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Recent studies demonstrated that T1R2/T1R3 sweet receptors are

expressed not only in the taste cells but also gut enteroendocrine and

pancreatic beta cells. Activation of the sweet receptors by sugars and

sweeteners, leads to glucose absorption in the gut and insulin secretion in

the pancreas. Sensitivities of these sweet taste cells in the oral cavity and

gut are inhibited by leptin, a satiety hormone, and enhanced by

endocannabinoids(eCBs), orexgenic factors. So, leptin and eCBs act not only

via hypothalamus but also peripheral organs and play important roles in

regulating food intake. By contrast, metabolic sensors (K
ATP

 channels) and

glucose transporters (GLUTs/SGLTs) found in the gut, pancreas and

hypothalamus are now known to be expressed in taste cells. Our recent

studies showed that the K
ATP

 channel may be involved in sweet taste signal

pathway and a target of leptin’s inhibitory effect on sweet taste (Diabetes,

2015), and that the SGLT1 glucose transporter may act as a glucose sensor

and form a T1Rs-independent sweet taste pathway together with K
ATP

channels in taste cells. These findings indicate that chemosensory cells in

the oral cavity, gut, pancreas and brain may share a variety of molecules

involved in sweet taste signaling and cooperatively play important roles in

regulating energy homeostasis. (COI:No)
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Recently, it is suggested that traditional diets have a significant impact on

brain development and may promote mental health and help preventing

psychiatric disorders in children and adolescents. To investigate the

possible neural mechanisms of diet involvement in mental health, we

analyzed the effects of Japanese fish broth (dried-bonito dashi (DBD)) on

emotional behaviors in young mouse. Since deficits in parvalbumin (PV)-

postive neurons are associated with several psychiatric disorders in

children and adolescents, we also examined its effect on the number of PV-

immunoreactive (PVi) neurons. Juvenile male mice fed with DBD were

tested for aggressiveness and depression-like symptoms. We found that

DBD intake decreased aggressiveness and depression-like symptoms, and

the effect was positively correlated with the densities of PVi neurons in the

medial prefrontal cortex, amygdala and hippocampus. However,

subdiaphragmatic vagotomy did not affect the effects of DBD on emotional

behaviors, although it nonspecifically decreased the densities of PVi

neurons. The results suggested that DBD may modulate emotional

behaviors by promoting PVi neuronal activity through multiple routes. We

will discuss this novel mechanism for diet affecting brain functions in this

symposium. (COI:Properly Declared)
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We investigated the effect of monosodium glutamate (MSG), a taste

substance of umami, on emotional behavior in attention-deficit

hyperactivity disorder model rat. Spontaneously hypertensive rats (SHR)

were orally administrated with 60 mM MSG for 5 weeks from P25 in an

isolated condition. Emotional behavior was assessed by open-field test and

social-interaction test in adult SHR. It revealed that oral intake of MSG

resulted in less aggressiveness while no significant change was shown in

open- field test. To know whether gut-brain communication is involved in

the MSG effect, the vagus nerve afferents from the gastrointestinal tract

were cut at P25 and grown for 5 weeks followed by assessment of

aggression. The vagotomy resulted in disappear of MSG effect on

aggression. No cell death was observed by oral MSG intake: no Argyophill

III-positive cells were shown after MSG intake in vivo and no neuron

damage was shown in LDH assay in vitro. Data indicates that less

aggression was induced by MSG intake during the period of development,

which is medicated by vagus nerve from the gastrointestinal tract (gut-

brain communication). (COI:No)
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Accumulating evidence suggest that depressive disorder and related stress-

induced conditions have bidirectional interactions with the gut microbiota.

Probiotics such as Bifidobacterium and Lactobacillus are suggested to

mitigate stress response and depression-like behaviors. Animal models of

depression have shown abnormalities in the gut such as increased gut

permeability, and the probiotics ameliorate their depression-like behaviors

and altered stress responses. However, there have been only a few studies

that have directly investigated the gut microbiota of the depressed patients.

We examined whether bacterial counts of Bifidobacterium and

Lactobacillus are reduced in patients with major depressive disorder (MDD)

than in healthy controls. Bacterial counts in fecal samples were estimated

using bacterial rRNA-targeted RTqPCR. MDD patients had significantly

lower Bifidobacterium counts and tended to have lower Lactobacillus counts

than the controls. Individuals whose bacterial counts below the optimal cut-

off point were significantly more common in the patients than in the

controls for both bacteria. We also observed an association between the

bacterial counts and irritable bowel syndrome. Our results provide direct

evidence that individuals with lower Bifidobacterium and/or Lactobacillus

counts are more common in patients with MDD compared to controls. In

line, a recent randomized controlled study on depressive disorder reported

beneficial effects of probiotics. Collectively, the use of gut microbiota seems

to be a promising approach to develop new treatment of depressive disorder

and related conditions. (COI:Properly Declared)
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A scalable and high-throughput method to identify precise subcellular

localization of endogenous proteins is essential for integrative

understanding of a cell. We have recently developed a simple and

generalizable technique to image endogenous proteins with high specificity,

resolution and contrast in single cells in mammalian brain tissue (Mikuni

et al., Cell 2016). The technique, termed SLENDR (single-cell labeling of

endogenous proteins by CRISPR-Cas9-mediated homology-directed repair),

is based on in vivo genome editing to insert a sequence encoding an epitope

tag or a fluorescent protein to a gene of interest by CRISPR-Cas9-mediated

homology-directed repair. We demonstrate that a tag sequence can be

rapidly and precisely inserted into an endogenous gene of interest in vivo.

This method is scalable to many species of proteins in diverse cell types, and

permits high-resolution protein imaging with light and electron microscopy

both in fixed and live tissue. Thus, SLENDR allows researchers to rapidly

and precisely determine the localization and dynamics of endogenous

proteins with the resolution of micro- to nanometers in various cell types,

regions and ages, providing a new level of understanding of cellular and

molecular function of the brain. (COI:No)
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Elucidating the synaptic structure, properties and plasticity is one of the

key questions in recent neuroscience to understand not only learning and

memory but also neurodegenerative diseases and psychiatric disorders.

Emerging evidence suggests that dendritic spine, the postsynaptic

structure, itself has structural plasticity and determines synaptic

properties and functions. In dendritic spine, many kinds of proteins are

accumulating as postsynaptic density (PSD) and forming complicated signal

transduction pathway. However, how those proteins accumulate and how

this complicated signaling pathways are regulated remain unclear.

Calcium/Calmodulin-dependent protein kinase II (CaMKII) plays central

role for postsynaptic signaling as protein kinase. It had been widely

believed that sustained CaMKII activity via autophosphorylation at T286 to

increase and/or keep phosphorylation level of AMPA receptors is a key

mechanism which explains long-term potentiation (LTP). However,

previous study using novel technique to quantify phosphorylation

stoichiometry suggests that actual stoichiometry of phosphorylated AMPA

receptors is quite low even after stimulation or learning.On the other hand,

CaMKII has several structural proteins-like features. We hypothesized that

CaMKII plays central role for both synaptic structure and signal

transduction by the cooperative regulatory mechanism of interaction and

phosphorylation. I would like to introduce the detail, evidence and recent

progress. (COI:No)
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Molecules involving the differentiation and/or maturation of synapses are

referred to as synaptic organizers. Among C1q/TNFα superfamily members,

several subfamilies are expressed in the central nervous system and

essential in synapse organization. Cbln1 released from cerebellar granule

cells plays a crucial role in the formation and function of parallel fiber-

Purkinje cell synapses. This synaptogenic activity depends on a trans-

synaptic tripartite complex of the Cbln1 hexamer, presynaptic neurexin

(NRX) containing a splice site 4 insertion and the postsynaptic glutamate

receptor GluD2. Like Cbln1, an increasing number of proteins which

directly bind to the amino-terminal domains of ionotropic glutamate

receptor have been found to regulate their recruitment and function at

synapses. At mossy fiber (MF)-CA3 synapses in the hippocampus, kainate-

type of glutamate receptors (KARs) regulate synaptic network activity

through their slow channel kinetics. C1ql2 and C1ql3, which belong to C1q/

TNFα superfamily, are produced in dentate gyrus granule cells and serve as

anterograde synaptic organizers which recruit functional postsynaptic KAR

complexes at MF-CA3 synapses via binding to the amino-terminal domains

of GluK2 and GluK4 KAR subunits. Moreover, C1ql2 and C1ql3 directly

bind to NRX3 containing sequences encoded by exon25b insertion at splice

site 5. In this talk, I would like to discuss the generality of the strategy by t

tripartite complex formation of the specific type of NRX and iGluR via C1q

family members. (COI:No)
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Communication between neurons is mediated by synaptic transmission.

Synaptic strengths exhibit plastic changes during development or in an

activity-dependent manner. Basic concept of synaptic transmission, so

called quantal hypothesis, has been proposed by Bernard Katz in 1950s. In

this hypothesis, synaptic strengths are determined by three parameters, N

(the number of independent release sites), Pr (release probability per site),

and q (quantal size, the postsynaptic response in response to single vesicle

fusion). The hypothesis has been verified experimentally, and it has been

examined which of three parameters has been changed during synaptic

plasticity. We have examined validity of the hypothesis at mammalian

central synapses, using the calyx of Held synapse in the auditory brainstem

as a model system. Because electrophysiology indirectly estimates the

molecular mechanisms of synaptic transmission, direct observation using

imaging approach has to be combined. In this context, we will introduce an

example of single synaptic vesicle imaging at the calyx of Held synapse.

(COI:No)
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We are interested in the molecular mechanisms underlying synaptic

functions and their clinical application. We have focused on AMPA

receptors for over a decade. We discovered experience or learning drives

AMPA receptors into synapses. We are currently interested in the

application of findings obtained from basic neuroscience on synapses to

human biology to clinics. In collaboration with Toyama Chemical Co., Ltd,

we found a compound which facilitates synaptic AMPA receptor delivery

leading to the acceleration of recovery of motor function with rehabilitation

after brain injury. We also identified a target protein, and target protein

deficient mice failed to exhibit the acceleration of motor function recovery

after brain injury with this compound. This prominent effect was also

observed in non-human primate. We are currently preparing for the clinical

trial of this compound. We also developed a probe to detect AMPA receptors

with positron emission tomography (PET). We could observe specific high

quality signal in the brain of non-human primate. We recently succeeded in

the imaging of living human. We are planning to classify human psychiatric

disorders as well as neurological disorders based on the distribution of

AMPA receptors in the brain. This will provide strong molecular evidence of

clinical applications of ampakines and is expected to increase the success

rates of clinical trials of these drugs. (COI:Properly Declared)
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Taste receptors percept various chemical compounds contained in foods,

and transmit the chemical information to our bodies. Among them, T1r

proteins recognizes nutrients by composing heterodimeric receptors: T1r1/

T1r3 responds to umami substances as L-amino acids and nucleotides,

while T1r2/T1r3 responds to sweet substances as sugars and artificial

sweeteners. T1rs belong to the class C GPCRs, which share large ligand-

binding domains (LBDs) at the extracellular side of the transmembrane

regions. Therefore, the functional characteristics of T1rs, such as the broad

chemical recognition and following signal transduction, should be mostly

accounted for by protein functions of LBDs.Functional analyses of T1rLBDs

at a protein-level have so far been hampered by difficulties in a large-scale

expression and purification. Nevertheless, we succeeded the purified

protein preparation of T1r2a/T1r3LBD heterodimer by use of the genes

from medaka fish. T1r2a/T1r3LBD was reported to respond to a variety of

L-amino acids, thus possesses a broad ligand specificity commonly found in

T1rs. Indeed, our ITC analysis showed that T1r2a/T1r3LBD binds various

types of amino acids, such as polar, hydrophobic, acidic, and basic ones,

with different affinities. Notably, FRET and SAXS analyses revealed the

conformational change of T1r2a/T1r3LBD, from a widely-spread state to a

compact state, by amino-acid binding. The results suggested that the

conformational change of T1rLBD heterodimer induced by taste-substance

binding serves as an initial reaction resulting in receptor activation and

signaling to taste cells. (COI:No)
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Most animals avoid bitter compounds and prefer sweet compounds.

However, some primates ingest food items which are bitter to humans and/

or not sweet to humans, suggesting a species-specific sense of taste. To

reveal the mechanism of specific feeding behaviors, we conducted genetic

and functional analysis of taste receptors in cultured cells followed by

behavioral analysis. We found species-specific sensitivities of bitter taste

receptors, some of which are supported by the behavioral test. For example,

Japanese macaques are less sensitive to salicin, a bitter compound in the

bark of willow tree, than are humans, due to the change in some amino acid

residues that are situated in the putative ligand binding and intracellular

regions(1). This finding is supported by the analysis of bitter taste receptors

of colobines and new world monkeys(2). On the other hand, the behavioral

experiment suggested increased sensitivity of Japanese macaques relative

to humans for some natural sweet compounds. These differences in receptor

sensitivities highlight the relevant tastes of compounds in the habitat of

primates and contribute to their survival and adaptation. (1) H. Imai, N.

Suzuki-Hashido, Y. Ishimaru, T. Sakurai, L. Yin, W. Pan, M. Ishiguro, K.

Masuda, K. Abe, T. Misaka, and H. Hirai (2016)Biophysics and

Physicobiology 13, 165-171. (2) K. Tsutsui, M. Otoh, K. Sakurai, N. Suzuki-

Hashido, T. Hayakawa, T. Misaka, Y. Ishimaru, F. Aureli, A. D. Melin, S.

Kawamura, H. Imai (2016) BMC Evolutionary Biology 16, 208. (COI:No)
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The oral perception of fatty acids has been considered to rely mainly on

texture and olfaction, but recent findings suggest that taste may also play a

role in detection of fatty acids via GPR40, GPR120 and CD36 which express

in rodent taste bud cells and mice lacking one of these molecules showed

selective reduction of neural and behavioral taste responses to fatty acids.

To further investigate whether or not taste quality coding pathway for fatty

acids to the brain would be present, we examined single fiber responses of

the chorda tympani nerve to various taste stimuli including fatty acids

(oleic and linoleic acids), sucrose, NaCl, HCl, CaCl2, quinine and

monopotassium glutamate (MPG) in C57BL/6J mice. Among all single

fibers tested, 14% of fibers specifically responded to oleic acid and/or linoleic

acid. Significant responses to fatty acids were also detected in a subset of

fibers best responded to sucrose, CaCl2 or MPG. AH7614, an antagonist for

GPR120 affected responses to fatty acids in these fibers. Contrarily,

GW1100, an antagonist for GPR40 did not affect the responses. These

results suggest a possibility that there may exist a specific neural coding

pathway for fatty acids via GPR120 and that fatty acids may modulate

savory taste such as sweet and umami within the taste cells. (COI:No)
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Gustation and oral somesthesia are key factors for oral sensation. The

receptors for basic tastes and pungent substances are expressed in specific

taste cells or somatosensory trigeminal neurons. We have discovered

substances that appear to modify these oral sensations. For instance, in

human sensory studies, γ-glutamyl-valyl-glycine (γEVG) enhances the

intensity of umami, sweet, and salty tastes, although it has no taste itself.

Calcium-sensing receptor (CaSR), a receptor for γEVG, is expressed in a

subset of taste cells that presumably are involved this enhancement of

taste. Using immunohistochemistry and single-cell RT-PCR, we recently

observed CaSR-expression in trigeminal ganglia. CaSR-expressing cells are

small (13-23 µm) and medium (23-32 µm) diameter neuronal cells, which

indicates these cells are in the same category as pungent/nociceptive and

mechano/thermo-sensing neuronal cells, respectively. Most CaSR-

expressing small cells co-express TRPV1 (a capsaicin receptor) and TRPA1

(an allyl isothiocyanate receptor). In intracellular Ca2+ imaging, the

amplitude with allyl isothiocyanate-induced response were enhanced with

pretreatment of γEVG in a subset of the neuronal cells. These results

suggest that γEVG can modify pungent and mechano/thermo sensations.

