/location tuning of amplification produces
the impressive nonlinear enhancement of peak responses in mid- and basal-cochlear locations.
Recent measurements of motion responses within the organ of Corti, made with Phase Sensitive
Optical Coherence Tomography (PS-OCT), go beyond the already well-studied basilar membrane
motion, to observe motions within the organ of Corti. A key motion for understanding cochlear
operation is the stereocilia shear motion, and that motion is not yet clearly accessible. A quantity
that is closely related to OHC stereocilia shear is the transducer current through OHCs, and we
have been measuring that quantity with a thin metal electrode positioned close to the basilar
membrane. In published work (Dong and Olson, Biophysical Journal 105, 2013), we described a
phase shift of voltage relative to motion. Based on known OHC mechanics, we interpreted the
shift as activating the cochlear amplifier. The shift is quite independent of level and reduced
endocochlear potential, indicating it is based in passive cochlear mechanics. OHCs are most
certainly the motor of cochlear amplification, and new experimental results are beginning to
expose the elusive mechanics steering that motor. (COI: No)

S8-3

Dual-mode OCT system for vibrometry in mammalian
hearing mechanics at high frequencies

Fangyi Chen'; Cuixia Guo?; Xiaojie Yang'; Yonghong He?
(!Department of Biomedical Engineering, Southern Univ. of Sci. & Tech., China, *
Graduate School at Shenzhen, Tsinghua University, China)

Direct measurement of the vibrational properties of either the inner ear or the middle ear is highly
demanded for understanding the fundamental hearing mechanics. Phase-sensitive optical
coherence tomography, which enables noninvasive vibrometry at the subnanometric scale with
optical sectioning capability, has been proved to be an excellent vibrometer in hearing research.
To date, the reported OCT systems for vibrometry were developed based on the technique of
either time-domain optical coherence tomography (TD-OCT) or spectral-domain optical
coherence tomography (SD-OCT). Phase-sensitive SD-OCT is currently more popular because
both depth-resolved imaging and vibrometry along the entire imaging depth can be accomplished
in parallel. However, performing such vibrometry at high frequencies (e.g., > 50 kHz) is limited
by the line-scan rate of the SD-OCT setup. A TD-OCT system is able to measure the vibration at
higher frequencies. Such vibrometry, however, is challenged by the absence of the real-time
imaging that is crucial for localizing the point of interest (Pol) in the sample. We present a newly
developed PS-OCT system involving both the SD-OCT and TD-OCT modes. The SD-OCT is
responsible for the depth-resolved imaging, while the TD-OCT works as low-coherence
vibrometry. We demonstrate the capability of the developed system in both high-frequency
vibrometry and image-guided localization of the Pol by measuring the sound-induced vibration in
the middle-ear samples ex vivo. (COI: No)

S8-4

In-Vivo Nanomechanics in the Miniaturized Hearing
Organ of an Insect

Manuela Nowotny'; Jan Scherberich'; Jennifer Hummel®;
Stefan Schoneich? (‘Institute of Cell Biology and Neurosciences, Goethe
University, Germany, German, ? Institute for Biology, University of Leipzig, Germany)

The capability of auditory receptor cells to sense sound-induced mechanical forces is an
evolutionarily conserved function that can be found in all hearing systems from insects to
mammals. The mechano-electrical transduction process of acoustic signals from sound-induced
vibrations to frequency-specific neuronal responses of sensory cells is based on the opening of
mechanosensitive ion channels. Here we investigated the mechanotransduction in an insect
(katydid) hearing organ by in vivo measurements of sound-induced mechanical oscillation and
electrical responses of sensory neurons at the transduction site.

Laser Doppler vibrometry in the front leg ears revealed tonotopically ordered traveling waves
covering most of the length of this miniature hearing organ (crista acustica). The crista acustica
is about 1-2 mm long and its geometry allowed us to probe the entire hearing organ by a wide
range of acoustic stimuli from 4 to 80 kHz. The traveling waves propagated along the crista
acustica from the distal (high frequency) to the proximal (low frequency) part. By combining
mechanical and neuronal response measurements we show that the stretch-induced ion channel
gating in the associated receptor neurons largely depends on the inclination angle of the sound-
induced mechanical oscillation in the organ. Our study demonstrates channel-opening and
biomechanical filter mechanisms that sharpen the neuronal frequency tuning in insects.
(Supported by DFG: NO 841/8-1, 10-1) (COI: No)

S8-5

Nonlinear micromechanics of the organ of Corti in the
low-frequency region of the cochlea

Tobias Reichenbach; Nikola Ciganovic (fmperial College London)

The organ of Corti in the mammalian inner ear houses the mechanosensitive inner and outer hair
cells. Outer hair cells can provide mechanical forces that can amplify a weak sound stimulus,
which is then detected by the inner hair cells. However, the micromechanics of how mechanical
amplification is achieved by the organ of Corti remains unclear. In particular, the apical organ of
Corti is shaped differently from the basal organ, indicating a different micromechanical
functioning that remains poorly understood. Here we combine mathematical modeling and laser-
interferometric recordings to show that the apical organ of Corti’s micromechanics contains a
strong nonlinearity with respect to length changes of the outer hair cells. This nonlinearity allows
the organ of Corti to operate as an electromechanical transistor: the elongation of the outer hair
cells can sensitively regulate how much sound stimulation is transmitted to the inner hair cells.
These results could, for instance, explain how stimulation of the inner hair cells can be regulated
by efferent nerve fibers. (COI: No)
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Metabolic syndrome and bone metabolism (TPS,
Thailand)

(March 29, Fri., 10:00-12:00, Room |)

S9-1

Diabetic osteopathy and impaired intestinal calcium
absorption in diabetes mellitus

Narattaphol Charoenphandhu?2# (!Center of Calcium and Bone Research
(COCAB), Faculty of Science, Mahidol University, Bangkok, Thailand; *Department of
Physiology, Faculty of Science, Mahidol University, Thailand,; 3Institute of Molecular
Biosciences, Mahidol University, Nakhon Pathom, Thailand; “The Academy of Science,
The Royal Society of Thailand, Dusit, Thailand)

Diabetic mellitus (DM) not only impairs glucose metabolism but also deteriorates several organs, including heart,
kidney, retina, as well as intestine and bone. Previously, it was believed that only type 1 DM (T1DM) could lead to
low bone mineral density (BMD) and increased fracture risk. Nevertheless, several recent studies have confirmed
that type 2 DM (T2DM) and perhaps hyperglycemia in maturity onset diabetes of the young are able to damage
bone cell function (cellular failure) and its extracellular collagenous scaffold (matrix failure), thereby impairing
osteoblast-mediated bone formation and bone strength. Moreover, TIDM also downregulates the expression of
calcium transporters (e.g. TRPV6) for intestinal calcium uptake, leading to a decreased calcium supply for bone
formation and repair. Chronic inflammation in DM further negatively affects bone by inducing production of
osteoclastogenic cytokines and bone resorption. Prolonged hyperglycemia and advanced glycation end-products
may aggravate osteopathy independent of insulin resistance. Our recent study in Goto-Kakizaki T2DM rats showed
that normalization of blood glucose was unable to rescue DM-associated bone loss. Therefore, early prevention of
prediabetic condition is probably beneficial for mitigating diabetic osteopathy. Since several anti-diabetic drugs
(e.g., thiazolidinediones) often aggravate bone loss, a search for novel therapeutic approaches for DM-associated
osteopathy is worth exploring. Supported by TRF. (COI: No)

$§9-2

Is Metabolic Syndrome a Concern for Osteoporosis?
Siriporn C Chattipakorn‘vz (!Neurophysiology Unit, Cardiac Electrophysiology
Research and Training Center, Faculty of Medicine, Chiang Mai University, Thailand;

’Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang
Mai University, Thailand)

The osteoporosis and metabolic syndrome (MetS) have become important global health issues. MetS is a
combination of abdominal obesity, impaired glucose tolerance or insulin resistance, dyslipidemia, and
hypertension. Osteoporosis is characterized by bone fragility and susceptibility to fracture attributed to bone loss.
Previous studies demonstrated that each component of MetS acts on bone tissue in various ways. Growing
evidence of the relationship between MetS and osteoporosis are still controversial findings. Some studies have
shown a positive correlation between body mass and bone density, suggesting that obesity prevents osteoporosis.
However, the existing evidence has shown an inverse relationship between bone quality and obesity. Therefore,
both positive and negative influences of MetS on bone exist. Evidence on the effects of each component of MetS
on bone and its metabolism have been reported. In addition, the possible underlying mechanisms involved in
osteoporosis via MetS have been proposed. The impairment of calcium homeostasis, inflammation and oxidative
stress are common links between MetS and process of bone formation and resorption. We also demonstrated that
obese-insulin resistance impaired osteoblastic insulin signaling, osteoblast proliferation, and osteoblast survival
and resulted in osteoporosis in the jaw bone as well as the tibia. The existing evidence suggests that correction of
MetS should be considered for the prevention of osteoporosis. (COI: No)

S9-3

The effect of high-fat diet on maternal bone
microstructure and the metabolic parameters in rats
Panan Suntornsaratoon'?; Narattaphol Charoenphandhu'?2
(!Department of Physiology, Faculty of Science, Mahidol University, Thailand; *Center
of Calcium and Bone Research, Faculty of Science, Mahidol University, Thailand)

Gestational diabetes mellitus (GDM) is a common pregnancy complication with hyperglycemia
due to reduced insulin secretion from pancreatic B8 cells. Approximately 10-25% of pregnant
women developed an abnormal glucose tolerance in pregnancy which normally returned to
normal postpartum. However, women with GDM are prone to develop type 2 diabetes mellitus
(T2DM) later in life, and may have offspring with increased risk of obesity and also T2DM later
in life. Interestingly, high fat feeding of dams during the perinatal period led to high serum total
cholesterol, LDL, HDL, triglyceride, VLDL and hyperglycemia which resemble blood chemistry
of T2DM in 100-day-old offspring even they were raised on normal diet. Our recent investigation
showed that non-mated rats with T2DM also exhibited bone microstructural defects, premature
growth plate chondrocyte apoptosis, suppressed osteoblast function and stimulated osteoclast
activity. It is not known at present whether insulin resistance during perinatal period is associated
with changes in gut microbiota or is a causative factor in bone microstructural defect in maternal
and offspring similar to dyslipidemic T2DM in non-mated female rats. It was found that high-fed
feeding during pregnant and lactation impaired maternal glucose tolerance by oral glucose
tolerance test, and impaired maternal bone microstructure as investigated by micro-computed
tomography. (COI: No)

S9-4

Proton-mediated regulation of physiological and
pathological osteoclast functions
Miyuki Kuno (Department of Anesthesiology, Osaka City University, Japan)

Proton-mediated regulation of physiological and pathological osteoclast functions
Osteoclasts, bone-resorbing cells, secrete protons and undergo drastic H* metabolism. The plasma
membrane expresses a vacuolar H'-ATPase, a voltage-gated H" channel (Hv channel), H* leaks
and molecules transporting H" in combination with CI- or Na". Thus proton is an important
signaling molecule to regulate osteoclast functions. Extracellular Ca**, H' and inorganic
phosphate (Pi), which accumulate in the resorption pit, will either stimulate or inhibit the H"
fluxes and osteoclast activities. For example, Pi increases activities of Hv channels and
upregulates NADPH oxidase-mediated production of reactive oxygen species (ROS). ROS are
generated during RANK-RANKL-mediated signalling cascade, and are essential for
differentiation, activation, and survival of osteoclasts. Also, ROS are considered to be a key
element causing age-related disturbances in bone. ROS production is enhanced by PMA, an Hv
channel activator, and is reduced by zinc, an Hv channel blocker, suggesting that Pi-induced
enhancement of Hv channels contribute to support ROS production in osteoclasts. More or less of
resorption, both do harm skeletal integrity. Thus Hv channels, as well as other H* fluxes, may have
both beneficial and toxic effects on bone metabolism. Focusing on Hv channels, the roles of
protons and H*-mediated regulation mechanisms in osteoclasts will be discussed. (COI: No)
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S$10-1

Functional Dissection of the Central Glucoregulatory
circuits

Shi-Bing Yang; Hsin-Ju Tsai (Institute of Biomedical Sciences, Academia
Sinica, Taiwan)

Hypothalamus is the major commander to control somatic activities and innate behaviors such as
hunger, thirst and body temperature. For example, the hypothalamus receives peripheral
information such as nutrients (glucose, fatty acids and amino acids) and hormones (leptin, ghrelin
and insulin) and modulates the energy metabolism of a variety of peripheral tissues such as the
liver and skeletal muscle via the autonomic nervous system, by controlling insulin sensitivity as
well as the hepatic gluconeogenesis. Earlier studies have found that acute infusion of
glibenclamide, a K, channel blocker, into the 3" ventricle abolishes hormonally and nutritionally
induced suppression of hepatic gluconeogenesis. In addition to that, our data indicated that central
infusion of glibenclamide paradoxically impaired glucose tolerance in aged mice. Our genetic
labeling have further revealed that the neurons in the dorsomedial hypothalamus (DMH),
ventromedial hypothalamus (VMH) and arcuate nucleus are involved in the central regulation of
peripheral glucose homeostasis. Lastly, our results also showed the pharmacoactivation of
neurons in the DMH induced the glucose intolerance in mice fed with high-fat diet. Our study has
demonstrated that central nervous system may become a promising therapeutic for treating
metabolic disorders. (COI: No)

$10-2

Modeling of group size dependent aggressive behavior
in the cricket

Hitoshi Aonuma (Research Institute for Electronic Science, Hokkaido University,
Japan)

Animals alter their behaviours on the demand of changing circumstances. It is one of the common
interests between biologists and robotics engineers to understand the emergence of real time
adaptive behaviours.

Here we focus on group size dependent aggression in the cricket. Individual interaction is one of
the important factors for making decision animals. Cricket aggressive behaviour provide us good
model system to understand how animals alter their behaviours on the demand of changing social
circumstances.

It is widely observed in animals that dominant hierarchy is established by agonistic behaviour,
through the complex interaction among physiological, motivational, and behavioural systems.
Male cricket exhibits intensive aggressive behaviour when it encounters another male. The battle
starts out slowly and escalates into a fierce struggleto establish dominant-subordinate relationship.
Pharmacological behaviour experiments suggest that nitric oxide signalling mediates biogenic
aminesystem in the brain, which in turn mediates aggressive motivation.Based on the results of
behavioural experiments and physiological experiments, we built dynamical behaviour model
(finite automaton model andoscillator model)and oscillator modeltounderstand the mechanisms
of social adaptability.Our models demonstrate that important mechanism underlying social
adaptability is a multiple feedback structure that is composed of feedback loop in the nervous
systems and through the social interaction. (COIl: No)

S$10-3

Neural basis of infant attachment and separation
anxiety

Kumi O Kuroda'; Sachine Yoshida'? ('Lab for Affiliative Social Behavior,
RIKEN Center for Brain Science, Japan, *Department of Anatomy, Faculty of
Medicine, Toho University, Japan)

Mammalian infants develop selective attachment toward the mother, and contribute actively to
maintain the maternal proximity through a wide range of attachment behaviors. One of primitive
attachment behaviors, the Transport Response is a set of cooperative calming responses expressed
during maternal carrying and has been identified in both human infants and rodent pups (Esposito
et al, 2013; Yoshida et al, 2013). Infants also show prominent anxiety responses upon maternal
separation, and express significant distress signs, including distress vocalizations and plasma
corticosteroid elevation. Such “separation anxiety” has been widely acknowledged, and the long-
term effects of maternal separation in neural and behavioral development in infants, such as stress
response, have been extensively studied. The acute brain mechanisms that perceive maternal
separation and elicit stress responses, however, remain largely unknown. Recently, we established
the model of separation anxiety in mouse pups and found that the pups could recognize 30-minutes
of maternal separation after the second postnatal week. Moreover, pups under maternal separation
modulate their Transport Response, at least partly via the anterior cingulate cortex (Yoshida et al,
2018).

The role of the rodent and primate animal models to understand the development and abnormalities
of infant attachment system will also be discussed. (COI: No)

S10-4

Set the threshold for surrender in social conflicts
Ming-Yi Chou'; Hitoshi Okamoto? (\Department of Life Science, National
Taiwan University, Taiwan; RIKEN Center for Brain Science, Japan)

Most of animal conflicts aim at establishing social hierarchy rather than causing lethal damage to
opponents. The timing of stopping fights and escaping from the conflicts is important to obtain the
best cost and benefit ratio during fighting. We identified two subnuclei of the dorsal habenula
(dHb) antagonistically regulating the end point of conflicts: the lateral subnucleus (dHbL) raises
the threshold for surrender and the medial subnucleus (dHbM) lowers it during zebrafish fighting.
Losing experience caused a reduction in neural transmission in the dHbL-dorsal interpeduncular
nucleus (dIPN) circuit. Silencing of the dHbL and the dHbM caused higher tendency to lose and
win, respectively. Thus, both the dHbL and the dHbM affect the outcome of fight but play
opposite roles on aggressive behaviors (COl: Properly Declared)

S10-5

Dissecting the neural circuits mediating female fertility
in health and disease

Rebecca Campbell (Centre for Neuroendocrinology, Department of Physiology,
University of Otago, New Zealand)

Pulsatile secretion of gonadotropin-releasing hormone (GnRH) is necessary for mammalian
fertility and, as such, inappropriate pulse patterns result in infertility. Polycystic ovary syndrome
(PCOS) is associated with a hyperactive GnRH pulse generator that results in high frequency
luteinizing hormone (LH) secretion and downstream ovarian consequences. Elevated GnRH
neuron activity is thought to result from impaired gonadal steroid hormone feedback and
dysregulation of the afferent neuronal network important in GnRH neuron regulation. Our work,
using a prenatally androgenized mouse model of PCOS, is identifying specific anatomical circuit
abnormalities associated with the PCOS phenotype and employing opto- and chemo-genetic
manipulations to assess their functional relevance. In this lecture, I will discuss newly identified
roles of arcuate nucleus neuropeptide Y and GABAergic neuron populations in mediating GnRH/
LH pulsatility. These findings are expanding our current understanding how GnRH/LH pulsatility
is regulated and revealing potential PCOS treatment targets. (COI: No)
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Advances in the mastication and swallowing
physiology to prepare for an aging society

(March 29, Fri., 10:00-12:00, Room K)

S11-1

Properties of Phox2b-expressing premotor neurons
targeting jaw-muscle motoneurons

Tomio Inoue (Department of Oral Physiology, Showa University School of
Dentistry, Japan)

Last-order premotor neurons of trigeminal motoneurons innervating the jaw-muscles are located
in various brainstem regions, including the supratrigeminal region (SupV). The SupV plays a
critical role in controlling mastication, because that region receives abundant inputs from the
orofacial structures, the cerebral cortex, amygdala, lateral hypothalamus and the central pattern
generator for mastication. Using rat brainstem slice preparations, we investigated the physiological
and morphological properties of SupV premotor neurons. Stimulation of SupV evoked
glutamatergic, GABAergic or glycinergic postsynaptic responses in both jaw-closing and jaw-
opening motoneurons. We then divided SupV premotor neurons into those firing at a frequency
higher (HF neurons) or lower (LF neurons) than 33 Hz during a steady-state condition. Neurons
expressing Phox2b, which encodes a transcription factor essential for autonomic nervous system
development, are abundantly present in SupV and were designated as Phox2b’. Nearly all
Phox2b" in SupV were glutamatergic, whereas most Phox2b-negative neurons (Phox2b-) in SupV
were GABAergic or glycinergic. Furthermore, the majority of Phox2b* were LF neurons, while
most Phox2b" were HF neurons. Nearly half of the Phox2b" and Phox2b™ in SupV sent their axons
to the trigeminal motor nucleus. These results suggest that premotor Phox2b* in SupV have
properties distinct from premotor Phox2b™ and may play important roles in mastication. (COl: No)

S11-2

Development of masticatory performance as a novel
biomarker of general health

Takahiro Ono (Graduate School of Medical and Dental Sciences, Niigata Univ.,
Japan)

It has been widely recognized that chewing ability in daily life is one of the keys for healthy long
life. However scientific evidence was yet to be established due to the lack of objective and
quantitative method for evaluating chewing ability. Nokubi et al. in Osaka University have
developed the system for assessing chewing ability in which masticatory performance as the
increased surface area of testing gummy jelly after 30 times chewing can be calculated by the
fully automated machine (Nokubi et al., J Oral rehabil, 2013). We have joined the cohort study
for investigating the risk factor of cardiovascular disease in urban general population (Suita
study) since 2008 and conducted comprehensive evaluation of oral health including masticatory
performance. In these ten years, cross sectional analysis for detecting the factors influencing
masticatory performance (Kosaka et al., J Clini periodont, 2014), for investigating the relationship
between metabolic syndrome and masticatory performance (Kikui et al., J Dent, 2017), and
longitudinal analysis for detecting the factors influencing on the change in masticatory
performance (Kosaka et al., J Dent Res CTR, 2018) have been done. And also, we have confirmed
that the results of visual scoring method with 10 steps evaluation can be reliable as a biomarker
of general health as well as oral health (Nokubi et al,Gerodontology, 2013). Summary of our
cohort study and future prospect of our research will be presented in this symposium. (COI: No)

S$11-3

Are respiratory-swallowing disturbances indicators of
early dementia?

Mathias Dutschmann; Davor Stanic (Florey Institute of Neuroscience and
Mental Health, Australia)

In the TauP301L mouse model of tauopathy we have detected irregular coordination between
swallowing and breathing, which arise before cognitive and memory deficits.

Injections of water into the oral cavity triggered swallowing, but the tonic drive of vagus nerve
activity (VNA —representative of epiglottal closure) was reduced by ~75%. Moreover, inspiratory
PNA bursts occurred during the swallowing sequence, which shortened the swallowing-induced
apnoea, and is a risk indicator for aspiration. These respiratory-swallowing parameters continued
to deteriorate asTauP301L mice aged.

Tauopathy and neurofibrillary tangle-related neuropathological morphology was identified in
TauP301L mice by immunohistochemistry. In brainstem areas critically involved in coordinating
swallowing and breathing, cell bodies and fibers immunoreactive for phosphorylated and paired
helical filament-tau were distributed within the Kélliker-Fuse (KF) nucleus, Nucleus ambiguus,
and to a lesser degree, Nucleus of the solitary tract. This coincided with a progressive loss of
Forkhead box protein P2 immunoreactive KF neurons as TauP301L mice aged.

Our results have identified respiratory-swallowing disturbances as a potential detection diagnostic
for dementia. They also demonstrate that respiratory-related neurons in the brainstem are
susceptible to neurodegeneration in TauP301 mice and lead to uncoordinated swallowing-
breathing patterns and inefficient closure of the epiglottis during swallowing. (COI: No)

S11-4

Coordination between swallowing and breathing:
pathophysiology and its clinical significance
Yoshitaka OKu (Department of Physiology, Hyogo College of Medicine, Japan)

Swallowing normally occurs during expiration to physiologically prevent aspiration. However,
swallowing can occur immediately following inspiration (I-SW pattern) and breathing can
resume with inspiration (SW-I pattern). Such abnormal breathing-swallowing (B-S) coordination
tends to increase due to diseases and aging. Parkinson disease patients with decreased swallowing
safety have a higher frequency of SW-I pattern.

We evaluated B-S coordination in elderly volunteers. Interestingly, 7.5 % subjects had a high
(>40%) SW-I rate. Abnormal B-S coordination occurred when timing of swallows was
inappropriate. Patients with dysphagia tended to swallow at late expiration due to a delay in
eliciting swallows.

Recent large-scale cohort studies showed that gastroesophageal reflux disease (GERD) was
related to frequent exacerbations of chronic obstructive pulmonary disease (COPD), however,
proton pump inhibitors did not reduce the exacerbation rate. We hypothesize that impairment of
swallowing function underlies the association between GERD and COPD exacerbation. We show
that COPD patients with a higher frequency of I-SW and/or SW-I patterns have higher frequency
of exacerbations. Further, we suggest that a low-pressure CPAP may improve the B-S coordination
in COPD patients.

More studies are needed to elucidate whether high SW-I rates causes pulmonary aspiration and/or
exacerbation, and whether an early intervention improves the outcome. (COI: No)

S11-5

Non-invasive methods to evaluate the swallowing
function

Makito lizuka'; Kazuhide Tomita?; Reiko Takeshima?;

Masahiko lzumizaki' (\Department of Physiology, Showa University School of
Medicine, Japan; *Department of Physical Therapy, Ibaraki Prefectural University of
Health Sciences, Japan, *Center for Medical Sciences, Ibaraki Prefectural University
of Health Sciences, Japan)

Elevation of the larynx is essential for airway protection during the pharyngeal phase of
swallowing. The elevation causes apposition of the arytenoids to the base of the epiglottis and
closes the laryngeal vestibule. During normal swallowing, the larynx elevates from 21.1 mm to
33.9 mm in healthy subjects. Pathologically reduced or delayed laryngeal elevation is the most
common cause of aspiration in persons with dysphagia. Therefore, precise measurement of the
laryngeal movement is useful in evaluating the swallowing function. In the clinical setting,
however, laryngeal movement is not routinely measured in dysphagia patients, since there is no
simple, easy and safe way to do this. Recently, we succeeded in developing a new piezo sensor
array sheet for the noninvasive detection of larynx movement during swallowing, even in subjects
with no apparent laryngeal prominence. Using this sensor sheet, four parameters, namely, the
swallowing latency, the maximum rising velocity, the maximum lowering velocity and the upper
part staying period, can be obtained easily and repeatedly. In this symposium, we are going to
present this new method in detail and also summarize the recent advancement of other non-
invasive methods to study the physiology and pathophysiology of swallowing, including the
efficacy of swallowing rehabilitation. (COl: No)
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New insights into baroreflex function for cerebral
and cardiovascular regulation: Implications for
human health and disease

(March 29, Fri., 10:00-12:00, Room L)

S12-1

The effect of baroreflex function on cerebral blood flow
regulation during exercise
Shigehiko Ogoh (Department of Biomedical Engineering, Toyo University, Japan)

Although cerebral blood flow (CBF) was traditionally thought to remain unchanged during
exercise to maintain cerebral homeostasis, it has been established recently that exercise causes an
increase in CBF that is associated with cerebral neural activity. However, the CBF response to
exercise is not simple; therefore, its physiological mechanism and significance remain unknown.
The arterial baroreflex does not directly control vasculature at rest as well as during exercise
because the sympathetic nervous system via baroreflex function is surmised to have a limited
effect on cerebral vasculature in humans. On the other hands, several studies have indicated an
interaction between CBF and autonomic function. We have demonstrated that cardiac baroreflex
function contributes to dynamic cerebral autoregulation. Moreover, in a human study, during
exercise, sympathetic blockade at the neck level eliminated the B1-blockade-induced attenuation
in CBF, indicating that arterial baroreflex control of sympathetic nerve activity directly influences
CBF during exercise as well as at rest. Cerebral vasomotion via baroreflex, however, is a
paradoxical reaction with little physiologic benefit. Thus, a physiologically significant direct
effect of baroreflex function on cerebral vasculature remains unclear. Given the present
background, in this symposium, I would like to discuss about the role of baroreflex function on
CBF regulation. (COI: No)

S12-2
Withdrawn

S$12-3

Sex Differences in Baroreflex Function
Qi Fu'? ('Internal Medicine, University of Texas Southwestern Medical Center, USA,

China, *Institute for Exercise and Environmental Medicine at Texas Health
Presbyterian Hospital, USA)

Women have been found to have blunted cardiovagal baroreflx sensitivity during a hypertensive
stimulus compared with men, but baroreflex sensitivity is similar between sexes during a
hypotensive stimulus. Sex differences in cardiovagal baroreflex sensitivity may be caused by a
lower vagal response to baroreceptor activation in women. Conversely, recent research
demonstrates that there is no sex difference in sympathetic baroreflx sensitivity in young
individuals. With women of more advanced age, sympathetic baroreflx sensitivity decreases,
which appears to be associated with greater arterial stiffness in older women than older men. The
decreased sympathetic baroreflx sensitivity in older women may predispose them to an increased
prevalence of hypertension or cardiovascular disease. The baroreflex is reset during dynamic
exercise. Among healthy young individuals, neither sex nor menstrual cycle phase affects the
magnitude of baroreflex resetting. However, augmented baroreflex control of blood pressure
responses to acute hypotension were observed in young women in the mid-luteal phase compared
with the early and late follicular phases at rest and during exercise, suggesting progesterone may
be the underlying mechanism. Young women were also found to exhibit greater baroreflex control
of heart rate during exercise, an effect that was present throughout the menstrual cycle. Whether
there are sex differences in baroreflex function during exercise in older people remains unknown.

(COl: No)

S12-4

Exercise pressor reflex and arterial baroreflex function
in cardiovascular disease

Scott Alan Smith (School of Health Professions, Department of Health Care
Sciences, University of Texas Southwestern Medical Center, USA)

Exercise programs that include both dynamic and static forms of physical activity have been
shown to improve cardiovascular health in both hypertensive and heart failure patients.
Unfortunately, in these patients, exercise elicits excessive increases in sympathetic nerve activity,
heart rate, and blood pressure. These exaggerated elevations are potentially dangerous as they
increase the risk for adverse cardiovascular events such as acute myocardial infarction,
arrhythmia, cardiac arrest and stroke during exercise. As a result, the levels of exercise
prescription considered safe in these patients is often constrained to low to moderate intensities of
short duration. Determining the causes of autonomic cardiovascular dysfunction during acute
bouts of exercise is, therefore, clinically important. To this end, emerging evidence suggests that
the exercise pressor reflex, a feed-back neural reflex originating in skeletal muscle, contributes
significantly to the abnormal circulatory response to physical activity in both hypertension and
heart failure. Moreover, the arterial baroreflex, a feed-back neural reflex emanating from the
carotid arteries and aortic arch, has also been implicated as an important contributor. As such, the
focus of this symposium presentation will be on the independent actions of these two reflexes as
well as their interactive behavior after the pathogenesis of cardiovascular disease. (COI: No)

S$12-5

Modulation of cardiac baroreflex by central command
in daily life

Kanji Matsukawa; Kei Ishii; Ryota Asahara (Department of Integrative
Physiology, Hiroshima University, Japan)

We have reported that central command blunts the sensitivity of the aortic baroreceptor-heart rate
(HR) reflex at onset of static exercise in conscious animals. This study aimed to examine which
baroreflex control of cardiac sympathetic nerve activity (CSNA) or parasympathetic nerve
activity is altered at onset of spontaneous motor behavior, which ocurred in paralyzed, decerebrate
cats. CSNA exhibited an increase at exercise onset, followed by increases in HR and mean arterial
pressure (MAP). With development of the pressor response, CSNA and HR decreased near
baseline, although spontaneous motor activity was not terminated. Atropine methyl nitrate
delayed the initial increase in HR but did not alter the response magnitudes of HR and CSNA,
while atropine augmented the pressor response. The baroreflex-induced decreases in CSNA and
HR elicited by brief occlusion of the abdominal aorta were challenged at onset of spontaneous
motor activity. Spontanecous motor activity blunted the baroreflex reduction in HR by aortic
occlusion but did not alter the baroreflex inhibition of CSNA. Atropine abolished the baroreflex
reduction in HR but did not influence the baroreflex inhibition of CSNA. It is likely that central
command increases CSNA and decreases cardiac vagal outflow at onset of spontaneous motor
activity and that central command must attenuate cardiovagal baroreflex sensitivity against a rise
in MAP. (COI: No)
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The role of the sympathetic nerves in health and
disease

(March 29, Fri., 10:00-12:00, Room M)

S$13-1

Longterm effects of renal denervation in an ovine model
of hypertensive chronic kidney disease

Kate M Denton; Reetu R Singh (Department of Physiology, Monash
University, Australia)

Although the efficacy of radio frequency catheter based renal denervation (RDN) as a treatment
for hypertension has been disputed, the majority of data suggest that there is a place for RDN in
the clinic and trials are ongoing. Our studies in an ovine model of hypertensive chronic kidney
disease (CKD) demonstrates that the reduction in blood pressure following RDN is sustained for
3 years, with marked improvements in glomerular filtration rate, albuminuria and left ventricular
hypertrophy. Moreover, our data demonstrates that whilst significant nerve growth occurs, that
this is not restored to control levels at 3 years post-RDN in the CKD group. This finding may
explain in part the longterm benefits of RDN. These finding supports the use of catheter based
RDN in CKD patients. (COI: No)

S$13-2

Sympathetic regulation in anaphylactic shock or
feedlng suppression

Mamoru Tanida (Department of Physiology II, Kanazawa Medical University,
Japan)

The sympathetic nervous system functions as defensive system during cardiovascular shock.
Here, we examined effects of anaphylactic shock on efferent renal sympathetic nerve activity
(RSNA) in anesthetized and ovalbumin-sensitized mice. Within 3 min after antigen injection,
RSNA decreased along with a transient hypertension. Thereafter, RSNA showed a progressive
increase during sustained hypotension. In contrast, heart rate continuously increased. Sinoaortic
denervation, but not vagotomy, significantly attenuated the renal sympathoexcitation and
tachycardia after antigen. Thus, the anaphylaxis-induced sympathoexcitation and tachycardia at
the late stage are mediated by carotid sinus baroreceptors.

Nesfatin-1, feeding suppressor, generated in the hypothalamus, acts on the neurons by paracrine
signaling. Hypothalamic injection of nesfatin-1 activated the extracellular signal-regulated kinase
(ERK) in rats. Furthermore, the activity of sympathetic nerves to the kidneys, liver, and white
adipose tissue and blood pressure was stimulated by the nesfatin-1 injection, and these effects
were abolished by inhibition of ERK. Moreover, nesfatin-1 increased the number of activated
ERK-positive neurons in the paraventricular nucleus and co-expression of the protein in neurons
expressing corticotropin-releasing hormone (CRH). Thus, nesfatin-1 regulates the sympathetic
nervous system through ERK signaling in the CRH neurons of paraventricular nucleus to
maintain cardiovascular function. (COI: No)

$13-3

The importance of sympathetic nervous system
influences in the coronary vasculature

James T. Pearson'?; Daryl O. Schwenke?;

Hirotsugu Tsuchimochi'; Takashi Sonobe?;

Vijayakumar Sukumaran'; Mikiyasu Shirai*(!Department of Cardiac
Physiology, National Cerebral & Cardiovascular Center, Japan, *Department of
Physiology, Monash University, Australia; *Department of Physiology, University of
Otago, New Zealand; *Department of Advanced Medical Research for Pulmonary
Hypertension, National Cerebral & Cardiovascular Center, Japan)

Sympathetic overactivation is considered to play an important role in both ischemic and non-
ischemic heart disease. It is well established that acute myocardial infarction evokes sustained
increases in cardiac sympathetic nerve activity that can exacerbate left ventricle function and
remodeling. However, there are two sides to every coin. The sympathetic nervous system (SNS)
exerts tonic influences on coronary vasomotor tone through beta-adrenergic receptors
(vasodilation) and alpha-adrenergic receptors (vasoconstriction). Here we show how acute
ischemia induces coronary microvessel dilation that is prevented by pretreatment with non-
selective beta-blockade. On the other hand, chronic overactivation of the renin-angiotensin-
aldosterone system and the SNS in metabolic syndrome and hypertensive diabetes contribute to a
progressive decline in coronary endothelial function and coronary flow reserve, leading to
remodeling and congestive heart failure. Our recent studies show that sympathetic overactivation
in prediabetic rats contributes to the loss of endothelium derived hyperpolarisation factor
(EDHF)-mediated microvessel perfusion through increased oxidative/nitrosative stress and
upregulation of endothelin-1. Herein we consider the importance of beta- and alpha-adrenergic
receptors in the modulation of the coronary circulation by the SNS. (COl: No)

S13-4

Altered differential control of cardiac and renal
sympathetic nerve activity in hypertension

Rohit Ramchandra'; Darvina Mahesh'; Jaap Joles?;
Tycho Tromp‘ 2 (!Department of Physiology, The University of Auckland, New
Zealand, *University Medical Centre, Utrecht University, The Netherlands)

There is increasing evidence that hypertension is initiated and maintained by elevated sympathetic
tone. Increased sympathetic drive to the heart is linked to cardiac hypertrophy in hypertension and
worsens prognosis. However, cardiac sympathetic nerve activity has not previously been directly
recorded in hypertension. We hypothesized that directly recorded cardiac sympathetic nerve
activity levels would be elevated during hypertension. Adult ewes either underwent unilateral
renal artery clipping (n=12) or sham surgery (n=15). Two weeks later, electrodes were placed in
the contralateral renal and/or cardiac nerves to record sympathetic nerve activity. Baseline levels
of sympathetic nerve activity as well as baroreflex control of heart rate and sympathetic drive
were examined. Unilateral renal artery clipping induced hypertension (mean arterial pressure
109+2 vs 91+3 mmHg in shams, p<0.001). The heart rate baroreflex curve was shifted rightwards
but remained intact. In the hypertensive group, cardiac sympathetic burst incidence (bursts/100
beats) was increased (39+14 vs 2549 in normotensives, p<0.05), whereas renal sympathetic burst
incidence was decreased (69+20 vs 93+8 in normotensives, p<0.01). Renovascular hypertension
is associated with differential control of cardiac and renal sympathetic nerve activity; baseline
cardiac sympathetic nerve activity is increased whereas renal sympathetic nerve activity is
decreased. (COI: No)

S13-5

Cortical and subcortical structures involved in the
generation of muscle sympathetic nerve activity
Vaughan G Macefield'?®; Luke A Henderson* (!Human Autonomic
Neurophysiology Lab, Baker Heart and Diabetes Institute, Melbourne, Australia;
2School of Medicine, Western Sydney University, Australia; *Neuroscience Research
Australia, Australia; *Discipline of Anatomy & Histology, Sydney Medical School,
University of Sydney, Australa)

Concurrent recording of muscle sympathetic nerve activity (MSNA) and functional magnetic
resonance imaging (fMRI) of the brain allows one to functionally identify structures involved in
the generation of MSNA and hence the beat-to-beat control of blood pressure. Using MSNA-
coupled fMRI we have functionally identified the human homologue of the rostral ventrolateral
medulla (RVLM) — the primary output nucleus for MSNA — and demonstrated a positive
relationship between MSNA and BOLD signal intensity in the dorsomedial hypothalamus
(DMH), ventromedial hypothalamus (VMH), insula, dorsolateral prefrontal cortex (dIPFC),
posterior cingulate cortex (PCC) and precuneus. Conversely, there is an inverse relationship
between MSNA and BOLD signal intensity in the caudal ventrolateral medulla (CVLM), nucleus
tractus solitarius (NTS) and the midbrain periaqueductal gray (PAG). During the
pathophysiological increase in MSNA associated with obstructive sleep apnoea, and the resultant
increase in blood pressure, signal intensity was higher in dIPFC, mPFC, ACC and precuneus than
in controls. However, it was lower in RVLM in OSA than in controls; we interpret this as
reflecting a withdrawal of active inhibition of the RVLM in OSA. These changes were reversed
following 6 months of continuous positive airway pressure. We conclude that multiple cortical
and subcortical areas are functionally coupled to the RVLM, which is functionally coupled to the
generation of spontaneous bursts of MSNA. (COI: No)
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Symposiumi4

Advances in understanding cerebellar LTD and
motor learning: Masao Ito Symposium

(March 29, Fri., 15:10-17:10, Room A)

S14-1

Discovery and investigation of cerebellar long-term
depression at Masao Ito’s lab

Masanobu Kano'? ('Department of Neurophysiology, Graduate School of
Medicine, The University of Tokyo, Japan; *International Research Center for
Neurointelligence (WPI-IRCN), The University of Tokyo Institutes for Advanced Study
(UTIAS), The University of Tokyo, Japan)

The Marr-Albus-Ito theory is perhaps the most influential hypothesis for cerebellar motor
learning. This theory is based on the assumption that the strength of a subset of parallel fiber (PF)
to Purkinje cell (PC) synapses is modified when they are activated conjunctively with climbing
fiber (CF) synaptic inputs. However, direct demonstration of this form of synaptic plasticity was
not available until the discovery of long-term depression (LTD) by Masao Ito and his coworkers
in 1982. In decerebrate rabbits, they demonstrated that responses of PCs to either mossy fiber or
PF stimulation underwent LTD after the mossy fiber or PF stimulation was applied in conjunction
with CF stimulation at 1-4 Hz for 100 to 300 times. In 1987, Sakurai in Ito’s lab reported LTD in
acute cerebellar slices, and presented the first evidence that CF-induced elevation of intracellular
Ca** levels in PCs is crucial for LTD induction. Then, in 1990, Hirano at Gunma University
independently demonstrated LTD in cultured PCs. The success of recording LTD in cerebellar
slices and cultured PCs paved the way for the intense investigation of molecular/cellular
mechanisms of LTD in the 1990s and 2000s. In this introductory talk, I will give an outline of
early work on LTD at Masao Ito’s lab in the1980s. I will also talk about how metabotropic
glutamate receptor 1 (mGluR1) plays crucial roles in LTD and motor learning, the concept of
which stemmed from my thesis work at Ito’s lab. (COl: No)

S14-2

Temporal aspects of cerebellar long-term synaptic
depression

Keiko Tanaka-Yamamoto; Taegon Kim; Yukio Yamamoto (Center for
Functional Connectomics (CFC), Korea Institute of Science and Technology (KIST),
Korea)

An important feature of long-term synaptic plasticity is that plastic changes in synaptic
transmission lasts for long time after short-lasting stimulation, yet such time course of synaptic
plasticity has not been systematically explained. Our previous studies of cerebellar long-term
depression (LTD) demonstrated that a positive feedback kinase loop extends a time of kinases
being active and consequently works for gradual LTD expression by enhancing the internalization
of AMPA-type glutamate receptors (AMPARs). We have also found mechanisms that prevent
sporadic activation of this loop at the basal state, yet boost the activation after the LTD induction.
However, the subsequent events accomplishing the LTD maintenance after enhanced AMPAR
internalization was not clarified. We recently addressed this issue by developing a genetically-
encoded, photosensitive inhibitor of late endosome (LE) sorting, and then discovered that LTD
relies on timely regulated LE sorting working at the end of enhanced AMPAR internalization.
Due to such LE sorting, the number of AMPARSs residing within endocytic recycling pathways
was reduced, which leads to LTD maintenance.Further, experimental and computational analyses
revealed a switch-like property of LE sorting. Thus, our results indicate that recycling AMPARs
are reduced by transient LE sorting of internalized AMPARSs, and that this process works as a
switch accomplishing the transition from the expression to the maintenance of LTD. (COIl: No)

S14-3
LTD and the search for the cerebellar memory trace
Christian Hansel (Department of Neurobiology, University of Chicago, USA)

Over the last years, Masao Ito’s cerebellar learning theory with LTD at its core has faced multiple
challenges as well as further experimental support. A widespread consensus view holds that LTD
is important for cerebellar learning, but that it is one of several plasticity mechanisms that need to
be activated. In this talk, I will present new data from our laboratory that show that LTD recorded
under realistic, near-physiological conditions displays needs for its instructive climbing fiber
signal that differ from those previously established. Based on two-photon calcium imaging as
well as electrophysiological recordings from intact animals, I will demonstrate the relevance of
these specific complex spike patterns in vivo. In addition, I will propose a new model of the
cellular machinery underlying delay eye blink conditioning that includes synaptic and intrinsic
plasticity components. (COI: No)

S14-4

New optogenetical tool clarified that the cerebellar LTD
was essential for motor learning

Shinji Matsuda (Department of Engineering Science, The University of Electro-
Communications, Japan)

Synaptic plasticity has been thought to be the underlying mechanism for learning and memory.
Long-term depression (LTD) is one of the most well studied forms of synaptic plasticity. It has
been clarified that the clathrin mediated endocytosis of AMPA type glutamate receptor (AMPA
receptor) is the molecular basis for LTD induction. However, it is still unclear whether the
endocytosis of AMPA receptor directly regulate memory and learning. Here we developed the
new optogenetic tool, PhotonSABER, which can regulate the endocytosis of AMPA receptor in a
spatially and temporally controlled manner. We clarified that the endocytosis of AMPA receptor
during the LTD induction was inhibited by light stimulation both in hippocampal and cerebellar
Purkinje neurons. Our electrophysiological experiments also indicated that the induction of LTD
was almost completely blocked by light stimulation in the cerebellar slices from Purkinje cell
specific PhotonSABER knock in mice. We found that the light stimulation to the bilateral flocculi
of PhotonSABER knock in mice inhibited cerebellar motor learning, as well as the decrease of the
synaptic AMPA receptor in the flocculus. Moreover, the other cerebellar motor learning,
adaptation of vestibulo-ocular reflex, was also inhibited by the fiberoptic illumination to the
bilateral flocculi. Our results indicated that the cerebellar LTD is directly linked to the motor
learning. (COIl: No)

S14-5

Specialization of the rules for cerebellar LTD at different
parallel fiber-Purkinje cell synapses

Jennifer L Raymond (Department of Neurobiology, Stanford University School
of Medicine, USA)

It was almost half a century ago that Professor Masao Ito first proposed that long-term depression
(LTD) at the parallel fiber-to-Purkinje cell synapses supports cerebellum-dependent learning.
Recently, my laboratory discovered that the properties of cerebellar LTD vary across parallel fiber
synapses, and can be exquisitely specialized for a particular behavioral task. More specifically,
the timing requirements for LTD can be tightly tuned for the feedback delay for errors to get
reported on the cerebellar climbing fibers. This provides a synaptic solution for the temporal
credit assignment problem, and a mechanism for temporally precise learning. (COI: No)
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Thermal biology: A new world of life science

(whole day symposium) part 11

(Co-organized by Grant-in-Aid for Scientific Research on
Innovative Areas ‘Thermal Biology’ of MEXT, Japan)

(March 29, Fri., 15:10-17:10, Room B)

S15-1

Effects of temperature on seasonal adaptation:
Towards the understanding of human seasonality
Takashi Yoshimura'?2 (nstitute of Transformative Bio-Molecules (WPI-ITbM),
Nagoya University, Japan; *Graduate School of Bioagricultural Sciences, Nagoya
University, Japan; *Division of Seasonal Biology, National Institute for Basic Biology)

The appropriate timing of various seasonal processes, such as reproduction, migration and
hibernation, is crucial to the survival of animals living in temperate regions. Although this
phenomenon attracts great interest, its underlying mechanisms are not well understood. By using
non-model organisms that have highly sophisticated seasonal responses, we have uncovered the
universality and diversity in the signal transduction pathway regulating seasonal rhythms in
vertebrates. Although humans are not typically considered seasonal animals, some evidence
suggests that seasonal variation in physiology and behavior also exists in humans. For example,
the wavelength settings for the unique yellow hue are shifted to shorter wavelengths in summer
compared with those in winter. Seasonal affective disorder patients, experiencing recurrent winter
episodes of depressed mood, overeating and hypersomnia, show electroretinogram changes in
winter, with lower sensitivity compared with healthy subjects. These observations highlight the
potential importance of the retina in seasonality, but the molecular basis of these seasonal changes
remains unknown. We have recently discovered dynamic plasticity in phototransduction regulates
seasonal changes in color perception in Japanese medaka fish (Oryzias latipes), an excellent
model for studying seasonal adaptation. I will discuss how we can better understand human
seasonal rhythms using unique animal models. (COl: No)

S$15-2

Mechanisms of psychological impacts on
thermoregulation and metabolism

Kazuhiro Nakamura (Department of Integrative Physiology, Nagoya University
Graduate School of Medicine, Japan)

Psychological stress and emotion impact on the brain circuit systems that regulate body
temperature and metabolism. Many psychological stressors stimulate sympathetic outflows to
thermoregulatory effectors to increase body temperature. We have studied the central circuit
mechanism by which psychological stress signals elicit sympathetic thermogenesis in brown
adipose tissue and tachycardia leading to stress-induced hyperthermia. This central circuit
involves a stress-activated excitatory (glutamatergic) pathway from the dorsomedial
hypothalamus to the sympathetic premotor region in the medulla oblongata. We recently identified
a cortical area that provides excitatory stress inputs to the hypothalamomedullary sympathetic
pathway to drive the stress responses. Selective ablation of the corticohypothalamic pathway
eliminates the stress-induced sympathetic responses, but does not affect basal thermoregulation,
indicating the essential role of this stress pathway in driving stress-induced sympathetic
responses.

Our study has also focused on the role of the oxytocinergic nervous system, which is activated by
emotional stimuli, in central metabolic regulation, since ablation of oxytocin neurons causes
obesity as seen in Prader-Willi syndrome. We have found that a hypothalamo-medullary
oxytocinergic pathway stimulates sympathetic thermogenic outflow to brown adipose tissue. This
oxytocinergic sympathoexcitation may explain the chronic impact of emotion and stress on
metabolism. (COI: No)

S$15-3

TRP ion channels - internal/deep-brain temperature
sensors and guardians of homeostasis?

Jan Erik Siemens’; Gretel B. Kamm'; Juan C. Boffi?;

Hong Wang'4; Thomas Kuner?; Kun Song'*('Department of Pharmacology,
Heidelberg University, Germany; *Department of Functional Neuroanatomy, Heidelberg
University, Germany, *Max Delbriick Center for Molecular Medicine (MDC), Germany ; “The
Brain Cognition & Brain Disease Institute, University Town of Shenzhen, China)

Transient receptor potential (TRP) ion channels have been identified as versatile, multimodal
molecular sensors. Particularly, several members of the extended TRP ion channel family detect
temperature changes in the somatosensory nervous system. Pharmacology and genetic deletion
experiments have shown that TRP channels are necessary for mediating responses to painfully hot
or cold temperatures and they become sensitized under inflammatory conditions leading to
exacerbated nociceptive signals. TRPs have therefore emerged as targets for analgesic therapy.

Besides constituting a warning system alerting us about noxious thermal conditions, temperature
detection in the innocuous range serves another important feat: Mammalian organisms possess
the remarkable ability to maintain internal body temperature (T_ ) within a narrow range close to
37°C despite wide environmental temperature variations. The brain’s neural “thermostat” is made
up by central circuits in the hypothalamic preoptic area (POA), which orchestrate peripheral
thermoregulatory responses to maintain T_ . How the POA detects temperature and integrates
temperature information to achieve thermal balance is largely unknown.

I will present our recent findings that implicate TRP channels in hypothalamic thermoregulation.
I will conclude with an outlook on potential future experiments geared to address key questions
concerning internal temperature detection and thermoregulation. (COl: No)
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Gastrointestinal Control of Energy Metabolism
(CAPS, China)

(March 29, Fri., 15:10-17:10, Room C)

S$16-1

Gastric mTORC1 as a fuel sensing mechanism and its
role in lipid homeostasis

Weizhen Zhang (Department of Physiology and Pathophysiology, Peking
University Health Science Center, China)

Gastric mechanistic target of rapamycin (mTOR) signaling is inversely associated with the
expression and secretion of ghrelin, a 28-aa peptide hormone produced by X/A-like cells. We
hypothesized that mTOR signaling in X/A like cells controls global lipid metabolism. To test this
hypothesis, we established a ghri-cre transgene in which the cre enzyme is expressed in X/A-like
cells under the control of the ghrelin-promoter. mTOR" " and TSC I"**#** mice were bred with
ghrl-cre mice to generate mG or TG mice, within which mTOR signaling was suppressed or
activated respectively. Lipid metabolism in liver and adipose depots was analyzed. Under the
control of the ghrelin-promoter, cre enzyme is exclusively expressed in stomach X/A-like cells in
adult animals. Knockout of mTOR in X/A-like cells increased circulating acyl-ghrelin and
promoted hepatic lipogenesis with effects on adipose depots. Activation of mTOR signaling by
deletion of TSC1, its upstream inhibitor, decreased ghrelin expression and secretion, altering lipid
metabolism as evidenced by resistance to HFD-induced obesity and hepatic steatosis. Both
ghrelin administration and rapamycin, an inhibitor of mTOR, altered the phenotypes of TG mice.
Our observations indicate that Gastric mTOR signaling in X/A-like cells contributes to organism
lipid homeostasis by regulating hepatic and adipose lipid metabolism. Gastric mTOR signaling
may provide an alternative strategy for intervention in lipid disorders. (COI: No)

S16-2

Gut-derived Dopamine and Its Regulation on Intestinal
Barrier Function

Jinxia Zhu; Xiaoyan Feng; Chenzhe Liu; Xiaoli Zhang (Department of
Physiology and Pathophysiology, Capital Medical University, China)

Dopamine (DA), an important catecholaminergic neurotransmitter, is generated in central
nervous system and peripheral organs. About 50-70% of the body’s DA comes from gut, including
enteric neurons, gastrointestinal (GI) epithelia, enteric immune cells and pancreatic  cells. DA
plays important roles in aging, brain-gut axis, GI motility, epithelial ion transport, inflammation
and tumor. Recent studies have reported that a substantial level of DA existed in the gut lumen and
it can be produced by intestinal bacteria, but the role of luminal DA in gut is unclear. In our study,
the basolateral DA induced a short-circuit current (AIsc) in duodenum, while luminal DA
increased the duodenal HCO3- secretion without change in Alsc. A substantial amount of DA
was observed in the rat feces and its concentration was much higher than that in colonic tissue and
serum. In rat colonic mucosa preparations, DA added to luminal side markedly elevated the levels
of DA and its metabolite in colonic tissue, which was blocked by dopamine transporter inhibitor.
Pretreatment with monoamine oxidase or catechol-O-methyl transferase inhibitors obviously
decreased the decomposition of DA and elevated the DA content in colonic mucosa. Furthermore,
gut-derived DA also mediated duodenal/colonic mucosa resistance and permeability, and mucus
secretion. In conclusion, luminal DA may play important roles in the GI mucosal protection and
gut functional regulation. (COIl: No)

S$16-3

Hormonal and neuronal regulatory mechanisms of
gastrointestinal motility in the Suncus murinus

Ichiro Sakata; Takafumi Sakai (Graduate school of Science and Engineering,
Saitama University, Japan)

Gastrointestinal motility is regulated by hormonal factors, as well as the autonomic and enteric
nervous systems. Recently, we established Suncus murinus (suncus) as a small model animal to
investigate gastrointestinal motility. Suncus produces the gastrointestinal hormones motilin and
ghrelin, and the anatomy of the stomach and the patterns of gastric motility in suncus are similar
to those in humans. We used this animal model to investigate the regulatory mechanisms of
gastric contraction in suncus in the fed and fasting states. In the interdigestive state, ghrelin is
involved in the regulation of phase II of the migrating motor complex (MMC) via the action of
the vagal afferent. Additionally, coordinated activity of ghrelin and motilin stimulates strong
gastric contractions corresponding to phase III of the MMC, and ghrelin-mediated GABAergic
neurons play a key role in motilin-induced gastric contraction. In the postprandial state, we
observed that hormonal regulation of ghrelin and motilin induces postprandial gastrointestinal
contraction. In this discussion, we describe the usefulness of suncus as a unique animal model to
investigate gastrointestinal motility and summarize the hormonal and neuronal regulation of
gastrointestinal motility. (COl: No)

S$16-4

The X/A-like cell as a regulator of food intake

Andreas Stengel‘-z (!Psychosomatic Medicine, University Tuebingen, Germany;
2Psychosomatic Medicine, Charité University, Germany)

Initially ghrelin has been identified in gastric X/A-like cells. Since ghrelin is the only known
peripherally produced and centrally acting hormone to stimulate food intake this attracted a lot of
attention. Subsequently, other peptide products of this cell type such as desacyl ghrelin and
nesfatin-1 have been identified. Since these peptides were shown to inhibit food intake it has been
hypothesized that the X/A-like cell could act as a dual regulator of food intake. The present talk
will highlight these developments and discuss potential routes of future research. (COIl: No)

S$16-5

Regulation of GLP1 secretion and mitochondrial
function by Berberine in colon enterocytes

Jianping Ye (Central Lab, Shanghai Jiaotong University Affiliated 6th Peoples
Hospital East, China)

L-cell dysfunction is reported for GLP-1 reduction in type 2 diabetes. However, the mechanism
of dysfunction remains unknown. We investigated the mechanism in diet-induced obese (DIO)
mice, which were treated with berberine (100 mg/kg/day) for 8 weeks to regulate GLP-1
expression. Mitochondrial activities of the colon enterocytes were compared among three groups
of mice (lean, DIO and DIO+berberine) at the end of treatment. A cellular model treated with
palmitic acid (PA) was used in the mechanism study. A reduction in GLP-1 expression was
observed in DIO mice with mitochondrial stress responses in the colon enterocytes. The
mitochondria exhibited cristae loss, membrane rupture and mitochondrial swelling, which was
observed with an increase in ATP abundance, complex I activity, and deficiency in the activities
of complexes II and IV. Those changes were associated with dysbiosis and a reduction in SCFAs
in the colon of DIO mice. In the cellular model, an increase in ATP abundance, loss of
mitochondrial potential and elevation of apoptosis were induced by palmitic acid (PA). All of the
alterations in DIO mice and the cellular model were attenuated by berberine. The mitochondrial
stress responses were observed in the colon enterocytes of DIO mice for GLP-1 reduction. The
stress was prevented by berberine in the restoration of GLP-1 expression, in which BBR may act
through direct and indirect mechanisms. (COl: No)
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Teaching physiology; International perspectives
(whole day symposium) part 11

(March 29, Fri., 15:10-17:10, Room D)

S17-1

Integration of social practice and medical knowledge in
an outcome-based curriculum at NCKU Medical School
Mei-Ling Tsai (Department of Physiology, National Cheng Kung University,
Taiwan)

An Epistemology for clinical medicine is derived from interpretative action and interaction. The
former is based on medical research and biomedical data. The latter is based on the interpersonal
communication through various means. However, medical education now highly addresses on
scientific training and data interpretation. Very few courses are designed to build their knowledge
through personal interaction. To empower their capacities of inductive reasoning skills and
knowledge constuctivism, service learning will be a best practice. In the 21st century, impact of
ageing on workforces of health care in the society becomes obvious but no course in medical
programs is designed to enhance student’s self-awareness on the elderly care. Therefore,
conversion of service learning to social practices allowed the students to conduct health check-
ups for the elderly and interact with the elderly with simple intrview, and then offer health
education to the elderly. Our post-class evaulation showed that shadowing coupled with the
approach of learning by teaching improves their skills of constructing knowledge through
interpersonal communication. (COIl: No)

S17-2

PHY-STORY : Students Discovering and Telling their
Stories of Physiology

Cheng Hwee Ming (Department Physiology, Faculty of Medicine, University
Malaya, Malaysia)

Physiological knowledge continues to grow and finer mechanistic details at the cellular level are
elucidated to fit into the whole body homeostatic schemes. With the increasing volume of new
information on cellular events, the big picture of integrated Physiology can be lost. In addition, it
is also noted that students tend to become rootless and deficient in appreciating the historical
milestones in the development of current Physiological knowledge. Besides an intentional
inclusion of physiologist icons and key classical experiments in our lectures, students can be
motivated to discover such PHY-stories for themselves. Short assignments to search out and
present these narratives will enhance learning of Physiology. Several of my students in Universiti
Malaya also initiated a Facebook group to initiative such a focus for their classmates. During
small group tutorials, encouraging students to express, in their own words, their grasp of
phenomenons like e.g. Haldane’s effect, Starling’s cardiac mechanism, renal autoregulation
provides opportunity for self discovery of their own understanding and misconceptions. Directed,
self learning using PHY-story can be an engaging activity to help our students think outside their
power-point boxes. (COIl: No)

S17-3
How to make students alert during lectures

Mangala Gunatilake (Dept. of Physiology, Faculty of Medicine, University of
Colombo, Sri Lanka)

Within this ever-changing world, it is our duty as teachers to enhance student learning and we
must make every effort to keep students alert specially during large group teaching. Lectures
being a well-accepted teaching mode to impart knowledge to students in large classes, they should
be more interactive to attract students’ interest in the area of study. Inclusion of more patient based
scenarios, asking questions from the related areas during the lecture, interactions with students in
a friendly manner are some of the techniques that could maintain alertness of students. Aa per my
experience, students prefer to interact with the lecturer when lecturer tries to be in the same level
with the students while walking through the lecture hall without standing in the stage. In the
feedback obtained, students indicated they prefer this method as they could concentrate more on
the subject to grasp necessary information. (COl: No)

S17-4
Teaching Physiology - Students’ Voice
Noriyuki Koibuchi (Gunma University Graduate School of Medicine, Japan)

Student- centered education is the most important key word that all teachers should keep in mind.
To fulfill this issue, we should keep trying to improve our curriculum. To construct better
curriculum, it is indeed important to hear students’ opinion. During the final program for the
whole day symposium on Physiology education, therefore, we will invite several undergraduate/
postgraduate students who are taking Physiology course and ask them to present their experience
on physiology education followed by the panel discussion on how to create the best student-
centered curriculum to facilitate students’ motivation to actively learn physiology. (COI: No)

S26 9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan



The Journal of Physiological Sciences

Symposiumi18

Dynamics of membrane trafficking and
intracellular signaling

(March 29, Fri., 15:10-17:10, Room E)

S18-1

Optogenetic control of diverse molecular and cellular
processes in the mouse brain

Won Do Heo"?('Department of Biological Sciences, KAIST, Korea; *Center for
Cognition and Sociality, IBS, Korea)

My group has been developing various bio-imaging and optogenetic tools for the study of cell
signaling in live cells as well as neuronal functions in vivo. Novel optogenetic toolkit developed
by my group is highly advantageous compared with conventional approaches in that it allows
finely manipulated signaling pathways in a spatial and temporal resolution, thereby making it
possible to dissect and analyze the transient dynamics of signaling processes within a defined
period. These tools are very useful not only for imaging based researches in cell biology, but also
for the studies in neuroscience. Recently developed optogenetic strategies have brought
significant changes the way in which signaling in living cells is studied in neurobiology and other
disciplines. Novel optogenetic toolkit my group has been developing are capable of providing
what channelrhodopsins could not offer previously, contributing in a disparate perspective of
neuroscience. We are applying the new technologies to the study of spatiotemporal roles of
signaling proteins and second messengers in synaptic plasticity and learning and memory in
normal and disease mouse models. (COIl: No)

S18-2

Imaging secretory cells and molecular configurations of
exocytic proteins

Noriko Takahashi'; Hiroyasu Hatakeyama'; Tomomi Oshima’;
Yuichi Morimoto?; Haruo Kasai? (\Department of Physiology, Kitasato
University School of Medicine, Japan, *Structural Physiology, Graduate School of
Medicine, The University of Tokyo, Japan)

Insulin is secreted from pancreatic beta cells and regulates blood glucose levels. We have
investigated the SNARE assembly at the plasma membrane of pancreatic beta cells and
presynaptic terminals of cortical neurons, using two-photon fluorescence lifetime imaging
(2p-FLIM) of Forster resonance energy transfer (FRET). We have revealed that the trans-SNARE
assembly was detected in the presynaptic terminals in the resting state, and such assembly was
correlated with the release probability. In additions, a domain-swapped conformation was
detected, where a helix of SNAP25 (SN1) bound to the second helix (SN2) of the other SNAP25
molecule and formed oligomer of SNARE complex. Such a structure was suggested to underly
the ultrafast exocytosis from the synapse. In contrast, such trans-SNARE complex involving
vesicular SNARE molecule was undetectable in the resting state of beta cells, but was observed
just before insulin exocytosis. Recently we also began to image the pancreatic islets in vivo using
two-photon microscopy, and to image the insulin granule movement inside the cells using
confocal microscopy. Combined with the data from these methods, we are investigating the
regulatory system of insulin secretion. (COI: No)

S18-3

Fluorescence Imaging of membrane dynamics and
intracellular signaling

Yusuke Ohba (Department of Cell Physiology, Faculty of Medicine, Hokkaido
University, Japan)

Endocytosis mediates the internalization of a variety of endogenous or exogenous substances, and
is accurately regulated by intracellular signaling. We have previously reported that the complex
formed by the small GTPase Ras and phosphoinositide 3-kinase (PI3K) is translocated from the
plasma membrane to endosomes, signaling from which thereby regulates clathrin-independent
endocytosis (Tsutsumi ez al., Cell Signal, 2009; Fujioka et al., PLoS One, 2011). However, the
precise molecular mechanism through which the Ras-PI3K complex is recruited to the endosome
has yet to be determined. Here, we have identified the amino acid sequence responsible for
endosomal localization of the Ras-PI3K complex, which was named RAPEL after Ras-PI3K
endosomal localization. PI3K lacking RAPEL failed to translocate to endosomes, and expression
of RAPEL suppressed endocytosis, demonstrating that the sequence dictates the regulation of
Ras-PI3K signaling in the endosome. To further elucidate the underlying molecular mechanism,
we screened RAPEL binding factors and identified several mitochondrial membrane proteins as
candidates. Expression levels of these proteins were either negatively or positively correlated
with endosomal localization of Ras-PI3K complex and endocytic activities, suggesting the
possibility of involvement of mitochondrial in the regulation of endocytosis. In fact, physical
contact between endosomes and mitochondria was decreased under the suppression of the
mitochondrial factor. (COI: No)

S18-4

Essential role of class Il PI3K in endocytosis and
endosomal signaling

Kazuaki Yoshioka'; Khin Thuzar Aung'; Azadul Kabir Sarker?;
Sho Aki'; Kuntal Biswas'; Noriko Takuwa'?; Yoh Takuwa'

(!Department of Physiology, Kanazawa University, Japan; *Department of Health
Science, Ishikawa Prefectural Nursing University, Japan)

PI3K family regulates diverse dynamic membrane events. While class I and class III of PI3K are
well-characterized, functional roles of class II PI3K isoforms (PI3K-C2a, -C2f and -C2y) were
largely unknown. We demonstrated that global C20-KO mice were embryonic lethal due to severe
defects in angiogenesis. The inducible endothelial cell (EC)-specific C2a deletion resulted in a
similar phenotype. Mechanistically, C2a was required for ligand-induced endocytosis of the
angiogenic receptors including VEGFR2, S1P1 and TGFp receptor, and thereby receptor-
mediated endosomal activation of Rho, Rac, and Smad2/3. C2a and also C2f3 were required for
clathrin-mediated fluid-phase endocytosis (pinocytosis) in EC. Both C2a and C2f were co-
localized with clathrin-coated pits and vesicles. However, C2f3 but not C2a was highly co-
localized with actin filament-associated clathrin-coated structures (CCS), and required for actin
filament formation at the CCS. Among several different cell type-specific class IT PI3K KO mice,
smooth muscle (SM)-specific KO of both C20 and C2f in female mice resulted in impaired
parturition due to defective uterine SM contraction. In contrast, the single KO of either C2a or
C2p did not impair parturition. The double KO mice showed defective endosomal Rho activation
and diminished myosin phosphorylation. These results indicate that C2a and C2f are involved in
clathrin-mediated endocytosis with cell type-specific functional compensations. (COIl: Properly
Declared)

S18-5

Morphological changes of plasma membrane and
protein assembly during clathrin-mediated endocytosis
Shige H. Yoshimura'; Aiko Yoshida'?; Yoshitsuna ltagaki';

Yuki Suzuki® (!Graduate School of Biostudies, Kyoto University, Japan; *Graduate
School of Medicine, Hokkaido University, Japan; *Frontier Research Institute for
Interdisciplinary Sciences, Tohoku University, Japan)

Clathrin-mediated endocytosis (CME) proceeds through a series of morphological changes of the
plasma membrane induced by a number of protein components. Although the spatiotemporal
assembly of these proteins has been elucidated by fluorescence-based techniques, the protein-
induced morphological changes of the plasma membrane have not been fully clarified in living
cells. Here, we visualize membrane morphology together with protein localizations during CME
by utilizing high-speed atomic force microscopy (HS-AFM) combined with a confocal laser
scanning unit. The plasma membrane starts to invaginate approximately 30 s after clathrin starts
to assemble, and the aperture diameter increases as clathrin accumulates. Actin rapidly
accumulates around the pit and induces a small membrane swelling, which, within 30 s, rapidly
covers the pit irreversibly. Inhibition of actin turnover abolishes the swelling and induces a
reversible opentclose motion of the pit, indicating that actin dynamics are necessary for efficient
and irreversible pit closure at the end of CME. (COI: No)
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Symposium19

Mitochondrial Physiology and Pathophysiology
(KPS, Korea)

(March 29, Fri., 15:10-17:10, Room F)

S$19-1

Mitochondrial quality control and its metabolic
regulation by reactive persulfide species

Motohiro Nishida'? (‘Division of Cradiocirculatory Signaling, National Institute
for Physiological Sciences, National Institutes of Natural Sciences; *Department of
Translational Pharmaceutical Sciences, Graduate School of Pharmaceutical Sciences,
Kyushu University)

Mitochondria are dynamic organelles that continuously undergo fission and fusion, which are
necessary for maintaining bioenergetic homeostasis in cells. Mitochondrial fission and fusion
cycle is precisely regulated by three GTP-binding proteins, dynamin-related protein 1 (Drpl),
mitofusins (Mfnl and mfn2) and optic atrophy 1 (Opal), and these three G proteins have redox-
sensitive cysteine (Cys) residues. Especially, mitochondria predominantly show tubular form in
adult cardiomyocytes and are reported to be fragmented by exposure to electrophilic chemical
substances. We found that electrophilic modification of Cys-624 on Drpl, caused by endogenous
or exogenous electrophiles, increased Drpl GTPase activity as well as cardiac vulnerability to
mechanical stress in rodent hearts. In contrast, reactive sulfide species such as Cys persulfides
that are produced in cells are likely involved in electrophile metabolism. Protein Cys persulfide
detection assay revealed that endogenous Drpl abundantly formed Cys persulfide in rat
cardiomyocytes, and exposure to environmental electrophiles such as methylmercury (MeHg)
reduced Drpl persulfide level. Supplementation of sulfur to Cys-624 by exogenous treatment
with NaHS as a sulfur substrate for 24 hours completely abolished electrophile-mediated sulfur
deprivation of Drp1 protein as well as exacerbation of cardiac cell injury induced by mechanical
stretch. These results strongly suggest that formation of Cys persulfide on Drpl proteins play a
key role in mitochondrial quality control and bioenergetics by negatively regulating Drp1 activity.
(COI: No)

S$19-2

Regulation of systemic energy metabolism in altered
mitochondrial proteostasis

Minho Shong (Department of Internal Medicine, Chungnam National University,
Korea)

Recent in vivo studies in C. elegans and Drosophila revealed that UPRmt activation by inhibition
of mitochondrial electron transport chain (ETC) functions increases lifespan. This effect is
modulated by cell-autonomous and cell-non-autonomous factors, known as mitokines. However,
extrapolation of these studies into mammalian systems is extremely difficult because generalized
impairment of ETC function in mice uniformly results in progressive deterioration of organ
functions and premature death. Recently, we successfully generated and demonstrated relevant
mouse models of tissue-specific mitochondrial unfolded protein response (UPRmt) activation and
ETC deficiency that are reminiscent of complex human disorders, e.g., neurodegeneration,
Parkinson’s disease, insulin resistance, and type 1 and 2 diabetes. These models are based on
tissue-specific knockout of Crifl, which encodes a factor required for biogenesis of ETC subunits.
Preliminary observations on phenotypes of tissue-specific Crifl-deficient mice revealed unique
UPRmt activation e.g., adaptive transcriptomic changes and secretome responses (mitokines),
which can be considered to be part of the phenomenon of “mitohormesis”. Based on these
observations, we postulated that tissue-specific UPRmt and mitokine responses are critical cell-
non-autonomous modifiers in disease progression, and that individual mitokines may act as
disease markers and potential therapeutic targets in complex human disorders. (COIl: No)

$19-3

Roles of mitochondrial dynamics in cellular function,
development, and differentiation

Naotada Ishihara'?; Takaya Ishihara'?; Emi Ogasawara'?;
Tadato Ban?('Graduate School of Science, Osaka University, Japan; *Institute of
Life Science, Kurume University, Japan)

Mitochondria are highly dynamic organelles that change their morphology in response to cellular
signaling and differentiation. Dynamin-related GTPase Drpl plays a key role in mitochondrial
fission. Autosomal dominant mutation of human Drpl leads to neonatal lethality, suggesting that
mitochondrial dynamics is important for development and differentiation in mammals. To assess
the physiological role of mitochondrial fission, we generated Drpl KO mice by using Cre-loxP
system. Drpl knockout (KO) mice have developmental abnormalities, and die after embryonic
day 12.5. Neural cell-specific Drpl KO mice die shortly after birth due to brain hypoplasia with
apoptosis, due to failed proper distribution of mitochondria. Recent studies have revealed that
mitochondrial dynamics also plays an important role in the formation and maintenance of
cardiomyocytes. We found that muscle-specific Drpl KO mice showed neonatal lethality due to
dilated cardiomyopathy. The Drp1 ablation in heart and primary cultured cardiomyocytes resulted
in severe mtDNA nucleoid clustering and led to mosaic deficiency of mitochondrial respiration.
The functional and structural alteration of mitochondria also led to immature myofibril assembly
and defective cardiomyocyte hypertrophy. Thus, the dynamics of mtDNA nucleoids regulated by
mitochondrial fission is required for neonatal cardiomyocyte development by promoting
homogeneous distribution of active mitochondria throughout the cardiomyocytes. (COIl: No)

S$19-4

Mitochondrial oxidative stress associated with calcium
and phosphate

Kyu—Sang Park'? (!Department of Physiology, Wonju College of Medicine, Yonsei
University, Korea; *“Mitohormesis Research Center, Wonju College of Medicine, Yonsei
University, Korea)

Intracellular Ca** homeostasis is particularly important for signal transduction and energy
metabolism. Oxidative stress by glucolipotoxicity triggers aberrant ER Ca®* release and thereby
depletion of the ER Ca’* store leading to serious ER stress. ER Ca*" depletion also induces
perilysosomal Ca?* dysregulation and defective autophagic flux. Secondary to ER Ca® release,
further increases in cytosolic and mitochondrial matrix Ca®* aggravate mitochondrial oxidative
stress and cytotoxicity. All these pathogenic changes were prevented by mitochondrial ROS
scavengers. eliciting a vicious cycle. Inorganic phosphate (P) also plays an essential role in cell
signaling and metabolism. Elevated P, have serious cardiovascular complications, the underlying
mechanisms of which remains unclear. Our group observed that cellular P, uptake elicited
cytosolic alkalinization which facilitates P, transport into mitochondrial matrix. Increased
mitochondrial P, uptake accelerated superoxide generation, upregulation of osteogenic genes and
calcific changes in aortic smooth muscle cells. Vascular calcification by high P, was prevented by
inhibition of mitochondrial ROS as well as Ca** and P, transports. We suggest that there could be
a close connection between intracellular Ca**and P, regulation, which might be a novel therapeutic
target for various metabolic diseases. (COI: No)
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Symposium20

Adaptation mechanisms to external or internal
environmental changes of respiratory system

(March 29, Fri., 15:10-17:10, Room G)

S$20-1

Vaginal delivery is a strong adaptation signal to start
spontaneous breathing

Keiko lkeda'?; Hiroshi Onimaru?; Kiyoshi Kawakami? (‘Department of
Physiology, International University of Health and Welfare, Japan, *Division of
Biology, Center for Molecular Medicine, Jichi Medical University, Japan; *Department
of Physiology, Showa University School of Medicine, Japan)

Na pump is the membrane protein responsible for maintaining Na‘and K' gradient across the cell
membrane and consists of o and B subunits. A glial-specific human o2 subunit isoform of the
pump, ATPIA2, plays an important role in neuronal excitability during pregnancy. Point
mutations in the ATPIA2 cause familial hemiplegic migraine. To get insight into the
pathophysiology of migraine and functional roles of the o2 in the brain, we examined the
phenotype of Atpla2 knockout homozygous mouse fetuses (Afpla2™"). All the Atpla2”were alive
in the wom but died after birth due to lack of spontaneous breathing. Interestingly, they showed
different phenotype depending on the mode of delivery. About half of the A#p/a2"- born through
the birth canal, i.e., by vaginal delivery, started spontaneous breathing and survived several hours
at most. On the contrary, all Afp/a2”-born by caesarian section showed complete loss of breathing
activity, followed by immediate death. We confirmed that vaginal delivery boosted the neural
activities in both Afpla2”-and wild type by electrophysiological analyses using brainstem spinal
cord preparation. Moreover, some of channel proteins showed different levels of expression
between vaginal and caesarean deliveries. The results indicate that the stimulus of vaginal
delivery is a strong signal for newborn to adapt environment and to start spontaneous respiration
through maturation of respiratory neural network in both A¢p/a2"and the wild-type. (COI: No)

S20-2

Pontine modulation of medullary respiratory circuit
activity

Rishi R Dhingra; Mathias Dutschmann (Division of Systems
Neurophysiology, The Florey Institute of Neuroscience & Mental Health, Australia)

The breathing pattern is generated by a columnar central pattern generator network extending
rostrally from the ventrolateral medulla thru the dorsolateral pons. The eupneic respiratory pattern
consists of three distinct respiratory phases: inspiration, post-inspiration and late-expiration. It
has been known for more than a century that dorsolateral (dl) pontine brain areas are of major
importance for respiratory pattern formation. For instance, inhibition of the Kélliker-Fuse (KFn)
or medial parabrachial nuclei can severely disrupt the respiratory motor pattern by significantly
delaying the inspiratory off-switch, which triggers a pathological two-phase breathing pattern
called apneusis. These compelling data implicate that the formation of the eupneic breathing
pattern depends on a presently undefined pontine modulation of medullary respiratory circuit
activity. Here, we utilize high-density planar silicon multi-electrode arrays to assess the impact of
dl pontine lesion (local microinjection of the GABA(A)R agonist isoguvacine) on medullary
respiratory neuron activities in the pre-Botzinger and Bétzinger complexes in the perfused
preparation of rats. Using this approach, we characterize the dl pontine-dependent modulation of
tonic- and phasic-respiratory neurons within the medullary core of the respiratory network. (COI:

No)

S$20-3
Hypoxic responses of the respiratory system

Yasumasa Okada’; Itaru Yazawa?; Kotaro Takeda®;

Shuntaro Okazaki*; Makoto Uchiyama®; Yuki Kurita;

Isato Fukushi'; Shigefumi Yokota®; Yasuo Mori®;

Hiroshi Onimaru’ (!Clin. Res. Ctr., Murayama Med. Ctr., Japan; *Global Res. Ctr:
for Innovative Life Sci., Hoshi Univ. Sch. of Pharm. & Pharmaceut. Sc, Shinagawa,
Japan, 3Sch. of Hith. Sci., Fujita Hith. Univ., Japan; *Waseda Univ., Japan; *Dept. of
Synthetic Chem. and Biol. Chem., Grad. Sch. of Engineering, Kyoto Univ., Japan;
°Dept. of Anat. and Neurosci., Shimane Univ., Japan; "Showa Univ. Sch. of Med.,
Japan)

Adequate maintenance of oxygen homeostasis is essential for the life. It has been described that hypoxia is
sensed solely by peripheral chemoreceptors in respiratory control. However, hypoxia augments ventilation
in unanesthetized awake animals even after peripheral chemodenervation, indicating the existence of the
central hypoxia-sensitive mechanism. We hypothesized that astrocytes are a key player in hypoxic sensing,
and tested the effects of pharmacological suppression of astrocytic activation using arundic acid in in vivo
mice. Arundic acid suppressed hypoxic ventilatory augmentation and post-hypoxic persistence of ventilatory
increase. Further, to investigate the purely central mechanism of hypoxic respiratory regulation, we used in
vitro brainstem-spinal cord preparations isolated from newborn rats or mice. The preparation generates
spontaneous respiratory output but lacks peripheral tissue, and is ideal in the study of purely central
mechanism of hypoxic respiratory responses. When the superfusate gas composition is switched from
control (95% 02, 5% CO2) to hypoxic (95% N2, 5% CO2), respiratory frequency increases transiently
followed by a decrease in respiratory frequency. By calcium imaging we confirmed hypoxia activated
astrocytes in the respiratory regions in the ventrolateral medulla. We propose that not only a subset of
neurons but astrocytes in the medulla play roles in respiratory hypoxic sensing. (COI: No)

S20-4
How hypoxia blunts respiratory arousal from sleep
Peter George Burke (Neuroscience Research Australia, Australia)

Obstructive sleep apnoea causes significant intermittent arterial hypoxemia and hypercapnia, and
leads to cardiorespiratory stimulation and arousal from sleep. These adjustments in breathing,
circulation and vigilance are initiated by feedback by O,/CO, chemoreceptors such as the carotid
body, and by airway mechano-, thermal and pressure sensors. Brainstem neuronal networks
receive and integrate this respiratory afferent information, and activate physiological and
behavioural effectors via a sequence of central neuronal connections that remain poorly defined.
Identifying these key intermediate neuronal circuits, such as the circuitry responsible for the
arousal by carotid body activation, is vitally important. So too is defining the endogenous factors
and mechanisms that modulate the information flow along these circuits that shape neural gain (ie
ventilatory response) and adaptive behaviour (ie arousal threshold). My talk will focus on recent
efforts using optogenetic methodologies to test the contribution of specific brainstem pathways in
rodents for the hypoxic or hypercapnic-induced cardiorespiratory stimulation and arousal from
sleep. I will also present evidence that increased endogenous adenosine tone, via sleep deprivation
or mild CNS hypoxia, suppresses brainstem circuits triggering arousal. This metabolic
neuromodulator may underlie the increased arousal threshold seen in obstructive sleep apnoea.
(COI: No)

S20-5

Impact of cervical spinal cord injury on respiratory
motor control

Kun-Ze Lee (Department of Biological Sciences, National Sun Yat-sen University,
Taiwan)

Inspiratory flow is trigger by contraction of the diaphragm and intercostal muscles, which are
innervated by the cervical phrenic and thoracic intercostal motoneurons, respectively. These
spinal respiratory motoneurons were driven by the brainstem premotor neurons and spinal
interneurons, therefore, cervical spinal cord injury is usually associated with respiratory
compromises due to interruption of bulbospinal respiratory pathways and/or damage of phrenic
motoneurons. The present study was aimed to investigate how cervical spinal cord injury
influences inspiratory pump muscles at different injured stage in clinically-relevant spinal cord
contusion rodent model. Our results demonstrated that both compensatory plasticity and
spontaneous recovery could be evoked in the phrenic and intercostal motor system after cervical
spinal cord injury. In addition, we noticed that the upper airway response evoked by vagal
bronchopulmonary C-fiber activation was attenuated in cervical spinal cord contused rats. These
results indicated that cervical spinal cord injury not only affects spinal respiratory activity but also
has a significant impact on the vagal-mediated respiratory reflex and upper airway motor control.
(COI: No)
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Symposium21

New Paradigm in Physiology and Pathophysiology
of Coagulation-fibrinolysis System

(March 29, Fri., 15:10-17:10, Room H)

S$21-1

Overview of the cross-talk between the coagulation-
fibrinolysis System and cellular functions

Tetsumei Urano; Yuko Suzuki (Department of Medical Physiology,
Hamamatsu University School of Medicine, Japan)

The coagulation-fibrinolysis system plays a primary role in the hemostasis. The activity of
coagulation and fibrinolysis are precisely regulated in a spatiotemporal manner, to which surfaces
of vascular endothelial cells and platelets greatly contribute, thereby preventing the intravascular
clot formation and contributing to maintaining vascular integrity. The coagulation-fibrinolysis
system cross-talks with a variety of physiological and/or pathological phenomena other than
thrombus formation and lysis including inflammation and immunity. The proteinase-activated
receptors, a unique family of G protein-coupled receptor, plays a critical role as a key molecule at
the interface between coagulation-fibrinolysis and these phenomena, by mediating various
cellular effects of the serine proteinase in the coagulation-fibrinolysis system. In this symposium,
the recent advancements in the field of physiology and pathophysiology of the coagulation-
fibrinolysis system will be discussed from two points of view, i.e., from a point of the coagulation-
fibrinolysis factors and from a point of their receptor. (COl: Properly Declared)

S21-2

Cell surface-modified fibrinolysis; contribution of
vascular endothelial cells and platelets

Yuko Suzuki; Hideto Sano; Naoki Honkura; Tetsumei Urano
(Department of Medical Physiology, Hamamatsu University School of Medicine,
Japan)

Vascular endothelial cells (VECs) play essential role in keeping the fluidity of circulating blood
by expressing dynamic antithrombotic effects. Once vascular wall is injured, haemostatic
thrombus is promptly formed via an initiation of coagulation cascade following to the recruitment
and activation of platelets. The lysis of the thrombi is also finely regulated, and those formed in
excess or at unnecessary place are quickly dissolved. To achieve these missions with accuracy,
spatiotemporal regulation of platelets activation, coagulation, and fibrinolysis are essential.
Recent advances in genetic engineering and optical instrumentation have allowed us to
demonstrate where, when, and how these processes take place. Our recent results obtained by
real-time imaging analysis of cell surface-modified fibrinolysis using fluorescence microscopies
will be discussed focusing on VEC surface and activated platelets. (COl: No)

S21-3

Novel role of coagulation factor Xl as a regulator of
vascular smooth muscle function

Katsuya Hirano; Wenhua Liu (Department of Cardiovascular Physiology,
Faculty of Medicine, Kagawa University, Japan)

Coagulation factor XI (FXI) is involved in the intrinsic coagulation pathway. The studies with
FXI-knockout mice suggest the involvement of FXI in pathogenesis of atherosclerotic lesions and
inflammation. However, the underlying mechanism remains unclear. Serine proteinases exert
cellular effects by acting as agonist for proteinase-activated receptor (PAR). PAR has been
demonstrated to contribute to the pathogenesis of vascular diseases, including atherosclerosis.
Here, I present the first evidence that FXI exerts direct effect on vascular smooth muscle via
PAR , one of four subtypes of PAR. Fura-2 fluorometry revealed that FXI induced Ca** signal in
a manner mainly dependent on Ca?" influx from the extracellular space in rat embryo aorta smooth
muscle A7r5 cells. The Ca** release from the intracellular store sites was observed only at high
concentrations. The Ca* signaling effect of FXT was abolished by PAR antagonist and proteinase
inhibitor. FXI cleaved the recombinant protein containing the extracellular domain of PAR . The
experiments with pharmacological inhibitors and siRNA indicated the involvement of voltage-
dependent Ca*" channel, Cavl.Z, in the FXI-induced Ca*" influx. Wound healing assay
demonstrated that FXI accelerated the rate of migration by 2.5-fold of the control. Ca 1.2
inhibitor and PAR antagonist partly inhibited the FXI-induced cell migration. Our new discovery
propose a novel role for FXI as a regulator of smooth muscle function. (COI: No)

S21-4
Endosomal Platforms for Protease Signaling
Nigel W. Bunnet (Columbia University, USA)

G protein-coupled receptors (GPCRs) regulate most physiological processes and are the target of
>30% of drugs. GPCRs at the cell surface detect extracellular ligands and couple to heterotrimeric
G proteins, and drug discovery focuses on the targeting cell surface GPCRs. GPCR signaling at
the plasma membrane is terminated by b-arrestins, which mediate desensitization and endocytosis.
Many GPCRs can continue to signal from endosomes by b-arrestin- and G protein-dependent
mechanisms. We investigated the contribution of endocytosis of GPCRs for proteases and
neuropeptides for signaling pain, including protease-activated receptor-2 (PAR,) the neurokinin 1
receptor (NK R), and calcitonin-like receptor (CLR). We observed that receptor endocytosis is
necessary for the activation of signals in subcellular compartments that mediate sustained
excitation of nociceptors. Dynamin, clathrin and b-arrestin inhibitors attenuate neuronal
excitation and nociception. GPCR antagonists that are conjugated to the lipid cholestanol or
encapsulated into nanoparticles target GPCRs in endosomes. These antagonists selectively inhibit
endosomal GPCR signaling, prevent sustained excitation of pain-transmitting neurons, and
demonstrate superior anti-nociception in preclinical models of nociceptive, inflammatory and
neuropathic pain. Thus, endosomal GPCRs can generate compartmentalized signals that underlie
complex pathophysiological events in vivo, and GPCRs in endosomes are a viable therapeutic
target. (COIl: Properly Declared)

S21-5

Fibrinolysis and immunity: a new paradigm

Robert Lindsay Medcalf (dustralian Centre for Blood Diseases, Monash
University, Australia)

The fibrinolytic system is well known for its role in removing blood clots and fibrin deposits via
the generation of the potent protease, plasmin that is generated from its inactive precursor
plasminogen after activation by either tissue-type plasminogen activator (tPA) or urokinase.
However, studies over recent years have begun to shed light on a broader function for this enzyme
cascade. Indeed, tPA-mediated plasmin formation occurs on numerous other non-fibrin substrates,
many of these include misfolded proteins occurring as a consequence of cell death or injury.
Moreover, plasmin has been shown to promote phagocytosis of human dendritic cells in a manner
that avoids dendritic cell activation, suggestive of an immunosuppressive effect of plasmin. It has
been suggested that manipulation of the fibrinolytic system, either via t-PA mediated thrombolysis,
where plasmin levels transiently increase many hundred fold, or by blocking plasmin generation
using antifibrinolytic agents, would impact either positively or negatively on the host immune
response and subsequent infection risk. This presentation will overview current data linking the
fibrinolytic system with immune function and the potential cllnical significance of this new
paradigm. (COI: No)
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Proton signalings and proton-related functions

(March 29, Fri., 15:10-17:10, Room |)

S$22-1

Hv1/VSOP voltage-gated proton channel inhibits
migration in response to fMLF in neutrophils

Yoshifumi Okochi; Yasushi Okamura (integrative Physiology, Graduate
School of Medicine, Osaka University, Japan)

Neutrophils are immune cells that kill pathogens by secreting degradative enzymes and reactive
oxygen species (ROS). We have shown that voltage-gated proton channel Hv1/VSOP regulates
intracellular pH and membrane potential in neutrophils and is necessary for keeping NADPH
oxidase activity high, leading to enough ROS production. On the other hand, we recently found
that Hv1/VSOP negatively regulates ROS production in neutrophils. When Hv1/VSOP-deficient
neutrophils are stimulated with fMLF at low concentrations, these cells exhibited increased ROS
production before and after fMLF stimulation. Because fMLF is chemoattractant, we examined
the migration in Hv1/VSOP-deficient neutrophils. Hv1/VSOP-deficient neutrophils exhibited
enhanced migration in low fMLF concentrations. Receptor internalization and [Ca], increase
were normal under the fMLF stimulation, suggesting that the receptor sensitivity for fMLF in
Hv1/VSOP-deficient neutrophils is not altered. Instead, increased and prolonged ERK activity
was observed in Hv1/VSOP-deficient neutrophils. Inhibition of NADPH oxidase activity blunted
the enhanced migration and ERK activity. These results indicate that Hvl/VSOP negatively
regulates ERK signal by inhibiting ROS production in neutrophils, preventing the excess
migration in response to fMLF. (COIl: No)

$22-2

Controlling the innate immune signaling by the proton-
coupled peptide transporters

Toshihiko Kobayashi; Noriko Toyama-Sorimachi (Department of
Molecular Immunology and Inflammation, Research Institute, National Center for
Global Health and Medicine, Japan)

The endosome/lysosome compartments play important roles in many aspects of cellular events
including immune responses, controlling the receptor activation and the quality of downstream
signaling pathways. In the phagocytic cells such as dendritic cells or macrophages, endosome/
lysosome system is used for engulfment and digestion of the pathogens or self-antigens and
following activation of the innate sensors, including Toll-like receptors (TLRs) or NOD-like
receptors (NLRs). The activation of TLRs or NLRs is closely coupled with environment of endo/
lysosomal compartment, such as pH, ion, and amino acid concentrations, which is regulated by
various transporters.

Recent studies have revealed that SLC15A3 and SLC15A4, lysosome-resident proton-coupled
oligopeptide transporters that transport amino acids and oligopeptides from the lysosomal lumen
to the cytosol, facilitate the innate immune responses. SLC15A3 mediates inflammatory
responses depending on cytoplasmic sensors including NOD2 or STING, whereas SLC15A4
plays a critical role for regulating TLR7- or TLR9-mediated type I interferon (IFN-I) production
that is dependent on the V-ATPase activity and mTOR pathway. We review how these transporters
optimize the inflammatory signaling at endosome/lysosome and discuss their potential as
therapeutic targets for inflammatory diseases. (COI: No)

S22-3
Withdrawn

Proton imaging in the brain using CCD-type ion image
sensor

Hiroshi Horiuchi'?4; Junko Ishida'*; Masakazu Agetsuma’?#;
Kazuaki Sawada®*; Junichi Nabekura'2* ('Division for Homeostatic
Development, National Institute for Physiological Sciences, Japan; *Department of
Physiological Sciences, The Graduate School for Advanced Study, Hayama, Japan;
*Department of Electronic and Information Engineering, Toyohashi University of
Technology, Japan, *Core Research for Evolutional Science and Technology, Japan
Science and Technology Agency, Japan)

The regulation of pH is essential as a homeostatic function in all tissues. Especially, neural activity induces rapid
pH changes in the intracellular and extracellular fluid in the brain. Recent study has reported that protons are
released from nerve ending as a neurotransmitter, and decrease of extracellular pH can directly induce neural
activity (Du et al, 2014). Classically, it has been known that pH in the brain during cerebral ischemia is decrease.
Alkalization of astrocytes using optogenetics inhibits neural death during cerebral ischemia (Beppu et al, 2014).
Furthermore, pH decrease occurs in psychological diseases including schizophrenia and bipolar disorder (Hagihara
etal, 2017). Previously, pH imaging in the brain has been studied using magnetic resonance imaging (Magnotta et
al, 2012). However, this technique have a disadvantage in terms of spatio-temporal resolution. ISFET has been
applied for neurophysiological measurements (Bergveld et al, 1970), and a charge transfer type pH image sensors
were realized to visualize chemical phenomena (Hizawa et al, 2005; Martinoia et al, 2001). However,
miniaturization has been required to apply these techniques to pH imaging in vivo. In this study, CCD ion imaging
sensor was inserted into the visual cortex to visualize pH condition, and visual stimulation was applied to stimulate

neurons in the visual cortex. Interestingly, we found that different topical pH changes for each direction of the
stimulation. (COl: No)

S22-5
Withdrawn
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Glia and Neurological Diseases: from
Physiological to Pathological Roles of Astrocytes
and Microglia

(March 29, Fri., 15:10-17:10, Room J)

S$23-1

Physiological function of microglia and their effect on
neuronal circuits

Hiroaki Wake (Division of System Neuroscience, Kobe University Graduate
School of Medicine, Japan)

Microglia are highly motile immune-reactive cells that play integral roles in the response to brain
infection and damage and in the progression of various neurological diseases. During
development, microglia also help sculpt neural circuits, via both promoting synapse formation
and by targeting specific synapses for elimination and phagocytosis. Microglia are also active
surveyors of neural circuits in the mature, healthy brain detecting synapse activity. Using in vivo
imaging of neurons and microglia in awake, behaving mice, we will show the functional
consequences of microglia-synapse contacts in mature mice and their effect on the neuronal
circuit activity. In addition, we will discuss how microglia sense the systemic immune condition
to modify the neuronal circuit activity. Our finding provides a plausible physical basis for
understanding how alterations in immune status can impact on neural circuit plasticity and on
cognitive performances such as learning. (COl: No)

S$23-2

The roles of astrocytes and microglia in glutamate
release after brain injury

Wen-Biao Gan; Sally Levinson; Joseph Cichon; Mirko Santello
(Skirball Institute, New York University School of Medicine, USA)

Abnormally high levels of extracellular glutamate that occur after traumatic brain injury (TBI)
and stroke are thought to be excitotoxic but the source of such heightened levels of glutamate is
not well understood. We used the genetically-encoded glutamate sensor, iGluSnFr, and two-
photon microscopy to study the pattern of glutamate released after traumatic injury in the living
mouse cortex and explored the mechanisms underlying its release and regulation. We observed
glutamate release after laser or stab-induced injury in two phases: the first phase occurred within
minutes and was largely due to physical damage of neuronal processes. The second phase of
glutamate elevations occurred over many hours and was dependent on astrocytic activity and
microglial signaling. Our results highlight glial cells as a key player in the release and regulation
of glutamate in brain injury. (COI: No)

S$23-3

Bidirectional regulation of synapse remodeling by
reactive astrocytes

Schuichi Koizumi (Department of Neuropharmacology, Interdisciplinary
Graduate School of Medicine, University of Yamanashi, Japan)

When pathological condition, astrocytes become “reactive astrocytes” and contribute to both
beneficial and hazardous brain functions. Here, I showreactive astrocyte-mediated synapse
remodeling in the somatosensory cortex (S1) and the striatum. (1) Mechanical allodynia: We
previously showed that when partial sciatic nerves are ligated (PSL), S1 astrocytes became
synaptogenic and re-wired S1 neuronal networks, thereby leading to cross-talk between nocuous
and innocuous circuits and mechanical allodynia. For this, upregulation of mGluR5 in S1
astrocytes has a pivotal role. When mGIuRS5 is selectively deleted in astrocytes, both uncontrolled
synapse formation and mechanical allodynia were abolished. Thus, mGluR5 could be a key
molecule that control astrocyte-mediated synapse formation and mechanical allodynia. (2) Brain
ischemia: After transient brain ischemia, phagocytic astrocytes were observed within ischemic
penumbra region in the later stage of ischemia.Phagocytic astrocytes upregulated ABCA1 and its
pathway molecules, MEGF10 and GULP1, which were required for their phagocytosis. In
addition, upregulation of ABCA1 was sufficient for the phagocytosis. Together, these findings
suggest that astrocytes should be transformed into phagocytic phenotype via increasing ABCA1
and its related molecules. Judging from the spatiotemporal pattern of the phagocytic astrocytes,
they have distinct roles from microglia, and would contribute to remodeling of the penumbra
networks. (COI: No)

S$23-4

The role of cortical astrocytes in establishing peripheral
neuropathic pain

Sun Kwang Kim (Department of Physiology, College of Korean Medicine, Kyung
Hee University, Korea)

Neuropathic pain following peripheral nerve injury is characterized by mechanical allodynia, a
painful response to innocuous tactile stimulation. Although this chronic pain has been known to
be induced by glial activation and altered nociceptive transmission within the spinal cord, an
effective treatment is still insufficient, suggesting that novel therapeutic targets are critically
needed. One such target may be the remodeling of synaptic connections in the primary
somatosensory (S1) cortex that is highly associated with the severity of neuropathic mechanical
allodynia. However, the causal relationship of S1 synapse remodeling to mechanical allodynia
and its underlying cellular/molecular mechanisms remain unknown. Here we show that partial
sciatic nerve ligation (PSL) injury induces an early re-emergence of immature metabotropic
glutamate receptor 5 signaling in S1 astrocytes, which elicits spontaneous somatic Ca>* transients,
thrombospondin-1 release and synapse formation. Such activation of S1 astrocytes was evident
only during a critical period (~1w post-injury), correlating with the temporal changes in S1
extracellular glutamate levels and dendritic spine turnover following PSL injury. Blocking this
astrocytic signaling pathway suppressed mechanical allodynia, while activating this pathway in
the absence of injury induced long-lasting allodynia. Thus, these synaptogenic astrocytes are a
key trigger for S1 synaptic rewiring that mediates neuropathic pain. (COIl: No)
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Complexity and Diversity of Motility Regulation
in Smooth Muscle

(March 29, Fri., 15:10-17:10, Room K)

S$24-1

Morphological Study of Motility Regulation
Mechanisms in Gastrointestinal Tract

Hiromi Tamada'-? (‘Graduate School of Medicine, Nagoya University, Japan;
2Japan Society for the Promotion of Science, Japan)

Gastrointestinal motilities are regulated not only by the enteric nervous system (ENS) but also by
the interstitial cells of Cajal (ICC). ICC are the mesenchymal cells distributed along the intestine
and are known as pacemaker cells and intermediators between nerves and smooth muscle cells.
There are several subtypes which have different morphological features and functions depending
on where they are distributed. In our study, new subtypes of ICC have been found in the subserosal
layer (ICC-SS) and around the submucosal plexus (ICC-SMP). According to their morphological
features, the new ICC subtypes are assumed to possess new functions, which are completely
different from the typical ICC functions. This talk will present a review of histological findings
with the electron microscopy for ENS, the smooth muscle cells, ICC, and discuss a novel concept
of ICC study. Furthermore, the neurogenesis mechanism in ENS with ¢-kit mutant mice, which
are known to lose ICC expression, will be also discussed. It has been known that neurogenesis in
ENS is not observed in vivo, although the precursor cells which have the potential to differentiate
into neurons in vivo remain in the adult gut. In our study with the ablation of enteric neurons,
prominent neurogenesis was observed in ¢-kit mutant mice. Finally, new electron microscopic
techniques to reveal three-dimensional ultrastructures will be introduced. They could be a
powerful strategy to understand complicated interactions among cells. (COI: No)

S$24-2

Differnece of pacamaking activity of interstitial cells of
Cajal between small and large intestine
Jae Yeoul Jun (Department of Physiology, University of Chosun, Korea)

Interstitial cells of Cajal (ICC) are pacemaker cells that generate slow waves by producing
pacemaker potentials. However, the configuration and frequency of pacemaker potentials are
different between small intestine and large intestine, suggesting that pacemaker mechanisms of
ICC may different between small intestine and large intestine. This study provides evidence that
mechanisms of pacemaker activity in ICC are different between small intestine and large intestine.
The pacemaker potentials and [Ca®"]; oscillations were suppressed by selective ANOI channel
inhibitors in large intestinal ICC but not in small intestinal ICC. In knockdown of ANO1 with
siRNA reduced the frequency of pacemaker potential only in colonic ICC. T-type Ca?* channel
inhibitors as well as specific blockers for HCN channels also suppressed the pacemaker activity
of large intestinal ICC only. In immunohistochemistry, HCN1 and 3 are detected in large intestinal
ICC. These results suggested the functional mechanism of pacemaker activity between small and
large intestinal ICC is different. ANO1 and T-type Ca** channels have important functional role
for generating of pacemaker activity in large intestinal ICC but not in small intestinal ICC,
although ANOI and T-type Ca*>* channels are exit in ICC. In addition, HCN channel is involved
in regulating of pacemaker activity in large intestinal ICC but not in small intestinal ICC. (COIl:
No)

S$24-3

Characteristic motility regulation of smooth muscle in
lower urinary tract

Shunichi Kajioka'; Tomoko Maki?; Maya Hayashi?;

Nouval Shahab'; Shinsuke Nakayama?; Toshiyuki Sasaguri’
(!Department of Clinical Pharmacology, Kyushu University, Japan, *Department of
Urology, Kyushu University, Japan, *Department of Cell Physiology, Nagoya
University, Japan)

It is generally accepted that physiological synchronous motilities of detrusor and urethral smooth muscle to keep
continence and periodic micturition are under neural control. However, we have found some interesting and
characteristic myogenic regulation of detrusor and urethral smooth muscle leading to the systematic control of
continence by themselves. I would like to introduce these unique relaxation-contraction mechanisms especially
focused on detrusor smooth muscle different from other smooth muscle organs from macro- to micro-scopic point
of view.

Firstly, we found that the Ca**-sensitization caused by the activation of PKC and especially ROK pathway leading
to MLCK activation is well-developed in detrusor. Thus MLCK-related contraction involving Ca*'-sensitization is
possible through thick-filament (myosin) -linked mechanism even at low [Ca*]..

On the other hand, thin-filament (actin) -linked mechanism are considered to be supportive to thick one. However,
we have observed that cardiac TnT (¢TnT) is expressed in various smooth muscles and is most abundant in detrusor
smooth muscle. We confirmed ¢TnT plays a crucial role in detrusor smooth muscle in a physiological range of
[Ca™], especially below 1 uM.

These cooperations of thick fil t-liked (Ca?'- ion) and thin filament-linked (cTnT expression) causes
well efficiency at voiding urine. At the same time, mal-cooperation causes pathophysiological condition, such as
OAB. (COI: No)

S24-4

Regulation of thick and thin filaments organization
during smooth muscle contraction

Masaru Watanabe'; Naoya Nakahara?; Yukisato Ishida'*
(!{Laboratory of Physiology, Graduate School of Human Health Sciences, Tokyo
Metropolitan University, Japan, *The Jikei University, Japan; *Bunkyo Gakuin
University, Japan)

Structure of contractile (thick and thin) filament is known to be unstable in smooth muscle than
those in striated muscle. On the other hand, it is still unclear whether the structural organization
and/or the amount of the contractile filaments in the smooth muscle cells changeduring the
relaxation-contraction cycles. Several groups including us have presented that the amount of the
thick and/or thin filaments in the several types of smooth muscle was increased during muscle
contraction, and these findings indicate that structural changes in the thick and thin filaments
regulate smooth muscle contraction. Recently, we found that a myosin II inhibitor disrupted the
structural organization of the thick filaments, resulting in suppression of contractile force in the
skinned smooth muscle of the guinea-pig taenia cecum. X-ray diffraction studies on the skinned
taenia cecum in the resting state, showed that the myosin II inhibitor induced decreases in the
intensity of both the 14.4 nm merdional reflection arising from the arrangement of myosin
molecules in the thick filaments, and the diffuse equatorial peak at 1/11.4 nm™ originated from
lattice-like arrangement of the thin filaments. These results indicated that functional changes in
smooth muscle myosin molecules regulate the organization of thick-filaments, resulting in thin-
filaments structure and/or organization even in the absence of cross-bridges (irrespective of
phosphorylation-dephosphorylation steps of MLC,)). (COI: No)

9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan S33



The Journal of Physiological Sciences

Symposium25

Calcium signaling in heart disease

(March 29, Fri., 15:10-17:10, Room L)

S$25-1

Alterations of shear-Ca?* signaling in atrial myocytes
under chronic pressure and volume overload

Sun-Hee Woo; Min-Jeong Son; Qui A Le; Joon-Chul Kim (Cotiege
of Pharmacy, Chungnam National University, Korea)

Hemodynamic disturbance by heart failure and hypertension increases cardiac shear stress. Using
micro fluid-jet in single atrial cells, we have reported that shear stress induces longitudinal Ca**
wave (L-wave) and transverse wave (T-wave). Although both waves are caused by autocrine
action of ATP, released via connexins, P2Y and P2X receptors mediate L-wave and T-wave,
respectively. Here, we present a basis for the observations of two types of waves and its role in
atrial remodeling under chronic pressure and volume overload. Most of left atrial cells showed
L-waves, while right atrial myocytes mainly produced T-waves under shear. P2Y receptor
proteins were higher in left than in right atrial cells. P2X, protein level was higher in right than
left atrial myocytes. Treatment of P2X, antibodies suppressed P2X component of shear-induced
cation currents. Chronic myocardiac infarction (MI) and transverse aortic constriction (TAC)
increased L-wave frequency and P2Y | receptor expression. Chronic TAC, not MI, resulted in
increases in the P2X, currents and P2X, proteins. These results indicate that left and right atrial
myocytes have different context of P2 receptor subtypes, thereby generating two different Ca*'
waves. Our data further suggest differential role of atrial shear-P2 receptor signaling in chronic
MI and afterload increase. (COl: No)

S$25-2

Mechanisms for sex differences in drug-induced
arrhythmia

Junko Kurokawa (School of Pharmaceutical Sciences, University of Shizuoka,
Japan)

Sex hormonal regulation in cardiac ion channels accounts for functional responses to sympathetic
nervous system stimulation, which show sex differences in susceptibility of arrhythmias
associated with QT prolongation (TdP: torsade de pointes). Although it has been known that
women have a greater TdP risk than men in both congenital and acquired long QT syndrome, the
sex difference becomes evident only when compared with adult men and adult women at the
follicular phase, implying androgen and progesterone have protective effects on TdP.
Accumulating clinical evidence suggests a protective role for progesterone (P,). We have
demonstrated that a nitric oxide (NO) production induced by stimulation of cardiac progesterone
receptors through a non-genomic pathway suppresses L-type Ca** currents (I, ;) under cAMP-
stimulated condition, suggesting a cross-talk between NO and cAMP/PKA signaling. In this
study, our pharmacological analysis revealed that the cross-talk is established by phosphodiesterase
2 (PDE2) at lipid raft of T-tubules of cardiac myocytes. In order to visualize cAMP/PKA activities
in living cell, FRET-based cAMP/PKA biosensors, which are anchored to membrane rafts or non-
raft regions, respectively, were employed. The FRET analysis suggested a subcellular localization
of the cross-talk. These results suggest that a compartmentalized PKA activity may involve a
cross-talk between the non-genomic PRs pathway and beta-ARs pathway to regulate I . (COI:
No)

S$25-3

Sarcoplasmic reticulum calcium leak promotes atrial
fibrillation

Wenjun Xie; Ying Qi; Jingjing Li; Wenjin He (School of Life Science and
Technology, Xi’an Jiaotong University, China)

Abnormal intracellular calcium signals have been recently proposed to play important roles in the
pathogenesis of AF. In atrial myocytes, the main intracellular calcium release channel on the
sarcoplasmic reticulum (SR) is type 2 ryanodine receptor (RyR2). We found several mice model
harboring leaky RyR2, including RyR2 human catecholaminergic polymorphic ventricular
tachycardia (CPVT) mutation and RyR2-S2808D that mimic chronic PKA phosphorylation of
RyR2, can be stimulated into AF. Hypertension is the leading risk factor of AF. We also examined
SR calcium release in hypertension-related AF using transverse aortic constriction (TAC) mice
model. 4 week after TAC surgery, the mice displayed increased AF susceptibility accompanied by
increased diastolic SR calcium leak in myocytes from left atria. The increased pressure induced
pathological stretch in left atria (the left atria size increased by 38%). Applying stretch (12%) to
atrial myocytes can induce a burst increase of SR calcium release, which can be inhibited by
dithiothreitol, dantrolene and S107. The AF in TAC mice can also be prevented by dantrolene or
S107 treatment. Our results indicated that SR calcium leak promotos AF, which can be the target
in developing effective interventions to prevent and treat AF. (COI: No)

S$25-4

Mechanism and therapeutic strategies for
arrhythmogenic diseases caused by RyR2 mutations
Nagomi Kurebayashi (Department of Pharmacology, Faculty of Medicine,
Juntendo University, Japan)

The type 2 ryanodine receptor (RyR2) is a Ca?" release channel on the endoplasmic reticulum
(ER) and plays a central role in E-C coupling in the heart. Abnormal activity of RyR2 is known to
cause arrhythmia via spontaneous Ca*' release from ER in diseased hearts such as chronic heart
failure. In addition, mutations in RyR2 have been linked to various types of cardiac arrhythmias
including catecholaminergic polymorphic ventricular tachycardia (CPVT), idiopathic ventricular
fibrillation (IVF) and long QT syndrome (LQTS). At present over 300 arrhythmogenic mutations
have been reported. We have developed an efficient and quantitative approach for functional
evaluation of mutant RyR2s by measuring [Ca*]_, and [Ca®],,, and Ca**-dependent RyR2
activity by [*H]ryanodine binding assay using HEK293 expression system (Murayama et al,
Human Mut., 2016, Uehara et al. J. Gen. Physiol., 2017, Fujii et al. Heart Rhythm, 2017). We
found that all CPVT-linked mutations exhibit gain-of-function (GOF) phenotypes whereas other
IVF and LQTS-related mutations include both GOF and loss-of-function (LOF) phenotypes.
Furthermore, as an attempt to develop therapies for abnormal RyR2-related arrhythmias, we
recently discovered several RyR2 inhibitors by high-throughput screening approach. Several
compounds successfully suppressed Ca?* sparks and waves in mouse cardiomyocytes. These
compounds are promising candidates for novel anti-arrhythmic drugs. (COl: No)

S§25-5

Conjunct JPH2-CAV3 Transcription Enhanced Ca
Signaling Efficiency in Hibernating Ground Squirrels
Shi-Qiang Wang; Lei Yang; Rong-Chang Li; Bin Xiang; Yi-
Chen Li; Li-Peng Wang; Xiao-Ting Wang (College of Life Sciences,
Peking University, China)

Cardiac excitation-contraction (E-C) coupling is controlled by the signaling between L-type Ca**
channels (LCCs) in the cell membrane/T-tubules (TTs) and ryanodine receptors (RyR) in the
sarcoplasmic reticulum (SR). In heart failure, decreased expression of junctophilin-2 (JPH2)
decreased the efficiency of LCC-RyR signaling and compromised the gain of E-C coupling. We
found that the LCC-RyR signaling efficiency were increased significantly during hibernation in
ground squirrels. The structural consolidation of LCC-RyR signaling apparatus was in parallel
with increased expression of JPH2 and caveolin-3 (CAV3), the interaction between which
anchors the SR to TTs. Interestingly, the promoters of both JPH2 and CAV3 exhibited binding
sites for the serum response factor (SRF), which initiated JPH2 and CAV3 transcription via its
interaction with myocardin. During hibernation, the expression of myocardin was increased. By
adenoviral infection, overexpression of myocardin, but not that of SRF, increased JPH2 and
CAV3 expression, improved LCC-RyR signaling efficiency and enhanced E-C coupling gain. The
myocardin-mediated conjunct regulation of JPH2/CAV3 transcription explained the cardiac
specificity of JPH2 expression, and revealed a stoichiometry-optimized mechanism for E-C
coupling regulation. This finding elucidated the mechanism for maintained cardiac contractility in
hibernation, and provides new ideas for studying the “loss-of-function” remodeling in heart
diseases. (COI: No)
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Synaptic remodeling and beyond in health and
disease

(March 29, Fri., 18:30-20:00, Room A)

S$26-1

Neuronal activity-dependent synaptic pruning by
microglia

Ryuta Koyama (Graduate School of Pharmaceutical Science, The University of
Tokyo, Japan)

Microglia are recognized as main executors of synaptic pruning. Inconsistent findings are,
however, that microglia engulf less active synapses during development, whereas neuronal
activity enhances microglia to touch spines more frequently, resulting in the growth of touched
spines in adulthood. Thus, it remains unclear whether and how neuronal activity modulates
microglia-neuron interactions and synaptic engulfment. Here we established a live imaging
system of microglia-neuron interactions in vitro in which neuronal activity can be modulated
using the DREADD system. We found that increased neuronal activity enhances the interaction
between the processes of ramified microglia with axons, suggesting that increased neuronal
activity serves as a “find-me” signal. To further examine the activity-induced interactions in vivo,
we used a mouse model of febrile seizures which are accompanied by the development of
spontaneous seizures. We found that the dentate inhibitory synapses were extensively labeled
with complements and microglia engulf the inhibitory synapses after febrile seizures, resulting in
the increased activity of dentate neural circuits. Additionally, the engulfment of inhibitory
synapses were blocked when the activity of dentate inhibitory neurons were suppressed using
DREADD. Thus, our findings suggest that the increased neuronal activity serves as a “find-me”
signal whereas complements serve as “eat-me” signals to orchestrate synaptic pruning by
microglia. (COI: No)

S26-2

Interleukin-1B-mediated effects of inflammation on
visual circuit development in the zebrafish

Edward S Ruthazer; Cynthia M Solek; Nasr Al Farooqi;
Niklas S Brake (Montreal Neurological Institute, McGill University, Canada)

Neuroinflammation caused by maternal infection during fetal development is implicated in the
etiology of neurodevelopmental disorders. We have used the transparent larvae of Danio rerio
(zebrafish) to observe structural and functional changes in the central nervous system tha result
from immune activation during development. Just 2 h treatment of larvae with bacterial
lipopolysaccharide (LPS) to mimic infection on day 3 post-fertilization causes rapid and long-
lasting arborization defects in retinal ganglion cell axons in vivo, with LPS treatment increasing
growth and complexity of axonal projections. Expression of the pro-inflammatory cytokine
interleukin 1B (IL-1B8) is necessary and sufficient to manifest these effects. Morpholino
knockdown of PU.1 to prevent differentiation of myeloid cells, including microglia, abrogates the
effects of LPS on acute axon dynamics, but only partially prevents IL-18 upregulation, indicating
a parallel role for microglia in this process. To assess the effects of early immune activation on
circuit function, we have begun to perform rapid 3D 2-photon imaging of visually evoked
Ca*'responses from hundreds of neurons simultaneously in Tg(Elav3:H2B-GCaMP6s) transgenic
fish. Understanding the mechanisms by which inflammation causes structural-functional
dysregulation of developing neuronal circuits may provide insights to help mitigate or prevent
neurodevelopmental and neuroinflammatory disorders. (COIl: Properly Declared)

S26-3

Photooxygenation reduces the Ap level in the brains of
Alzheimer disease model mice

Yukiko Hori'; Shuta Ozawa'; Youhei Sohma?; Motomu Kanai?;
Taisuke Tomita' ('Laboratory of Neuropathology and Neuroscience, Graduate
School of Pharmaceutical Sciences, The University of Tokyo, Japan, *Laboratory of
Synthetic Organic Chemistry, Graduate School of Pharmaceutical Sciences, The
University of Tokyo, Japan)

Several lines of evidence suggest that the aggregates of amyloid-p peptide (Ap), including
oligomers and fibrils, have toxicity for synapses and cells, resulting in relating with pathogenesis
in Alzheimer disease (AD). We previously found that the photooxygenation of synthetic Ap by
small compound catalysts, which are activated by irradiation of light, reduced the aggregation
potency and neurotoxicity of AB (Taniguchi et al., Nat Chem 2016). To verify the effects of
oxygenation on deposited AB in vivo, we carried out the photooxygenation experiment using
brains of APP knockin (NL-G-F; Saito et al., Nat Neurosci 2014) mice. One to four oxygen
adducts in AP were detected by MALDI-TOF-MS. Notably, the mobility of A was shifted to 10
kDa on SDS-PAGE/immunoblot analysis, suggesting that the photooxygenation changed the
conformation and/or biochemical character of AB. We then injected the catalyst every day into
hemi-hippocampus of living mice followed by irradiation by LED fiber. After 7 times of reactions,
we found that 10 kDa AP was also detected under the reaction. In addition, this photooxygenation
reaction decreased the total amount of AP in the brain. These results suggest that the catalyst
photooxygenated the deposited Af in the AD model mice brain, and the photooxygenated Ap was
metabolized faster than naive Af. Thus, artificial photooxygenation by the catalyst would be a
novel strategy for AD prevention and treatment. (COI: No)

S26-4

Regulation of aberrant synaptic remodeling in the
thalamus triggered by peripheral nerve injury

Yoshifumi Ueta; Mariko Miyata (Dept Physiol, Div Neurophysiol, Grad Sch
Med, Tokyo Women's Med Univ, Japan)

Peripheral nerve injury rapidly reorganizes somatotopic maps in the adult brain. In mice, whisker
deafferentation induces synaptic remodeling of ascending fibers on neurons in the barreloids of
the ventral posteromedial (VPM) nucleus. VPM neurons receive multiple fibers derived not only
from whisker but also from non-whisker regions of the brainstem, resulting in reorganized
whisker map. However, it is unclear what mechanisms regulate this aberrant plasticity. We found
that tonic inhibition via extrasynaptic GABA, receptors containing a4 subunits was increased in
VPM neurons immediately after the deafferentation. Continuous infusion of GABA, receptor
agonist induced the synaptic remodeling in intact mice, whereas 04 subunits-deficient neurons
were devoid of this remodeling. We next examined the involvement of microglia which are
associated with formation and refinement of synapses. Microglial activity was increased in the
whisker sensory pathway after the nerve injury. We found that the depletion of microglia
suppressed nerve injury-induced synaptic remodeling in VPM. Whisker deafferentation induces
mechanical hypersensitivity on the lower jaw. This ectopic hypersensitivity was disappeared by
conditional deletion of a4 subunits from VPM or microglia depletion from the brain. Thus, our
results demonstrate key mechanisms regulating aberrant plasticity changes in synaptic structure
and function triggered by peripheral nerve injury. (COI: No)

S$26-5

Activity-dependent synapse elimination in the
developing cerebellum

Naofumi Uesaka; Tzu-Huei Kao; Masanobu Kano (Graduate School
Medicine, University of Tokyo, Japan)

Developing neural circuits are refined by an activity-dependent process known as synapse
elimination. Synaptic connections are initially weak and excessive, but necessary connections are
selectively strengthened while unnecessary ones are eliminated during postnatal development.
Postnatal refinement of climbing fiber (CF) to Purkinje cell (PC) synapses in the cerebellum has
been a representative model of synapse elimination in the developing brain. CF synapse
elimination consist of at least four distinct phases: (1) Selective strengthening of a single CF out
of multiple CFs innervating each PC from postnatal day 3 (P3) to around P7, (2) translocation and
expansion of innervation territory of the strongest CF (‘winner’ CF) to PC dendrites from P9, (3)
elimination of somatic synapses of the ‘winner’ CF and those of weaker CFs (‘loser’ CFs) from
P7 to around P11, (4) elimination of somatic synapses of both the ‘winner’ CF and ‘loser’ CFs
from around P12 to P17. We and other groups have demonstrated that neural activity in
postsynaptic Purkinje cells is crucial for the functional differentiation and the elimination of loser
CFs. However, whether activity of other players including presynaptic CFs and glia plays roles in
CF synapse elimination has not been tested. In this symposium, we will present results of our
on-going research about activity-dependent synapse elimination and discuss how activity
regulates developmental synapse elimination. (COl: No)
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Regulation of cell functions by phosphoinositides

(March 29, Fri., 18:30-20:00, Room B)

S27-1

A new mechanism of Ca2+-independent voltage-
dependent secretion in dorsal root ganglion neurons

Zhuan Zhou'; Yuan Wang'; Hiroki Arima?;, Rong Huang';

Yugi Hang'; Xingyu Du'; Feipeng Zhu'; Zuying Chai';

Changhe Wang'; Yasushi Okamura? ('Peking University, China; *Osaka
University, Japan)

The somata and axons of primary sensory neurons including dorsal root ganglion (DRG) neurons,
release neurotransmitters and neuropeptides. Physiological action potentials trigger the Ca®'-
independent but voltage-dependent secretion (CiVDS) in somata of freshly isolated DRG neurons
from both rats and mice (Chai et al, Neuron, 2017). We find that plasma membrane PIP2 does not
regulate CiVDS by using the voltage-sensitive phosphatase (VSP) (Okamura et al, Physiol Rev,
2018) in dorsal root ganglion neurons. This provides a new mechanism of neurotransmitter
release via CiVDS in neurons.

References:

Chai, Z. et al. CaV2.2 Gates Calcium-Independent but Voltage-Dependent Secretion in
Mammalian Sensory Neurons. Neuron 96, 1317-1326 (2017).

Okamura, Y., Kawanabe, A. & Kawai, T. Voltage-Sensing Phosphatases: Biophysics, Physiology,
and Molecular Engineering. Physiological reviews 98, 2097-2131 (2018). (COI: No)

S27-2

Functional analysis of voltage-sensing phosphatase in
mouse sperm

Takafumi Kawai'; Haruhiko Miyata?; Hiroki Nakanishi?;

Souhei Sakata'*; Yoshifumi Okochi'; Masahiko Watanabe?®;
Kenji Sakimura®; Takehiko Sasaki”®; Masahito lkawa?;

Yasushi Okamura’ ('Graduate School of Medicine, Osaka University, Japan;
’RIMD, Osaka University, Japan, *Research Center for Biosignal, Akita University,
Japan; *Dept. of Physiolgy, Osaka Medical College, Japan, *Graduate School of
Medicine, Hokkaido University, Japan; *Brain Research Institute, Niigata University,
Japan; "Graduate School of Medicine, Akita University, Japan; *Medical research
institute, Tokyo Medical and Dental University, Japan)

Voltage-sensing phosphatase (VSP) shows phosphoinositides phosphatase activity that is coupled to membrane
potential. In the present study, we confirmed that VSP protein is expressed in matured sperm, suggesting that VSP
functions in sperm of mice. Indeed, we found that the concentration of PIP, in VSP-/- sperm is significantly higher
than that of hetero and WT sperm of mice, suggesting that endogenous VSP regulates PIP, level in sperm. Further
experiments revealed that VSP-/- sperm showed severe defect in their motility after capacitation, but not before
capacitation, resulting in significant reduction in success rate of fertilization in in vitro fertilization experiment.
Ca’" imaging experiments revealed that Ca** influx induced by capacitation-inducing medium is significantly
facilitated in tail of VSP-KO sperm. Furthermore, lowering extracellular Ca** rescued the defect in motility of
VSP-KO sperm after capacitation. We further found that the difference in Ca** influx between VSP*" and VSP™
was diminished by treating sperm with valinomycin, K ionophore, suggesting that VSP regulates K* channel
activities. We confirmed that K* current that is caused by Slo3, sperm specific K channel is enhanced in VSP
sperm by electrophysiology. These lines of evidence suggest that VSP degrades PIP, in sperm, and the concentration
of PIP, indirectly control Ca*" influx during capacitation of sperm by regulating Slo3 channel. (COI: No)

S27-3

Regulation of ion channel functions by
phosphoinositides

Byung C. Suh (Department of Brain and Cognitive Sciences, DGIST, Korea)

A growing body of data supports a view of the phospholipids of cell membrane as a key regulator
of many ion channels and cellular excitability of neurons. The decrease in the proportion of
polyphosphoinositides that occurs in response to the stimulation of G protein-coupled receptors
(GPCRs) mostly reduces the open probability of ion channels and diminishes whole current size
passing through the channel pores. Our research has been documented the functional mechanism
of stimulus-induced phospholipid dynamics in ion channel regulation using a wide variety of
experimental approaches. Most of the evidence suggests that normal ion channel activity requires
membrane polyphosphoinositides, especially phosphatidylinositol 4,5-bisphosphate (PIP,). The
molecular basis for the PIP,~dependent activation of ion channels and its physiological roles vary
in diverse types of ion channels and cells. Here, I will introduce the molecular properties of
phospholipid regulation in voltage-dependent Ca?* and CI- channels. (COI: No)

S27-4
Molecular mechanisms of phosphoinositide signaling

Junko Sasaki'; Satoshi Eguchi?; Hiroki Nakanishi®;

Takehiko Sasaki' (‘Medical Research Institute, Tokyo Medical and Dental
University, Japan, Japan; *Department of Medical Biology, Graduate School of
Medicine, Akita University, Japan, *Research Center for Biosignal, Akita University,
Japan)

Phosphoinositides are molecules that contain phosphatidylinositol, which has a glycerol
backbone, two fatty acids linked to the glycerol through ester bonds, and an inositol phosphate
head group that is phosphorylated at the 3, 4, or 5 position of the hydroxyl residue.
Phosphoinositides are membrane-signaling lipids that regulate numerous biological functions,
including proliferation, survival, adhesion, migration, and vesicular trafficking. By virtue of LC/
MS/MS and gene targeted mice lacking a phosphoinositide metabolizing enzyme, we revealed
that an aberrant metabolism of phosphoinositide leads to a wide variety of conditions mimicking
human diseases. We will discuss the potential importance of the fatty acid moiety of PtdIns(3,4,5)
P3 for the proinflammatory role. (COI: No)

S36 9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan



The Journal of Physiological Sciences

Symposium28

Molecular evidences Link Physical Exercise to
Cardiovascular Improvement

(March 29, Fri., 18:30-20:00, Room C)

S$28-1

Non-coding RNA basis of exercise induced
physiological hypertrophy

Junjie Xiao (Institute of Cardiovascular Sciences, School of Life Science, Shanghai
University, China)

Exercise can induce physiological hypertrophy and protects against pathological cardiac
remodeling. Non-coding RNA controls essential biological progresses, however, their roles in
exercise induced physiological hypertrophy are not completely clear. We found that miR-222,
which was elevated in exercised heart, was necessary for exercise induced physiological
hypertrophy. miR-222 could increase cardiomyocytes cell size and proliferation. It could also
protect cardiomyocytes apoptosis. HIPK1, HIPK2, HMBOX1 and P27 were identified as target
genes of miR-222. Besides that, we also found miR-17-3p was increased in exercised heart. miR-
17-3p promoted cardiomyocyte hypertrophy, proliferation, and survival. TIMP-3 was identified
as a direct target gene of miR-17-3p whereas PTEN was indirectly inhibited by miR-17-3p.
Increasing miR-222 or miR-17-3p could protect against adverse remodeling after cardiac
ischemia/reperfusion injury. Recently, we also found IncRNA and circular RNA contributed to
exercise induced physiological hypertrophy. (COI: No)

S28-2

Exercise Training Prevents Cardiac Injury Induced by
Sympathetic Stress

Han Xiao; Youyi Zhang (Institute of vascular medicine, Peking University Third
Hospital, China)

Aims: Stress-induced cardiac inflammation often triggers and/or accelerates heart injury. Rapid
over-activation of B-adrenergic receptor (B-AR) upon stress plays pivotal roles in mediating
cardiac inflammatory responses. Here we set out to determine if exercise training prevents cardiac
injuries induced by sympathetic stress and investigate the underlying mechanisms. Methods: 10
weeks old C57BL6 male mice were treated with/without running 6 weeks and then treated with
ISO (B-AR agonist, isoproterenol, 5 mg/kg body weight) or vehicle. Results: ISO induced cardiac
macrophage infiltration (Mac3 staining) and fibrosis (sirus red staining) were significantly
attenuated in the running group. Cytokine array profiling demonstrated that chemokines
dominated the initial cytokines upregulation upon B-AR insult, which promoted macrophage
infiltration. Further study showed that the rapid inflammasom/IL-18 activation was the critical
up-stream regulator for elevated cardiac chemokine expression upon ISO treatment. ISO induced
inflammasome activation and increased chemokines were blocked in the running group. These
protective effects of running were diminished in AMPKa2-/- mice. Conclusions: Running
exercise prevents cardiac inflammation and fibrosis induced by -AR sympathetic overactivation.
The underlying mechanism is that running targets inflammasome activation and subsequently
decreases chemokines secretion. These protective effects of running were dependent on AMPK.

(COl: No)

S$28-3

Targeting a critical regulator of exercise-induced
cardiac hypertrophy, PI3K, in the failing heart
Julie Rae Mcmullen (Baker Heart and Diabetes Institute, Australia)

Phosphoinositide 3-kinase (PI3K, p110a) is downstream of the insulin-like growth factor 1
receptor (IGFIR) and is a key regulator of exercise-induced heart growth (physiological cardiac
hypertrophy) and protection. In contrast, other pathways such as G-protein coupled receptor
pathways have been shown to be critical for pathological cardiac hypertrophy and heart disease.
Utilizing a gene therapy approach we have demonstrated that increasing PI3K activity in mouse
models with established cardiac dysfunction and pathology is beneficial. My laboratory has
subsequently been exploring the regulation of PI3K-regulated mRNAs, microRNAs and lipid
species in the heart as a potential treatment strategy for heart failure and complications including
atrial fibrillation. Profiling models of physiological and pathological cardiac hypertrophy is being
used to identify drug targets and biomarkers. (COl: No)
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New insights into central mechanisms underlying
hypertension

(March 29, Fri., 18:30-20:00, Room D)

$29-1

Central mechanisms of hypertension: brain-heart-
kidney connection

Yoshitaka Hirooka (Department of Medical Technology and Sciences,
International University of Health and Welfare, Japan)

Augmented sympathetic activity and renin-angiotensin system are responsible for the
development of hypertension and hypertension-related cardiovascular complications. We suggest
that the brain AT1 receptor activation and inflammatory changes induce increased central
sympathetic outflow thereby causing the development of hypertension. These changes are
affected by the peripheral immune and inflammatory abnormality. Increased oxidative stress
occur not only the peripheral vasculature, but also within the brain. I show some data of Toll like
receptor 4 and regulatory T cells as immune abnormality related to the sympathetic activation in
hypertension and heart failure. Second, I introduce some of recent clinical studies related renal
denervation in hypertension. Experimental studies suggest that renal denervation prevents
immune cell activation and renal inflammation in hypertension. We also found that renal
denervation reduced central sympathetic outflow in mice model of chronic kidney disease.
Interestingly, an antihypertensive therapy with an angiotensin receptor blocker reduced
sympathetic activity associated with decreased brain oxidative stress. It is conceivable that the
brain mechanisms play an important role in the beneficial effect of renal denervation. (COl: No)

S$29-2

Visceral afferent modulation for regulating sympathetic
activity in cardiorespiratory disease

Julian FR Paton (Department of Physiology, University of Auckland, New
Zealand)

For decades, the treatment of cardiovascular disease has been to target end organs. However,
autonomic imbalance, particularly sympathetic discharge, is poorly controlled by frontline
medications. This is important as reduced parasympathetic drive to the heart and excessive levels
of sympathetic activity contribute to both the development and maintenance of cardiovascular
disease. Recently, we proposed an afferent activation hypothesis of autonomic imbalance by
which visceral afferents that produce reflex increases in sympathetic activity become sensitised
and generate aberrant tone. My presentation will describe some mechanisms and functional
consequences of visceral sensory neurone hyper-excitability as it contributes to hypertension,
heart failure and disordered breathing in animals and humans. I will discuss putative clinical
therapeutic strategies to alleviate autonomic imbalance by modulating peripheral chemoreceptor
and baroreceptor reflexes with novel pharmacological and device based strategies. Our findings
invoke a paradigm shift away from end organs to targeting visceral sensory neurones for the
management of diseases in which autonomic imbalance prevails. (COI: No)

S$29-3

Role of hypothalamus on the cardiovascular regulation
during repeated acute psychological stress

Jouji Horiuchi; Ena Yamamoto; Takatoshi Horiuchi;

Misaki Ichikawa (Department of Biomedical Engineering, Toyo University, Japan)

Psychological stressors evoke autonomic and neuroendocrine responses. Although such responses
increase the probability of survival in the face of threatening stimuli, they can also lead to acute
cardiovascular disorders. In addition, in human with essential hypertension the increase in blood
pressure and heart rate evoked by psychological stress is exaggerated compared to normotensive
subjects, consistent with the view that repeated stress-evoked cardiovascular responses lead to
sustained increases in blood pressure. Thus, finding ways to reduce the cardiovascular effects of
stress is critical for health.

Neurons in the hypothalamus play an important role on the cardiovascular response evoked by
psychological stress. Changes regarding interpersonal issues are thought to be a kind of
psychological stress, but it is unclear how the hypothalamus neurons participate on the autonomic
cardiovascular response during the stress. In addition, orexin-containing neurons are localized
within a restricted region in the hypothalamus and may be involved in the autonomic response
during various types of stress. In this presentation, we reveal the cardiovascular response and the
role of orexin-containing neurons during a change in an interpersonal issue, such as a social defeat
situation. We also discuss change in resting blood pressure and distributions of c-Fos and/or
orexin containing neurons in the hypothalamus during temporal and repeated social defeat
stresses in conscious rats. (COl: No)

$29-4

NTS gene expression profiles underlying basal blood
pressure levels: Focus on disease and gender

Sabine S. S. Gouraud'?; Makiko Onishi®; Linh Thuy Pham?3;
Ko Yamanaka*; Hidefumi Waki* ('Depr. Biology, Ochanomizu University,
Tokyo, Japan; *Grad Sch General Educational Research, Ochanomizu University,
Japan, 3Grad Sch Humanities and Sciences, Ochanomizu University, Japan; *Dept.
Physiology, Grad Sch Health and Sports Science, Juntendo University, Japan)

Essential hypertension (EH), an important public health challenge worldwide, develops from complex mechanisms
involving genetic pre-dispositions and lifestyles. Pre-menopausal women exhibit a lower arterial pressure (AP), a
lower sympathetic outflow and a greater baroreceptor reflex than age-matched men, however, the molecular
mechanisms remain unknown. Because the nucleus tractus solitarius (NTS) is a pivotal region for regulating the
set point of AP, we believe that this central site is involved in the mechanisms underlying the variation of basal AP
levels related to disease and gender. Therefore, unmasking NTS genes associated with AP level differences is
crucial to understand these mechanisms. Transcriptomics experiments were performed on a model of human EH,
the spontaneously hypertensive rat (SHR), to characterize gene expression profiles of NTS. In this model, females
exhibit a lower AP than their male counterparts. When compared with normotensive male Wistar Kyoto (WKY)
rats, the NTS of male SHRs exhibited a specific inflammatory state with altered gene expression levels of some
cytokines/chemokines, apoptosis-related and neurotrophic factors. However, gender appeared to affect the
expression profiles of different groups of genes in the NTS of SHRs, suggesting that central mechanisms associated
with AP level differences are various. Genome-wide transcriptome analysis is a powerful tool to understand the
molecular basis of AP regulation by the NTS. (COI: No)

S$29-5

Brain molecular mechanisms underlying anti-
hypertensive effect of daily exercise

Hidefumi Waki'; Ko Yamanaka'; Kei Tsukioka'; Keisuke Tomita’;
Miwa Takagishi?; Sabine S. S. Gouraud?® (!Department of Physiology,
Graduate School of Health and Sports Science, Juntendo University, Japan;
’Department of Therapeutic Health Promotion, Kansai University of Health Sciences,
Japan, *Department of Biology, Faculty of Science, Ochanomizu University, Japan)

Daily exercise is recommended to prevent primary hypertension. However, the mechanisms underlying the anti-
hypertensive effects of exercise remain unknown. Here, we introduce potential mechanisms based on our findings.
In particular, we discuss the nucleus tractus solitarii (NTS), which is a pivotal region for regulating the set-point of
blood pressure (BP). We characterized the gene expression profiles of the NTS after long-term daily wheel running
in SHRs, a genetic animal model of human essential hypertension, and by the following functional examinations,
we found the molecular basis of the anti-hypertensive effects of exercise. In addition to the genetic components,
we have also been investigating brain mechanisms underlying stress-induced hypertension and the protective
effects of exercise. Chronic stress is known to be one of environmental factors for hypertension manifestation.
Since the amygdala (AMY) is involved in emotional responses and BP control, we examined gene expression
profiles in the AMY after chronic restraint stress in normotensive rats and the interference effects by daily exercise.
We found that expression patterns in most of abnormally expressed genes by chronic stress returned to normal by
daily exercise, suggesting that the AMY may be involved in mechanisms of both stress-induced hypertension and
preventive effects of exercise. We hope our presentation will provide new insights into the molecular basis
supporting the concept of Exercise is Medicine. (COl: No)

S38 9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan



The Journal of Physiological Sciences

Symposium30

Substance abuse and addiction ~ From basic
science to regulatory science

(March 29, Fri., 18:30-20:00, Room E)

S30-1

An overview of recent emergence of new psychoactive
substances (NPS)

Ruri Kikura-Hanajiri (Division of Pharmacognosy, Phytochemistry and Narcotics,
National Institute of Health Sciences, Japan)

Awide variety of new psychoactive substances (NPS) has emerged around the world over the past
fifteen years. In Japan, to prevent the distribution of NPS, a new regulatory category titled
“Designated Substances” was introduced into the Pharmaceutical Affairs Law and enforced in
2007. After the introduction of this new category, NPS such as tryptamines and piperazines
disappeared rapidly from the illegal drug market. In their place, synthetic cathinones and herbal
products containing synthetic cannabinoids have appeared. As quickly as these NPS were
controlled, other analogs of the controlled substances began to appear on the illegal drug market,
and the identification and control of these substances rapidly turned into a “cat and mouse game”.
Many fatalities related to these products have occurred, and car accidents caused by impaired
consciousness after smoking the herbal products have been a serious problem in Japan. To fight
their distribution, the Government has further strengthened the regulation and controls of these
substances since the latter half of 2014. As a result of this drug control reinforcement, the number
of distributors of these products and the emergence of novel substances dramatically decreased by
2015. Products containing newly emerged NPS are, however, still available through the Internet
although they are in decline. To avoid health problems and abuse caused by new designer drugs,
we have to continuously monitor the distribution of these products. (COI: No)

S30-2

High-throughput imaging analysis using cultured
neurons for detecting phencyclidine-like substances
Kenji Hanamura'; Toshinari Mitsuoka'; Ruri Kikura-Hanajiri;

Yuko Sekino?; Tomoaki Shirao’ (‘Department of Neurobiology and Behavior,
Gunma University Graduate School of Medicine, Japan, *Division of Pharmacognosy,
Phytochemistry and Narcotics, National Institute of Health Sciences, Japan, *Endowed
Laboratory of Human Cell-Based Drug Discovery, Graduate School of Pharmaceutical
Sciences, The University of Tokyo, Japan)

Substance abuse is a big issue in the world. In Japan, since synthetic cathinones and cannabinoids
have been under the control of generic legislation, phencyclidine (PCP)-like substances have
emerged. Therefore, it will be important to establish high-throughput system for efficiently
detecting new psychoactive substances that can inhibit the activity of NMDA-type glutamate
receptors (NMDAR). We have shown that NMDAR activation reduces the amount of an actin-
binding protein drebrin in postsynaptic sites. We utilized the characteristics of drebrin to detect
the inhibitory effects of PCP-like substances on NMDAR activity. After 3 weeks in vitro, cultured
neurons were preincubated with PCP or PCP-like substances, such as 3-MeO-PCP and 3-MeO-
PCMo, and then treated with 100 pM glutamate for 10 min. After fixation, cultured neurons were
immunostained with anti-drebrin and anti-MAP2 antibodies. Drebrin cluster density along
dendrites were automatically quantified by originally-developed protocol. Preincubation with
PCP or PCP-like substances significantly reduced the glutamate effect. Maximal inhibitory rate of
3-MeO-PCMo was lower than that of PCP or 3-MeO-PCP. Thus, it is indicated that our high-
throughput imaging system using cultured neurons is useful for detecting the effects of PCP-like
substances on NMDA receptor activity. (COl: No)

S30-3

GIRK channels and NMDA receptor GIuUN2D subunit in
signal pathways from addictive substances

Kazutaka lkeda (Deparmment of Psychiatry and Behavioral Sciences, Tokyo
Metropolitan Institute of Medical Science, Japan)

G-protein activated inwardly rectifying potassium (GIRK, Kir3) channel is one of the effectors in
signal pathways from addictive substances. We found associations between genetic
polymorphisms in the GIRK subunit genes and sensitivity to addictive substances in mice and
humans. We also found that several drugs inhibited GIRK channels in vitro and reduced
preference for methamphetamine in mice. Furthermore, ifenprodil, a widely used drug for
dizziness, also inhibited GIRK channels in vitro and inhibited alcohol use in patients with alcohol
dependence in a prospective, randomized, controlled, rater-blinded study. On the other hand,
ketamine and phencyclidine (PCP), noncompetitive NMDA-type glutamate (NMDA) receptor
antagonists, increase locomotor activity in rodents and cause dependence and schizophrenia-like
symptoms in humans. We found that acute and repeated administration of ketamine and PCP did
not increase locomotor activity in mice lacking GluN2D, a subunit of NMDA receptor. GluN2D
knockout mice did not show impairment of prepulse inhibition by PCP, either. PCP significantly
increased extracellular levels of dopamine in the striatum and prefrontal cortex in wildtype but
not in GluN2D knockout mice. Furthermore, DNA array experiments revealed that PCP-induced

fos expression was abolished in GluN2D knockout mice. These results suggest that GIRK

channels and GIuN2D subunit are candidate targets for pharmacotherapy of drug and alcohol
dependence. (COIl: Properly Declared)

S30-4

The serotonin transporter (SERT) as a genetic risk
factor for drug addiction

Bart A Ellenbroek (School of Psychology, Victoria University of Wellington,
Newzealand)

Drug addiction is a world-wide problem with significant medical, judicial and social repercussions. While some
pharmacological and non-pharmacological therapies are currently in use, relapse rates are very high and there is
clearly a need for a better understanding of the neurobiological basis and the aetiology of drug addiction.