Collectively, the results suggest that γEVG is a multimodal modifier for oral

sensation. (COI:Properly Declared)
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Taste cells are endodermal cells that resemble to gastrointestinal (GI)

epithelial cells in that they both turn over frequently. At present, there are

a paucity of molecular information of where taste stem cells reside and how

they repopulate. If we could generate taste culture system, we would be able

to analyze multiple functions that taste cells have. We first searched for

specific molecules that are expressed in basal region of taste buds to

investigate the niche of taste stem cells and found Wnt related molecules

such as Lef1 or Wnt ligands. By introducing in vivo and in vitro model, we

found that canonical Wnt signaling is critical for taste papilla development

although its role in adult taste stem cells was unknown since ablation of

Wnt signaling resulted in neonatal death. We next introduced Lgr5-EGFP

mouse to examine if Lgr5 marks taste stem cells. Our result indicated that

Lgr5-positive cells near the taste bud are taste stem/progenitor cells. By

introducing recently generated organoid culture system for enteroids, we

have shown that Lgr5-positive cells from circumvallate (CV) papillae could

also be cultured in the system. All the taste cell types have been identified

from the cell culture starting from the single Lgr5-positive cell suggesting

that Lgr5 is a marker for taste stem cells. Ca imaging analyses have shown

that cells within taste organoid culture system could respond to multiple

tastant such as sweetener and bitter compounds. We believe that this taste

organoid culture system mimics taste organ in vivo so that would be an

attractive in vitro model to analyze both mature and immature taste cells.

(COI:No)
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Lanthanide-doped nanoparticles exhibit unique luminescent properties,

including a large Stokes shift, a sharp bandwidth of emission, high

resistance to optical blinking, and photobleaching. Uniquely, they can also

convert long-wavelength stimulation into short-wavelength emission. These

attributes offer the opportunity to develop alternative luminescent labels to

organic fluorophores and quantum dots. In recent years, researchers have

taken advantage of spectral-conversion nanocrystals in many important

biological applications, such as highly sensitive molecular detection and

autofluorescence-free cell imaging. With significant progress made over the

past several years, we can now design and fabricate nanoparticles that

display tailorable optical properties. In particular, we can generate a wealth

of color output under single-wavelength excitation by rational control of

different combinations of dopants and dopant concentration. By

incorporating a set of lanthanide ions at defined concentrations into

different layers of a core-shell structure, we have expanded the emission

spectra of the particles to cover almost the entire visible region, a feat

barely accessible by conventional bulk phosphors. In this talk, I will

highlight recent advances in the broad utility of upconversion nanocrystals

for multimodal imaging, bio-detection, display and photonics. (COI:No)
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We replace a conventional approach of UpConverting Nanoparticles

(UCNPs) to emit visible light by stimulating them with LED based Near

Infra-Red system. These UCNPs are able to upconvert within the biological

window of 740nm using the NIR system, which reduces heat and toxicity to

cells, as compared to the conventional 980nm or 800nm. This new

generation of UCNPs will be used to activate Channelrhodopsin (ChRs) in

transfected neuropathways in the Central Nervous System (CNS). ChRs are

light sensitive gated ion channels that are capable of depolarizing

transfected neurons. ChRs will absorb the visible light emitted by UCNPs

and open Calcium/Sodium ion channels to depolarize selectively transfected

neurons. A miniaturized NIR-LED stimulation system will be used for in

vivo activation of UCNPs-ChR. The feasibility, safety and efficacy of the

UCNPs-NIR-LED system are investigated in an in vivo rodent model. A

semi-invasive NIR-LED illumination approach could also specifically

depolarize cortical motor-neurons with spatio-temporal precision. This will

provide scientists with a powerful translational tool to target depolarization

and consequently stimulation as well as preventing depolarization and

hence inhibition of action potential in targeted neuropathways. The

application of UCNPs-NIR LED will enable safer access to deeper regions of

CNS tissues, which is beyond conventional medical intervention such as

invasive electrode implantation and electrical based stimulation. (COI:No)
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In the last decade, there has been great progress in technologies for the

remote control of organisms through physical and chemical manipulation.

In particular, methods involving lasers have proven useful for the control of

biological functions in living organisms through simple manipulation with

laser beams (which provide advantages such as high directivity, ease of

focus on the targets, and fast delivery). Ultraviolet, short-wavelength

visible, and infrared light are generally used in optical techniques (e.g.

optogenetics) for the control of biological functions in organisms. However,

these types of light do not efficiently penetrate biological tissues. It is well

known that near-infrared (NIR) rays can penetrate tissues because

biological systems are relatively transparent to these wavelengths of light

(650-1500 nm), except the water absorbance wavelength at 1480 nm. We

have developed NIR-laser-driven nanorobots for remote control of cellular

functions such as gene expression, opening and closing of protein channels,

and enzymatic reactions etc. In this lecture, our cutting-edge nanorobotics

based on carbon nanomaterials (carbon nanotubes and carbon nanohorn)

for spatiotemporal control of cellular functions will be reported. We believe

that the technologies will help to create a new state-of-the-art tool for the

comprehensive analysis of “real” biological molecular information at the

single-cell level, and it may also help in the development of innovative cell

therapies. (COI:No)
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Since nanomaterials have unique properties different from those of small

molecules or macromolecules, utilization of nanomaterials has recently

attracted attentions in life sciences. We also have developed molecular

imaging probes based on various modalities including MRI. MRI is an in

vivo imaging method that offers highly spatial resolution images of deep

regions in living animals. 1H MRI is quite useful in clinical diagnosis,

because it noninvasively gives anatomical information of a living body

without radiation exposure. However, when researchers monitor particular

signals concerning biological phenomena in molecular imaging studies, the

contrast due to the environmental difference becomes the high background

which makes it difficult to recognize the signals of interest. On the other

hand, 19F MRI is suitable for such experiments due to almost no

endogenous background signals. Thus, 19F MRI probes that can visualize

biological functions have been increasingly developed. We also developed

small molecule-based 19F MRI probes that detect protease activities on the

basis of paramagnetic resonance enhancement (PRE) effect. Recently, we

developed a novel nanomaterial-based 19F MRI contrast enhancement,

which is called FLAME. FLAME overcomes the problem of small molecule-

based probes about the sensitivity and enables the in vivo imaging

applications. Furthermore, by using paramagnetic relaxation enhancement

principle, the signal turn-on probes to detect biological events were

developed. In this symposium, I would like to introduce the rational design

and bioanalytical applications of the novel organic-nano hybrid materials.

(COI:No)
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Upconversion nanoparticles (UCNPs) were used as luminous donors to

activate acceptors such as channelrhodopsins (ChRs). Since they absorb

low-energy near-infrared (NIR) light to emit high-energy visible light, the

neuron expressing ChRs could be manipulated by NIR. When a cultured rat

cortical neuron was transfected to express ChRs, its membrane potential

was depolarized to evoke action potentials by the irradiation of NIR laser

light to the UCNPs nearby. On the other hand, when expressing anion

permeable channel rhodopsins, the neuronal membrane potential was

hyperpolarized enough to inhibit the generation of action potentials by the

NIR laser irradiation. It is suggested that the visible light emitted from

UCNPs activated rhodopsins to generate enough photocurrent to

manipulate the membrane potential to control the neuronal activity. Our

upconversion-rhodopsin hybrid system would be applied to remote neuronal

manipulations, either excitation or inhibition. There is no conflict of interest

in this paper. (COI:No)
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Neuronal firing activity induces membrane depolarization and subsequent

Ca2+ entry through voltage-gated Ca2+ (CaV) channels that triggers

neurotransmitter release at the active zone in presynaptic terminals.

Synaptic efficacy is largely controlled by modulation of presynaptic CaV2

channels. The presynaptic CaV2 channel family (comprising CaV2.1,

CaV2.2 and CaV2.3 isoforms) encode the pore-forming α1 subunit. The

cytoplasmic regions are the target of regulatory proteins for the channel

modulation. Sympathetic superior cervical ganglion (SCG) neurons in

culture expressing CaV2.2 channels represent a well-characterized system

for investigating synaptic transmission. Exogenously expressed CaV2.1 was

examined for modulation of the channel activity, and resulting in regulation

of synaptic transmission. Inhibition of the CaMKII binding reduced paired-

pulse facilitation, paired-pulse depression and augmentation. These actions

termed as presynaptic short-term plasticity are mediated via CaV2.1

channel regulation by CaM and other proteins sensing residual Ca2+. Thus,

constitutive and Ca2+-dependent modulation of CaV2.1 channels

coordinately act as temporal and spatially molecular switches to control

synaptic efficacy. (COI:No)

1S05F1-2
(�	�����	����������
�����������������������������	�����

A��������	�����B��	����	����	������������
�	���&

�����	
��	������	�&���������$%�����������

*�������&�����
�
 ��������������

�
 �$�����&�������

�
 �

�����
����������
�
 �&�
�������

�

�
������
��.�,��
������"����� �1	��-�����
��-�������"���+����

�
����

�	��
 ��������),
�
���� �1	��-��������),
�
��+����
�
),
�
���� ��.-�����

'���	���%�������
���),
�
� +����
�
�����'�����	��
 ��������-������� 

����-����(�����+��

Mutations in calmodulin (CaM), a ubiquitous Ca2+ sensor molecule encoded

by three distinct calmodulin genes, CALM1-3, are responsible for lethal

ventricular arrhythmias in children associated with long QT syndrome

(LQTS), referred to as calmodulinopathy. By genetic screening in mutation-

negative LQTS probands, we identified one novel de novo missense CALM1
mutation and five CALM2 mutations. Age of onset of major symptoms

ranged from 1-9 years, and four of six probands had cardiac arrest and one

of these subjects did not survive. Mutations affect conserved residues

located within calcium binding loops 3 or 4 and caused reduced calcium

binding affinity. iPS-derived cardiomyocytes established from a boy with

CALM2-N98S (N98S-iPS-CM) showed significantly lower beating rates,

prolonged action potential duration (APD), and impaired inactivation of L-

type Ca channel (LTCC) currents compared with control cells. Furthermore,

allele-specific ablation of the N98S-iPS-CM using the latest genome-editing

technology CRISPR-Cas9 system rescued the electrophysiological

abnormalities. These results indicate that the mutant allele exerted a

dominant-negative suppression of LTCC inactivation resulting in prolonged

APD, and suggest a novel therapeutic strategy for the novel life-threatening

arrhythmia “calmodulinopathy”. (COI:No)
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Activity of Cav1.2 channels is regulated by intracellular Ca2+. This

mechanism requires the interaction of the Ca2+-binding protein calmodulin

(CaM) with the channels and the underlying molecular mechanisms have

been extensively investigated. Although conformations of the channel-CaM

complex in the resting, facilitatory and inactivated state have been

proposed, they are different in various studies. We have reported the

hypothetic model in which two molecules of CaM bind to the channel, one

for facilitation and the other for inactivation. In addition to the Ca2+-

dependent regulation of the channels, CaM plays a crucial role in

maintaining activity of Cav1.2 channels in the basal state. We have also

suggested that the basal activity of Cav1.2 channels is maintained by CaM

and ATP, through their interactions with the channels. In this study, we

have investigated the mechanisms of the effects of CaM and ATP in C-

terminal deleted channels (α1Cδ) and CaM-linked channels (α1CδCaM)

using the inside-out mode of patch-clamp technique. The α1CδCaM and

α1Cδ with CaM, but not α1Cδ alone, maintained the channel activity. These

results support the hypothesis that activity of Cav1.2 channels is regulated

by the dynamic interactions of CaM and ATP with the channels. (COI:No)
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The heartbeat regulate Ca2+ variations in cardiomyocyte. However, 38~42

°C cardiomyocyte could express contractive oscillations independent of Ca2+

variations. The Ca2+ variation frequency of isolated cardiomyocyte is slower

than heart because pacemaker cells are removed. And the period of

contractive oscillations are similar to heart beat, so we could separate Ca2+

variations and Contractive oscillations. Interestingly, amplitude of the

contractive oscillations are regulated by Ca2+ variations, whereas period of

the contractive oscillations are independent of Ca2+ variations. Using the

cardiomyocyte simulation based on chemical and mechanical state of

myosins, we create the model of the period maintain mechanism. This

oscillation stability may essential to heart beat. And these results also

suggest that a role of Ca2+ variations in heartbeat is phase regulation of

contractive oscillations. (COI:Properly Declared)
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Melanoma has the poorest prognosis among skin malignant tumor due to its

rapidly progressive and highly metastatic nature. We have previously

reported that Orai/STIM1 (Stromal interaction molecule 1) plays an

important role in melanoma cell proliferation and migration via store-

operated calcium entry (SOCE). We have recently found that Transient

receptor potential, canonical 3 (TRPC3) channel is widely expressed in

human melanoma using a tissue microarray and interacts directly with

STIM1 in C8161, BRAF wild-type metastatic human melanoma cells by

immunoprecipitation. Pyrazole compound (Pyr3), which is a selective

inhibitor of TRPC3, inhibits SOCE completely. We found that Pyr3 also

decrease melanoma cell proliferation by blocking cell cycle at G2 phase

(IC
50

 value was 13 µM) and migration via MMP9 secretion. Similar

inhibition was observed when the TRPC3 gene was silenced with short-

heparin RNA (shRNA). Pyr3 induced dephosphorylation of signal

transducer and activator of transcription (STAT) 5 and Akt. We examined

whether Pyr3 can suppress tumor growth of melanoma in mice implanted

with human melanoma cells (C8161) for the future clinical usage. The

tumor growth was significantly reduced in the Pyr3-treatment group (0.05

mg/kg) versus the control group after ten days (n = 4-6, p < 0.001). Our

findings indicate that TRPC3 and STIM1 play important roles in melanoma

growth, and may be a novel target for treating melanoma in patients.

(COI:No)



The 94th Annual Meeting of the Physiological Society of Japan, March 28-30, 2017, Hamamatsu S35

1S05F1-6
�

��
��������	
����������������������������"���
�����	���	�

5�$�C���		���

�
� ����������
�
 �&���������+
�

�
 �$�������&������

�
 �

&������� 6�&��
�
 ������)�����

�
 �&������������

�
 �

&�������������2�
�
 ����������$�����

�
 �������&��

�

�
�����-,�������
��������1	��-��������),
�
���� ��+����

�
������
������

1	�� -��������),
�
���� �� +����
�
�������
��,���1	�� -��� -���� ),
�
���� �

+��

Transient receptor potential canonical 6 (TRPC6) is a non-selective cation

channel which is activated by PLC-coupled receptors. Calcium influx by

TRPC6 channels lead to feedback regulations mediated by calmodulin

(CaM). Although CaM binding to TRPC6 has been reported, the kinetics of

Ca2+-dependent channel inactivation and its molecular insights are

unknown. In this study, we firstly demonstrated that the decay of TRPC6-

like currents from smooth muscle cells were markedly delayed by

increasing of cellular Ca2+ chelators. This confirms that global Ca2+

regulation exists in endogenous TRPC6 channels. The global Ca2+

regulation by CaM has often been linked to N-lobe of CaM, thus implicating

N-lobe specific functionality of these channels. However, by co-expression

system of TRPC6 and CaMs in HEK cells, the N-lobe specific functionality

only occurs in moderate Ca2+-buffering condition compared to physiological

low Ca2+ buffering. The latter showed that both of the lobes are required for

channel inactivation. We further studied Ca2+-dependent binding/

stoichiometry/structural dynamics between TRPC6 CBD (calmodulin-

binding domain) and CaM by FRET/ITC/NMR measurements. Our obtained

mechanistic model provides novel insight, in the context of the full length

TRP channel complex, how both-lobes of CaM inhibit channel opening by

assembling to close proximity of two adjacent CBDs. (COI:No)
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Ca2+ ions permeating through channel pores often autonomously and

bidirectionally tune the gating of the channels, e.g., voltage-gated CaV

channels or transient receptor potential TRP channels, manifested as Ca2+-

dependent positive and negative feedback regulations. The polycystic TRP

subfamily member PKD2-L1, in complex with PKD1-L3, is involved in

physiological responses to diverse stimuli. A major challenge to

understanding whether and how PKD2-L1/PKD1-L3 acts as a bona fide

molecular transducer is that recombinant channels usually respond with

small or undetectable currents. Here, we discover a type of Ca2+ influx-

operated Ca2+ entry (ICE) that generates pronounced Ca2+ spikes.

Triggered by rapid onset/offset of Ca2+, voltage, or acid stimuli, Ca2+-

dependent activation amplifies a small Ca2+ influx via the channel. Ca2+

concurrently drives a self-limiting negative feedback (Ca2+-dependent

inactivation) that is regulated by the Ca2+-binding EF hands of PKD2-L1.