We are investigating to what extent a genetic reduction in the SERT affects the reinforcing properties of drugs of
abuse. Using rat self-administration procedures, we have been able to show SERT knock-out (SERT") rats are
substantially more sensitive to the rewarding properties of cocaine and MDMA (the active ingredient of “ecstasy”)
than wildtype (SERT™) rats. On the other hand, these rats do not differ in their sensitivity to the rewarding effects
of heroin. With respect to ethanol, female but not male SERT" showed enhanced drinking. In a recent RNA
sequencing study, we have started to identify the genes that are dysregulated in SERT" and SERT ™ rats both before
and after MDMA self-administration. Focusing on the frontal cortex, both mitochondrial and neuroplasticity-
related genes were disproportionally affected by both the genetic reduction of the SERT and the effects of MDMA.

Together with the fact that a reduction in the SERT is a common genetic variation in humans, our data contributes
to identifying potential risk factor for drug addiction and novel target for its treatment. (COIl: No)
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Genomics of Sports and Exercise
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S31-1

Implication of genetic polymorphisms on sports
performance

Eri Miyamoto-Mikami (Graduate School of Health and Sports Science, Juntendo
University, Japan)

Human physical performance is a complex multifactorial trait. Our meta-analyses indicate that
almost half of the variations in muscle strength and endurance capacity are determined by genetic
factors (Zempo et al., 2017; Miyamoto-Mikami et al., 2018). Athlete status is also significantly
affected by genetic factors (De Moor et al., 2007). In the past 20 years, at least 155 genetic
variants were reported to be associated with elite athlete status (Ahmetov et al., 2016). Although
most of these variants were identified by candidate gene approach, within the last 5 years genome-
wide approaches were introduced in sports science field. Sequencing of entire mitochondrial
DNA in 185 elite Japanese athletes revealed several polymorphisms to be potentially associated
with elite Japanese athlete status (Mikami et al., 2013). Furthermore, genome-wide association
studies (GWAS) identified multiple loci for muscle strength and elite endurance athlete status.
The incidence of sports injuries is negatively associated with athletic success. Therefore, we are
performing GWAS for sports injuries to clarify the genetic component of sports injury risk. In this
symposium, I will introduce genomics studies on sports performance and injuries. (COI: No)

S31-2
Genomic investigations of skeletal muscle function

Ola Hansson'"? (!Department of Clinical Sciences, Lund University, Sweden;
’Institute for Molecular Medicine Finland (FIMM), Helsinki University, Finland)

The proportions of fiber types vary widely across a person’s body and from one person to the next.
Like many other complex traits, the phenotypes of skeletal muscle composition segregate within
families, indicating that genetic variation partly determines variation in fiber characteristics. The
oxidative and glycolytic potential and the contractile properties of skeletal muscle also vary
considerably by fiber type, with the mitochondria-rich slow twitch fibers (Type I) having higher
oxidative capacity, and fast twitch fibers (e.g.Type 1Ix) having higher glycolytic capacity. Elite
athletes in physically demanding endurance sports are generally enriched for slow-twitch type I
muscle fibers, whilst fast-twitch type II fibers are more common in elite power sports athletes.
Despite a clear heritable component to many skeletal muscle phenotypes, very little is known of
the specific loci that influence these traits. Heritability estimates indicate that ~45% of fiber type
variance is due to genetic factors and this warrants an effort to identify genetic variants responsible
for prevalence of a certain type of fibers. We have performed genome-wide association meta-
analysis on ~650 Swedish males from 3 independent cohorts with histological phenotypes from
skeletal muscle biopsies, identifying 4 independent genetic variants associated with the proportion
of type IIx fibers and capillary density. (COI: No)

S31-3

A Kinesio-Genomic Effect of mtDNA Polymorphism in
the MOTS-c on Diabetes

Hirofumi Zempo1 2 (!Department of Administrative Nutrition, Faculty of Health
and Nutrition, Tokyo Seiei College, Japan; *Graduate School of Health and Sports
Science, Juntendo University, Japan)

Mitochondria play key roles in both insulin secretions from the pancreatic beta cell and insulin
sensitivity of skeletal muscles. Mitochondrial DNA (mtDNA) is a double-stranded circular
molecule of 16,569 bp and encodes a total of 37 classically known genes, including 2 rRNAs, 22
tRNAs and 13 polypeptide subunits for the oxidative phosphorylation system. Current study has
revealed that 12S rRNA region contains small open-reading-frame called MOTS-c and that
enhances muscular insulin sensitivity in mice (Lee et al. 2015). MOTS-c comprising 16 amino
acid residues also circulates in human blood. We have reported that East Asian specific mtDNA
(m.)1382 A>C polymorphism accompanies amino acid replacement from Lys (K) to Gln (Q) at
the 14th amino-acid residue of the MOTS-c (Fuku et al. 2015). 5-8% of East Asians carry a
variation in this region.

‘We have currently found that this polymorphism affects the prevalence of type 2 diabetes in
Japanese men, but not in women. Additionally, the K14Q-MOTS-c variant leads to diminished
insulin-sensitization in vitro. In male mice fed a high-fat diet, WT-MOTS-c reduced weight and
improved insulin-sensitivity whereas K14Q-MOTS-c variant did not. This was not seen in
female-mice, recapitulating the sex-specific effect seen in humans.

In this session, we will discuss the effect of m.1382 A>C polymorphism on diabetes, and the
combination with the physical activity (i.e., kinesio-genomic effect). (COI: No)
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Membrane transporters related to diseases and
drug development

(March 29, Fri., 18:30-20:00, Room G)

S$32-1

The amino acid transporter SLC6A19 as a target to
improve metabolic diseases

Stefan Broer (Research School of Biology, Australian National University,
Australia)

Dietary protein restriction and restriction of specific amino acids, such as branched-chain amino
acids, methionine or tryptophan have been shown to induce metabolic benefits, such as improved
glucose tolerance, increased use of fatty acids as energy metabolites and increased life span. The
overall aim of our studies is to develop a pharmacological induced amino acid restriction
phenotype. Dietary restriction of specific groups of amino acids is difficult, but absorption of
methionine, branched-chain amino acids and tryptophan is mediated by a single transporter in the
intestine, namely SLC6A19.

A mouse model lacking SLC6A19 was employed and a variety of metabolic tests performed.
Biomarkers were developed to evaluate inhibition of SLC6A19 in vivo and a variety of assays
were developed for high through-put screening of chemical compound libraries to identify novel
inhibitors of SLC6A19.

SLC6A19 ko mice have improved glucose tolerance, browning of white adipose tissue, reduced
activation of mTORC1 and increased production of FGF21 and GLP-1, improved insulin
sensitivity, reduced hepatic glucose output and reduced liver triglycerides. GC-MS based
metabolomic approaches were used to identify biomarkers of amino acid restriction in urine,
faeces and serum samples. Cell lines and bacteria overexpressing SLC6A19 were used to generate
high-throughput screening assays. These tools were used to identify novel compounds that inhibit
SLC6A19 with high potency and specificity. (COI: Properly Declared)

S32-2

L-type Amino Acid Transporters and Cancer

Arthit Chairoungdua'-? ('Department of Physiology, Faculty of Science, Mahidol
university, Thailand; *Excellent Center for Drug Discovery (ECDD), Mahidol
University, Thailand)

L-type amino acid transporters (LATs) are a family of Na'-independent transporters, which
promote the transport of neutral amino acids into cells. Four members including LAT1 (SLC7AS),
LAT2 (SLC7AS8), LAT3 (SLC43A1) and LAT4 (SLC43A2) have been identified. LAT1 and
LAT2 associate with 4F2hc (SLC3A2), also known as CD98, becoming the heterodimeric
obligatory exchanger. In contrast, 4F2hc is not required for LAT3 and LAT4 functions. LAT1 and
4F2hc have been reported to be upregulated and play critical roles in the progression of many
types of cancers. In addition, we also found the upregulation of LAT1 and 4F2hc in pluripotent
embryonal carcimoma (EC) cells, NTERA2, the cancer stem cells of testicular germ cell tumors
(TGCTs). The malignant phenotypes including cell viability, cell proliferation, and clonal ability
are suppressed following the inhibition of LAT1 function by BCH, a well characterized LAT
family inhibitor. These results highlight the potential roles of LAT1/4F2hc also in cancer stem
cells. Although, roles of LAT3 and LAT4 in cancer are limited. However, anti-tumor activity of
LAT3 have been reported recently in prostate cancer. These information suggesting the potential
therapeutic applications L-type amino acid transporters especially LAT1 and LAT3 in cancer. In
this presentation, the development of specific inhibitors for LAT1 and LAT3 will also be
discussed. (COI: No)

S32-3

Phosphate balance in the body and epithelial
phosphate transporters

Hiroko Segawa; Yuiji Shiozaki; Ichiro Kaneko; Ken-lchi Minamoto
(Department of Molecular Nutrition Institute of Biomedical Sciences, Tokushima
University Graduate School, Japan)

Inorganic phosphate (Pi) is a highlighted by the syndromes causes by hypo- or hyper phosphatemic
states. The serum Pi concentration is determined by the balance between the intestinal absorption
of Pi from the diet, storage, and of Pi in the bone, and the excretion of Pi through the urine.
SLC34A1 and SCL34A3 are predominantly expressed in the kidney. In human, SLC34Al
mutations cause idiopathic infantile hypercalcemia, and SCL34A3 mutation causes hereditary
hypophosphatemic rickets with hypercalciuria.

Hyperphosphatemia is recognized as a contributor to vascular calcification in patients with
chronic kidney disease (CKD) and hemodialysis patients and is independently associated with
cardiac mortality. Normalization of blood phosphate levels has been a clinical target in patients
with CKD. It is now known that intestinal phosphate absorption occurs via two distinct
mechanisms: passive paracellular transport, and active transcellular transport. Intestinal Pi
absorption by the paracellular route is a nonhormonally dependent process that occurs mainly
through the tight junctions by passive diffusion. The cellular transport pathway in the small
intestine requires SLC34A2, SLC20A1, and SC20A2. Recent study reported that inhibition of
intestinal sodium absorption via Na*/Hexchanger 3 (SLC9A3) is accompanied by increased fecal
Pi excretion.

This symposium will give a brief overview for controlling of phosphate in the body. (COI:
Properly Declared)

S$32-4

Genomic analysis of Japanese Cystinuria patients
through a next-generation sequence

Shinichi Sakamoto'; Yukio Naya?; Yasuhiro Shigeta®; Masaaki Fujimura®;

Chiaki Inada"®; Yuzuru Ikehara®; Yoshikatsu Kanai’; Naohiko Anzai®;

Tomohiko Ichikawa'®('Department of Urology, Chiba University Graduate School of Medicine, Japan;
“Department of Urology, Teikyo University Chiba Medical Center, Japan, *Nishifunabashi Urology Clinic,
Japan, *Department of Urology, Saiseikai Narashino Hospital, Japan, *Department of Pharmacology, Chiba
University Graduate School of Medicine, Japan, *Department of Tumor Pathology, Chiba University Graduate
School of Medicine, Japan; "Department of Bio-system Pharmacology, Osaka University Graduate School of
Medicine, Japan; *Division of Clinical Genetics, Chiba University Graduate School of Medicine, Japan)
INTRODUCTION AND OBJECTIVES: Cystinuria is an autosomal recessive disease, caused by the two mutations in
BAT1(SLC7A9)/rBAT(SLC3A1). Around 70% of Japanese Cystinuria patients possessed a characteristics mutation:
P482L, which has not been found in European countries. Here we studied the genomic profile of the fifty-one Japanese
Cystinuria patients.

METHODS: A next-generation sequence was performed among fifty-one patients who previously performed a direct
sequence of SLC3A1/SCL7AY. Nextseq 500 was used for the sequencing.

RESULTS: Overall, 8 novel mutations were identified, includes 2 frameshift(fs) and 5 point mutations and one exon-
intron boundary mutation. In SCL7A9, P482L homozygote and heterozygote were found in 16(31.4%) and 17(33.3%) of
patients, respectively. In terms of genotype classification, the number of type A, B and AB patients was 5, 34 and 2,
respectively. Compare to direct sequence, 9 patients were reclassified into the novel genotype. However, overall 19.6% of
patients still not fit into an autosomal recessive inheritance, with 2 patients possessed no mutation.

CONCLUSIONS: Among 51 patients, 8 novel mutations were identified and 9 patients were reclassified into a novel
genotype. However, 20% of patients did not fit into autosomal recessive genotype. Current data may suggest the potential
contribution of another factor in the pathogenesis of Cystinuria. (COl: No)
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S33-1

Effects of perinatal hypothyroidism on brain
development

Izuki Amano; Yusuke Takatsuru; Ayane Kate Ninomiya;

Hiroyuki Yajima; Miski Aghnia Khairinisa; Michifumi Kokubo;
Machiko Suda; Asahi Haijima; Noriyuki Koibuchi (Department of
Integrative Physiology, Gunma University Graduate School of Medicine, Japan)

Thyroid hormone plays critical roles in differentiation, growth, metabolism, and physiological
functions. Thyroid hormone deficiency during the fetal and early neonatal period impairs brain
development. Cretinism in humans, which results from severe untreated congenital
hypothyroidism, manifests as intellectual disability, ataxia, deafness and mutism, and spasticity
with stunted physical growth. After the initiation of newborn screening programs for congenital
hypothyroidism in the mid 1970s, most infants with congenital hypothyroidism were identified
during the early postnatal period. Although early initiation of thyroid hormone replacement
therapy may be able to prevent severe neurologic sequela, several risks of perinatal hypothyroidism
remain. These include 1) The effects of mild and/or moderate hypothyroidism that cannot be
detected by newborn screening 2) The effects of nutritional iodine excess on brain development
and 3) Unknown genetic mutations linked to hypothyroidism. To clarify them, we generated mice
models using anti-thyroid drug induction or genetic models. We will report on novel thyroid
hormone action in the developing brain and the mechanisms by which it acts. (COI: No)

S33-2

Revealing role of thyroid hormone on autophagy
regulation in skeletal muscle

Ronny Lesmana’? ('Departement of basic science, Physiology Division, Faculty
of Medicine, Universitas Padjadjaran, Indonesia; *Central Laboratory, Universitas
Padjadjaran, Indonesia)

Revealing TH regulation on autophagy function in skeletal muscle using both invitro and invivo
models, we demonstrated that TH induces autophagy in a dose-and time-dependent manner in
skeletal muscle. TH induction of autophagy involved reactive oxygen species (ROS)stimulation
of 5 adenosine monophosphate-activated protein kinase (AMPK)-Mammalian target of rapamycin
(mTOR)-Unc-51-likekinasel(Ulk1) signaling. TH increased mitochondrial protein synthesis and
number as well as basal mitochondrial O2 consumption, ATP turnover, and maximal respiratory
capacity. Surprisingly, mitochondrial activity and biogenesis were blunted when autophagy was
blocked in muscle cells by Autophagy related gene (Atg) 5 short hairpin RNA (shRNA). We also
observed that gene regulated fission and fussion were upregulated. In addition, micrograph result
from electron microscope showed a altere shaped of mitochondria looks like hyperfussion. In
summary, our findings showed that TH-mediated autophagy was essential for stimulation of
mitochondrial biogenesis and activity in skeletal muscle. In case of Aging process, reducing
levels of thyroid hormone level may play role in muscle performance and fiber distribution. (COI:
No)

S33-3

The role of nuclear receptor corepressors NCoR1 and
SMRT on physiologic function in the mouse

Megan Jean Ritter; Izuki Amano; Kristen Vella;

Anthony N Hollenberg (Weill Cornell Medicine, Department of Medicine,
Division of Endocrinology, Diabetes and Metabolism, USA)

Thyroid hormone (TH) plays an essential role in physiologic process starting with development
and this continues throughout life. Thyroid hormone receptor (TR) is a nuclear receptor that is
activated upon TH binding to express thyroid hormone responsive genes. Two critical corepressors
that bind to thyroid hormone response elements (TREs) in the absence of TH to inhibit gene
transcription are the nuclear receptor corepressor 1 (NCoR1) and the silencing mediator of
retinoid and thyroid hormone receptors (SMRT). Repression is mediated through histone
deacetylation by complexing with histone deacetylase 3. In order to study the role of these two
corepressors, we used a tamoxifen-inducible Cre recombinase (UBC-Cre-ERT2) to delete
NCoR1, SMRT, or NCoR1 and SMRT in adult mice because global deletion of either NCoR1 or
SMRT during embryogenesis is lethal. Interestingly, while postnatal deletion of either NCoR1 or
SMRT did not impact mortality, knock-out (KO) of both NCoR1 and SMRT resulted in a rapidly
lethal phenotype heralded by weight loss, hypoglycemia and hypothermia. Mice with NCoR1/
SMRT KO had several histologic abnormalities including crypt hyperplasia and villi atrophy
throughout the intestines in addition to hepatosteatosis. We will report on the role of NCoR1 and
SMRT in physiologic functions. (COI: No)

S33-4

The Protective Roles of Cardiac Macrophages in Heart
Failure

Munehiko Shibata (Division of Endocrinology, Diabetes and Metabolism, Beth
Israel Deaconess Medical Center, USA)

Chronic inflammation is involved in various cardiac diseases. However, it is still unclear how
inflammation contributes to disease development. We analyzed cardiac immune cells by flow
cytometry and found that the myocardium contained a large number of macrophages even under
physiological conditions. Pressure overload induced by thoracic aortic constriction (TAC) further
increased the number of macrophages. To assess the function of macrophages, we injured them
prior to TAC. Surprisingly, macrophage dysfunction led to severe cardiac dysfunction, suggesting
that macrophages are important for the adaptive response to pressure-overload. Metabolomic
analysis showed that macrophage dysfunction had significant impact on myocardial metabolism.
Macrophages appeared to control glycolytic metabolism, TCA cycle and oxidative
phosphorylation. The cardiac macrophages exhibited M2-type macrophage phenotypes. Since
STATG is essential to M2 differentiation, we generated hematopoietic Stat6 knockout mice. These
mice, lacking STAT6 in myeloid cells, also had disturbances in cardiac glycolytic metabolism,
confirming our data that macrophages regulate the cardiac metabolism. We then identified a
mediator that is expressed only by cardiac macrophages. Administrating this factor to the
macrophage-dysfunctional mice offset the metabolic dysfunction and rescued the heart failure
after TAC. Our results demonstrate cardiac macrophages are essential to the adaptive response of
the heart. (COIl: No)
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(March 29, Fri., 18:30-20:00, Room |)

S34-1
Obesity : a matter of fat taste
Naim A Khan (Universite de Bourgogne, France)

Obesity is a pathology that is arithmetically increasing worldwide. It is responsible for several
pathologies, such as cancer, metabolic syndrome and cardiovascular diseases. The excessive
consumption of lipids products is considered as a key factor, involved in this pathology. It has
been well propounded that there exists five basic taste modalities, e.g., sweet, sour, bitter, salty
and umami. Recent compelling evidence from rodent and human studies raise the possibility for
an additional sixth taste modality devoted to the perception of lipids. A number of studies have
recently suggested that lingual CD36, a glycoprotein, mainly expressed by circumvallate papillac
of the tongue, might be implicated in the perception of dietary fat taste. Our recent studies have
not only supported the existence of the 6" taste modality, destined for the perception of fat, but
also explored the intracellular signalling mechanisms, involved in this phenomenon. We have
shown that lingual CD36, after activation by free fatty acids, induces increases in free intracellular
calcium concentrations, ([Ca®']i). This signalling cascade is likely responsible for physiologic
responses, induced by the detection of lipids in the oral cavity. Our studies show that fat taste
signaling is altered in obese animals and there is a polymorphism of CD36 in obese subjects (COI:
No)

S34-2

The autonomic modulation for alleviating life style
diseases

Kishore Kumar Deepak (Department of Physiology, All India Institute of
Medical Sciences, India)

Several traditional and newer health improvement programs work on the principle of autonomic
modulation. Both of them may involve varying degrees of somato-visceral Stimulation. The
somatic-autonomic link is very strong and purposeful. Autonomic Nervous system (ANS) can be
modulated by almost all sensory inputs namely visceral sensory, somato-sensory and special
sensory. For example, for mobilizing ANS, the physical exercise may rely on three things; firstly,
demand imposed on ANS for increasing circulation; second, somato-sensory stimulation; third,
motivational/emotional component. The autonomic responses get modulated after exercise.
Similar evidences are available for other non-exercise stimuli and they cause the changes in the
levels of autonomic functional status. The practice of rhythmic slow breathing (pranayama) also
results in useful autonomic responses. To explain this, the author proposed a hypothesis that the
repeated episodes sympathoexcitation would result in blunted sympathetic response. Most of
autonomic responses are regulated by a well laid down feedback loops. When the feedback loops
are repeatedly stimulated, they learn to operate on a lower level for a given autonomic load. It
makes the system more efficient. Thus, the ANS has capacity for performance based adaptability.
This makes the ANS as self sustaining, adapting, optimizing and self healing system. This
concept of ANS may be used for improving health and alleviating diseases. (COI: No)

S34-3

Cognitive Neurophysiological Imaging and
Neuromodulation in Obesity

Kanwal Preet Kochhar (Department of physiology,All India Institute of Medical
Sciences, India)

Over the last half century, there has been a rapid nutrition transition for Asian population due to
rapid socio-economic development and Lifestyle changes.The thrifty gene hypothesis plays an
important part in rise of incidence of Obesity, Metabolic Syndrome, Coronary Disease, gut
motility disorders as well as psychosomatic,immune and neuro degenerative disorders.Major
transitions are in the increasing use of salt,sugar,fat, beverages and processed fast foods.

Role of traditional Indian Diet, coarse cereals, Spices and Probiotics can help in managing
Obesity,Diabetes, Hypertension, Autonomic Dysfunction seen in Metabolic Syndrome in Asian
people changing their food habits, geographical location for work, sleep patterns andbody
rhythms Today the era of biomarkers has become saturated and prone to many confounding
variables but cyclic regulations and physiological waveforms are a more consistent and robust
marker of an individual neurohormonal and psychoneuroimmune profile.cognitive correlates of
attention to food and food craving, activation of taste areas and neuromapping of brain activity in
response to food cues can serve as personalized and patient specific diagnostic and therapeutic,
tools .Cognitive training and behaviour therapy may reduce hyper-responsivity of reward regions
to food cues and increase inhibitory control thus participants learn to show reduced reward and
attention region responsivity leading to wiser food choices and reduced caloric intake. (COl: No)

S34-4

Role of Yoga-based intervention in managing obesity
and inflammation

Raj Kumar Yadav (Department of Physiology, All India Institute of Medical
Sciences, India)

Yoga is our Indian legacy. In recent years, we have done several yoga-based lifestyle intervention
studies at Integral Health Clinic (IHC), dept of Physiology, All India Institute of

Medical Sciences, New Delhi, and published in peer-reviewed journals. In this symposium, we
shall present the evidence-based scientific aspects of mind, medicine and meditation, the effects
of yoga as medicine in obesity. The primary objective of this symposium is to discuss the effect
of short-term yoga-based lifestyle intervention on different aspects of obesity.

In an interesting study (2012), the efficacy of the short-term yoga-based lifestyle intervention
program in reducing stress and inflammation was assessed. The results demonstrated that the
mean level of cortisol decreased while B-endorphins increased from baseline to day10. We also
reviewed (2014) the available scientific data on efficacy of yoga-based lifestyle interventions in
reducing obesity-related inflammation and, suggested the possible mechanism of action. We have
observed that yoga-based intervention modifies levels of vitamin D and risk factors for diabetes
type 2 in obesity as well as gene expression of stress, inflammation and ageing in obesity. (COI:

No)

S34-5
Food addiction and its link to obesity
Siddharth Sarkar (Department of Psychiatry and NDDTC, AIIMS, India)

In the last few years, food addiction has been debated as an entity based upon phenomenological
parameters. Excessive uncontrolled consumption of fatty and hyperpalatable foods has been
likened to substance use disorders. Craving for starchy and fatty foods have been described,
which has been reported to be difficult to control. Even animal models have been described for
the phenotype of food addiction. This presentation attempts to highlight the link between such
purported food addiction and obesity. The present literature on food addiction and current
controversies regarding assessment of this condition will be discussed. The link of excessive
consumption of hyperpalatable fatty food and occurrence of obesity, as per the recent studies
would be presented. The assessment measures for defining the food addiction in the individuals
would be alluded to. Subsequently, potential remedial measures for tackling such food addiction,
both in terms of pharmacological and non-pharmacological options would be examined in the
presentation. The challenge of such food addiction in the context of increasing prevalence of
diabetes and metabolic disorders in Asia would be touched upon. (COI: No)

9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan S43



The Journal of Physiological Sciences

Symposium35

Frontiers in Ca*' release research in skeletal
muscle: 50th anniversary from discovery of
Ca*"-induced Ca*' release

(March 29, Fri., 18:30-20:00, Room J)

S35-1

Identification of novel inhibitors of Ca?*-induced Ca?*
release for RyR1-related muscle diseases

Takashi Murayama (Department of Pharmacology, Juntendo University School
of Medicine, Japan)

Type 1 ryanodine receptor (RyR1) is a Ca*'release channel in the sarcoplasmic reticulum and
plays an important role in excitation-contraction coupling. Genetic mutations in RyR1cause
various skeletal muscle diseases including malignant hyperthermia (MH). Because the main
underlying mechanism of the pathogenesis is overactive Ca**-induced Ca*'release (CICR) by
gain-of-function of the RyR1 channel, inhibition of CICR is expected to be a promising treatment
for these diseases. We here developed a novel high-throughput screening (HTS) platform using
time-lapse fluorescence measurement of Ca*'in the endoplasmic reticulum (ER) to identify RyR1
inhibitors. RyR1 carrying an MH mutation and a genetically-encoded ER Ca*'indicator were
stably expressed in HEK293 cells and time-lapse fluorescence was measured using a fluorometer.
Since MH mutant RyR 1 reduces ER Ca*'in HEK293 cells through Ca*‘leakage, specific drugs that
inhibit RyR1 increase ER Ca?'by preventing Ca®'leakage. By screening 1,535 compounds in a
library of well-characterized drugs, we successfully identified oxolinic acid (OA), a quinolone
antibiotic as a novel RyR1-specific inhibitor. The highly quantitative nature and good correlation
with the channel activity validate this HTS platform by ER Ca’**measurement to explore novel
drugs for RyR1-related muscle diseases. (COI: No)

S35-2

Interaction of junctophilins and the Ca 1.1 is essential
for the skeletal muscle contraction

Tsutomu Nakada; Toshihide Kashihara; Masatoshi Komatsu;
Mitsuhiko Yamada (Department of Molecular pharmacology, Shinshu University
School of Medicine, Japan)

Close physical association of Ca, 1.1 L-type calcium channels (LTCCs) at the sarcolemmal
junctional membrane (JM) with ryanodine receptors (RyRs) of the sarcoplasmic reticulum (SR) is
crucial for excitation—contraction coupling (ECC) in skeletal muscle. However, the molecular
mechanism underlying the JM targeting of LTCCs is unexplored. Junctophilins (JPs) stabilize the
JM by bridging the sarcolemmal and SR membranes. We examined the roles of JPs in localization
and function of LTCCs. Knockdown of JP1 or 2 in cultured myotubes inhibited LTCC clustering
at the JM and suppressed evoked Ca®" transients without disrupting JM structure.
Coimmunoprecipitation and glutathione S-transferase pull-down assays demonstrated that JPs
physically interacted with 12 amino acid residues in the proximal C-terminus of the Ca, 1.1. AJP1
mutant lacking the C-terminus including the transmembrane domain (JP1ACT) interacted with
the sarcolemmal/T-tubule membrane but not the SR membrane. Expression of this mutant in adult
mouse muscles in vivo exerted a dominant-negative effect on endogenous JPs, impairing LTCC—
RyR coupling at triads without disrupting JM morphology, and substantially reducing Ca*'
transients without affecting SR Ca®* content. Moreover, the contractile force of the JPIACT-
expressed muscle was dramatically reduced compared with the control. Taken together, JPs
recruit LTCCs to the JM through physical interaction and ensure robust ECC at triads in skeletal
muscle. (COI: No)

S$35-3

Analysis of disease mutants of type 1 ryanodine
receptor using molecular dynamics and Ca?* imaging
Toshiko Yamazawa (Department of Molecular Physiology, The Jikei University
School of Medicine, Japan)

Malignant hyperthermia (MH) is a disorder of Ca**-induced Ca?* release (CICR) via the type 1
ryanodine receptor (RyR1) in skeletal muscles. More than 300 mutations have been reported in
the RyR1 gene of patients with MH. There are three main mutation clusters (hotspots), which are
found in the N-terminal (RyR1 amino acid residues 35-614) and central (2129-2458) regions in
the cytoplasm and carboxyl (C)-terminal region (4637-4973) near or within channel-forming
segments of the RyR1. However, few comprehensive study on Ca>* homeostasis associated with
structural properties in these mutants to give insight into the mechanism of the pathogenesis have
been reported. Here, we combined functional studies and molecular dynamics (MD) simulation
of RyRI carrying disease-associated mutations at the N-terminal region. When expressed in
HEK293 cells, the mutant RyR 1 caused abnormalities in Ca?* homeostasis, i.e., caffeine sensitivity,
ER Ca” contents, resting cytoplasmic Ca** concentration. MD simulation of the mutant RyR1
revealed that alterations of hydrogen bonds/salt bridges between N-terminal subdomains strongly
correlate with the channel function of RyR1.These results suggest these interactions are primary
determinant for MH phenotype. (COI: No)

S35-4

Structural basis for the gating, insecticide binding and
resistance of insect ryanodine receptor

Zhiguang Yuchi; Lianyun Lin; Zhiyuan Hao (School of Pharmaceutical
Science and Technology, Tianjin University, China)

Diamide insecticides target insect ryanodine receptors (RyRs) and cause misregulation of calcium
signaling in insect muscles and neurons, generating worldwide sales over 2 billion U.S. dollars
annually. Several resistance mutations have been reported to reduce the efficacy of the diamides,
but the exact binding sites and mechanism of resistance mutations are not clear. The recent
breakthrough in the structural studies of mammalian RyRs has deepened our understanding, but
the structural information about insect RyRs is still scarce. Here we present the crystal structure
of RyR N-terminal domain (NTD) at 2.84 A resolution from the diamondback moth (DBM).
DBM RyR NTD consists of a beta-trefoil folding motif and a flanking alpha helix. Interestingly,
two regions in NTD interacting with neighboring domains showed distinguished conformations
in DBM relative to mammalian RyRs. We also generate several homology models of full-length
DBM RyR representing different functional states and dock the diamide insecticides into the
structural models. These models reveal the specific structural features, gating mechanism, ligand-
binding sites, and insecticide-binding sites of DBM RyR. By comparing the structures of the wild
type and insecticide-resistant mutants, we propose a model depicting how the mutations affect the
insecticide binding. We also identify the key difference between mammalian and insect RyRs that
may explain the species-specific binding properties of diamides. (COIl: No)

S44 9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan



The Journal of Physiological Sciences

Local Organizing Committee

Symposium

Symposium36

Inter-tissue communications underlying metabolic
and feeding control in living body
(whole day symposium) part I

(March 30, Sat., 10:00-12:00, Room A)

S36-1

Dietary nutrients and genes that regulate growth in C.
elegans

Masamitsu Fukuyama'; Toshiaki Katada'?('Laboratory of Physiological
Chemistry, Graduate School of Pharmaceutical Sciences, University of Tokyo, Japan;
’Molecular Cell Biology Laboratory, Research Institute of Pharmaceutical Sciences,
Faculty of Pharmacy, Musashino University, Japan)

Dietary restriction has been known to delay growth and aging in many species of animals.
However, the mechanism underlying the phenomenon remains to be fully delineated. Under the
starved condition, newly hatched C. elegans larvae suspend growth at a specific developmental
stage by maintaining quiescence of stem and progenitor cells and survive over a week. Such
arrested larvae can resume growth by reactivating these quiescent cells when supplied with E. coli
as food.

We found that feeding fatty acids (or its precursor, ethanol) and essential amino acids (EAAs)
together can release several types of progenitor cells from quiescence, as E. coli. When either the
insulin/IGF signaling (IIS) pathway or mTORC1 is hyper-activated, feeding ethanol alone can
reactivate quiescent neural and mesodermal progenitor cells in newly hatched larvae. These
observations suggest that amino acids not only serve as building blocks and energy sources, but
also act as cues to trigger the reactivation. Based on this hypothesis, and taking advantage of the
fact that combination of EAAs and fatty acids/ethanol is sufficient to initiate growth, we have
conducted genetic screenings for mutants that can grow even when fatty acids/ethanol or a single
amino acids such as leucine and methionine are omitted. Successful isolation and phenotypic
analysis of such mutants suggest that, in addition to the IIS and mTORC1 pathways, there seems
to be additional nutrient-responsive pathways that regulate growth. (COI: No)

S36-2

Nutri-developmental biology: nutritional adaptability
and adipose tissue remodeling

Tadashi Uemura's; Yukako Hattori'; Kaori Watanabe?;

Taiichi Tsuyama'; Yasutetsu Kanaoka'; Shoko Mizutani;

Kohei Shimono'; Hironobu Uchiyama?; Shunsuke Yajima?3;
Masayoshi Watada* (!Grad. Sch. of Biostudies, Kyoto Univ., Japan; >NGRC,
Tokyo Univ. of Agri., Japan; *Dept. of Bioscience, Tokyo Univ. of Agri., Japan; *Grad.
Sch. of Sci. and Eng., Ehime Univ., Japan; ’AMED-CREST, Japan)

Animal growth is influenced profoundly by the quality and quantity of nutrients consumed by juveniles. To unravel
regulatory systems that govern nutritional adaptability to ensure growth, we have focused on divergent feeding
habits among species. Some species, including humans, are nutritional generalists that can eat a wide variety of
foods, while others are specialists, feeding on a narrow range of food Molecular underlying
adaptabilities of generalist species for development are still poorly described. To address this question, we used five
Drosophila species with distinct habits and compared responses of growing larvae to various diets using multi-
omics. We discovered that robust metabolic regulation by systemic TGF-beta/Activin signaling governs strong
adaptabilities of the generalist species to sugar-rich diets, and that some specialist species are defective in this
signaling and unable to adapt to such diets.

We are also studying development of a central organ for the systemic control of growth and metabolism, the fat
body (adipose tissue), in particular development of the adult fat body which replaces the larval fat body. Our in vivo
imaging suggests that dynamic behaviors of adult fat body precursor cells contribute to the characteristic
distribution and size of the adult fat body. We are aiming to explore the cellular origin of adult fat cells in larvae,
and to identify genes participating in the migration and/or differentiation of these cells. (COIl: Properly
Declared)

S36-3

The neural circuit for prey capture in zebrafish: from
vision to the hypothalamic feeding center

Koichi Kawakami; Akira Muto; Deepak Ailani (Division of Molecular
and Developmental Biology, National Institute of Genetics, Japan)

The visual system plays a major role in prey recognition in diurnal animals. The initial step of the
visual recognition of a possible prey or other small objects starts in the retina in zebrafish. The
optic tectum of the midbrain, the largest retinorecipient structure, is involved in the computation
of the object size. The optic tectum also serves as a visuotopic map on which the perceived prey
is located. Previously we successfully visualized activation of the tectum upon visual recognition
of the prey by calcium imaging of immobilized and freely-swimming larvae. In this study, we
address a question how the visual information is conveyed to the deep brain areas, especially to
the feeding center that mediates appetite. we performed real-time imaging of neuronal activity in
freely-behaving and constrained zebrafish larvae and found that prey or prey-like visual stimuli
activate the hypothalamic feeding center. Furthermore, we identified prey detector neurons in the
pretectal area that project to the hypothalamic feeding center. Ablation of the pretecto-
hypothalamic circuit abolished the prey capture behavior. Taken together, we demonstrated that
the pretecto-hypothalamic pathway plays a crucial role in conveying visual information to the
feeding center. Thus, this pathway possibly converts visual food detection into feeding motivation
in zebrafish. These findings may contribute to pathology of human disorders related to appetite,
such as bulimia, and anorexia. (COl: No)

S36-4

Hypothalamic control of glucose metabolism in skeletal
muscle

Yasuhiko Minokoshi'? ('Division of Endocrinology and Metabolism, National
Institute for Physiological Sciences, Japan, *Department of Physiological Sciences,
School of Life Science, SOKENDAI The Graduate University for Advanced Studies,
Japan)

The hypothalamus plays a key role in the control of energy homeostasis. We have shown that the
ventromedial hypothalamus (VMH) is an important hypothalamic nucleus to regulate glucose
metabolism in some peripheral tissues. Hyperinsulinemic-euglycemic (HE) clamp studies
showed that leptin increases whole-body glucose utilization and glucose uptake in red-type
skeletal muscle, heart muscle and brown adipose tissue (BAT) through melanocortin receptor
(MCR) in the VMH. Leptin did not change plasma insulin levels or locomotor activity in mice.
Injection of leptin or MCR agonist into the VMH increased sympathetic nerve activity in red- but
not white-skeletal muscle.The leptin-induced glucose uptake in skeletal muscle was blunted in
mice lacking beta-adrenergic receptor (AR)s, whereas it was restored by forced expression of the
beta2-AR in skeletal muscle. Activation of SFI neurons by DREADD (designer receptors
exclusively activated by designer drugs) technology, reduced food intake and increased energy
expenditure in mice. It also increased glucose uptake in red-type skeletal muscle, heart muscle
and BAT. During HE clamp, such activation of SF1 neurons enhanced insulin-induced whole-
body glucose utilization, glucose uptake in the above tissues, and insulin signaling in red-type
skeletal muscle. Thus, VMH-sympathetic nervous system plays a key role in glucose utilization
and insulin sensitivity in certain peripheral tissues including red-type skeletal muscle. (COI: No)

S36-5

Fibroblast Growth Factor 21 mediates the inter-talk
between major metabolic regulators
Karen SL Lam (Department of Medicine, The University of Hong Kong)

FGF21, fibroblastic growth factor 21, a metabolic hormone predominantly produced from the
liver, mediates the inter-talk between various tissues regulating glucose and lipid metabolism. In
a liver-adipocyte inter-talk, FGF21 stimulates the secretion of adiponectin which mediates some
of the actions of FGF21 on hepatic and peripheral insulin sensitivity, and improves hepatic lipid
metabolism. Conversely, FGF21 resistance in the adipose tissue of obese individuals would lead
to hypoadiponectinemia and exacerbation of insulin resistance. In humans, serum FGF21 level
exhibits a circadian rhythm, with a peak in the early morning, reminiscent of changes in growth
hormone and cortisol levels. Indeed, growth hormone induces hepatic production of FGF21
through a mechanism dependent on lipolysis in the adipocytes. Through suppressing lipolysis, the
rise in FGF21 will serve to complete this pituitary-adipocyte-liver inter-talk for the fine-tuning of
endogenous lipolysis. In the mice, there is also evidence suggesting an important role of FGF21
in preventing fasting hypoglycemia, through the mediation of a liver-brain-adrenal inter-talk,
activating the hypothalamic-pituitary-adrenal axis to increase cortisol production and hence
gluconeogenesis. The impact of the above inter-talks amongst major tissues regulating glucose
and lipid metabolism on the clinical application of FGF21-targeting approaches, using FGF21
mimetics or enhancers, will be reviewed. (COI: No)
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Primate researches in Asian regions

(March 30, Sat., 10:00-12:00, Room B)

S37-1

Advantages of using Thai cynomolgus macaques for
infectious disease and cognitive research

Suchinda Malaivijitnond'?; Srichan Bunlungsup';

Taratorn Kemthong'; Suthirote Meesawat'; Mallika Imwong?;
Yuzuru Hamada*('National Primate Research Center of Thailand-Chulalongkorn
University, Thailand; *Department of Biology, Faculty of Science, Chulalongkorn
University, Thailand, 3Department of Molecular Tropical Medicine and Genetics,
Faculty of Tropical Medicine, Mahidol University, Thailand, *Evolutionary and
Morphology Section, Primate Research Institute of Kyoto University, Japan)

Cynomolgus macaque (Macaca fascicularis) is one of the commonly used non-human primate (NHP) models for
infectious disease and cognitive research. Among 10 subspecies, common (M. f. fascicularis; Mff) and Burmese
(M. f aurea; Mfa) cynomolgus macaques are found in Thailand. Though primatologists denote that genetics of
Thai Mff are messy because they carry the genetic admixture of thesus macaques (M. mulatta; Mm). Using 40
autosomal SNPs, the genetic admixture between Mjff and Mm was maximized at the hybrid zone (15-20 °N) and a
northern Thai Mff population at 16° 51'N carried 50% of Mm ancestry while a southern one living at 7° 12'N carried
15% of Mm ancestry. However, when we looked at another angle, these Thai Mjf could be an excellent animal
model for infectious disease research. For example, Mm are susceptible to Plasmodium cynomolgi (a sister taxon
of human P. vivax) and tuberculosis while Mjf are tolerance to those diseases. Thus, Thai Mff who carry different
degrees of Mm’s genetics should be varied in P. cynomolgi or tuberculosis infection. Mfa are the only Asian NHP
who use stone tools to forage for encased foods. Exploring their genetics using partial mtDNA, Y-chromosome
gene, whole mtDNA and whole genome sequences, they are distinctive from their neighboring Mff" species.
Regarding these unique characteristics, we propose that their genetics have major effects on learning behavior and
memory capacity and they should be beneficial for neuroscience research. (COIl: Properly Declared)

S37-2

Tool-Use Behavior in Burmese Long-Tailed Macaques
and Possible Adaptation for Learning
Michael D Gumert (Nanyang Technological University, Singapore)

Burmese long-tailed macaques (Macaca fascicularis aurea) use stone tools along the Andaman
Sea Coast of Thailand and Myanmar. In this region, these macaques use stones as hammers to
crack open mollusks, crustaceans, and plant matter. This behavior is found only in groups living
along coasts and islands in the region, and occurs mostly on rock shores and in stony mangroves.
The stone-hammering behavior of these macaques is not found in any other Old World monkey
and is potentially unique to Burmese longtails. Very few, if any, other primates use stone tools
regularly in coastal habitats. Where Burmese longtails hybridize with common longtails (M. f.
fascicularis), we also find stone hammering behavior. There, however, are no known cases of
common longtails using stone tools regularly on coasts outside of this hybridization zone.
Surveys of the biogeography of macaques expressing tool behavior and field studies on groups of
hybrids, point towards a strong association between stone hammering behavior and the Burmese
subspecies. These results suggest Burmese longtails and their hybrids will be a useful model to
understand how biological, social, and ecological conditions interact in the evolution and
development of technological behavior in a primate. Here, natural selection could be operating on
Burmese longtails in such a way that they have evolved special capacities that bias their learning
and development of stone hammering behavior. (COI: No)

S37-3

Ruminant-Like Primate, Proboscis Monkey in Borneo
Ikki Matsuda'-234 (' Chubu University Academy of Emerging Sciences, Japan;

?Wildlife Research Center, Kyoto University, Japan; *Japan Monkey Centre, Japan;
“Institute for Tropical Biology and Conservation, University Malaysia, Malaysia)

Proboscis monkeys (Nasalis larvatus), endangered and endemic to Borneo, are the largest foregut
fermenting colobines. Despite of their unique morphological features such as “big nose and
stomach”, for decades, knowledge about the proboscis monkey had been gleaned from limited
information of their behavior from boat surveys along riverbanks where they rest in the early
mornings and late evenings. This was due to the inhospitable swampy habitats they live in, which
made them near impossible to track once they move into inland forests. This resulted in patchy
knowledge about the species’ ecology. However, by the 2000s, the attention raised for these
unique monkeys had gradually attracted more researchers devoting their academic pursuits to the
further understanding of the species, with studies still predominantly focused on their socio-
ecology, but extending to genetic analyses, and other novel topics about their digestive capabilities
and the sexual selection of enlarged noses. I summarized the findings from our proboscis monkey
long-term project in Sabah, Borneo, Malaysia, focusing on their incredible digestive strategy of
rumination, the first documented among primate species with their foregut microbiome
composition, has not been investigated so far. (COI: No)

S37-4

Neurobiology of Primate Brain-Body-Environment
Interactions under Evolutionary Perspectives

Atsushi Iriki (Lab. for Symbolic Cognitive Development, Center for Biosystems
Dynamics Research, RIKEN, Japan)

Human evolution has involved a continuous process of acquiring new cognitive capacity to form
novel culture. The dramatic expansion of the primate brain that accompanied additions of new
functional areas would have supported such continuous evolution. Extended brain functions
would have driven rapid and drastic changes in their ecological niche, which in turn demanded
further brain resources to adapt to it. In this way, primate ancestors have constructed a novel niche
in each of the ecological, cognitive and neural domain, whose interactions accelerated their
individual evolution through a process of the “Triadic Niche Construction”. Human higher
cognitive activity can therefore be viewed holistically as one component of the earth’s ecosystem,
eventually comprising today’s terrestrial environment, the “Anthropocene”. The primate brain’s
functional characteristics seem to play a key role in this triadic interaction. Subspecies of macaque
monkeys in the islands along the coast of Indian Ocean are regular tool-users, whereas continental
subspecies and their hybrids rarely are. Comparison of these two subspecies would imply epi-
genetic factors to elucidate neurobiological evo-devo mechanisms that give rise to human
intelligence under the viewpoint of mind-body interactions through gut microbiome and dietary
patterns at natural habitat, that is, interactions among mind, body and social/ecological
environment, in the evolutionary context. (COl: No)
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Symposium38

Cutting-edge research topics on skeletal muscle
plasticity in health and diseases

(Co-organized by Japanese Society of
Physical Fitness and Sports Medicine)

(March 30, Sat., 10:00-12:00, Room C)

S38-1

Evidence for acute contraction-induced myokine
secretion by cultured myotubes

Nobuharu L Fujii (Department of Health Promotion Sciences, Graduate School of
Human Health Sciences, Tokyo Metropolitan University, Japan)

Skeletal muscle has been recognized as a secretory tissue producing bioactive molecules, termed
as myokines, which are released in response to various stimuli. However, there was no evidence
that acute muscle contraction regulates myokine secretion. Here, we present evidence that acute
contractions induced myokine secretion from C2C12 myotubes. We found that change in cell
culture medium unexpectedly stimulates release of abundant proteins from C2C12 myotubes and
those proteins masks the contraction-regulated myokine secretion. Once the released proteins
were eliminated, stimulated secretion of interrokine-6 (IL-6), which is the best-known myokine,
increased in response to a I-hour contraction evoked by electrical stimulation. Using this
experimental condition, we also found that calcium chelating, rather than inhibition of muscle
fiber movement, blocked contraction-induced IL-6 secretion from the myotubes. This is the first
report to show an evidence for acute contraction-induced myokine secretion by skeletal muscle
cells. In summary, we showed that acute muscle contraction evidently stimulates myokine
secretion, and our experimental condition can be used for investigating the secretory mechanism
of skeletal muscle cell and for novel myokine discovery in further studies. (COIl: No)

S38-2

Sex difference in sarcopenia: mechanisms and
interventions

Shuichi Machida (Graduate School of Health and Sports Science, Juntendo
University Graduate School of Health and Sports Science, Juntendo University, Japan)
Aging is associated with sarcopenia, which is defined by reductions in skeletal muscle mass,
strength, and physical function. Sarcopenia decreases the ability to perform activities of daily
living, reduces quality of life, and increases fall-risk and associated injuries. Older women exhibit
greater frailty and skeletal muscle mass and strength losses compared to that in older men. It is
likely that the underlying causes of sarcopenia are different in women and men, which will require
the identification of sex-specific therapeutic targets.

Skeletal muscles are generally considered to have high regenerative capacity. However, muscle
regeneration capacity progressively declines with aging. Satellite cells are a group of adult muscle
stem cells that play a key role in mediating muscle regeneration. Recent studies have shown that
satellite cells progressively undergo sex-specific changes in cell-intrinsic characteristics and
functions.

Skeletal muscles are comprised of aggregate of muscle fibers, and are classified as slow twitch
and fast twitch muscle fibers based on their contractile characteristics. The characteristic of
sarcopenia is the selective atrophy in the fast twitch muscle fibers. Furthermore, it has been
reported that the size of muscle fibers in women is smaller than that in men, and this difference is
significant in fast muscle fibers. On the other hand, the hypertrophy of muscle fibers due to
resistance training is dominant in fast muscle fibers. (COl: No)

S38-3

Therapeutic potential of slow muscle programming for
muscle wasting and muscular dystrophy

Gordon S Lynch'; Justin P Hardee'; Karen J Martins’;

Timur Naim'; Stefan M Gehrig'; Gregory R Steinberg?;

Rene Koopman'; James G Ryall' (!Centre for Muscle Research, Department
of Physiology, The University of Melbourne, Australia; *Division of Endocrinology and
Metabolism, Department of Medicine, McMaster University, Australia)

Preferential wasting of fast, glycolytic myofibres is common in many muscle wasting conditions, including
Duchenne muscular dystrophy (DMD). Promoting a slow, oxidative phenotype could protect muscles from damage
to improve patient quality of life, but its therapeutic potential for DMD is unclear. To address this issue, electrodes
were implanted in wild type and dystrophic (mdx and dko) mice and hindlimb muscles wirelessly stimulated at
low-frequency to characterise acute (single bout, 10 Hz, 12 h) and ‘training’ adaptations (10 Hz, 12h/d, 7 d/wk, 4
wk). In wild type mice, whole genome sequencing revealed 1764 transcripts that were differentially regulated in
EDL muscles after a single bout of LFS. Repeated LFS bouts induced a fast-to-slow muscle phenotype in TA
muscles after 4 weeks, with increased SDH activity and decreased myofibre diameter. Genes related to oxidative
phosphorylation, fatty acid degradation and PPAR signalling were all highly enriched after training. Repeated
bouts of LFS for 4 wk improved myofibre SDH activity independent of histopathology alterations in both
dystrophy models. These findings highlight the utility of LFS to enhance mechanistic understanding of contraction-
induced muscle plasticity, and its therapeutic potential to ameliorate the dystrophic pathology, improve muscle
repair, and enhance patient quality of life.

Supported by the National Health & Medical Research Council of Australia (GNT1124474) (COI: No)

S38-4

Adiponectin and skeletal muscle — new insights and
potential implications

Katsumasa Goto (Department of Physiology, Graduate School of Health
Sciences, Toyohashi SOZO University, Japan)

Skeletal muscle exhibits a large plasticity in response to various intracellular and extracellular
stimuli. Aging also has an impact on skeletal muscle mass and function. Sarcopenia, aging-
associated skeletal muscle atrophy, is considered as a risk factor for falls in older adults. Recent
cohort studies show high level of plasma adiponectin is associated with atrophy and weakness of
skeletal muscle in older adults. Although adiponectin is an adipokine, its expression is confirmed
skeletal muscle cells. In general, adiponectin binds to adiponectin receptors (AdRs), exhibits
insulin-sensitizing effects in skeletal muscle cells. We hypothesize that high adiponectin levels
may have atrophic effects on skeletal muscle cells. Aging-associated up-regulation of adiponectin
in fast skeletal muscle was observed. Agonist for AdRs, AdipoRon, suppressed myogenic
differentiation of C2C12 cells in a dose-dependent manner. Knockdown of AdR in C2C12
myoblasts partially attenuated AdipoRon-induced suppression of C2C12 differentiation.
Evidences suggest that aging-associated up-regulation of adiponectin in skeletal muscle may
induced muscle atrophy in especially fast skeletal muscle. This study was supported, in part, by
KAKENHI (Grant Numbers JP16K13022, JP17K01762, JP18H03160), the Descente Sports
Foundation, the Science Research Promotion Fund from the Promotion and Mutual Aid
Corporation for Private Schools of Japan, and Graduate School of Health Sciences, Toyohashi
SOZO University. (COI: Properly Declared)
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Cutting-Edge Optical Imaging of Neuronal
Circuits and Synapses

(Co-organized by Grant-in-Aid for
Scientific Research on Innovation Area ‘ABiS’ of MEXT,
Japan and Co-sponsored by Spectra-Physis)

(March 30, Sat., 10:00-12:00, Room D)

S$39-1

Mechanical forces of spine enlargement detected by
presynaptic FRET/FLIM imaging

Haruo Kasai'?; Hasan Ucar?; Jun Noguchi® Satoshi Watanabe?;
Sho Yagishita‘ 2, Noriko Takahashi*('Graduate School of Medicine, The
University of Tokyo, Japan; *Intl. Res. Ctr. for Neurointelligence (WPI-IRCN), UTIAS,
The Univ. of Tokyo Japan, *Natl. Ctr. of Neurol. and Psychiatry, *Department of
Physiology, Kitasato Univ. School of Medicine, Japan)

We study whether the mechanical force caused by the enlargement of the dendritic spines has any
effects on presynaptic functions. We used the Schafer collateral (SC) innervating CA1 pyramidal
neurons in hippocampal slice cultures. First, we measured the vesicle status of the presynaptic
boutons of SC by using the trans-SNARE probe which measured FRET between t-SNARE
(SyntaxinlA) and v-SNARE (VAMP2) by utilizing fluorescence lifetime imaging (FLIM). We
found rapid increases in the FRET value when we pushed single presynaptic boutons by a glass
electrode. Second, we measured glutamate release probability (Pr) from an identified single
bouton, using a variant of iGluSnFR in SC, and its responses to single action potentials delivered
at 0.07 Hz. We found the pushing augmented the Pr in a good correlation with the increases in the
trans-SNARE formation. Lastly, we induced spine enlargement by spike-timing- dependent
plasticity (STDP) at the dendritic spine using 2-photon glutamate uncaging to test the
physiological relevance of the mechanical effect. We found that spine enlargement caused an
increase in the trans-SNARE formation, even though we did not stimulate presynaptic axons by
action potentials. Importantly, we found that the increase in the trans-SNARE formation was not
detected when spines twitched and did not push the bouton, even though spines were enlarged.
Thus, we have revealed that the effects of mechanical forces of spine enlargement on the
presynaptic terminals. (COl: No)

S39-2

Multi-scale calcium imaging in the marmoset visual
cortical network

Kenichi OhKi'2 ('Department of Physiology, Graduate School of Medicine,
University of Tokyo, Japan; *International Research Center for Neurointelligence
(IRCN), University of Tokyo, Japan)

Primate neocortex analyzes visual scenes with a hierarchical neuronal network. To understand
how such network interactively process visual scenes, we developed a method to monitor
neuronal activity at multiple spatial scales. Based on Tet-off system (Sadakane et al., 2015), we
first designed new AAV2/9 vectors which contain TLoop system (Cetin and Callaway, 2014) or
two in-tandem of GCaMP, and successfully increased the level of GCaMP expression in a large
volume of the marmoset neocortex.Using the improved vectors, we first performed wide-field
1-photon calcium imaging. In addition to orientation map in the primary visual cortex (V1), we
found that full-field luminance increment and decrement evoked regular patches of responses in
V1 (luminance polarity map). We then studied cellular activity using 2-photon imaging. In
addition to orientation-selective cells, we found “non-tuned cells” that were responsive to drifting
gratings but not selective for orientation, and “non-responsive cells”. Interestingly, non-tuned
cells selectively responded to the luminance increment, whereas non-responsive cells selectively
responded to the luminance decrement. The present method is applicable to higher visual areas
beyond V1. Smooth neocortex of marmosets allowed us to monitor neuronal activity in multiple
brain areas spanning occipital to parietal cortices These results demonstrate usefulness of the
marmoset brain to study the visual cortical network. (COI: No)

S$39-3

Biochemical Signal Computation in Single Dendritic
Spines

Ryohei Yasuda (Max Planck Florida Institute for Neuroscience, USA)

Activity-dependent changes in synaptic strength and structure are believed to be cellular basis of
learning and memory. A cascade of biochemical reaction in dendritic spines, tiny postsynaptic
compartments emanating from dendritic surface, underlies diverse forms of synaptic plasticity.
The reaction in dendritic spines is mediated via signaling networks consist of hundreds of species
of proteins. Aiming to elucidate the operation principles of such signaling networks, we have
developed several new techniques to measure the key properties of the signaling components.
First, based on 2-photon fluorescence lifetime imaging and highly sensitive biosensors, we have
developed techniques to image signaling activity in single dendritic spines. Second, based on
CRISPR/Cas9-mediated gene-editing, we have developed a technique to fuse fluorescent tags to
endogenous proteins in single cells in vivo. This technique, termed SLENDR, allows us to
measure the precise localization and dynamics of any proteins. Third, we have established a
molecular tool to manipulate protein activity with light. Using this new optogenetic tool, we
measured the temporal window of CaMKII activity required for synaptic plasticity and animal’s
learning. The data obtained by these techniques provides new insights into the mechanisms
underlying the spatiotemporal regulation of signaling dynamics underlying synaptic plasticity and
learning and memory. (COIl: No)

S$39-4

Super-resolution microscopy for neuroscience: new
methods & applications

Valentin Nagerl (interdisciplinary Institute for Neuroscience, University of
Bordeaux, France)

The advent of super-resolution microscopy has created unprecedented opportunities to study the
mammalian central nervous system, which is dominated by anatomical structures whose
nanoscale dimensions critically influence their biophysical properties. I will present our recent
methodological advances 1) to visualize the extracellular space of the brain and 2) to reveal the
morphological structure and molecular arrangement of adhesive structures and synapses in live
cells at the nanoscale level.

‘We combined 3D-STED microscopy and fluorescent labeling of the extracellular fluid to develop
super-resolution shadow imaging (SUSHI) of brain ECS in living brain slices. SUSHI enables
quantitative analysis of ECS structure and produces sharp negative images of all cellular
structures, providing an unbiased view of unlabeled brain cells with respect to their complete
anatomical context in a live tissue setting.

Current super-resolution microscopes are proficient at collecting either single molecule or
morphological information, but not both. I will present a new super-resolution platform that
permits correlative single molecule imaging and STED microscopy in living cells. We
demonstrate that this multi-modal approach can give access to both kinds of information by
revealing on a nanometer spatial scale protein localization and dynamics and cellular morphology.

(COI: No)
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S40-1
TRPM2 in the sensation for warmth

Chun-Hsiang Tan (Graduate Institute of Clinical Medicine, Kaohsiung Medical
University, Taiwan)

Thermosensation and thermoregulation are crucial for the survival of all animals, both in order to
identify and maintain optimal thermal environments suitable for life and to avoid injuries caused
by exposure to extremes of temperature. Several ion channels within the TRP family have been
shown to be activated by thermal stimuli within various range, and have been proposed to serve
as thermal detectors. However, identifying the mechanisms responsible for warmth detection was
found to be challenging. We used a combination of calcium imaging, electrophysiology and RNA
sequencing to demonstrate that the ion channel generating novel heat sensitivity independent of
TRPV1, TRPV2, TRPV3, TRPV4 and TRPM3 in sensory and autonomic neurons to be TRPM2.
More importantly, mice genetically deleted of TRPM2 showed a striking deficit in the detection
of non-noxious warmth. The results indicate that the molecular mechanism underlying warmth
sensation is mediated by TRPM2. TRPM2 has received less attention than many other members
of the TRP family but is rapidly assuming importance as a key target in normal physiology and
disease pathology. (COIl: No)

S40-2

Physiological and behavioral changes in infants during
mother-infant interaction

Sachine Yoshida (Department of Anatomy, Faculty of Medicine, Toho University,
Japan)

Mother-infant bonding is the earliest and most essential relationship to mammalian infants since
all mammalian species raise their infants with breast milk.

Mother-infant relationship consists of not only verbal but also nonverbal communication through
various forms of sensory information such as tactile and visual stimulation.

We have found before that both human infants and rodent pups showed the coordinated calming
responses, named the Transport Response, during maternal carrying. The Transport Response is
composed of reduction of vocalization, body movement and heart rate, and facilitates the maternal
carrying. Recently, we also found the developmental change in infant heart rate variability during
maternal holding. We are currently working to clarify the relationship between the heart rate
variability and the way of holding. I will briefly overview the current progress and discuss the
developmental process of mutual communication in mother and infant using skin-to-skin contact.
(COI: No)

S40-3

Evolutionary changes in the function and diversity of
color vision in primates

Chihiro Hiramatsu (Department of Human Science, Faculty of Design, Kyushu
University, Japan)

Animals utilize color vision to distinguish objects, which reflect, transmit, or emit different
wavelengths of light. Fortuitous and adaptive evolutionary processes have shaped the various
types of color visions in the animal kingdom. Many primates adapted trichromatic color vision
that compares the activities of Long (L), Medium (M), and Short (S) wavelength cone cells in the
retina, though some do not show uniform trichromacy. Here, I will review recent progress on
understanding color vision in primates. Trichromatic vision in primates is believed to have
evolved from the ancestral dichromatic vision through the shift from nocturnal to diurnal activity
patterns. Finding reddish ripe fruits in the background of green leaves is hypothesized to be a
primary driving force for the evolution of trichromacy. Theoretical studies with spectral analyses
of fruits and leaves support this ideology. Field studies found behavioral differences between
dichromatic and trichromatic individuals by focusing on species with polymorphism. These
studies showed the benefits of trichromacy in fruit and flower foraging. The advantage of
dichromacy in insect foraging has also been reported, suggesting trichromacy is not always the
best color vision. Apart from foraging, trichromatic vision is also utilized to detect social signals
like recognition of emotional or reproductive state through facial color. Perhaps, enjoying colorful
paintings may be a function of trichromacy acquired by humans. (COIl: No)

S40-4

BodySharing: How we can share our body experiences
Emi Tamaki'? ('Waseda University, Japan; *H2L Inc., Japan)

BodySharing: What happens if we share our body each other?

If several persons can control one person’s body, people will be able to share several experiences
as a new comminication system.

In our research, it was verified what experience can be shared and what kind of problems will be
encountered if two persons control one human body simultaneously.

Two users attached a new communication device, UnlimitedHand to their wrist, and muscle
deformation sensors and electrical stimuli made each other’s hands ready to control. In other
words, it was made possible for two persons to share each person’s body. We call this state
BodySharing.

In this state, two users control one body to be performed an experience “Pouring water into a cup”
that purpose was fixed, and another experience “Ikebana(flower arrangement)” that purpose was
not fixed.

The result of this experiments showed that the sense of accomplishment and satisfaction can be
shared. On the other hand, problems concerning the adjustment of force input and the intention of
consensus were discovered.

This study revealed what experiences can be shared and what kind of problem would happen
when BodySharing establishes. (COl: No)
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Leveraging novel techniques to research and
translate synaptic transmission and plasticity
(ISPP, Iran)

(March 30, Sat., 10:00-12:00, Room F)

S41-1
Withdrawn

S41-2

Addressing Therapeutic Challenges in Neuroscience
with Digiceuticals

Bechara John Saab"?2('Mobio Interactive, Canada; *University of Zurich
Psychiatric Hospital, Switzerland; *Royal Society of Medicine, UK)

The combination of a richer neurobiological understanding and a ubiquity of mobile devices is
opening exciting avenues for the translation of neuroscience in healthcare. In particular, Mobio
Interactive has been improving the efficacy and reach of psychotherapy via computer vision,
photoplesymographic imaging and deep learning in order to stimulate therapeutic neural activity
in healthy individuals and patients groups around the world. This talk provides an intimate exposé
of some of the technology and clinical trials underway at Mobio Interactive, diving deep into
specific examples in order to highlight current limitations and future possibilities for the
translation of neuroscience. (COIl: Properly Declared)

S41-3
Withdrawn

S41-4

Dual effects of dopamine on synaptic plasticity in
normal and hyperexcitable brain

Javad Mirnajafi-Zadeh'; Mahboobeh Ahmadi’;

Bechara John Saab?; Yaghoub Fathollahi'; Nahid Roohi’
(!Department of Physiology, Faculty of Medical Sciences, Tarbiat Modares University,
Iran, *Research & Development, Mobio Interactive, Canada)

Dopamine plays important role in different forms of synaptic plasticity. In this study we
investigated the role of dopamine receptors in synaptic potentiation and cognitive behaviors
following kindled seizures. Obtained results showed that in normal brain dopamine has inhibitory
effect on long-term potentiation (LTP) through its D2-like receptors (D2R). However, dopamine
could return the ability of LTP induction to hippocampal slices of kindled animals through D2Rs.
This effect of dopamine was similar to effect of low- frequency stimulation (LFS) in kindled
animals. Therefore, we checked the role of D2Rs in mediating the anticonvulsant action of LFS.
Application of these receptors antagonist reduced the action of LFS. Also, LFS reduced the
activity of dopaminergic neurons in ventral tegmental area of animals following seizure. In
addition, optogenetically low frequency stimulation of dopaminergic fibers in ventral tegmental
area reduced the cognitive impairments in kindled animals. Therefore, it may be concluded that
dopamine D2Rs has important role in anticonvulsant action of LFS and their activity can prevent
the seizure-induced impairments in synaptic plasticity and cognitive functions. (COl: No)

S41-5

Does exercise reverse cognitive and synaptic plasticity
deficits following sleep deprivation?

Vahid Sheibani; Hakimeh Saadati; Amin Rajizadeh;

Khadijeh Esmaeelpour (Neuroscience Research Center, Kerman University of
Medical Sciences, Iran)

Inadequate sleep or sleep deprivation is a common problem in our societies. The aim of current
short presentation is to review the effects of forced or voluntary exercise on cognitive dysfunctions
in rats following paradoxical sleep deprivation (PSD).

Forced or voluntary exercises for 4week by treadmill or running wheel were used in rats. The
multiple platform method was applied for the induction of PSD. The cognitive functions were
evaluated by using behavioral and electrophysiological methods. Our results showed that physical
exercise alleviated the PSD-induced learning and memory, LTP induction and maintenance
impairments in Rats. Voluntary exercise before PSD improved long term learning and memory
and novel object recognition memory impairments in rats. These results confirmed the negative
effect of PSD on cognitive functions and forced or voluntary exercise seems to protect rats. (COI:
No)

S50 9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan



The Journal of Physiological Sciences

Symposium42
(Sponsored Symposium)

Physiological function of royal jelly contributing
to healthy longevity
- The effectiveness on Locomotive syndrome,
Menopausal disorders, Infectious
diseases -
(Co-sponsored by Yamada Bee Company, Inc.)

(March 30, Sat., 10:00-11:30, Room G)

S42-1

Royal Jelly Prevents the Progression of Sarcopenia
Hongmei Wu; Xue Bao; Yeqing Gu; Shunming Zhang; Ge Meng;
Kaijun Niu (Nutritional Epidemiology Institute and School of Public Health, China)

Sarcopenia is characterized by the age-related loss of muscle mass and strength. We examined the
effects of royal jelly (RJ) or protease-treated royal jelly (pRJ) treatment on the skeletal muscles in
an animal model using aged mice. In vivo, RJ/pRJ treatment attenuated the decrease in the muscle
weight and grip strength and increased the regenerating capacity of injured muscles and the serum
insulin-like growth factor-1 levels compared with controls. In vitro, using isolated satellite cells
from aged mice, pRJ treatment increased the cell proliferation rate, promoted cell differentiation,
and activated Akt intracellular signaling pathway compared with controls. These findings suggest
that RJ/pRJ treatment had a beneficial effect on age-related sarcopenia. In addition, we further
examined the potential effects of pRJ on sarcopenia in elderly nursing home residents. One
hundred and ninety-four subjects enrolled into this multicenter, randomized, double-blind,
placebo-controlled study. Subjects received either placebo (Group 1), pRJ 1.2 g/d (Group 2), or
4.8 g/d (Group 3). We found that pRJ treatment might not improve, but rather attenuate the
progression of decrease in muscle strength in elderly people. In addition, we have not found that
pRIJ intervention can achieve improvement or attenuating the decrease in physical performance.
(COI: Properly Declared)

S$42-2

Mitigation of postmenopausal neurological disorders by
administration of royal jelly

Akira Minami (Department of Biochemistry, School of Pharmaceutical Sciences,
University of Shizuoka, Japan)

Estrogen deficiency after menopause increases the risk of memory impairment and depression as
well as metabolic syndrome and osteoporosis. The risk of depressive disorder is 2.5-times higher
in the menopausal transition period than in the premenopausal period due to the association with
the hormone level. The estrogen receptor (ER) has two different isoforms, ERo and ERB. The
beneficial effects of estradiol on postmenopausal neurological disorders in ovariectomized
(OVX) rodents were shown to be mediated by activation of ERp rather than by activation of ERa.
In contrast, activation of ERa by hormone replacement therapy (HRT) is a risk factor for cancer.
Considering the negative aspect of HRT, it would be helpful to find alternative and naturally
occurring substances that minimize neurological disorders in a postmenopausal state. Royal jelly
(RJ) from honeybees (Apis mellifera) has various medicinal effects including immune modulation,
anti-fatigue, anti-tumor, anti-hypertensive and anti-osteoporosis effects. Recently, it was reported
that RJ improves anxiety in postmenopausal Japanese women. Fatty acids and sterols contained
in RJ have estrogenic activity and bind more selectively to ERp than to ERa. Thus, memory
impairment and depression-like behaviors in OVX rats were mitigated by RJ administration.
Since activation of ERa is a risk factor for cancer, little effect on ERa could be a beneficial aspect
of RJ for mitigation of postmenopausal neurological disorders. (COl: No)

S42-3

10-hydroxydecanoic acid in royal jelly elicits antigen-
specific mucosal IgA response

Shogo Misumi (Department of Environmental and Molecular Health Sciences,
Faculty of Life Sciences, Kumamoto University, Japan)

The effective antigen (Ag) uptake across gut epithelium by microfold cells (M-cells) is an
important for the induction of a mucosal immune response. Here we show that medium chain
fatty acid 10-hydroxydecanoic acid (10-HDAA), the ingredient of royal jelly, has a potential to
induce an effective antigen-specific mucosal immune response in a cynomolgus macaque. Caco-2
monolayer assay demonstrated that 10-HDAA efficiently increased the protein expression level of
a M-cell marker, glycoprotein 2 (GP2) at 3 days post-exposure. Furthermore, 10-HDAA
stimulation elevated the RNA expression level of a master regulator of M-cell differentiation,
Spi-B on day 1 and sequentially induced the RNA expression of GP2 with peak expression on day
2. As a result, 10-HDAA stimulation differentiated Caco-2 cells into M-like cells with
characteristic morphological and efficiently increased the transcytosis efficiency. Furthermore,
intranasal administration of 10-HDAA to cynomolgus macaques increased M-cells in follicle-
associated epithelium (FAE) covering the luminal surface of nasopharynx-associated lymphoid
tissue (NALT). Therefore, we investigated whether 10-HDAA can elevate the mucosal in vivo
vaccine efficiency by increasing the number of M-cells. Oral administration of 10-HDAA to
cynomolgus macaques significantly increased the antigen-specific IgA levels. These findings
suggest that 10-HDAA exhibits mucosal adjuvant properties via stimulation of effective uptake of
Ags through M-cells. (COI: Properly Declared)
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S$43-1

The regulation of TRPC5 channel activity by
S-glutathionylation and S-palmitoylation

Chansik Hong‘; Insuk So?('Department of Physiology, Chosun University
School of Medicine, Korea, *Department of Physiology, Seoul National University
College of Medicine, Korea)

Redox reactions play a crucial role in the regulation of physiological functions and maintenance
of cellular homeostasis. Increased oxidative stress and redox dysregulation are involved in the
development of inflammation through multiple redox processes. The Ca**-permeable TRPC
channel is predominantly expressed in the brain which is particularly vulnerable to oxidative
stress. The molecular basis of TRPC5 channel regulation by redox reactions and their role in
neurodegeneration are not known. Here, we report a mechanism of TRPC5 S-glutathionylation
and S-palmitoylation, and the effect of glutathionylated and depalmitoylated TRPCS5 on striatal
neurons in Huntington’s disease. By S-glutathionylation at Cys176/Cys178 residues, the oxidized
glutathione-activated TRPC5 current results in a sustained increase in cytosolic Ca*, activated
calmodulin-dependent protein kinase and the calpain-caspase pathway, ultimately inducing
striatal neuronal cell death. S-palmitoylation at Cys181 residue enhances TRPCS trafficking and
membrane stability. We identified decreased levels of oxidative modification in single and
combined Cys176/Cys178/Cys181 mutation, indicating that the three vicinal cysteines are
dependently capable of reversible oxidation by the intracellular redox state. Collectively, these
findings in controlling cross-talk between palmitoylation and glutathionylation on TRPCS
provide insight to a new therapeutic approach for neurodegenerative diseases. (COIl: No)

S$43-2
TRPM7 mediated fibrogenesis in heart diseases
Lixia Yue; Zhichao Yue; Albert S. Yu; Jianlin Feng (Department of Cell

Biology, Calhoun Cardiology Center, University of Connecticut School of Medicine,
USA)

The transient receptor potential melastatin 7 (TRPM7) is a unique channel protein which
processes both ion channel and protein kinase functions. TRPM7 is ubiquitously expressed in
various tissues and cells. Although it has been shown that TRPM7 is essential for embryonic
development, the pathophysiological role of TRPM7 is not fully understood. We previously
demonstrated that TRPM7 plays a role in fibrogenesis cascade. As fibrosis is a detrimental factor
for a variety of heart diseases including hypertrophy and heart failure, we hypothesized that
TRPM7 plays a critical role in fibrosis-associated heart failure. Using transverse aortic restriction
(TAC) induced hypertrophy/heart failure model, we found that TRPM7 was highly up-regulated
in TAC-induced heart failure mice. The current amplitude of TRPM?7 in fibroblasts from 4 weeks
TAC hearts was 1.5 fold larger than that of sham control. Deletion of Trpm7 (TRPM7-KO)
significantly increased surviving rate after TAC, enhanced heart performance of TAC mice by
attenuating the reduction of ejection fraction (EF), decreasing the ratio of heart weight/body
weight, and reducing fibrosis in TAC hearts. The strong protective effect of TRPM7 deletion
against hypertensive hypertrophy/heart failure suggests that inhibition of TRPM7 may serve as a
novel therapeutic target for fibrosis-associated heart diseases. (COl: No)

S$43-3

The role of TRPM7 channel in pathogenesis of
pulmonary arterial hypertension and right heart failure
Lin Hai Kurahara'; Keizo Hiraishi'; Lixia Yue?; Aya Yamamura?,
Jianlin Feng?; Yaopeng Hu'; Mikiko Aoki*; Ryuji Inoue’ (‘Department
of Physiology, Fukuoka University, Japan, *Cardiology/Cell Biology, University of
Connecticut Health Center, USA; *Department of Physiology, Aichi Medical University,
Japan, *Department of Pathology, Fukuoka University, Japan)

TRPM 7 (Transient receptor potential melastatin-7) channel is known to be deeply involved in cardiovascular
remodeling, but it’s role in pathogenesis of right ventricle (RV) and pulmonary artery remodeling is still unknown.
We created pulmonary arterial hypertension (PAH) and right heart pressure-overload models in wild-type and
TRPM7 knockout mice and compared their morphological and functional changes in pulmonary artery (PA) and
RV. PAH was induced by monocrotaline pyrrole administration. The wild-type PAH mice showed a severely
decreased RV function, which was markedly improved in TRPM7-knockout mice. The RV pressure-overload
model was generated by pulmonary artery constriction. The degrees of RV hypertrophy and fibrosis were
significantly reduced in TRPM7-knockout mice compared to wild-type mice. In addition, we found that the
endothelial-mesenchymal transition in PA and abnormal PA smooth muscle cell proliferation were both suppressed
by TRPM7 antagonists. TRPM7 immunoreactivity was clearly detected in the endothelium, medial wall and
plexiform lesions of blood vessels from PAH lung tissues, as well as in RV. A Chinese herb medicine ophiocordyceps
sinensis strongly suppressed a TRPM 7 channel activity in the expression system and significantly improved the
compromised RV function and PA pathology in PAH mice and rats.

These results suggest that TRPM7 channel may play a vital role in cardiovascular remodeling during PAH and RV
failure. (COI: No)

S$43-4

Critical role of TRPC6 Targeting Hepatic Stellate Cell in
Liver Fibrosis

Seung-Kuy Cha'?; Kyu-Hee Hwang'?; Ji-Hee Kim'?; Soo-

Jin Kim'?; Kyu-Sang Park'? (!Department of Physiology, Yonsei University
Wonju College of Medicine, Korea; *Mitohormesis Research Center, Yonsei University
Wonju College of Medicine, Korea)

Deregulation of Ca®* signaling has been postulated as pathological event in fibrosis. A primary
culprit for hepatic fibrosis is hepatic stellate cell (HSC) activation. Aberrant Ca** influx mediates
either directly or indirectly HSC activation and leads to hepatic fibrosis. Thus, we firstly
monitored Ca**-permeable channels in in vivo hepatic fibrosis animal models by bile duct ligation
(BDL) and thioacetamide (TAA) administration. We found that TRPC6 was overexpressed in
cirrhotic models. Notably, we found that expression level of TRPC6 was strongly correlated with
Laennec scoring system for stating fibrosis in human liver biopsy specimens. To uncover
underlying mechanism, we monitored TRPC6 activation in in vivo animal models and in vitro
HSC activation model using primary HSCs culture. Expression of TRPC6 was significantly
increased in hepatic fibrosis animal models and HSC activation model. Fibrotic changes and Ca**
influx were ameliorated by TRPC6 knockout in in vivo animal model and in vitro HSCs,
respectively. Together, these data demonstrate that TRPC6-mediated Ca?* influx causes hepatic
fibrosis via HSC activation. These provide a new perspective on the pathogenesis of hepatic
fibrosis and offers clues for therapeutic strategies for liver cirrhosis. [NRF-
2015R1D1A1A01060454 & 2017R1A5A2015369] (COI: No)

S$43-5

The non-neuronal protection of transient receptor
potential vanilloid 1 in vascular system

Tzong-Shyuan Lee (Graduate Institute and Department of Physiology, College
of Medicine, National Taiwan University, Taiwan)

Transient receptor potential (TRP) vanilloid type 1 (TRPV1), a ligand-gated non-selective
cationic channel, is mainly expressed in primary nociceptive sensory neurons. TRPV1 channel
can be activated by heat, protons, several endogenous lipid molecules and various exogenous
ligands such as evodiamine and capsaicin. Activation of TRPV1 permits calcium (Ca*) entry,
which results in the elevation of intracellular Ca** and elicits responses. TRPV1 interacts with
several intracellular proteins such as calmodulin and PI3K/Akt, important regulators of signaling
pathways to regulate cell function. Phosphorylation of TRPV1 by protein kinases, including PI3K
and CaMKII, is reported to regulate TRPV1 activity in sensory neurons. However, the non-
neuronal significance of TRPV1 and its molecular mechanism in vascular system is not fully
understood. The findings from our and other teams suggest that TRPV1 is expressed in endothelial
cells and macrophages and plays crucial roles in regulating vascular tone, angiogenesis and the
development of atherosclerosis. By use of clinical therapeutic reagents (statins and erythropoietin,
capsaicin), food nutrition and traditional herbal medicine (curcumin, 14,15-epoxyeicosatrienoic
acid, epigallocatechin-3-gallate and evodiamine), we confirmed the vascular protective effects of
TRPV1 activation and the underlying molecular mechanism in the regulation of endothelial
function and cholesterol metabolism of macrophages, as well as atherosclerosis. (COI: No)
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Cutting-edge approaches to long-lasting questions
and novel aspects of inward rectifier K channels
-- A quarter-century anniversary of cDNA isolation
(ISPP, Israel)
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S44-1

New insights into K* dependences of the strong inward
rectifier potassium channel Kir2.1

Keiko Ishihara (Division of Integrated Autonomic Function, Department of
Physiology, Kurume University School of Medicine, Japan)

Kir2.1 is the canonical member of inward rectifier K* channel family. The channel is constitutively
open at membrane potentials around K equilibrium potential (£,) and its conductance declines
steeply with membrane depolarization (i.e., strong inward rectification) due to voltage-dependent
channel block by intracellular polyamines. The strong inward rectifiers show physiologically
important two K sensitivities; the voltage dependence of rectification shifts with £, when the
extracellular K* concentration ([K*] ) is altered, and the open conductances are proportional to
the “square root” of [K'] (Hagiwara & Takahashi, 1974). These have been explained, for
example, by repulsion between multiple K™ ions within the pore and by the intracellular blocking
cation interacting with those K* ions. However, the detailed mechanisms are still obscure, and the
effects of intracellular K* concentration ([K*], ) have been controversial. We recently examined
the effects of [K']  and [K'], onKir2.1 currents and found that the [K']  dependence of the open
Kir2.1 conductance is not the property of K* permeation, but is due to the fast channel block by
external Na', which is competitive with external K*. We also found that the voltage dependence
of polyamine block follows the shifts in £, when [K], is altered, but not as perfectly as with the
changes in [K*] . The findings provide important constraints on the theoretical explanation for
the K* dependence of inward rectification. (COI: No)

S44-2

The mechanism underlying rectification of ion flow in
Kir2.1 and evolutionarily relevant channels

Chung-Chin Kuo (Department of Physiology and Neurology, National Taiwan
University, Taiwan)

Voltage- and flow-dependent block of outward K+ currents by intracellular polyamines (e.g.,
spermine, SPM) is the major mechanism underlying the inward rectification in Kir2.1 channels.
The on and off kinetics of SPM to and from the binding site are extremely slowed by point
mutation E224Q, an effect completely reversed by concomitant mutations in the M2 bundle
crossing region A178T or M183W. Also, the on rate carries little voltage dependence, but the off
rate is consistently decelerated e-fold per ~15 mV depolarization. The SPM site responsible for
the inward rectification is thus located at an electrical distance of ~0.5, probably in the central
cavity delimited internally by the inner end of the M2 bundle crossing region. This region may
undergo opening/closing conformational changes mimicking channel gating, which is controlled
by intracellular but not extracellular cations including SPM and K+. The inner end of the bundle
crossing region thus is a pivotal segment coupling channel gating to (inward rectifying) ion
permeation. Similar biophysical principles of ion permeation and block also apply to evolutionally
relevant channels. For example, extracellular Mg2+ block of the NMDA channel is facilitated by
the flux-coupling effect per se, as if the poorly permeable Mg2+ is “pushed” against a barrier by
permeating ions. The flow-dependent blocking effect may be an earliest form of “use-dependent”
ion channel modulation, being more manifest with larger ionic fluxes. (COIl: No)

S44-3

Regulation mechanisms of G-protein-gated inwardly
rectifying K* channel by small molecules

I-Shan Chen'?; Chang Liu'"?; Yoshihiro Kubo'2 (‘Division of Biophysics
and Neurobiology, Department of Molecular and Cellular Physiology, National
Institute for Physiological Sciences, Japan; *Department of Physiological Sciences,
School of Life Science, SOKENDAI Japan)

G-protein-gated inwardly rectifying K* (GIRK) channels control various physiological functions.
For example, GIRK1/2 heterotetramers in the brain regulate neuronal excitability; GIRK1/4
heterotetramers in the heart regulate heart rate. We previously identified a novel GIRK activator,
ivermectin (IVM), and more recently a novel GIRK inhibitor, terfenadine (TER). Here we present
our findings of the regulation mechanisms of GIRK channels by these small molecules. By
electrophysiological recordings using Xenopus oocytes expressing different GIRK subunits
without G-protein-coupled receptors, we observed that GIRK?2 is sensitive to IVM and GIRK1 is
sensitive to TER. Chimeric and mutagenesis analyses revealed the structural determinants for
IVM and TER effects. For IVM effect, the slide helix, which connects the transmembrane domain
1 and the N-terminal tail domain of GIRK2, is responsible for the [IVM-mediated activation. In
the case of TER effect, the pore helix, which connects the selective filter and the pore region of
GIRK]1, contributes to the TER-mediated inhibition. Taken together, the present data show the
effects of the novel activator and inhibitor on GIRK channels and the structural determinants for
the regulations. The results provided us with a clue toward the elucidation of the novel gating
mechanisms of GIRK channels by small molecules. (COI: No)

S44-4

The G protein coupled potassium channel in the
mammalian brain

Eitan Reuveny (Weizmann Institute of Science, Israel)

G protein coupled inwardly rectifying K* (GIRK) channels control the excitability of many cell
types including neurons in the peripheral and central nervous system. These channel are
responsible for slow inhibitory postsynaptic potentials in the brain and for the slowdown of the
heart rate following vagal nerve stimulation. The opening of these channel is controlled by the
Gbg subunits of Gi/o proteins family released upon activation of G protein coupled receptors, and
thus is one of the ways chemical transmission is converted to electrical ones. GIRK channel
consists of 4 subunits (GIRK1-4) which form homo or hetrotetrameric functional channels. Few
compositions of functional channel exist in the brain. GIRK2 can form homotetramers while
GIRK1 and GIRK3 must associate with other family members to form functional heterotetrameric
channels like GIRK1/GIRK2 and GIRK3/GIRK2. In my talk I will demonstrate the cellular and
physiological consequences of selectively attenuating the capacity of GIRK1 heteromerization
but not GIRK2 homotetramers or GIRK2/GIRK3 heterotetramers using transgenic animals. (COI:
Properly Declared)
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S45-1

Behavioural and molecular insights in facilitating
memory persistence

Szu-Han Wang (Centre for Clinical Brain Sciences, University of Edinburgh, UK)

The principle of lengthening plasticity changes through synaptic tagging and capture has also
been shown effective in facilitating memory persistence. Specifically, a novel or salient
behavioural event around memory encoding can enable an otherwise fading memory to last
(Wang et al, 2010 PNAS). In this talk, I will cover our recent work on (1) identifying behavioural
events for improving memory persistence, (2) characterising the impact of early ageing on this
process (Gros and Wang, 2018, Neurobio Aging), and (3) using molecular markers to visualise the
involvement of hippocampal cells in memory formation and facilitation. (COI: No)

S$45-2

Inverse synaptic tagging : an inactive synapse-targeted
mechanism to capture activity-induced Arc

Haruhiko Bito'3; Yuichiro Ishii'; Hiroyuki Okuno? ('Dept of
Neurochemistry, The University of Tokyo Graduate School of Medicine, Japan; *Dept
of Biochemistry and Molecular Biology, Kagoshima University Graduate School of
Medical and Dental Sciences, Japan; *WPI-IRCN, The University of Tokyo Institutes
for Advanced Study, Japan)

Deciphering the intricate and interactive relationship between the information encoded in the
genome and the ongoing synaptic activity is critical for understanding the molecular and cellular
signaling underlying long-term memory formation and maintenance of long-lasting changes
within the brain. To systematically dissect this question, we investigated the molecular basis of
the signaling from synapses to the nucleus and from the nucleus to the synapses, which crucially
determines the persistence of synaptic plasticity. We previously uncovered an activity-dependent
protein kinase cascade CaMKK-CaMKIV that critically controls the amplitude and time course of
phosphorylation of a nuclear transcription factor CREB downstream of synaptic activity, thereby
activating a plethora of adaptive transcriptional responses within an active neuronal circuit.
Further investigation of the cell biology associated with one CREB target gene, Arc, identified a
hitherto unknown inverse synaptic tagging mechanism. Activity-induced Arc, during its diffusion
into dendrites from the soma, was actively captured by inactive synapse during the late-phase of
synaptic plasticity, via an enhanced affinity between Arc and Ca>*/CaM-unbound CaMKIIbeta.
Thus, inverse synaptic tagging may act as a brake that helps weaken non-potentiated synapses and
facilitate accentuation of synaptic contrast during the maintenance phase of synaptic plasticity.
(COI: Properly Declared)

S$45-3

Role of p75 neurotrophin receptor in sleep deprivation
induced changes in synaptic plasticity

Sajikumar Sreedharan (Department of Physiology, National University of
Singapore, Singapore)

Sleep deprivation (SD) interferes with hippocampal structural and functional plasticity, formation
of long-term memory (LTM) and cognitive function. The molecular mechanisms underlying these
effects are incompletely understood. Here, we show that SD impairs synaptic tagging and capture
(STC) and behavioral tagging (BT), two major mechanisms of associative learning and memory.
Strikingly, mutant mice lacking the p75 neurotrophin receptor (p75™™®) are resistant to the
detrimental effects of SD on hippocampal plasticity at both cellular and behavioral levels.
Mechanistically, SD increased p75~™ expression and its interaction with phosphodiesterase
(PDE4A5). p75N™ deletion preserved hippocampal structural and functional plasticity by
preventing SD-mediated effects on hippocampal cAMP-CREB-BDNF and RhoA-ROCK2-
LIMK -cofilin pathways. Our study identify p75N™ as an important mediator of hippocampal
structural and functional changes associated with SD, and suggest that targeting p75"™ could be
a promising strategy to limit the memory and cognitive deficits that accompany sleep loss. (COI:
No)

S$45-4

Rapid reversal of microRNA-induced silencing: a novel
mechanism mediating synaptic plasticity

Ted Abel'?; Alan Jung Park?; Xiuping Fu®; Aparna P. Shah3;
Mahesh Shivarama Shetty'?; Jay M Baraban?® (‘lowa Neuroscience
Institute, University of lowa Carver College of Medicine and University of lowa, USA;
’Department of Molecular Physiology and Biophysics, University of lowa, USA;
3Solomon H. Snyder Department of Neuroscience, Johns Hopkins School of Medicine,
USA; *Mortimer B. Zuckerman Mind Brain Behavior Institute, Columbia University,
USA)

Long-lasting forms of synaptic plasticity and memory require de novo protein synthesis. Yet, how
learning triggers this process to form memory is unclear. The translin/trax microRNA degrading
enzyme is an attractive candidate to drive this learning-induced memory mechanism because it is
located in dendrites and has been implicated in suppressing microRNA-mediated translational
silencing. We have found that mice lacking translin/trax display defects in long-lasting forms of
LTP, synaptic tagging, and long-term memory, processes that require de novo protein synthesis at
activated synapses. Hippocampal samples harvested from these mice following learning show
increases in microRNAs targeting type I activin receptors ALK4 and ALK7, members of the
transforming growth factor-f receptor superfamily. Furthermore, a small molecule inhibitor that
targets ALK4 and ALK7 mimics plasticity and memory deficits displayed by mice lacking
translin/trax. Thus, these findings define a new memory mechanism by which learning reverses
microRNA-mediated silencing to elicit de novo translation. (COI: No)

S$45-5

Dopaminergic memory boostby two distinct novelty
systems

Tomonori Takeuchi'?2 ('Department of Biomedicine, Aarhus University,
Denmark; *The Danish Research Institute of Translational Neuroscience
(DANDRITE), Aarhus University, Denmark; 3Aarhus Institute of Advanced Studies
(AIAS), Aarhus University, Denmark)

Many people have vivid memories of the first dinner date with their partner, including details like the name of the
restaurant and the food they had. In contrast, it is very difficult to remember what you had for dinner a few weeks
ago. Most everyday memories may be formed automatically in the hippocampus. The key role of this memory
system is to filter out unnecessary information, but keep the important memories by a mechanism that involves
novelty-associated dopamine release in the hippocampus.

Recently, our studies (Takeuchi et al., Nature, 2016) revealed that projections from neurons in the locus coeruleus
to the hippocampus can drive environmental novelty-associated enhancement of memory retention through non-
canonical release of dopamine in the hippocampus, in line with the synaptic tagging and capture theory of initial
memory consolidation. These studies also raise a possibility that the impact of distinct novel experiences which, by
their very nature, bear minimal relationship to past experiences (‘distinct novelty’) may differ from novel
experiences that share some commonality with past experiences (‘common novelty’) (Yamasaki and Takeuchi,
Neural Plasticity, 2017; Duszkiewicz et al., Trends Neurosci, 2018). We now propose that memory of events
accompanied by novelty can be selectively retained through two distinct dopaminergic mechanisms, depending on
the nature of the novel experience itself. (COI: No)
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(March 30, Sat., 10:00-12:00, Room K)

S46-1
Neural circuits basis of temporal lobe epilepsy
Zhong Chen; Yi Wang; Cenglin Xu (Zhejiang University, China)

Temporal lobe epilepsy (TLE) is a common type of epilepsy and not well controlled by current
treatments, but the underlying cellular/circuit mechanisms remain unclear. The early series of our
studies have proved the success of low-frequency stimulation treatment for epilepsy, which was
mainly depending on the stimulation target, the stimulation frequency and stimulation time (the
therapeutic-window phenomenon). Now, by using optogenetics, multiple-channel EEG analysis,
imaging, electrophysiological and molecular techniques, we are continued to investigate the
circuit mechanism of therapeutic deep brain stimulation, and found that entorhinal principal
neurons mediate antiepileptic “glutamatergic-GABAergic” neuronal circuit for brain stimulation
treatments of epilepsy. Meanwhile, we are currently focusing on the interplay of inhibitory and
excitatory network in subicular microcircuits especially that related to the generation of
generalized seizures (GS) in TLE, and we found that depolarized GABAergic signaling in
subicular microcircuit mediates GS in TLE. This may be of therapeutic interest in understanding
the pathological neuronal circuitry and further the development of novel therapeutic approaches.
(COI: Properly Declared)

S46-2

Conditional upregulation of KCC2 enhances inhibition
during seizures in mice

Chelsea Goulton'; M Watanabe?; D Cheung'?; A Khoshaba'; H
Indada?; K Eto?®; H Wake?*; J Nabekura?®; A Moorhouse'
(!Department of Physiology, School of Medical Sciences, UNSW Sydney, Australia;
’National Institutes for Physiological Sciences, Japan; The Graduate University for
Advanced Studies (SOKENDAI), Japan, *Division of System Neuroscience, Kobe
University Graduate School of Medicine, Japan)

The K*Cl-cotransporter (KCC2) is essential for regulating intracellular CI, thus is key in sustaining GABA,-
receptor mediated inhibition. This study characterizes a transgenic mouse where KCC2 overexpression can be
regulated by doxycycline in the diet. Elevated KCC2 was first confirmed with in-situ hybridization and western
immunoblotting. A corresponding enhancement in membrane transport function was demonstrated using a pH
sensitive fluorophore (AM-BCECF) and by measuring NH, "~ mediated fluorescence in acute slices. The effects on
neuronal excitability were assessed using in vitro field recordings from hippocampal CA1 in acute slices. Under
basal conditions, evoked responses were unchanged, as were muscimol concentration-response relationships.
Interestingly, tetanus-induced afterdischarges were virtually abolished (p<0.01), while 0-Mg>/high K* seizures
had a delayed onset (p<0.01) and the spiking frequency was reduced (p<0.01). However, results in vivo were
mixed, with clear protection against status epilepticus induced by kainic acid (up to 50mg/kg i.p, p<0.0001), but
not pentylenetetrazole (85mg/kg, s.c.). Overall, our data support that KCC2 overexpression may help sustain CI
homeostasis under hyperexcitable conditions and provide a novel strategy to preserve effective neuronal inhibition.
This conditional transgenic mouse should facilitate more specific investigations into the potential of targeting
KCC2 for the treatment of conditions such as epilepsy. (COl: No)

S46-3

Human epilepsy and animal model with mutations in
KCC2

Atsuo Fukuda (Department of Neurophysiology, Hamamatsu University School of
Medicine, Japan)

SLCI245 encodes KCC2 which is the main CI' extruder of neurons rendering the proper
inhibitory function of GABA. Thus any mutation in SLC12A435, if it causes dysfunction of KCC2,
could be pathogenic for neurological disorders by causing deteriorated inhibition and collapse of
excitation-inhibition balance.

Epilepsy caused primarily by an imbalance of excitation and inhibition may be the most relevant
disease for SLC12A45 mutation. Whole exome sequencing has revealed causal SLC/245 mutation
in patients of intractable epilepsy, i.e., 3 patients of epilepsy of infancy with migrating focal
seizures with compound heterozygous mutations in SLC/2A45. Heterologous expression of KCC2
mutants, mimicking the patient status, resulted in [CI], level significantly higher than with
wildtype KCC2, but less than without KCC2. The results indicate that even mildly impaired
neuronal Cl- extrusion in individuals could be causal to epilepsy.

Phosphorylation of KCC2 at two threonines (Thr®® and Thr'®?) which inhibits KCC2 activity,
decreases in parallel with an increase in KCC2 activity and the lowering of neuronal [CI'], during
brain development, but the significance of this in vivo is unknown. Therefore we engineered mice
to express two KCC2 alleles with the missense mutations Glu’® and Glu'"” (Kcc2°%) to mimic
constitutive phosphorylation at these sites. Kcc2?* demonstrated deteriorated ability to extrude
CI, being susceptible to status epilepticus by any sensory stimulations. (COl: No)

S46-4
Altered Cl-homeostasis during epileptogenesis

Claudio Rivera'??®(!Neuroscience Center, University of Helsinki, Finland;
’INMED, France, *Aix-Marseille Université, France)

Remodelling of neuronal networks is one of the major pathophysiological processes observed in
epileptic tissue and post-traumatic brain injuries. The understanding of the molecular mechanisms
involved is of particular importance since this remodelling of glutamatergic and GABAergic
synapses creates a powerful hyperexcitable cerebral focus that drives recurrent disabling seizures.
Besides network rewiring, an abnormal depolarizing GABAergic drive has been hypothesized to
participate in epileptogenic processes. This includes the deregulation of functional expression of
the neuronal specific K*-Cl-co-transporter KCC2 and the Na*-K*-2Cl-co-transporter NKCC1. We
have also previously shown that depolarizing GABAergic transmission triggers the up-regulation
of the pan-neurotrophin receptor, p75"™. We have now tested the hypothesis that the early
alteration of Cl'homeostasis following status epilepticus (SE) is a precipitating event that triggers
recurrent mossy fibre sprouting via the activation of p75™™. We also examined a novel therapeutic
strategy based on the transient blockade of Na™K*™-2Cl-co-transporter NKCC1 early after SE to
reduce ectopic sprouting and recurrent seizures in the chronic phase (i.e. several months after SE).
The findings from this study define promising and novel targets to constrain reactive glutamatergic
network rewiring in adult epilepsy (COI: No)

S$46-5

Upregulating KCC2 as a Target for Seizure Therapies
Dennis Lawrence Cheung'; Chelsea Sarah Goulton?;

Miho Watanabe?; Junichi Nabekura'; Andrew John Moorhouse?
('‘Division of Homeostatic Development, National Insititute for Physiological Sciences,
Japan, *School of Medical Sciences, Faculty of Medicine, UNSW Sydney, Australia;
*Department of Neurophysiology, Hamamatsu University School of Medicine, Japan)

During a seizure, the balance between excitatory and inhibitory activity is disrupted. Given its central
role in Cl- homeostasis, we hypothesized that increased KCC2 activity would enhance GABAergic
inhibition thus improving resistance to seizures. We tested this using a systemic kainic acid (KA)
seizure model, in control and KCC2 upregulated mice. We used a tetracycline conditional expression
mouse to overexpress KCC2 via withdrawal of doxycycline dietary supplementation. In this seizure
model, mice underwent an escalating dose regime receiving two KA injections (5 mg/kg, IP)
administered one hour apart. Behavioural seizures were terminated after the second hour by a single
diazepam injection (5 mg/kg, IP). EEG was recorded throughout the entire procedure. We assessed
seizure severity based on the number of seizure spikes per hour in the EEG traces and the percentage
of time spent in seizure. In both measures, there was no significant difference between control and
KCC2-upregulated mice post KA. However, post diazepam there was a significant reduction in both
seizure measures in KCC2-upregulated mice (n = 11) as compared to control (n = 10) (p < 0.05 both,
Kruskal-Wallis test). Our results suggest that increased KCC2 activity by itself has only a limited effect
on improving the resistance threshold to seizures. However, its ability to potentiate the effectiveness of
diazepam in ameliorating seizures represents a novel approach for improving current seizure
pharmacotherapies. (COIl: No)
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S47-1

Failure to sense energy depletion in chronic kidney
disease

Eisei Sohara; Hiroaki Kikuchi; Shinichi Uchida (Department of
Nephrology, Tokyo Medical and Dental University, Japan)

The kidneys consume a large amount of energy. The identification of factors that cause energy
mismatch in the setting of chronic kidney disease (CKD) and the development of interventions
aimed at improving this mismatch are key research imperatives. Although the critical cellular
energy sensor 5’-adenosine monophosphate (AMP)-activated protein kinase (AMPK) is known to
be inactivated in CKD, the mechanism of AMPK dysregulation is unknown. In a mouse model of
CKD, metabolome analysis confirmed a decrease in AMPK activation in the kidneys despite a
high AMP: ATP ratio, suggesting that AMPK did not sense energy depletion. Similar AMPK
inactivation was found in heart and skeletal muscle in CKD mice. Several uremic factors found
by metabolome of each tissue were shown to inactivate AMPK. The specific AMPK activator
A-769662, which bypasses the AMP sensing mechanism, ameliorated fibrosis and improved
energy status in the kidneys of CKD mice, whereas an AMP analog did not. We further
demonstrated that a low-protein diet activated AMPK independent of the AMP sensing
mechanism, leading to improvement in energy metabolism and kidney fibrosis. These results
suggest that a failure to sense AMP is the key mechanism underlying the vicious cycle of energy
depletion and CKD progression and direct AMPK activation may be a novel therapeutic approach
in CKD. (COI: No)

S47-2

Kidney reconstitution from iPS cells based on
developmental biology

Ryuichi Nishinakamura (institute of Molecular Embryology and Genetics,
Kumamoto University, Japan)

The kidney develops by the reciprocal interactions between the nephron progenitor and ureteric
bud. We previously identified the distinct origins of these two precursor tissues and generated the
nephron progenitor from human iPS cells (Taguchi et al. Cell Stem Cell, 2014). The induced
nephron progenitors readily formed glomeruli and renal tubules in vitro, and upon transplantation,
human glomeruli were vascularized with the host mouse endothelial cells (Sharmin et al. ] Am
Soc Nephrol, 2016). These technologies were successfully applied to patient-derived iPS cells,
which reproduced the initial stage of the congenital nephrotic syndrome (Tanigawa et al. Stem
Cell Reports 2018). We also reported a protocol to selectively induce glomerular podocytes from
human iPS cells (Yoshimura et al. ] Am Soc Nephrol, 2019).

However, these conventional kidney organoids lacked the connections between the nephrons. To
generate the genuine kidney structure, we established an induction protocol for the ureteric bud
from pluripotent stem cells. Importantly, mouse organoids reassembled from the differentially
induced ureteric bud and nephron progenitors developed the inherent structure of the embryonic
kidney (Taguchi et al. Cell Stem Cell, 2017). This selective induction and reassembly strategy
will be a powerful approach to recapitulate higher-order architectures in stem cell-derived
organoids. (COI: No)

S47-3

Next generation Therapy for dialysis patients using iPS
cells

Takashi Yokoo (Department Internal of Medicine, Jikei University School of
Medicine, Japan)

We have been engaged in “regenerating” the whole kidney for many years. Kidney regeneration
involves the following steps: 1) establishment of nephron progenitor cells from induced
pluripotent stem (iPS) cells; 2) establishment of regenerating functional kidney from nephron
progenitor cells; and 3) is construction of urinary excretion pathway for urine to pass to the
bladder. We have already proved all three steps using different animals and provided the Proof of
Concept (POC) of our strategy. Therefore, in this applied study, we will conduct the three
remaining experiments before the clinical trial. We developed a system wherein only exogenous
progenitor cells are mature in the niche by removing existing precursor cells under the presence
of the agent by gene manipulation. Subsequently, we succeeded in establishing nephrons derived
from 100% exogenous NPSs. Furthermore, by transplanting them into the living body, recruiting
blood vessels is possible, and urine production was confirmed.

The final stage is to complete all three elements in the human environment. In other words, this
success is based on experiments with rats and mice, so we need to prove also with NPCs derived
from human iPS cell. Then we will proceed to the next step, the clinical trial with human subjects.
(COI: No)
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Symposium48

Inter-tissue communications underlying metabolic
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S48-1

Central insulin action and hepatic glucose metabolism
Hiroshi Inoue'?; Yuka Inaba'; Emi Hashiuchi? (‘Institute for Frontier
Science Initiative, Kanazawa University, Japan, *Graduate School of Medical
Sciences, Kanazawa University, Japan)

Insulin controls hepatic glucose production (HGP) through the hypothalamic insulin action, as
well as the direct hepatic insulin action. This central insulin action regulates HGP via the vagus
nerve. Central insulin action results in the suppression of the vagus nerve activity, which in turn
decreases HGP. The vagal action via alpha 7 nicotinic acetylcholine receptor (A7nAchR) plays an
important role in this central regulation of HGP. Activation of A7nAchR is known to suppress the
expression of inflammatory cytokines in the macrophage, including IL-6. The acute suppression
of hepatic vagus nerve activity releases hepatic Kupffer cells from A7nAchR-dependent
suppression of inflammatory cytokines, resulting in the hepatic IL-6 increase. Hepatic IL-6
increase induces hepatic STAT3 activation, followed by the suppression of hepatic gluconeogenic
genes and HGP.

Obesity and insulin-resistance is known to impair central insulin action, presumably followed by
the persistent suppression of the vagus nerve activity. We have revealed that, in obese mice, the
persistent suppression of the vagus nerve results in the smoldering activation of Kupffer cells and
blunting of acute activation response of hepatic STAT3 by IL-6. Furthermore, IL-6-dependent
STAT3 activation is depressed by hepatic ER-stress in obese mice. The impediment of central-
mediated regulation of the vagus nerve may be related to both HGP increase and hepatic chronic
inflammation in obesity. (COIl: No)

S48-2

Contribution of the hepatokine selenoprotein P to the
various pathologies of type 2 diabetes

Hirofumi Misu (Department of Endocrinology and Metabolism, Kanazawa
University, Japan)

Contribution of the hepatokine selenoprotein P to the various pathologies of type 2 diabetes.

The liver may contribute to the onset of various pathologies of type 2 diabetes by way of the
production of secretory proteins “hepatokines.” By using the comprehensive gene expression
analyses in human livers, we have rediscovered selenoprotein P (SeP), a transport protein of
selenium with anti-oxidative capacity, as hepatokines involved in the onset of insulin resistance
and hyperglycemia (Cell Metabolism 2010 483-495). Notably, we have recently revealed that
SeP impairs health-promoting effects of exercise training by inhibiting ROS/AMPK/PGC-la
pathway in the skeletal muscle through its receptor LRP1 (Nature Medicine 2017 508-516). In
the current study, we investigated the actions of SeP on thermogenesis in brown adipose tissue.
We found that SeP knockout mice showed hyperthermia after cold exposure. UCP1 sulfenylation
was increased in brown fat of SeP deficient mice. Treatment with SeP impairs noradrenaline-
induced superoxide formation and elevation of cellular temperature in primary brown adipocytes.
These findings indicated that the hepatokine SeP impairs thermogenesis in brown fat via anti-
oxidative capacity. Further studies would develop novel diagnostic or therapeutic procedures
targeting SeP to combat over-nutrition-related diseases such as type 2 diabetes. (COI: No)

S$48-3

NeurolmmunoMetabolic regulation of cardiac
physiology and heart failure

Ichiro Manabe (Chiba University, Japan)

Heart failure is a complex clinical syndrome characterized by cardiac function that is insufficient
to meet systemic demand. In addition to abnormalities intrinsic to the heart, dysfunction in other
organs and systemic factors greatly affect the development and consequences of HF. In particular,
nearly half of chronic HF (CHF) patients also have chronic kidney disease (CKD), which
increases their rate of cardiovascular mortality, suggesting cardiorenal linkage via mechanisms
still poorly understood. We found that pressure overload in the heart activates renal collecting
duct (CD) epithelial cells via sympathetic nerves. Within the kidneys, activated communication
between CD cells, tissue macrophages and endothelial cells leads to secretion of CSF2, which in
turn stimulates cardiac-resident macrophages essential for the myocardial adaptive response to
pressure overload. We show that CD-specific deletion of the transcription factor K/f5, renal
sympathetic denervation or adrenergic beta2 receptor blockade/deletion disrupts the renal
response to cardiac pressure overload. Our results clearly demonstrate that dynamic interplay
between the heart, brain and kidneys is necessary for proper adaptation to cardiac stress. In the
heart resident macrophages control cardiac metabolism in the steady state, pointing to an
immunometabolic crosstalk in the maintenance of cardiac homeostasis. (COI: No)

S48-4

JMJD1A mediates acute and chronic thermogenic
responses through complementary mechanisms

Juro Sakai'? ('Tohoku University School of Medicine, Molecular Physiology div.,
Japan, *The University of Tokyo, RCAST, Metabolic Medicine div., Japan)

In acute cold exposure in mammals, JMJDI1A, an H3K9 demethylase, is known to up-regulate
thermogenic gene expression in response to f-adrenergic signaling in brown adipose tissue
(BAT). Recently, we showed that JMJDIA activity depends on phosphorylation of a serine
residue (S265) but not on its demethylation activity. Mammals also have another type of
thermogenesis in response to long-term cold stress, which induces the browning of subcutaneous
white adipose tissue (scWAT) referred to as “beige-ing” of scWAT. Previous studies have
suggested that the long-term cold stress is epigenetically memorized, although the mechanism
remains unclear. Here we show that S265 phosphorylation of IMIDIA is also pivotal for beige-
ing. Ablation of S265-phosphorylation of JMJDIA impaired beige fat function and insulin
sensitivity in mice. In the first step (signal sensing) cold stress (which generates p-adrenergic
signal) causes the phosphorylation of JMID1A at S265, which in turn, causes JMJDIA to target
beige-selective genes through the formation of a transcriptional protein complex containing
PGCla, PRDM16, and DNA-bound sequence PPARYy. In the second step (epigenetic rewriting)
under prolonged stress, phosphorylated IMJID1A demethylates H3K9me2 to turn on transcription
in scWAT. (COI: No)

S48-5

Metabolic adaptation and maladaptation in the adipose
tissue

Shingo Kajimura (University of California, USA)

The adipose tissue possesses the remarkable capacity to control its size and function in response
to a variety of internal and external cues, such as nutritional status and temperature. The regulatory
circuits of fuel storage and oxidation in white adipocytes and thermogenic adipocytes (brown and
beige fat) play a central role in systemic energy homeostasis. On the other hand, dysregulation of
the pathways is closely associated with metabolic disorders and adipose tissue malfunction,
including obesity, insulin resistance, chronic inflammation, and mitochondrial dysfunction. Here,
I plan to discuss an overview regarding our current understandings of adipose cell metabolism in
physiology and disease, and also possible strategies to rewire fat cell metabolism to improve
metabolic health. (COI: No)
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S$49-1

Primary sensory neuron-secreted proteins modulate
pain transmission in spinal level

Xu Zhang (Institute of Neuroscience and State Key Laboratory of Neuroscience,
CAS Center for Excellence in Brain Science, Shanghai Institutes for Biological
Sciences, Chinese Academy of Sciences, China)

Primary sensory neurons in dorsal root ganglia (DRG) convey peripheral nociceptive signals to spinal dorsal horn.
The synaptic transmission could be regulated by neuromodulators secreted by DRG neurons. Previous work
demonstrated that follistatin-like 1 (FSTLI), a secreted protein, inhibits afferent synaptic transmission by
activating presynaptic Na+K+-ATPase (NKA). Activin C secreted by DRG neurons could suppress inflammation-
induced nociceptive transmission by inhibiting the phosphorylation of extracellular signal-regulated kinase (ERK)
in DRG and spinal dorsal horn. Our recent work has showed that pancreatitis-associated protein (PAP) I is
continuously upregulated in DRG neurons after peripheral nerve injury. PAP-I was transported to terminals and
secreted in spinal dorsal horn. Both PAP-I gene knockout and intrathecal application of PAP-I antibody alleviated
tactile allodynia induced by SNI. Intrathecal delivery of PAP-I enhanced sensory hypersensitivity and formalin-
induced hyperalgesia. The functions could be mediated by the direct activation of microglia by PAP-I in spinal
level. Inhibition of microglia activation could abolished the pro-nociceptive effect of PAP-1. Thus, PAP-I mediates
the immune crosstalk between primary sensory afferents and spinal microglia after nerve injury and contributes to
the maintenance of neuropathic pain. All these data suggest that DRG neurons could modulate pain transmission
in spinal level by various secretory proteins. (COl: No)

S49-2
Withdrawn

S49-3

How opioids and noxious stimuli regulate delivery of
nociceptive information to the amygdala

Elena Bagley (Discipline of Pharmacology and Charles Perkins Centre, University
of Sydney, Australia)

The amygdala contributes negative emotional value to nociceptive sensory information and forms
the association between an aversive response and the environment in which it occurs. Opioids are
strong analgesics and reduce both the sensory discriminative and the affective component of pain
but whether opioids regulate activity at the two nociceptive inputs onto the amygdala is
unknown. Using whole-cell electrophysiology, optogenetics and immunohistochemistry in
Sprague Dawley rats, we found that MOR activity inhibited synaptic transmission at the PB-
CeLC synapses but MOR, DOR and KOR activity inhibited BLA-CeLC synapses. Given the
evidence of the opioid’s role in reducing pain affect, modulation of these synapses could be, in
part, the site of opioid action and may become particularly important in chronic pain. In chronic
pain conditions the parabrachial-amygdala synapse is potentiated however very little is known
about how plasticity occurs in conditions without ongoing injury. We showed that a brief
nociceptive stimulus with no ongoing injury produced long-lasting synaptic plasticity at the rat
parabrachial-amygdala synapse. Furthermore, this synaptic potentiation primes the synapse so
that a subsequent noxious stimulus causes prolonged potentiation of the nociceptive information
flow into the amygdala. As a result, a second injury could have an increased negative emotional
value and promote associative learning that results in pain related avoidance. (COIl: Properly
Declared)

$49-4

Lateralized amygdala plasticity independent of bilateral
parabrachial activity in inflammatory pain

Yukari Takahashi'?; Yuta Miyazawa'?; Yae K Sugimura'?;
Fusao Kato'? (!Dept Neurosci, Jikei Univ Sch Med, Japan, *Cntr Neurosci Pain,
Jikei Univ Sch Med, Japan)

The amygdala is the core of the “defensive survival circuit”, receiving direct nociception-related
information via the “general alarm” system of the parabrachial nucleus. In particular, the majority
of neurons in the capsular part of the central amygdala (CeC) are excited by noxious stimuli
through monosynaptic glutamatergic inputs from the lateral parabrachial nucleus (LPB) and this
excitatory LPB-CeC transmission undergoes robust synaptic potentiation in various pain models.
It is recently reported that the right central amygdala (rCeA) is preferentially activated in response
to inflammation in the either side of the hind limb. We evaluated latent cellular activation of the
LPB and amygdala using c-Fos expression and the LPB-CeC synaptic transmission at 3 h and 6
h, respectively, after formalin injection to either side of the upper lip. Despite bilateral increase in
c-Fos expression in the LPB and the basolateral amygdala (BLA), higher c-Fos expression and
LPB-CeC synaptic potentiation were predominantly observed in the rCeA. These results suggest
that the lateralized activation and synaptic potentiation in the rCeA are not simple consequences
of the bilaterally enhanced LPB neuron activity and it is likely that unidentified lateralized factors
determine the inflammation-associated synaptic plasticity rather than simple Hebbian plasticity of
the LPB-CeC synapses in the rCeA. (COI: No)

S49-5

No pain no gain and no protection: Chronic pain
protects heart from ischemia-reperfusion injury
Chien-Chang Chen; Yi-Fen Cheng; Ya-Ting Chang; Wei-

Hsin Chen; Hsi-Chien Shih; Bai-Chuiang Shyu (institute of Biomedical
Sciences, Academia Sinica, Taiwan)

Ischemic heart disease or coronary heart disease is the leading cause of death in the world and the
2nd cause of death in Taiwan. Timely restoration of blood flow is the most effective way to rescue
myocardium. However, reperfusion can also damage cardiomyocytes due to calcium overload,
free radical production and inflammatory cell infiltration. Up to 25% of the population is suffering
from chronic pain, especially in elder. Ischemic heart disease is also prevalent in the elderly
population. However, it is unclear whether this is a relationship between chronic pain and
ischemic heart diseases. Here we show that chronic neuropathic pain reduces ischemia/
reperfusion injury following myocardial infarction, and this cardioprotection is induced via an
anterior nucleus of paraventricular thalamus (PVA)-dependent parasympathetic pathway.
Inhibition of ERK activation in the PVA abolishes neuropathic pain-induced cardioprotection,
whereas activation of PVA neurons pharmacologically, or optogenetic stimulation, is sufficient to
induce cardioprotection. Furthermore, neuropathic injury and optogenetic stimulation of PVA
neurons reduce the heart rate. These results suggest that the parasympathetic nerve is responsible
for this unexpected cardioprotective effect of chronic neuropathic pain in mice. (COI: No)
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S50-1

Fetal origins of osteoarthritis induced by maternal
xenobiotic exposure

Hui Wang'#; Liaobin Chen®#; Hao Kou?#; Yinxian Wen3+#
(!Department of Pharmacology, School of Basic Medical Sciences, China; *Department
of Pharmacy, Zhongnan Hospital of Wuhan University, China; *Department of
Orthopedic Surgery, Zhongnan Hospital of Wuhan University, China; *Hubei
Provincial Key Laboratory of Developmentally Originated Disease, China)

Studies indicate that osteoarthritis belongs to metabolic syndrome (MS) and might have a fetal
origin. However, the fetal origin of osteoarthritis and the intrauterine programming mechanism
remains unknown. By selecting caffeine, nicotine and ethanol as xenobiotic representatives, we
demonstrated that maternal xenobiotic exposure (MXE) induced intrauterine growth retardation
(IUGR) and fetal cartilage dysplasia and increased susceptibility to adult osteoarthritis in [IUGR
offspring. The hypotheses of “two-programming” and “two-hit” underlying fetal-originated
osteoarthritis were proposed. Fetal cartilage dysplasia caused by MXE (the first insult) was
associated with direct damage of xenobiotics and indirect compensation of maternal
glucocorticoids (GC). Maternal GC inhibited cartilage development via inducing low-functional
programming of TGFB/IGF1 signaling (the first programming). On the other, the hepatic “GC-
IGF1 axis programming” (the second programming) leads to hypercholesteremia in adulthood,
which increases the accumulation of cholesterol in local chondrocytes. Furthermore, postnatal
environmental change (the second hit) have interactions with MXE and may exacerbate adult
articular cartilage matrix imbalance and cholesterol accumulation. This study confirmed that adult
osteoarthritis has a fetal origin, which provides basis for elucidating international hot issue
“developmental origin of health and diseases (DOHaD)”. (COIl: No)

S50-2

How can maternal deprivation cause
neurodevelopmental disorders?

Ken-Ichi Ohta; Shingo Suzuki; Takanori Miki (Department of Anatomy
and Neurobiology, Faculty of Medicine, Kagawa University, Japan)

The bond between a mother and her child is crucial in neuronal brain development. Maternal
deprivation in early postnatal life is known to induce stress in children and disrupts normal brain
development, which can lead to neurodevelopmental disorders. However, many of its etiological
mechanism have not yet been clarified.

We have examined the influence of maternal separation (MS) on brain development using a rat
model. Our results showed that MS during early postnatal life causes social deficits later in life
and especially decreases social recognition among social behavior. Regarding this social deficit,
we additionally found that inhibitory neurons and synapses were decreased in the medial
prefrontal cortex (mPFC) after MS. A sequential study revealed that activation of the mPFC was
lower during social behavior tests related to social recognition in young adult rats exposed to MS.
Our findings suggest that the neuronal excitation/inhibition imbalance caused by MS is attributed
to decreased activation of the mPFC, which causes social deficits later in life. Given that these
excitation/inhibition imbalances and social deficits are core symptoms in neurodevelopmental
disorders such as autism spectrum disorders, our results indicate that maternal deprivation is a
possible cause.

In this symposium, I will discuss how maternal deprivation is associated with developmental
disorders in regard to the social deficits described above, including our new findings. (COI: No)

S$50-3

Role of linoleic acid in offspring development: Focus on
inflammation and the placenta

Deanne Helena Hryciw'?; Nirajan Shrestha®; James SM Cuffe?;
Olivia J Holland®;, Amanda Cox?; Andrew Bulmer?;

Anthony V Perkins®; Andrew J McAinch?# (!School of Environment and
Science, Griffith University, Australia, *Institute for Health and Sport, Victoria
University, Australia; *School of Medical Science, Griffith University, Australia;
*Australian Institute for Musculoskeletal Science (AIMSS), Victoria University,
Australia)

Linoleic acid (LA) is an omega 6 that is increasing in bioavailability, with elevated consumption in women
including those at childbearing age. Across species, the consumption of elevated LA has been demonstrated to
increase inflammation, and in pregnancy, alter the sex ratio of her offspring. This study aimed to investigate
whether consumption of a maternal diet with elevated LA altered maternal or fetal growth, maternal inflammation,
sex-ratio or maternal metabolic indicators.

Wistar Kyoto Rats consumed a high LA diet (6.21%) or control LA diet (1.44%) for 10 weeks prior to mating.
Omega 3 concentrations in both diets are matched (0.3%). Animals were sacrificed at E20, and maternal body and
organ weights, fetal body and organ weights, placental weight, maternal blood and sex-ratio were determined.
Compared with maternal rats consuming a control LA diet, in maternal rats consuming a high LA diet, there was
no difference in maternal body weight and organ weight, water and food consumption, impedance, circulating
maternal inflammatory mediators, fetal body weight and organ weight, placental weight, or maternal and fetal
blood glucose. In litters from mothers consuming a high LA diet, there was a decrease in the number of male
offspring and a significant increase in prostaglandins, however leukotriene concentrations were unaltered.
Consumption of a maternal diet high in LA decreased the survival of male fetuses in the absence of a maternal
inflammatory response. (COI: No)
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S51-1

State-dependent multi-sensory integration in the
posterior parietal cortex

Seung-Hee Lee (Department of Biological Sciences, KAIST, Korea)

Sensory perception in the real world requires proper integration of different modality inputs. The
process of multisensory integration is not uniform. It varies from individual to individual and
changes at different behavioral states of the animal. What factors affect the multisensory
integration? Here I present our recent findings on neural circuit mechanisms for audiovisual
integration in the cortex. We found that the posterior parietal cortex (PPC) receives converging
inputs from the primary visual and auditory cortices and plays a critical role in audio-visual
integration in mice. In resolving conflicts between audition and vision, parvalbumin-positive
inhibitory neurons in the PPC mediate auditory dominance over visual perception in mice. We
further found that locomotion modulates this circuit and in turn modifies the multisensory
perceptual behaviors in mice. Our results demonstrate inhibition in the higher association cortex
is important for active integration of audition and vision in mammals and leads to unique and
subjective experience of perception. (COIl: No)

S51-2

Involvement of V1 neurons preferring low-contrast
stimuli in difficult orientation discrimination

Rie Kimura'?; Yumiko Yoshimura'? ('Division of Visual Information
Processing, National Institute for Physiological Sciences, Japan, *Department of
Physiological Sciences, SOKENDAI, Japan)

Animals can often perceive even vague visual stimuli. To explore the neural mechanisms, we
analyzed spiking activities in primary visual cortex (V1) during a difficult orientation
discrimination task. The head-fixed rats were trained to push or pull a lever in response to high-
contrast stimuli depending on whether the stimuli were vertical or horizontal. After learning, we
decreased the stimulus contrast to make the task more difficult. We performed multiple single-unit
recordings from deep layers of V1 during the task performance. Consistent with the previous
reports, we observed high-contrast preferring neurons in which the firing rates during visual
stimuli decreased with a reduction of the contrast. In addition, we observed a new type of low-
contrast preferring neurons in which the firing rates increased with a reduction of the contrast. The
low-contrast preference was rarely observed in awake rats with passive viewing or in anesthetized
rats. Furthermore, low-contrast preferring neurons fired more frequently in correct-choice trials,
compared with incorrect trials. The properties of low-contrast preference were common to both
wide-spiking (putative excitatory) and narrow-spiking (inhibitory) neurons. Decoding to show
whether the presented stimuli were vertical or horizontal had a higher accuracy using activities of
neurons including low-contrast preferring neurons. These results suggested that low-contrast
preference contributes to difficult visual discrimination. (COIl: No)

S$51-3

mGRASP for high-resolution structural and functional
Synapse mapping

Jinhyun Kim'2 ('Korea Institute of Science and Technology, Korea, *University of
Science and Technology, Korea)

Many types of questions in neuroscience require the detection and mapping of synapses in the
complex mammalian brain. We developed a tool, mammalian GFP reconstitution across synaptic
partners (nGRASP), offers a relatively easy, quick and economical approach to this technically
challenging task. Using mGRASP, we analyzed the fine structure of connectivity in dorsal
hippocampal CA1 excitatory and inhibitory neurons innervated by Schaffer collaterals (SCs) and
different connectivity rules in these two cell types. Furthermore, we have applied optogenetics
and mGRASP, a light microscopy technique that labels synaptic contacts, to map the number and
strength of defined connections. This study highlights the feasibility of combining mGRASP and
optogenetics to reveal synaptic weighting of defined projections at the level of single neurons,
enabling functional connectomic mapping in diverse neural circuits. (COl: Properly Declared)

S51-4

Synaptic communication from subplate neurons
controls neuronal migration in the developing neocortex
Chiaki Ohtaka-Maruyama (Neural Network Project, Tokyo Metropolitan
Institute of Medical Science, Japan)

The cerebral neocortex is responsible for higher order brain functions, such as mental activity, in
humans. In the neocortex, billions of neurons are precisely arranged in an ordered 6-layered
structure. This structure is formed by the sequential generation of neurons and their migration
toward the brain surface in the fetal period. Various genes involved in mental disorders such as
autism and schizophrenia are associated with defects in radial migration process, suggests that the
elucidation of this mechanism will help in understanding these diseases. Subplate neurons are the
first neurons born in the neocortex and work transiently during neocortical development.
However, its role in corticogenesis has remained elusive. Recently, we found that subplate
neurons actively extend processes to form transient synapses on newly born multipolar migrating
neurons and send signals to control their migration. This synaptic communication leads to switch
from multipolar migration to locomotion. Subplate neurons have been known to guide
thalamocortical afferents and help the first neural circuit formation in the cortex. Taken together,
it is suggested that subplate neurons play as an organizer that arranges multiple processes such as
production of neurons, migration, axon pathfinding and synaptogenesis that are proceeding at the
same time during the limited developing period. (COI: No)
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S52-1

Functional organization of spinal motor map in sport
athletes

Toshiki Tazoe (Neural Prosthesis Project, Department of Dementia and Higher
Brain Function, Tokyo Metropolitan Institute of Medical Science, Japan)

While motor representation in the motor cortex is capable of reorganizing as a result of adaptation
through motor training, it has yet been discovered whether a repetition of patterned voluntary
movement influences the motor representation in the spinal motor circuitry. Here, we report that
spinal motor map of stimulus-induced leg movement configures specific forms depending on
sport experience. Magnetic stimulation was percutaneously delivered over thoraco-lumbar spinal
vertebrae in athletes who engage in various sports activities involving characteristic patterns of
leg movements. We found that spinal stimulation induced either walking-like bilateral alternative
leg movement or hopping-like bilateral symmetric leg movement depending on the stimulus site
over spinal vertebrae. Spinal motor map representing the pattern of induced leg movement was
different depending on athletes. For instance, runners have large area in which walking-like
alternative movement was induced whereas weight-lifters show large area in which hopping-like
symmetric movement was induced. Our finding demonstrated that the human spinal motor
circuitry forms functional motor map of leg movements which are relevant with the history of
specific behavioral pattern of motor training. (COl: No)

S52-2

Neural Correlates of Intuitive Decision - Making in
Soccer

Xiaohong Wan'?; Tomohisa Nagano?®; Keiji Tanaka? ('School of
Pychology, Beijing Normal University, China; *Cognitive Brain Mapping Laboratory,
RIKEN Center for Brain Science, Wako, Japan, *Faculty of Policy Management, Keio
University, Japan)

Intuition, i.e., a quick, largely unconscious problem-solving process, constitutes the core of
experts” superior capability. While mechanisms of intuition have been studied mainly in board
games, the expertise of athletes also involves cognitive components. In the present study, we
measured the brain activities of professional soccer players while they quickly selected the pass
target in soccer games. We found a close association of the activity in the head of the caudate
nucleus, which is a part of the basal ganglia, with the quick selection. The loop circuits that the
basal ganglia forms with the cortex have a characteristic structure, which is advantageous for a
quick selection of an action among many candidates. Together with our previous findings in shogi
(Japanese chess) we suggest that the caudate head plays an essential role in experts’ intuition in a
wide range of domains by supporting quick selections. (COI: Properly Declared)

The Paralympic Brain - Brain reorganization appeared

in Paralympic athletes -

Kimitaka Nakazawa (Department of Life Sciences, The University of Tokyo,
Japan)

The primary goals of Paralympic-brain and neurorehabilitation studies share the common area in
the neurosciences, which aim to reveal the underlying neural mechanism in the reorganization of
brain after interventions of physical rehabilitation or athletic training. We found that the brains of
Paralympic athletes are reorganized uniquely in such a manner dependent on disability types and
athletic-specific training. Factors playing the major roles in the reorganization are most probably
use-dependent plasticity and disability-specific compensations. In this presentation the specific
ipsilateral corticospinal excitation in athletes with lower limb amputee and large expansion of
foot area in the archer with congenital absence of both arms will be shown with our recent results
obtained from the functional brain imaging and transcranial magnetic stimulation. (COIl: Properly
Declared)

S$52-4

Why is muscle relaxation difficult during sports?
Kouki Kato; Kazuyuki Kanosue (Faculty of Sport Sciences, Waseda
University, Japan)

Muscle relaxation is an important aspect to make a fine control of the body in sports as well as
daily life. Neuroimaging and neurophysiological studies suggest that volitional muscle relaxation
from contraction is an active process requiring cortical activation, and not just the cessation of
contraction. Several studies utilizing transcranial magnetic stimulation (TMS) have demonstrated
that, during the relaxation phase of a particular muscle, the excitability of the corticospinal tract
controlling that particular muscle is suppressed and the intra-cortical inhibition is activated just
before muscle relaxation. Moreover, we recently demonstrated that muscle relaxation of one body
part suppresses corticospinal activities controlling other body parts in different limbs. Therefore,
muscle relaxation of one body part elicits a set of specific brain activities that extend an inhibitory
influence to many parts of the body. During multi-limb movements such as those involved in
sports and playing musical instruments, this influence of relaxation hinders the appropriate
contraction of muscles involved in certain movements. This spread of inhibition may be the
reason why muscle relaxation is so difficult, especially for beginners. In this presentation, we
review the neural mechanisms of muscle relaxation mainly based on our recent work involving
TMS technique. (COI: No)
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Dynamic signaling of axon and presynaptic
terminals revealed by direct recordings

(March 30, Sat., 15:10-17:10, Room F)

S53-1

Control of synaptic outputs by dynamic axonal
excitability

Shin-Ya Kawaguchi'?® (!Society-Academia Collaboration for Innovation, Kyoto
University, Japan, *Graduate School of Science, Kyoto University, Japan, *Institute for
Advanced Study, Kyoto University, Japan)

An axon has traditionally been considered to reliably transmit action potentials to presynaptic
terminals. Technical difficulties arising from the small size of the axon/presynaptic terminals have
impeded the study of axonal physiology. However, recent technical advances to directly record
from axonal compartments have contributed to unveil detailed mechanisms of axonal signaling.
Using direct patch-clamp recording from an axon and/or presynaptic bouton labeled with EGFP
in primary culture, we have studied the biophysical mechanisms of axonal and presynaptic
signaling in the cerebellar circuit, mainly focusing on Purkinje cells (PCs), sole output neurons in
the cerebellar cortex. Direct voltage-clamp recording from an axon/presynaptic bouton of a PC
makes it possible to measure the local membrane excitability and the presynaptic transmitter
release machinery by measuring exo-endocytosis of synaptic vesicles upon presynaptic Ca?*
influx. In this symposium, I am going to overview the dynamic modulation of axonal signal
propagation and its impact on the presynaptic transmitter release machinery, contributing to the
dynamic computation in the cerebellar circuit. (COIl: No)

S53-2

Analog signaling in molecular layer interneurons of the
cerebellar cortex

Federico F Trigo (Brain Physiology Laboratory, France, and University Paris
Descartes, France)

In the classical view of synaptic integration, the tasks of the different neuronal compartments are
sharply defined: the somatodendritic compartment gathers synaptic information; the axon initial
segment sets the threshold for action potential (AP) firing; and the axon transmits the new AP to
presynaptic terminals. In recent years however, several studies have uncovered substantial
deviations from this simple picture, and today it is clear that individual neurons do not necessarily
behave as the « Platonic neuron » described by Coombs, Eccles and Fatt in the middle 1950s.

The demonstration that somatodendritic voltage changes can be passively transmitted down the
axon for a certain distance and that they affect transmitter release indicates that the axonal
compartment does not only transmit a digital type of signal (the AP), but that it also transmits
analog signals (subthreshold voltage changes); this has been named “mixed” (analog and digital)
transmission. Experimentally, the questions of whether physiological regimes of activity are
passively conducted from the soma and dendrites to the axon, how they are integrated by the cell
and how they affect release have only recently been addressed.

In the present talk I will briefly introduce the analog signaling phenomenon, I will then
demonstrate its presence in cerebellar interneurons and how this type of coupling affects
neurotransmitter release and finally, I will discuss its significance for neuronal signaling. (COI:
No)

S53-3

Presynaptic properties at lemniscal fiber terminals in
the somatosensory thalamus

Mitsuharu Midorikawa; Mariko Miyata (Department of Physiology,
Division of Neurophysiology, School of Medicine, Tokyo Women's Medical University,
Japan)

Somatosensory information from the maxillary region of rodent is conveyed to the ipsilateral
trigeminal nuclei via the infraorbital nerve and then to relay neurons in the contralateral ventral
posteromedial thalamic nucleus (VPM) via medial lemniscal fibers. During early postnatal
development, the lemniscal fibers undergoes a number of morphological and functional changes.
‘We have shown that most VPM relay neurons become innervated by single strong lemniscal fiber
after developmental synapse elimination. We also showed the functional properties of the
developmental changes at the postsynaptic side. From these studies, developmental changes at the
postsynaptic side of lemniscal fiber-VPM neuron synapse were well described. However, how
presynaptic properties of lemniscal fiber terminals changes with development is not yet well
established.

Here, we combined electrophysiological and optogenetics techniques to elucidate the properties
of transmitter release from mice lemniscal fiber terminals, and clarified their detailed properties
and developmental changes. (COl: No)

S53-4

Regulation of neuronal signaling by axonal ion channels
and neurotransmitter receptors

Yousheng Shu (State Key Laboratory of Cognitive Neuroscience and Learning,
Beijing Normal University, China)

Action potentials (APs) initiate first at the axon initial segment (AIS). Because of their all-or-none
feature, they are usually considered as digital signals. However, APs are not solely digital because
their voltage waveforms are variable; those with longer durations may cause more Ca** entry and
thus more neurotransmitter release, suggesting an analog model of signaling. In neocortical
pyramidal cells (PCs), we performed whole-cell recordings from axonal blebs (cut end of the
axon) and revealed an important role of voltage-gated Kv1 channels in shaping the waveform of
APs. Activation of dopamine receptors regulates Kv1-mediated K* currents and causes changes in
AP waveform. Activation of axonal GABA, receptors results in local hyperpolarization and
changes in AP waveform and AP-triggered Ca** transient. In GABAergic interneurons, the
parvalbumin-containing neurons and the somatostatin-containing neurons, axonal whole-cell
recording also revealed the expression of GABA, receptors at their AIS. Activation of these
ligand-gated CI- channels substantially reduces the probability of synaptically evoked APs.
Together, these findings indicate that neuronal excitability and the AP waveform are subject to
modulation by axonal voltage-gated and ligand-gated ion channels, suggesting a role of axonal
channels in the regulation of output signals in both principal cells and inhibitory interneurons.

(COI: No)

S53-5

Dynamic control of spike signaling by axonal
afterdepolarization

Haruyuki Kamiya (Department of Neurobiology, Hokkaido University Graduate
School of Medicine, Japan)

Spike propagation along the axon provides fast and reliable digital signaling in the nervous
system. Recent studies, however, demonstrated that axonal spikes are subject to fine-scale
modulation by neuronal activity or by influence from surrounding glia. We aimed at elucidating
the modes and exact mechanisms underlying dynamic control of axonal spike signaling in the
brain. To this end, we adopted direct recordings from hippocampal mossy fiber terminals, since
the exceptionally large structure enables stable subcellular recordings of axonal action potentials.
We focused on the mechanism underlying afterdepolarization (ADP), lasting depolarization
which follows axonal spike. We revealed that slow activating Na* channels are partly involved in
the generation of ADP on the hippocampal mossy fibers. Passive components due to slow
capacitive discharge of axonal membrane also substantially contribute to ADP, suggesting that the
shape and the electrical properties of the axon are critical determinants of time course of ADP. In
other words, microstructure of the axon is optimized for high-fidelity propagation, since ADP
inevitably lowers threshold of the subsequent spikes during repetitive stimuli. In addition, ADP
may regulate transmitter release, since Ca®" currents facilitated in response to the paired-pulse
voltage-command mimicking axonal spike and ADP sequence. Therefore, ADP may contribute to
fine-tuning of short-term plasticity through modulation of presynaptic Ca*" entry. (COl: No)
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S54-1

A multi-hierarchical study on the arrhythmogenicity of a
Ca-activated cation channel TRPM4

Ryuji Inoue'; Yaopeng Hu'; Yanghua Shen?; Keizo Hiraishi';

Lin Hai Kurahara'; Jun Ichikawa'; Tomohiro Numata'; Xin Zhu?
(!Department of Physiology, Fukuoka University School of Medicine, Japan;
’Department of Biomedical Information Technology, Aizu University, Japan)

TRPM4 channel is a ubiquitous, Ca*'-activated cation channel and effectively regulated by intracellular Ca** and
membrane potential. In this study, we systematically investigated the implications of these properties in aberrant
cardiac excitability by electrophysiological experiments and multi-hierarchical numerical simulations.
Voltage-dependent activation of TRPM4 channel re-evaluated by a newly-devised ionomycin-permeabilized cell-
attached recording was remarkably enhanced by submicromolar Ca*'. Numerical simulation incorporating the rate
constants of opening and closing obtained by this new method suggested that albeit negligibly contributive to the
normal heart, excessive activation of upregulated TRPM4 channels became arrhythmogenic under remodeling
conditions. The same experimental and theoretical approaches applied to an arrhythmic mutant of TRPM4 channel
E7K revealed that its open-to-closed transition was remarkably slowed stabilizing the open state thereby rendering
the channel more arrhythmogenic.

Quantitative analysis with FRET-based PIP, measurement revealed that decreased PIP, level greatly suppressed
wild-type TRPM4 activity by shifting its voltage-dependency positively but this effect was only marginal in the
E7K mutant. Numerical simulations suggested that PIP, depletion may counteract arrhythmic changes due to wild-
type TRPM4 upregulation, which appears greatly com];romised in the E7K mutant.

Ref. HuY. et al. Cardiovasc Res. 113: 1243-1255,2017. (COI: No)

S54-2

TRPP2 acts through autophagy to exert cyto-protective
role in human stem cell-derived cardiomyocytes
Xiaogiang Yao; Jun Lu (School of Biomedical Sciences, Chinese University of
Hong Kong, China)

Human embryonic stem cells (hESCs) and human-induced pluripotent stem cells (hiPSCs)
provide an unlimited source of human cardiomyocytes for potential application in disease
modeling, drug screening and cell-based heart therapies. These hESC- or hiPSC-derived
cardiomyocytes (hESC-CMs or hiPSC-CMs) are suggested to have many properties of authentic
human cardiomyocytes. In the present study, we utilized hESC-CMs as models to investigate the
potential role of TRPP2 (polycystin-2 or PKD-2) in autophagy. Our study demonstrates that
TRPP2 functions to promote autophagy under glucose starvation, thereby protects cardiomyocytes
from apoptotic cell death. The mechanism may involve TRPP2 interaction with ryanodine
receptors to alter Ca** release from sarcoplasmic reticulum (SR), consequently modulating the
activity of AMPK and mTOR, resulting in alteration of autophagy and apoptosis. We suggest that
this scheme of TRPP2-autophagy-apoptosis may have important pathophysiological relevance in
cardiomyopathy in patients with autosomal dominant polycystic kidney disease and ischemic
heart diseases.