Our results suggest a biphasic ICE with opposite Ca2+ feedback regulation

that facilitates sensory responses to multimodal transient stimuli. We

suggest that such a mechanism may also occur for other sensory modalities

and other Ca2+ channels. (COI:No)
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After we promoted to “Professor” position, we have to face one of our

important duties “Education”. Particularly, we have to make a lecture plan

for our responsible subject such as Physiology or Pharmacology as a first

work. But unfortunately, from the beginning, we are usually forced to

reduce the number of lectures due to the expansion of Bed Side Learning

(BSL) in clinical medicine in higher grade medical students aiming to fulfill

the criteria to obtain the certification by the governmental organization for

accredition system for medical education that will be applicable for ECFMG

in USA. Before reducing them, it seems better to discuss with responsible

persons in the same field (e.g., physiology or pharmacology). In addition, it

is also important to discuss about it with persons from different field:

particularly, discussion among persons from physiology and pharmacology

seems useful because there is several overlaps in their contents. This

symposium may be the first time to do it and we would like to exchange our

idea and opinion to make a better mutual understanding concerning carry-

over system in medical education from Physiology to Pharmacology. As an

organizer, I hope that this symposium will be the trigger to create a new

cooperative system for medical education not only for physiology and

pharmacology but also for all preclinical sciences. (COI:No)
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Pharmacology is the branch of medicine and biology concerning the study of

the drug action, based on the knowledge of biochemistry, physiology,

pathology, microbiology, virology, parasite science and immunology.

Unfortunately, the lecture contents of pharmacology don’t always get

consensus in medical schools. When the medical educational authentication

of a medical school is received by JACME, more time is cut up in a clinical

clerkship and the time of the so-called lesson in a classroom is decreased in

each medical school. I shall present and discuss some arguments on the

existing situation of the depth of the contents and other issues which need

to be mentioned about the pharmacology lecture by this symposium. (COI:

No)
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It might be difficult to determine to what extent we should teach when

educating students on medical physiology in a strict way of discrimination

of disciplines. There is practical overlap between physiology and other

disciplines of medical education in not only basic medicine but also clinical

medicine. The decision regarding how much we teach depends on one’s

personal taste and experience. I ask myself whether or not some

overlapping and duplication might help further the students’ knowledge of

physiology. Multidirectional approaches help deepen the students’

understanding of a given subject, and even simple duplication helps cement

knowledge obtained earlier. Understanding physiology helps to understand

pathophysiology in the field of clinical medicine, and conversely,

understanding pathophysiology facilitates our understanding of physiology.

Therefore, the early exposure to disciplines such as pharmacology and

clinical medicine in physiology education may facilitate and contextualize

students’ understanding of physiology. For example, understanding the

mechanisms of the anti-coagulation effect of vitamin K antagonists

facilitates understanding the blood coagulation system. Understanding the

pathophysiology of heart failure helps to clarify the physiological

mechanism regulating cardiac output. In this symposium, I would like to

share my limited experience in the field of medical education with a focus

on cardiovascular physiology, thereby facilitating the mutual exchange of

experiences in search of a common consensus on medical education.

(COI:No)
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Physiology is the study of the functions and mechanisms of the human

body. In physiology lectures, students become bored if there is continuous

explanation of only the functions of an organism. For students, the reason is

their inability to see how this study, which explains functionality, will help

them in understanding disease in the future. Consequently, in my lectures,

I take a little time to discuss the diseases that occur when these

physiological functions are impaired, which also comprise important

questions in the National Examination for Medical Practitioners, as well as

the typical drugs that influence these functions. In addition to preventing

students from becoming bored as a result of repeatedly explaining these

functions alone, we must consider linking physiology to other basic medical

science courses that deal with diseases and treatment. On the other hand,

in general, I myself have no experience in exchanging views on my lectures

with the coordinators of other courses. Faculty members designate a

physiology textbook to their students and use it in lectures; they each have

their own characteristics even with reference to passages on

pathophysiology and pharmacology. The textbook used by a faculty member

in lectures depends on the type of education that they wish to impart in the

textbook selection process; in other words, this is done by anticipating the

educational goals of each university. While it is a little difficult to generalize

“the ideal link between physiology and pharmacology,” I offer my views

based on my experience in teaching at a new medical school. (COI:No)
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The fluorescence technique is a powerful tool to measure molecular events.

This technique is very common in cell level systems and can be applied even

in small mice level systems with near-infrared fluorescence probes.

However, the application in larger systems like human tissue is very

difficult due to the strong multiple scattering and the absorption of both

excitation and emission. The spatial information is smoothed by the strong

scattering process and the intensity is significantly attenuated by the

absorption. Eventually, the quantification of the fluorescence targets in the

tissue becomes very difficult. The time-domain method is one of the

methods to recover the spatial information; a time response of the

fluorescence or excitation light through the tissue can be interpreted as a

path distribution in the sample. We use the time responses at the several

positions on the surface and compare with the model calculation based on

the diffusion equation (DE) or the radiative transfer equation (RTE) to

reconstruct the distribution of the fluorescence in the 3-dimensional sample

space. First, we tested the inverse algorithm based on an adjoint method

and Landweber-Kaczmarz algorithm for 3D reconstruction with simulation

data. The reconstructed image was blurred around the true target position

but the position was almost accurate. Then, we also used the level-set

method to make better visualization of the position and shape. The location

of the level-set image was more correctly estimated. Finally, in the

presentation, the reconstruction for the real experimental data will be

presented. (COI:No)
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To detect increases of regional flow and concentration of blood in

precancerous lesions and cancer tissues owing to angiogenesis can lead to

early diagnoses of prostate and uterine cervical cancers. Therefore,

ultrasound Doppler imaging has been tried in clinical practice

conventionally. However, it is difficult for Doppler imaging to diagnose

early-stage cancer in which the blood flow rate is small. On the other hand,

photoacoustic (PA) imaging technique detects small spatial variation in

blood concentration sensitively. Therefore, it is expected that PA imaging

can diagnose precancerous lesion and early-stage cancer. The authors have

been attempting PA imaging of prostate and uterine cervical cancers and

lesions by use of a PA imaging system with microconvex probe developed by

Fujifilm Corporation. The PA images of more than 80 and 50 cases have

been acquired for prostate and uterine cervical cancer diagnoses,

respectively. In this presentation, the results of the diagnoses by use of PA

imaging will be reported. (COI:No)
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Diffuse optical tomography (DOT) is an advanced imaging method used to

visualize the internal state of biological tissues using near-infrared (NIR)

light. In recent years, high-density CW (continuous-wave) DOT has been

intensively studied in the functional neuroimaging field. The combination of

dense observation channels and an inversion algorithm permit three-

dimensional visualization of cortical activity, even with a CW

measurement. Using this high-density DOT, multiple research laboratories

have visualized cortical hemodynamic changes not only of sensory or motor

tasks but also of cognitive tasks or resting-state activities with a spatial

resolution similar to that of functional MRI [1].For further development of

DOT, various steps still need to be improved such as measurement system,

forward light propagation modeling, and reconstruction algorithms. In this

talk, we introduce some algorithms that we have developed for DOT [2]. We

show that the sparse estimation improves spatial resolution of

reconstruction image, and the region-specific regularization models enables

simultaneous reconstruction of cortical and superficial systemic

activities.[1] A. T. Eggebrecht et al. (2014) Nat. Photonics, 8, 448-454.[2] T.

Shimokawa et al., Opt. Express, 20, 20427 (2012); Biomed. Opt. Express, 4,

2411 (2013); O. Yamashita et al., NeuroImage, 135, 287 (2016).This

research was supported by a contract with the National Institute of

Information and Communications Technology entitled, ‘Development of

network dynamics modeling methods for human brain data simulation

systems’ (grant #173). (COI:No)
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Diffuse optical tomography (DOT) reconstructs images of optical properties

in biological tissue from boundary measurements. Although DOT has great

potential for diagnostic optical imaging, it is still under development. The

difficulty in developing DOT is mainly attributed to the fact that unlike X-

ray CT, scattered photons are used for image reconstruction. Its image

reconstruction algorithm basically consists of two parts: forward and

inverse problems. The radiative transfer equation (RTE) accurately

describes photon propagation in biological tissue. Because of its high

computation load, the diffusion equation (DE) is often used as a forward

mode. However, the DE is invalid in the low-scattering and/or highly

absorbing regions and near sources. The inverse problem is inherently ill-

posed and highly undetermined. The uncertainty of the optical properties of

biological tissue also complicates image reconstruction for DOT. To

overcome these problems, we have been developing time-domain DOT based

on the RTE, and attempting to estimate tissue optical properties. In this

symposium, I will talk about our approaches to accurate and efficient image

reconstruction algorithms and present the latest DOT images.This study

was funded by AMED Collaborative Research based on Industrial Demand

(Numerical Model and Image Reconstruction in Biomedical Optical

Imaging). (COI:No)
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Myoblast fusion and subsequent establishment of cell polarity in myotubes

are fundamental steps to build skeletal muscle fibers. Distribution of

phospholipids is thought to be tightly controlled during myoblast fusion

events, despite dramatic alterations in the membrane structure. However,

it is obscure how changes in phospholipid distribution govern the processes

involved in myotube formation. Here we show that one of phospholipid

flippases which catalyze translocation of phospholipids from the outer to the

inner leaflets of the plasma membrane, is crucial for determination of the

morphology in myotube formation. Deficiency in the genes encoding the

main as well as the auxiliary subunits of phospholipid flippases caused

formation of aberrantly enlarged myotubes, owing to uncontrolled myoblast

fusions and impaired actomyosin assemblies underneath the plasma

membrane. Mechanistically, we found that the phospholipid flippase was

required for activation of one of mechanosensitive ion channels, thereby

augmenting accumulation of phosphorylated myosin regulatory light chain

to the plasma membrane. Thus, distribution of phospholipids via

phospholipid flippase positively regulates the mechanosensing machinery

that is required for morphogenesis during myotube formation. (COI:No)
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Myofibrils, the contractile elements of skeletal and cardiac muscle cells,

consist mainly of thick (myosin) and thin (actin) filaments. They are one of

the most well-ordered intracellular structures. The failure of myofibril

formation (myofibrillogenesis) can lead to severe muscle diseases. Although

numerous studies on the mechanisms of myofibrillogenesis have been

conducted, molecular mechanisms of most parts of myofibrillogenesis

remain obscure. We have elucidated the molecular mechanisms of skeletal

muscle myofibrillar actin filament formation during insulin-like growth

factor-1 (IGF-1)-induced muscle maturation and hypertrophy. IGF-1

signaling causes the binding of N-WASP to the C-terminus of myofibrillar

giant protein nebulin (Neb), and the Neb-N-WASP complex serves as an

actin nucleator to form actin filaments. On the other hand, the complex of

nebulette (Nebl) and N-WASP together with leiomodin 2 (Lmod2) is

responsible for cardiac muscle myofibrillar actin filament formation.

Mutations in NEB and LMOD3 genes are responsible for nemaline

myopathy, whereas mutations in NEBL gene and knockout of Lmod2 gene

lead to dilated cardiomyopathy. Furthermore, the distribution and

expression of N-WASP are altered in centronuclear myopathy patients.

Thus, the mechanisms of the causes of these diseases have been analyzed by

using genetically modified mice. (COI:No)
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Congenital myopathies are heterogeneous muscular diseases characterized

clinically by hypotonia and weakness, and pathologically by distinctive

histopathological features in skeletal muscle. Next-generation sequencers

(NGS) have revolutionized the discovery of novel mutant genes causative

for congenital myopathies with more genetic diversity than ever thought. 

Recent genetic findings of nemaline myopathy (NM), a common form of

congenital myopathy, will be presented. Mutations in six genes had been

known to be associated with NM, and the genetic cause remained unknown

in 30-50% of patients with NM. Recently by using NGS, five novel mutant

genes were found including KLHL40 (for severe NM of neonatal onset), and

GENE X (in association with childhood-onset slowly progressive NM).

Multinational cohort study of 143 genetically undiagnosed NM pedigrees

led us to find that 28 pedigrees had biallelic mutations in KLHL40.

KLHL40 is a striated-muscle specific protein that is absent in KLHL40-

associated NM skeletal muscle. In zebrafish, knockdown of the orthologs for

KLHL40 results in disruption of muscle structure and loss of movement.

Biallelic loss-of-function mutations in GENE X were also found in four out

of 54 genetically undiagnosed NM pedigrees. GENE X is a sarcomeric

protein which was absent from patients’ skeletal muscles. Homozygous

knock-in mice with a nonsense mutation in GENE X recapitulate NM.

(COI:No)
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Disturbance of protein quality control system can cause many human

disorders. In skeletal muscle, several causative genes have been identified

for myopathies associated with such conditions, Some of these genes encode

Z-line proteins, and others are related to chaperones and protein

degradation system. Muscle pathology of these diseases is characterized by

disorganized myofibrils with cytoplasmic/nuclear inclusions and/or presence

of autophagic vacuoles. Clinical symptoms are quite variable including age

at onset, affected muscles, severity, and involvement of other organs. I will

introduce recent advances of the pathophysiology of myopathies related to

protein quality controls. (COI:No)
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Type 1 ryanodine receptor (RyR1) is a Ca2+ release channel in the

sarcoplasmic reticulum of skeletal muscle and is mutated in several

diseases, including malignant hyperthermia (MH) and central core disease

(CCD). Most MH and CCD mutations cause accelerated Ca2+ release,

resulting in abnormal Ca2+ homeostasis in skeletal muscle. However, how

specific mutations affect the channel to produce different phenotypes is not

well understood. We have recently developed a method to quantitatively

evaluate the CICR activity of RYR1 channels using [3H]ryanodine binding

and ER luminal Ca2+ measurements. Using this method, we analyzed

RYR1 channels carrying different MH and CCD mutations in the amino-

terminal and central regions by expressing them in HEK293 cells

(Murayama T et al., PLoS ONE 2015; Human Mutation 2016). The

mutations divergently affected two parameters for CICR, i.e., the gain that

determines the attainable maximum activity and the sensitivity to

activating Ca2+ in a site-specific manner. The CICR activity of the mutants

well correlated with the severity of diseases. Based on recent near-atomic

structures of the RYR1 channel, we addressed underlying molecular

mechanism of how specific mutations alter the channel gating. I will talk

about recent progress of our research and approaches toward diagnosis and

therapy. (COI:No)
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A brain machine interface (BMI) is a technology that directly transfers

information from the brain to a computer or neuroprosthesis. In the last

decade, great effort has been made in order to combine non-invasive BMI

and assistive robots into brain robot interfaces (BRI) that could partially

restore communication or motor skills of severely disabled patients.

Furthermore, a significant amount of research has been directed towards

applications aiming at the restoration and rehabilitation of motor functions

after stroke or injury. This talk gives an overview of the most recent

advances in the field, and collects evidence that BRI induces central

nervous system (CNS) plasticity, leading to motor function recovery. (COI:

No)
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Functional near-infrared spectroscopy (fNIRS) has enabled to measure

cortical activities during locomotion and dynamic movements. Treadmill

gait in healthy subjects induced symmetrical activities in the medial

sensorimotor cortex and supplementary motor area (NeuroImage

2001;14:1186). In patients with cerebral and cerebellar lesions after stroke,

hemiparetic and ataxic gait were characterized by the combination of

asymmetrical activities in the medial motor related areas, recruitment of

premotor cortex and prefrontal cortex and abnormal time-course of

hemoglobin signals during sustained gait. Improved gait performance after

rehabilitative intervention was related to improvement of these abnormal

signal patterns and/or augmented signals in the motor related areas (Ann

Neurol 2002;52:188, Stroke 2003;34:2866, NeuroImage 2007;37:1338).

Improvement of postural control after stroke was related to recruitment of

the supplementary motor area (NeuroImage 2014;85:547).To investigate

causal role of these motor related areas in recovery of upper-limb, gait and

balance function, neuromodulation studies using brain-machine interface,

neurofeedback, and brain stimulation may provide useful information. We

have reported that augmentation of premotor cortex activities using fNIRS

neurofeedback results in favorable outcome of the paretic upper-limb in a

randomized controlled trial (Stroke 2013;44:1091). This neurofeedback

system in combination of standard neurorehabilitation is also applicable to

treat balance disorders in stroke and neurodegenerative diseases

(Neurophotonics 2016;3:031414). (COI:No)
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PET enables to visualize brain metabolism and function of targeted

molecules (e.g., receptors, transporters, and enzymes) noninvasively, using

various radiotracers labeled with a positron (β+) emitter. To analyze

structural and functional brain networks related to changes in neural

activity and network during functional recovery after brain or nerve injury,

we used PET and magnetic resonance imaging in combination with

pharmacological and electrophysiological approaches involving a nonhuman

primate model. As part of our research on the use of iPS cells for the

treatment of Parkinson’s disease (PD), a research project directed by Dr.