Acknowledgment: We thank the financial support from Hong Kong Research Grant Committee
14118516, National Natural Science Foundation of China Grant 31470912, AoE/M-05/12 and
TBRS T13-706/11 (COIl: No)

S54-3

Ca* signaling in early fate decision of cardiac lineage
cells

Huangtian Yang; Yijie Wang; Jijun Huang; Ji Liang; Liming Chu
(Laboratory of Molecular Cardiology, Shanghai Institutes for Biological Sciences,
Chinese Academy of Sciences, China)

Ca?'signals participate in various cellular processes with spatial and temporal dynamics, while
their roles and downstream regulatory pathways in cell fate decisions during early development
are not fully understood. Embryonic stem cells (ESCs) have an unlimited potential to proliferate
in vitro and differentiate into derivatives of all three primary germ layers, including
cardiomyocytes. Apoptosis is important for normal embryogenesis in vivo, while its regulatory
mechanisms in differentiating ESCs are unclear. In addition, cardiac and hematopoietic lineages
are both derived from Flk1 mesoderm cells but it remains unclear how Flk1 progenitor cells
determine the alternative cell fate towards one of these lineages. Inositol 1,4,5-trisphosphate
receptors (IP,Rs)-mediated Ca*'signals are critical for early development, buttheir precise roles
and mechanisms in cell fate decisions remain largely unknown. Our studies reveal the import
roles of IP3R3- regulated Ca*'signals in the regulation of mesodermalFlk1*cellapoptosis and
IP3Rs-regulated Ca*'release governs hematopoietic and cardiac divergence of Flkl+ cells via
calcineurin-NFATc3-Etv2 pathways. These findings provide new insights into the important role
of IP3R-mediated Ca*'signals in the specific lineage fate decision during early ESC differentiation
(Grants: NSFC (81520108004, 81470422); National Key R&D Program of China (2017YFA
0103700)). (COI: No)

S54-4
Use of tetrandrine to treat flavivirus infection

Jianbo Yue; Lihong Huang (Department of Biomedical Sciences, City
University of Hong Kong, China)

Members of the flavivirus, e.g. Japanese encephalitis virus (JEV), Zika virus (ZIKV), and Dengue
virus (DENV), are among the leading causes of human and animal infectious diseases in the
world. Yet, no effective clinical treatment for flavivirus infection is available. Therefore,
development of effective antiviral drugs against these viruses is the top priority of public health.
We found that calcium influx is required for the entry of flavivirus into cells. To screen calcium
channel inhibitors affecting flavivirus infection, we developed a high-content fluorescence
imaging-based assay. We identified tetrandrine, an alkaloid isolated from herbs and known
calcium channel blocker, potently inhibited flavivirus infection of host cells. Tetrandrine indeed
blocked the entry of flavivirus into cells. We also identified a number of its structure analogues by
virtual drug screening of chemical library, and found that some of these analogues potently
inhibited flavivirus infection. Currently we are developing tetrandrine and its synthetic analogues
into effective therapy against flavivirus. The success of our project is of clinical importance to
health care of world. (COl: No)

S54-5
Structure-function Study of TRPP Channels

Xiaodong Liu'; Yuxia Liu'?; (\Beihang University, China; *Tsinghua University,
China)

Ca ** -permeable cation channels of polycystin family (TRPP) such as PKD2L1 are involved in
various biological processes, presumably by responding to extracellular stimuli, e.g. , Ca ** (ICE,
influx-operated Ca ** entry) or H * (acid-evoked off response) (Hu et al. Cell Reports 2015). Here,
based on the structural advances in PKD2L1 (Su et al. Nature Communications 2018) and other
TRP channels, we report an atypical ion-channel interplay, in which both the outer-pore and the
cations play unprecedented roles. The primary gating is initiated at the outer pore, when Ca >* ions
flow through the outer-pore lined up with acidic residues. Hinted by the functional divergence
between two closely-related TRPPs, i.e., PKD2L1 and PKD2, we unveil that an aromatic triad is
critical for such outer-pore activation to transmit further to the lower constriction. Our findings
promote the long-sought functional and mechanistic understanding of TRPP including the
disease-causing PKD2. Moreover, in contrary to the classical view as passive diffusion, our data
demonstrate that cation flux driven by electrochemical gradients is able to convert its intrinsic
energy into the activation or facilitation of the holo-channel, potentially applicable to a broad
spectrum of cation channels. (COI: No)
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behaviour and autonomic responses
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S$55-1

Contribution of medullary raphé serotonergic neurons
in the stress-induced autonomic responses

Yoko Ikoma'*; Ikue Kusumoto'; Akihiro Yamanaka?;

Youichirou Ootsuka'?; Tomoyuki Kuwaki' (‘Department of Physiology,
Graduate School of Medical & Dental Sciences, Kagoshima University, Japan;
’Department of Neuroscience II, Research Institute of Environmental Medicine,
Nagoya University, Japan; *Centre for Neuroscience, Department of Human
Physiology, School of Medicine, Flinders University, Australia; *Super-network Brain
Physiology, Graduate School of Life Sciences, Tohoku University, Japan)

The medullary raphé nuclei are involved in controlling cardiovascular, respiratory and thermoregulatory
functions, as well as mediating stress-induced tachycardia and hyperthermia. Although the serotonergic
system in the medullary raphé has been suggested to be the responsible entity, specific evidence has
been insufficient. In the present study, we tested this possibility utilizing an optogenetic approach. We
used genetically modified mice (Tph2; ArchT mice) in which archaerhodopsin-T, a green light-driven
neuronal silencer, was selectively expressed in serotonergic neurons under the regulation of Tph2
promoter. We first confirmed that an intruder stress-induced activation of serotonergic neurons in the
medullary raphé was suppressed by photo-illumination via a pre-implanted optical fiber, as evidenced
by the decrease of a cellular activation marker protein in the neurons. Next, we measured ECG,
respiration, body temperature, and locomotor activity in freely moving mice during intruder and cage-
drop stress tests, with or without photo-illumination. In the intruder test, photo inactivation of the
medullary serotonergic neurons significantly attenuated tachycardia and tachypnea, but not
hyperthermia or hyper locomotion during photo-illumination. Similar results were obtained for cage-
drop test. We conclude that the medullary raphé serotonergic neurons, specifically mediate stress-
induced tachycardia and tachypnea. (COIl: No)

S55-2

Lateral habenula-ventral tegmental area pathways for
emotional hyperthermia

Youichirou Yoyo Ootsuka'; Mariana Brizuela'; Steven J Swoap?;
Anna Antipov‘; William W Blessing‘ (!Centre for Neuroscience, College of
Medicine and Public Health, Flinders University, Australia; *Department of Biology,
Williams College, USA)

The lateral habenula (LHb), a nucleus in the epithalamus, has drawn much attention for its role
in coordinating behavioural strategy to salient and adverse environment events. The LHb-
mediated behavioural response is mediated via a powerful inhibitory influence on dopamine
neurons in the ventral tegmental area (VTA) via GABAergic interneurons. The behavioural
responses are integrated with dynamic changes in autonomic function including temperature
regulation, such as emotional hyperthermia that is the increase in body temperature that occurs in
response to an animal detecting a salient stimulus. We have hypothesized that the LHb is also
involved in this autonomic physiological component of responses. We previously showed that
activation of neurons in the LHb increases heat production in brown adipose tissue (BAT)
(Physiol Rep, 3:¢12297, 2015) and inhibition of the LHb neurons attenuate an increase in body
temperature in response to emotional stimuli (Scientific reports 7:4102, 2017). Our recent study
reveals that inhibition of neurons in the VTA activates sympathetically-mediated BAT
thermogenesis and blockade GABAergic signalling in the VTA abolishes the LHb-¢licited BAT
thermogenesis (Am J Physiol in press). Activation of dopamine D2-like receptors attenuates
emotional. A body of the evidence suggests that the LHb mediates emotional hyperthermia via the
inhibitory mechanisms in the VTA. (COI: No)

S55-3

The medial amygdala is critical for endocrine and
behavioural responses to emotional stress

Christopher Vincent Dayas (School of Biomedical Sciences and Pharmacy,
University of Newcastle, Australia)

The medial amygdala (MeA) plays a key role in the generation of neuroendocrine responses to
emotional stress. However, it is unclear how the MeA mediates these effects. To validate the
existence of possible direct projections from the MeA to the PVN, we made injections of AAVS-
hSyn-YFP into the MeA of corticotrophin-releasing hormone (CRH)-Cre:: td-tomato-expressing
mice (CRH-Cre::td-tomato, n = 3-5/group). Using CLARITY and confocal imaging we found
robust YFP-terminal expression making close apposition to CRH::td-tomato/+ve neurons. Next,
we used a transgenic mouse line that expressed Cre-recombinase under the control of the single-
minded-one (Sim-1-Cre) gene promoter. We targeted the Sim-1-Cre/+ve neurons with injections
of AAV5-DIO-ChR2-YFP and made electrophysiological recordings from putative CRH cells in
PVN. We identified that 100% of photostimulation light-evoked inputs (13 cells from 7 mice)
onto putative CRH cells were CNQX-sensitive but picrotoxin-insensitive; confirming that Sim-
I+ve neurons in the MeA provide glutamatergic input to the PVN and excite putative CRH cells.
Further, after AAV5-DIO-ChR2-YFP injections into the MeA and fibre optic probes targeting the
PVN, 473nm blue light produced a stress-like pattern of c-fos expression in PVN and grooming
behaviour. Together these findings indicate that glutamatergic MeA neurons project to CRH PVN
neurons and have the capacity to generate HPA axis and stress-like behavioural responses. (COIl:
No)

S55-4

Striatopallidal output pathways promoting and
preventing motivated behaviour

Gavan McNally (School of Psychology, UNSW Sydney, Australia)

Striatopallidal pathways are critical for the processing and execution of motivated behaviors.
However, the specific functional roles of these different pathways and the extent to which these
pathways are segregated from each other remains poorly understood. We used an animal model of
alcohol-seeking to identify the roles of specific nucleus accumbens shell (AcbSh) and ventral
pallidal output pathways in promoting versus preventing relapse. First we show that relapse and
abstinence are embedded within distinct output circuits of dopamine 1 receptor (Drd1) expressing
AcbSh neurons that anatomically and functionally segregated. Next we show that distinct
components of relapse are controlled by discrete ventral pallidum cell types embedded in distinct
output pathways. These findings identify a considerable degree of cell-type and circuit-specificity
in the striatopallidal control over relapse and motivated behaviour. (COIl: No)
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neural computation behind cognition, memory, and
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S56-1

Multiscale understanding of synaptic pathology of
psychiatric disorders
Akiko Hayashi-Takagi (Lab of Medical Neurosci, IMCR, Gunma Univ, Japan)

Various lines of evidence have suggested that synaptopathy is involved in schizophrenia.
However, it is unknown whether synaptopathy is an underlying mechanism of disease or a
secondary consequence. Thus, we performed a longitudinal in vivo 2-photon imaging analysis of
the brain of a schizophrenia model (DISC1 knockdown mice) and found that this model exhibited
a decrease in the density of dendritic spines, where the majority of excitatory synapses are
formed. Furthermore, we found a significantly greater number of large dendritic spines in the
model mice. The presence of the large spines in the schizophrenia mice model mirrors findings
from another schizophrenia mice model, calcineurin knockout mice. It is well-known that there is
a strong correlation between spine head size and its synaptic efficacy, whereby the large spines
can generate a larger synaptic current. This led us to hypothesize that large spines can non-linearly
affect the dendritic computation, causally resulting in subsequent behavioral alterations. To test
this hypothesis, we use a multiscale analysis that consists of an uncaging-evoked single spine
EPSC measurement and Ca*" imaging to visualize the synaptic input, dendritic event, action
potential, and behavioral manifestations. In addition, with use of in vivo optical and in silico
manipulation of the spines in the model animals, we are now trying to causally examine what kind
of synaptic pathology would underlie the pathology of disorders. (COI: No)

$56-2

Population coding of fear memory in prefrontal cortex
Masakazu Agetsuma’23; Yoshiyuki Arai®; Atsushi Kasai;

Hitoshi Hashimoto#*; Takeharu Nagai* (‘Division of Homeostatic
Development, National Institute for Physiological Sciences Japan; *Japan Science and
Technology Agency, PRESTO, Japan; *The Institute of Scientific and Industrial
Research, Osaka University, Japan, *Graduate School of Pharmaceutical Sciences,
Osaka University, Japan)

For efficient and correct information processing in cerebral cortex, neural circuit dynamics must
be spatially and temporally regulated with great precision. Medial prefrontal cortex (mPFC) of
rodents has been shown important for various types of learning and memory, including fear
memory, and related to various psychiatric diseases. However, it still remains unclear how
population of neurons in this region enables the information processing depending on learning
states, of which major problems are the complexity and heterogeneity of the prefrontal networks.
Little is known especially about the mechanism underlying fear memory. Here we investigate this
by chronic two-photon Ca?* imaging from populations of neurons in mouse mPFC in vivo, which
allows us to 1) record activities simultaneously from large number of neurons at the single cell
resolution with high temporal resolution, and 2) investigate changes of neuronal responses
depending on the learning states. We focus on the change in population responses of mPFC
neurons for the fear memory by developing a new device to perform and test Pavlovian fear
conditioning under the microscope. While many of the previous imaging studies for the mPFC
relied on the invasive method, our system can minimize such damage by introducing a
microprism-based observation method. We further demonstrate population coding underlying
memory recall as well as extinction. (COIl: No)

S$56-3

SLM-based methods for 3d control and imaging in the
brain

Darcy Peterka (Zuckerman Mind Brain Behavior Institute, Columbia University,
USA)

Recording neuronal activity throughout the brain with high temporal and spatial resolution may
be a critical step in understanding how the brain works. Task-based approaches allow intelligent
trade-offs between resolution, speed, and signal. I will describe projective two-photon imaging
methods that leverage the spatiotemperal sparseness of neural activity and use holographic
multiplexing, and statistical source separation create capable platforms for high performance
imaging with single cell resolution. Similar holographic platforms can also be used to activate
ensembles of neurons with single cell precision, and I will describe recent efforts to improve
targeting and control in awake behaving animals. (COI: No)

S$56-4

Manipulation of behavioral performance by targeted
activation of cortical ensembles

Luis Alberto Carrillo-Reid (Department of Developmental Neurobiology and
Neurophysiolgy, National Autonomous University of Mexico, Mexico)

Cortical ensembles in primary visual cortex are groups of neurons whose coordinated activity
represents visual stimuli. The functional connectivity of these ensembles generates an internal
representation of the surrounding world. In this way, learned behavioral tasks associated with
visual stimuli could be based on the recalling of neuronal ensembles from primary visual cortex.
However, whether it is possible to manipulate visually guided learned behaviors by the targeted
activation of cortical ensembles in primary visual cortex remains unknown. In order to study the
modulation of behavioral performance induced by the selective activation of cortical ensembles
with single cell resolution we used simultaneous two-photon optogenetics and imaging of
neuronal populations in awake head fixed mice performing a go/no-go task. We used probabilistic
graphical models to identify and target neurons with pattern completion capability belonging to
cortical ensembles in primary visual cortex. The selective photoactivation of neurons belonging
to cortical ensembles associated with the go signal positively modulated behavioral performance
whereas the photoactivation of randomly selected neurons during the go signal negatively
modulated behavioral performance. Our findings demonstrate the possibility to manipulate
functional neuronal ensembles with single cell resolution and observe behavioral correlates of
cortical microcircuit reconfiguration. (COl: No)

S$56-5

Brain states through brainwide neuromodulation in
zebrafish

Misha Benjamin Ahrens (Howard Hughes Medical Institute, Janelia Research
Campus, USA)

Neuromodulatory systems can introduce flexibility in the way neural circuits process information
and generate behavior, allowing animals to adapt to changing environments and behavioral
demands. Here we extend our investigation of brainwide experience-dependent neuromodulation
from the serotonergic system to other neuromodulatory systems by combining whole-brain light-
sheet imaging in virtual environments with anatomically-specific delineation of neuronal
populations and with brainwide activity perturbations. By searching for neuromodulatory systems
activated during behavioral switches, we found that the noradrenergic system modulates behavior
and tracks the outcomes of swim actions in a complementary way to the serotonergic system.
Together these neuromodulatory systems enable experience-dependent modulation of brain state
and behavior across different behavioral regimes. (COl: No)
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S57-1

The Membrane-Intracellular Organelle Interface: A
Compartment for GPCR Regulation of Cell Physiology
Hemal Patel (UC San Diego & VA San Diego, USA)

When considering which components of the cell are the most critical to function and physiology,
we naturally focus on the nucleus, to the mitochondria that regulate energy and apoptotic
signaling, or to other organelles. Few people will suggest that the membrane is the most critical
element of a cell. Those that consider the membrane critical will point to its obvious barrier
function and numerous ion channels. What becomes evident upon closer inspection is that not all
membranes are created equal, and that there are lipid-rich microdomains which are platforms for
signaling. This talk will advance the novel concept that membranes, in particular caveolae, serve
to couple membrane-mitochondrial interactions. These interactions are both physical and direct as
well as dependent on signaling networks linking GPCR signaling to metabolism. Within this
framework, the membrane then is the primary and critical regulator of stress adaptation of the cell.
The talk will further advance a novel hypothesis that membrane-mitochondrial symbiosis results
in a discrete compartment for GPCR-regulated cell physiology. We propose that caveolin/
caveolae may serve as adaptogens for restoring homeostasis that is unbalanced in disease. Such
concepts have major implications for cellular processes (repair, growth, nutrient handling) and
pathophysiology (aging, diabetes, cancer, cardiovascular, neurologic) that may be therapeutically
targeted. (COI: Properly Declared)

S57-2

Role of activator of G-protein signaling (AGS) 8 in
neovascularization

Hisaki Hayashi; Motohiko Sato (Department of Physiology, Aichi Medical
University, Japan)

Ligand induced activation of GPCRs causes intracellular signal via heterotrimeric G-proteins to
regulate cellular fates. Recently, accessory proteins for heterotrimeric G-protein, which activate
G-protein independently of GPCR activation, have been reported to be involved in cardiovascular
diseases. We previously cloned activator of G-protein signaling 8, AGSS, as GBy subunit binding
protein from a cDNA library established from rat ischemic heart model with extensive collateral
development. We examined a role of AGSS8 in vascular development and its potential as
therapeutic application. In cultured human endothelial cells, AGS8 knockdown by siRNA
inhibited vascular endothelial growth factor (VEGF)-induced tube formation, cell growth,
migration, and phosphorylation of VEGFR-2 and downstream molecules. Further study indicated
that AGS8-GBy complex, which binds to VEGFR-2, was involved in the trafficking of VEGFR-2
from cytoplasm to the cell membrane. Local production of VEGF causes choroidal
neovascularization (CNV), which is associated with development of age related macular
degeneration (AMD), a major cause of vision loss among aged people. AGS8 was expressed in
murine CNV experimental model with distinct distribution, particularly in laser-induced lesions.
Significantly, AGS8 knockdown suppressed the development of CNV. Altogether, these data
indicate involvement of AGS8 in VEGF signaling and suggest potential of AGSS as a therapeutic
target for AMD. (COI: No)

S57-3

Uncovering new GPCR signaling pathways in
prostaglandin E,-mediated vascular inflammation

Utako Yokoyama; Al Mamun; Hiromi Taro; Yoshihiro Ishikawa
(Cardiovascular Research Institute, Yokohama City University, Japan)

Chronic inflammation is a hallmark of many cardiovascular diseases, including abdominal aortic
aneurysm (AAA). The importance of immune cells in inflammation is well-recognized, whereas
that of tissue-constituent cells, such as vascular smooth muscle cells (VSMCs), remains largely
unknown. Here, we demonstrate that VSMCs play a primary role in sustaining inflammation, via
prostaglandin E receptor EP4. In a mouse model, in which EP4 is overexpressed in VSMCs (EP4-
Tg), most of the mice died of aneurysmal rupture within two weeks after angiotensin-II infusion
while no death in non-transgenic littermates. Ly6C" inflammatory monocyte infiltration was
markedly enhanced in EP4-Tg aorta, with increases in matrix metalloprotease-9 and
cyclooxygenase-2. Inflammatory monocytes were likely recruited by SMC-derived interleukin-6
(IL-6), because EP4 stimulation of VSMCs, obtained from either EP4-Tg or human aorta,
produced large amounts of IL-6 via transforming growth factor beta activated kinase 1 and
nuclear factor kappa B signaling pathways. Administration of either anti-IL-6 receptor antibody
or EP4 antagonist to EP4-Tg drastically decreased Ly6C" monocyte infiltration and prevented
AAA. These results indicate that sustained vascular inflammation is triggered by EP4 in VSMCs,
forming malignant positive feedback with immune cells, leading to AAA deterioration. Targeting
EP4 in VSMCs may be an effective strategy to treat AAA. (COI: No)

S57-4

Age-dependent dimer formation of AT1R and P2Y6R
promotes angiotensin llI-induced hypertension

Akiyuki Nishimura'; Caroline Sunggip?; Takuro Numaga-
Tomita?%4; Motohiro Nishida'?*('Deparment of Translational
Pharmaceutical Sciences, Graduate School of Pharmaceutical Sciences, Kyushu
University, Japan, *National Institute for Physiological Sciences (NIPS), National
Institutes of Natural Sciences Japan, *Department of Creative Research, Exploratory
Research Center on Life and Living Systems (ExCELLS), National Institutes of Natural
Sciences Japan; *School of Life Sciences, SOKENDAI Japan)

The angiotensin (Ang) type 1 receptor (AT1R) contributes to maintain vascular homeostasis but also promotes
hypertension. Ang II promotes hypertrophy of adult vascular smooth muscle cells (VSMCs), resulting in
hypertension, whereas Ang II induces physiological proliferation in neonatal VSMCs. However, how VSMCs
determine the responsiveness to Ang II under different developmental conditions is mostly unclear. We found that
the purinergic P2Y6 receptor (P2Y6R), an inflammation-inducible G protein-coupled receptor, promoted Ang II-
induced hypertension in mice. Mice with a deletion of P2Y6R did not show Ang Il-induced increase in blood
pressure and vascular remodeling. ATIR and P2Y6R formed stable heterodimers, which enhanced G protein-
dependent vascular hypertrophy but reduced BArrestin recruitment and BArrestin-dependent vascular proliferation.
Pharmacological disruption of ATIR-P2Y6R heterodimers by the P2Y6R antagonist MRS2578 suppressed Ang
II-induced hypertension in mice. Furthermore, P2Y6R abundance was developmentally increased in VSMCs, and
the increased ATIR-P2Y6R dimer converted AT1R-stimulated signaling in VSMCs from BArrestin-dependent
physiological proliferation to G protein-dependent pathological hypertrophy. These results suggest that increased
formation of ATIR-P2Y6R heterodimers with age may increase the likelihood of hypertension induced by Ang II.
(COI: No)

S57-5

A novel physiological role of tetrahydrobiopterin, a key
GTP metabolite, in cardiovascular system

Jin Han'; Hyoung Kyu Kim?; Ippei Shimizu?; Tohru Minamino?;
Bernd Nilius® (!Cardiovascular and Metabolic Disease Center, Inje University,
Korea,; *Department of Cardiovascular Biology and Medicine, Niigata University
Graduate School of Medical and Dental Sciences, Japan ; *KU Leuven, Department of
Cellular and Molecular Medicine, Belgium)

Diabetic cardiomyopathy (DCM) is a major cause of mortality and morbidity in diabetes mellitus patients.
Although tetrahydrobiopterin (BH4), a GTP metabolite, shows therapeutic potential as an endogenous target in the
cardiovascular system, its effect on myocardial cells and mitochondria in DCM and the underlying mechanism are
unknown.

We tested whether BH4 deficiency is involved in DCM and if supplementation restores mitochondrial and heart
function in late-stage DCM. The transcription of three BH4 synthesis-regulating genes was compared in cardiac
tissues of patients with low or normal ejection fractions (EFs).

Forty-eight-week-old type 2 diabetic rats were divided into BH4 treatment and control groups. BH4 levels and the
functions of heart and mitochondria were assessed in diabetic or control rats. Sepiapterin reductase knockout
(Spr") mice, a model of BH4 deficiency, were used to determine the mechanism of the therapeutic effect of BH4
on DCM.

Relative to control rats, diabetic rats, as well as Spr* mice, had cardiac contractility, hypertrophic remodeling, and
mitochondrial dysfunction, which recovered with BH4 supplementation. BH4 directly bound to CaMKK2 and
activated downstream pathways in cardiomyocytes.

BH4 is a novel therapeutic target for recovering the left ventricular contractility and structural remodeling in DCM
via direct binding and activation of CaMKK2 signaling pathways. (COI: No)
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S58-1

Role of the zinc homeostatic system in skin and

skeletal muscle development

Toshiyuki Fukada (Faculty of Pharmaceutical Sciences, Tokushima Bunri
University, Japan)

Zinc is an essential trace element that is required for a variety of cellular functions, and unbalanced zinc homeostasis
results in health problems. Recent studies have highlighted that zinc acts as a signaling mediator: zinc signal, which is

controlled via zinc transporters, and participates in health and disease conditions (1). This symposium will aim to share
the updated information about the roles of zinc homeostasis and zinc signaling in physiology and pathophysiology.

The first manifestations that appear under zinc deficiency are skin defects (2). It should be also noted that about 60% of
whole zinc in body is kept in skeletal muscle. However, the zinc-related molecular mechanisms underlying normal skin
and muscle development, as well as the mechanism by which disturbed zinc homeostasis causes their disorders, have not
been clarified yet.

In this symposium, I will provide an overview of the relationships between zinc dysregulation and skin disorders, by
focusing on the roles of zinc transporter ZIP7 for dermis (3), and ZIP10 for epidermis and hair follicle (4). I also address
the zinc homeostatic system contributes skeletal muscle formation and function via zinc signaling mediated by ZIP13.

References:

1: International Journal of Medical Sciences 18: 2708, 2017
2: Nutrients 10: 219,2018

3: Journal of Investigative Dermatology 137: 1682-1691, 2017
4: Proc. Natl. Acad. Sci. USA 114:12243-12248, 2017

(COI: No)

S58-2

Zn?** sensitivity of Hv1 channel: an evolutionary
perspective

Adisorn Ratanayotha'?; Takafumi Kawai'; Yasushi Okamura’
(!Laboratory of Integrative Physiology, Department of Physiology, Graduate School of
Medicine, Osaka University, Japan; *Department of Anatomy, Faculty of Medicine
Siriraj Hospital, Mahidol University, Thailand)

Voltage-gated proton channel (Hv1) mediates proton (H") across the cell membrane. Hvl has
been documented to be associated with functions of various immune cells, particularly neutrophils
where Hv1 plays an essential part in producing reactive oxygen species (ROS) during respiratory
burst and pathogen elimination. Hvl orthologs from different species share sensitivity to
extracellular Zn*', which acts as a channel gating modifier suppressing Hv1-derived H* currents
at physiological condition. However, the potency of extracellular Zn** suppression on Hvl is
distinct among species. Mammalian orthologs, such as human and mouse Hv1s, maintain a high
Zn*' sensitivity, while nonmammalian Hvls are comparatively resistant. This phenomenon
appears to reflect variation in Zn**-coordinating residue within the extracellular linker region in
Hvl. Notably, in our comparative study between mouse and zebrafish Hvls, we have found that
the serum Zn?* concentration is much higher in zebrafish than in mouse, evidently as a
compensation to the lower Zn?* sensitivity. Because Zn*"is physiologically significant to functions
of Hvls, these findings raise the possibility that Zn** sensitivity was acquired following a change
in the serum Zn*' concentration during evolution in order to maintain its functions in native cells.

(COI: No)

S$58-3

How does zinc signaling control the fate determination
of beige fat cells?

Ayako Fukunaka (Institute for Molecular & Cellular Regulation Gunma
University, Japan)

Obesity and its associated metabolic diseases are caused by a prolonged imbalance between
energy intake and energy expenditure. Adipose tissues are the major control site of energy
balance, which comprises two functionally distinct cell types; white fat cells and brown fat cells.
White fat cells store excess energy, whereas brown fat cells specialize in energy expenditure. In
addition, brown fat-like cells have also been found within white adipose tissue (WAT). These
inducible brown fat-like cells are known as beige fat cells, which are increased by cold exposure
(a process also known as adipocyte browning). Therefore, the identification of signaling pathways
that regulate the acquisition of beige fat cell properties by WAT have gained attention from the
therapeutic viewpoints against obesity.

We have previously reported that zinc signaling via the zinc transporter ZIP13 negatively
regulates the adipocyte browning pathway (Fukunaka A, et al,PLoS Genet., (2017)). Here, we
demonstrated that the unique amino acid region of ZIP13 facing the cytosol, named intracellular
loop2 (IntL-2), which is distinct from the other ZIP family members, is involved in the inhibition
of adipocyte browning. Furthermore, we identified binding molecules that associate with the
IntL-2 of ZIP13. We are now clarifying the molecular mechanism as to how these IntL-2 binding
proteins regulate adipocyte browning via ZIP13. (COI: No)

S58-4
Physiology and biochemistry of zinc enzymes
Taiho Kambe (Graduate School of Biostudies, Kyoto University, Japan)

More than one-third of newly synthesized proteins are targeted to the early secretory pathway, a
considerable proportion of which requires zinc as an essential factor for their structural and
catalytic functions. Zinc homeostasis in the secretory pathway is tightly controlled within narrow
boundaries, which suggests that zinc metallation would be performed under strict control. Here,
physiological significance of the activation of zinc-requiring ectoenzymes by zinc is discussed,
focusing on molecular mechanisms underlying the activation.

Of zinc-requiring ectoenzymes, ENPP1, ENPP3, NT5E/CD73, and TNAP are involved in
extracellular adenine-nucleotide metabolism, which suggests that zinc deficiency significantly
affects the metabolism, and thus purinergic signalling. Actually, zinc deficiency delays both
extracellular ATP clearance and adenosine generation in both rats and cell culture models,
indicating that zinc modulates extracellular adenine-nucleotide metabolism. These findings
provide a novel insight into why zinc deficiency results in diverse symptoms. Interestingly, some
of these ectoenzymes become active by being metallated with zinc during the secretory process,
which is mediated by ZNT5-ZNT6 heterodimers and ZNT7 homodimers, while others are not.
Clarification of molecular mechanisms of zinc-requiring ectoenzyme activation would be
increasingly important, because they are involved in important physiological functions. (COl: No)
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S$59-1

Deciphering the origins of repopulated microglia in the
central nervous system

Bo Peng (Chinese Academy of Sciences, China)

New-born microglia rapidly replenish the whole brain after selective elimination of most
microglia in adult mice. Previous studies reported that repopulated microglia were largely derived
from microglial progenitor cells expressing Nestin in the brain. However, the origin of these
repopulated microglia has been hotly debated. In this study, we investigated the origin of
repopulated microglia by a series of fate mapping approaches. We first excluded the blood origin
of repopulated microglia via parabiosis. With different transgenic mouse lines, we then
demonstrated that all repopulated microglia were derived from the proliferation of the few
surviving microglia. Though with a transient pattern of Nestin expression in newly forming
microglia, none of repopulated microglia was derived from Nestin-positive non-microglial cells.

In addition to repopulated brain microglia, we investigated the origins of repopulated microglia in
the retina and found that the repopulated retinal microglia were not derived from the residual
microglia in the retina. Instead, they had two distinct origins: the center-emerging microglia were
derived from residual microglia in the optic nerve and the periphery-emerging microglia were
derived from macrophages in the ciliary body/iris. Therefore, we identified novel origins of
retinal microglia by using a model of microglial repopulation. In conclusion, our findings expand
the understanding on the origins of microglia in the brain and retina. (COIl: No)

S59-2

Microglia in Post-stroke Axon Remyelination and
Tissue Repair
Dandan Sun (Department of Neurology, University of Pittsburgh, USA)

Activation of microgliais involved in brain injury and tissue repair.Upon brain lesion, microglia
are rapidly activated and release inflammatory cytokines, hindering axonal regeneration and
oligodendrocyte maturation. Simultaneously, adaptive function of microglia is activated by
releasing restorative cytokines/growth factors and clearing tissue debris through phagocytosis and
promotes remyelination. Therefore, regulation of a switch between proinflammatory and adaptive
phenotypes of microglia/macrophage is important for oligodendrocyte differentiation,
remyelination, as well as remodeling synapses. We recently discovered that microglial Na/H
exchanger 1 (NHEI) transports H+ efflux to maintain optimal H+ homeostasis and to promote
sustained NADPH oxidase isoform 2 (NOX2) stimulation and cytokine release in activated
microglia. Selective deletion of microglial Nhel in mice reduced inflammation, enhanced APC+
mature oligodendrocyte counts and remyelination, and improved neurological functional outcome
after ischemic stroke.

Taken together, our study demonstrated that microglia played an important role in
neuroinflammation, white matter demyelination, and poststroke neurological dysfunction.
Activation of microglial NHE1 protein is critical for this process. NHEI protein emerges as a
potential therapeutic target for

neuroinflammation and white matter tissue repair after ischemic stroke. (COI: No)

S59-3

Roles of lipid receptors expressed by microglia in
traumatic nerve injury

Hiroshi Kiyama (Department of Functional Anatomy & Neuroscience, Nagoya
University Graduate School of Medicine, Japan)

Microglia is a key player in the surveillance system of brain environment under healthy condition,
whereas under pathological condition microglia are activated and play paradoxical roles such as
neuroprotective and neurotoxic. Traumatic or inflammatory peripheral nerve damage induces
changes not only in the damaged-neurons but also in microglia located nearby the neurons in
CNS. The injured-neuron non-autonomous responses elicited by surrounding microglia appear
crucial, and the failure of the communication between injured neurons and microglia or a
devastating signal released from microglia would result in an exacerbation of neuron damages. To
reveal functional significance in the intercellular communications between damaged neurons and
microglia, we have carried out transcriptomic analysis including the G-Protein Coupled Receptor
(GPCR) screening using hypoglossal nerve injury model, and demonstrates that expressions of
some receptors for lipid mediators such asTREM2/DAP12 andsome GPCRs were induced by
microglia in response to nerve injury. Most of these receptors are associated with a prolongation
of inflammatory responses, phagocytosis, and neuropathic pain. In this talk I would like to
introduce recent perspectives on the role of these molecules in microglia and their contribution to
neural diseases. (COIl: No)

S$59-4

Sex- and age-dependent effect of thyroidism on
microglia and brain function

Mami Noda (Kyushu University, Graduate School of Pharmaseutical Sciences,
Japan)

Thyroid hormones (THs) are essential for the development and function of the central nervous
system (CNS). In adult CNS, both hyperthyroidism and hyperthyroidism, the prevalence in
female being >10 times higher than that in male, may affect psychological condition and
potentially increase the risk of cognitive impairment and neurodegeneration including
Alzheimer’s disease. Since we have reported the non-genomic effects of L-tri-iodothyronine (3,
3°, 5—triiodothyronine; T3) on microglial functions and its signaling in cellular level using
primary cultured mouse microglia, we analyzed morphological changes in glial cells in cortex and
hippocampus in mouse models of hyperthyroidism and hypothyroidism. The changes in
immunofluorescence intensities for Ibal and GFAP were sex- and age-dependent in both
hyperthyroidism and hypothyroidism. Behavioral changes in young mice in thyroidism were also
sex-dependent. We further examined the morphology of the perforant path-granule cell synapses
in the mouse dentate gyrus, using FIB/SEM (focused ion beam/scanning electron microscopy). A
three-dimensional reconstruction of dendritic spines revealed that changes in spine density and
spine volume were also sex-dependent in young mice with hyperthyroidism. These results may
help to understand physiological and/or pathophysiological functions of THs in the CNS and how
hyper- and hypothyroidism affects behavioral and psychological conditions in sex- and age-
dependent manner. (COI: No)
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S60-1

Daily torpor in mice as a model of active
hypometabolism

Genshiro A Sunagawa (Laboratory for Retinal Regeneration, RIKEN Center
for Biosystems Dynamics Research, Japan)

Some mammals enter a hypometabolic state either daily torpor (minutes to hours in length) or
hibernation (days to weeks), when reducing metabolism would benefit survival. The metabolic
rate is reduced to 1~30% of normal rates and the animal result in severe hypothermia surprisingly
without any tissue damage. The mechanisms for such hypothermia-resistance and
hypometabolism-resistance is not understood. In 2016, we have developed a method to induce
torpor stably in mice (Sunagawa GA and Takahashi M, Sci Rep, 2016) and this introduced modern
techniques in genetics such as genetical engineering to the field of mammalian hypometabolism
research. Recently, we found that two genetically close inbred mouse strains C57BL/6J (B6J) and
C57BL/6N (B6N) have distinct torpor phenotypes. This led us to hypothesize that the torpor
phenotype in mice is regulated by relatively few genes or gene loci. We analyzed the soleus
muscles from 38 B6J mice in torpid and non-torpid conditions and identified 287 torpor-specific
genes. Among the torpor specific genes, a transcription factor ATF3 was found highly expressed
during torpor deprivation and that its binding motif was enriched in torpor-specific promoters.
Our results demonstrate that mouse daily torpor combined with powerful genetic tools are useful
for studying active hypometabolism. (COI: No)

S60-2

Hypothalamic control of mouse daily torpor
Hiroshi Yamaguchi; Luis De Lecea (Department of Psychiatry and
Behavioral Sciences, Stanford University School of Medicine, USA)

Hibernators save energy by entering torpor, a state characterized by active hypometabolism and
low body temperature, to survive harsh environmental conditions in winter. Torpor can be found
in a wide variety of homeothermic animals including birds, rodents and primates. Laboratory
mice go into short torpid state called daily torpor when they are fasted at cold ambient temperature.
Although it is presumed that torpor is regulated by the central nervous system, the exact neuronal
mechanism by which mice regulate daily torpor remains unclear. Using immediate early gene
mapping and optogenetic manipulation, we found that the activities of neurons in the medial
preoptic hypothalamus and the dorsomedial hypothalamus are essential for the induction of daily
torpor in mice. (COI: No)

S60-3

Cold-inducible RNA-binding protein may participate in
cold tolerance in hibernating hamsters

Yasutake Shimizu'-?; Yuuki Horii'; Hiroki Shimaoka’;

Takahiko Shiina' (‘Department of Basic Veterinary Science, Laboratory of
Physiology, The United Graduate School of Veterinary Sciences, Gifu University,
Japan, *Center for Highly Advanced Integration of Nano and Life Sciences
(G-CHAIN), Gifu University, Japan)

Hibernators can maintain regular heartbeat even under severe hypothermic condition less than
10°C during hibernation. We hypothesized cold-inducible RNA-binding protein (CIRP) might
participate in the tolerance to hypothermia, since CIRP plays important roles in protection of
various types of cells against harmful cold temperature. In the present study, we investigated
expression patterns of CIRP mRNA in the heart in hibernating hamsters. To induce hibernation,
hamsters were kept in a cold room. The RT-PCR analysis revealed that CIRP mRNA is
constitutively expressed in the heart of non-hibernating euthermic hamsters with three alternative
splicing variants. The short form contained open reading frame for full-length CIRP. In contrast,
the long form was inserted sequences containing a stop codon, suggesting production of
C-terminal deletion isoform of CIRP. In the hibernating hamsters, only the short product was
amplified. These results indicate that CIRP expression is regulated at the levels of alternative
splicing, which would permit a rapid expression of functional CIRP during entering hibernation.
Artificial hypothermia, in which body temperature was rapidly decreased by using anesthesia
combined with cooling, did not mimic the hibernation-specific shift in splicing. Considering that
the artificial hypothermia caused tissue injury of the heart, the hibernation-specific splicing of
CIRP mRNA would be important for tolerance to hypothermia. (COl: No)

S60-4

IPSCs from hibernators: a way to study hibernation-
related cell protection mechanisms

Jingxing Ou; Wei Li (National Eye Institute, National Institute of Health, USA)

Hibernating mammals survive profound hypothermia (<10°C) without injury, a remarkable feat
of cellular preservation that bears significance for potential medical applications. However,
mechanisms imparting cold-resistance, such as cytoskeleton stability, remain elusive. Using the
first iPSC line from a hibernating mammal (13-lined ground squirrel), we uncovered cellular
pathways critical for cold-tolerance. Comparison between human and ground squirrel iPSC-
derived neurons revealed differential mitochondrial and protein quality control responses to cold.
In human iPSC-neurons cold triggered mitochondrial stress, resulting in reactive oxygen species
overproduction and lysosomal membrane permeabilization, contributing to microtubule
destruction. Manipulations of these pathways endowed microtubule cold-stability upon human
iPSC-neurons and rat (a non-hibernator) retina, preserving its light responsiveness after prolonged
cold exposure. Furthermore, these treatments significantly improved microtubule integrity in
cold-stored kidneys, demonstrating the potential for prolonging shelf-life of organ transplants.
Thus, ground squirrel iPSCs offer a unique platform for bringing cold-adaptive strategies from
hibernators to humans in clinical applications. (COI: No)

S60-5

Systemic body remodelling preceding hibernation in a
mammalian hibernator, Syrian hamster

Yoshifumi Yamaguchi'; Daisuke Anegawa'?; Yuya Sato'?;

Yuichi Chayama?; Lisa Ando?; Shuji Shigenobu?; Yutaka Tamura®;
Masayuki Miura? ('Institute of Low Temperature Science, Hokkaido University,
Japan, *Department of Genetics, Graduate School of Pharmaceutical Science, The
University of Tokyo, Japan; National Institute of Basic Biology, Japan, *Fukuyama
University, Japan)

Mammalian hibernation is an adaptive strategy to survive during the cold period with little or no
food by dramatic suppression of thermogenesis and extensive utilization of stored fat as a fuel. In
small-bodied mammals, hibernation period involves multiday hypothermic deep torpor and
normothermic periodic arousal. Deep torpor is characterized by the profound suppression of
metabolism, body temperature, heart rate, and locomotive activity, which cannot be achieved by
non-hibernators such as mice and humans. It has long been suggested that hibernators prepare for
hibernation by remodeling their bodies from the summer phenotype to the winter phenotype
during fall, the pre-hibernation period (pre-HIB). However, the nature of the body remodeling
remains elusive. To understand this, we examined Syrian golden hamsters (Mesocricetus
auratus), which begin to hibernate when they are transferred from the warm, summer-like
conditions to the prolonged cold, winter-like conditions. We found that after several months of the
cold pre-HIB, they exhibited dramatic changes in their skeletal muscles and white adipose tissues,
including skeletal muscle fiber-type shift and enhancement of lipid metabolisms, prior to
hibernation. In addition, the cold tolerance was also enhanced during the hibernation period.
These results suggest that Syrian hamsters undergo systemic body remodeling adaptive for
hibernation in an environment-dependent manner. (COl: No)
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S61-1

Non-genomic action by gonadal steroids drives social
behaviours

Nandini Vasudevan (School of Biological Sciences, University of Reading, UK)

Estrogen is essential for the display of sex-typical social behaviours via both genomic and the
lesser understood nongenomic signalling pathway. Estrogens regulate transcription by binding to
classical, intracellular nuclear receptors such as the estrogen receptor a (ERa) and ERb but also
signal rapidly and non-genomically via membrane estrogen receptors (mERs) that activate
kinases and calcium flux. Previously, our laboratory demonstrated that a third pathway that we
termed coupled or integrated signalling exists where rapid non-genomic signaling by 17b-E
potentiates transcription via the phosphorylation of the ERa. Although ERa and ERb are present
on the cell membrane, novel candidate mERs include the GPER 1/GPR30 that is present in several
brain nuclei involved in social behaviours. The identity and function of the mER remains
controversial. Recently, we demonstrated that GPER 1 activation is sufficient for lordosis behaviour
and regulates spinogenesis in hypothalamic nuclei, suggesting that this is a receptor capable of
initiating the non-genomic signalling part of the coupled signalling pathway. Contrary to the need
for transcription for lordosis behaviour, in the male mouse GPER1 activation can rapidly decrease
anxiety and regulate the level of a dendritic spine marker, PSD-95 in the hypothalamus. We also
show that estrogen possibly produced by the brain itself can rapidly drive aggression; underlying
mechanisms will be discussed. (COI: No)

S61-2

Neuroendocrine Regulation of Neural Networks for
Social Behavior

Sonoko Ogawa (Laboratory of Behavioral Neuroendocrinology, University of
Tsukuba, Japan)

We have been studying neuroendocrine mechanisms of social behavior by focusing on the role of
estrogen receptors (ERs). In a series of studies using adeno-associated viral vector mediated RNA
interference methods, we found that two types of ERs, ERa and ERb, are differentially involved
in the regulation of sex-typical expression of social behavior depending on brain site(s) and/or
time in development. For instance, maternal caring behavior in postpartum females was reduced
by a lack of ERa in the medial preoptic area (MPOA), whereas the levels of aggression toward
male intruder mice were decreased by ERb knockdown in the medial amygdala (MeA) but
increased by knockdown in the MPOA. Testosterone in males also acts on ERs after being
aromatized in the brain. ERain the VMN plays a role in the induction of both sexual and
aggressive behavior, whereas in the MPOA it is only involved in sexual behavior. Interestingly,
ERa activation in the MeA during pubertal period is crucial for male mice to fully express their
male-type social behavior in adulthood. On the other hand, ERb in the MeA might play a crucial
role in the control of sexual preference. In this talk, we will first overview these findings by
focusing on neural network of social behavior. We will then discuss more recent studies on the
effects of manipulation of neuronal activity of ERa or ERb expressing neurons with the use of
pharmacogenetic methods. (Supported by KAKENHI #15H05724 to SO) (COIl: No)

S61-3

Serotonin interactions with the gonadotropin-inhibitory
hormone system during social isolation

Tomoko Soga (Brain Research Institute, School of Medicine and Health Science,
Monash university, Malaysia)

Social isolation deregulates the neuroendocrine system, the neurotransmitters system, the
reproductive pathways and sociosexual behavior. It also increases the risk of developing mental
disorders. The brain serotonergic system plays an important role in coordinating behavioral and
neuroendocrine effect of social stress responses. In recent years, animal models have been
developed to understand social isolation induced neuronal dysfunctions and behaviour changes
that might be similar to those occurring in the course of the development of depression. I will
discuss the work we have done to develop a rat depression model. The rats were exposed to social
isolation for 6 weeks to understand the brain serotonergic systems and the regulation of its target
neurons. Social isolation resulted in low serotonin synthesis gene expression in the dorsal raphe
and less fiber projections of serotonin in the hypothalamic nucleus. In this talk, I will focus on
gonadotropin-inhibitory hormone (GnlH) neurons in the dorsomedial hypothalamic nucleus,
which have an inhibitory effect on reproductive functions. The serotonergic regulation of GnIH
neurons elucidates the neuronal mechanisms of reproductive dysfunction in a lifelong stress
paradigm. (COIl: No)

S61-4

The Neurobiology of Pair Bonding in Monogamous
Prairie Voles

Larry James Young‘vz (!{Center for Social Neural Networks, University of
Tsukuba, Japan; *Center for Translational Social Neuroscience, Department of
Psychiatry and Behavioral Sciences, Emory University, USA)

Socially monogamous prairie vole has provided an extraordinary opportunity to explore the
neural and genetic mechanisms underlying complex social behaviors, including pair bonding.
Oxytocin receptor (OXTR) signaling in the brain’s reward centers is critical for pair bond
formation. Diversity in expression patterns of OXTR in the brain contribute to diversity in social
behaviors across and within species. In prairie voles, oxytocin links the neural encoding of the
social signature of the partner with the rewarding aspects of mating through interactions with
dopamine and by coordinating communication across a neural network linking social information
with reward. Genetic polymorphisms robustly predict natural variation in OXTR expression in
the striatum, which predict pair bonding behavior and resilience to neonatal social neglect. We
have also explored the capacity of prairie vole to display empathy-like behavior, specifically
consoling behavior toward stressed partners. This consoling response is abolished blocking
OXTR in the anterior cingulate cortex, a region involved in human empathy. Finally, loss of a
bonded partner results in the development of depressive-like “grieving” behavior, which is
alleviated by oxytocin replacement. I will present data suggesting that similar mechanisms are
involved in romantic love in humans and may be useful targets for improving social cognition in
psychiatric disorders such as autism. (COI: No)
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S62-1

Excitatory and inhibitory neural circuits in the auditory
midbrain
Munenori ONno (Department of Physiology, Kanazawa Medical University, Japan)

The inferior colliculus (IC) is an integrative auditory center in the midbrain. The IC is comprised
of intricate neural circuits, which receive inputs from ascending, descending and intrinsic inputs.
In the neurons of the auditory midbrain, multiple synaptic inputs are integrated and transformed
into spike activities as an output. Thus, information processing is achieved through the integration
of synaptic inputs in the IC. In particular, recent studies have shown that the interaction of the
excitatory and inhibitory synaptic inputs is critical in shaping neural responses to sound in the IC.
In this presentation, I will discuss how the excitatory and inhibitory neural circuits are organized
in the IC. Both excitatory and inhibitory neurons in the IC have subtypes based on their
morphology and firing properties, and are organized in the tonotopic lamina structure. The
spontaneous firing rate is higher in the inhibitory neurons than in the excitatory neurons, which
might promote the signal transmission with less noise. Both cell types have diverse response
properties to sound: they share the similar frequency tunings, but not temporal spike patterns, in
the local circuits (microdomain). These results suggest that each microdomain might work as a
distinct frequency channel, and it may generate temporally diverse excitatory and inhibitory
outputs to preferred sound, which might form a sequentially structured population activity as it
has been proposed in the sensory neocortex. (COl: No)

S62-2

Characterization of the secondary auditory field in the
mouse auditory cortex

Hiroaki Tsukano (Department of Neurophysiology, Brain Research Institute,
Niigata University, Japan)

Tonotopy is an essential functional organization in the auditory cortex (ACx), and it is crucial to
reveal how tonotopy is relayed to higher-order ACx such as the secondary auditory field (A2). The
source of tonotopy reflected in the primary ACx (Al) is the incoming frequency-related
topographical projections from the ventral division of the medial geniculate body (MGv).
However, circuits that relay this functional organization to A2 have yet to be identified. In our
recent tracing study conducted using mice, we discovered a new pathway that projects directly
from the caudal part of MGv to A2, while the middle part of MGv projects to Al. Tonotopy was
established in A2 even after primary fields including A1 were removed. These data suggest that
tonotopy in A2 can be established solely by thalamic input. Moreover, the structural nature of
differing thalamocortical connections was consistent with the functional organization of the target
regions in ACx. Retrograde tracing revealed that the region of MGv input to a local area in A2 was
broader than the region of MGv input to Al. Consistent with this anatomy, two-photon calcium
imaging revealed that neuronal responses in the thalamocortical recipient layer of A2 showed
wider bandwidth and greater heterogeneity of the best frequency distribution than those of Al.
These findings demonstrate a new thalamocortical pathway that relays frequency information to
A2 on the basis of the MGv compartmentalization. (COIl: No)

S62-3

Acute restraint stress alters sound-evoked neural
responses in the rat auditory cortex

Ma Lanlan; Jiaozhen Zhang; Ling Qin (Department of Physiology, China
Medical University, China)

Psychophysical studies showed that stress exposure induced a transient, stress-induced
hypersensitivity to sounds. However, the underlying neural mechanism remains unresolved.
Thus, in this study, we explored the neural activities of the auditory cortex (AC) in response to
restrait stress. By comparing the electrical activities of the same rat before, during and after
immobilization, we found in most cases, acute restraint stress enhanced neural responses evoked
by sound, but in a minority of neurons, restraint stress suppressed the responses. The
immobilization-induced enhancement was more frequently found in the neurons that originally
had a low responsibility to sound stimuli. Although an increase of response magnitude, decrease
of response latency, and extension of bandwidth of tuning curve (BW),the spontaneous firing rate
and best frequency (BF) remained unchanged. Restraint stress also increased the synchronization
ability to sound slimuli. (COl: No)

S$62-4

Sound representation of long-lasting sustained activity
in rat auditory cortex

Tomoyo Isoguchi Shiramatsu; Hirokazu Takahashi (Research Center
Jfor Advanced Science and Technology, The University of Tokyo, Japan)

To date, auditory transient activities responding to the onset of a sound have been well investigated
and cortical subfields and tonotopic representation in these subfields have been well characterized.
However, sustained activities that follow transient activities have received less attention because
these activities do not exhibit distinct, reproducible, and time-locked responses in their amplitude
to be characterized by grand averaging. To address this gap, we first tried to decode sound
frequency from densely mapped sustained activities, and investigated whether and how these
activities represent sound information. A microelectrode array with a grid of 10 x 10 recording
sites was implanted in the rat auditory cortex, and recorded sustained activities. Then SLR was
applied to discriminate the sound-induced band-specific power or phase-locking value (PLV)
from those of spontaneous activities. Consequently, SLR succeeded decoding indicating that
these characteristics of sustained activity represent frequency information. With these
characteristics, we further demonstrated that sustained activities represent sound information
beyond frequency; PLV became stronger after classical aversive conditioning, indicating that
sustained activities represent emotional valence of sound, and texture of sound such as consonance
and dissonance of chord is also represented in PLV, setting the groundwork for further
investigation of auditory sustained activity. (COI: No)
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S63-1
Function of cerebellar tonic inhibition
Bo-Eun Yoon (Department of Molecular Biology, Dankook University, Korea)

Proper brain function requires a balanced excitation and inhibition in synaptic transmission
through regulation of neuronal excitability. Neuronal excitability is regulated by inhibitory
synaptic transmission, which occurs primarily through GABAergic signaling. It has been reported
that interactions between tonically released GABA and extrasynaptically localized high affinity
GABA, receptors mediate tonic inhibition, which effectively inhibits neuronal excitability.

We have previously reported that cerebellar tonic inhibition is mediated by astrocytic GABA
release through bestrophin 1(Best1) from Bergmann glia and lamellar astrocytes.

We have further reported that astrocytic GABA is synthesized by the astrocytic mitochondrial
enzyme monoamine oxidase B (MAOB) via the putrescine degradation pathway.

However, in vivo function of the astrocytic GABA mediated tonic inhibition has not been
elucidated.

Here, we investigated the modulation of neuronal excitability, synaptic transmission, and motor
performance in the cerebellum by manipulating the level of astrocytic tonic GABA using various
genetic and pharmacological tools. (COIl: Properly Declared)

S63-2

Pathophysiological impact of diverse deregulation of
tonic inhibition in Angelman syndrome

Kiyoshi Egawa'; Atsuo Fukuda? (‘Department of Pediatrics, Hokkaido
University School of Medicine, Japan; *Department of Neurophysiology, Hamamatsu
University School of Medicine, Japan)

Angelman syndrome (AS) is a neurodevelopmental disorder caused by loss-of-function of the
UBE3A gene. Motor dysfunction is one characteristic feature of AS. We previously reported that
tonic inhibition is specifically decreased in cerebellar granule cells (CGCs) of Ube3a deficient
mice. As its mechanisms, we showed that UBE3A controls degradation GABA transporter 1
(GAT1) and its deficiency induces a surplus of GAT1 that results in decreased GABA levels.
Decreased tonic inhibition increases its own excitability of CGSs and alters the firing pattern of
Purkinje cells. Administering low doses of THIP, a selective agonist for dsubunit-containing
GABA, receptor, improved the aberrant firing pattern and ataxic motor dysfunctions in vivo.
These results indicate that the decreased tonic inhibition in CGCs contributes to motor
dysfunctions in AS. Because expression pattern of GABA, receptor subunits or GABA
transporters differs by brain regions, the deregulation of tonic inhibition can be also variable by
brain regions in AS. Indeed, we found that expression pattern of GAT1 in the thalamus was
comparable to controls and tonic inhibition of the thalamic relay neuron was maintained in Ube3a
deficient mice, while tonic inhibition was decreased in pyramidal neurons of the hippocampus
and the cortex. We speculate that this imbalance, rather than global decrease, of tonic inhibition
may have a pathophysiological impact for various nervous symptoms including motor
dysfunctions in AS. (COI: No)

S63-3

Critical role of tonic GABA from reactive astrocytes in
neurodegeneratve diseases

C Justin Lee (Institute for Basic Science, Korea)

Recently, we have demonstrated the channel-mediated release mechanism of the major inhibitory
transmitter GABA from astrocytes in cerebellum involving Bestl channel and that the source of
tonic inhibition in cerebellum is astrocytic GABA. We subsequently identified the biosynthetic
pathway for GABA in astrocyte to be the putrescine degradation pathway leading to GABA
production, in which the monoamine oxidase B (MAOB) is the key enzyme for GABA production.
This series of studies implicates that astrocytes by tonically releasing the major inhibitory
transmitter GABA, can exert strong inhibitory drive to the brain activity, raising a profound
possibility that astrocytes can directly participate in cognitive processes via astrocytic GABA.
Utilizing these newly identified molecular targets, Best] and MAOB, we further demonstrated
that tonic GABA inhibition in cerebellum is critical for motor coordination. In parallel, we have
revealed the pathological role of astrocytic GABA, especially in Alzheimer’s disease (AD) and
Parkinson’s disease (PD). We provide compelling pieces of evidence that hippocampal or SNpc
astrocytes aberrantly produce GABA via MAOB and release through Bestl channels in AD or
PD, respectively. The aberrant GABA from astrocytes inhibits neighboring neuronal activity to
impair memory in AD or to cause motor deficit in PD. We continue to investigate the role of
aberrant GABA from reactive astrocytes in white matter stroke and recovery after spinal cord
injury. (COIl: No)

S63-4

Best1-mediated tonic GABA release alleviating seizure
susceptibility in kainate-induced epilepsy

Jin Bong Park (Department of Physiology, College of Medicine, Chungnam
National University, Korea)

Tonic activation of extrasynaptic GABA, receptors is under the tight regulation of ambient
GABA level to maintain the excitation/inhibition (E/I) balance in the brain. Any slight shift in the
E/I balance is expected to cause a serious pathological condition, such as epileptic seizure.
However, the pathophysiology of astrocytic GABA release has been remained elusive in epileptic
seizures. Here, we demonstrated that pharmacological or genetic intervention of the GABA-
permeable bestrophin-1 (Bestl) channel prevented the generation of tonic GABA, inhibition,
thus disinhibited the CA1 pyramidal neuronal firing and augmented the seizure susceptibility in
kainic acid (KA)-injected epileptic mice. Astrocytes-specific overexpression of Bestl in KA-
injected Bestl knock-out mice fully restored the generation of tonic GABA, inhibition, thus
efficiently suppressed the seizure susceptibility. Our findings demonstrate that tonic GABA
release from reactive astrocytes contributes to the maintaining of E/I balance in epileptic
hippocampi, thus, serving as a good therapeutic target against the excitatory shift of E/I balance
in epileptic seizure. (COI: No)
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S64-1

Modulatory roles of Pnn in glial apoptosis induced by
disrupted energy homeostasis during ischemia

Suj ira Mukda (Research Center for Neuroscience, Institute of Molecular
Biosciences, Mahidol University, Thailand)

Ischemic stroke caused by sudden loss of blood flow in the brain is the major form of cerebral
stroke, resulting in damage or death of brain cells. Since the neuronal cell death can cause several
pathological consequences, preventing its occurrence and understanding its underlying
mechanism become necessary. Therefore, the anti-apoptotic role of Pnn, a serine-arginine related
protein, was investigated in rat primary cortical astrocytes under ischemic condition. The
expression level of Pnn was increased immediately after exposure to oxygen-glucose deprivation
(OGD) and then declined during the reoxygenation period. Changes in Pnn levels were closely
related to apoptosis-associated proteins, including Bax, Bcl2, and cleaved caspase3. Suppression
of Pnn expression using siRNA promoted OGD-induced cell apoptosis and inhibited cell
proliferation, especially during reoxygenation. These findings implied that Pnn may play a critical
role in regulating apoptosis in primary cortical astrocytes under ischemic condition, and might be
a novel therapeutic target for ischemic stroke treatment. (COI: No)

S64-2

Emerging the synaptopathology-based therapies in the
environmental-toxin induced rat model of autism
Hui-Ching Lin (Department and Institute of Physiology, National Yang-Ming
University, Taiwan)

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by impaired
social communication and abnormal emotional responses. The amygdala and prefrontal cortex
(PEC) have been reported in regulating socio-emotional behaviors and cognitive function in
individual with ASD. The autism-like phenotypes of valproic acid (VPA)-exposed offspring have
been observed the imbalances between synaptic excitation and inhibition (E/I) neurotransmission.
Here, we investigated the possible treatment involved in regulating the autistic behaviors and
synaptic plasticity in VPA-exposed offspring. First, we observed that less sociability, increased
anxiety, abnormal fear memory and enhanced long-term potentiation (LTP) in amygdala of VPA-
exposed offspring. Second, we found that NMDAR-dependent long-term depression (LTD) were
absent from the amygdala associated with enhancement of levels glycogen synthase kinase 33
(GSK-3B) phosphorylation in the VPA-exposed offspring. Third, we demonstrated that the
autistic behaviors, impaired NMDAR-dependent LTD and higher dendritic spine density reversed
by NMDAR partial agonist D-cycloserine (DCS). Additionally, PFC deep brain stimulation
(DBS) improves sociability and anxiety via modulation of the serotonin (5-hydroxytryptamine,
5-HT) system in VPA-exposed offspring. These results provided the first evidence of possible
signaling that rescue of the ASD-like phenotype and synaptopathology in VPA-exposed offspring.
(COIl: No)

S64-3

The roles of microglial on the molecular mechanism of
painful diabetic neuropathy in the rat

Idris Long'; Che Aishah Nazariah Ismail?; Che Badariah Ab Aziz?;
Rapeah Suppian’ (' School of Health Sciences, Health Campus, Universiti Sains
Malaysia, Malaysia, School of Medical Sciences, Health Campus, Universiti Sains
Malaysia, Malaysia)

This study aimed to explore the roles of microglia on the expression of NR2B NMDA receptor,
BDNF and DREAM proteins, pro-inflammatory cytokines and oxidant-antioxidant status in the
pathogenesis of PDN in the spinal cord of streptozotocin-induced diabetic rats. The diabetic rat
model was induced by intraperitoneal injection of streptozotocin (STZ). Tactile allodynia was
assessed on Day-0 (baseline), Day-14 (pre-intervention) and Day-22 (post-intervention).
Minocycline at dose 80 pg and 160 pg were given intrathecally from Day-15 until Day-21. On
Day-23, formalin test was conducted. Then spinal cord lumbar enlargement region was collected
for immunohistochemistry, Western Blot (WB) and enzyme-linked immunoabsorbent assay
(ELISA) analyses. Diabetes induction significantly increased tactile allodynia and nociceptive
behavior accompanied by augmented expression of spinal NR2B NMDA receptor, OX-42, BDNF
and DREAM proteins, TNF-a and MDA level and decreased catalase and SOD enzyme activity.
Both doses of minocycline treatment, however, decreased tactile allodynia and nociceptive
behavior followed by suppression of expression of spinal NR2B NMDA receptor, 0X-42, BDNF
and DREAM proteins, TNF-a and MDA level and increased catalase and SOD enzyme activity.
This study revealed the important roles of microglia in the modulation of protein expression, pro-
inflammatory and oxidative stress levels in the spinal cord of streptozotocin-induced painful
diabetic neuropathy rats. (COl: No)

S64-4

Role of PI3K/Akt signaling in experimental brain stem
death: Modulations by FLJ10540 and PTEN

Ching-Yi Tsai (institute for Translational Research in Biomedicine, Chang Gung
Memorial Hospital, Taiwan)

Despite great advances in contemporary medicine, brain stem death still remains enigmatic and
its cellular and molecular mechanisms unsettled. The main theme of this lecture is that PI3K/Akt
cascade, the classical tumorigenic signaling, is actively engaged in brain stem death. Our results
were based on a clinically relevant animal model that employs the pesticide mevinphos as the
experimental insult in Sprague-Dawley rats to mimic brain stem death in patients died of
organophosphate poisoning. The neural substrate investigated is the rostral ventrolateral medulla
(RVLM), the origin of a “life-and-death” signal detected from arterial pressure that reflects brain
stem cardiovascular dysregulation that takes place before death. Activation of PI3K/Akt signaling
in the RVLM upregulates the NF-kB/NOS II/peroxynitrite cascade, resulting in impairment of
brain stem cardiovascular regulation that leads to the loss of the “life-and-death” signal in
experimental brain stem death. This process is reinforced by FLJ10540, a PI3K-association
protein; and is counteracted by PTEN, a negative regulator of PI3K/Akt signaling. The concept
that a classical signaling pathway in tumorigenesis is also an active player in cardiovascular
dysregulation in brain stem death promulgates the notion that rather than focusing on a particular
disease condition, a new vista for future therapeutic strategy against both fatal eventualities
should target this common cellular cascade. (COIl: No)

9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan S73



The Journal of Physiological Sciences

Symposium65

Intervention factors of neuronal irregular
development: from gut bacteria to mental situation
via chemicals

(March 31, Sun., 8:00-9:30, Room H)

S65-1

Development of in vitro developmental neurotoxicity
testing

Yasunari Kanda; Daiju Yamazaki (Division of Pharmacology, National
Institute of Health Sciences (NIHS), Japan)

It is a growing concern that exposure to chemicals during prenatal period might cause
developmental abnormalities in the central nervous system of children. According to the current
OECD guideline, developmental neurotoxicity (DNT) has been examined using experimental
animals. However, in vivo DNT assessment are problematic from the viewpoint of time-
consuming, cost, and high throughput. Here we reported in vitro DNT testing method. We found
that positive compounds inhibited neural differentiation capability in human iPS cells. We also
tried to develop in vitro DNT testing method using multi-electrode array system in rat cortical
neurons. In the symposium, we have discussed the current status and future perspectives of in
vitro DNT testing method. (COI: No)

S65-2

Prenatal maternal depression and stress on infant
temperament at: A disaster research in the USA

Yoko Nomura'23410; Kei Davey?®; Patricia Pehme'?; Jackie Finik®;
Wei Zhang'’; Melissa Haung'?; Jessica Buthmann'?;

Kathryn Dana'?; Yasunari Kanda®; Sachiko Yoshida®;

Keniji J TSUChiyaw(IQueens College, The City University of New York, USA;
’Graduate Center, The City University of New York, USA; *Department of Psychiatry,
Icahn School of Medicine at Mount Sinai, USA; *Advanced Science Research Center,
Japan; °Bryn Mawr College, USA,; *CUNY Graduate School of Public Health, USA;
"New Jersey City University, USA, *Division of Pharmacology, National Institute of
Health Sciences, Japan; *Department of Environmental and Life Sciences, Toyohashi
University of Technology, Japan; "’Department of Child and Adolescent Psychiatry,
Hamamatsu University School of Medicine, Japan)

The study examined the effects of in-utero exposure to maternal depression and Superstorm Sandy, a hurricane that hit metropolitan
New York in 2012, on infant at 6 months. T was assessed using the Infant Behavior Questionnaire-Revised.

p p
Maternal depression was measured by the Edinburgh Postnatal Depression Scale. The main effects and the interaction of maternal
depression and Sandy exposure on infant temperament were examined using Multivariable General Linear Model. Results show that
prenatal maternal depression was d with lower emoti lation and greater distress. Stratification and interaction analyses
suggested that the adverse effects of prenatal maternal depression on problematic temp were amplified by in-utero Sandy
exposure. The study underscores the importance of providing prenatal screening and treatment for maternal depression during
pregnancy, while simultaneously identifying high-risk families who may have suffered from disaster-related traumas in order to
provide necessary services. As the frequency of natural disasters may increase owing to climate change, it is important to understand

the consequences of in-utero stress on child development and to formulate plans for early identification. (COI: No)

S65-3

Language development is affected by maternal
postpartum depression, not by unwanted pregnancy
Kenji J Tsuchiya'? Sona Sanae Aoyagi; Yoko Nomura'®4%¢; Sachiko Yoshida’;
Tomoko Nishimura'?; Damee Choi'?; Taeko Harada'?; Toshiki lwabuchi'?;

Ryuji Nakahara'; Akemi Okumura®® (‘Research Center for Child Mental Development, Hamamatsu
University School of Medicine, Japan, *United Graduate School of Child Development, Hamamatsu University
School of Medicine, Japan; *Department of Psychology, Queens College, City University of New York, USA;
“Graduate Center, City University of New York, USA; *Department of Psychiatry, Icahn School of Medicine at
Mount Sinai, US4, *Advanced Science Research Center, CUNY, USA; "Department of Environmental and Life
Sciences, Toyohashi University of Technology, Japan, *Department of Child and Adolescent Psychiatry, Hamamatsu
University School of Medicine, Japan)

This study investigated whether postpartum depression (PPD) and unwanted pregnancy (UP) of mothers would be associated with delayed
expressive language development of the offspring during infancy and childhood.

This longitudinal, observational study was conducted as a part of the Hamamatsu Birth Cohort for Mothers and Children, a population-
representative sample. A total of 969 neonates and the mothers were enrolled. Maternal PPD was measured by the Edinburgh Postnatal
Depression Scale, and UP was measured through maternal interviews. Expressive language development was measured by the Mullen
Scales of Early Learning. Six time points were monitored (10, 14, 18, 24, 32, and 40 months postpartum). The associations of PPD and UP
with expressive language development were analyzed using multiple linear regression and growth curve analysis.

Results indicate children of mothers with PPD, emerging only during 1 to 3 months postpartum, had significantly lower scores of expressive
language at 18 months and beyond, with a score reduction of approximately (.6 SD. The similar effect was not found in PPD emerging
during the first months postpartum, nor was it found in UP.

Exposure to late-onset maternal PPD may lead to persistent decline in the rate of expressive language development in the offspring during
infancy and early childhood, highlighting the significance of monitoring for late-onset PPD to facilitate early detection and intervention.
(COI: No)

S65-4

Meconium microbiota is associated with maternal
anxiety experienced during pregnancy

Jianzhong Hu'; Jenny Ly?; Wei Zhang?; Yonglin Huang?;

Vivette Glover?; Inga Peter'; Yasmin L Hurd®®7; Yoko Nomura?®*®
(!Department of Genetics and Genomic Sciences, Icahn School of Medicine at Mount
Sinai, USA; *Department of Psychology, Queens College, City University of New York,
USA; *Graduate Center, City University of New York, USA; *Institute of Reproductive
and Developmental Biology, Imperial College London, UK, *Department of Psychiatry,
Icahn School of Medicine at Mount Sinai, USA; *Department of Neuroscience, Icahn
School of Medicine at Mount Sinai, USA; "Department of Pharmacological Sciences,
Icahn School of Medicine at Mount Sinai, USA)

Little is known about whether a mother’s psychological state during pregnancy influences her
offspring’s microbiome. This study examined whether maternal anxiety, depression, and stress
during pregnancy is associated with the diversity of meconium microbiome, the first internal
discharge, in 75 newborns from an existing birth cohort study. The meconium microbiome was
profiled using multi-barcode16S rRNA sequencing at V3-V4 hyper-variable region followed by
taxonomic assignment to the green gene 16S references at 97% similarity and diversity analysis
at the genus level. Results showed that the meconium contained diversified microbiota, and
greater pregnancy-related anxiety was significantly associated with a less diverse meconium
microbiota community (p-value=0.001). At the specific taxa level, greater pregnancy-related
anxiety was correlated with a lower level of the Enterococcaceae family (p-value=2e-4, Spearman
rho=-0.43). These findings enhance our understanding of the role that prenatal maternal mood
may play in early life bacteria colonization. (COI: No)

S65-5

Developmental neurotoxicity and immune abnormality
with chemicals and stress exposure on the rat

Sachiko Yoshida'; Yukiko Fueta?; Susumu Ueno®; Yuko Sekino*; Yoko Nomura?;
Yasunari Kanda® (\Department of Environmental and Life Sciences, Toyohashi University of
Technology, Japan; *Department of Environmental Management and Control, School of Health Sciences,
University of Occup [ and Envir | Health, Japan; *Department of Occupational Toxicology,
Institute of Industrial Ecological Sciences, University of Occup | and Envir | Health, Japan;
“Graduate School of Pharmaceutical Sciences, The University of Tokyo, Japan; *Department of Psychology,
Queens College, City University of New York, USA; *Division of Pharmacology, National Institute of Health
Sciences, Japan)

The prenatal environment prepares the developing fetus for conditions in the postnatal world. Environmental
chemicals and stress in-utero have potential effects on the developmental neurotoxicity (DNT), leading to
neurobehavioral outcomes such as attention deficit hyperactivity disorder and autism.