Jun Takahashi of the Center for iPS Cell Research and Application at Kyoto

University, we developed imaging tools for monitoring the efficacy and

safety of cell-transplantation therapy involving implantation of iPSC-

derived dopamine precursor cells in the brain. Specifically, we performed a

series of PET studies after implantation of iPSC-derived dopamine

precursor cells into the putamen of nonhuman primate models of PD or of

normal macaque monkeys. In addition, we also used PET imaging to

measure the changes in brain functional activity during rehabilitation-

facilitated recovery from a spinal cord injury at the cervical level in

macaque monkeys, and we found that the activity of the nucleus accumbens

(NAc), which controls motivation, was strongly related to the recovery

process (Nishimura et al., Science, 2007; Nishimura et al., PLoS ONE, 2011,

Sawada et al., Science, 2015). This study was performed in collaboration

with Dr. Tadashi Isa and Dr. Yukio Nishimura at the Kyoto University.
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Central command is defined as signal serving feedforward control of the

cardiovascular system in association with motor command. Neural sites

responsible for generating central command and descending pathways to

the autonomic nervous system are not known. The findings obtained in

decerebrate animals suggest that the cerebral cortex is not essentially

important for generating central command but may trigger a central

command generator within the brain stem, and taking account of a time

delay in effectors, in advance activation of the cerebral cortex prior to the

onset of exercise is necessary for rapid circulatory control. To test the

hypothesis, we measured oxygenation of both prefrontal cortex and skeletal

muscle (as index of regional blood flow) during one- or two-legged cycling

using near-infrared spectroscopy. In advance oxygenation of the prefrontal

cortex was observed 5 s prior to the onset of voluntary exercise with

arbitrary start not only in a restrained laboratory condition but also in a

freely-moving condition. When exercise was started by cue, such

oxygenation of the prefrontal cortex was absent. Concomitant greater

increases in femoral blood flow and muscle oxygenation in non-exercising

leg were observed at the onset of arbitrary exercise. Based on the good

temporal relationship, it is suggested that the in advance activation of the

prefrontal cortex may play a role in triggering generation of central

command, which may contribute to vasodilatation of muscular blood

vessels. (COI:No)
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In Japan, it have been reported that carbohydrate and calorie intakes are

decreasing and that 20% of women in fertility age are lean. Average birth

weight is decreasing and incidence of low birth weight (LBW) delivery is

increasing from 80th to the present. According to DOHaD theory, LBW is

reportedly related to an increased prevalence of non-communicable disease

later in life. Although most of LBW infants catch up growth, 10% of LBW

infants fail to catch up growth. However hormonal mechanism underlying

the regulation of catch up growth is not well known. We, therefore, have

established a LBW offspring who gave birth from low carbohydrate calorie-

restricted diet (LC)-fed dam. Their birth weight was significantly lower and

some of offspring failed to catch up growth. Plasma IGF-1 level in LBW-non

catch up (LBW-NCG) were significantly lower than those in controls. Serum

methionine were decreased in fetus of LC-fed dams. The methionine-

derivative SAM is a cofactor that serves mainly as a methyl donor of DNA/

RNA methylation. So, we replenishment of methyl donor (MD) as the active

intervention of preemptive medical care. Offspring of MD-replenished dams

showed catch up growth, and their plasma IGF-1 were recovered to the

normal levels. When each LBW-NCG were mated, the birth weight of their

offspring (F2) was significantly lower even though they fed standard chow

during gestation period. The body weight when the F3 offspring and F4

pups were born in the same way it was lighter. Now, we examine whether

the effect of the MD replenishment can intercept the influence of the next

generation. (COI:No)
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Exposure to maternal stress (MS) and mutations in GAD67 gene are risk

factors identified for psychiatric disorders. However, gene-environment

interaction between these factors remains unclear. Our previous work

showed disrupted neurogenesis of GABA neurons in the MGE and loss of

PV neurons in the mPFC of heterozygotes with MS, but not in wild type

littermates. This suggests GAD1 abnormalities, a genetic risk factor

coupled with environmental risk factors such as MS could induce

psychiatric disorders. We found the density of perineuronal nets (PNNs)

which play a critical role in synaptic stabilization and plasticity during

maturation of PV neurons was decreased in the mPFC of heterozygotes.

DNA methylation microarray analysis showed fukutin (Fktn) responsible

for Fukuyama type congenital muscular dystrophy was hypermethylated. It

is reported that Fktn involves in glycosylation of α-dystroglycan (α-DG),

regulating neurogenesis and migration and also affecting the synaptic

plasticity. We found glycosylated pattern of α-DG was decreased in the

mPFC of heterozygotes. We also evaluated animal behaviors and

electrophysiological changes associated with altered GABAergic

populations and extracellular matrix in heterozygous with MS. These

findings may provide new insights into the underlying mechanisms to

understand the changes in phenotypes of this model. (COI:No)
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Hepatic steatosis is the leading cause of hepatic dysfunction and rate of its

increase is markedly higher in developing countries than in developed

countries. Recently, it was suggested that not only the rapid shift to

obesogenic energy-dense foods, but also exposure to undernourishment in
utero, may underlie the marked increase in the rate of adult hepatic

steatosis in developing countries. In developing countries, a generation that

was exposed to a low nutritional environment during fetal life due to

maternal poverty has now shifted to a life of an obesogenic diet. The

endoplasmic reticulum (ER), the major site in cells for protein folding, plays

important roles in the regulation of lipid storage. We hypothesized that

undernourishment in utero programs the up-regulation of ER stress in the

adult liver on an obesogenic high fat diet (HFD) and causes the

deterioration of hepatic steatosis. To prove the hypothesis, we employed a

fetal undernourishment mouse model by maternal caloric restriction with

or without the alleviation of ER stress by a chemical chaperone,

tauroursodeoxycholic acid (TUDCA). (COI:No)
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Preterm low-birth-weight infants are known to have a higher risk of insulin

resistance (IR) development later in life. We hypothesize that adipose tissue

maldevelopment might influence the risk of IR development in preterm

infants. These infants have altered body composition, with increased body

fat percentage and less lean body mass at term-equivalent age. Recent

reports suggested that increased provision of protein and calories during

the first week of life was positively associated with free fat mass gains, but

not fat mass gains. Therefore, appropriate nutritional management at an

early stage of life in preterm infants might be effective for normalization of

their altered body composition. In addition, previous studies showed that

these infants had altered adiponectin levels at term-equivalent age

compared to term infants at birth; subcutaneous fat tissue accumulation

from birth until term-equivalent age in preterm infants might contribute to

increased production of adiponectin, suggesting that fat tissue

accumulation during this period might result primarily from an increase in

fat cell number rather than from fat cell size. Previous research also

suggested that the number of adipocytes is set at least until childhood.

Therefore, it is possible that the period up to term-equivalent age in

preterm low-birth-weight infants might be a key age for fat tissue

development including fat cell number throughout life. Here, I want to

propose possible appropriate nutritional management for preterm infants

during their stay in the neonatal intensive care unit to prevent IR

development. (COI:No)
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Actin is one of the abundant proteins in eukaryote cells and plays major

roles in a variety of cell functions. The sequences of the actins are

completely the same among reptiles, birds and mammals, proving the

importance of this protein. Actin is dynamic through polymerization,

depolymerization and interactions with many proteins including myosins.

We have investigated the actin filament by several microscopy, cryo

transmission electron microscopy (TEM), scanning TEM (STEM) and

atomic force microscopy (AFM) to understand the dynamics of the actin

filament.Recently we found STEM images with relatively low acceleration

voltage (30 kV) were very useful for single particle analysis reconstruction

from small number of particles because they have no CTF deformation like

those by TEM. It should be available for analyzing flexible or multiple

structures or local conformation change. We have determined actin-

tropomyosin-troponin structure at 17 A resolution as an initial target. We

also have investigated AFM for visualizing the cytoskeleton network in the

cell. We could observe the actin filament, clathrin coated membrane and

caveolae on the plasma membrane at nm-order resolution by combination of

unroofing method and BIXAM, a tip-scan AFM developed by Olympus.

Recently we succeeded in observing fluorescent labeled actin filaments and

microtubules at nm-order resolution by AFM at the same position where we

observed fluorescent dyes by an objective lens with a large NA (1.4). We

believe it is a large step to realize an effective correlative microscope. (COI:

No)
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Reverse gyrase is the only enzyme known to overwind (introduce positive

supercoils into) DNA using ATP-hydrolysis energy. Reverse gyrase is one of

DNA topoisomerase family, which changes the linking number of double-

stranded DNA (dsDNA) by cutting and religating DNA strand(s). Major

function of this enzyme family is correction of topological problems due to

the double helix structure of DNA, in other words, relaxation of DNA

supercoils. Although reverse gyrase belongs to this family, it has DNA

overwinding (positive supercoiling) activity. This unique enzyme is found in

hyperthermophilic archaea and eubacteria, which live in extremely hot

condition (>80°C). The overwinding activity is thought to be involved in the

protection of dsDNA from denaturation by increasing its torsional stiffness

or the stabilization of the B-form DNA double helix at their optimal growth

temperature.The ATP-dependent activity, detected only at high

temperature (>70°C), has so far been analyzed in bulk assays on circular

DNA; thus, the reaction dynamics (for example, the processivity, individual

kinetics, and overwinding torque) remain obscure. Although single-

molecule analysis of this enzyme has been much awaited to reveal this

reaction mechanism, microscopic imaging and manipulation at high

temperatures are far more difficult than at room temperature. Recently, we

have overcome such difficulties and succeeded in single-molecule

measurements of DNA overwinding by reverse gyrase at high temperature

for the first time in the world. Here, we would like to discuss about its

reaction mechanism and physiological role based on the latest findings of

our research. (COI:Properly Declared)
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It has been demonstrated that the mechanical force produced inside and

outside a cell plays an important role in cellular functions during the

development and growth. During cell division, cells have to adapt to a

variety of mechanical forces originating from cell-cell interactions or

environmental fluctuations, in order to carry out the chromosome

segregation properly. In recent years, the functions of molecules related to

the cell division machinery have been characterized using molecular

perturbations. Thus, the mechanisms for spindle assembly and chromosome

segregation are being revealed rapidly. However, the cell division

machinery is poorly understood from the mechanical point of view, such as

how the externally applied force affects the mechano-chemical processes in

cell division. To directly address this issue, we have examined the effects of

the external mechanical perturbations, which directly modulate the force

balance in the mitotic cells, using a micro-fabricated cantilever or a

microneedle system. Recent advances in the controlled mechanical

perturbation have indicated that the mitotic spindle possesses a structural

pliability and size adaptability to the applied external forces. Mechanical

perturbations demonstrated also the mechano-chemical regulation of cell

division machinery, which responds to the applied forces. Here we discuss

the current progress in the biophysical research on the cell division

machinery. (COI:No)
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Neuronal networks in vivo and in vitro consist of huge number of cells and

spontaneously form complex patterns. Therefore, it is difficult to

understand neuronal communication how it works in neuronal networks.

To clarify this phenomenon, we developed three techniques to create

artificial neuronal networks actual neurons using microfabrication

techniques; 1) an agarose-microprocessing technique to construct artificial

neuronal networks on a culture dish through manipulation of

neurotransmission direction, 2) a non-invasive technique for picking cells

from a group of primary cultured neurons, 3) a multi-electrode array system

for measurement of multi-point extracellular potential of neurons. These

techniques allow us to evaluate electrophysiological patterns of minimal

size of artificial neuronal networks. Then, we constructed several patterns

of artificial neuronal network and characterized the electrophysiological

features using primary neurons using this system. As results, each artificial

neuronal network showed electrophysiological activities displaying various

activity patterns. These techniques have potential to discover fundamental

network patterns that work functionally in the brain. We intend to

elucidate the operating principles of neuronal networks by investigating the

hysteretic changes of individual neurons and neuronal plasticity at a

neuronal network level. (COI:No)
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Heartbeat is the representative phenomenon of biological rhythms and is

generated by entrainment of cardiomyocytes beating autonomously. In case

cardiomyocytes are isolated, they will just beat independently, while if they

come into contact and interact with each other, their beating rhythms

become synchronized. It was conjectured for a long time that, in a network

of cardiomyocytes, firing of one cardiomyocyte triggers induced firing of the

adjacent cardiomyocytes and all the cardiomyocytes start beating

synchronously and that the beating rate is tuned to the fastest one.

However, recent experiments of Yasuda laboratory have revealed that other

cells are not synchronized to the fastest one but the one with the least

fluctuation of the beating rhythm. On the basis of experimental data, we

have constructed a theoretical model with firing and refractory period, the

physiological features of cardiomyocytes. The purpose of this study is to

investigate the community effect of cardiomyocytes in silico by changing

number and features of cells as well as configurations of networks. In this

presentation, we explain our model and discuss the comparison of the

numerical simulations to the experimental results. (COI:No)
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Cardiac pump function is a result of a rise in [Ca2+]i and the ensuing

sarcomeric contractions (i.e., EC coupling) in myocytes in various locations

of the heart. However, because of a lack of technological developments for in
vivo analyses, our knowledge on the sub-cellular mechanisms of the

physiology of the living heart remains limited. In the present study, we

developed a high-speed (100 fps) high-resolution (20 nm) imaging system for

myocardial sarcomeres in living mice. Using this system, we conducted

three-dimensional analysis of sarcomere dynamics in left ventricular

myocytes during the cardiac cycle, simultaneous with electrocardiogram

and left ventricular pressure measurements. We found that (1) the working

range of sarcomere length existed on the shorter resting distribution side,

and (2) the left ventricular developed pressure was positively correlated

with the sarcomere length change between diastole and systole (P<0.05).

Next, we performed an analysis of [Ca2+]i in myocytes of isolated perfused

mouse heart. We found that Ca2+ waves occurred in cardiomyocytes in an

independent manner without electric stimulation, demonstrating that Ca2+-

induced Ca2+-release (CICR) occurs in an independent and autonomous

fashion in cardiomyocytes in the whole heart. The initial velocity of the

CICR expansion was ~120 µm/s on the confocal X-Y plane in the myocyte,

and afterwards, the Ca2+ wave propagated at a faster velocity in the

longitudinal direction in the myocyte (~170µm/s). Based on these findings,

we discuss how cardiac EC coupling is organized in vivo. (COI:No)
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Molecular dynamics (MD) simulation is a powerful technique to study ion

permeation through ion channels, in which atomic motions of ions and

channel structure are visualized by solving the Newtonian equation of

motion using supercomputers. We will briefly introduce the essence of the

technique of the MD simulation, and then will show movies of the ion

permeation through the K+ channel (Kv1.2) filmed by the simulation with

super-high temporal and spatial resolution. Our simulation successfully

reproduced the single-channel conductance measured by the

electrophysiological experiment and its dependency on the ion

concentration. The K+ channels are comprised of two structural parts: one is

the selectivity filter (SF), the narrowest part of the channel, which usually

possesses two ions in it. All the previous studies have investigated the

motions of ions near the SF (the knock-on mechanism). However, our movie

unveiled a significant role of the other part named nanometer-sized cavity

(NC), which connects the intracellular solution with the SF. Surprisingly,

the NC is usually vacant, and its rare occupancy of an ion initiates the

outward run of the ions that have already resided in the SF. Hence, the

outward current is determined by the ion occupancy of the NC. The movie

filmed by the MD simulation is a solid tool to understand the physiology of

ion channel from the atomic level. (COI:No)
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Ankyrin-G (AnkG) is a membrane skeletal protein and considered to play a

significant role in localizing various ion channels, cell adhesion molecules

and receptor to membrane compartments. AnkG itself localizes to specific

areas on the plasma membrane via s-palmitoylation, which is the reversible

covalent attachment of fatty acids to Cys. However, the dynamical

mechanism by which AnkG anchors to the membrane is not understood. In

this study we performed multiple coarse-grained molecular dynamics

simulations of AnkG-membrane systems to analyze the behavior of AnkG in

the vicinity of the plasma membrane. We used three kinds of system; s-

palmitoylated AnkG, non-palmitoylated AnkG, and dimeric AnkG, and

counted the numbers of association events observed in these simulations.

The results showed that the membrane anchoring of AnkG was facilitated

by s-palmitoylation, defining a stable binding interface on the lipid

membrane, and that AnkG without s-palmitoylation also preferred to stay

near the membrane but did not have a unique binding interface. These

suggest that AnkG would be s-palmitoylated in the juxtamembrane region,

and then constitutes a rigid structural base upon which a membrane-

excitation platform can be assembled. (COI:No)
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Upon the activation of antigen receptor, lymphocyte Ca2+ concentration

increases and oscillates, resulting in the proliferation and differentiation or

the apoptosis. We reported that mitochondrial Na+-Ca2+ exchanger NCLX,

a Ca2+ extrusion system in mitochondria, plays pivotal roles in the antigen

receptor mediated Ca2+ oscillation and also in the chemotaxis of B

lymphocytes (Kim et al., J Physiol, 2012; Kim et al., Sci Rep, 2016). Our

combination studies of experiments and mathematical model analyses, i.e.

“physiome” strategy, suggested that NCLX-mediated mitochondria-

endoplasmic Ca2+ crosstalk is a key regulator for the Ca2+ oscillation and

the chemotaxis of B lymphocytes. However, there is no information on

NCLX in T lymphocytes. In the present study, we adopted physiome

strategy to clarify the roles of NCLX-mediated mitochondria-endoplasmic

reticulum Ca2+ crosstalk in T lymphocytes.

Intracellular Ca2+ responses to antigen receptor activation in isolated

spleen B and T lymphocytes were examined by using anti-IgM and anti-

CD3 & CD28, respectively. Interestingly, pharmacological inhibition of

NCLX by CGP-37157 significantly reduced the Ca2+ response in B

lymphocytes but not in T lymphocytes. Similarly, chemotaxis to CXCL12 of

B lymphocytes, but not of T lymphocytes, was inhibited by CGP-37157

treatment. Model analyses revealed that contribution of Ca2+ cycling

between mitochondria and endoplasmic reticulum to cytosolic Ca2+ is

smaller in T lymphocytes than in B lymphocytes, which is attributable to

the non-responsiveness to NCLX inhibition in T lymphocytes. (COI:No)
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Kir2 strong inward rectifier K+ channels determine the rapid final

repolarization and the resting potential of cardiac myocytes. Kir2 channels

do not contain voltage sensors in their structure and the gating causing

their strong inward rectification is thought to be caused by a voltage

dependent blockage of channels by intracellular polycationic polyamines.

Strong inward rectifier K+ currents are known for long time to be

completely inhibited under the external K+-free condition, and to be

dependent roughly on the square root of the external K+ concentration.

Further, the gating causing their rectification is apparently dependent on

the deviation of the membrane potential from the K+ equilibrium potential

(E
K

) when the external K+ concentration, but not internal K+ concentration,

is altered. These properties affect the cardiac function under hyperkalemic

and hypokalemic conditions, but their mechanisms have not been well

elucidated. Based on rigorous electrophysiological experiments using

inside-out and outside-out patches and simulation study, we provide a

mechanistic explanation for the fundamental properties of strong inward

rectifiers. (COI:No)
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Angiotensin II (AngII), which is the main mediator of the renin-angiotensin

system, plays important roles in cardiovascular regulation in the perinatal

period. Although it is well established that AngII causes vascular

contraction, little is known on the effect of AngII on contraction of the

immature heart. Here, we found that AngII increased the peak amplitude of

twitch Ca2+ transients by robustly activating L-type Ca
V

1.2 Ca2+ channels

in mouse immature but not mature cardiomyocytes. This response to AngII

was mediated by AT
1
 receptors and β-arrestin2, but not AT

2
 receptors, G

q/

11
 or β-arrestin1. To elucidate possible involvement of protein kinases in

this system, we examined the effects of array of kinase inhibitors. Then, we

found that Src family tyrosine kinases (SFK) and casein kinase 2 (CK2)

were required for the AngII-mediated activation of Ca
V

1.2 channels. In

tsA201 cells, overexpression of CK2α’β but not c-Src directly activated

recombinant Ca
V

1.2 channels composed of C-terminally truncated α
1C

, the

distal C-terminus of α
1C

, β 
2C

, and α
2
δ

1
 subunits by phosphorylating

threonine 1704 located at the interface between the proximal and the distal

C-terminus of Ca
V

1.2 α
1C

 subunits. Coimmunoprecipitation revealed that

CK2α’β bound to Ca
V

1.2 channels devoid of its distal C-terminus through

CK2β regulatory subunit. Thus, our results suggest that AngII activates

Ca
V

1.2 channels through AT
1
 receptors/β-arrestin2/SFK/CK2α’β, thereby

likely exerting a positive inotropic effect in the immature heart. (COI:No)
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Reactive oxygen species (ROS) produced by NADPH oxidase 2 (Nox2)

function as a key mediator of mechanotransduction dependent

enhancement of Ca2+ signaling induced by diastolic stretch of

cardiomyocytes. We have revealed that maladaptive remodeling of the heart

involves Nox2-dependent ROS production, despite low Nox2 expression

levels. Positive-regulatory mechanism should exist in the transition of the

heart from adaptation to maladaptation against mechanical load, but the

underlying mechanism is obscure. We demonstrate that Ca2+-permeable

channel TRPC3 acts as a positive regulator of ROS (PRROS) in

cardiomyocytes and cardiac fibroblasts, and specifically regulates pressure

overload-induced maladaptive cardiac fibrosis in mice. TRPC3 physically

interacts with Nox2 through TRPC3 carboxyl-terminal regions, escaping

Nox2 from proteasomal degradation, resulting in amplification of Ca2+-

dependent Nox2 activation through TRPC3-mediated background Ca2+

entry. TRPC3-regulated ROS production mediates Rho-dependent cardiac

fibrosis through microtubule-associated Rho guanine nucleotide exchange

factor, GEF-H1. Furthermore, chronic treatment with pyrazole-3, a TRPC3-

selective inhibitor, is found to suppress TRPC3-Nox2 interaction as well as

Rho-dependent fibrotic responses. The novel TRPC3 function as PRROS

thus provides a mechanistic explanation how a diastolic Ca2+ influx

specifically encodes signals to induce ROS-mediated maladaptive fibrosis,

and offers new therapeutic possibilities. (COI:No)
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The hearts has a dynamic compensatory mechanism for hemodynamic

stress. Despite the obvious influence of mechanical load on cardiac

structure and function, the molecular details of mechanotransduction in

cardiomyocytes have remained unclear. Within working heart, intercalated

discs of cardiomyocytes are cyclically stretched as the heart beats, and have

a critical role in myocardiac structure and function. Previously, we reported

that recombinant TRP vanilloid family type 2 channel (TRPV2) was

activated by hypotonicity- and stretch-induced mechanical stimulation in

ectopic expression systems. Interestingly, TRPV2 is highly localized to

mammalian intercalated discs in cardiomyocytes. To elucidate the

physiological role of cardiac TRPV2, we generated temporally-controlled

cardiac-specific TRPV2-deficient mice and examined the role of TRPV2

under the basal condition and in response to hemodynamic stress. The

elimination of TRPV2 in the adult mouse heart resulted in an immediate

and severe decline in cardiac function, accompanied by disorganization of

the intercalated discs, which could trigger abnormal cell shortening and

Ca2+ handling of cardiomyocytes, and defects in myocardial conduction.

The elimination of TRPV2 from juveniles resulted in mild chamber dilation

and defects of compensated hypertrophic response to stress at 10 weeks-old.

TRPV2-deficient neonatal cardiomyocytes formed no intercalated discs with

neighbouring myocytes, and impaired functional maturation. These results

suggest that TRPV2 is required for normal cardiac plasticity. (COI:No)
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Identification of the molecules involved in cell death/survival pathways is

important for therapeutic purpose for heart failure. Although Ca2+-

dependent signals are often involved in these pathways, detailed molecular

mechanism for stress tolerance in cardiomyocytes is still not fully

understood. Here, we identified an EF-hand Ca2+-binding protein neuronal

Ca2+-sensor-1 (NCS-1), which plays a crucial role in Ca2+ signal regulation

in the heart, also contributes to stress tolerance in cardiomyocytes.

Cardiomyocytes isolated from NCS-1 deficient (Ncs1-/-) mice is more

susceptible to several forms of stress, including oxidative and metabolic

stress, and ischemia-reperfusion injury. Moreover, mitochondrial biogenesis

and function are impaired in the Ncs1-/- cardiomyocytes. As a result, there

is a reduction of stress-induced activation of mitochondrial detoxification

pathways, such as up-regulation of antioxidants and “proton leak”, which

normally would decrease the reactive oxygen species burden. The result is

cell death. Mechanistically, we found that NCS-1 activates Ca2+-dependent

survival pathways, such as PGC-1, which in turn promotes mitochondrial

biogenesis/function to enhance energy supply and stress protection. In

conclusion, our data point to a previously unrecognized Ca2+-dependent

stress tolerance mechanism in cardiomyocytes that is mediated by a novel

Ca2+-sensor protein. (COI:No)
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Neurons in nucleus laminaris (NL) of birds are the coincidence detector of

binaural inputs and involved in processing of interaural time differences

(ITDs). Dendritic length of NL neurons changes with their tuning frequency

and low tuning frequency (LF) neurons have extensively longer dendrites

than higher frequency neurons have. However, the long dendrites should

impose a burden on the time course of synaptic signals and disrupt the ITD

processing. Therefore, how the dendrites contribute to the ITD processing

particularly in the LF neurons is not well understood. In this study, we

examined subcellular localization of synaptic inputs in the LF neurons and

evaluated its effects on the dendritic integration. We first analyzed the

distribution of glutamate receptors along the LF dendrites with the focal

uncaging of glutamate and found that large currents were generated at thin

distal dendrites. As the amplitude of mEPSCs was not different along the

dendrites, the synaptic terminals might be concentrated at the distal

dendrites. We recorded the voltage responses at the soma and found that

the synaptic inputs on the distal dendrites were strongly attenuated.

Importantly, the extent of attenuation depended on the stimulus intensity

and was enhanced at the strong stimulation. Furthermore, a blockade of K+

conductance decreased this sublinearlity, suggesting that the local

depolarization and following activation of K+ conductance would underlie

the sublinear integration in the LF neurons. We will discuss the functional

roles of this local integration property for the ITD processing. (COI:No)
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Neurons receive thousands of synaptic inputs onto their dendrites and

soma, and dendritic trees influence synaptic integration and neuronal

excitability. However, the dendritic inputs to individual cell subtypes have

been rarely studied. We investigated synapse density on soma and

dendrites of the neurons stained with DAB/nickel-DAB after whole cell

recording of slice preparation of the rat frontal cortex using combining

three-dimensional reconstructions from light and electron microscopic

observations. We analyzed crossed-corticostriatal (CCS) slender untufted

cortical pyramidal cells in layer V, FS basket cell, Martinotti cell, large

basket cell and double bouquet cell. GABAergic/non-GABAergic synapse

distribution on these neurons were analyzed using immunohistochemistry.

Excitatory and inhibitory synapses onto the stained soma/dendrites were

investigated by postembedding GABA immunohistochemistry in ultra thin

sections using conventional serial electron microscopy. We subsequently

reconstructed somata and dendrites with identified synaptic inputs three-

dimensionally and quantified synapse distributions along identified

dendritic segments and estimated the total number of synapse inputs. The

CCS pyramidal cell received about 16,000 excitatory and 2000 inhibitory

synapse inputs, and the non-pyramidal cells 1100-4400 excitatory and 500-

1000 inhibitory synapse inputs. (COI:No)
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The cerebellar granule cells receive synaptic inputs from mossy fibers

arising from multiple regions in the central nervous systems. These regions

include not only the spinal cord and the trigeminal nucleus that directly

send somatosensory signals to the cerebellum but also the pontine nuclei

that relay signals from the multiple areas of the cerebral cortex. Thus the

cerebellar granule cells may receive signals of multiple modalities.

However, it is not known how multimodal inputs distribute across the

cerebellar cortex and if they converge onto single granule cells. We

investigated this issue, by recording single granule cells in vivo using

whole-cell patch-clamp and optogenetically inactivating the cerebral cortex

of mice expressing channelrhodopsin-2 in GABAergic interneurons. We

found that, in a significant proportion of granule cells in the crus II area,

tactile stimulation to the face evoked both fast and slow responses and that

only the slower response was suppressed by the optogenetic inactivation of

the somatosensory cortex, indicating that the slow component was the

cerebro-pontine inputs while the fast component was the direct trigeminal

ones. In separate experiments, we used knock-in mice expressing Venus

fluorescent protein by aldolase C promoter to visually identify the cerebellar

sagittal zones. We found that the 5+ compartment had more pontine inputs

than the 5- compartment. These results indicate that multiple signals

converge onto individual granule cells and that such convergent synaptic

inputs distribute differently across the cerebellar cortex. (COI:No)
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The prevailing view of neuronal operation is that a neuron fires an action

potential when the sum of synaptic inputs onto its dendrites reaches the

spike threshold1. We challenge this central dogma by demonstrating that

dendrites relay synaptic activity from only some presynaptic neuron

populations to the cell body by actively invalidating the other inputs. We

optically monitored excitatory synaptic inputs from up to 428 dendritic

spines of individual pyramidal neurons in spontaneously active

hippocampal networks at 100-333 Hz while recording excitatory

postsynaptic currents (EPSCs) from the cell bodies. We determined that

approximately half of the excitatory synaptic inputs failed to excite the cell

body. This loss of synaptic activity resulted from local GABAergic

inhibition, and intracellular perfusion with a GABAA receptor inhibitor

increased the event frequency of EPSCs in the cell body. Some subsets of

synchronous synaptic activity were preferably passed to the cell body,

whereas others were more likely to be filtered out, suggesting that

dendrites sift inputs from specific cell ensembles. This dendritic screening

did not function in the anterior cingulate cortex (ACC) of a mouse model of

autistic spectrum disorder (ASD). The deficits in the social behaviour of

these mice were ameliorated by pharmacological enhancement of GABAA

receptor activity in the ACC. We propose that dendritic screening of

presynaptic cell assemblies is a fundamental operation that enables rapid

and flexible modifications in neural information flow. (COI:No)
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Circadian timing systems, like most physiological processes, cannot escape

the effects of aging. The amplitudes of many circadian rhythms at the

behavioral and physiological level decrease with advanced age. Female

reproductive function changes during aging with the estrous cycle becoming

more irregular during the transition to menopause. We found that

intermittent shifts of the light-dark cycle disrupted regularity of estrous

cycles in middle-aged female mice, whose estrous cycles were regular under

unperturbed 24-h light-dark cycles. Although female mice deficient in Cry1
or Cry2, the core components of the molecular circadian clock, in which the

shortening (22.5 h, for Cry1 KO) or lengthening (24.5 h, for Cry2 KO) of

circadian periods, exhibited regular estrous cycles during young, they

showed accelerated senescence characterized by unstable estrous cycles and

resultant infertility in middle age. Notably, tuning the period length of the

environmental light-dark cycles closely to the endogenous one inherent in

the Cry -deficient females restored the regularity of the estrous cycles and

consequently improved fertility even in middle age.These results suggest

that age-related changes in early onset estrous cycle irregularities and

resultant infertility are strongly dependent on biological clock functioning.

Desynchronization between the environment and the biological clock (i.e.,

circadian timing shift) has a major impact on female reproductive functions.