We have established the ASD-model rat with the administration to embryonic day 16 p.o. (VPA; 600mg/kg or CPF;
10 mg/kg of mother weight, respectively), and observed their cerebellar development. VPA- or CPF-administrated
rat showed the excess development of Purkinje cells and excess folds in the V to VI lobules of the cerebellar vermis
in within 2 two weeks after birth. This alteration is similar to human early ASD cerebellum. Conversely, we
observed little developmental abnormality of Purkinje cells in a2.0 mg/kg tributyltin (TBT)-administrated rat,
whereas TBT is the candidate of the neurodevelopmental toxins. 500 mg/kg glyphosate, the candidate of the
environmental toxin, induced similar developmental abnormality in cerebellum and sometimes offspring showed
motor ataxia. Food-restricted stress in-utero showed little behavioral abnormality in offspring, however, their
thymuses were significantly shrunk. The shrinking or swelling of thymuses were observed in chemical- or stress-
treated offspring, and this evoked us the developmental immune abnormality. It is important to coordinate this
physiological knowledge of animal models with psychobiology of a human. (COIl: No)
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S66-1
Flow and Atherosclerosis - Roles of MicroRNAs
Jeng-Jiann Chiu (National Health Research Institutes, Taiwan)

Atherosclerosis develops predictably in regions of the arterial tree, where the wall shear stress is
generated by complex patterns of blood flow. Hemodynamic characteristics, including disturbed
flow patterns and shear stress, determines the location of lesions and contributes to the
pathogenesis of atherosclerosis. Laminar blood flow in the straight part of the arterial tree and
high shear stress modulate cellular signaling and endothelial cell (EC) function, and protect
against atherogenesis. In contrast, disturbed flow in branches and curvatures of the arterial tree
and the associated oscillatory low shear stress enhance leukocyte infiltration of the arterial wall
and thus are atherogenic. However, little is known about the effect of disturbed flow on ECs,
especially on their interactions with smooth muscle cells (SMCs), whose phenotypic switching is
significantly implicated in atherosclerosis and neointimal lesion formation. Our recent studies
using microRNA (miR) assay, in vitro EC-SMC co-culture flow system, experimental animal
models, and human specimens from patients with coronary artery disease (CAD) have identified
several miRs to be involved in the formation and progression of atherosclerosis. Our findings help
the discovery of new molecular targets and elucidation of functional mechanisms underlying
atherosclerosis, thereby facilitating the development of new approaches for therapeutic
interventions. (COl: No)

S66-2

Nectin-Like Molecules as Novel Regulators in
Angiogenesis and Atherosclerosis

Yoshiyuki Rikitake (Laboratory of Medical Pharmaceutics, Kobe Pharmaceutical
University, Japan)

Nectin and nectin-like molecule (Necl) are immunoglobulin superfamily cell adhesion molecules,
which interact in trans and in cis with a variety of proteins on the cell surface. Here we review our
studies on the roles of Necls and afadin, an adaptor protein of nectin, in angiogenesis and
atherosclerosis. In Necl-5-knockout or endothelium-specific afadin-knockout mice, recovery of
blood flow after hindlimb ischemia and VEGF-induced neovascularization in implanted Matrigel
plugs are impaired. Necl-5 interacts with VEGF receptor 2 (VEGFR2) and enhances Tyr951
phosphorylation of VEGFR2 and interaction with integrin o, 8,, leading to activation of Rap1 and
Akt, eventually enhancing network formation, migration and survival of vascular endothelial
cells. Activated Rap1 binds to afadin and regulates interaction of afadin with phosphatidylinositol
3-kinase, facilitating Akt activation. Afadin also interacts with ArhGAP29, a GAP for RhoA,
which inhibits RhoA-ROCK signaling, eventually enhancing network formation and migration.
On the other hand, Necl-4 also interacts with VEGFR2 and inhibits VEGFR2 Tyrl175
phosphorylation through PTPN13, eventually reducing migration and proliferation of confluent
vascular endothelial cells. Necl-5-knockout mice exhibit reduced intimal thickening following
carotid artery ligation because of reduced dedifferentiation, migration and proliferation of
vascular smooth muscle cells. Thus, Necls are novel regulators in angiogenesis and atherosclerosis.

(COl: No)

S66-3

YAP promotes angiogenesis via STAT3 in endothelial
cells

Ding Ai (Department of Physiology, Tianjin Medical University, China)

Rationale: Angiogenesis is a complex process regulating endothelial cell (EC) functions.
Emerging lines of evidence support that Yes-associated protein (YAP) plays an important role in
regulating the angiogenic activity of ECs.

Objective: To specify the effect of EC YAP on angiogenesis and its underlying mechanisms.
Method and Results: In ECs, vascular endothelial growth factor reduced YAP phosphorylation
time- and dose-dependently and increased its nuclear accumulation. Using Tie2Cre-mediated
YAP transgenic (Tie2Cre-YAP™®) mice, we found that YAP promoted angiogenesis in the
postnatal retina and tumor tissues. Mass spectrometry revealed signal transducer and activator of
transcription 3 (STAT3) as a potential binding partner of YAP in ECs. Western blot and
immunoprecipitation assays indicated that binding with YAP prolonged interleukin 6-induced
STAT3 nuclear accumulation by blocking chromosomal maintenance 1-mediated STAT3 nuclear
export without affecting its phosphorylation. Moreover, angiopoietin-2 (Ang2) expression
induced by STAT3 was enhanced by YAP overexpression in ECs. Finally, a selective STAT3
inhibitor or Ang2 blockage partly attenuated retinal angiogenesis in Tie2Cre-YAP™ mice.
Conclusions: YAP binding sustained STAT3 in the nucleus to enhance the latter’s transcriptional
activity and promote angiogenesis via regulation of Ang2. (COI: No)

S66-4

Integrin-YAP/TAZ-JNK cascade mediates
atheroprotective effect of unidirectional shear flow
Yi Zhu (Department of Physiology, Tianjin Medical University, China)

YAP and TAZ, effectors of the Hippo pathway, have been identified as mediators for mechanical
stimulil. However, the role of YAP/TAZ in haemodynamics-induced mechanotransduction and
pathogenesis of atherosclerosis remains unclear. Here we show that endothelial YAP/TAZ activity
is regulated by different patterns of blood flow, and YAP/TAZ inhibition suppresses inflammation
and retards atherogenesis. Atheroprone-disturbed flow increases whereas atheroprotective
unidirectional shear stress inhibits YAP/TAZ activity. In vivo endothelial-specific YAP
overexpression exacerbates, while CRISPR/Cas9-mediated Yap knockdown in endothelium
retards, plaque formation in ApoE—/— mice. We also show several existing anti-atherosclerotic
agents such as statins inhibit YAP/TAZ transactivation. On the other hand, simvastatin fails to
suppress constitutively active YAP/TAZ-induced pro-inflammatory gene expression in endothelial
cells, indicating that YAP/TAZ inhibition could contribute to the anti-inflammatory effect of
simvastatin. Furthermore, activation of integrin by oral administration of MnCI2 reduces plaque
formation. Taken together, our results indicate that integrin-Go13—RhoA—YAP pathway holds
promise as a novel drug target against atherosclerosis. (COIl: No)

9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan S75



The Journal of Physiological Sciences

Symposium67

The potential roles of NMDAR in neurological
and neuropsychiatric disorders: new findings and
therapeutic targets

(March 31, Sun., 8:00-9:30, Room J)

S67-1

Roles of D-serine, an endogenous co-agonist of
NMDAR in psychiatric and neurodegenerative disorders
Hisashi Mori (Department of Molecular Neuroscience, Graduate School of
Medicine and Pharmaceutical Sciences, University of Toyama, Japan)

The mammalian brain contains high levels of freeD-serine, which acts as an endogenous co-
agonist of the N-methyl D-aspartate-type glutamate receptor (NMDAR). The synthesis of
D-serine from L-serine is catalyzed by serine racemase (SRR). Studies using SRR knockout (KO)
mice have provided compelling evidence that the majority of D-serine is produced by neuronal
SRR and that an appropriate level of D-serine is required for NMDAR-mediated neurotransmission
and long-term potentiation of synaptic transmission in the hippocampus. In this symposium, I will
present the roles of SRR/D-serine in many psychiatric and neurodegenerative disorders including
depression, post-traumatic stress disorder (PTSD), epilepsy, and pain transduction revealedby
using SRR-KO mice. (COI: Properly Declared)

S67-2

The therapeutic potentials and underlying mechanism
of sarcosine and RS-D7 in schizophrenia

Wen—Sung Lai'23('Department of Psychology, National Taiwan University,
Taiwan; *Graduate Institute of Brain and Mind Sciences, National Taiwan University,
Taiwan; *Neurobiology and Cognitive Science Center, National Taiwan University,
Taiwan)

Schizophrenia, a severe mental illness, affects 1% of population worldwide. Common symptoms
associated with schizophrenia include positive, negative, cognitive, and mood-related symptoms.
To date, there is no drug for the treatment of negative and cognitive symptoms. It has become an
unmet medical need. In recent years, compelling animal and clinical studies support the NMDA
receptor hypofunction hypothesis of schizophrenia and suggest some promising therapeutic
agents. Notably, several NMDA-enhancing agents, especially through glycine modulatory site
(GMS) of NMDA receptor, resulted in a significant reduction of psychotic and cognitive
symptoms in some schizophrenic patients. Given that NMDA-mediated signaling pathways has
been implicated in cognitive/social functions and that GMS is a potential therapeutic target for
enhancing activation of NMDA receptors, it is of great interest to investigate the effect of GMS
modulators and their underlying mechanisms. In this talk, our recent findings in sarcosine and
RS-D7 will be briefly introduced and revealed. A series of cell-based assays and mouse studies
was conducted and indicated their efficacy, therapeutic effects, and underlying mechanism.
Taking advantage of RS-D7 can be converted through a market drug RS-D7pro, our team further
demonstrated RS-D7’s significant therapeutic potentials in negative/cognition symptoms of
schizophrenia and other neuropsychiatric disorders in our proof-of-concept clinical studies. (COI:
No)

S67-3

The roles of NMDA receptors in regulating real-time
motor control and parkinsonian motor behaviors
Ming-Kai Pan'?(!Department of Medical Research, National Taiwan University
Hospital, Taiwan; *Department of Neurology, College of Medicine, National Taiwan
University, Taiwan)

NMDA receptors are best known by their plasticity generating roles. In terms of basal ganglia
motor control, NMDA receptors play crucial roles in shaping striatal neuronal activities via long-
term plasticity changes. These changes modulate motor behaviors in both physiological and
pathological states. Interestingly, NMDA receptors also play important roles in real-time motor
control and will be the main theme of this talk. We will first cover the circuitry mechanism of
NMDAergic motor control and differential roles of NMDA receptors subtypes in motor execution.
‘We will also cover the abnormalities in these NMDAergic pathways and their contributions in
parkinsonian motor behaviors. Finally, we will discuss briefly about current evidence and
therapeutic potentials of NMDA receptor modulators in parkinsonian motor behaviors. (COl: No)

S67-4

Novel mechanism of Ketamine’s rapid action through
the cytoplasmic domain of the NMDA receptor

Noboru Komiyama (Centre for Clinical Brain Sciences, University of Edinburgh,
UK)

Major depressive disorder (MDD) is a debilitating illness that affects approximately 1 in 5 people
worldwide. Currently there are only limited pharmacological treatments available for MDD due
to low rates of efficacy and undesirable side effects. Ketamine, a non-competitive NMDA
receptor antagonist has recently been shown to have a rapid-acting and long-lasting antidepressant
effect in MDD patients, including those with treatment-resistant depression. However, ketamine
has undesirable psychotomimetic side effects, is a drug of abuse, and its precise mechanism of
action is still not well understood.

To try to develop future therapeutic strategies we have been investigating the molecular
mechanism underlying ketamine’s antidepressant effect.

Using novel mutant mouse models containing mutations in the c-terminal domain (CTD) of the
NMDA receptor, we have identified a specific requirement for the CTD of the GluN2B subunit for
a rapid action of ketamine. We have also found that the CTD of the GluN2B subunit is essential
for formation of NMDA receptor macromolecular complexes in vivo. These findings indicate that
the CTD of the GIuN2B subunit is the area of the NMDA receptor responsible for coupling to
intracellular signaling cascades that are important for ketamine’s action, suggesting there may be
downstream targets among the GluN2B-CTD interacting molecules suitable for pharmacological
intervention. (COIl: Properly Declared)
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Pulmonary hypertension and inflammation: the
interdependent processes triggered by each other

(March 31, Sun., 8:00-9:30, Room K)

S68-1
Withdrawn

S$68-2

Monocrotaline Induces Pulmonary Hypertension By
Targeting the Extracellular Calcium-Sensing Receptor
Qinghua Hu (Department of Pathophysiology, Tongji Medical College, China)

Monocrotaline has been widely used for years to establish animal model of pulmonary
hypertension. The long-standing mystery about monocrotaline-held specificity towards the
pulmonary endothelium versus systemic vasculature and its molecular target remains
undetermined. Our experiments identified that monocrotaline bound with and released from
erythrocytes at the physiological levels of partial pressure of oxygen in venous and arterial blood,
respectively and aggregated on pulmonary artery endothelial cells. The nuclear magnetic
resonance screening and cellular thermal shift assay demonstrated the binding of monocrotaline
to extracellular calcium-sensing receptor. Monocrotaline dimerized extracellular calcium-sensing
receptor, triggered the mobilization of calcium signaling and damaged pulmonary artery
endothelial cells in extracellular calcium-sensing receptor-dependent manner. Finally,
monocrotaline-induced pulmonary hypertension in rats was significantly attenuated or abolished
by the inhibitor, the general or lung knockdown or knockout of extracellular calcium-sensing
receptor. In conclusion, monocrotaline binds to erythrocytes in venous blood and releases from
erythrocytes at the lung, then aggregates on and activates extracellular calcium-sensing receptor
of pulmonary artery endothelial cells, triggers endothelial damage primarily and ultimately
induces pulmonary hypertension. (COIl: No)

S68-3
Endothelial Cell Integrin p4 Knockout Attenuates LPS-
Induced Murine Acute Lung Injury

Weiguo Chen; Zhigang Hong; Patrick Belvitch;

Jeffrey R Jacobson (Department of Medicine, University of lllinois at Chicago,
USA)

Previously studies showed that integrin 4 plays vital role in murine acute lung injury (ALI). We
hypothesized that strategies aimed precisely at inhibiting integrin f4 (ITGB4) signaling may
prove to be more effective maneuver. Methods: We generated endothelial ITGB4 knockout mice
by crossing ITGB4 flox/flox and Tie2-Cre mice. These animals were then subject to ALI induced
by lipopolysaccharide prior to assessments of lung injury by bronchoalveolar lavage (BAL) fluid
cell counts, protein, cytokine levels as well as lung histologic evaluation. In separate experiments,
EC-ITGB4 KO mice were administered LPS to induce ALI followed by ventilation to evaluate
the lung compliance. Results: In our LPS-ALI model, EC-ITGB4 KO mice were found to have
significantly decreased total cell counts and protein levels compared to ITGB4 flox/flox mice (p<
0.01). BAL cytokine levels after LPS were also reduced in EC-ITGB4 KO mice compared to
ITGB4 flox/flox mice, including IL-6, KC and TNFa (p< 0.01). These findings were corroborated
by evidence of decreased inflammatory cell infiltration and interstitial edema on lung histology in
EC-ITGB4 KO mice. Finally, measurements of lung function after LPS confirmed significantly
decreased compliance in ITGB4 flox/flox mice compared to EC-ITGB4 KO mice. Conclusions:
Our findings support a critical role for EC ITGB4 in the elaboration of murine ALI as EC-ITGB4
KO mice were found to have significantly decreased susceptibility to lung injury after LPS. (COI:
No)

S68-4

The regulation of pulmonary immunity and stress
response by airway expressed adhesion molecules
Xiaoqun Qin; Chi Liu; Yang Xiang; Yurong Tan; Xiangping Qu;
Huijun Liu (Department of Physiology, Xiangya School of Medicine, Central South
University, China)

Asthma is a complex disease characterized by Th2 inflammation, typically impaired airway
epithelial cells and airway hyper-responsiveness. Our previous work have demonstrated that there
are altered expression of adhesion molecule on asthma airway epithelial cells, including
downregulated integrin B4, Catenin a like I(CTNNALI) and increased intercellular adhesion
molecule 1(ICAM-1). Disruption of integrin 4 mediated adhesion between epithelial cells and
basal membrane resulted in specific Th2 cell recruitment and promoted Th2-type allergic
inflammation. Meanwhile, integrin B4 defects conferred aggravated airway inflammation and
airway hyper-responsiveness through the differential expression of specific cytokine and
chemokine after HDM stress. CTNNALI engage in maintaining the structural integrity and
suppressing the inflammatory adhesion of neutrophils, T lymphocytes and eosinophils to airway
epithelium. The silence of CTNNALI led to down-regulation of structural adhesion related
E-cadherin, integrin B1 and integrin f4 while down-regulation of inflammation related ICAM-1.
In summary, cell adhesion molecules have been identified to be engaged in the regulation of
pulmonary immunity and stress response. As the adhesion molecules have many types with
diverse functions, they would be the attractive targets for novel therapeutic approaches for lung
disease.

(Supported by NSFC: 81670002,31671188) (COI: No)
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S69-1

Using optogenetics to elucidate the function of
pancreatic delta cells

George J. Augustine (Nanyang Technological University, Singapore)

Little is known about the role of somatostatin-secreting delta cells in the islets of Langerhans in
regulating blood glucose homeostasis in vivo. Using in vivo optogenetics and high-speed Ca**
imaging, we found that delta cells possess dynamic filopodia that enable these cells to reach a
large number of beta cells within the islet and release somatostatin. This anatomical arrangement
provides for efficient and precise fine-tuning of beta cell activity. Under pre-diabetic conditions,
the delta cell exhibits morphological changes that may result from a compensatory attempt to
maintain paracrine regulation of the beta cell. These observations provide an integrated picture of
how delta cells serve as important modulators of beta cell activity within the pancreatic islet under
physiological conditions, thus preventing hypersecretion of insulin. (COIl: No)

$69-2

Optical control of the genome

Moritoshi Sato (Graduate School of Arts and Sciences, The University of Tokyo,
Japan)

The genome consists of more than 20,000 genes and is essential for most of biological phenomena.
To understand these biological phenomena, including diseases, approaches that enable optical
control of the genome are required. Recently, we developed an optogenetic tool, named
photoactivatable Cas9 (PA-Cas9), based on split-Cas9 fragments and photo-inducible
dimerization proteins (Magnet system). PA-Cas9 allows direct editing of DNA sequence of the
genome by light stimulation. Additionally, we developed a light-inducible, RNA-guided
programmable system (Split-CPTS2.0) for endogenous gene activation based on the CRISPR—
Cas9 system. We demonstrated that Split-CPTS2.0 allowed rapid and reversible targeted gene
activation by light. Using this tool, we exemplified optical control of neuronal differentiation of
human induced pluripotent stem cells (iPSCs). In addition to the CRISPR—Cas9-based optogenetic
tools, we also have developed a photoactivatable Cre—/oxP system. This tool allows optical
control of DNA recombination reaction in an internal organ even by external, noninvasive
illumination using LED light source. Genome engineering technology and optogenetics
technology have emerged as different technologies from each other so far. Our studies described
above merge these emerging research fields together. (COI: No)

S69-3

Optogenetic study of cell polarity - a simple assay

Takao Nakata (Department of Cell Biology, Tokyo Medical and Dental University,
Japan)

Optogenetics has been called attention as a tool to remote control neuronal activity at fine
spatiotemporal resolution from outside. This is a wonderful merit of Optogenetics, but it appears
more experimental merits than we initially expected. We would like to introduce our attempts to
make use of them in the field of cell biology. Today, I would like to use Optogenetics tools to
make an assay system for spontaneous polarity formation in COS7 cells. Retrospectively, it could
not be achieved without the Optogenetics tools.

We found CIP4 (CDC42 binding protein 4/Tocal) was a good candidate and focused it. CIP4-FP
localization have been studied extensively by 2-photon microscope and found in cell margins but
moving fraction was not observed.

We succeed in visualizing moving fraction of CIP4 along the cell margin bi-directionally,
relatively short distance, suggesting its transport by myosin-actin. We introduced PA-CDC42
switch in this assay, because we thought discrepancy of product /intermediate ratio was the cause
of lost transport intermediate. Thus, introducing switches, we can start assembly at low product
state. Furthermore, its property suggested its role in spontaneous polarity formation. Combing
with lifeactactinmarker, we showed how the actin assembly machinery assemble on cell margin.
We found new fan-like structure intermediate was formed. (COl: No)

S69-4

Glial optogenetics for understanding the cross talk
between metabolism and information processing

Ko Matsuli (Super-network Brain Physiology, Graduate School of Life Sciences,
Tohoku University, Japan)

Consciousness is lost within a minute from blood stream loss. This fact alone shows that complex
information processing in the brain requires constant and precise supply of metabolic energy.
Such super-network interaction between metabolism and information is likely to be the key link
to body and mind connection. Neurons are never in direct contact with vascular components in the
brain and astrocytes elements always come in between. Using electrophysiological and fluorescent
imaging techniques, we have studied how neurons communicate with astrocytes. Super-fast
communication pathway with kinetics comparable to neuronal synaptic transmission has been
identified and it requires vesicular and ectopic releases of glutamate from presynaptic elements.
‘We have also been studying the communication flowing in the opposite direction, from astrocytes
to neurons, using specific and optogenetic activation of astrocytes. Classical transmitter can be
released from astrocytes which appears to influence the function of the brain and lead to changes
in behavior and learning. In addition, metabolites, which are not classically categorized as
transmitters, also seem to be released from astrocytes. Metabolic alterations by optogenetic
manipulation of astrocytes have a large impact on the information flow in neurons. In this talk, I
will introduce our recent findings concerning this cross talk between metabolism and information
processing. (COl: No)

S69-5

Organelle-optogenetics - direct manipulation of
intracellular Ca2* dynamics by light

Hiromu Yawo'; Toshifumi Asano?; Hiroyuki Igarashi?;

Toru Ishizuka' (‘Department of Integrative Life Sciences Developmental Biology
and Neurosciences, Tohoku University Graduate School of Life Sciences, Japan;
’Department of Cell Biology, Graduate School of Medical and Dental Sciences, Tokyo
Medical and Dental University (TMDU), Japan, *Department of Physiology and
Pharmacology, Schulich School of Medicine and Dentistry, Robarts Research Institute,
Western University, Canada)

As one of the ubiquitous second messengers, the intracellular Ca**, has been revealed to be a pivotal regulator of
various cellular functions. Two major sources are involved in the initiation of Ca**-dependent signals: influx from
the extracellular space and release from the intracellular Ca** stores such as the endoplasmic/sarcoplasmic
reticulum (ER/SR). To manipulate the Ca® release from the stores under high spatiotemporal precision, we
established a new method termed “organelle optogenetics”. That is, the Ca**-permeable channelrhodopsin, such as
ChRGR, was specifically targeted to the ER/SR. The expression specificity as well as the functional operation of
the ER/SR-targeted ChRGR (ChRGR ) was evaluated using mouse skeletal myoblasts (C2C12): (1) the ChRGR
co-localized with the ER-marker KDEL; (2) no membrane current was generated by light under whole-cell clamp
of cells expressing ChRGR ; (3) an increase of fluorometric Ca** was evoked by the optical stimulation (OS) in
the cells expressing ChRGR , in a manner independent on the extracellular Ca** concentration ([Ca™] ); (4) the
AFIF, was sensitive to the inhibitor of sarco/endoplasmic reticulum Ca*-ATPase (SERCA) and (5) the store-
operated Ca** entry (SOCE) was induced by the OS in the ChRGR-expressing cells. The use of organelle
optogenetics would reveal the physiological significance of intracellular Ca** dynamics under spatiotemporal
precision. (COI: No)

S78 9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan



The Journal of Physiological Sciences

Symposium70
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S70-1

Imaging pain in the human brain: classical debates
revisited with new methods

Pierre Rainville'? ('Department of Stomatology, University of Montreal, Canada;,
2Centre de recherche, Institut universitaire de gériatrie de Montréal, Canada)

Modern medical imaging methods have provided unprecedented means to investigate brain
mechanisms involved in pain perception and modulation. These advances provide unambiguous
evidence that acute nociceptive pain consistently activates a distributed brain network targeted by
the spino-thalamo-cortical pathways and involving somatosensory areas (SI, SII and posterior
insula) as well as classical limbic cortices (anterior insula and mid-cingulate cortex). Non-
pharmacological interventions and various psychological factors modulate activity within this
network consistent with changes in pain self-reports or other pain-evoked responses. The classical
approach of functional localization further suggests that different sub-components of the pain
matrix contribute at least partly distinct aspects of the pain experience but the notion of pain
specificity remains controversial. Whole brain pain signatures are now providing a sensitive mean
to decode acute pain states but, again, their specificity is debated. In parallel with these
developments in functional imaging of acute pain, studies on chronic pain states have clearly
demonstrated abnormalities in prefrontal and limbic areas that may reflect individual
predispositions and/or effects of chronic pain on the brain. These findings are consistent with a
role for biological, psychological and social factors in the development of chronic pain and
illustrate how brain imaging methods provide powerful integrative tools to study pain. (COI: No)

S70-2

The cerebral correlates of pain decoding: from
overexposure to other people’s pain to empathy

Philip L. Jackson (School of Psychology, Laval University, Canada)

Observing other people in pain leads to change in the level of activity of brain regions involved
in the actual experience of pain. A number of studies of what is now called pain empathy have
shown that individual differences in the observer, the characteristics of the person in pain, as well
as contextual and social factors play important roles in determining the extent of this shared
representation of pain. Moreover, whether such vicarious experience of other people’s pain is
related to one’s level of empathy and subsequent helping behaviours remains unclear. This
presentation will present recent findings showing how empathy and its cerebral correlates can be
modified after different types of “overexposure”, including exposure to facial expressions of pain
in a laboratory setting and in situ pain exposure in healthcare professionals. Novel methods of
modifying responses to other people’s pain such as non-invasive brain stimulation and interaction
with virtual agents will also be discussed as potential means through which empathy could be
optimized. The underlying framework proposes that optimized levels of empathy imply benefits
for both the sufferer and the caregiver. (COl: No)

S$70-3
Improving cognitive pain inhibition using
neuromodulation of the dorsolateral prefrontal cortex

Alice Wagenaar-Tison (Department of Chiropratic, Université du Quebec a
Trois-Riviéres, Canada)

Pain constitute an alarm system to signal actual or potential tissue damage and allow protection
of the body. Nociceptive stimuli are therefore salient and intrinsically capture attention. However,
nociceptive processing and pain perception are regulated by top-down processes and depends on
the allocation of attentional resources. The dorsolateral prefrontal cortex (DLPFC) is a cerebral
structure playing a key role in cognitive functions, especially in attentional control and working
memory. Working memory is involved in stimulus selection and orientation of attention.
Depending on cognitive goals and priorities, attention may thus be directed away from pain.
Working memory performance can be improved using transcranial direct current stimulation
(tDCS) over the left DLPFC. In these conditions, cognitive pain inhibition is improved during the
execution of a cognitive task and participants report less pain. In this talk, studies on
neuromodulation of the left DLPFC will be discussed in relation to interactions between pain and
cognition. The clinical relevance of this work will also be presented with regards to working
memory improvement and pain management in different clinical populations. (COIl: No)

S70-4

Influence of inflammation on cardiac responses to
skeletal muscle stimulation

Nobuhiro Watanabe; Harumi Hotta (Department of Autonomic
Neuroscience, Tokyo Metropolitan Institute of Gerontology, Japan)

Patients with chronic musculoskeletal pain reportedly have more risks to accompany with
cardiovascular diseases. However, a causal relationship between these two conditions has not
been clarified. In this presentation, we will introduce our studies examining cardiac responses to
mechanical stimulation of intact and inflamed muscles in anesthetized rats. A calf was
mechanically pressed over the skin by using a stimulation probe with flat plane of contact area.
The stimulation of intact muscles increased heart rate (HR) when pre-stimulus HR was lower and
decreased HR when pre-stimulus HR was higher. Such HR changes were not affected by bilateral
vagus nerve transection but abolished by severance of cardiac sympathetic nerves. Then, we
recorded mass discharges from the inferior cardiac sympathetic nerve. The stimulation increased
or decreased cardiac sympathetic nerve activity (CSNA) dependent on the pre-stimulus CSNA
levels. These results suggest that CSNA contributes to HR responses induced by calf pressure
stimulation. Inflammation is a factor of pain chronicity. Next, we examined the influence of acute
myositis on HR and CSNA responses to the pressure stimulation. The stimulation of an inflamed
calf altered HR and CSNA. Such changes were larger than those of contralateral non-inflamed
calf stimulation. These results suggest that acute myositis exaggerated cardiac responses to
skeletal muscle stimulation due to an increase in cardiac sympathetic nerve responses. (COl:
Properly Declared)
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Toward understanding the neural basis of memory
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(March 31, Sun., 10:30-12:30, Room A)

S71-1

Robustness and Flexibility of Neuronal Ensembles in
Memory

Naoki Matsuo (Graduate School of Medicine, Osaka University, Japan)

It is a fundamental question how memories are represented in the brain. A prevailing hypothesis
suggests that memory is encoded by a cooperative activity of specific subset group of neurons.
However, identifying these neurons supporting a given memory is challenging because these
neuronal ensembles are likely sparsely distributed within the brain. To circumvent this difficulty,
we have previously developed a transgenic system in mice that allows us to manipulate neurons
activated during a relevant behavior. In the system, the expression of a given transgene is
regulated by neuronal activity via the promoter of c¢-fos gene, whose expression is rapidly and
transiently induced in response to neuronal activity, and is also dependent on a tetracycline
inducible expression system. Activities of the tagged ensembles of neurons during contextual fear
learning using this system have been shown to be sufficient and necessary for the contextual fear
memory expression, demonstrating a direct evidence that individual memories reside in the
activities of specific spatially distributed neuronal populations within neuronal networks.
Memories are not immutable but are persistent as well. How can we explain these conflicting
phenomena with neuronal ensemble activities? I will introduce our studies using mouse genetics,
in vivo calcium imaging, and behavioral analyses to understand the nature of robustness and
flexibility of neuronal ensembles in memory. (COl: No)

S71-2
Association and identity of memory
Kaoru Inokuchi (Faculty of Medicine, University of Toyama, Japan)

Memories are not stored in isolation from other memories but are integrated into associative
networks. At the same time, each memory has its own identity. Using two amygdala-dependent
behavioral paradigms in mice, we found that a small population of co-shared neurons mediates
the link between memories. Next, we addressed the question of how the brain defines specific
memory identity out of intermingled memories stored in a shared cell ensemble. Complete
amnesia of a given fear memory did not affect another linked fear memory encoded in the shared
ensemble. Optogenetic potentiation or depotentiation of the plasticity at synapses specific to one
memory affected the recall of only that memory. Thus, sharing engram cells underlies the linkage
between memories, while synapse-specific plasticity guarantees the identity and storage of
individual memories. (COl: Properly Declared)

S71-3

Understanding Synaptic Basis of Learning and Memory
Bong-Kiun Kaang (School of Biological Sciences, Seoul National University,
Korea)

Learning is the process by which we obtain the information about the world; memory is the
process by which that information is stored. Long-term memory formation requires translational
as well as transcriptional regulation in the brain. We are interested in understanding what
molecular and cellular mechanisms underlie memory storage. I will present our recent structural
and functional approaches to reveal enhanced structural and functional connectivity between
engram cells in the hippocampus during memory formation. Our data demonstrated that enhanced
structural and functional connectivity between engram cells across two directly connected brain
regions in the hippocampus forms the synaptic correlate for memory formation as was prophesied
by D.O. Hebb 70 years ago. (COl: No)

S71-4

Social memory engram in the hippocampus

Teruhiro Okuyama (Institute for Quantitative Biosciences (IQB), The University
of Tokyo, Japan)

For social animals, it is crucial to remember and recognize different conspecific individuals (i.e.,
having “social memory™), and exhibit appropriate social behaviors, such as preference behavior
or avoidance behavior, to each individual. In humans, lesion of the hippocampus leads to multiple
memory deficits including social memory, suggesting that the hippocampus, at least in part, stores
memory information on the individual as well as other components of episodic memory such as
spatial or temporal memory.

Since mice naturally tend to spend more time interacting with novel mice, rather than familiar
mice (social discrimination behavior), we can quantify the degree of memory of individuals by
calculating the total duration of time spent with novel versus familiar individuals. Using the social
discrimination behavioral assay, we recently demonstrated that vCA1 pyramidal neurons in the
hippocampus store social memory (social memory engram). Even if the memory seemed lost after
long separation periods, optogenetic activation of the engram can fully restore that social memory.
Additionally, artificial association between social engram encoding the memory of a specific
individual with fear or reward events can elicit avoidance from or preference to that individual,
respectively. (COIl: No)

S71-5

Hippocampal encoding of spatial information of self
and other

Shigeyoshi Fujisawa (RIKEN Center for Brain Science, Japan)

A prominent theory states that the hippocampus provides internal representations of spatial maps
of external worlds, embodied by assemblies of place cells which encode positional information of
an animal. However, how spatial information of external agents such as moving objects or other
animals is represented in spatial maps of the hippocampus is still to be unraveled. Here we
investigate whether and how the hippocampus represents spatial information of external agents,
by examining activities of hippocampal neurons while an animal is observing another individual
in the same environment. We newly developed spatial observation task, which is carried out with
two rats, a demonstrator (‘the other’) and an observer (‘the self”), in a T-maze. Central for this
task is that a correct choice (i.e., left or right arm) for the observer rat is determined by the choice
of the demonstrator, that is, the observer is required to watch carefully the trajectory of the other.
Using this behavioral task, we have performed large-scale extracellular recordings from CA1 of
the observer rats. We found a group of neurons which jointly represented the spatial information
of the other and self during the task behavior. Our results suggest that hippocampal cell assemblies
can also map the spatial information of the other, as well as that of the self. (COIl: No)
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S72-1

Effects of Stress on Brain Reward Centres and
Circadian Rhythms

Dipesh Chaudhury (New York University Abu Dhabi (NYUAD), United Arab
Emirates)

Phasic activity in the brain reward centres such as the ventral tegmental area (VTA) encode for
reward related behaviours. Surprisingly we have also observed that phasic activity in the VTA
encodes for depression-like behaviours in mice exposed to the chronic social defeat stress (CSD)
paradigm. Strikingly, during encoding of the depressive phenotype, we found differential firing
dynamics of VTA neurons projecting to the nucleus accumbens (NAc) and medial prefrontal
cortex (mPFC). The circuit mechanisms by which VTA DA neurons are modulated during the
encoding of depression-related behaviours is unknown. The lateral habenula (LHb), a nucleus that
functionally integrates signals between limbic forebrain and monoaminergic hindbrain regions,
sends robust projections to the VTA. Furthermore, the LHb is known to encode for motivation-,
reward- and depression-related behaviours. We have used electrophysiological and optogenetic
approaches to investigate the role of LHb neurons projecting to VTA (LHb-VTA) and Dorsal
Raphe Nucleus (LHb-DRN) to investigate the role of these 2 circuits in modulating mood.
Furthermore, in light of the observations that circadian rhythms are disrupted in patients suffering
from major depressive disorders, we are investigating the cellular and molecular changes in the
neural circuits linking the LHb, DRN and the circadian master clock, the suprachiasmatic nucleus
(SCN) in mice exposed to the CSD stress paradigm. (COl: No)

§72-2

Roles of Parvalbumin interneurons in ventral
hippocampus in social behavior and memory

Jing Liang"? ('nstitute of Psychology, Chinese Academy of Sciences, China;
’Department of Psychology, University of Chinese Academy of Sciences, China)

Ventral hippocampus (vHip) has been implicated in social memory, which is important for
animals that exhibit social interactions. Abnormal vHip activity is frequently observed in patients
with psychiatric disorders and may contribute to social memory impairments. Specially,
Parvalbumin-expressing (Pv) neurons, a main subtype of GABAergic interneurons, occupy a
crucial place for the balance of the precise excitation/inhibition ratio (E/I ratio). However, it
remains unknown how Pv interneurons in vHip regulate social behaviors and social memory.
Here, by using tetanus toxin-mediated neuronal inactivation, cell-type-specific optogenetic
modulation and in vivo calcium imagine, we show that Pv interneurons in the vHip of a mouse
play a necessary role in social memory retrieval. Activity suppression of this type of neurons in
vHip disrupted social recognition but induced no effect on social inaction. Moreover, the mice
with optogenetic activation of Pv neurons in vHip spent similar time on exploring a previous
unencountered (novel) mouse and a familiar one. Finally, the Pv neurons exhibited higher
activities when a mouse explored a novel conspecific than it interacted with a familiar mouse.
Overall, our study indicates that Pv interneurons in vHip play an important role in social memory
retrieval and a manipulation that reduces vHip Pv interneurons activities could be beneficial for
rescue impaired social memory. (COIl: No)

S§72-3

Brain Orexinergic System and Reward-related
Behaviors

Abbas Haghparast (Neuroscience Research Center, Shahid Beheshti University
of Medical Sciences, Iran)

Behavior of mammals is a resultant of action of three large functional systems of the brain:
arousal, reward and cognition systems. Reward is defined as an integrated set of hedonic (i.e.,
pleasurable) and motivational processes occurring at both conscious and unconscious levels and
eliciting cognitive and behavioral responses. Studies of the neurobiology of reward are important
to advance affective neuroscience, and provide insights into the several psychopathologies
including drug addiction, eating disorders, obsession and depression. Orexins (hypocretins) are
novel neuropeptides that have the important role in a variety of behaviors ranging from arousal,
reward and cognition. Reward functions are associated specifically with orexin neurons in lateral
hypothalamus (LH). Previous studies showed that lesion of the LH can be caused the reduction of
preference scores in morphine-induced conditioned place preference (CPP). Our study showed
that chemical stimulation of the LH and activation of its orexinergic neurons solely could induce
CPP. These neuropeptides modulate some types of high-motivated reward seeking behaviors.
Now is clear that orexin interacts with the mesolimbic pathway to produce rewarding effects.
Orexins modulate the mesolimbic dopamine system during reinforcement. In this part we discuss
more about the recent research highlights that clear the role of brain orexinergic system in the
reward circuitry. (COl: No)

S72-4

Early detection and intervention on methamphetamine
addiction: Towards biobehavioral markers
Yonghui Li (fnstitute of Psychology, Chinese Academy of Sciences, China)

The prevalence rate of methamphetamine use disorders in Southeast Asian countries is on a
dramatic rise recent years, constituting a significant public health concern and economic burden.
Early detection and intervention is very important to the treatment on addiction. The presentation
will introduce the neurocognitive profiles of the individuals with methamphetamine use disorders
during their abstinence periods, combined with self-report, questionnaire, cognitive task and
psychophysiological and EEG recording technologies. Our focus is to measure the cue reactivity
when the addicts are exposed to different kinds of virtual drug cues and contexts, aims to identify
the biobehavioral markers for early detection of methamphetamine addiction, and develop early
intervention methods by modifying the addictive memory during its reconsolidation phase with
virtual reality technology to reduce the cue reactivity and craving. (COIl: No)

S72-5

Specificity in the Role of Different Metabotropic
Glutamate Receptor Subtypes in Reward Circuitry
Abdolrahman Sarihi'; Nahid Roohi'; Negar Baharloui';

Mahsaneh Vatankhah'; Abass Haghparast? (‘Neurophysiology Research
Center, Hamadan Uni. of Med. Sci., Iran; *Neuroscience Research Center, Shahid
Beheshti University of Medical Sciences, Iran)

Metabotropic glutamate receptors (mGluRs) mediate an important effect in modulation of the
rewarding properties of morphine. The effects of intra-nucleus accumbens (NAc) injection of
mGIuR2/3, 5 and 7 antagonist/agonist drugs on the acquisition, expression, extinction and
reinstatements of morphine induced Conditioned Place Preference (CPP) in the rats were studied.
The results showed that bilateral intra-accumbal administration of MTEP (mGluRS5 antagonist)
significantly attenuated the acquisition of morphine-induced CPP in a dose-dependent manner in
addition blockade of mGluRS reduces rewarding properties of morphine. The injection of
LY379268, (mGluR2/3 agonist) into NAc markedly decreased the acquisition of morphine-
induced CPP in a dose-dependent manner, it was determined that only at the highest dose,
injection of LY379268 into the NAc considerably attenuated the expression of morphine CPP.
The findings also suggested that activation of mGlu2/3 receptors in the NAc dose-dependently
blocked both establishment and maintenance of morphine-induced CPP. Moreover, recently our
results revealed that administration of AMNO82,(a selective mGluR7 allosteric agonist)
significantly facilitates the extinction and inhibits reinstatement of morphine-induced CPP. The
results confirmed the specificity in the role of different metabotropic glutamate receptor subtypes
in reward circuitry as well as the role of this system as a potential therapeutic target for treating
addiction. (COI: No)
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S73-1

Gingival solitary chemosensory cells serve as immune
sentinels to protect against periodontitis
Robert F. Margolskee (Monell Chemical Senses Center, USA)

Taste-like solitary chemosensory cells (SCCs) mediate innate immune responses in many tissues.
These cells use Tas2r “bitter” receptors and downstream “taste” components to detect pathogens
and trigger host defenses. We found SCCs in gingival tissue where they regulate the oral
microbiome and protect against periodontitis. We found 10 of 35 Tas2rs and taste signaling
components Gnat3, PlcB2 and TrpMS5 to be expressed in mouse gingiva; Gnat3, PlcB2 and TrpM5
are co-expressed in gingival SCCs. Sknla™ mice lack gingival SCCs. Compared to wildtype,
Gnat3”- mice had accelerated naturally occurring alveolar bone loss. Knockout mice lacking
Gnat3, TrpM5 or Sknla displayed enhanced ligature-induced periodontitis compared to wildtype
controls. Gnat3”" mice had higher bacterial loads on their periodontal ligatures, up-regulated
levels of pro-inflammatory cytokines, lower levels of antimicrobial peptides in their gingiva, and
an altered oral microbiome. Topical application to the gingiva of bitter denatonium benzoate
stimulated gingival production of defensins and reduced alveolar bone loss in wildtype but not in
Gnat3”" mice. In sum, mouse gingival SCCs likely respond to bacterial signals via Tas2rs and
coupled signaling components to trigger secretion of antimicrobial peptides and innate immune
responses to prevent overgrowth of pathogenic oral bacteria and regulate gingival microbial
composition. Gingival SCCs may provide a useful target for treating periodontitis. (COIl: No)

S73-2

Structural basis of amino acid-perception by T1r taste
receptors

Atsuko Yamashita (Division of Pharmaceutical Sciences, Okayama University
Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Japan)

Amino acids are important nutrients and perceived as savory flavors (umami) by the taste sensory
system. The amino acid perception begins with chemical recognition and signal transduction by
Taste receptor type 1 (T1r) residing in taste cells. T1rs are conserved in vertebrates, and generally
the T1r1/T1r3 heterodimers, and T1r2/T 113 in fish also, respond to amino acids.

The amino-acid recognition by Tlrs attributes to their extracellular ligand-binding domains
(LBDs). Recently, we solved the first crystal structure of a taste receptor, T1r2a/T1r3LBD from
medaka fish. Our biophysical analyses showed that the protein exhibits binding to various amino
acids and concomitant conformational changes. The receptor forms specific interactions with the
core groups in amino acids, such as a-amino and carboxyl groups as well as a-carbon and
hydrogen, in the L-configuration. The interactions are considered to induce a conformational
change of the protein, and might result in receptor activation. The structural characteristics are
likely conserved among T1r receptors responding to amino acids, and play a key role in their
chemical recognition and signal transduction. In contrast, an a-substituent group of amino acids
is accommodated as a hydrated state in a large space in the ligand-binding pocket, explaining the
broad ligand specificity of the protein. The structural characteristics at the region in the pocket
may determine the amino acid specificity of each T1r receptor. (COIl: No)

S§73-3

lon channel synapses of the taste bud

Akiyuki Taruno'?; Zhongming Ma?; Makoto Ohmoto?;

Mizuho A. Kido%; Michael G. Tordoff*; Ichiro Matsumoto*;

J. Kevin Foskett® (‘Department of Molecular Cell Physiology, Kyoto Prefectural
University of Medicine, Japan; *JST, PRESTO, Japan; *Department of Physiology,
University of Pennsylvania, USA; *Monell Chemical Senses Center, USA; *Department
of Anatomy and Physiology, Saga University, Japan)

Taste cells in the taste bud relay taste information to sensory neurons through cell-to-cell
communications. However, the neurotransmission machinery of sweet-, bitter-, and umami-
sensing type II taste cells has been elusive because they do not possess classical synaptic
structures including synaptic vesicles, yet transmit information to neurons by releasing ATP as a
neurotransmitter. In response to taste stimuli, type II cells fire action potentials leading to non-
exocytotic release of ATP, suggesting the possibility that a voltage-gated ion channel acts as a
conduit for ATP release. However, none of known ATP-permeable channels possesses the
properties required for action potential-dependent activation. Thus, the chemical neurotransmission
mechanism in type II cells has remained unknown. Recently, we discovered a novel voltage-gated
non-selective ion channel composed of CALHM1 and 3, and identified it as the bona fideATP-
release channel in type II cells required for perception of sweet, bitter, and umami tastes.
Previously, exocytosis of synaptic vesicles was the only neurotransmitter-release pathway for
action potential-mediated neurotransmission. However, our discoveries here provide the first
demonstration of an ion channel-mediated mechanism of rapid chemical neurotransmission,
which we call “ion channel synapse” in contrast to the classical “vesicular synapse.” The
discovery, structure and function of ion channel synapses in the taste bud will be reviewed. (COI:
No)

S73-4

Novel taste sensory pathways for sugars and fatty
acids in the mouse periphery

Yuzo Ninomiya'?; Keiko Yasumatsu'; Shusuke Iwata';

Ryusuke Yoshida® (‘Division of Sensory Physiology, R&D Center for Five-Sense
Devices, Kyushu University, Japan, *“Monell Chemical Senses Center, USA;
3Department of Oral Physiology, Okayama University Graduate School of Medicine,
Dentistry and Pharmaceutical Sciences, Japan)

Previous studies in mice demonstrated that sweet (T1R2+T1R3), umami (T1R1+T1R3), bitter
(T2Rs), salty (ENaCs) and sour (PKDs/ASICs etc) receptors are expressed in the different set of
taste bud cells, respectively. Such molecular evidence suggest that 5 fundamental taste qualities
might be sensed by dedicated taste bud cells that relay quality information to gustatory nerve
fibers. However, we and others showed that a significant portion of taste cells and nerve fibers
respond to multiple taste qualities, while sweet- and umami-responsive taste cells and nerve fibers
are segregated into at least two types according to their susceptibilities to gurmarin, a TIR3
inhibitor. Recent studies showed that as well as TIR2+T1R3, the primary sweet sensor for sugars
and noncaloric sweeteners, glucose transporters (GLUTs, SGLTs) and the ATP-gated K* (KATP)
channels were expressed in TIR3-expressing cells. We also found a subset of nerve fibers that
respond to sugars but not to noncaloric sweeteners. Sugar responses of the fibers are inhibited by
Phloridin, a SGLT inhibitor, or Diazoxide, a KATP channel opener. These results suggest
existence of T1Rs-independent cellular and neural pathways for sugars. Furthermore, our recent
single fiber response analysis also showed potential existence of sensory pathways for fatty acids
via GPR120 receptors. The results of the above experiments on novel taste sensory pathways for
sugars and fatty acids will be described. (COl: No)

S82 9th FAOPS Congress, March 28 - 31, 2019, Kobe, Japan



The Journal of Physiological Sciences

International Scientific Program

Committee Symposium

Symposium74

The consequences of preterm birth, intrauterine
growth restriction and hypoxia-ischemia
(PSNZ, New Zealand)

(March 31, Sun., 10:30-12:30, Room D)

S74-1

Therapeutic potential of recombinant human
erythropoietin for hypoxic-ischaemic encephalopathy

Simerdeep Kaur Dhillon; Guido Wassink; Christopher A Lear;
Joanne O Davidson; Alistair J Gunn; Laura Bennet (The University of
Auckland, New Zealand)

Hypoxic-ischaemic encephalopathy (HIE) occurs in 1-4/1000 babies born at term and in upwards
of 120/1000 babies born very preterm, and is associated with mortality and neurodevelopmental
disability. Brain injury evolves over time post-HI insults, providing window of opportunity for
treatment. Therapeutic hypothermia has become standard-care for term infants with HIE,
however, it is only partially protective (number needed to treat is ~8) and currently, there is no
treatment available for preterm infants. Thus, the focus of current research is to find
neurotherapeutics for preterm infants and to explore additive treatments to further improve
outcomes of term infants treated with therapeutic hypothermia. Human recombinant
erythropoietin (rEpo) is currently considered one of the most promising neuroprotection
treatments. Neonatal rat studies have shown that rEpo treatment after HI attenuates acute cell
death, aids in the long term neurorepair and improves functional outcomes. rEpo is now being
tested as combination treatment with hypothermia in term infants with HIE, and as a prophylactic
treatment in preterm infants to improve neurodevelopment. This talk will discuss preclinical and
clinical evidence for neuroprotection with rEpo, its optimal dose and treatment regimen, and
recent data from fetal sheep studies using a translatable model of brain injury to examine
neuroprotection and potential systemic side effects with different treatment regimens of rEpo.
(COI: Properly Declared)

S74-2

A vessel’s a vessel, no matter how small: microvascular
tone regulation in the preterm neonate

Rebecca Maree Dyson'?; lan MR Wright3; Max J Berry'2
(!Department of Paediatrics & Child Health, University of Otago Wellington, New
Zealand, *Centre for Translational Physiology, University of Otago Wellington, New
Zealand, *lllawarra Health and Medical Research Institute, University of Wollongong,
Australia)

Cardiovascular compromise is associated with poor outcome in the preterm neonate, with
gestational age and male sex as independent risk factors for hypotension, developmental injury
and death. Recent work has highlighted the microvasculature as important in the development of
cardiovascular compromise in the preterm. We aimed to further characterise microvascular
changes that occur in the preterm newborn, identify potential windows for therapeutic
intervention, explore the mechanisms underlying this dysfunction, and understand the contribution
of this early dysregulation to whole-of-life cardiovascular risk following preterm birth.

We propose a hypothetical model of gasotransmitter-dependent vasodilatation in the preterm
newborn, including a role for oxidative stress in driving dysregulation. Our findings suggest
varying roles for and interactions of the three gasotransmitters — allowing for regional and
temporal control of blood flow: in male preterm neonates increases in NO are associated with
increases in H,S and microvascular blood flow. Studies in ex-preterm humans and animals
suggest ongoing microvascular dysfunction in the ex-preterm, and that this may be related to
structural differences which persist beyond the immediate postnatal period. (COI: No)

S74-3

High prevalence, low severity problems with
neurodevelopment after common complications of
pregnancy

Julia B Pitcher; Jago M Van Dam (Robinson Research Institute, Adelaide
Medical School, University of Australia, Australia)

Conditions in the mother that increase systemic inflammation during pregnancy are increasingly
being implicated with poorer neurodevelopmental outcomes (motor, cognitive, psycho-
behavioural) for the offspring. These maternal pro-inflammatory conditions include diabetes
(gestational and pre-existing), maternal overweight/obesity, and infection (e.g. chorioamnionitis,
funisitis). However, the mechanisms by which inflammation during pregnancy alter brain
development in the fetus, neonate and longer term, are still poorly understood. This currently
limits our ability to identify and appropriately treat mothers and infants/children at greatest risk.
While this exposure of the fetus to inflammation may largely not result in frank disability
postnatally, the sheer burden of disease (in western countries, up to 50% of women are overweight
or obese during pregnancy) suggests it presents a significant public health issue. We have been
using non-invasive brain stimulation techniques to characterize neuroplasticity and cortical
development in human adolescents either born preterm or exposed to gestational diabetes in
utero. Our findings suggest inflammation might be the common factor underlying a subtle yet
significant impact on neurodevelopmental outcomes, since the outcomes are similar regardless of
the actual pregnancy condition (prematurity or maternal diabetes). (COI: No)

S74-4

Longer half-life phosphodiesterase 5 inhibitor, tadalafil
therapy for fetal growth restriction

Tomoaki Ikeda (Department of Obstetrics and Gynecology, Mie University
Graduate School of Medicine, Japan)

Fetal growth restriction (FGR) is a common complication of pregnancy that is associated with a
variety of adverse perinatal outcomes There is also no proven fetal therapy for FGR. We
investigated tadalafil, longer half-life, high sensitivity PDES inhibitor. [Clinical randomized
multicenter study] Cases were randomized into receive either the conventional FGR management
or the treatment with tadalafil (20mg/day) until delivery. FGR defined as below -1.5 SD of
Japanese standard in 20 to 33 weeks of gestation. 45 cases randomly assigned to tadalafil
treatment group, and 44 cases assigned to conventional treatment group. Fetal growth velocity in
2 weeks after tadalafil treatment significantly more increased compared control (17.9 g/day, IQR
13.6-23.4 vs 15.6 g/day, IQR 9.2-21.2; p=0.04). There were significant differences in prolongation
of GA, limiting to cases that were registered at less than 32 weeks of GA (52.4+ 28.9day vs 36.8+
26.8day, p=0.03) There were 7 cases (16%) of death in conventional treatment group, while only
one death (2%) occurred in tadalafil group: stillbirth/neonatal death/infant death 4/1/2 vs. 0/1/0
(p=0.03). [animal study] C57BL/6 mice were subjected to L-NAME from 11 days postcoitum
(pdc) to produce FGR model. Tadalafil, administered from 13 dpc dilates the placental maternal
blood sinuses, which leads to increase placental growth factor production, and contributes to
facilitate fetal growth and improve maternal systolic blood pressure. (COIl: Properly Declared)
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S75-1
Ca-secretion coupling at mammalian CNS synapses
Takeshi Sakaba (Graduate School of Brain Science, Doshisha University, Japan)

Ca is known to regulate transmitter release via triggering fusion of synaptic vesicles to the plasma
membrane. We have used the calyx of Held synapse in the auditory brainstem and hippocampal
mossy fibers synapses for studying Ca-dependence of transmitter release. By using
electrophysiology, we have shown that probability of transmitter release is not uniform at the
calyx of Held. Release time course is much slower at mossy fibers, consistent with low release
probability. By using total internal reflection microscopy, we have monitored dynamics of
synaptic vesicles. Vesicle dynamics are very similar between these two synapses except for
release kinetics, suggesting that coupling between Ca channels and vesicles are the main
determinant of the difference between two synapses. Moreover, cAMP, an important regulator of
synaptic plasticity, increases release probability at two synapses. At the calyx synapse, release
probability is increased by changing intrinsic Ca sensitivity of vesicle fusion. In contrast, at the
mossy fiber synapse, it is increased by changing coupling between Ca channels and synaptic
vesicles. Therefore, basic release mechanisms may be canonical, but may be adapted to particular
synapses to some extent. Supported by JSPS core-to-core program A. Advanced Research
Networks. (COl: No)

S75-2

CELF1 mediates connexin 43 mRNA degradation in
dilated cardiomyopathy

Guey-Shin Wang'; Kuei-Ting Chang'; Ching-Feng Cheng??;
Pei-Chih King‘ (!nstitute of Biomedical Sciences, Academia Sinica, Taiwan;
’Department of Medical Research, Tzu Chi General Hospital, Taiwan; Department of
Pediatrics, Tzu Chi University, Taiwan)

Cx43 (connexin 43) is the major cardiac gap junction protein that modulates electric coupling,
and its reduction is often associated with dilated cardiomyopathy (DCM), the most common
cause of heart failure. Under pathological conditions, reduced Cx43 expression is a hallmark of
the transition from adaptive or compensatory stage to decompensation and heart failure. The
causal mechanism is largely unknown. CELF1 (CUGBP, Elav-like family member 1) is a
multifunctional RNA binding protein regulating pre-mRNA alternative splicing, translation and
mRNA degradation. Elevation of CELF1 has been implicated in cardiac pathogenesis of myotonic
dystrophy type 1 (DM1), a CTG expansion disorder. However, how elevated CELF1 leads to
cardiac dysfunction remains unclear. We showed that CELF1 mediated Cx43 mRNA degradation
by binding to Cx43 and interacting with an exoribonuclease RRP6 in an RNA-independent and
nucleus-specific manner. Increased CELF1 expression accompanied with RRP6 upregulation and
downregulation of CELF1-mediated targets including Cx43 was detected in 3 mouse models of
DCM: DMI, CELF1 overexpression, and myocardial infarction. Importantly, using a heart-
specific Celfl-knockout mouse model, we showed that Celfl depletion in infarcted heart
ameliorated the contractility dysfunction and preserved Cx43 mRNA level. The results suggest a
mechanism for increased CELF1 expression downregulating Cx43 mRNA leveland a pathogenic
role for increased CELF1 expression in the DCM heart. (COl: No)

S75-3

Fine tuning of neuronal Ca, 1.3 channels functions by
alternative splicing and A-to RNA editing

Hua Huang; Tuck Wah Soong (Department of Physiology, National
University of Singapore, Singapore)

Post-transcriptional modification mechanisms such as alternative splicing and RNA editing
diversify the mRNA repertoire of neuronal voltage gated calcium channels Ca,1.3. Extensive
alternative splicing particularly in the C-terminus yields long form (Ca,1.3,)) and short form
(Ca,1.3,,) with drastically different biophysical and pharmacological properties. Alternative
usage of splice site within exon 43 on the other hand modulate channel expression via generation
of splice variants with premature stop codon that could be degraded via mRNA surveillance
mechanism such as non-sense mediated mRNA decay. More recently, we discovered that Ca, 1.3
mRNA are subject to neuronal-selective A-to-I RNA editing by ADAR2. Editing yields non-
synonymous amino acid changes within the IQ domain of the channel, leading to attenuation of
calcium dependent regulation of the channel. Further study revealed that editing of Ca, 1.3 mRNA
relies on a 40 bp RNA duplex formed between exon 41 and an evolutionarily conserved editing
site complementary sequence (ECS) located within the preceding intron. Screening of potential
repressors of ADAR2 pinpoints serine/arginine-rich splicing factor 9 (SRSF9) as a potent
inhibitor of Ca, 1.3 A-to-I editing. Mechanistically, the inhibitory effect of SRSF9 required direct
binding of pre-mRNA transcribed from intron 40. Selective down-regulation of SRSF9 in neurons
provides a basis for the neuron-specific editing of Ca, 1.3 transcripts. (COI: No)

S75-4

Glomerular disease-associated mutations impair Ca?*-
dependent inactivation of TRPC6 channels

Masayuki X Mori'; Onur K Polat'; Yasuo Mori'; Masatoshi Uno?;
Hidehito Tochio? (‘Department of Synthetic Chemistry and Biological Chemistry,
Kyoto University, Japan, *Department of Biophysics, Kyoto University, Japan)

Receptor-activated TRPC6 channels are suppressed by intracellular Ca®* through the negative
feedback process known as Ca’“dependent inactivation (CDI), in which calmodulin (CaM) has
been proposed to play a critical role. However, it is largely unknown how CaM triggers CDI in
TRPC6. Here, we revealed that a single CaM molecule bridges CaM-binding domains (CBDs) of
two TRPC6 subunits to induce CDI. This 1:2 stoichiometry for Ca*-dependent binding of CaM
to TRPC6 CBDs requires indistinguishable contributions of N- and C-lobes, as well as the coiled-
coil assembly formed between two TRPC6 subunits via the segment adjacent to the CBD. In fact,
deletion of this coiled-coil segment markedly slows CDI of TRPC6 currents. Gain-of-function
TRPC6 mutations associated with autosomal dominant focal segmental glomerulosclerosis
(FSGS) in the coiled-coil segment severely impair CDI and induce “FSGS-like” morphological
changes in podocytes. Our study provides a novel mechanistic and pathophysiological insights
into the CDI of TRPC6 channels. (COI: No)

S75-5

Structural basis of regulation of the endolysosomal
calcium channel TRPML3

Jian Yang'?; Minghui Li'; Xiaoyuan Zhou?; Deyuan Su'; Huan Li%;
Xueming Li? (‘Biological Sciences, Columbia University, USA; *School of Life
Sciences, Tsinghua University, China, *Kunming Institute of Zoology, China)

The mucolipin transient receptor potential channels (TRPML1-3) localize primarily in endosomes
and lysosomes. They conduct Ca*>* and Na“ currents from the lumen to the cytoplasm and play
important roles in the endocytic pathway. Mutations of TRPML1 cause human diseases, and
dysfunction of TRPML3 causes severe defects in mice. The activities of TRPML channels are
regulated endolysosomal Na*, Ca**, pH and PIP,. To better understand the molecular mechanisms
of TRPML channel function and regulation, we determined the cryo-EM structures of full length
human TRPML3 in the apo, agonist-bound, and low-pH-inhibited states. The agonist ML-SA1
binds between S5 and S6 and opens an S6 gate. Low pH induces large conformational changes in
many regions. A polycystin-mucolipin domain (PMD) forms a luminal cap atop the transmembrane
domain. S1 extends into PMD and connects directly to a luminal pore-loop, which undergoes
dramatic conformational changes in response to low luminal pH. S2 extends intracellularly and
interacts with several intracellular regions. These unique structural features, combined with
electrophysiological studies, reveal a new allosteric mechanism thereby luminal Na*, pH and PIP,
regulate TRPML3 by changing S1 and S2 conformations. Our structures reveal unique and
interesting structural designs and provide blueprints for understanding and exploring TRPML
channel function, regulation, pathogenesis and therapeutic strategies. (COl: No)
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S76-1

Image-based modeling of flow and transport processes
at organ level

Vartan Kurtcuoglu (institute of Physiology, University of Zurich, Switzerland)
Advances in imaging modalities such as magnetic resonance imaging (MRI), computed
tomography and multi-photon excitation (MPE) microscopy enable the probing of flow and
transport processes in vivo. However, each modality has shortcomings that need to be overcome
by either supplementation of the acquired images with further data, or by augmentation of the
images by computational modeling. MPE, for example, has limited penetration depth but high
resolution, while MRI has lower resolution, but allows for full organ scale imaging. In this talk, I
will give two examples of image-based modeling of flow and transport processes.

In the kidneys, the spatial distribution of oxygen partial pressure (pO,) is of relevance for the
control of erythropoietin (EPO) production. It is hypothesized that in chronic kidney disease,
changes in renal pO, lead to a reduction in EPO, thereby causing anemia. To test this hypothesis,
we have produced an organ-scale computational model of oxygen transport in the kidneys based
on uCT data.

In the brain, metabolites are removed in part across the blood brain barrier, and in part they are
cleared along with cerebrospinal fluid (CSF). To assess the relative importance of the latter, we
have generated a set of computational models based on MRI and MPE data, showing that CSF
bulk flow may be less important for metabolite clearance than assumed so far. (COI: No)

S§76-2

In silico screening system for drug-induced
arrhythmogenic risk

Seiryo Sugiura'; Jun-Ichi Okada'; Takashi Yoshinaga?;

Junko Kurokawa?®; Takumi Washio'; Tetushi Furukawa?;

Kohei Sawada?; Toshiaki Hisada' ({UTHeart Inc., Japan; *Eisai Co., Ltd.,
Japan; 3University of Shizuoka, Japan; *Tokyo Medical and Dental University, Japan)

Increasing time and cost required for drug discovery is now becoming even a threat to the public
heath by reducing the productivity of the innovative new drug development. In particular, because
a significant proportion of failure in drug R&D is caused by cardiotoxicity, a new paradigm in
cardiotoxicity testing is eagerly needed. We have developed a novel cardiotoxicity testing system
combining a patch clamp and the multi-scale heart simulator “UT-Heart”, in which human 12-
lead ECG is reproduced based on the molecular model of human electrophysiology. Using this
system we succeeded in predicting the arrhythmogenic risk of 12 test drugs (Okada et al. Sci Adv
2015), but the requirement of high-performance computer hampered its widespread use. To
circumvent the use of expensive computer system, we then developed an open access ECG
database which covers a wide range of drug effects consisting of nearly 10,000 patterns of multi-
ion current effects (Okada et al. Brit J Pharmacol 2018). In the presentation, we will show the
framework of the screening system and the use of database. (COI: Properly Declared)

S76-3

Model based interpretation of diabetes and prediabetes
Chaehun Leem; Young Boum Lee; Jeong Hoon Les;

Ki Hwan Hong; Pham Duc Duong (Department of Physiology University of
Ulsan College of Medicine/Asan Medical Center, Korea)

Oral glucose tolerance tests (OGTTs) were commonly used to diagnose diabetes mellitus (DM).
The changes on blood glucose (Glu) and insulin (Ins) by OGTTs contain information of the
intestinal absorption, hepatic control of Glu and Ins, pancreatic Ins secretion and peripheral tissue
Glu and Ins control. We developed an OGTT model with Ins dynamics and Glu dynamics.
Simplex and Levenberg-Marquardt algorithms were then used to fit the data obtained from 44
normal subjects (24 males and 20 females), 8 Diabetic subjects, and 28 PreDiabetes subjects. All
subjects agreed to participate with a written consent. We found clear gender differences in the
intestinal Glu absorption kinetics, Glu sensitivity in the pancreas, maximal Ins production
capacity and endogenous Glu production. The differences between normal and DM subjects in
Glu and Ins, such as Ins resistance, Ins secretion and the relative roles of Glu disposal in each
organ, were demonstrated clearly and quantitatively in a time-dependent manner. This study
revealed the quantitative dynamic interaction between Glu and Ins using OGTT data and revealed
organ function during the OGTT. Using this approach, we could identify the dysfunctional organs
for Glu and Ins regulation. Data produced using this model will allow a personalized and targeted
approach for health issues related to Glu and Ins. (Supported by the grant No. NRF-
2015M3A9B6028310, NRF-2014M3A9D7034366 & 10068076 from MSIT) (COIl: No)

S76-4

A virtual stenosis method to predict plaque progression
in coronary arteries

Eun Bo Shim'; Kyung Eun Lee'; Eun Seok Shin?(‘Department of
Mechanical and Biomedical Engineering, Kangwon National University, Korea;
’Department of Cardiology, School of Medicine, University of Ulsan, Korea)

Predicting the sites in coronary arteries that are susceptible to plaque deposition is essential for
the development of clinical treatment strategies and prevention. We hypothesized that the
possibility of plaque deposition at a specific site in the coronary artery is associated with wall
shear stress (WSS) and fractional flow reserve (FFR). Here, we proposed a new biomarker called
the stenosis susceptibility index (SSI) using the FFR and WSS derived using virtual stenosis
method. To validate the clinical efficacy of this index, we applied the method to actual pilot
clinical cases. Using virtual stenosis method, we computed maximum WSS and FFR according to
the variation in stenotic severity at each potential stenotic site and then determined the most
susceptible sites for plaque deposition by comparing SSI values between the potential sites. In
conclusion, sites susceptible to plaque deposition can be identified using the SSI index. (COI: No)
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S77-1

Physiological Role and Therapeutic Potential of
Thermogenic Fat
Yu-Hua Tseng (Joslin Diabetes Center, Harvard Medical School, USA)

Obesity is a major risk factor to develop many of the most common medical conditions, such as
type 2 diabetes, cardiovascular disease, and even some cancers. Increased fat mass is the main
characteristic of obesity. However, not all fat tissues are created for energy storage. Brown fat and
brown-like beige fat are specialized for thermogenic energy expenditure. Owing to the immense
capacity of brown/beige fat to combust fuels for heat production and the presence of thermogenic
fat in adult humans, increasing the amount or activity of brown or beige fat has been considered
as an appealing approach for the treatment or prevention of obesity and related metabolic
disorders. Recently, emerging evidence demonstrates that brown/beige fat also serves as an
endocrine organ, which secretes a number of molecules to regulate whole-body metabolism.
Using a highly sensitive liquid chromatography coupled with mass spectrometry analysis, we
have identified novel lipid mediators derived from brown or beige adipose tissue, whose
concentrations are increased in the circulation of cold challenged humans and mice. These
signaling lipid species act as an indicator and stimulator of brown fat activity and negatively
correlates with body mass index and insulin sensitivity. Mechanistic studies demonstrate that the
cold-induced lipids can regulate glucose and fatty acid metabolism. These findings suggest novel
therapeutic pathways for the treatment of metabolic disorders by mimicking cold. (COI: No)

S77-2

Adipose tissue stiffness in the development of
metabolic diseases

Yau-Sheng Tsai'; Ann Huang?; Yi-Shiuan Lin?; Yu-Wei Chiou?;
Hsi-Hui Lin?%; Ming-Jer Tang? (Institute of Clinical Medicine, National Cheng
Kung University, Taiwan; *Department of Physiology, National Cheng Kung
University, Taiwan)

Obesity, defined as an expansion of white adipose tissue, is also accompanied by interstitial
fibrosis and overexpression of extracellular matrix (ECM) in adipose tissue in recent studies. We
hypothesize that obesity induces adipose tissue ECM crosslinking and stiffening, leading to
adipocyte dysfunction. First, we applied a collagen gel system to investigate the effect of ECM
stiffness on adipogenesis and mature adipocyte functions. Our results showed that increased ECM
stiffness impaired adipogenesis; and blunted the sensitivity to insulin and lipolytic cues, as well
as secretion of adipokines, in differentiated adipocytes. In contrast, increased ECM stiffness
exacerbated the sensitivity to inflammatory stimulation. Next, we found that 0b/0b adipose tissue
exhibited an increased signal in the polarized view of picrosirius red stained section, as well as
increased crosslinks and aggregated collagen in second harmonics generation (SHG) imaging.
These results suggest that ECM crosslinking was upregulated in the adipose tissue of obese mice.
Ex vivo crosslinking inhibition in ob/ob adipose tissue explants increased insulin sensitivity,
adiponectin expression and lipolytic activity. Finally, in vivo crosslinking inhibition reversed
metabolic impairments and adipocyte functional signature genes in 0b/ob mice. Taken together,
our study underscores that adipose tissue crosslinking and stiffening may orchestrate metabolic
disorders resulting from adipocyte dysfunction in obesity. (COIl: No)

S77-3

Modulation of adipokine biosynthesis and secretion in
adipocytes

Juu-Chin Lu'?; Yu-Ting Chiang'; Chia-Yun Lu'; Ying-Yu Wu'
('!Department of Physiology and Pharmacology, Chang Gung University, Taiwan;
Division of Endocrinology and Metabolism, Department of Internal Medicine, Chang
Gung Memorial Hospital, Taiwan)

The adipose tissue is recognized as an endocrine organ due to its active secretion of many peptide
hormones and cytokines, collectively named adipokines, which regulate many important
physiological functions. Among these adipokines, adiponectin and leptin are primarily secreted
by adipocytes to regulate insulin sensitivity and energy balance, whereas monocyte
chemoattractant protein-1, a chemokine that is associated with obesity-linked chronic diseases, is
also secreted by immune cells. Although dysregulation of the adipokine production is known to
associate with many metabolic diseases, the underlying mechanisms remain incompletely
understood. We used 3T3-L1 adipocytes to elucidate the molecular mechanisms by which
adipokine biosynthesis and secretion are modulated. We found that different secretory
mechanisms might mediate the secretion of individual adipokines. Next, we examined if
cholesterol modulated adipokine biosynthesis and secretion, given that the adipocytes store a
significant amount of non-esterified cholesterol, and obese adipocytes were characterized by a
redistribution of cholesterol with depleted cholesterol in the plasma membrane. We found that
modulation of cholesterol altered signaling events, lipid raft integrity, and lipid metabolite profiles
in adipocytes, which might account for the dysregulation of adipokine biosynthesis and secretion.
Finally, the involvementof a protein kinase in regulating adipokine biosynthesis and secretion will
be discussed. (COI: No)

S77-4

Novel structures and functions of adiponectin receptors
Toshimasa Yamauchi (Department of Diabetes and Metabolic Diseases, The
University of Tokyo, Japan)

Adiponectin (Ad) is an antidiabetic adipokine, which binds to its receptors AdipoR1/R2, leading
to activation of AMPK/SIRT/PGC-1 and PPAR pathways, respectively. Recently, small-molecule
AdipoR agonist was shown to ameliorate diabetes and increase exercise endurance, and at the
same time prolong shortened lifespan in obesity. Although AdipoRs are predicted to contain
seven-transmembrane (7TM) domains, with an internal N-terminus and an external C-terminus,
which is opposite to GPCRs. In this study, we successfully determined crystal structures of human
AdipoR1/R2, and found that overall structures of AdipoRs are indeed distinct from those of
GPCRs. The seven-transmembrane domain of both AdipoR1 and AdipoR2 was shown to have a
cavity with a zinc-binding site, which contains unidentified extra electron densities. It was thus
suggested that these electron densities may represent potential substrates for AdipoR hydrolytic
activity or their products. Very recently, we discovered an alternative structure of AdipoR. The
intracellular part of helix V has robustly moved outwards, which has now provided a larger
opening of the internal cavity to the cytoplasm, which may represent an open form of AdipoR.
This study should open new avenues toward elucidation of an unprecedented paradigm of signal
transduction and development and optimization of AdipoR agonists. (COI: Properly Declared)
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S78-1

Novel mechanism of electrical rhythmicity in smooth
muscle

Nick John Spencer (College of Medicine and Public Health, Flinders
University, Australia)

Rhythmic electrical depolarisations in smooth muscle of the gastrointestinal (GI) tract are usually
thought to be generated by myogenic pacemaker cells, called Interstitial Cells of Cajal (ICC). In
this study, we reveal a new mechanism in the Gl-tract that is responsible for the generation of
rhythmic electrical depolarisations in smooth muscle, but is generated by rhythmic firing from the
Enteric Nervous System (ENS). We used high resolution neuronal imaging of the ENS with
simultaneous calcium imaging from the neighbouring smooth muscle layers in isolated intact
whole mouse colons. In whole colons, neurogenic contractions propagated along the whole colon
every 2-4 minutes that were abolished by hexamethonium. The electrical activity in the smooth
muscle underlying each contraction consisted of repetitive depolarisations at 2Hz that were
abolished by hexamethonium. Imaging from the ENS revealed that each neurogenic contraction
was due to the emergence of temporally-synchronized firing of large populations of neurons at
2Hz. During the intervals between contractions, the ENS exhibited desynchronized neuronal
firing between ganglia. The emergence of temporally-coordinated firing of large populations of
enteric neurons represents a unique neural motor pattern outside the central nervous system. This
is the first evidence of rhythmic firing in the central or peripheral nervous systems that is directly
responsible for the generation of electrical rhythmicity in smooth muscle. (COI: No)

S78-2

Regulation of spontaneous contractile activity of the
bladder muscularis mucosa

Russ Chess-Williams; Christian Moro (Centre for Urology Research, Bond
University, Australia)

The bladder mucosa contains a thin layer of muscularis mucosa that on a weight basis develops
contractions greater than those of the detrusor smooth muscle. It also develops spontaneous
contractile activity thought to be mediated via interstitial cells similar to intestinal interstitial cells
of Cajal. Mucosal spontaneous contractile activity is enhanced by stretch of the tissue and this
response is regulated by the adjacent urothelial layer. These epithelial cells when stretched
release acetylcholine which increases mucosal contractility and this might represent an additional
site of action for muscarinic antagonists used in the treatment of the overactive bladder.