Furthermore, normal reproductive functioning can be rescued by

manipulation of environmental timing signals. (COI:No)
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Aging is associated with changes in sleep amount, sleep quality, and

specific sleep pathologies and disorders in humans. While there are

undoubtedly many factors contributing to these changes, a body of

literature is emerging suggesting that an age-related decline in the central

circadian clock in the suprachiasmatic nucleus (SCN) may be a key element

responsible. To explore age-related changes in the SCN, we first carried out

in vivo multiunit neural activity (MUA) recordings from the SCN of freely-

moving young and aged mice. In the result, the amplitude of day-night

difference in MUA was significantly reduced in the older mice. However,

evidence for age-related disruption of circadian oscillations of clock genes in

the SCN has been equivocal. We next performed ex vivo bioluminescent

recording of cultured SCN slices of young and aged PER2::luciferase knock-

in (PER2::LUC) mice housed under light-dark (LD) or prolonged constant

dark (DD) conditions. Under LD conditions, the amplitude of PER2::LUC

rhythms differed only slightly between SCN explants from young and aged

animals; under DD conditions, the PER2::LUC rhythms of aged animals

showed markedly lower amplitudes and longer circadian periods than those

of young animals. Recordings of PER2::LUC rhythms in individual SCN

cells using an EM-CCD camera revealed that aged SCN cells showed longer

circadian periods and that the rhythms of individual cells rapidly became

desynchronized. These data suggest that aging degrades the SCN circadian

ensemble, but that recurrent LD cycles mask these effects. (COI:No)
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New detectable technology can open the way to understand the mechanism

and truth behind scientific phenomena. We have recently developed two

novel technology to monitor physiological activity in vivo in realtime from

TOYOHASHI tech. Univ. factory.Firstly, the finest silicon wire electrodes

(diameter 3µm,length 160µm) in the world were developed by vapor liquid

solid (VLS) growth method in domestic University factory in order to reduce

the damage to tissues and to obtain stabilizing recording.This extremely

minute needle-electrode, TOHOHASHI probe, enabled an effective route for

single-unit recordings in vivo for long of 1.5hr. Secondly, in vivo

bioluminescence and reflectance imaging of multiple organs in

bioluminescence reporter mice could be performed by bundled fiber coupled

microscopy. Fiber bundles with high transmittance and density have

recently been developed to detect low light with high resolution. Therefore,

we have developed a bundledfiber coupled microscope system with a highly

sensitive cooled CCD camera that succeeded the bioluminescence image of

organs within the mouse body in cell level. These observing technology is

useful to not only observing biological activity but also manipulating it by

means of simple electrical stimulation and photoswitchable tools in

popular.One of them, our photoswitched tethered ligands have

spaciotemporal stimulationinput in vivo complex systems in order to extract

single unit function (cell or circuit). (COI:No)
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During tactile perception, long-range intracortical top-down axonal

projections are essential for processing sensory information. Whether these

projections regulate sleep-dependent long-term memory consolidation is

unknown. We combined in vivo optogenetics and electrophysiology

(Miyamoto & Murayama, Neurosci Res, 2016) to alter top-down inputs from

higher order cortex to sensory cortex during sleep for examining the

consolidation of memories acquired earlier during waking texture

perception (Miyamoto et al., Science, 2016). Mice learned novel textures and

consolidated them during sleep. Within the first hour of non-rapid eye

movement (NREM) sleep, optogenetic inhibition of top-down projecting

axons from secondary motor cortex (M2) to primary somatosensory cortex

(S1) impaired memory reactivation of S1 neurons, and memory

consolidation. In NREM sleep and sleep-deprived states, closed-loop

asynchronous or synchronous M2-S1 co-activation, respectively, reduced or

prolonged memory retention. Top-down cortical information flow in NREM

sleep is thus required for perceptual memory consolidation. (COI:No)
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Memories are presumably stored in a specific small subset group of neurons

sparsely distributed in the brain in response to various sensory experiences.

One of the major difficulties in studying the mechanism of cognitive

functions including learning and memory is the identification of the

“functional” neuronal populations among the hundred billions of neurons in

mammalian brain. We have previously developed a transgenic system in

mice that allows us a genetic manipulation in those neurons activated by a

given behavioral stimulus during a limited time window. The mice express

tetracycline-regulated transactivator (tTA) under the control of promoter of

the c-fos gene, one of the immediate-early genes whose expression is rapidly

and transiently induced in response to neuronal activities. The transgenic

system provides a distinctive tool for manipulating the neuronal ensembles

representing a given information or memory. In addition, direct observation

of neuronal ensemble activities using in vivo calcium imaging provides

great insights about the dynamics of neuronal ensembles during memory

processes. I will introduce approaches trying to visualize and manipulate

the memory engram to address many unanswered questions about memory.

(COI:No)
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Hypothalamus is implicated in the regulation of instinctive behaviors, such

as sleep⁄wakefulness and feeding behavior. Some neurons in the

hypothalamus produce neuropeptides and release them as a

neurotransmitter. Recent studies revealed that these neuropeptides are

involved in the regulation of these instinctive behaviors. Here we study the

physiological role of melanin concentrating hormone (MCH) neurons in the

hypothalamus. MCH neurons are thought to be a feeding regulator since

MCH knockout mice showed hypophagic and lean. However, recent study

showed that MCH neurons are involved in the regulation of

sleep⁄wakefulness. To reveal its physiological role, activity of MCH neurons

was recorded. MCH neurons are active in the sleep, especially the activity

was maximal in the REM sleep suggests that MCH neurons are REM active

neurons. To reveal its physiological role, MCH neurons ablated mice were

generated. These mice were subjected to recognition memory test since

dense MCH neuron’s nerve terminals were observed the hippocampus.

Novel object recognition test revealed that MCH neurons ablated mice

showed significant improvement of recognition memory function. On the

other hand, activation of MCH neurons using pharmacogenetics, impaired

recognition memory. These results suggest that MCH neurons are involved

in memory formation and inhibiting memory during REM sleep. (COI:No)
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Zinc is an essential trace element for maintenance of our health, of which

homeostasis is regulated by zinc transporters. Recent advance of molecular,

biochemical, genetics, and clinical studies have unraveled that zinc

transporters- mediated zinc ion acts as a signaling factor, recognized as zinc

signal, which participates in variety of cellular functions, thus is crucially

involved in our health and disease status. In this symposium, we will focus

on the molecular and physiological basis of the roles of zinc transporters

and zinc signaling in health and disease, by providing updated information

and discussions about zinc transporters in physiology and pathophysiology.

At first, I will address the comprehensive knowledge of zinc transporters

and zinc signaling, followed by our recent studies about the role of zinc

signaling in epithelial tissues homeostasis. (COI:No)
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Activation or fertilization of mammalian eggs initiates a series of

extracellular zinc sparks that are highly coordinated with intracellular

calcium (Ca2+) transients and also necessary to induce the egg-to-embryo

transition. Although Ca2+ transients are known to correlate with embryo

development, they cannot serve as clinical biomarkers as they occur

intracellularly. In contrast, because zinc is released into the extracellular

space, this element can be detected in a non-invasive manner and

objectively quantified. Thus, we hypothesize that the zinc spark represents

an early extracellular physicochemical marker of the developmental

potential of the zygote. In this study, we for the first time showed that zinc

fluxes accompany human egg activation. To demonstrate the physiological

significance of this biological event, we further tested the critical functions

for zinc dynamics and establish the zinc spark as an extracellular marker of

early human development in mouse. Interestingly, we found that zinc spark

closely correlates with oocyte quality and embryo development. Currently,

we are performing studies to understand how zinc dynamics is regulated

under pathological condition, such as aging. We have shown that zinc spark

profile can act as a predictor of egg quality in naturally aged eggs.

Altogether, our study suggests that zinc spark has a great potential to

developing into an oocyte quality biomarker in the near future.  (COI:No)
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Ion transport across the cell membrane is essential for many biological

processes in airway epithelial cells; however, its dysregulation causes

intractable lung diseases such as cystic fibrosis (CF) and chronic obstructive

pulmonary disease (COPD). We showed here a novel pathologically relevant

splicing switch of zinc importer ZIP2/SLC39A2 in airway epithelial cells.

DNA microarray and electrophoretic analyses revealed an increased

expression of a splicing isoform of zinc transporter ZIP2 (ΔC-ZIP2), which

possibly leads to the production of C-terminus-deleted immature ZIP2

protein in human CF/COPD-like airway epithelial cells. Importantly,

inverse correlations between ΔC-ZIP2 and WT-ZIP2 levels, and between ΔC-

ZIP2 and intracellular Zn2+ levels suggested the importance of splicing

switch for controlling intracellular Zn2+ level. Moreover, less intracellular

Zn2+ level induced gene expression of mucin and inflammation, while

higher ΔC-ZIP2 level enhanced Na+ transport through the induction of

βENaC, an exacerbating factor for CF/COPD. Thus, the study is the first to

show the unique splicing switch of ZIP2 that controls CF/COPD pathology

through the novel interplay within ion transports. (COI:No)

1S16J2-4
"���������	��	�	��
�&��������������

$������-����2����� ��������������� �&��������� ����
���������

���.�	��-����/
"���������	����� �/
"�������+��

Age-related diseases, such as obesity, diabetes, osteoporosis, and

atherosclerosis, are influenced by many factors, including genetic and

environmental conditions. Determining the effects of these factors and

elucidating their underlying mechanism of action would help in developing

effective methods for controlling the development of age-related diseases.

Metallothionein (MT) is a cysteine-rich, low molecular weight protein that

regulates homeostasis of essential metals, such as zinc (Zn) and copper. MT

also provides protection against metal toxicity caused by cadmium and

mercury and potentially controls oxidative stress. Because metabolic

disorders are associated with Zn deficiency and oxidative stress, we

examined the effect of MT on high-fat diet (HFD)-induced obesity in female

MT-I- and MT-II-null (MTKO) mice. The HFD-fed MTKO mice developed

fatty liver and obesity and showed increase in the weight and cell size of the

visceral white adipose tissue. Furthermore, adipose tissue-derived

fibroblasts of the MTKO mice showed a higher accumulation of lipid droplet

after adipogenesis was induced than those of the wild-type mice. Therefore,

it can be assumed that MT protects against HFD-induced obesity in mice by

restricting adipocyte enlargement.

I will introduce our data on how MT deficiency contributes to the

development of fatty liver, increased metal toxicity in the adipose tissue,

and shortened lifespan. Faulty MT expression may not only lead to obesity

but also promote other age-related diseases. (COI:No)
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A variety of zinc-requiring enzymes play pivotal roles in numerous and

varied biological responses. Of these zinc-requiring enzymes, zinc-requiring

ectoenzymes (defined as secretory, membrane-bound, and organelle-

resident enzymes) have received much attention because of their important

physiological functions, involvement in a number of diseases, and potential

applications as therapeutic targets for diseases. Zinc- requiring

ectoenzymes may become active by coordinating zinc at their active site

during the secretory process, which requires elaborate control of zinc

mobilization from the extracellular milieu to the cytosol and then lumen in

the early secretory pathway. However, few studies have examined the

molecular mechanisms underlying this process. We have shown that ZnT5-

ZnT6 heterodimers and ZnT7 homodimers supply zinc into the early

secretory pathway, and activate tissue non-specific alkaline phosphatase

(TNAP), a zinc-requiring ectoenzyme, in an elaborate two-step mechanism

in which TNAP is first stabilized by either complex, and then is

subsequently activated via metalation by zinc, which is supplied by either

complex. Here, I will present the new data about the molecular basis of

TNAP activation process, focusing on the structural property of ZnT

transporters. Moreover, I will discuss the activation property of other zinc-

requiring ectoenzymes by ZnT5-ZnT6 heterodimers and ZnT7 homodimers

for comparison of that of TNAP. (COI:No)
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Gustatory system plays a critical role in detecting both appetitive and

aversive food components for evaluation of food quality. It is known that

taste sensation can change depending on either physiological or health

status. The mechanism behind this phenomenon, however, remains

unclear. Hypothalamic Agouti-related peptide (AgRP)-expressing neurons

located in the arcuate nucleus of the hypothalamus play a key role in

triggering hunger. In the present study, we examined whether hunger

modulate taste sensation. To address this issue, we manipulated activities

of AgRP neurons to evaluate taste guided licking behavior of various taste

solutions in mice. Chemogenetic study suggests that sweet taste sensitivity

significantly increased after artificial activation of AgRP neurons. By

contrast, aversive taste sensitivity significantly decreased under the same

condition. Importantly, such behavioral changes were also observed in

physiologically hungry animals. Since AgRP neurons target multiple brain

regions, we then optogenetically investigated key axon projection area to

change licking behavior sufficiently. We identified lateral hypothalamus as

a modulator region of the taste guided behavior. These results suggest the

existence of hypothalamic regulation of taste sensation which optimize

feeding behavior under an energy deficit. (COI:No)

2S17D1-2
�"$���	���������	�������������������	���������
������

�������������	���������������	����	�����������������

������������� �$����������� ����������&�
������

�� ����
�	��
�����$����.-��("4"���+��

Hypothalamic AMP-kinase (AMPK) regulates feeding behavior in response

to hormonal and nutrient signals. However, the effect of AMPK on food

preference remains to be established. We found that refeeding after

overnight fasting, which activates AMPK in the PVH, increased the

selection of high carbohydrate diet (HCD) but decreased that of high fat diet

(HFD) in mice. The effect of fasting was suppressed by expression of shRNA

for AMPK in the PVH with lenti virus. In contrast, expression of

constitutively-active AMPK (CA-AMPK) in PVH neurons increased HCD

selection. We examined the principle neurons in the PVH for the regulation

of food selection behavior. Microinjection of CRH into the PVH was found to

increase HCD selection, and expression of shRNA for CRH in the PVH

blunted the HCD selection in response to fasting. Preferential expression of

hM3Dq or CA-AMPK in CRH Cre neurons also increased the HCD

selection. We found that the change in food selection was dependent on the

AMPK-induced fatty acid oxidation (FAO) in the PVH. Furthermore,

pharmacological activation of AMPK increased cytosolic [Ca2+] in CRH

neurons isolated from the PVH, and the effect of AMPK was abolished with

the expression of shRNA for AMPK or with the suppression of FAO. Thus,

our results suggest that AMPK-FAO system in CRH neurons in the PVH

regulates food selection behavior for HCD and HFD. (COI:No)
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Obesity is increasing word-wide, and causing major disease burden. Obesity

is caused by disturbances in intake and selection of food. We previously

reported that Sirt1 in central nervous system suppresses sucrose selection

behavior through oxytocin. Therefore, we manipulated Sirt1 expression

levels specifically in oxytocin neurons by crossing Oxt-Cre mice with either

Rosa26-Sirt1 mice or Sirt1-flox mice, and measured their sucrose selection

behavior. Sirt1 overexpression in oxytocin neurons decreased the high-

sucrose diet selection, whereas Sirt1 knock-out increased it. Intraperitoneal

injection of the central-acting oxytocin receptor antagonist abolished the

suppression of sucrose intake elicited in the mice. Next, we manipulated

Sirt1 expression levels in hypothalamic cell lines, and found that Sirt1 up-

regulates the expression and promoter activity of oxytocin. The deletion

studies of the oxytocin promoter showed that a region between -2400bp and

-2100bp is critical for the Sirt1 effect on the oxytocin promoter. Fibroblast

growth factor (FGF) 21 secreted from the liver upon sucrose ingestion and

suppresses sucrose intake by acting on the hypothalamus. Therefore, we

assessed the effect of FGF21 on oxytocin expression in the hypothalamic

cells, and found that FGF21 promotes oxytocin gene expression. Sirt1 up-

regulated the beta-klotho (a co-receptor for FGF21) gene expression in

hypothalamic cells. Taken together, these data suggest that Sirt1

suppresses sucrose selection behavior by potentiating the negative feedback

by FGF21 upon sucrose consumption via oxytocin. (COI:No)
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Objective: Elovl6 is a microsomal enzyme that catalyzes the elongation of

saturated and monounsaturated fatty acids (FAs) with 12, 14, and 16

carbons. Elovl6 has been shown to be related to obesity-induced insulin

resistance via modification of FA composition. Recent studies indicate that

long chain FAs play an important role in regulating of feeding behavior. In

this study, we investigated the role of Elovl6 in the food intake and food

preference in mice. Methods: In experiment 1, wild-type (WT) and Elovl6

knockout (KO) mice were fed a chow, high fat diet (HF), or high sucrose diet

(HS). In experiment 2, WT and KO mice were fed one of three pair of diet;

chow and HF, HS and HF, or chow and HS. In experiment 3, WT and KO

mice were fed an HS following the treatment of naloxone, an opioid receptor

antagonist. Food intake was monitored in individually caged mice.Results:

In experiment 1, KO mice showed an enhanced ingestion of HS than WT

mice, although chow and HF intake were similar between WT and KO mice.

In experiment 2, KO mice showed a greater preference for HS than a chow

diet, but exhibited an equivalent preference for chow versus HF diet, or HS

versus HF diet, as compared with WT. In experiment 3, inhibition of opioid

receptor signaling by the treatment of naloxone attenuated the enhanced

HS preference of KO mice.Conclusion: These results suggest that Elovl6

plays an important role in the control of sucrose palatability through

modifying opioid receptor signaling. (COI:No)
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In mammals, sperm migrate through the female reproductive tract to reach

the egg. We previously reported that seminal vesicle secretion 2 (SVS2),

which is a 40-kDa basic protein and a major component of the copulatory

plug, enters the uterus with ejaculated sperm and acts as a decapacitation

factor in in vitro fertilization; however, our understanding of the sperm

journey is highly limited. To study the role of SVS2 in vivo, we here focused

on defining a function of SVS2 in female reproductive tract. Male mice

lacking SVS2 displayed prominently reduced fertility, but their epididymal

sperm were able to fertilize eggs normally in vitro, raising the possibility

that SVS2 is essential for in vivo fertilization. At the copulation, formation

of a copulatory plug in female vagina did not occur, resulting in a strongly

reduced number of uterine sperm. Surprisingly, even when artificial

insemination (AI) was performed, sperm fertility without SVS2 remained

severely reduced because the sperm were already dead in the uterus. When

the sperm were used for AI without SVS2, the cell and nuclear membranes

were fractured not only in the acrosome but in all regions of the sperm. The

rate of membrane-disrupted sperm was significantly higher without SVS2,

than with SVS2. From these results, we concluded that SVS2 acts to protect

sperm against the uterine spermicide(s) by coating the sperm surface. Our

finding opens the possibility that a competitive balance between death and

survival in the uterus contributes to sperm selection. (COI:No)
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There are 3 major problems for infertility, including endocrine factor, tubal

factor and male factor. Besides, anti-sperm antibodies are produced in some

male and female. In them, complement dependent sperm immobilizing

antibody (SI-Ab) has been shown to relate closely with refractory infertility.

SI-Ab has been shown to inhibit sperm movement and fertilization. SI-Ab

and complement together destroy sperm cell membrane. SI-Ab, secreted in

the uterine cervical mucus, immobilize sperm, therefore the result of post-

coital test (Huhner test) is usually poor. Women with SI-Ab are initially

treated by artificial insemination with husband semen (AIH). However, it is

not so effective because SI-Ab secreted from uterine cavity to Fallopian tube

might inhibit sperm migration. Therefore, in vitro fertilization-embryo

transfer (IVF-ET) is applied to treat such women. IVF-ET is able to avoid

the inhibitory effect of SI-Ab on sperm movement and fertilization. The

pregnancy rate by IVF-ET has been shown to be very satisfactory. To

identify the corresponding antigen against SI-Ab is an important

experimental theme, leading to analyze the mechanism of antibody

production, development of a novel treatment, and also create immune-

contraceptives. Following injection of the antigen as a source of immunogen,

female might produce anti-sperm antibody and then she would become

infertile. As an ideal method for immune-contraception, anti-sperm

antibody should exist in female genital tract by mucosal immunity. A

higher contraceptive effect could be expected by inhibiting sperm movement

and also fertilization. (COI:No)
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Fertilization is essential for sexual reproduction in all animals including

human beings. Amphibians are one of the most suitable animals for

studying the mechanisms of fertilization as a model for vertebrate

fertilization, because most anurans (frogs and toads) exhibit external and

monospermic fertilization. In monospermic species, the entry of extra sperm

into the fertilized egg must be prevented to ensure embryonic development

with diploid configuration. In the frog Xenopus laevis, the first fertilizing

sperm elicits a positive fertilization potential (FP, about +10 mV) through

opening of Ca2+-sensitive Cl- channels on egg plasma membrane. Since the

entry of the sperm is prevented by the positive membrane potential higher

than 0 mV, the positive FP functions as a fast, electrical block to

polyspermy. We found not only that the enzynatic activity of a matrix

metalloproteinase-2 (MMP-2) on the sperm membrane was necesary for the

spern-passing throgh the egg-extracellular coat, vitelline envelope, but also

that a positively-charged hemopexin (HPX) domain of MMP-2 on the sperm

binds negatively-charged ganglioside GM1 on the egg, which is necessary

for sperm-egg membrane binding or/and fusion. The MMP-2 HPX domain is

probably a major voltage-sensor for voltage-dependent fertilization in

monospermic frogs. Although the electrical polyspermy block has not yet

been found in fertilization of amniotes, MMP-2/GM1 system might play an

important role in the regulation of mammalian fertilization. (COI:No)
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Uterine natural killer (uNK) cells remarkably increase in number after

implantation. NK cells or their precursors migrate from the blood stream

and contribute to the increase. However, the contribution of uNK cells

present in the virgin uterus has been unclear. To elucidate this issue, we

examined uterine leukocyte subsets during pregnancy in BALB/c mice. The

most dramatic change was the massive decrease in CD11b- or Gr-1- cells at

gestation day (gd) 6. Uterine NK cells at gd 0 were CD11b-, and severely

decreased at gd 6. The decrease was selective, and the proportion of other

cells examined did not decrease. Uterine NK cells almost recovered at gd 12.

These cells at gd 12 were more mature and/or activated in terms of

expression of CD11b, CD27, CD127, or B220 than at gd 0. CXCL12

expression was observed on uterine cells at gd 0 or 6, but not at gd 12,

whereas CXCR4 was detected on uNK cells at gd 0 and 12. A much higher

expression of IL-15 in uterine cells or interferon-gamma expression in uNK

cells was observed at gd 12 than at gd 0. IL-15 receptor alpha chain was

detected on uNK cells at gd 12, but not at gd 0. Taken together, these

findings were consistent with our interpretation that uNK cells present at

gd 0 do not contribute to the increase of uNK cell number after

implantation, and NK cells or their precursors migrate into the uterus,

mature, and produce interferon-gamma to support pregnancy. (COI:

Properly Declared)
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The majority of individuals evaluate themselves as superior to the average.

This is a cognitive bias, called “the superiority illusion”. This illusory self-

awareness helps us to have hopes for the future, and has been central to the

process of human evolution. Possessing this illusion is also important for

mental health, as depressed people appear to have a more realistic

perception of themselves, called “depressive realism”. I will introduce our

studies that revealed spontaneous brain functions and central dopamine

neurotransmission that generate this illusion, using resting-state fMRI and

PET. A functional connectivity between anterior cingulate cortex (ACC) and

striatum regulated by inhibitory dopaminergic neurotransmissions

determines individual levels of the superiority illusion in healthy subjects.

This finding suggests that dopamine acts on striatal dopamine receptors to

suppress ACC-striatal functional connectivity, leading to disinhibited

approaches to positive self-evaluation. In contrast, patients with depression

did not show superiority illusion, and exhibited heightened ACC-striatal

functional connectivity. These findings help us to understand how the

illusory self-awareness is biologically determined, and will suggest

treatments for depressive realism by targeting specific molecules and

neural circuits. (COI:No)
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Blindsight is unconscious vision found in some of the patients with damages

in primary visual cortex (V1). Our research group has investigated brain

mechanisms of blindsight, using macaque monkeys with a lesion in V1 as

an animal model of blindsight. Previously, we found that residual vision

was found 2-3 months after the lesion. We also showed that their awareness

of the visual stimuli was reduced or abolished, as is the case for human

blindsight subjects. Here we used a computational saliency map model to

analyze spontaneous eye movements of monkeys with blindsight from

unilateral ablation of V1. Despite general deficits in gaze allocation,

monkeys were significantly attracted to salient stimuli. The contribution of

orientation features to salience was nearly abolished, whereas contributions

of motion, intensity, and color features were preserved. Control experiments

employing laboratory stimuli confirmed the free-viewing finding that

lesioned monkeys retained color sensitivity. Our results show that attention

guidance over complex natural scenes is preserved in the absence of V1.

Based on these findings, we would like to propose a two-layer vision

hypothesis, one for conscious vision and another for saliency map.

According to this hypothesis, the layer for saliency computation is masked

by conscious vision in persons with normal vision. On the other hand, the

V1 lesion in blindsight abolishes the conscious vision layer and unmasks

the layer for saliency map. (COI:No)
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Inferior temporal (IT) cortex in primates locates at the final stage of visual

object processing, and serves as a storehouse of long-term object memory.

Although neuronal responses in this region have been well characterized, it

remains unknown how individual neurons interact to form a functional

circuit for implementing a given cognitive demand. In this talk, I will first

discuss our recent findings on the microcircuit mechanisms underlying the

object memory in the macaque IT cortex, focusing on the following two

topics. The first topic is dynamic operation of a microcircuit during the

retrieval of object memory. In the IT cortex, we found a directed signal flow

between functionally different classes of memory neurons. The signal flow

we observed suggest both mechanisms for generation and propagation of

memory retrieval signal in the IT cortex. The second topic is hierarchical

object processing across cortical areas. Representation of a given feature of

visual objects has been believed to be constructed in the cortical area where

that representation is prevalent. However, another possible scheme is that

some preparatory codes of a given feature are already generated in a lower-

order area before they become predominant in a higher-order area. We

found two distinct microcircuits that generate and increase the

representation of object association in successive lower- and higher-order

area in the IT cortex, respectively, consistent with the latter hypothesis. In

the last part of the talk, I will discuss the future directions and ongoing

results on the analysis of large-scale network mechanisms underpinning

visual object memory in primates. (COI:No)
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Accumulating strains of genetically-manipulated mice may be useful for

forward genetic analysis of neural mechanisms underlying consciousness, if

a specific diagnostic template is available for screening mouse strains with

impaired consciousness. Such templates may not be present, if impaired

consciousness inevitably accompanies failure of other neural functions, as

observed during anesthesia or sleep. Alternatively, consciousness may

depend on some specific neural mechanisms and can be separated from

other neural functions. In the present study, we report that mice of a

particular genetically-manipulated strain exhibit phenotypes supporting

the latter possibility. Clustered protocadherins (cPcdhs, α-γ) are neuro-

specific cell adhesion molecules characterized by molecular diversity

derived from multiple gene clusters. In cPcdhα1,12 mice, only cPcdhα1 and

cPcdhα12 (but not cPcdhα2-cPcdhα11) are expressed, while the total

amount of cPcdhα is constant. These mice exhibit no apparent abnormality

at glance. However, visual short-term memory of space/shape was clearly

impaired in behavioral experiments using space/shape cues. Furthermore,

multimodal sensory integration was clearly impaired. Since cPcdhα is

distributed all over the brain, various types of short-term memory and

sensory integration are likely impaired in cPcdhα1,12 mice. Since short-

term memory and sensory integration are two important factors of

consciousness, it is strongly suggested that cPcdhα1,12 mice have impaired

consciousness, regardless of the apparently normal appearance and

behaviors. (COI:No)
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Neurological disorder is a leading cause of disability among older adult, and

global burdens for these disease became important social and economic

issues. To date, neurorehabilitation is a major practical intervention for the

patients with neurological diseases. Since accumulating evidence has

revealed that functional reorganization plays an important role in

functional recovery after brain damage, novel neuromodulation techniques

including transcranial magnetic/ current stimulation and nerofeedback,

have drawn attention and have been introduced as augmenting tools for

neurorehabilitation. These techniques can modulate brain activity and

neuronal network status to facilitate functional recovery after brain

damage, and previous studies has revealed the efficacy of neuromodulation

techniques as therapeutic intervention.In this session, I focused on the

neurofeedback techniques and its appreciation in neurorehabiliation field.

In neurofeedback, subjects try to modulate their own neural activity

voluntarily according to the feedback signal of their own brain activity.

There has been accumulating evidence that the neurofeedback using

various neuroimaging modalities including fMRI, magnetoencephalogram,

EEG, and functional near infrared spectroscopy could modulate target

brain area activity and related function. In this symposium, we would like

to introduce the previous data investigating the efficacy of the

neuromodulative intervention for neurological patients, and also discussed

the future direction of its clinical application. (COI:No)
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Motor learning is essential for acquiring motor skills in rehabilitation

medicine. To investigate the relationship between the frontal and

sensorimotor cortices and motor learning, hemodynamic responses were

recorded using functional near infrared spectroscopy (fNIRS) while healthy

subjects performed repetitive precise movements in the peg-task. The

increment rate of the hemodynamic responses in the anterior dorsomedial

prefrontal cortex (aDMPFC) across the repeated trials significantly

correlated with the improvement rate of task performance. Moreover, the

transcranial direct current stimulation (tDCS) to the aDMPFC significantly

improved task performance. Robotic devices have been receiving attention

in rehabilitation medicine. The hybrid assistive limb (HAL) is one of the

wearable robot suits assisting limb movements. We investigated the effects

of the HAL on brain activity during lower limb exercise. The subjects sat on

a backless chair and required to execute leg extension/flexion exercise

alternately. The hemodynamic activity was significantly higher in the HAL

task than the weight task in the right primary sensory area. The distinct

activation of prefrontal cortex including the aDMPFC was found depend on

the subjective sense of use.These results indicate that the aDMPFC has an

important role in motor learning by rehabilitative task. (COI:No)
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Motor skill training induces structural plasticity at dendritic spines in the

primary motor cortex (M1). To further analyze both synaptic and intrinsic

plasticity in the layer II/III area of M1, we subjected rats to a rotor rod test

and then prepared acute brain slices. Motor skill consistently improved

within 2 days of training. Voltage clamp analysis showed significantly

higher α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid/N-methyl-d-

aspartate (AMPA/NMDA) ratios and miniature EPSC amplitudes in 1-day

trained rats compared with untrained rats, suggesting increased

postsynaptic AMPA receptors in the early phase of motor learning.

Compared with untrained controls, 2-days trained rats showed significantly

higher miniature EPSC amplitude and frequency. Paired-pulse analysis

further demonstrated lower rates in 2-days trained rats, suggesting

increased presynaptic glutamate release during the late phase of learning.

One-day trained rats showed decreased miniature IPSC frequency and

increased paired-pulse analysis of evoked IPSC, suggesting a transient

decrease in presynaptic γ-aminobutyric acid (GABA) release. Moreover,

current clamp analysis revealed lower resting membrane potential, higher

spike threshold, and deeper afterhyperpolarization in 1-day trained rats-

while 2-days trained rats showed higher membrane potential, suggesting

dynamic changes in intrinsic properties. Our present results indicate

dynamic changes in glutamatergic, GABAergic, and intrinsic plasticity in

M1 layer II/III neurons after the motor training. (COI:No)
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Chronic stress is involved in the onset and development of depression.

While exercise has stress-buffering effects, the therapeutic effect of exercise

is not fully understood. The objectives of this study were, at first, confirm

that chronic forced swim stress induces anxiety/depressive-like behaviors

after stress exposure, and then investigate whether treadmill exercise

alleviates the anxiety/depression-like behaviors induced by forced swim

stress through the alteration of hypothalamic-pituary-adrenal (HPA) axis

response. It has been found that forced swim stress exposure induced

abnormal behaviors including forced swim 21 days after stress exposure

using forced swim test, open field test and elevated open-platform test.