A number of neurotransmitters and hormones also regulate spontaneous activity of the mucosa
and several treatments targeting the detrusor muscle may also have actions on the mucosa.

The physiological functions of the mucosal contractile activity is unclear, but it may be
responsible for folding of the mucosa when the bladder is empty, or it may prime afferent nerves
and sensitise mechanosensory processes. Also, in the overactive bladder, where gap junctions are
increased, the contractile activity may pass to the detrusor muscle thus causing bladder
overactivity.

In conclusion, the bladder mucosa possesses pacemakers that generate spontaneous contractile
activity. Contractions are regulated by the urothelium and a number of receptors that will be
affected during treatment for urinary tract conditions. (COIl: No)

S78-3
Regulation and dysregulation of airway smooth muscle
contractility

Jane Elizabeth Bourke (Biomedicine Discovery Institute, Department of
Pharmacology, Monash University, Australia)

Airway smooth muscle (ASM) plays major functional roles within the lung. Spontaneous phasic
contractions of ASM in utero are implicated in airway development, while intrinsic airway tone
and contractions of ASM throughout life in response to physiological stimuli determine airway
caliber. Contraction in response to diverse neurotransmitters and circulating mediators is
predominantly mediated by Ca®* mobilization from intracellular ASM stores and Ca*" sensitivity
of the ASM contractile apparatus rather than by the influx of extracellular Ca*’, and can be
opposed by circulating adrenaline as well as epithelial-derived relaxing factors.

Airway contractility is dysregulated in many lung diseases, including asthma, where increased
contractile responses are promoted by the combination of elevated levels of bronchoconstrictors,
increased ASM in the airways and the influence of airway inflammation. While bronchodilators
and anti-inflammatory agents can reduce symptoms and oppose some pathophysiological changes
in asthma, their efficacy is limited in severe disease and they do not provide a cure. This
presentation will describe signalling mechanisms regulating ASM contraction in health and
disease and the identification of novel therapeutic approaches targeting ASM that offer promise
for asthma and other chronic lung diseases. (COI: No)

S78-4

New insights into understanding labour contractions in
women

Helena C. Parkington'; Mary A. Tonta'; Ranga I. Siriwardhana’;
Penelope J. Sheehan?; Harold A. Coleman’; Shaun P. Brennecke?®
(!Department of Physiology, Monash University, Australia; *The Royal Women's
Hospital, Australia; >Department of Obstetrics and Gynecology, The University of
Melbourne, Australia)

Preterm labour and delivery are major causes of perinatal morbidity and mortality. On the other hand,
improving contractions when they fail in labour is also restricted necessitating caesarean section, with
significant short and long term maternal consequences, as well as childhood issues for the offspring.
Clinically safe and effective therapeutic options are limited for preterm labour tocolysis and dysfunctional
labour augmentation. We aimed to better understand the mechanisms underpinning contraction in human
myometrium before and during labour.

We studied myometrium from women undergoing caesarean delivery in the Royal Women’s Hospital,
Melbourne. Informed, written consent was obtained prior to surgery. Membrane potential or cytoplasmic
calcium were recorded simultaneously with contraction in myometrial strips before and during labour.
Freshly isolated smooth muscle from the same samples was studied with patch-clamp electrophysiology and
ion channel protein expression was determined using Western blot.

We found ANOT and K, 7.1 channels in the myometrium before and during labour. Activity of ANOI1
markedly contributes to the development of the long action potential plateau and contraction amplitude.
Expression increased in labour facilitating stronger contractions. In contrast, K ;7.1 terminates the plateau
resulting in a smaller contraction. K /7.1 expression was reduced in labour, facilitating the increase in
contraction amplitude required for successful vaginal delivery. (COI: No)

S78-5

Regulatory mechanisms underlying the contractility of
intra-organ microvasculature

Hikaru Hashitani; Retsu Mitsui (Department of Cell Physiology, Nagoya City
University, Japan)

Intra-organ microvasculature plays a fundamental role in regulating microcirculation.
Spontaneous constrictions in arterioles or venules that are considered to facilitate the
microcirculation appear to be driven by non-contractile capillary pericytes. Capillary pericytes
generate spontaneous Ca®* transients relying on the sarco-endoplasmic reticulum (SR/ER) Ca*
release triggering Ca**-activated chloride channels (CaCCs) dependent depolarisations. CaCC-
dependent depolarisations are effective enough to achieve the synchrony of spontaneous Ca*'
transients amongst capillary pericytes, while the subsequent activation of L-type voltage-
dependent Ca®* channels is required for the synchronous Ca®' transients in arteriolar or venular
mural cells. K* channels also play a critical role in maintaining the synchrony of spontaneous Ca**
transients amongst mural cells by stabilizing their membrane to hyperpolarised levels. This
prevents premature SR/ER Ca?* release to ensure sufficient SR/ER Ca*" refilling that is required
for the subsequent regenerative Ca*" release. Arterioles or venules predominantly receive
sympathetic vasoconstrictor innervation, but also receive a peptidergic inhibitory innervation. In
contrast, capillary and pre- and post-capillary microvasculatures lack a functional innervation.
Thus, the contractility of the intra-organ microvasculature is determined by the integration of
spontaneous and neural regulatory mechanisms in a microvascular segment specific manner.
(COI: No)
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S79-1

Plasma membranes can act as mechanosensors in
vascular endothelial cells

Kimiko Yamamoto'; Joji ANdo? ('The University of Tokyo, Japan; Dokkyo
Medical University, Japan)

Vascular endothelial cells (ECs) play critical roles in regulating a variety of vascular functions,
including maintenance of the vascular tone, blood coagulation and fibrinolysis, and provision of
selective permeability to proteins. It has recently become apparent that ECs show alterations in
their morphology, functions and gene expression profile in response to exposure to hemodynamic
forces, namely, shear stress and stretch. These responses also play important roles in maintaining
normal circulatory system functions and homeostasis, whereas their impairment leads to various
vascular diseases, including hypertension, aneurysm and atherosclerosis. Plasma membranes of
the ECs have recently been shown to respond differently to shear stress and stretch, by rapidly
changing their lipid order, membrane fluidity, and cholesterol content. Artificial lipid-bilayer
membranes also show similar changes of the lipid order in response to exposure to shear stress
and stretch, indicating that these are physical phenomena rather than biological reactions. Such
physical changes then activate the membrane receptors and cell responses specific to each type of
force. These findings suggest that the plasma membranes of ECs act as mechanosensors, and in
response to mechanical forces, they show alterations of their physical properties, with modification
of the conformation and functions of the membrane proteins, which then trigger activation of the
downstream signaling pathways. (COl: No)

§79-2

Wall stretch-induced anti-contractile signaling via
smooth muscle expressed eNOS in pulmonary artery
Sung Joon Kim; Hae Jin Kim (Department of Physiology, Ischemic/Hypoxic
Disease Institute, Seoul National University College of Medicine, Korea)

Despite the presence of mechanosensitive nonselective cation channels (NSCms) in pulmonary
arterial smooth muscle cells (PASMC), PA do not show myogenic response, and large increase of
pulmonary circulation is maintained with low perfusion pressure. We hypothesized that the wall
stretch might induce anti-contractile signaling intrinsic to the PASMC. The tunica media of rat PA
and PASMCs showed faint but discernable expression of eNOS. Wire myography results
suggested that the muscular eNOS is activated by mechanical stretch when combined with
nanomolar TXA . As for the signaling pathway, molecular biological analyses suggested ROS/
Akt-dependent eNOS Ser!"’phosphorylation in PASMCs. Also, the effects of pharmacological
inhibitor proposed a role of NSCms in the proximal level of the signaling cascade. In addition to
the stretch/TXA2 effects, we also found that the characteristic transient contraction of PA by
angiotensin II (Angll) is mediated by concomitant activation of the muscular eNOS
(Ser"""phosphorylation) via type 1 receptor (AT1)-Akt pathway in the endothelium-denuded PA.
Furthermore, the inhibition of eNOS effectively rescued the long-lasting desensitization of AT1-
mediated contractile responses in the rat PA. Collectively, we proposed that the auto-inhibitory
role of the muscle eNOS in PAs play physiological roles of active relaxation under various
vasoconstrictive conditions, preventing excessive contractile response of the low-pressure
pulmonary circulation. (COIl: No)

S79-3

Analysis of nanoscale vibrations in the inner ear by
advanced vibrometries

Hiroshi Hibino'?; Takeru Ota'?; Samuel Choi??; Fumiaki Nin'-?
('‘Department of Molecular Physiology, Niigata University School of Medicine, Japan;
2AMED-CREST, AMED, Japan; *Department of Electrical and Electronics
Engineering, Niigata University, Japan)

Animals minutely analyze diverse sounds in the environment to obtain information necessary for
their survival. Humans, whose audition ranges from 20 to 20,000 Hz, can distinguish frequencies
that are only 0.2% apart, whereas they perceive millionfold differences in sound pressure level.
These marked performances stem from sound-induced nanoscale vibrations in mechanoelectrical
sensory epithelium inside the inner ear. This tissue is made up of three layers; hair-cell,
supporting-cell, and extracellular-matrix layers. The characteristics of the epithelial motion and
the underlying mechanisms remain uncertain. Recently we have developed two different
vibrometries. These advanced instruments detected a few parameters of the epithelial vibrations,
which are inaccessible to conventional methods. By combining a theoretical approach, we will
discuss the physiological roles of the identified motions in hearing. (COl: No)

S79-4

Mechano-property of tendon/ligament and its
application to regenerative medicine

Hiroshi Asahara'? ('Tokyo Medical and Dental University, Japan; *The Scripps
Research Institute, Japan)

Despite the unique and important role of tendons/ligaments in musculoskeletal function and
disease, research in this area is not as advanced as in most other skeletal tissues. This is partly
because critical and specific transcription factors had not been elucidated. In this regard, we and
others identified Mohawk (Mkx) as a specific and critical transcription factor for tendon and
ligament development. Mkx is expressed specifically in tendon and ligament cells during
embryogenesis and Mkx-deficient mice have hypoplastic tendons throughout the body and
deficient type I collagen production in tendon cells. To test the physiological function of Mkx in
vivo, we generated Mkx knock out mice and rats, which was also utilized to collect enough
amount of tenocytes. Wild-type (WT) mice demonstrated an increase in collagen fiber diameter
and density in response to physical treadmill exercise, whereas in Mkx—/— mice, tendons failed to
respond to the same mechanical stimulation, suggesting that Mkx is essential in mechanoresponsive
tenogenesis through regulation of its downstream ECM genes such as type I collagens and
proteoglycans such as fibromodulin both in vivo and in vitro. Mkx—/— rats showed systemic
tendon hypoplasia similar to Mkx—/— mice. In addition, earlier heterotopic ossification of the
Achilles tendon was observed in Mkx—/— rats. ChIP-seq of Mkx overexpressing tenorcytes
revealed significant peaks in tenogenic-related genes, such as collagen type (Col)lal and Col3al,
and chondrogenic differentiation-related genes, such as SRY-box (Sox)5, Sox6, and Sox9,
suggesting that Mkx has a dual role, including accelerating tendon differentiation and preventing
chondrogenic/osteogenic differentiation. Our studies on Mkx have potential to advance current
concepts on tendon/ligament tissues homeostasis and to generate engineered constructs for
clinical applications. (COl: No)
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S80-1

Cellular and molecular basis of chronotherapy for
cancer

Masaaki lkeda'; Megumi Kumagai'; Yasutsuna Sasaki*;

Yoshihiro Nakajima3; Ken-Ichi Fujita2 (‘Department of Physiology, Faculty
of Medicine, Saitama Medical University, Japan, *Cancer Cell Biology, School of
Pharmacy, Showa University, Japan, *Cellular Imaging Research Group, AIST Health
Research Institute, Japan; *Department of Oncology, School of Medicine, Showa
University, Japan)

Chronotherapy is one of the promising ways to treat several diseases. The onset of the disease is
known to concentrate in a limited time zone in a day and selection of the appropriate time zone
for treatment will bring about the greatest result of treatment of the disease. Recently, several
molecular targeted drugs for cancer therapy have been developed and can be administered orally,
so limit of the administration time is reduced. Such an administration method will help to select
the time of a day of treatment. In order to clarify the molecular mechanism of chronotherapy of
such an anticancer drug, we established Bmall knockout cells utilized by CRISPR/Cas9 system
and investigated the influence on antiproliferation rate to cells regardless of presence or absence
of Bmall gene of anticancer drug. The multi-kinase inhibitors regorafenib and sorafenib
significantly inhibited the proliferation of Bmall knockout cells. Synchronized cells to the rhythm
of 24 hours by dexamethasone are more sensitive to gefitinib than cells not synchronized. These
findings suggest that the sensitivity of cells to molecular targeted anticancer drugs is regulated by
the circadian system. (COI: No)

S80-2

Initial protein events synchronizing cellular clocks to
elicit environmental stress adaptation

Teruya Tamaru'; Genki Kawamura?; Hikari Yoshitane?®;

Yoshitaka Fukada®; Takeaki Ozawa?; Ken Takamatsu' (!Department
of Physiology, Toho University School of Medicine, Japan, *Department of Chemistry,
School of Science, The University of Tokyo, Japan; *Department of Biological
Sciences, School of Science, The University of Tokyo, Japan)

Environmental stresses by global changes in the environments and disorder of human life style
disturb temporally harmonized physiologies of the entire body, thereby cause various health
problems and diseases, such as cancer and metabolic diseases. Impairment of stress adaptation /
protection through cell-autonomous molecular circadian clocks (cellular clocks), with clock
genes (Bmall, Clock, Cryl/2, Perl/2), might be involved in the process. As the evidence, we
previously demonstrated that coordinated interplay among several adaptive protection systems
are triggered by stress-responsive cellular clock synchronization, to elicit adaptation against
environmental stresses, including heat, reactive oxygen species and UV, potential pathogenic
factors. Impaired response of this “circadian adaptation system” (CAS)eliminates the adaptive
protection. To seek the common initial protein events against environmental cues/stresses to
synchronize multi-cellular clocks to provoke adaptive responses, we focus on: 1) Interplays
between clock and adaptive protection pathways through hierarchical interaction among BMALI,
HSF and p53 to coordinate heat-shock response and anti-tumor pathways for evoking protection
systems. 2) Our newly identified structural basis in BMALI protein, indispensable for the
synchronous cellular clock oscillation. 3) Multi-cellular nuclear BMALI1 synchronization
immediately after clock-resetting treatment, maybe prerequisite for synchronous Perl/2 induction.
(COI: No)

S80-3

Dysregulation of Hepatic SREBP1c-CRY1 Axis
Promotes Hyperglycemia in Obese Animals

Jae Bum Kim; Ye Young Kim; Hagoon Jang; Yong Keun Jeon
(Center for Adipose Tissue Remodeling, Institute of Molecular Biology and Genetics,
School of Biological Sciences, Seoul National University, Korea)

Glucose and lipid metabolisms are tightly regulated by hormones and circadian rhythm to main
whole body energy homeostasis. SREBPIc is a key lipogenic transcription factor activated by
insulin. Although SREBPIc appears to be involved in suppression of hepatic gluconeogenesis
during postprandial periods, the molecular mechanism is not thoroughly understood. We have
shown that hepatic CRY1 expression is increased by insulin-induced SREBPIlc at specific
circadian time points and CRY 1 decreases hepatic gluconeogenesis through FOXO1 degradation.
Both SREBPIc” and CRYI” mice exhibit higher blood glucose than wild type (WT) mice during
pyruvate tolerance test, accompanied with enhanced expression of PEPCK and G6Pase genes.
CRY promotes degradation of nuclear FOXO1 by augmenting its binding to the ubiquitin E3
ligase MDM2. Although SREBPIc fails to upregulate CRY1 expression in obese and diabetic
db/db mice, overexpression of CRY1 attenuates hyperglycemia through reduction of hepatic
FOXOL1 protein and gluconeogenic gene expression. In this presentation, I will discuss our new
data that reveals the molecular mechanisms of the downregulation of hepatic CRY1 proteins in
obese and diabetic animal. Collectively, we have demonstrated that insulin-activated SREBP1c
alleviates gluconeogenesis through CRY 1-mediated FOXO1 degradation and that dysregulation
of hepatic SREBP1c-CRY1 signaling could stimulate hyperglycemia in obese and diabetic
animals. (COI: No)

S80-4
Mechanism of circadian regulation of memory in mice

Kimiko Shimizu; Erika Nakatsuji; Yodai Kobayashi;
Yoshitaka Fukada (Department of Biological Sciences, The University of Tokyo,
Japan)

Evidence from previous studies demonstrates that circadian rhythms affect memory formation.
However, it is not yet clear if the internal clock regulates the efficiency of the memory formation,
and there is no molecular-based evidence that connects the memory formation with circadian
rhythms.

We performed novel object recognition task on mice over the circadian time. Long-term memory
performance varied in a circadian manner and hence it appears to be controlled by the endogenous
circadian clock. In fact, electrolytic lesion of the suprachiasmatic nucleus in the brain, a master
circadian clock in mammals, disrupted the circadian rhythm of long-term memory formation.
Forebrain-specific clock disruption in genetically engineered mice also abrogated the circadian
oscillation of long-term memory formation. We focused on SCOP, a key molecule regulating
hippocampus-dependent long-term memory for objects. The amounts of SCOP and its binding
partner K-Ras in the hippocampal membrane rafts exhibit robust circadian changes, and SCOP
knockdown in the hippocampal CA1 impairs long-term memory at night. Circadian changes in
stimulus-dependent activation of ERK in the hippocampal neurons are dependent on the SCOP
levels in the membrane rafts, while Scop knockout abrogates the ERK activation rhythm. We
conclude that long-term memory formation is regulated by the circadian clock through SCOP
dynamics in the membrane rafts of the hippocampal CA1. (COI: No)

S80-5

Good times, bad times .... Impact of the circadian
clock on health and disease

Gijsbertus Van Der Horst (Dept. of Molecular Genetics, Erasmus University
Medical Center, The Netherlands)

Like most organisms, we have developed an internal time keeping system that drives daily
rhythms in metabolism, physiology and behavior, and allows us to optimally anticipate to the
momentum of the day. At the basis of circadian timekeeping lies an intracellular molecular
oscillator in which a set of clock genes cyclically regulate their own expression with an
approximate (circa) 24-hour (dies) periodicity. As the circadian clock drives rhythmic expression
of up to 10 % of the active genes (thereby conferring rhythmicity to a wide range of cellular
processes such as, but certainly not limited to, energy metabolism, metabolic activation of drugs,
detoxification, DNA repair and cell cycle control), it may not come as a surprise that disruption of
the circadian system is associated with disease. Indeed, genetic disruption of the circadian system
in rodent models by inactivation of clock genes has been found to increase tumor growth,
accelerate aging, and disrupt metabolism. On the other hand, our 24/7 economy requires many
people to work at “non-standard” times. Recently, epidemiological and experimental animal
studies have revealed a relation between disturbance of our body clock by repeated shift-work and
an increased risk for developing pathologies such as cancer, metabolic syndrome and
cardiovascular disease. This presentation will address the biological/medical importance of the
circadian clock, with special emphasis on the etiology, treatment and prevention of cancer.

(COl: No)
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S81-1

How to use the natural products?: Inhibition of UV-
induced melanogenesis by targeting ion channels

Joo Hyun Nam'?2 (!Department of Physiology, Dongguk University College of
Medicine, Korea, *Channelopathy Research Center, Dongguk University College of
Medicine, Korea)

Ultraviolet (UV) radiation deeply penetrates the skin and causes inflammation and pigmentary
changes. A recent study reported that the photopigment rhodopsin is expressed in human
epidermal melanocytes (HEMs), which are involved in UV phototransduction. UV exposure
rapidly induces Ca*" mobilization via the G, protein-coupled signaling pathway and generates
early Ca**-dependent melanin synthesis. Therefore, controlling intracellular calcium concentration
is an important strategy for preventing UV-induced skin pigmentation. Among the various
calcium channels, the calcium release-activated calcium channel protein 1 (ORAII) plays an
important physiological role in UV-induced melanogenesis. ORAII channel-mediated increase in
intracellular Ca** ([Ca*],) is an important step in melanogenesis, as it controls the active transport
of L-phenylalanine and its turnover to L-tyrosine via calmodulin-dependent Ca*'-ATPase.
Therefore, the discovery that the inhibition compounds of UV-induced melanogenesis related ion
channels, such as ORAII, might prevent melanogenesis. Recently, increasing interest in various
medicinal plants and their bioactive ingredients has led to increase attention to their safety and
efficacy in the treatment of various skin diseases. In this presentation, I will discuss about our
recent progress to find ion channel-modulating agents from natural sources and it’s effect on UV-
induced melanogenesis. (COl: No)

S81-2

PKC/II facilitates desmoglein internalization in Rpgrip1/
mutant mice and pemphigus

Yeun Ja Choi'; Li Li%; Ning Yang?®, Xuming Mao*; Kenneth R Shroyers;
Peter J Koch®; Yusuf A Hannun$; Richard A Clark”; Jiang Chen3”
(‘Department of Biopharmaceutical Engineering, Dongguk University, Korea; *Department of
Dermatology, Peking Union Medical College Hospital, China, *Department of Pathology, Stony
Brook University, USA; *Department of Dermatology, University of Pennsylvania, USA;
’Department of Dermatology and Center for Regenerative Medicine and Stem Cell Biology,
University of Colorado USA; *Department of Medicine, Stony Brook University, USA;
"Department of Dermatology, Stony Brook University, USA)

Cilia-related proteins play important functions in skin by regulating primary cilia formation or function.
Interestingly, many ciliary proteins are expressed in keratinocytes that are not ciliated, indicating cilia-independent
functions in skin. Here we report that RPGRIP1L, a protein required for primary cilia formation during hair follicle
morphogenesis, plays an unsuspected role in desmosomal junction formation. Disrupting the RPGRIPIL gene
impaired desmosome morphology and function in vivo and in vitro, and resulted in intraepidermal blistering in
mice. Moreover, RPGRIP1L-deficient cells exhibited diminished and mislocalized desmosomal proteins, which
were associated with aberrant internalization of desmogleins. Desmosome phenotypes in RPGRIPIL mutants were
consistently associated with upregulated protein kinase C beta IT (PKCBII), the blocking of which could partially
rescue these abnormalities. Because the intraepidermal blistering phenotypes of Rpgrip/l mutant mice resembled
epidermal acantholysis in pemphigus, we examined pemphigus patient specimens and found that PKCBII is
aberrantly upregulated. Blocking PKCBII with a small molecule inhibitor was able to rescue desmosomal
phenotypes in keratinocytes induced by serum of pemphigus patients. Thus, data obtained from this study not only
linked functions of a ciliary protein with keratinocyte adhesion, but also revealed the therapeutic potential of
inhibiting PKCPII in ameliorating pemphigus. (COI: Properly Declared)

S81-3

Chiral amino acid analysis using 2D/3D-HPLC for the
screening of functional molecules and biomarkers

Kenji Hamase (Graduate School of Pharmaceutical Sciences, Kyushu University,
Japan)

Amino acids normally have L- and D-enantiomers due to the chiral alpha carbon, and the L-forms
are predominant in living beings. The minor D-forms have long been believed non-natural or
physiologically not significant especially in higher animals. However, along with the progress of
analytical techniques, various D-forms were found in mammals including humans. The
relationships between these D-amino acids and several diseases have also been clarified, and the
D-enantiomers are now gathering attention as new bio-functional molecules and/or biomarkers.
However, the amounts of these D-amino acids are trace, and highly sensitive/selective analytical
methods are essential. In the present study, 2D/3D-HPLC methods have been designed and
applied to the food and clinical analyses. As the 3D-HPLC approach, reversed-phase, anion-
exchange and chiral separations are online connected to get extremely high selectivity, and the
trace levels of D-amino acids could be determined without visible interference. Using the
method, D-Asp, Ala and Glu are determined in fermented materials, and utilized to design
functional products including beauty foods/beverages and cosmetics. As the clinical applications,
the amounts of D-Ser, Asn, Ala and Pro are high in the plasma of patients with chronic kidney
diseases, and these D-forms have significant diagnostic values. The multidimensional HPLC
methods are useful for chiral amino acid metabolomics studies, and further investigations are
ongoing. (COI: Properly Declared)

S81-4
Transport system of amino acids
Shushi Nagamori (Nara Medical University, Japan)

Amino acids are known as building blocks of proteins and substrates of metabolic and biosynthetic
reactions. Furthermore, amino acids are also recognized as the signaling molecules to regulate
cellular metabolism and cell growth. Include 20 proteinogenic amino acids, there are many amino
acids in living organisms. To maintain homeostasis and signaling of amino acids, all known
amino acid transporters exists over 50 molecules in human genome. These transporters act their
own roles in each cell type of each organ or tissue. Generally, normal cells control nutrient uptake
and metabolic activities to prevent aberrant cell proliferation. On the other hand, in cancer cells,
nutrient transporters are constitutively activated to facilitate the nutrient uptake for robust cell
growth. Several studies have reported the overexpression of some amino acid transporters in
cancer. We have found that most of cultured cell lines has similar profiles of amino acids
transporters, while each organ shows specific expression profiles of the transporters. Therefore, to
understand systemic amino acid homeostasis and signaling, we are elucidating amino acid
transport systems, i.e. profiles of amino acid transporters, in each organ and tissue. Although we
are on the way to illustrate the whole picture of systemic amino acid homeostasis, the latest
developments of technologies, such as proteomics or tissue engineering, are leading us to the
goal. (COI: Properly Declared)

S81-5

Importance of receptor-activated Ca?* influx in wound
healing

Takuro Numaga-Tomita'?3; James W Putney, Jr’;

Motohiro Nishida'?%# (Department of Creative Research, Exploratory Research
Center on Life and Living Systems: ExCELLS, National Institutes of Natural Sciences,
Japan, *National Institute for Physiological Sciences (NIPS), National Institutes of
Natural Sciences, Japan, *School of Life Sciences, SOKENDAI, Japan, *Graduate
School of Pharmaceutical Sciences, Kyushu University, Japan; *National Institute of
Environmental Health Sciences, National Institutes of Health, USA)

Wound healing is an important but complicated process for our body to recover from injury.
Calcium (Ca?") signaling plays a major role in the development and maintenance of the epidermis.
We have revealed that Ca*" influx initiated by cell surface receptor activation play critical roles in
a plethora of cellular physiology. In epidermis, store-operated Ca** entry (SOCE), a major Ca**
influx pathway in non-excitable cells, regulates both proliferation and differentiation. Those
cellular responses are precisely controlled in epidermal wound healing. Aberration of the control
resulted in ulcer and keloids. Based on the in vitro study of SOCE in keratinocyte physiology, we
investigated the effect of SOCE deficiency on skin wound healing. To our surprise, defect of
SOCE facilitates healing of epidermis. This effect was likely to be attributable to the reduced
expression of proinflammatory cytokines in epidermis by the defect of SOCE. Cells participating
to wound healing is not only keratinocytes but fibroblast and immune cells. The importance of
other surface receptor coupled Ca®* influx pathway in the whole process of wound healing is also

discussed. (COIl: No)
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Symposium82

Amygdala Neuronal Circuits in Adaptive
Behaviors

(March 31, Sun., 10:30-12:30, Room L)

S$82-1

Neural Circuits Between the Central Amygdala and
Basal Forebrain mediate Anxiety behaviours

Pankaj Sah; Ya-Jie Sun; Lei Qian; Li Xu (Queensland Brain Institute, The
University of Queensland, Australia)

The amygdala, is a mid-temporal lobe structure that is critically involved in assigning emotional
salience or value to events through associative learning. In particular it plays a central role in the
analysis of fear and anxiety. The amygdala has extensive bidirectional connections with the basal
forebrain (BF), a large structure in the ventral part of the brain. Input from the BF to the amygdala,
is dominated by cholinergic afferents to the basolateral amygdala (BLA). However, the Central
Amygdala (CeA), the amygdala’s output region, with CeA also has extensive connections with
the BF. Afferents from the lateral sector of the amygdala are known to target a region of the BF
that has been called the sublenticular extended amygdala (SLEAc). I this talk will describe
connections between the CeL and the SLEAc. We use a combination of viral injections, ex vivo
slice electrophysiolgy and behavioural experiments and show the nature of these connections and
how they may play a role in generation of anxiety like behaviours. (COI: No)

S$82-2

Neuronal circuits underlying the regulation of aversive
valence in mice

Ayako M Watabe (institute of Clinical Medicine and Research, Jikei University
School of Medicine, Japan)

Aversive and affective stimuli potently generate adaptive behaviors and emotional memory. The
amygdala plays fundamental roles in aversive and affective information processing and adaptive
behaviors. While the neural mechanisms underlying association of conditioned stimuli and
unconditioned stimuli (US) has been intensively studied, the valence-related information of US
per se is only partly understood. In particular, both flight and freezing behaviors can be elicited by
exposing animals to an environmental threat, but little is known of neural circuits regulating this
behavioral switch. To elucidate the neural mechanisms, we focused on the external lateral
parabrachial nucleus (PB), which receives nociception-specific inputs and sends direct
monosynaptic projections to the central amydala (CeA). Optogenetic activation of PB-CeA
pathway induced aversive memory when paired with CS, suggesting this pathway may encode
aversive valence. Furthermore, PB-CeA pathway activation triggered flight behavior. Since a
proportion of PB-CeA fibers express calcitonin gene related peptide (CGRP), we next employed
cell-type specific optogenetics to selectively activate CGRP-positive terminals. The CGRP-
positive terminal activation induced aversive memory just like PB-CeA activation, but it triggered
freezing behavior instead of impulsive escaping. These results suggest that the PB-CeC pathway
may be composed of heterologous population to induce multiple forms of defensive behaviors.

(COI: No)

S$82-3

Brain circuits for triggering and reversing emotional
memories

Joshua Johansen (RIKEN Center for Brain Science, Japan)

Aversive experiences are powerful triggers for memory formation and alter neural circuits to
adaptively shape behavior. However, aversive memories need to be reduced when they are no
longer appropriate to facilitate adaptive functioning. My lab studies the neural circuit and cell
coding mechanisms which initiate learning and memory in response to aversive events and
extinguish emotional responses when they are inappropriate. In this talk I will discuss recent work
examining parallel neural circuits which trigger aversive associative learning and how feedback
circuits regulate neural processing in these pathways to control the strength of fear memories. In
addition, I will describe our recent discovery that distinct noradrenergic networks within the
brainstem locus coeruleus either enhance fear memory formation or promote a switch from fear
responding to behavioral flexibility, revealing a new framework for understanding noradrenaline
circuit function. Together, these findings elucidate how neural circuit organization gives rise to
neural coding and adaptive behavior and suggest novel strategies for the treatment of anxiety
disorders associated with aberrant fear and extinction learning. (COI: No)

$82-4

Exploring molecular pathways involved in central
amygdala-dependent control of emotional behaviors

Sayaka Takemoto-Kimura'? ('Neurosciencel, RIEM, Nagoya University,
Japan, >PRESTO-JST, Japan)

Social and emotional behavior disabilities are exhibited in multiple psychiatric disorders. In
addition to its well-known role as mediating fear and anxiety responses, the amygdala is a region
in the brain that is crucial for social processing. Within the amygdala, the basolateral amygdala
(BLA)-central nucleus of amygdala (CeA) circuit is known to mediate fear and anxiety responses.
However, the involvement of this circuit in social behavior and its molecular basis remain to be
elucidated. We found that the BLA is activated during social encounters, which indicates that this
circuit is involved in social behavior regulation. To investigate the molecular basis of CeA-
dependent social and emotional behaviors, we focused on a Ca*-dependent phosphorylation
pathway, which is highly expressed in the CeA. We hypothesized thatthe Ca*'-dependent
signaling is essential in the amygdala-dependent emotional and social behaviors within the local
circuit in the CeA. In accordance with this hypothesis, genetic and virus-mediated molecular
manipulations of the kinase induced behavioral anomalies in emotional and social behavioral
tasks. Furthermore, histological studies revealed the enrichment of the kinase in a subset of
inhibitory neurons located in the CeA. Taken together, our study identify a novel amygdala Ca**
-dependent signaling pathway that controls behavioral modifications triggered in response to
external social environment. (COIl: No)
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Symposium83

Neurobiology of obesity and its metabolic
comorbidities

(March 31, Sun., 10:30-12:30, Room M)

S83-1

Postprandial hormones regulate feeding and glucose
metabolism via interacting with vagal afferents

Yusaku lwasaki'; Toshihiko Yada?® ('Graduate School of Life and
Environmental Sciences, Kyoto Prefectural University, Japan, *Center for Integrative
Physiology, Kansai Electric Power Medical Research Institute, Japan; >System
Physiology, Graduate School of Medicine, Kobe University, Japan)

Hyperphagia is the leading cause of obesity and metabolic syndrome, however, few effective and
safe medicines are available to treat feeding disorders and obesity. Peripheral metabolic status
including nutrients, metabolites and hormones informs the hypothalamus via 1) penetrating
through the blood-brain barrier and/or 2) acting on the vagal afferents, thereby regulating food
intake. Vagal afferent nerves are visceral sensory nerves and sense peripheral signals from several
organs to convey their information to the nucleus tractus solitarius of the medulla. However, the
regulatory mechanism in the vagal afferents remains to be clarified.

We found that a subset of vagal afferent neurons (around 10%) was activated by meal-evoked
satiety peptides such as posterior pituitary hormone oxytocin and intestinal glucagon-like
peptide-1 (GLP-1). Recently, we demonstrated that a rare sugar D-allulose (Allu), which is a zero-
calorie sweetener, induced GLP-1 release. Activation of a subset of vagal afferents by oxytocin or
GLP-1 released by Allu ameliorates hyperphagia, obesity, glucose intolerance and diabetes. (COI:
Properly Declared)

S83-2

Disruption of Steroid Receptor Coactivator-1 Signaling
is Associated with Obesity

Yong Xu; Yongjie Yang; Liangru Zhu (Department of Pediatrics, Baylor
College of Medicine, USA)

Steroid receptor coactivator-1 (SRC-1) is a coactivator which modulates the activity of nuclear
hormone receptors and transcription factors. Here, we showed that in the hypothalamus, SRC-1
interacts with phosphorylated STAT3 to potentiate the ability of leptin to stimulate transcription
of the anorectic peptide pro-opiomelanocortin (Pomc). In mice, targeted deletion of SRC-1 in
Pomc neurons attenuated their depolarization by leptin, decreased Pomc expression and increased
food intake leading to diet-induced obesity. In humans, we identified 15 rare heterozygous
variants in SRC-1 in 2,548 severely obese individuals. These variants impaired leptin-mediated
Pomc reporter activity in cells, whilst four rare variants found in 1,117 non-obese controls did not.
We generated a knock-in mouse model of a human SRC-1 variant which exhibited increased food
intake and weight gain, providing additional evidence that disruption of SRC-1- contributes to
human obesity. Targeting this molecular interaction to modulate leptin sensitivity may be useful
in the treatment of obesity-related metabolic disease. (COI: No)

S83-3
Withdrawn

S83-4

Gut hormone GIP drives hypothalamic pathogenesis of
obesity via Epac-Rap1 signaling

Makoto Fukuda (Baylor College of Medicine, USA)

The hypothalamus has a critical role in the regulation of energy and glucose homeostasis. Over-
nutrition triggers profound cellular and physiological changes of the hypothalamus diminishing
hypothalamic responses to insulin and leptin, critical hormones maintaining normal blood glucose
and body weight. This decline in hypothalamic responses has been proposed as crucial processes
that underlie the pathophysiology of metabolic disease. Thus, identifying key factors that arise
from excess caloric intake and regulate energy balance via signaling to central metabolic circuitry
is a principal goal of obesity biology. Through brain explant, genetic, and pharmacological studies
in mice, we identified the gut hormone gastric inhibitory polypeptide (GIP), whose levels are
elevated during diet-induced obesity, as a neural mediator of obesity. Centrally administered GIP
promoted obesity-associated pathogenesis, including reduced hypothalamic sensitivity to
anorectic hormones and increased hypothalamic inflammation, via its receptor, GIPR. In contrast,
GIPR deficiency protected against diet-induced neural leptin resistance. A centrally administered
neutralizing GIPR antibody produced remarkable anti-obesity effects, including reduced
adiposity and reversed hypothalamic pathogenic features in diet-induced obese mice. The small
GTPase Rap1 mediates these effects in the brain. Altogether, our data suggest that GIP is a signal
driving the neural pathogenesis of obesity. (COI: No)

S83-5

Neurohormonal mechanism for circadian feeding
rhythm that prevents obesity

Toshihiko Yada'?; Masanori Nakata?® ('Center for Integrative Physiology,
Kansai Electric Power Medical Research Institute, Japan; *System Physiology,
Graduate School of Medicine, Kobe University; Physiology, Wakayama Prefectural
Medical University)

Humans eat at daytime and rest at nighttime. Inversely, rodents eat mostly at dark period (DP)
and little at light period (LP). This circadian feeding rhythm maintains healthy physiologic
conditions, and arrhythmic feeding induces obesity and diabetes. However, the mechanism for
circadian feeding rhythm is little elucidated. This study sought to clarify the neurohormonal
mechanisms underlying circadian feeding rhythm and its impairment.

In mice and rats, nesfatin-1/NUCB2 and oxytocin expression levels in the hypothalamic
paraventricular nucleus (PVN) increase at LP and decrease at DP, exhibiting circadian rhythm in
reverse phase to feeding rhythm (1,2). In high fat diet fed mice and Zucker fatty rats, the LP
increases in nesfatin-1/NUCB2 and oxytocin are impaired in parallel with LP hyperphagia and
obesity. The LP hyperphagia was ameliorated by icv injection of nesfatin-1. Furthermore, ip
injection of FGF21, a hunger hormone, elevated expression and neuronal activity of nesfatin-1/
NUCB?2 in LP and corrected LP hyperphagia (3). These results indicate that the “peripheral
FGF21 to PVN nesfatin-1/oxytocin axis” contributes to generate circadian feeding rhythm and to
prevent obesity.

1. Nakata M, Yada T et al. Endocrinology 2016; 157:2322-.

3. Santoso P, Nakata M, Yada T et al. Sci Rep 2017; 7:45819-.

2. Sedbazar U, Nakata M, Yada T et al. Biochem Biophys Res Commun 2013; 434:434-
(COI: Properly Declared)
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Symposium by the PSJ Committee
on the Promotion of Gender Equality

Seeking Gender Equality in Science. A comparison
of issues and initiatives in Japan and New Zealand

(March 29, Fri., 12:20-13:20, Room M)

MLS-1

Making room at the table: Gender equality initiatives at
the Okinawa Institute of Science and Technology
(OIST) Graduate University

Gail Tripp (Okinawa Institute of Science and Technology Graduate University,
Japan)

Nationally and internationally women continue to be under-represented in academia, especially
within the fields of science, technology, engineering and mathematics (STEM). Despite growing
awareness of the private and public cost of such under-representation change comes slowly. In
this talk I will discuss the efforts of the Okinawa Institute of Science and Technology Graduate
University (OIST), to create a working environment that is attractive to, and supportive of,
women at all ages and stages of their scientific and/or administrative careers. OIST, first accredited
as a Japanese University in 2011, offers a five-year integrated PhD program taught in English. A
number of the University’s gender equality initiatives have resulted rapid positive change, other
efforts have had less impact or continue to be “works in progress”. While it is pleasing to
acknowledge our successes, recognizing and addressing our “failures” is critical to OIST’s
ongoing commitment to achieving gender equality and, we hope, useful to other groups and
institutions striving for equality. I will finish by identifying parallels and differences in the
struggle for gender equality in academia and science in New Zealand and Japan. (COI: No)

MLS-2

Summary of the 4th Large-Scale Survey of Gender-
Equality status in scientific professions

Tomoe Nakamura-Nishitani (Department of Molecular Physiology, National
Cerebral and Cardiovascular Center Research Institute, Japan)

Since entering the 21st century, the issues of a declining birth rate, an aging population and
unemployment have come to the forefront in many countries including Japan. To overcome these
problems, all people including women, young and senior people should have equal opportunities
to work. Although many efforts and actions have been made to improve the environment for the
people involved in scientific fields so far, it is still difficult to say that Gender-Equality is fully
achieved in the present situation. To identify the problems of this issue in research and engineering
professions in Japan, we conducted a 4th-Large-Scale survey of actual conditions of Gender-
Equality in these fields in 2017. The purpose of this talk is 1) to present what is the real situation
and problems, 2) to identify the society’s “mechanism” that have caused these problems, and 3)
to summarize proposal and demands based on these data. The survey includes the real situation
and differences between men and women scientists regarding 1) the ratio of regular and non-
regular employment, 2) work-life balance, and 3) nursing care. The results indicated that the ratio
of regular employment and salary are still lower in woman scientists compared to men scientists,
and “work-life balance” is still difficult to continue their research for woman scientists, thus
improving workplace environment and society support are absolutely necessary. This report
should not simply end as a data, but we should use this to actually improve our work and family
environments, even little by little. (COI: No)
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Tutorial for Physiologists

Practical Approaches to
Protein Structural Information

(March 31, Sun., 8:00-9:10, Room B)

no abstract
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PSJ Awards

20™ Promotion Award of the Physiological Society of Japan
for Young Scientists

9" Hiroshi and Aya Irisawa Memorial Promotion Award for
Young Physiologists: Section of channel and transporter

9" Hiroshi and Aya Irisawa Memorial Promotion Award for
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9™ Hiroshi and Aya Irisawa Memorial Award for Excellent
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9" Hiroshi and Aya Irisawa Memorial Award for Excellent
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AP-1

Chronic stress causes excessive aggression by altering
synaptic actin dynamics in the mPFC

Hirobumi Tada'?; Takuya Takahashi? (‘Section of Neuroendocrinology,
National Center for Geriatrics and Gerontology, Japan; *Department of Physiology,
Yokohama City University)

Behavioral and psychological symptoms of dementia (BPSD) are an integral part of dementia
syndrome. In particular, BPSD such as chronic stress induced excessive aggression is known to
be more stressful to caregivers than the cognitive and functional problems of the patients with
dementia. Therefore, the effective treatment for excessive aggressive behavior is required. There
is evidence that functional circuits in the medial prefrontal cortex (mPFC) regulate social
cognitive functions including aggressive behaviors. Also, social isolation, one form of chronic
stress environment, can lead to the development of excessive aggression. However, the underlying
cellular and molecular mechanisms of the mPFC neural network involved in chronic stress
environment induced aggression is largely unknown.

To clarify the molecular mechanism of mPFC neuronal network with excessive aggression, we
examined aggressive behavior in rat model of chronic social isolation focusing on mPFC synaptic
plasticity. We further investigated the relationship between synaptic actin dynamics and AMPARs
delivery in spines of mPFC of chronic stressed animals. Here, we show that chronic stress
environment changes spines in the mPFC by reducing actin dynamics, leading to the decrease of
synaptic AMPA receptor delivery and altered social cognition and aggressive behavior. Our study
provides molecular and cellular mechanisms underlying the influence of chronic stress
environment on social cognition and aggression. (COl: Properly Declared)

AP-2
Characterization of the secondary auditory field in the
mouse auditory cortex

Hiroaki Tsukano (Department of Neurophysiology, Brain Research Institute,
Niigata University, Japan)

Tonotopy is an essential functional organization in the auditory cortex (ACx), and it is crucial to
reveal how tonotopy is relayed to higher-order ACx such as the secondary auditory field (A2). The
source of tonotopy reflected in the primary ACx (Al) is the incoming frequency-related
topographical projections from the ventral division of the medial geniculate body (MGv).
However, circuits that relay this functional organization to A2 have yet to be identified. In our
recent tracing study conducted using mice, we discovered a new pathway that projects directly
from the caudal part of MGv to A2, while the middle part of MGv projects to Al. Tonotopy was
established in A2 even after primary fields including A1 were removed. These data suggest that
tonotopy in A2 can be established solely by thalamic input. Moreover, the structural nature of
differing thalamocortical connections was consistent with the functional organization of the target
regions in ACx. Retrograde tracing revealed that the region of MGv input to a local area in A2 was
broader than the region of MGy input to Al. Consistent with this anatomy, two-photon calcium
imaging revealed that neuronal responses in the thalamocortical recipient layer of A2 showed
wider bandwidth and greater heterogeneity of the best frequency distribution than those of Al.
These findings demonstrate a new thalamocortical pathway that relays frequency information to
A2 on the basis of the MGv compartmentalization. (COI: No)

AP-3

Cytoplasmic conformational changes of VSP detected
by voltage clamp fluorescence spectroscopy

Akira Kawanabe; Tomoko Yonezawa; Yasushi Okamura (Graduate
School of Medicine, Osaka University, Japan)

Voltage-sensing phosphatase (VSP) consists of the voltage sensor domain (VSD) and the
cytoplasmic catalytic region (CCR) which acts as an enzyme that dephosphorylates PI(4,5)P,
regulated by membrane potential change (Murata et al. 2005). The voltage-induced regulation
mechanism of the CCR has not been fully understood. We previously reported the conformational
changes of the CCR by voltage clamp fluorometry with environment-sensitive unnatural
fluorescent amino acid (Anap). This powerful method shed light on the cytoplasmic
conformational changes of membrane proteins in living cells, but the obtained information is so
far limited because detailed molecular mechanisms of change of fluorescence intensity still
remain unknown.

To gain more insights, we combined a spectrometer and inverted fluorescence microscope with
electrophysiological instrument. This system can observe the absolute fluorescence spectra from
selected region of a cell under voltage clamp condition. Using this method, we measured the
fluorescence spectra of Anap incorporated at His-237 in the cytoplasmic region of Ciona
intesinalis-VSP expressed in HEK293T. When we applied voltage step pulses from -80 to 100
mV in 20-mV increment to Ci-VSP H237Anap expressed cell, the fluorescence spectra of Anap
showed the voltage-dependent changes, which may reflect the alteration of the local hydrophobic
environment around incorporated Anap due to the conformational changes. (COl: No)

AP-4

Interaction of junctophilins and the CaV1.1 is essential
for the skeletal muscle contraction

Tsutomu Nakada (Department of Molecular pharmacology Shinshu University
School of Medicine, Japan)

Close physical association of Ca,1.1 L-type calcium channels (LTCCs) at the sarcolemmal
junctional membrane (JM) with ryanodine receptors (RyRs) of the sarcoplasmic reticulum (SR) is
crucial for excitation—contraction coupling (ECC) in skeletal muscle. However, the molecular
mechanism underlying the JM targeting of LTCCs is unexplored. Junctophilins (JPs) stabilize the
JM by bridging the sarcolemmal and SR membranes. We examined the roles of JPs in localization
and function of LTCCs. Knockdown of JP1 or 2 in cultured myotubes inhibited LTCC clustering
at the JM and suppressed evoked Ca® transients without disrupting JM structure.
Coimmunoprecipitation and glutathione S-transferase pull-down assays demonstrated that JPs
physically interacted with 12 amino acid residues in the proximal C-terminus of the Ca, 1.1. AJP1
mutant lacking the C-terminus including the transmembrane domain (JP1ACT) interacted with
the sarcolemmal/T-tubule membrane but not the SR membrane. Expression of this mutant in adult
mouse muscles in vivo exerted a dominant-negative effect on endogenous JPs, impairing LTCC—
RyR coupling at triads without disrupting JM morphology, and substantially reducing Ca**
transients without affecting SR Ca*" content. Moreover, the contractile force of the JPIACT-
expressed muscle was dramatically reduced compared with the control. Taken together, JPs
recruit LTCCs to the JM through physical interaction and ensure robust ECC at triads in skeletal
muscle. (COI: No)

AP-5
Physiological and pathophysiological significance of
TRPC3-Nox2 coupling in the heart

Takuro Numaga-Tomita'23; Tsukasa Shimauchi*®;

Naoyuki Kitajima*; Akiyuki Nishimura?#*; Motohiro Nishida'?%#
(!Department of Creative Research, Exploratory Research Center on Life and Living
Systems: ExCELLS, National Institutes of Natural Sciences, Japan, *National Institute
for Physiological Sciences (NIPS), National Institutes of Natural Sciences, *School of
life sciences, SOKENDAI; *Graduate School of Pharmaceutical Sciences, Kyushu
University, 5Graduate School of Medical Sciences, Kyushu University)

Chronic stresses induce pathological cardiac remodeling in which production of reactive oxygen species (ROS)
plays a critical role. We have revealed that those ROS were produced by NADPH oxidase 2 (Nox2), despite low
Nox2 expression levels in the normal heart. We demonstrate that transient receptor potential canonical 3 (TRPC3)
Ca*-permeable channel acts as a positive regulator of Nox2 in both enzymatic activation and protein expression in
cardiomyocytes during pathological remodeling. TRPC3 physically interacts with Nox2 through TRPC3 carboxyl-
terminal regions, escaping Nox2 from proteasomal degradation, resulting in amplification of Ca*-dependent Nox2
activation. This TRPC3-Nox2 coupling mediates mechanical stress-induced cardiac fibrosis and a chemotherapy
agent Doxorubicin-induced cardiac atrophy in mice. Inhibition of TRPC3-Nox2 coupling in cardiomyocytes could
significantly suppressed Dox-induced cardiac atrophy. These results suggest that functional and physical coupling
of TRPC3 and Nox2 mediates various stress-induced cardiac remodeling and inhibition of TRPC3-Nox2 coupling
will be a promising therapeutic target for the treatment of pathological muscle remodeling. Furthermore, TRPC3
knockout heart showed more elastic property than wildtype heart, suggesting that TRPC3-Nox2 coupling regulates
heart stiffness by two means of cardiomyocyte and extracellular matrix. (COIl: No)

AP-6
Microglia permit climbing fiber pruning by promoting
synaptic inhibition in the developing cerebellum

Hisako Nakayama (Department of Physiology, School of Medicine, Tokyo
Women's Medical University, 8-1, Kawada-cho, Sinjuku-ku, Tokyo, Japan)

Circuit refinement during postnatal development is finely regulated by neuron—-neuron
interactions. Recent studies suggest participation of microglia in this process but it is unclear how
microglia cooperatively act with neuronal mechanisms. The cerebellar cortex is an appropriate
model system to study the mechanisms for constructing functional neuronal connections. In
neonatal rodent, each Purkinje cell (PC) is innervated by multiple climbing fibers (CFs). Then, all
but one CFs are eliminated by the end of the third postnatal week. Here we studied role of
microglia in the development of cerebellar circuits including the establishment of mono-
innervation of CF-PC connections. To examine roles of microglia, we ablated microglia by
microglia-selective deletion of colony stimulating factor 1 receptor (Csflr) by crossing floxed-
Csflr and Ibal-iCre mice (Csflr-cKO). In Csflr-cKO mice, refinement of CF-PC innervation
after postnatal day 10 (P10)-P12 is severely impaired. However, there is no clear morphological
evidence suggesting massive engulfment of CFs in microglia. In Csflr-cKO mice, inhibitory
synaptic transmission is impaired and CF elimination is restored by diazepam, which suggests
that impairment of CF elimination is caused by a defect of GABAergic inhibition on PCs, a
prerequisite for CF elimination. These results indicate that microglia primarily promote inhibitory
synaptogenesis and secondarily facilitate the mechanism for CF elimination inherent in PCs.

(COI: No)
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AP-7

Inhibition of ghrelin-induced feeding in rats by
treatment with a novel orexin receptor antagonist

Mariko So'?; Hirofumi Hashimoto?*; Reiko Saito??;

Yukiyo Yamamoto?®; Yasuhito Motojima?; Hiromichi Ueno?;

Satomi Sonoda?; Mitsuhiro Yoshimura?; Takashi Maruyama?;
Koichi Kusuhara?®; Yoichi Ueta? (\Department of Health and Nutritional Care,
Faculty of Medical Science, University of East Asia, Shimonoseki 751-0807, Japan; *Department of
Physiology, School of Medicine, University of Occupational and Envir | Health, 1-! Iseigaok
Yahatanishi-ku, Kitakyushu 807-8555, Japan; *Department of Pediatrics, School of Medicine, University of
Occupational and Envir | Health, Kitakyushu 807-8555, Japan; *Department of Regulatory
Physiology, Dokkyo Medical University, 880 Kitakobayashi, Mibu 321-0293, Japan.)

Orexin-A and -B, and ghrelin are potent orexigenic peptides. The effects of ACT462206, a novel dual orexin receptor
antagonist (DORA), on ghrelin-induced feeding were examined in adult male Wistar rats. Here, we examined the central
effects of DORA on centrally administered ghrelin-induced feeding in conscious rats. Hyperphagia induced by the
intracerebroventricular (icv) administration of ghrelin was significantly suppressed for at least 2 h by pretreatment with

icv administration of DORA. A marked increase was observed in the number of neurons expressing Fos immunoreactivity
in the paraventricular nucleus, arcuate nucleus and lateral hypothalamic area (LHA), 90 min after icv administration of

ghrelin. P with DORA significantly d d the number of Fos-immunoreactive (IR) neurons, however, Fos
i tivity remained significantly increased. Double-immunostaining for Fos and orexin-A showed that many
orexin-A-IR neurons in the LHA coexisted with Fos i ivity after icv administration of ghrelin, however, their

number of orexin-A-IR neurons with Fos in the LHA was significantly reduced by p with DORA. These results
suggest that centrally administered ghrelin may activate the orexinergic and non-orexinergic pathways responsible for the
regulation of feeding. (COI: No)

AP-8

Hypotonicity-induced cell swelling activates TRPAT
Fumitaka Fujita'23; Kunitoshi Uchida*; Yasunori Takayama '%;
Yoshiro Suzuki °; Masayuki Takaishi'¢; Makoto Tominaga'®
('Division of Cell Signaling, National Institute for Physiological Sciences, Japan,
’Basic Research Institute, Mandom Corp., Japan; *Laboratory of Advanced Cosmetic
Science, Graduate School of Pharmaceutical Sciences, Osaka University, Japan,
‘Departments of Physiological Science and Molecular Biology and Morphological
Biology, Fukuoka Dental College, Japan, Thermal Biology Group, Exploratory
Research Center on Life and Living Systems, Japan; *Product Assurance Division,
Mandom Corp., Japan)

Hypotonic solutions can cause painful sensations in nasal and ocular mucosa through molecular
mechanisms that are not entirely understood. We clarified the ability of human TRPA1 (hTRPAT)
to respond to physical stimulus, and evaluated the response of hTRPA1 to cell swelling under
hypotonic conditions. Using a Ca2+-imaging method, we found that modulation of AITC-induced
hTRPAL1 activity occurred under hypotonic conditions. Moreover, cell swelling in hypotonic
conditions evoked single-channel activation of hTRPA1 in a cell-attached mode when the patch
pipette was attached after cell swelling under hypotonic conditions, but not before swelling.
Single-channel currents activated by cell swelling were also inhibited by a known hTRPAI
blocker. Since pre-application of thapsigargin or pretreatment with the calcium chelator BAPTA
did not affect the single-channel activation induced by cell swelling, changes in intracellular

calcium concentrations are likely not related to hTRPA1 activation induced by physical stimuli.
(COI: No)

AP-9

Epac activation inhibits IL-6-induced cardiac myocyte
dysfunction

Huiling Jin'; Takayuki Fujita'; Meihua Jin'?; Reiko Kurotani'3;
Yuko Hidaka'; Wengian Cai'; Kenji Suita'; Rajesh Prajapati’;
Chen Liang '; Yoshiki Ohnuki4; Yasumasa Mototani#;

Masanari Umemura'; Utako Yokoyama'; Motohiko Sato®;
Satoshi Okumura'#; Yoshihiro Ishikawa' ( Cardiovascular Research
Institute, Yokohama City University Graduate School of Medicine, Japan; ? Department
of Cardiac Physiology, National Cerebral and Cardiovascular Center Research
Institute, Japan, * Biochemical Engineering, Faculty of Engineering, Yamagata
University, Japan; ? Department of Physiology, Tsurumi University School of Dental
Medicine, Japan; ° Department of Physiology, Aichi Medical University, Japan)
Pro-inflammatory cytokines are released in septic shock and impair cardiac function via the Jak-STAT pathway.
It is well known that sympathetic and thus catecholamine signaling is activated thereafter to compensate for
cardiac dysfunction. The mechanism of such compensation by catecholamine signaling has been traditionally
understood to be cyclic AMP-dependent protein kinase (PKA)-mediated enforcement of cardiac contractility. We
hypothesized that the exchange protein activated bycAMP (Epac), a newly identified target of cAMP signaling
that functions independently of PKA, also plays a key role in this mechanism. In cultured cardiac myocytes,
activation of Epac attenuated the inhibitory effect of interleukin-6 on the increase of intracellular Ca2+
concentration and contractility in response to isoproterenol, most likely through inhibition of the Jak-STAT
pathway via SOCS3, with subsequent changes in inducible nitric oxide synthase expression. These findings
suggest a new role of catecholamine signaling in compensating for cardiac dysfunction in heart failure. Epac and
its downstream pathway may be a novel target for treating cardiac dysfunction in endotoxemia. (COIl: No)
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1P-001

Analysis of junctophilin2 knock out zebrafish
Souhei Sakata; Fumihito Ono (Department of Physiology, Division of Life Sciences,
Faculty of Medicine, Osaka Medical College, Japan)

In muscle cells, junctional membrane complexes (JMC) between the plasma membrane and the
endoplasmic / sarcoplasmic membrane provide a structural platform for the excitation-contraction
coupling. Junctophilins (JPHs) are expressed in JMC and contribute to communications between
channels on both membranes. Four JPH genes are encoded in the mouse genome; JPHI and 2 are
expressed in muscle cells and JPH3 and 4 are in neural cells. Previous reports in mice showed that
the conditional cardiac knock down of JPH2 leads to heart failure and early mortality, while JPH1
knockouts die shortly after birth due to defective suckling. These data suggest that JPHs play
essential roles in muscle contraction.

Zebrafish larva is transparent and develops ex-utero. This is an advantage for studying the early
developmental stages, in contrast to the JPH KO mice whose analysis is hindered due to lethality
in utero. In the zebrafish genome, there are two JPH1s (JPHla and 1b), JPH2 and JPH3. We
confirmed the JPH2 expression in skeletal muscles and the heart using in situ hybridization of
larva, and generated JPH2 KO zebrafish line using the CRISPR / Cas9 system. Unlike mice, JPH2
KO zebrafish is not lethal. The heart rate and the morphology of larva were not significantly
different from those of wild-type. Escape behaviors of KO larva were also similar to those of
wild-type. Therefore JPHs in fish have distinct physiological significance compared to mammals.
(COI: No)

1P-002

Evaluation of muscle contraction by electromyogram and
sonography
Masafumi Katayama (International university of health and welfare, Japan)

[Background and purpose] Diagnostic methods leading to prevention of Sarcopenia are required.
We investigated establish an evaluation of quadriceps femoris muscle contraction using
electromyogram (EMG) and ultrasound (US) image.

[Methods] The surface EMG were recorded in rectus femoris muscle, vastus lateralis and vastus
medialis during knee extension with load. We observed three muscular discharge ratio and they
were evaluated for quantity of muscular discharge in search of the repand area by integration. By
US image, we observed the length of the circumference and the cross sectional area on the
transverse image and measured the pennation angle on the sagittal image.

[Results and conclusion] Environment of isometric contraction, amount of muscular discharge
increased from weak to strong contraction. In the rectus femoris muscle, there was significant
positive correlation between the imposed weight and the muscular discharge. Since the
circumference was more stable than the cross sectional area, it was selected for evaluation. The
pennation angle was more large in traction than resting. The circumference and the pennation
angle tended to increase due to voluntary contraction. However, the value did not change when
weight exceeded a certain quantity. By evaluating functional and morphologically using EMG
and US image, there is a possibility that muscle weakness can be evaluated. (COIl: No)

1P-003

Muscle representations in spinal motor circuitry in intact humans
and an individual with SCI

Toshiki Tazoe'; Koichi lwatsuki?; Yukio Nishimura' (‘Neural Prosthesis Project,
Department of Dementia and Higher Brain Function, Tokyo Metropolitan Institute of
Medical Science, Japan; *Senbokujinnai Hospital)

Electrical stimulation to the mammalian spinal cord have demonstrated that the proximal to distal
limb muscles are gradually represented in a rostro-caudal configuration. However, we recently
found that repetitive stimulation to the human lumbar spinal cord is capable of inducing walking-
like leg movements that rostro-caudal muscle representation is hard to account for. To address this
issue, we investigated muscle activation pattern elicited by single pulse transvertebral magnetic
stimulation in intact humans and an individual with chronic thoracic spinal cord injury.
Stimulation was percutaneously delivered to a 3 by 6 target grip over the intervertebral spaces
from T11 to L5 to acquire the spinal motor map in bilateral hip, knee, ankle joint muscles. In
intact individuals, we found that spinal muscle maps were segregated according to the vertebral
level; lower leg and posterior thigh muscles were mainly represented at lower lumbar level (L3-
L5), anterior thigh muscles for knee extension and hip flexion were mainly represented at high to
middle lumbar level (L1-L4). We also observed similar pattern of muscle representations in an
individual with spinal cord injury although posterior thigh muscles were represented at high to
middle lumbar vertebrae. Our finding demonstrated that muscle representations exhibited by
magnetic stimulation in human spinal motor circuitry. (COI: No)

1P-004

Generation of a transgenic zebrafish for monitoring murf1
expression

Genri Kawahara; Mami S Nakayashiki; Yukiko K Hayashi (Department of
Pathophysiology, Tokyo Medical University, Japan)

Zebrafish is an excellent animal model for human diseases due to its high genetic homology to
human, and easy genetic manipulation. To monitor the expression of murfl gene, which is one of
marker molecules of muscle atrophy, a transgenic zebrafish line was created with microinjection
of murfl promoter-EGFP ¢cDNA construct using tol2 transposon system.

During early development in the transgenic fish (murf1:EGFP) line, EGFP signals were observed
in skeletal muscle and heart from 1 day post-fertilization (dpf). RT-PCR analysis confirmed that
the murfl gene expression was corresponded with EGFP expression after 1 dpf. In the adult
transgenic fish, murfl expression corresponding with EGFP were mainly observed in skeletal
muscle and heart. Treatment with dexamethasone solution at 4 dpf for 24 hours induced up-
regulation of EGFP expression in murfl:EGFP zebrafish. These results indicated that the murfl
expression could be monitored using the murf1-EGFP-transgenic fish.

This transgenic fish line might be excellent tool to evaluate the expression of murfl and is useful
to therapeutic drug screening for muscle atrophy. (COIl: No)

1P-005

Acetylcholinesterase inhibitor accelerates muscle differentiation in
C2C12 myoblasts

Hiroshi Todaka'; Mikihiko Arikawa?; Tatsuya Noguchi®; Atsushi Ichikawa';
Takayuki Sato' (‘Dept Cardiovasc Control, Kochi Med Sch, Japan; *Dept Biol Sci,
Fac Sci Tech, Kochi Univ, Japan; *Dept Med Geriatr, Kochi Med Sch, Japan)

Injured skeletal muscle fibers are regenerated by proliferation and differentiation of intrinsic
satellite cells, and chronic ischemia prevents the repairing process. We previously demonstrated
that acetylcholinesterase inhibitor (AChEI) protected against skeletal muscle atrophy by
promoting the proliferation of satellite cells in a mouse model of peripheral arterial disease.
However, the effect of AChEI on the muscle differentiation remains unclear. In the present study,
therefore, we investigated the expressions of myogenic regulatory factors in AChEI-treated
murine myoblast cell line C2C12. We first measured the cytotoxicity of AChEI in C2C12 cells by
WST-1 assay. AChEI at concentrations higher than 25 uM significantly decreased cell viability.
Thus, we used AChEI at a concentration less than 25 uM for all further experiments. Then, we
investigated the effect of AChEI on the expression of myogenic regulatory factors [MyoD,
myogenin and myosin heavy chain (MyHC)] by qRT-PCR and western blot analysis. Although
the expression of MyoD was comparable to that in the untreated control group, AChEI treatment
significantly increased the expressions of myogenin and MyHC in a time- and a concentration-
dependent manner. In addition, immunofiuorescence microscopy showed that AChEI treatment
enhanced the formation of MyHC-positive myotubes. These results indicate that AChEI
accelerates the myoblast differentiation to myofibers in the muscle repairing process. (COI: No)

1P-006

Emerin deficiency exacerbates skeletal muscle pathology in Lmna #H222P/H222p
mutant mice

Eiji Wada; Megumi Kato; Kaori Yamashita; Yukiko K Hayashi (Department of
Pathophysiology, Tokyo Medical University, Japan)

Nuclear envelopathy is caused by defects of nuclear membrane proteins, such as emerin and
lamin A/C, of which cause Emery-Dreifuss muscular dystrophy (EDMD). EDMD is clinically
characterized by slowly progressive muscle wasting and weakness, joint contractures, and
cardiomyopathy with conduction defects. Several murine models of EDMD are generated;
however, Lmna???""22?" mutant (H222P) mice show mild phenotype in skeletal muscle around 30
weeks of age when they start to die due to cardiac dysfunction, and Emerin-null (Emd) mice did
not show obvious muscle phenotypes. Thus, the underlying molecular mechanism of muscle
involvement due to nuclear abnormalities is still unclarified. In this study, we crossed H222P and
Emd mice to generate double mutant (Emd"~/Lmna"?**"222"; EH) mice to characterize dystrophic
changes and to elucidate interaction between emerin and lamin A/C in skeletal and cardiac
muscles. In skeletal muscle, EH mice aggravated dystrophic changes and increased abnormal
nuclei even at age of 12 weeks. Treadmill exercise test revealed that EH mice had significantly
less muscle endurance capacity. On the other hand, there was no histological and functional
difference in cardiac muscle from EH and H222P mice at 12 weeks of age, compared with control
mice. Therefore, EH mouse is a preferable murine model to study skeletal muscle dysfunction in
nuclear envelopathies and to understand the complex interactions and roles among nuclear
proteins in different tissues. (COIl: No)
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1P-007

Cell surface flip-flop of phosphatidylserine is critical for PIEZO1-
mediated myotube formation

Yuiji Hara'?; Masaki Tsuchiya'; Masaki Okuda'; Kotaro Hirano';

Seiji Takabayashi'; Masato Umeda' ('Graduate School of Engineering, Kyoto
University, Japan; ’AMED, PRIME)

Myotube formation by fusion of myoblasts and subsequent elongation of the syncytia is essential
for skeletal muscle formation. However, molecules that regulate myotube formation remain
elusive. Here we identify PIEZO1, a mechanosensitive Ca®* channel, as a key regulator of
myotube formation. During myotube formation, phosphatidylserine, a phospholipid that resides
in the inner leaflet of the plasma membrane, is transiently exposed to cell surface and promotes
myoblast fusion. We show that cell surface phosphatidylserine inhibits PIEZO1 and that the
inward translocation of phosphatidylserine, which is driven by the phospholipid flippase complex
of ATP11A and CDC50A, is required for PIEZO1 activation. PIEZO1-mediated Ca** influx
promotes RhoA/ROCK-mediated actomyosin assemblies at the lateral cortex of myotubes, thus
preventing uncontrolled fusion of myotubes and leading to polarized elongation during myotube
formation. Moreover, myoblasts-specific deletion of Ap/la gene causes morphological
abnormalities in regenerating myofibres after cardiotoxin-induced injury. These results suggest
that cell surface flip-flop of phosphatidylserine acts as a molecular switch for PIEZO1 activation
that governs proper morphogenesis during myotube formation. (COl: No)

1P-008

Role of Ror-family receptor tyrosine kinases in the skeletal muscle
Koki Kamizaki'; Ayano Yamamoto'; Ryosuke Doi'; Motoi Kanagawa?;
Tatsushi Toda?; Akiyoshi Uezumi?®; So-Ichiro Fukada®*; Mitsuharu Endo’;

Yasuhiro Minami' (‘Division of Cell Physiology, Department of Physiology and Cell Biology,
Graduate School of Medicine, Kobe University, Japan; *Division of Neurology/Molecular Brain
Science, Graduate School of Medicine, Kobe University, Japan; *Department of Geriatric
Medicine, Tokyo Metropolitan Institute of Gerontology, Japan; *Laboratory of Molecular and
Cellular Physiology, Graduate School of Pharmaceutical Sciences, Osaka University, Japan)

The Ror-family of receptor tyrosine kinases, Rorl and Ror2, play important roles in regulating the
function of tissue stem cells, including neural progenitor cells, during embryonic development.
However, it remains largely unknown whether Rorl and Ror2 also regulate the function of tissue stem
cells in the adult animals. Here, we show that Ror/, but not Ror2, is expressed highly in satellite cells
(SCs), well documented residential tissue stem cells in the skeletal muscles. Analyses of SC-specific
Rorl conditional knockout mice have revealed that Rorl plays an important role in skeletal muscle
regeneration by promoting proliferation of SCs. Interestingly, we also found that Ror2 is expressed
highly in mesenchymal progenitor cells (MPCs) in the skeletal muscles. MPCs are known to be
differentiated into adipocytes, contributing to an accumulation of intramuscular adipose tissue under
some pathological conditions, although its underlying mechanism is still unclear. We therefore
examined the role of Ror2 in regulating differentiation capacity of MPCs in vitro, and found that Ror2
is required for differentiation of MPCs into adipogenic lineage.These results indicate that Rorl and
Ror2 might play distinct roles in skeletal muscle regeneration after injury by regulating proliferation of
SCs and differentiation of MPCs, respectively. It can be assumed that coordinated regulation of Rorl
and Ror2 might be required for muscle regeneration and homeostasis. (COIl: Properly Declared)

1P-009

Bereitschaftspotential of the interference between attention
distribution and finger movement timing

Daisuke Hirano'?; Daisuke Jinnai'®; Hana Nozawa'?; Takamichi Taniguchi'=
(!Graduate School of Health and Welfare Sciences, International University of Health
and Welfare, Japan; *Department of Occupational Therapy, School of Health Sciences
at Narita, International University of Health and Welfare; *Department of
Occupational Therapy, School of Health Sciences, International University of Health
and Welfare)

Bereitschaftspotential (BP) identifies the slow rising negative electrocortical activity preceding
motor acts, also known as readiness potential. Dual tasking is defined as performing two tasks
concurrently. Humans commonly perform multiple tasks simultaneously (multitasking) in our
daily life. This study aims to quantify the effects of dual-task complexity on the movement
frequency that relies on an internal pacemaker and feedback and the accuracy of a visual number
counting task using BP. Twenty right-handed, healthy volunteers participated in this study. They
performed one single task and two dual tasks: simple and complex. The single task involved a
self-paced tapping task in which the participants extended their right index finger at a 5-second
interval. In the dual task, the participants performed the motor task and a visual number counting
task simultaneously. The average time and coefficient of variation of the movement frequency in
complex dual tasks were significantly more variable than those in the single task. Differences are
more often detected for the channels over C3, C4, and Cz. The attention distribution lead to a
significant changes in specific BP features of the motor task. These results suggest that attention
distribution in dual-tasking situations plays an important role in movement execution and
detection. (COI: No)

1P-010

Control of Keber’s valve at rest, foot extension and retraction of the
clam Nodularia douglasiae

Yoshiteru Seo'; Yoshie Imaizumi-Ohashi'; Mika Yokoi-Hayakawa'; Eriko Seo?
(!Department of Regulatory Physiology, Dokkyo Medical University School of
Medicine, Japan; *Department of Marine Ecosystem Dynamics, Division of Marine
Life Science, Atmosphere and Ocean Research Institute, The University of Tokyo,
Japan)

In order to analyse hydrostatic manipulation of the foot of the clam, flows of hemolymph in the
cardiovascular system of Nodularia douglasiae were detected at rest, foot extension and retraction
by magnetic resonance imaging at 20°C. At rest, in the beginning of systolic phase, flows in the
anterior aorta and the pedal artery increased instantaneously. Flows in the pedal and visceral
sinuses increased with a small delay. Then, these flows ceased at the end of systolic phase
followed by inflow to the ventricle in diastolic phase. At the foot extension, flows of the pedal and
visceral sinuses stopped within 3 heart-beats. Meanwhile, flows in the pedal artery continued
longer than 3 heart-beats. At the foot retraction, flows of the pedal and visceral sinuses increased,
and the initial flows were continuous flow, then, turned to pulsated flow. Based on these results,
1) at rest, compliance of the wall of foot is low enough to transfer pressure pulse from the anterior
aorta to the visceral sinus. 2) Extension of the foot starts by relaxation of foot muscle. Then, the
Keber’s valve is closed so that the hemolymph filled in the foot haemocoel and increases volume
of the foot. 3) Retraction of the foot starts by opening the Keber’s valve followed by increase of
outflow of the hemolymph. In conclusion, not only the Keber’s valve, but also the compliance of
the foot is essential for the circulation of the clam at rest, foot extension and retraction. (COl: No)

1P-011

Suppressive Activity of Chondroitin Sulfate on Nitric Oxide
Production by Knee Synoviocytes In Vitro

Takayuki Okumo'; Kazuhito Asano®; Hideshi lkemoto'; Mana Tsukada'; Shi-Yu Guo';

Koji Kanzaki?; Tadashi Hisamitsu'; Masataka Sunagawa’ ('Department of Physiology, School of
Medicine, Showa University, Japan; *Department of Orthopaedic Surgery, Showa University Fujigaoka
Hospital, Japan; *Department of Physiology, School of Nursing and Rehabilitation Science, Showa
University, Japan)

Background: Knee osteoarthritis (OA) is well known to be the degeneration of articular cartilage. Structure-
modifying medications, such as nutraceuticals, including chondroitin sulfate (CS) and glucosamine hydrochloride,
are said to be effective treatments for OA; however, the therapeutic mechanisms of these nutraceuticals are poorly
understood. We examined the influence of CS on the production of nitric oxide (NO), a molecule associated with
OA development, by synoviocytes obtained from an OA patient via an in vitro cell culture technique.

Method: Human fibroblast-like synoviocytes (1x10° cells/ml) were stimulated with 10.0 ng/ml IL-13 in the
presence of various concentrations of CS after 48 h. The NO contents in culture supernatants were examined by the
Griess method. We also examined the influence of CS on the signal transducer and activator of transcription factor
6 (STAT6) activation and inducible nitric oxide synthase (INOS) mRNA expression in synoviocytes at 12 and 24 h
after IL-13 stimulation.

Results: The addition of CS into cell culture suppressed NO production from synoviocytes induced by IL-13
stimulation through inhibition of STAT6 activation and iNOS mRNA expression. The minimum concentration of
CS that caused a significant suppression of the NO production, STAT6 activation and iNOS mRNA expression was
7.5 ug/ml.

Conclusion: These results suggest that the ability of CS to suppress NO production from synoviocytes may
contribute the clinical efficacy of CS on OA. (COI: No)

1P-012

Upregulation of osteclastogenic markers and impaired bone
microstructure in hypertensive rats

Wacharaporn Tiyasatkulkovit'3; Worachet Promruk??3; Aniwat Sawangsalee'?;
Sirawich Intarapanich'?; Jirawan Thongbunchoo?3;

Kwanchit Chaimongkolnukul*; Kanchana Kengkoom?; Nattapon Panupinthu??;
Narattaphol Charoenphandhu?358 ('Department of Biology, Faculty of Science, Chulalongkorn
University, Thailand; *Department of Physiology, Faculty of Science, Mahidol University, Thailand; *Center
of Calcium and Bone Research (COCAB), Faculty of Science, Mahidol University, Thailand; ‘National
Laboratory Animal Center, Mahidol University, Thailand; *Institute of Molecular Biosciences, Mahidol
University, Thailand; *The Academy of Science, The Royal Society of Thailand, Thailand)

Hypertension and osteoporosis are the major health problem in the elderly worldwide. Interestingly, clinical
studies have shown that hypertensive patients often experience significant bone loss, but the underlying
mechanisms are largely unknown. In the present study, the spontaneously hypertensive rats (SHR) were used to
study hypertensive bone changes and its cellular mechanisms. Female SHR rats at 18 weeks old were subjected
to determination of volumetric bone mineral density (VBMD) and bone strength by using microcomputed
tomography and three-point bending test, respectively. We found that cortical and trabecular vBMD as well as the
cortical thickness and area were significantly decreased as compared to the age-matched normotensive rats.
Furthermore, SHR exhibited the impairment of bone strength as indicated by decrease in ultimate load and
stiffness. Then, the primary osteoblasts from normotensive rats and SHR were conducted to determine the mRNA
expression levels of bone formation and resorption marker genes. A decrease in bone formation marker, ALP, was
observed with the upregulated bone resorption markers, i.e., RANKL, MCSF and IL6. Our finding thus suggested
that bone microstructure and bone strength were impaired in SHR, presumably by the uncoupling of bone
remodeling process in which the osteoclast-mediated bone resorption was increased, while the osteoblast-
mediated bone formation was decreased. This study was supported by Thailand Research Fund. (COIl: No)
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1P-013

Immature network function of the adult lumbosacral cord by loss of
interferon regulatory factor 8

Itaru Yazawa'?; Yuko Yoshida*; Ryusuke Yoshimi®4; Michael J O’donovan?;
Keiko Ozato* ('Global Research Center for Innovative Life Science, Hoshi University School of
Pharmacy and Pharmaceutical Sciences, Japan; *Lab. of Neural Control, National Institute of Neurological
Disorders and Stroke, National Institutes of Health, USA; *Department of Stem Cell and Immune Regulation,
Yokohama City University Graduate School of Medicine, Japan; *Lab. of Molecular Growth Regulation,
National Institute of Child Health and Human Development, National Institutes of Health, USA)

Interferon regulatory factor 8 (IRF8) is a transcription factor expressed mainly in myeloid cells, such
as macrophages and microglia (macrophage-like cells in the central nervous system [CNS]). Although
the activities of IRF8 are complex, it provides innate resistance to infectious pathogens and also directs
the development of myeloid cells. Simultaneously, microglia are likely to play important roles in
forming the developing CNS and contributing to overall nervous system function.

We used the decerebrated and the hindlimb preparation and electrophysiologically investigated
whether the impact arising from the absence of IRF8 influences the spinal network function of the adult
IRF8" and wild type mice (P11 to 12 wks). Neuronal discharge was recorded from the phrenic and
bilateral peripheral motor nerve. In both mice, discharge episodes consisting of locomotor-like and
tonic discharge were induced by the modulated sympathetic tone and by the drug (serotonin, N-methyl-
D,L-aspartate, and noradrenalin). Comparisons of the pattern of discharge episodes, induced by the
modulated sympathetic tone and/or by the drug application, demonstrated that the network function of
the lumbosacral cord in IRF8" mice was immature. Our results suggest the possibility that IRF8 plays
a role in normal development of the spinal network function, possibly through the regulation of
myeloid cells in the CNS.

Supported by NINDS and NICHD, National Institutes of Health. (COIl: Properly Declared)

1P-014

Exercise is better than caloric restriction regarding improving
fatigability in muscle of obese rats

Sintip Pattanakuhar'; Wissuta Sutham??; Jirapas Sripetchwandee??;
Wanitchaya Minta?3; Duangkamol Mantor?3; Siripong Palee?3;

Wasana Pratchayasakul??; Nipon Chattipakorn??; Siriporn C. Chattipakorn*
('Department of Rehabilitation Medicine, Chiang Mai University, Thailand; *Neurophysiology Unit, Cardiac
Electrophysiology Research and Training Center; Faculty of Medicine, Chiang Mai University, Thailand, *Cardiac
Electrophysiology Unit, Department of Physiology, Faculty of Medicine, Chiang Mai University, Thailand; ‘Department
of Oral Biology and Diagnostic Science, Faculty of Dentistry, Chiang Mai University, Thailand)

Purpose: To determine the effect of endurance exercise training (ET) and caloric restriction (CR) on
skeletal muscle fatigability and mitochondrial function

Methods: Six female Wistar rats fed with a normal diet for 27 weeks were used as a control group.
Twenty-four rats were fed with a high-fat diet (HFD) for a total of 27 weeks. At week 20, the HFD-fed
rats were divided into 3 groups, which received no treatment, endurance ET 5 times/week and 60% of
CR for 7 weeks. After in situ muscle contraction study was performed, rats were euthanized and vastus
lateralis muscle was removed to measure skeletal muscle mitochondrial dynamics and function.
Results: We found that HFD-fed rats without therapy developed early fatigability; impaired skeletal
muscle mitochondrial function, as indicated by increased ROS production, membrane depolarization
and swelling; reduced mitochondrial dynamics as indicated by increased pDRP1/DRPI ratio and
decreased MFN2 expression (p<0.05 compared with ND groups, ANOVA test). ET significantly
improved fatigability, corresponding with the improvement in PPAR delta expression in skeletal
muscle. Both ET or CR significantly improved mitochondrial dynamics (p<0.05 compared with HFD
sedentary group, ANOVA test), and had a trend to improve mitochondrial function of skeletal muscles.
Conclusion: ET was superior to CR regarding improving skeletal muscle fatigability and functions in
obese-insulin resistant model. (COI: Properly Declared)

1P-015

Effects of Hypoxia on Skeletal Muscle Molecular Adaptations to
Heavy Resistance Training

Aaron Petersen'; Jackson Fyfe?; Mathew Inness'?; Lewan Parker?;

Francois Billaut*; Robert Aughey’ (‘Institute for Health and Sport, Victoria
University, Australia; *.School of Exercise and Nutrition Sciences, Deakin University,
Australia; °. Western Bulldogs Football Club, Australia; *.Département de
Kinesiologie, Université Laval, Canada)

We determined the effects of hypoxic resistance training (IHRT) on skeletal muscle molecular adaptations involved
in muscle strength.

Eighteen participants trained over 7 weeks in either [HRT (FiO, 0.143) or placebo (PLA, FiO, 0.20). Vastus
lateralis muscle biopsies were taken before and after the training programme.

Training increased Type II fibre CSA in both groups (mean+90% confidence limits (CL), effect size (ES); IHRT:
16.0£25.2%, ES 0.50; PLA: 22.0+31.8%, ES 0.42). Type I CSA only increased in PLA (16.1+23.3%, ES 0.48);
however, the changes in Type I or II fibre CSA did not differ between groups. Training caused no change in total
p70S6K in either group. Training caused a possibly trivial decrease in total mTOR in PLA, and a possibly small
increase in IHRT, resulting in a greater increase in mTOR for IHRT compared to PLA (18.9£27.3%, ES 0.65). The
content of sarcoplasmic reticulum (SR) associated proteins dihydropyridine receptor, SERCA1, and calsequestrin
did not change in either group. SERCA2 increased in IHRT only (23.5+18.7%, ES 0.33), and this increase was
greater compared to PLA (42.6+52.2%, ES 0.63). The force transfer protein dystrophin did not change in either
group; however, alpha-actinin increased only in IHRT (47.8+67.5%, ES 0.67), and this was greater compared to
PLA (63.1£79.5%, ES 1.10).

Greater strength increases following resistance training in hypoxia compared to normoxia may be due to enhanced
SR calcium regulation and force transfer. (COl: No)

1P-016

Enriched environment attenuates hindlimb dysfunction in neonatal
white matter injury model

Naoki Tajiri'; Atsunori Hattori'; Yoshitomo Ueda'; Shino Ogawa'?;

Akimasa Ishida'; Takeshi Shimizu'; Hideki Hida' ('Department of Neurophysiology
& Brain Science, Graduate School of Medical Sciences & Medical School, Nagoya
City University, Japan; *Department of Obstetrics and Gynecology, Graduate School
of Medical Sciences & Medical School, Nagoya City University, Japan)

Neonatal white matter injury (WMI) caused by hypoxia-ischemia (H-I) in preterm infants is associated with
permanent neurodevelopmental disabilities such as paralysis and cognitive dysfunction. We previously established
aneonatal WMI model that received H-I (right common carotid artery occlusion and 6% hypoxia for 1 hour) at P3.
It remains unclear whether enriched environment (EE) during the period of development can affect the recovery of
disturbed function. Here, we assessed the efficacy and mechanism of EE focusing on hindlimb motor function in
neonatal WMI rat model.

Male neonatal WMI model rats were divided to EE and standard environment (SE) conditions weaning from P25.
Behavioral tests by hindlimb retraction, beam walk ability, horizontal ladder and rotarod were performed at P25,
P35 and P70 followed by immunohistochemical investigations.

In EE group, better functional recovery in tests except for rotarod (hindlimb retraction, beam walk ability, and
horizontal ladder) was shown at P35 as compared in SE group. Similar results were shown at P70 as well. It
revealed that the thickness of the sensorimotor cortex is comparable to that of normal rat in EE group, although less
thickness is shown in SE group.

These data suggest that EE during the period of development has a potency to improve deteriorated hindlimb motor
function with apparent morphological changes in the sensorimotor cortex of neonatal WMI model rat. (COI:
Properly Declared)

1P-017

Role of dopaminergic function in septum on exercise efficiency
Tetsuya Shiuchi; Takuya Masuda; Noriyuki Shimizu; Sachiko Chikahisa;
Hiroyoshi Sei (Department of Integrative Physiology, Tokushima University Graduate
School, Japan)

Exercise efficiency is important for sports performance. Although motor skill in exercise
efficiency was subject to considerable research, it has not elucidated in light of energy cost in
exercise efficiency. In this study, we aimed to clarify the mechanisms improvement in the exercise
efficiency in a continuous trappy exercise.

Male C57BL/6J mice were habituated and practiced treadmill running (15 m/min, 0 degree
incline) with intermittent obstacles on belt of treadmill (continuous trappy exercise like a hurdle
race) for 8 days (15 min/day). Before and after exercise training, oxygen uptake (VO2) during
obstacle-treadmill running was measured as energy cost-based exercise efficiency.

After obstacle exercise training, VO2 was decreased significantly with improvement of running
behavior. Encompassing analysis revealed that c-fos expression after obstacle-treadmill running
was increased in striatum and septum, and decreased in motor cortex by training. Most
impressively, dopamine turnover (DOPAC/dopamine) in septum was significantly higher in mice
after obstacle-treadmill training. The dopamine turnover was positively related to exercise
efficiency. Furthermore, dopamine D1 receptor antagonist was directly administered into bilateral
septum in mice significantly canceled the training effect.

Taken together, we conclude that dopamine turnover in septum is important for energy cost-based
exercise efficiency. (COl: No)

1P-018

Enhanced muscle afferent responses to mechanical/chemical
stimuli in type 2 diabetic rats in vitro

Rie Ishizawa'; Norio Hotta?; Gary A lwamoto'; Han-Kyul Kim';

Wanpen Vongpatanasin'; Jere H Mitchell'; Scott A Smith'; Masaki Mizuno’
(!University of Texas Southwestern Medical Center, United States; ?Chubu University,
Japan)

The cardiovascular response to exercise is abnormally exaggerated in patients with type 2
diabetes (T2D). However, the mechanisms underlying the abnormal circulatory control in T2D
remain to be elucidated. Purpose:To examine the impact of diabetes on neuronal responses to
mechanical and chemical stimulation in skeletal muscle thin fiber afferents in vitro. It was
hypothesized that the activity of mechanically and metabolically sensitive muscle afferent
neurons is potentiated in T2D. Methods:Mechanically and chemically activated neurons (Group
IV) were assessed by obtaining single-fiber recordings from rat muscle-nerve preparations in
vitro. Rats were placed on a normal diet (control, n=5) or a high fat diet in combination with a low
dose of streptozotocin (T2D, n=10) for 12-16 weeks. Results:T2D animals exhibited
hyperglycemia after overnight fasting (104+5 vs. 161£10 mg/dL, P<0.05). Compared to control,
the response magnitude to a ramp-shaped mechanical stimulation (196mN) was greater in T2D
rats (20+7 vs. 40+8 spikes, P=0.10). Likewise, muscle afferent responses to capsaicin (1uM) were
significantly augmented in diabetic animals compared to control (0.8+0.3 vs. 2.9+0.7 Hz,
P<0.05). Conclusion:These findings suggest that the heightened cardiovascular response to
exercise in T2D may be mediated by a potentiated action potential response to mechanical and
chemical stimulation in muscle afferents. Supported by Lawson & Rogers Lacy Research Fund in
Cardiovascular Disease. (COl: No)
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1P-019

Sex difference in mitochondrial Ca?* handling properties in mouse
skeletal muscle

Daiki Watanabe; Koji Hatakeyama; Hiroaki Eshima; Ryo lkegami; Yutaka Kano
(Department of Engineering Sciences, University of Electro-communications, Japan)

An increase in intracellular Ca** concentration ([Ca*]) after exercise seems to be greater in male
than female, although the underlying mechanism(s) remains unclear. To address this mechanism,
we investigated sex differences in mitochondrial Ca®>* handling properties in mouse skeletal
muscle. Tibialis anterior muscles from male and female mice were exteriorized and fura 2-AM
was loaded. Then, the distal tendon and body of the muscle were dissected free and the tendon
was pinned as muscles were stretched to ~10% of resting length. The changes in [Ca>], were
measured during following treatment:1) cyclopiazonic acid (CPA) for 30 min (CPA treatment)
and 2) CPA and 10 pM carbonyl cyanide-4-(trifluoromethoxy) phenylhydrazone (FCCP) for 30
min. In either treatment, a graded concentration of CPA was applied every 10 min (i.e., 10 uM, 30
uM and 50 pM). Thirty min after induction of CPA treatment, the [Ca®']; was increased by 31.6 +
2.0% and 13.5 + 4.5% in male and female, respectively, and there was significant difference (P <
0.01) between sexes. In contrast, the increased [Ca*], in female reached to similar level of that in
male in the presence of FCCP. There were no differences in the content of proteins which were
involved in Ca®" handling of sarcoplasmic reticulum and mitochondria. These results suggest that
i) mitochondrial Ca®* uptake ability is greater in female than male and ii) this superior ability is
not attribute to the change in protein expression level. (COI: No)

1P-020

Enhanced cerebro-cardiovascular responses before voluntary
cycling in physically fit men

Kazumasa Manabe'?; Shizue Masuki'?; Koji Uchida'; Yu Takeda';
Hiroshi Nose'? (‘Department of Sports Medical Sciences, Shinshu University
Graduate School of Medicine, Japan; *Institute for Biomedical Sciences, Shinshu
University, Japan)

[Purpose] We recently reported that countdown (CD) before voluntary exercise induced cerebral activation and
pressor responses, followed by muscle vasodilation, which is likely advantageous for prompt oxygen delivery to
contracting muscles. In the present study, we hypothesized that these responses would be associated with individual
peak aerobic capacity (VO,,.,)-

[Methods] Twenty-seven young men (VO, . 25.2-61.4 ml/min/kg) performed voluntary cycling at 50%VO, .
while middle cerebral artery blood flow velocity (CBF; Doppler ultrasonography), heart rate (HR), blood pressure
(BP; Finometer), oxygen consumption rate (VO,), cardiac output (CO; ¢Z method) and total peripheral resistance
(TPR) were measured. All subjects repeated 8 trials, intermitted by >5-min rest. In 4 trials randomly selected from
the 8 trials, exercise onset was signalled by a 30-sec CD, whereas in the remaining 4 trials, exercise was started
without CD.

[Results] During the CD, CBF, HR, CO and BP increased, TPR decreased, and VO, increased. When we
determined individual areas under the curve (AUC) of the responses for each variable from their baselines during
the 30-sec CD, the AUC of CBF and HR varied markedly among the subjects and were positively correlated with
VOZlmk (both, P<0.001), whereas that of TPR was inversely correlated with VOZMk (P<0.001).

[Conclusion] In young men, individual variations in cerebro-cardiovascular responses to CD before starting

exercise were associated with VO, . (COI: No)

1P-021

Unloading-induced sarcopenia in relation to mitochondrial disorder
in skeletal muscle of old rats

Hideki Yamauchi; Shigeru Takemori (Div of Phys Fitness, Dept of Mol Physiol, The
Jikei Univ Sch Med, Japan)

Purpose: Recent study with in vivo gene transfection has demonstrated that mitochondrial
calcium uniporter (MCU) overexpression counteracts denervation-induced sarcopenia through
activation of mitochondrial biogenesis and signaling pathways for hypertrophy (Cell report 10,
1269-79, 2015). Here, we tested the role of MCU in more physiological models of sarcopenia in
old rats.

Methods: Old F344 female rats (2 years, n=21) were divided into control, unloading, and
unloading + intermittent resistance-exercise (IRE) groups. Middle aged rats (1 year, n=7) were
used as adult-control. Rats of unloading and unloading + IRE groups have their hindlimbs
unloaded by tail-suspension during 3 weeks. 10-min IRE was performed in unloading + IRE
group 3 times per day every 4 hour in dark period.

Results: Compared with adult-control, old control rats showed significantly smaller mass in fast-
twitch planter-flexor muscles. Unloading seriously disrupted myofibrilar structure with a decrease
in sarcomeric proteins and accumulation of abnormal mitochondria in type I fibers of soleus and
lateral gastrocnemius muscles. Unloading-induced atrophy was more prominent in soleus,
although IRE ameliorated atrophy in soleus as well as in fast-twitch planter-flexor muscles.
Unloading decreased the protein expressions of MCU, PGC1, and LC3-II, and IRE increased the
protein expressions of parkin, MCU, and LC3-II in soleus, but not in plantaris.

Conclusion: MCU specifically controls atrophy in unloading-condition. (COI: No)

1P-022

The effect of warm/cool stimulus to forearm/hand on brachial artery
blood flow during leg exercise

Yoshiyuki Fukuba'; Saki Namura'; Marina Morimoto'; Kohei Miura';

Hideaki Kashima'; Anna Oue? ('Department of Exercise Science and Physiology,
School of Health Sciences, Prefectural University of Hiroshima, Japan; *Faculty of
Food and Nutritional Sciences, Toyo University, Japan)

[Aim] brachial artery blood flow (BA-BF) increases during leg cycling exercise. This appears the
key factor for endothelial adaptation of inactive upper limb beyond active lower limb. While BA
supplies mainly skin blood flow (SBF) to both glabrous (palm; G) and non-glabrous (dorsal and
forearm; NG) skins, it remains unclear which SBF is responsible to upstream BA-BF. The
purpose of this study was, therefore, to elucidate the effect of G and/or NG SBFs modulated by
warming/cooling on BA-BF responses during leg exercise. [Method] BA-BF and SBFs in
forearm (f) and palm (p) were measured during 60 min of leg cycling exercise in seven healthy
subjects. Between 20 and 50 min during exercise, either NG+G or G skins were warmed (43°C)
or cooled (15°C) using by water bath. The study was approved by the Ethics Committee of the
Prefectural University of Hiroshima (HH009). [Results] At 20 min during exercise, f-SBF and
BA-BF significantly increased from resting baseline in all 4 trials. After that, when either NG+G
or G skins were warmed during exercise, additional increases in f-SBF and a concomitant BA-BF
were observed. Contrarily, when NG+G skins were cooled, p-SBF and BA-BF was slightly, but
significantly decreased. [Conclusions] The result suggest that SBF response to NG skin plays a
major role in increased BA-BF during leg exercise. (COIl: No)

1P-023

Timing of nutrient intake after mild exercise: effects of
gastrointestinal activity in humans

Hideaki Kashima'; Saori Kamimura'; Masako Yamaoka Endo'; Kohei Miura'?;
Akira Miura'; Yoshiyuki Fukuba' (‘Department of Exercise Science and Physiology,
School of Health Sciences, Prefectural University of Hiroshima, Japan; *Department of
Health and Nutrition, Hiroshima Shudo University, Japan)

[Purpose] We previously reported that nutrient ingestion immediately after strenuous exercise
acutely delayed gastric emptying (GE) rate, which subsequently affected blood glucose (BG) and
plasma branched-chain amino acids levels in blood circulation. However, no data exist on the GE
rate after mild exercise. Therefore, we investigated the effect of the timing of carbohydrate
supplementation after mild leg cycling exercise on GE rate, gastrointestinal blood flow (GBF) and
BG. [Methods] Eight healthy young subjects performed the continuous leg cycling for 30 min.
They ingested 300g of 15% glucose drink at the timing of either 5 min or 30 min after the
cessation of exercise. As a control, same drink ingestion without exercise was performed. The
blood flow of GBF and GE rate were assessed by ultrasonography. Capillary blood samples were
collected via left index or middle finger skin pricks before exercise (baseline), immediately after
exercise, just before and at 15, 30, 45 and 60 after ingestion of glucose drink. The study was
approved by the Ethics Committee of the Prefectural University of Hiroshima (HH007). [Results]
After ingestion of glucose drink, GE rate, GBF and BG were not significant differences among
three trials. [Conclusions] The timing of nutrient ingestion after mild exercise might not impact
the following gastrointestinal physiological responses. (COIl: Properly Declared)

1P-024

Effects of continuous exercise with vocalization on the oxygen
dissociation states in muscles

Hajime Arikawa'; Toshio Matsuoka'; Teppei Takahashi?; Tomoyoshi Terada®;
Seiichi Era* (!Faculty of Sports and Health Sci, Chubu Gakuin Univ, Japan; *Dept
Oral and Maxillofacial Surgery, Gifu Prefectural Gero Hospital, Japan; *United
Graduate School of Drug Discovery and Medical Information Sciences, Gifu Univ,
Japan; *Dept of General Internal Medicine, Gifu Univ, Japan)

[Purpose] We reported that vocalization during the continuous upper and lower body exercise at
80%VO,peak tend to increase the value of FetCO, (=PaCO,), and to change the peripheral
circulation states. In this study, we investigated whether the high value of FetCO, caused by
vocalization during the upper body exercise affects the oxygen dissociation states in exercising
muscles. [Methods] 8 male subjects participated in this study. They performed the continuous
upper body exercise using hand ergometer at 80%VO,peak for 3-min under 2-conditions of “with
vocalization (Voc)” or “without vocalization (non-Voc)”. We measured respiratory variables
(FetCO,, etc) and tissue saturation index (TSI%) of triceps brachii (using near-infrared
spectroscopy (NIRS)) during exercise for 1-min between the 2nd and 3rd min, and SpO, at just
after exercise. [Results] The value of variation in FetCO, in Voc tended to increase compared to
that in non-Voc. There was no difference between Voc and non-Voc in the value of SpO,. The
value of variation in TSI% in Voc tended to be suppressed decline compared to that in non-Voc.
[Conclusions] The high value of FetCO, caused by vocalization during the upper body exercise
tended to supply more O, to exercising muscles. Vocalization during exercise may control the
oxygen dissociation states in exercising muscles. (COl: No)
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1P-025

The salivary 113-HSD2 activities is beneficial for continuous
strength exercises in elderly people

Miyako Mochizuki'; Noboru Hasegawa? ('Kyoto Bunkyo Junior College, Japan;
’Department of Health and Medical Sciences, Ishikawa Prefectural Nursing
University, Japan)

PURPOSE; Japan has the highest proportion of older adults and “Super-aged society” in the
world. The Japanese Orthopedic Association proposed a concept called locomotive syndrome
(LS) to identify middle-aged and older adults at high risk of requiring health care services because
of problems with locomotion-associated lower muscle mass. The present study was designed to
investigated the effect of salivary 11pB-hydroxysteroid dehydrogenase type 2 (11B-HSD2)
activities in the effective muscle strengthening exercise with increased muscle weight and basal
metabolism to prevent LS by the measurement of salivary cortisone and salivary cortisol.
METHOD; Thel2 men and 14 women were assessed at baseline and 6 months. Body
composition, physical strength and salivary cortisol and cortisone were analyzed. The exercise
intervention program was performed by individual muscle endurance level.

RESULT; Body weight, muscle weight and basal metabolism were increased after exercise
intervention. The 30-second sit-up test and 3-minute walking were increased, and the 10-time
sit-to-stand was decreased significantly. This may be related to increase of leg and abdominal
muscular strength. The exercise intervention program increased salivary 11p-HSD2 activities
significantly.

CONCLUSION; These findings show that exercise associated with saliva cortisol as an index
may be beneficial and should be considered in the overall management of middle-aged and older
adults. (COIl: Properly Declared)

1P-026

The differential dynamics of brachial artery and forearm skin blood
flows during leg cycle exercise

Kohei Miura'; Ayaka Kondo? Yuka Kikugawa? Masako Y Endo?;

Hideaki Kashima?; Anna Oue?®; Yoshiyuki Fukuba? ('Faculty of Health Sciences,
Department of Health and Nutrition, University of Hiroshima Shudo, Japan;
’Department of Exercise Science and Physiology, School of Health Sciences,
Prefectural University of Hiroshima, Japan; *Faculty of Food and Nutritional
Sciences, Toyo University, Japan)

[Aims] While the elevated blood flow in brachial artery (BF-BA) during prolonged leg cycling exercise seemed to
be induced by the increased forearm skin BF (SBF) for the thermoregulation, the relation of dynamic property of
each other is still unclear. To clarify as to whether the BF-BA dynamics would be associated with its downstream
-SBF, we used the leg cycling exercise of sinusoidal (sine) fluctuating work rate (WR). [Methods] Nine healthy
subjects performed leg ergometer exercise with a constant WR (mean of the sinusoidal WR) for 30-min followed
by 16-min sine WR exercises of 4-min period fluctuated between 20 W to 60 % VO2max. During protocols, we
continuously measured pulmonary gas exchange, heart rate, blood velocity and cross sectional area of BA, and
SBF and sweating rate in forearm and palm. The measured and calculated variables: y(t) were fitted as y(t) =M +
A*sin((2n/T)*t-0), where t: time, A/M: relative amplitude, T: period (=240 s), 0: phase. [Results] Almost variables
were followed by the sine WR changes adequately, so that the phases (0) of BF-BA and forearm and palm SBFs
were compared. The responses of BF-BA and palm SBF showed an anti-phase (6: approx. 180°) and was apparently
disassociated to that of forearm SBF (6: approx. 60°). [Conclusions] During sine WR leg cycling exercise, the
dynamics of BF-BA was not reflected by the forearm BF, but seemed to be determined by the BF to palm and/or
non-active skeletal muscles. (COl: No)

1P-027

Molecular hydrogen increases acetone excretion and changes lipid
metabolism during exercise

Amane Hori; Ryota Masuda; Masatoshi Ichihara; Hisayoshi Ogata;

Takaharu Kondo; Norio Hotta ( Chubu University, Japan)

[Purpose] Many studies have reported that hydrogen (H,) shows beneficial biological effects
against many diseases involving inflammation, apoptosis, dysmetabolism, and oxidative stress;
however, the number of studies on the effects of H, in humans during exercise is limited. In this
study, we investigated the effects of H, inhalation on lipid metabolism in the human liver during
exercise by measuring acetone excretion in the exhaled air. [Methods] Ten male subjects
underwent 20-min submaximal (60% peak oxygen uptake) cycling after a 14-h fast. We calculated
acetone excretion from the acetone concentration and minute ventilation during the test under H,
gas inhalation (1% H,, 21% O,, 0% CO,, and 78% N,) and control gas inhalation (21% O,, 0%
CO,, and 79% N,). In addition, we tested the effects of H, gas inhalation on acetone excretion
during the 35-min rest period (n=5). [Results] The exercise significantly (P<0.01) increased
acetone excretion. In addition, H, gas significantly (P<0.01) augmented the exercise-induced
increase in acetone excretion. However, itdid not increase acetone excretion during the rest period
(P=0.9). [Conclusions] H, gas inhalation significantly increased expired acetone levels during
exercise but not during rest. These results suggested that the interaction between H, inhalation and
exercise may increase lipid metabolism in the liver during exercise. (COl: No)

1P-028

Combining Acute Exercise With Insulin Treatment increase Type 1
Diabetic Liver Antioxidant Capacity

Hei-Man Yuen; Ting-Wen Lin; Shiow-Chwen Tsai (Institute of Sports Sciences,
University of Taipei, Taiwan)

Purpose: To observe whether combining acute exercise with insulin treatment could improve
antioxidant capacity of diabetic liver. Method: Study 1: Acute Exercise with Insulin Treatment to
18 weeks old SD Rats. Rats were divided into 6 groups: Control group (C); Diabetes group(S);
Diabetes with insulin treatment(SI); Control with Acute Exercise(EC); Diabetes with Acute
Exercise(ES). Study 2: Insulin Treatment to 22 weeks old SD Rats. Rats were divided into 3
groups: Control group(OC); Diabetes group (OS), Diabetes with insulin treatment(OSI). After
one week of acclimatize, rats from STZ groups were injected with STZ. Then we measured
fasting blood glucose by blood glucose meter. When blood glucose level reached 300 mg/dL or
above, started injected insulin(0.25 IU/ml) twice daily. After 14 days of feeding, pentobarbital(40
mg/kg) was injected to test body composition by DXA. Liver and perirenal fat was took in
sacrifice to have TBARS and Glutathione analysis. Result: Diabetes in the old rats cause rapid
decline on body weight(p<0.01), insulin treatment slow down the loss of BW(p<0.01). For rats
with acute exercise, the antioxidant capacity of glutathione was increased(p<0.05). Insulin
treatment with acute exercise can increase antioxidant capacity and decrease oxidative stress of
liver(p<0.05). Conclusion: Insulin treatment controlled diabetic weight loss. Acute exercise with
insulin treatment contributed to increase antioxidant capacity and decrease oxidative stress.

(COI: Properly Declared)

1P-029

Longitudinal changes of trunk skeletal muscle characteristics in
Japanese elderly males and females

Noriko Ishiguro Tanaka'; Madoka Ogawa'?; Hisashi Maeda'?; Akito Yoshiko?;
Aya Tomita®; Ryosuke Ando*; Hiroshi Akima' (‘Research Center of Health Physical
Fitness and Sports, Nagoya University, Japan; *Japan Society for the Promotion of
Science, Japan; 3School of International Liberal Studies, Chukyo University, Japan;
“Japan Institute of Sports Science, Japan)

[Purpose] This study aimed to evaluate the 1-year change of the quantity and quality in trunk
skeletal muscle in Japanese elderly. [Methods] Community-dwelling 26 males and 21 females
(72.2+5.2 years, body mass index: 22.4+2.4 kg/m2) participated in this study. They came to our
laboratory twice with 1-year interval. At each time, their height, body weight, waist circumference,
body fat, and physical functional scores: hand grip strength, times of sit-up, supine-up, sit-to-
stand, and 5-m maximal walk and distance of 6 minutes’ walk were recorded. The thickness of
rectus abdominis and lumber multifidus muscles (index of skeletal muscle quantity), and
subcutaneous fat above those two muscles, and echo intensities of each two muscles (index of
muscle quality) were measured by ultrasonography. [Results] After 1-year, although the body
weight did not significantly change, abdominal subcutaneous fat thickness significantly increased
in both sex (9.3% for males and 9.1% for females). In females, skeletal muscle thickness of the
rectus abdominis and the lumbar multifidus muscles significantly decreased (-6.5% and -5.7%),
and the echo intensity of the lumbar multifidus muscle significantly increased (14.7%). There was
no significant change in other parameters in both sexes. [Conclusions] In the case of elder
females, there is a possibility that trunk skeletal muscle quantity and quality might significantly
change even if the morphological data did not significantly change. (COIl: No)

1P-030

Relationship between occlusal balance and agility in Japanese elite
female junior badminton players

Mutsumi Takahashi'?; Yogetsu Bando??; Yoshihide Satoh' (‘Department of
Physiology, The Nippon Dental University School of Life Dentistry at Niigata, Japan;
’Division of Medical Science Research, The Japan Schoolchildren Badminton
Federation, Japan; SBANDO Dental Clinic, Japan)

The aim of this study was to examine the relationship between occlusal balance and motor ability
in Japanese elite female junior badminton players. Participants were 35 female badminton players
nominated as junior Japan representative candidates by the Nippon Badminton Association. They
were divided into two groups according to stability of occlusal balance: 16 participants (mean
age: 12.4+1.2 years) with stable occlusal balance (stable group) and 19 participants (12.3+1.4
years) with unstable occlusal balance (unstable group). Occlusal state were analyzed using a
pressure-sensitive film and an analysis apparatus. The following sports tests were conducted
according to the rules of the Nippon Badminton Association: sit-ups, side steps, jump rope
(double jump 1 min), and sprint (50-m sprint). Differences in occlusal contact area, occlusal force,
and sports test results between the stable and unstable groups were analyzed. Occlusal contact
area and occlusal force were significantly higher in the stable group than in the unstable group.
The stable group showed superior results in the side steps and jump rope tests compared with the
unstable group. No significant differences were observed between the two groups in the sit-ups or
sprint tests. By examining the relationship between occlusal balance and motor ability in Japanese
elite female junior badminton players, we found that occlusal balance is associated with agility
and stabilization of the trunk. (COI: No)
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1P-031

Estimation of maximal oxygen uptake from oxygen uptake
efficiency slope by leg or arm ergometer

Reizo Baba; Norio Hotta; Hisako Urai; Hisayoshi Ogata; Yukiko Okamura
(College of Life and Health Sciences, Chubu University, Japan)

Purpose

We tried to investigate 1) the influence of exercise modes, i.e., treadmill, bicycle, and arm cranking, on the
measurements of oxygen uptake efficiency slope (OUES), and 2) the validity of the estimated maximal oxygen
uptake (VO, ) from the OUES measure by leg cycling or arm cranking exercise.

Methods

Twenty-two healthy young male volunteers (mean age: 21.3 y.o.) participated in the three types of incremental
exercise testing until exhaustion. VO, was obtained from treadmill exercise testing. Criteria for maximal
exercise were: 1) plateauin VO, or 2) the achievement of gas exchange ratio > 1.15 and heart rate exceeding 90%
of age-predicted maximal values.

Results

Peak oxygen uptake (VOEM) and the OUES showed a close linear relationship: VOZWak =0.7649OUES + 499 (r
=0.959), with the average errors of estimated VO, of 168 ml/min (s.d. = 141), or 7.3 % (s.d. = 7.9), irrespective
of the exercise modes. Estimated VO, from the OUES in leg cycling and arm cranking exercise testing were:

2max

VO, . =0.6322°0UES (leg cycling) + 144 (r = 0.814), or VO, = 0.8302+OUES (arm cranking) + 1857 (r =
0.760), respectively. The use of submaximal OUES (using the gas exchange data of 80% of exercise time) did not
greatly affect these results.

Conclusion

These results provide us with further clinical application of OUES, especially in subjects who cannot run on the

treadmill due to orthopedic or neurologic conditions even if they cannot reach maximal exercise. (COl: No)

2may

1P-032

Effect of low-volume high-intensity interval exercise on post-
exercise inhibitory control

Takeshi Sugimoto'; Tadashi Suga'; Hayato Tsukamoto?; Daichi Tanaka’;

Saki Takenaka'; Kento Shimoho'; Tadao Isaka'; Takeshi Hashimoto' (‘Faculty
of Sport and Health Science, Ritsumeikan University, Japan; *Faculty of Life Sciences
and Education, University of South Wales)

[Purpose] We previously reported that post-exercise inhibitory control (IC) improvements are associated with
increased amount of exercise volume. Yet, a standard high-intensity interval exercise (HIIE) can maintain post-
exercise IC improvements compared to volume-matched moderate-intensity continuous exercise (MCE); in other
words, particularly exercise intensity may play an important role in post-exercise IC. We hypothesized that even
though the volume of exercise is reduced, post-exercise IC impro would be d by low-volume
HIIE (LV-HIIE) as much as MCE. To address this hypothesis, we aimed to examine the effect of LV-HIIE on post-
exercise IC compared to MCE.

[Methods] Fifteen healthy men performed cycling exercise with either LV-HIIE or MCE. The LV-HIIE was
consisted of ten 1-min bouts at 90% of VO, with I-min active recovery at 30% of VO, . which was performed
for a total 20 min. The MCE was performed for 40 min at 60% of VO, e 10 evaluate IC, the Stroop test was
administered before exercise, immediately after exercise, and every 10 min during the 30-min post-exercise
recovery period.

[Results] The post-exercise improvements of IC were observed in both LV-HIIE and MCE. The levels of post-
exercise IC improvements did not differ significantly between the two conditions.

[Conclusion] Given that LV-HIIE can similarly improve post-exercise IC compared to MCE, despite exercise
duration and volume are half, the LV-HIIE may be effective in improving IC. (COIl: No)

1P-033

Atrioventricular nodal function during dynamic exercise in elite
endurance athletes

Makoto Takahashi'; Tomoko Nakamoto'; Shigemitsu Niihata?;

Kanji Matsukawa' (!Graduate School of Biomedical and Health Sciences, Hiroshima
University, Japan; *Faculty of Welfare and Health, Fukuyamaheisei University)

Purpose: When HR exceeds 90-100 beats/min during dynamic exercise, the atrioventricular
(AV) nodal mechanism will function to cancel fluctuation in PP interval within one beat and keep
RR interval constant. It still remains unknown how endurance training modifies AV nodal
function during exercise, we compared the responses in PP, PR, RR intervals to dynamic exercise
between sedentary and endurance trained subjects.

Methods: Nine sedentary and seven professional long-distance runners participated in this study.
Subjects performed cycle ergometer exercise, and increased HR from the baseline at different 4
levels (100, 120, 140, 160 beats/min). The negative slope of the relationship between PP interval
and the subsequent changes in PR interval, which considered as sensitivity of the AV nodal
function, was plotted against the average level of PP interval. Then, by fitting a sigmoidal curve,
the lower and higher plateau levels were estimated.

Results: The lower threshold level was significantly lower in endurance athletes than sedentary
subjects (90 vs. 100 beats/min). The higher plateau level was also significantly lower in endurance
athletes than sedentary subjects (110 vs. 125 beats/min).

Conclusions: Endurance training modifies AV nodal function during exercise, which starts to
operate and fully functions at lower HR level. (COIl: No)

1P-035

The influence of aerobics dance exercise on energy intake,
appetite, and mood in young women

Yuki Aikawa'; Yusuke Takagi?; Minori Horiba® (' T3u City College, Japan; *Nara
University of Education; *Nagoya University of The Arts)

[Purpose] The purpose of study was to examine the influence of aerobics dance exercise (ADEX)
on appetite and energy intake.

[Methods] With the use of a crossover design, 11 young women completed two 1-h experimental
conditions: sedentary (SED) and ADEX followed by an ad libitum lunch. Heart rate (HR) was
assessed throughout each 1-hour experimental condition. Mood affect were measured by using
the Profile of Mood States 2nd Edition (POMS2) at two time points during only exercise day.
Energy intake (EI) was determined by measuring food intake at lunch. Physiological stress was
assessed using amylase activity in salivary (AAS). Appetite sensations were assessed using visual
analog scales at three time points during the testing day.

[Results] Average and maximum HR during the ADEX condition were significantly higher than
during the SED conditions. Total, positive, and negative mood disturbance scores were not
statistically different between pre and post ADEX. EI at lunch was not statistically different
between after the SED and ADEX. AAS and appetite sensations were similar between conditions
at all time points. Changes of each mood disturbance score in POMS2 and change of amylase
activity were not statistically correlated with EI in ADEX day.

[Conclusions] We revealed that such ADEX did not affect EI, appetite and mood in young
women. Moreover, our study suggested that change of mood by ADEX did not relate change of
EL (COI: No)

1P-036

Shortening velocity of knee extensor in frog in vivo

Yoshiki Ishii'; Yuki Yamanaka'; Tomohito Mizuno'; Nobuaki Sasai?;

Toshie Nagare'; Teizo Tsuchiya®('Faculty of Health Care Sciences, Himeji Dokkyo
University, Japan; *Faculty of Health Science, Suzuka University of Medical Science,
Japan; *Faculty of Science, Kobe University, Japan)

The present study was investigated to know how the shortening velocity (SV) of knee extensor
was influenced by the contraction of other lower-limb muscles. We measured the force-velocity
relationship (F-V), in vivo, in whole muscle preparations in knee extensor (TFM) of the frog,
Rana catesbeiana (N = 5).

Frogs were anesthetized by injecting urethane intraperitonially. Their isotonic SV and the
isometric forces were measured at various steps of load. SVs and loads (forces) were expressed
by the normalized values by the bone length of thigh (BL) and the maximum isometric force (Po)
respectively. In the first preparations (TC), all the muscles of thigh were contracted by stimulating
sciatic nerve. Next, the connecting tissues between muscles of thigh was cut and separated
partially into TFM and other limb muscles after the recording in TC (TCS).

On the F-V in TC, the SV at lighter load of 0-0.6Po (LL) followed the Hill’s equation but at
heavier load of 0.6-1.0Po (HL) it did not follow. SV decreased rapidly above 0.6Po and reached
0 at 0.84Po. The curve of SV in TCS was nearly the same as in TC at LL and reached 0 at 0.91Po
at HL. The maximum SV (5.8+0.4 BL/s) in TC was appreciably faster than that (5.3+0.4 BL/s) in
TCS (P=0.051).

These results indicate that the mechanical kinetics of muscle is influenced by the contraction of
neighboring ones and that the F-V in HL range does not follow the Hill’s equation, thereby
stabilizing and protecting knee joint at HL. (COl: No)

1P-037

CO,-water bath promotes a recovery from the muscle fatigue
induced by high intensity exercise

Noriyuki Yamamoto'; Tadashi Wada?; Fumiko Takenoya®; Masaaki Hashimoto*
(!Department of Health Science, Japanese Red Cross Hokkaido College of Nursing,
Japan; *Faculty of Science and Technology, Kokushikan University; *Department of
Pharmacy, Hoshi University; *Physiology Laboratory, Canter for Medical Education,
Teikyo University of Science)

In response to the CO,-water bath, the reduction of sympathetic nerve activity may imply the facilitation of muscle
fatigue recovery. To investigate whether the whole body bath with CO,-water (CO,21000 ppm) influences
recovery of the muscle fatigue after high intensity exercise. Healthy male sﬁbjects (n=6, 18-21yrs, 171.3+6.7cm,
73.6+13.0kg) participated in this study. Core temperature (CoreT) and ECG were recorded continuously
throughout the experiment. The subjects performed 30-s maximal pedaling exercise, and took bath in tap- or CO,-
water at 35 °C for 10 minute after exercise. Subjective thermal sensation (TS) in the body bath was also recorded.
Vastus lateralis (VL) dominant muscle hardness was evaluated using the elastography. Evaluation of blood lactate
(BLa) and visual analog scale of muscle (VAS) were performed at pre- and immediately after-exercise, and at 10
min after exercise. The strain ratio (SR) between the VL and a reference material was calculated. TS in the CO,-
water was significantly higher than in the tap-water (tap-water vs. CO,-water, -0.17+0.76 vs. 1.17+0.41, p<0.01).
At 10 min in recovery, in the CO,-water compared with the tap water, SR significantl y d d quicker
(0.49+0.25 vs. 0.91£0.25, p<0.01). However, there was no significant difference in CoreT, BLa and VAS between
these two water kinds. The present results suggested that CO,-water bath may contribute to rapid recovery from the
muscular hardness induced by high intensity exercise. (COl: No)
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1P-038

How does voluntary exercise frequency affect cardiac function in
dilated cardiomyopathy model mice?

Masami Sugihara'; Ryo Kakigi®; Takashi Murayama?; Takashi Miida’;

Takashi Sakurai?; Sachio Morimoto*; Nagomi Kurebayashi? ('Department of
Clinical Laboratory, Juntendo University, Japan; *Department of Phamacology,
Juntendo University, Japan; *Department of Physiology(11), Juntendo University,
Japan; *Department of Health Sciences at Fukuoka, International University of Health
and Welfare, Japan)

Dilated cardiomyopathy (DCM) is one of major causes of heart failure (HF). The effects of exercise on patients
with inherited DCM have not been established because DCM is associated with high risk of worsening HF and
sudden death (SD). A knock-in mouse model of human inherited DCM, TNNT2 AK210, shows similar
characteristics to DCM patients and is useful model for evaluating therapeutic effects. We aimed to examine how
the influence on cardiac function differs depending on amount of voluntary exercise using this model mouse.
Homozygous AK210 (DCM) mice showed enlarged heart and frequent SD with t , of ~70 days. DCM mice were
divided into 3 groups based on the frequency of voluntary exercise: no exercise control (no-ex), every 2 days (2D)
and daily exercise (ED). The 2D and ED groups started running at 1 month of age. At the 2 months of age, mice
were sacrificed after an investigation with echocardiography, and their heart, lung, lower extremity muscles
(soleus, plantaris and gastrocnemius) and body weights were measured. Gene expressions of HF- and arthythmia-
related genes in myocardium were quantified by qPCR analysis. The weights of soleus muscles were significantly
and similarly increased in 2D and ED groups. The ejection fraction(EF) was significantly improved in ED group
(36.9£9.0%) compared with 2D (24.7+6.4%) and no-ex groups(21.2+7.3%). We further discuss the relationship
between exercise intensity and electrical remodeling. (COl: No)

1P-039

Effect of lower body positive pressure and walking on fluid turnover
in human legs

Satoshi Matsuo; Felix Ojeiru Ezomo; Noriko Matsuo (Division of Adaptation
Physiology, Tottori University, Japan)

We have developed a rehabilitation device with a treadmill in a lower body positive pressure
(LBPP) chamber that can unload the lower extremities of patients. The application of LBPP
possibly prevents development of edema in the legs because the positive pressure may reduce
fluid filtration through a decrease in the transmural pressure gradient in the capillaries. We
hypothesized that LBPP and walking exercise exert additive effects for improving gravity-
induced edema in the legs of upright humans. To test this hypothesis, we first examined changes
in the circumferences of the thigh, calf and ankle after three procedures (WALK, 10 minutes
walking without LBPP; LBPP, 10 minutes standing still with 15 mmHg LBPP; and LBPP+WALK,
10 minutes walking with 15 mmHg LBPP). Secondly, fluid retention of the calf was examined
using bioelectrical impedance analysis after 10 minutes walking with 15 mmHg LBPP. While the
patients stood still before the test, the circumferences increased gradually in each group and
reached a plateau level after 30 minutes and impedance of the calf decreased. After LBPP+WALK,
the circumference decreased significantly in all three regions . The reduction in the circumference
of the thigh was greater after LBPP+WALK than after WALK or LBPP. These results suggest that
LBPP and walking exercise have an additive effect on the protection from edema in human legs.

(COl: No)

1P-040

Changes in weight bearing index (WBI) before and after skyrunning
in Mt. Fuji

Hiroto Tsujikawa'; Koki Nagatsu?; Junichi Nagasawa?; Yutaka Iwaihara?;

Shinichi Murata?; Shino Sasaki'; Koji Sugiyama? ('Faculty of Health Science and

Nursing, Juntendo University, Japan; *Faculty of Education-Physical and Health

Education, Shizuoka University, Japan; 3College of Humanities and Sciences, Nihon
University, Japan)

BACKGROUNDS&AIM: According to the ISF, Skyrunning (SR) is defined as an activity that is an extreme form
of mountain running in the area above 2,000 meters where the running course includes the slope with the
inclination of more than 30%. For skyrunners, we examined the effects of 1,800 m in altitude difference on lower
limb muscle strength.

METHODS: Ten healthy 10 adults (age: 33.9+6.5 yrs, VO2max: 64.7+10.2 ml / kg'min) were subjected to lower
limb muscle force measurements around SR® Mt. Fuji from altitude 1500 m to altitude 3300 m. Lower limb
muscular strength was calculated for weight bearing index(WBI).

RESULTS: The mean of WBI before SR was 1.12+0.17 on the right leg and 1.11£0.23 on the left leg, and
statistically no left / right difference was observed (p> 0.05). The WBI after SR was 1.04+0.18 on the right leg,
which was not statistically different from the pre-SR value (NS), but was significantly lower than the pre-SR value
by 0.95+0.14 on the left leg (p <0.03). The elapsed time of SR took: 2:18:55+0:30:02 in climbing, 0:38:15+0:13:36
on the descending. The total time was 2:57:10+0:41:21.

CONCLUSIONS: It was shown that lower limb muscular strength after SR with altitude difference of 1,800 m
decreased by 10% on average on WBI. In this study, we can figure out detailed change of lower limb muscle
strength which could not be grasped by simple test, and these results are expected to lead to conditioning and
reconditioning in SR race and training. (COl: No)

1P-041

Electrophysiological analyses of multi-ion channel blockers in
hiPSC-CMs sheets with MEA system

Hiroko Izumi-Nakaseko'?; Atsuhiko T Naito'?; Yuko Sekino?;

Mihoko Hagiwara-Nagasawa'; Ai Goto?; Koki Chiba?; Yasunari Kanda*;
Atsushi Sugiyama'? (!Department of Pharmacology, Faculty of Medicine, Toho
University, Japan; *Department of Pharmacology, Toho University Graduate School of
Medicine, Japan; SEndowed Laboratory of Human Cell-based Drug Discovery,
Graduate School of Pharmaceutical Sciences, The University of Tokyo, Japan;
‘Division of Pharmacology, National Institute of Health Sciences, Japan)

[Purpose] We examined electrophysiological indices of human induced pluripotent stem cell-derived
cardiomyocytes (hiPSC-CMs) sheets in order to quantitatively estimate Na“, K" and Ca** channel blocking actions
of bepridil and amiodarone using microelectrode array (MEA) system in comparison with that of E-4031.
[Methods] We analyzed the field potential duration, effective refractory period, current threshold and conduction
property using a programmed electrical stimulation protocol to obtain the post repolarization refractoriness and
coefficient a of the relationship between the pacing cycle length and field potential duration. [Results &
Conclusions] Electropharmacological profile of each drug was successfully characterized; namely, 1) Na™ channel
blocking kinetics was estimated by the changes in the current threshold and conduction property, 2) drug-induced
inhibition of human ether-a-go-go-related gene (hERG) K channel was reflected in the relationship between
pacing cycle length and field potential duration, 3) the relative contribution of these drugs to Na® and K" channel
blockade was represented by the post repolarization refractoriness, and 4) L-type Ca** channel blocking action was
more obvious in the field potential waveform of the hiPSC-CMs sheets than that expected in the electrocardiogram
in humans, which will help to predict whether the net balance of Ca** and K* channel blockade of a drug is
proarthythmic or antiarrhythmic. (COI: No)

1P-042

A CMOS camera depicted the excitation spread during arrhythmia
in an isolated rat atrial preparation

Tetsuro Sakai (Department of Systems Physiology, University of The Ryukyus
Graduate School of Medicine, Japan)

Using a complementary metal-oxide semiconductor image sensor camera (CMOS) and a voltage-
sensitive absorption dye (NK2761), we visualized the excitation spread during experimental
tachyarrhythmia (tachycardia-like excitation, TE) in an isolated rat atrial preparation. We
recorded optical action potentials simultaneously from 256 contiguous sites in the preparation
using a 16 X 16 -element photodiode array (PDA) and mapped the excitation spread pattern
during TE. In order to improve the spatial resolution of the optical imaging and to directly
visualize the spatiotemporal pattern of the excitation spread, we tried to use a CMOS camera
(ORCA flash4.0, Hamamatsu Photonics Ltd., Hamamatsu, Japan, or Zyla 5.5 10-tap, Andor
Technology Ltd., Belfast, UK) as the photodetector. We could record the optical action potential
with a spatial resolution of 1000 X 1000 (ORCA) or 1392 X 1040 (Zyla) and a temporal
resolution of about 100 frame/second. Using digital image processing, we succeeded in
visualizing the excitation spread during TE and made video clips of the excitation spread. In these
movies, we demonstrated the circus movement of the excitatory wave (i.e. micro re-entry) and the
abnormal automatism during TE. This method could be a new tool for the study of basic
pathoelectoropysiology of atrial fibrillation. This study was approved by the Animal Care and Use
Committee, University of the Ryukyus, and was conducted in accordance with its
recommendations. (COI: No)

1P-043

Potential link between Ca?*-activated cation TRPM4 channels and
I,in mouse cardiac pacemaker cells

Futoshi Toyoda; Wei-Guang Ding; Hiroshi Matsuura (Department of Physiology,
Shiga University of Medical Science, Japan)

We have recently reported that L-type Ca, 1.3 Ca*' channels are involved in the generation of a
nifedipine-sensitive Na” current, previously described as the sustained inward current, 7, in heart
pacemaker cells. This introduces a new concept that Ca 1.3 channels serve a dual role in the
pacemaker potential as a source of Ca* entry and as a persistent inward Na* current. However,
currently available recombinant Ca, 1.3 channels are highly selective for Ca**and it remains a
challenge to elucidate the molecular mechanism allowing Ca 1.3 channels to generate a
Na'current. Here we show that /_is inhibited by 9-phenathrol and flufenamic acid, both are known
to block TRPM4 Ca**-activated cation channels. In addition, reduction in / was observed either
by intracellular BAPTA loadings or by srcoplasmic reticulum block with ryanodine and
thapsigargin. These results suggest that [ is a Ca*"-activated Na' current through TRPM4
channels. Combined measurements of membrane currents and intracellular Ca** showed that
activation was accompanied by a sustained elevation of intracellular Ca**. However, intracellular
Ca?* dynamics was largely dependent on Ca*" influx through L-type Ca?'channels, while 7, did not
decrease by lowering external Ca**. Our data, although not conclusive, support the hypothesis that
functional coupling of Ca, 1.3 and TRPM4 channels via intracellular Ca*'mediates /_in cardiac
pacemaker cells. We await the results of ongoing study using TRPM4 knockout mice. (COl: No)
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Functional role of delayed rectifier K+ current in the automaticity of
pulmonary vein cardiomyocytes

Xinya Mi; Wei-Guang Ding; Yingnan Li; Hiroshi Matsuura (Department of
Physiol, University of Shiga Univ. Med. Sci., Japan)

Pulmonary veins contain a myocardial layer and its electrical activity is considered to underlie
their arrhythmogenicity in the heart. Here, we examined the functional role of delayed rectifier K*
current (1), which is one of the contributors to cardiac repolarization in the spontaneous action
potentials of pulmonary vein cardiomyocytes (PVC). The spontaneous action potential and
membrane currents were recorded from PVC using perforated patch-clamp mode and
conventional whole-cell patch-clamp mode. The PVC exhibited spontaneous action potentials in
the normal Tyrode solution with an average firing rate of 166+5/min (n=6). Bath application of
the selective / blocker HMR-1556 decreased the firing rate. f-adrenergic stimulate isoproterenol
(100 nM) increased firing rate of the action potentials. Concomitant addition of HMR-1556
markedly reduced the firing rate compared with control condition. We also found that 7, was
strongly enhanced by both B - and B -adrenoceptor (AR) stimulation with a negative voltage shift
in the current activation. Both B -AR and f,-AR mediated enhancements of 7, were markedly
attenuated by the treatments with adenylyl cyclase inhibitor SQ22536 or protein kinase A (PKA)
inhibitor H89. Our results suggest that in guinea pig PVC the functional role of 7 | in spontaneous
automaticity increases during sympathetic excitation, and the effect of f-adrenergic stimulations
on [, activation is mediated through a cAMP-PKA pathway.
(COI: No)

1P-045

Pacemaking ion channel remodelling underlies chronic exercise-
induced atrioventricular block

Shu Nakao'?; Alicia D’souza’; Pirtro Mesirca?; Tariq Trussell'; Min Zi';

Sunil Jrj Logantha’; Elizabeth J Cartwright'; Matteo E Mangoni;

Halina Dobrzynski'; Mark R Boyett' (‘Division of Cardiovascular Sciences,
University of Manchester, UK; *Département de Physiologie, Université de
Montpellier, France; *Department of Biomedical Sciences, Ritsumeikan University,
Japan)

There is a higher incidence of various bradyarrhythmias including bradycardia and atrioventricular (AV) block in
veteran endurance athletes. We previously reported molecular remodelling of cardiac ion channels, induced by
altered expression of transcription factors and microRNAs in the sinoatrial node, as a key cause of exercise-
induced bradycardia. However, the mechanisms underlying AV block in athletes has not yet been investigated.
We instituted a protocol of long-term swimming (60 min/day, 5 days/week for 5 months) in 10-week-old male mice
and assessed the electrophysiology and molecular profile of the AV node (AVN). Trained mice showed prolonged
PR intervals during ECG recordings and an increased Wenckebach cycle length and AVN effective refractory
period under in vivo programmed electrical stimulation. These alterations were concomitant with widespread
downregulation of ion channels in the trained AVN. Notably, the pacemaker HCN4 channel and the L-type Ca*®
channel subunit Ca, 1.2 were decreased at mRNA and protein levels resulting in a corresponding decrease in /; and
I, current density in the AVN of trained mice.

These results demonstrate that chronic endurance exercise causes AVN dysfunction characterized by significant
transcriptional remodelling, corresponding to reduced current density of key ionic currents involved in AVN
impulse generation and conduction. We conclude that AVN electrical remodelling is a key mechanism underlying
heart block in athletes. (COIl: No)

1P-046

Cardiac Iron Overload: Impacts on Cellular Electrophysiology and
Calcium Handling

Natthaphat Siri-Angkul%%; Richard Gordan?; Suwakon Wongjaikam'?; Nadezhda Fefelova®;
Judith K. Gwathmey?; Siriporn C. Chattipakorn'#; Nipon Chattipakorn'?; Lai-Hua Xie® ('Cardiac
Electrophysiology Research and Training Center, Faculty of Medicine, Chiang Mai University, Thailand, *Cardiac
Electrophysiology Unit, Department of Physiology, Faculty of Medicine, Chiang Mai University, Thailand;
3Department of Cell Biology and Molecular Medicine, Ruigers University - New Jersey Medical School, USA;
‘Department of Oral Biology and Diagnostic Sciences, Faculty of Dentistry, Chiang Mai University, Thailand)

Purpose: Iron (Fe) overload cardiomyopathy is the leading cause of death in hemochromatotic patients, yet the
mechanistic insight is still incomplete. We investigated alterations of action potentials (APs) and intracellular
Ca* ([Ca™]) in Fe-loaded left ventricular cardiomyocytes (LVCMs), as well as functional impacts of Fe
overload on single-cell contraction and whole-heart arrhythmias.

Methods: Isolated mouse LVCMs were superfused with Fe*/8-hydroxyquinoline (8-HQ) complex (5-100
uM). [Ca*'], was evaluated by Fluo-4 fluorescence assay. APs, L-type Ca** current (Icm), and total outward K*
current (I, ) were recorded by the patch-clamp technique. Cell contraction was measured by a video-based edge
detection system. Arrhythmias were evaluated in Langendorff-perfused hearts under S -8, stimulation
protocol.

Results: Fe treatment prolonged AP durations (APD) at 90% repolarization (46.8+2.8 vs. 203.6+63.4 ms,
p<0.05), induced early and delayed afterdepolarizations (EAD: 0.0+0.0 vs. 45.0+£15.0% and DAD: 4.3+1.4 vs.
27.047.0%, p<0.05) in LVCMs. It also decreased peak I, (16.5+1.7 vs.11.4+1.3 pA/pF, p<0.01), decreased
contractility (4.8+0.5 vs.3.5+0.4% p<0.01) and altered Ca** transient patterns. Arrhythmia incidence was
increased in Fe*"/8-HQ-perfused hearts. The mechanism for increased APD is under further study.
Conclusions: In LVCMs, Fe overload induced arrhythmogenic AP prolongation and afterdepolarizations,
aberrant [Ca*"], dynamics, and impaired contractility. (COI: No)

1P-047

Species difference of the hyperpolarized-activated current in
pulmonary vein cardiomyocytes

Daichi Takagi'; Yosuke Okamoto'; Takayoshi Ohba'; Hiroshi Yamamoto?;
Kyoichi Ono' ('Dept. Cell Physiol., Akita Univ. Grad. Sch. Med., Japan; *Dept
Cardiovas. Surg., Akita Univ. Grad. Sch. Med., Japan)

Ectopic activity of pulmonary vein (PV) cardiomyocytes is thought to be responsible for initiation
and maintenance of atrial fibrillation. It is well known that PV cardiomyocytes have different
electrophysiological properties from those of working cardiomyocytes, thereby leading to easily
generate spontaneous activity. It has been reported that hyperpolarization-activated cation current
(Ih) which promotes slow diastolic depolarization in normal pacemaker cells of sinoatrial node,
exists in PV cardiomyocytes. On the other hand, a Cl- current with a similar slow time course of
activation (ICLh) has been recorded in rat PV cardiomyocytes. Also, a K+ current was identified
as a hyperpolarization-activated current in dog PV cardiomyocytes.

In present study, we examined ionic nature of hyperpolarization-activated current of PV
cardiomyocytes in various species including rats, guinea-pigs and rabbits. The results showed that
guinea-pig and rat PV cardiomyocytes possessed sizeable amplitudes of hyperpolarization
activation current, among which the current in guinea-pig was suppressed by Cs, a blocker of Ih,
whereas in rats the current was not suppressed by Cs, but by Cd, a blocker of ICLh. The current
density of the hyperpolarized-activated current of rabbit PV cardiomyocytes was significantly
smaller than those of other species. It is suggested that the ion channel that carries the pacemaker
current of PV cardiomyocytes differ depending on the animal species. (COl: No)

1P-048

The mitochondrial Na*-Ca? exchanger is involved in automaticity of
murine sinoatrial nodal cells

Yukari Takeda; Ayako Takeuchi; Satoshi Matsuoka (Department of Integrative &
Systems Physiology, Faculty of Medical Sciences, University of Fukui, Japan)

It has been widely accepted that the automaticity of sinoatrial nodal cells (SNCs) attributes to the
activities of ion channels at the plasma membrane. However, after the discovery of spontaneous
local calcium release (LCR) from the sarcoplasmic reticulum in rabbit SNCs, there is growing
evidence that LCR regulates the pacemaker activity. Previously, we have reported that the
mitochondrial Na®™-Ca®* exchanger, NCXm, regulates automaticity of HL-1 cardiomyocytes.
While, the functional role of NCXm in generating LCR and automaticity in SNCs has not been
clearly demonstrated. Purpose: Here we investigated if NCXm contributes to the generation of
LCR and pacemaker activity of murine SNCs. Methods: Ca>" imaging was performed on isolated
murine SNCs, and an NCXm antagonist, CGP-37157 (1 uM), was applied to a bath solution.
Results: LCRs were detected between rhythmic firing of Ca®* transients in almost all SNCs, and
there was a positive correlation between LCR period (time from the prior Ca** transient peak t