These abnormalities were inhibited by repeated administration of the

antidepressant, imipramine, suggesting that these behaviors are anxiety/

depressive behaviors. Moreover, treadmill exercise ameliorated depressive

behaviors induced by chronic forced swim stress. Interestingly, there was no

significant difference of the HPA axis response including serum

corticosterone level among groups. These data suggest that chronic forced

swim stress paradigm is mild stress model and exercise does not affect on

the HPA axis. This is the first study that showed that treadmill exercise

rescues anxiety/depression-like behaviors by not changing the HPA axis in

mild stress model. (COI:No)
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Hypoxic condition may be related to tissue metabolic and morphological

profile.In the case of adipose tissue, tissue becomes hypoxic in obesity as

tissue mass expands, clusters of adipocytes becoming distant from the

vasculature. We previously examined the effects of modest hypoxia (5% O2)

on adipocyte metabolic function by using cultured adipocytes, and found

that hypoxia would have direct impact on reduced triglyceride content and

lipid droplet size through decreased glucose uptake as well as the

expression of lipogenic proteins, and increased basal lipolysis (Hashimoto et

al., 2013).In skeletal muscle cells as well, if the oxygen supply does not

match the cellular energy demands, adaptive mechanisms would occur to

compensate. In response to cellular hypoxia, cells are forced to limit oxygen

consumption and to shift from mitochondrial respiration to glycolysis for

ATP production. Contrary to metabolic adaptation, however, a direct role

for hypoxia on skeletal muscle morphological adaptation is less firmly

established. An intracellular condition of skeletal muscle is complicated as

muscle contraction is largely dependent on oxidative phosphorylation

utilizing oxygen, the partial oxygen tension in skeletal muscle tissue during

exercise has been shown to be very low. Thus it is important to investigate a

direct effect of hypoxia on skeletal muscle characteristic particularly muscle

morphology.In this symposium, I will discuss the effect of hypoxia on

myogenesis as well as metabolism in skeletal muscle cells. (COI:No)
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Oxygen delivery and perfusion to brain tissue is critical for avoiding life-

threatening consequences of hypoxic environments. Hypoxia may have

detrimental effects on the brain function. In contrast, acute exercise seems

to improve cognitive function. However, it remains unknown how cognitive

function during exercise under hypoxia was determined. In a series of our

study, we tested if cognitive improvements during exercise may be

attenuated under hypoxia. Firstly, we examined cognitive function at rest

and during moderate exercise at various fractions of inspired oxygen (FIO2:

0.209, 0.18, and 0.15). As a result, cognitive function improved during

moderate exercise under moderate hypoxia. Next, we examined how

exercise under moderate hypoxia (FIO2: 0.15) alters cognitive function

when task difficuty of the cognitive task was increased. Cognitive function

still improved during moderate exercise under moderate hypoxia when task

difficulty was increased. Then, we examined how acute exercise under

severe hypoxia (FIO2: 0.12 or 0.13) affects cognitive function, and observed

that cognitive function improved during exercise under severe hypoxia.

However, cognitive improvements were attenuated for individuals with

greater decreases in arterial oxygen saturation under severe hypoxia.

Collectively, cognitive function improves during exercise under moderate to

severe hypoxia. The attenuated cognitive improvements for individuals

with greater decreases in arterial oxygen saturation suggest that arterial

desaturation and resultant biological processes attenuate cognitive

improvements during exercise under hypoxia. (COI:No)
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High-intensity whole body exercise elicits respiratory muscle fatigue. The

exercise-induced respiratory muscle fatigue does not limit the

hyperventilatory response during exercise in healthy humans. On the other

hand, an increase in respiratory muscle activity elevates arterial blood

pressure (BP) since sympathoexcitation occurs through the metaboreflex of

respiratory muscle. Under hypoxic conditions, respiratory muscle fatigue is

accelerated compared with normoxic conditions. Additionally, the BP

elevation and sympathoexcitation via an increase in respiratory muscle

activity are enhanced under hypoxic conditions. It is supposed that an

accelerated respiratory muscle metaboreflex during exercise in hypoxia

restricts to supply blood flow via enhanced peripheral vasoconstriction.

Consequently, the decrease in peripheral blood flow with low arterial blood

oxygen contents reduces oxygen transport to the working limb. Thus, the

respiratory muscle-induced metaboreflex as well as limb muscle during

exercise may contribute to exacerbating limb fatigue and compromising

exercise performance especially under hypoxic conditions. References:

Katayama et al. Am. J. Physiol. Regul. Integr. Comp. Physiol. 302: R1167-

R1175, 2012.Katayama et al. Am. J. Physiol. Regul. Integr. Comp. Physiol.

304: R374-R382, 2013.Katayama et al. Physiol. Rep. 3: e12421,

2015.Katayma et al. Respir Physiol Neurobiol 211: 1-8, 2015. (COI:No)
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A fall in arterial oxygen tension (PaO
2
) below a certain threshold (< 40

mmHg) causes cerebral vasodilatation and subsequently increases cerebral

blood flow (CBF) exponentially. However, actual hypoxia condition also

induces activation of peripheral chemoreceptor activity, which influences

CBF regulation indirectly. Since a hypocapnic cerebral vasocontriction

occurs from the hypoxic ventilatory response, the balance between hypoxic

cerebral vasodilatation, the ventilatory response of the peripheral

chemoreflex to hypoxia and cerebral carbon dioxide (CO
2
) reactivity seems

to be more important for CBF regulation under hypoxia condition. How

these opposing responses interact to regulate CBF in hypoxia is not well

understood. Acute hypoxia may reduce CO
2
 reactivity and therefore allow

for greater hypoxic vasodilatation; however, the extent to which hypoxia

modifies CO
2
 reactivity is controversial. On the other hand, it has been

reported that at extreme high altitude, the vasodilator influence of the

hypoxia seems to override the hypocapnic-induced vasoconstriction. An

important question, therefore, is whether exposure to hypoxia might

influence these sensitivities and thereby affect the intrinsic ability of the

brain to vasodilate or constrict. Recent our study demonstrated that carbon

dioxide tension-mediated changes in dynamic CBF regulation were

attenuated during acute hypoxia. This phenomenon may prevent CBF

falling dangerously low and compromising cerebral O
2
 homeostasis from

hyperventilation-mediated hypocapnia during hypoxia. Further work is

needed to identify the physiological role of peripheral chemoreflex-induced

hyperventilation on the interaction with dynamic CBF regulation under

hypoxia. (COI:No)
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The type 2 ryanodine receptor (RyR2) is the Ca2+ release channel on cardiac

sarcoplasmic reticulum and plays a crucial role in cardiac E-C coupling. The

mutations in RyR2 have been implicated in a number of arrhythmogenic

disorders including catecholaminergic polymorphic ventricular tachycardia

(CPVT), idiopathic ventricular fibrillation (IVF), long QT syndrome (LQTS),

etc. The RyR2 channel is known to be regulated by both cytoplasmic Ca2+

(Ca2+ induced Ca2+ release: CICR) and ER luminal Ca2+ (store overload

induced Ca2+ release: SOICR). The SOICR threshold have been reported to

be affected in some of the disease-associated mutations, whereas it remains

unclear how these mutations affect CICR activity. We compared

characteristics of RyR2s carrying CPVT, IVF and LQTS mutations. Wild

type and mutant RyR2 channels were expressed in HEK293 cells and

spontaneous Ca2+ oscillations were monitored by live-cell Ca2+ imaging

using Ca2+ indicators for cytoplasm and ER. In addition, the Ca2+-induced

Ca2+ release (CICR) activity was determined with [3H]ryanodine binding

assay. All CPVT mutants showed enhanced CICR activity, whereas I-VF

and LQTS mutants showed divergent CICR profiles: some were loss-of-

function type and others were gain-of-function mutants. There were good

correlations between CICR activity versus Ca2+ oscillation frequency or ER

Ca2+ level among all of mutants examined. Mathematical modeling

suggests that alteration of Ca2+ dynamics in the disease-linked RyR2

expressing cells are well explained by their CICR activity. Effects of mutant

RyR2 expression on Ca2+ signals in HL-1 cells will be also shown. (COI:No)
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Dysregulation of Ca2+ homeostasis in cardiomyocytes, in particular

abnormality of function and structure of the sarcoplasmic reticulum (SR),

aggravates heart diseases, such as heart failure and lethal arrhythmias.

Ca2+ dynamics during myocardial contraction and relaxation is mainly

controlled by the Ca2+ release and re-uptake of the SR. A growing body of

evidence including our studies demonstrates that activating the SR Ca2+

reuptake can suppress the progression of heart failure. Therefore, it is

important to understand in more detail the functional regulation of the SR

Ca2+ uptake at cellular and molecular levels. The SR Ca2+ uptake in the

heart is tightly regulated by the function of SR calcium ATPase type 2A

(SERCA2a). Activity of SERCA2a is modulated by the post-translational

modifications such as phosphorylation or nitrosylation. In addition, the

presence of functional regulatory proteins is also important. In this

presentation, I would like to outline the regulatory SR proteins such as

phospholamban, sarcolipin, and sarcalumenin how they control the Ca2+

reuptake in the myocardial SR and to discuss the possibility of the

development of novel therapies to prevent the progression heart failure and

lethal arrhythmias. (COI:No)
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TRIC channel subtypes, namely TRIC-A and TRIC-B, localize

predominantly to the endoplasmic reticulum (ER) and form homo-trimeric

complexes functioning as intracellular monovalent cation channels.

Recently, deletion mutations in the TRIC-B (also referred to as TMEM38B)

were identified in osteogenesis imperfecta (OI) pedigrees. However, the

mechanisms are unknown. Therefore, we focus on Tric-b knockout mice. 

Tric-b knockout mice develop neonatal respiratory failure and exhibit poor

bone ossification. Collagen matrix deposition was reduced, and osteoblasts

exhibited severe dilation of rough ER elements in knockout bones. Ca2+

release was impaired, and Ca2+ content was increased in the ER of cultured

knockout osteoblasts, which was associated with ER swelling. These cells

also had impaired collagen release without abnormal in collagen-encoding

transcripts, consistent with a defect in trafficking of collagen through ER.

In contrast, the bone-degrading osteoclasts from Tric-b knockout mice, were

similar to those from wild-type mice. Therefore, TRIC-B function seem to be

essential for the production and release of large amounts of collagen matrix

towards bone mineralization in active osteoblasts. Our data establish Tric-b
knockout mice as a model for studying the bone defects, exploring effective

treatments and developing new drugs of OI. (COI:Properly Declared)
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Sarcoplasmic reticulum (SR) Ca2+-ATPase (SERCA) plays a crucial role in

maintaining Ca2+ concentration low in cytoplasm. Release of Ca2+ from SR

into cytoplasm initiates muscle contraction. Subsequently SERCA pumps

Ca2+ from the cytoplasm into SR, thereby causing the relaxation of muscle

cells. In each reaction cycle, SERCA actively transports two Ca2+ into SR

against a concentration gradient with the use of energy derived from ATP

hydrolysis. As a result of our effort, more than 20 crystal structures of

SERCA1a have been published covering almost the entire reaction cycle.

However, we are still far away from the complete understanding of the

active transport mechanism of SERCA. Indeed, we need structures of

missing parts in the reaction cycle. We are also interesting in the structure

of SERCA2a, expressed predominantly in cardiac and slow-twitch skeletal

muscle, because SERCA2a has a direct relation with heart failure. Here, we

will talk about our recent progress in structural studies of SERCA,

including our efficient over-expression system. By using this system, now

we are able to resolve missing structures of SERCA1a. Moreover, obtaining

crystal structure of SERCA2a has been impossible because of difficulty in

obtaining large amount of purified protein from cardiac muscle, and now we

are ready for it. 4 mg of purified SERCA was obtained from 1 L culture

using our expression system. This amount of purified protein is sufficient

for crystallization trials, and, in the case of SERCA1a, crystals in E1Mg2+

state of SERA1a diffracted to 3.2 A resolution. (COI:No)
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C1 cells, a subset of catecholaminergic neurons located in the rostral

ventrolateral medulla are activated by multiple stresses (pain, hypotension,

hypoxia, hypoglycemia, and infection) and contribute to the autonomic and

neuroendocrine responses elicited by these stimuli. Here we investigated

whether optogenetic activation of the C1 cells in conscious DβHCre/0 mice

(10 min, 5 Hz) also provides protection against tissue injury. Renal blood

flow was interrupted for 26 min 24 hrs after C1 cell stimulation and renal

damage was evaluated 24 hrs after the ischemia by measuring plasma

creatinine level, markers of renal tissue damage (e.g. Kim-1 mRNA) and by

a quantitative histological examination of renal damage. C1 neuron

activation significantly suppressed all measured indices of IRI. In

anesthetized mice, C1 cell photostimulation increased the mass discharge of

the ipsilateral cervical vagus nerve in a frequency-dependent manner (5 -

20 Hz). Renal sympathetic nerve activity also tended to increase in a

stimulation frequency-dependent manner (5 - 20Hz). The protective effect of

C1 neuron stimulation was abolished by administration of hexamethonium.

Accordingly, C1 cell stimulation likely benefits IRI by activating the

cholinergic anti-inflammatory pathway because VN stimulation (efferent)

suppresses IRI in mice via this mechanism (Inoue et al. JCI, 2016). (COI:

No)
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Sympathetic nervous system plays an important role in maintaining

cardiac function against acute harmful stresses on the heart. At the same

time, however, chronic sympathetic activation is considered to be a cause of

clinically important arrhythmias including atrial fibrillation (AF) and

ventricular arrhythmia. Adenylyl cyclase (AC), a target enzyme of β-

adrenergic receptor signaling, expresses in multiple isoforms that differ in

their tissue distribution and biochemical properties. We found that

sympathetic activation by catecholamine administration strikingly

elongated the duration of AF in mice. It was demonstrated that deficiency of

type 5 AC, a major cardiac isoform, significantly reduced the duration of

sympathetic activation-induced AF. Vidarabine, which we identified as a

cardiac AC inhibitor, consistently shortened AF duration and reduced the

incidence of sympathetic activation-induced ventricular arrhythmias.

Indices of cardiac function including ejection fraction and heart rate were

not affected by the deficiency of type 5 AC and a dosage of vidarabine

sufficient to exert an anti-arrhythmic effect. Consistent with the

physiological data, vidarabine inhibited adrenergic receptor stimulation-

induced arrhythmogenic events in both atrial and ventricular myocytes.

These findings suggest that the inhibition of type 5 AC can prevent

catecholamine-induced AF or ventricular arrhythmia without suppression

of cardiac function. (COI:No)
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Feeding-related hormones has been identified in the brain or the peripheral

organs such as white adipose tissue, stomach or intestine. Those hormones

act on the brain and affects autonomic nervous system to modulate

cardiovascular function and metabolism. Leptin produced in the while

adipose tissue, one of those hormones, reduces appetite and activates

sympathetic nerve outflows to the kidney and while adipose tissue through

cellar transduction in the hypothalamus. With respect to the molecular

mechanism, we noticed intracellular pathways such as PI3K, AMPK,

STAT3 or ERK, and investigated how brain action of leptin controls

autonomic nerve activity by direct recording of nerve activity. Here, we

found important insight into the molecular events underlying leptin action

of hepatic autonomic nerve activity by implicating intracellular pathways.

On the other hand, nesfatin-1 produced in the hypothalamus, one of feeding

suppressors, acts on the hypothalamus and stimulates sympathetic nerve

activity. We recently showed that nesfatin-1 increased efferent neural

signals of sympathetic nerves to the kidney, the white adipose tissue and

the liver through the hypothalamic ERK signal in the neurons expressing

corticotropin-releasing hormone. In addition, sympathoexcitation was

induced in obese animals, such as rats fed high-fat diet and leptin receptor-

deficient Zucker-fatty rats. Thus, nesfatin-1 has as anti-obese action in the

hypothalamus via leptin-receptor independent pathway. (COI:No)
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We previously developed cardiac ventricle-specific ChAT gene-

overexpressing transgenic mice (ChAT tgm), an in vivo model of the non-

neuronal cardiac cholinergic system (NNCCS), and determined that it was

responsible for resistance to ischemia, or hypoxia. Neuronal ChAT-

immunoreactivity in the ChAT tgm brains was not altered from that in the

wild-type mice (WT) brains; in contrast, the ChAT tgm hearts were the

organs with the highest expression of the ChAT transgene. ChAT tgm

showed specific traits on a central nervous system (CNS) phenotype,

including decreased response to restraint stress, less depressive -like and

anxiety-like behaviors, and anti-convulsive effects, all of which may benefit

the heart. These phenotypes were found to be dependent on the vagus

nerve, because vagal nerve stimulation (VS) in wild-type (WT) mice also

evoked phenotypes similar to those of ChAT tgm, which display higher

vagus nerve discharge frequency; in contrast, lateral vagotomy attenuated

these traits in ChAT tgm to levels observed in WT mice. Furthermore,

ChAT tgm induced several biomarkers of VS responsible for anti-convulsive

and anti-depressive-like effects. These suggest that the augmentation of

NNCCS transduces an effective and beneficial signal to the afferent

pathway. This study supports our hypothesis that activation of the NNCCS

modifies CNS to a more stress-resistant state through the activity of the

vagus nerve. (COI:No)
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The common hepatic branch of the vagal nerve (CHBV) projects to multiple

peripheral organs such as the bile duct, hepatoportal vein, paraganglion

and gastro-duodenum tract. Approximately more than 70 % filaments are

afferents in the rat CHBV. The CHBV plays a pivotal role in the vago-

sympatho-reflex, but it is unknown whether changes in the CHBV activity

induce alterations in the higher brain functions such as emotion. To

examine this, we induced severe hepatic steatosis by overexpressing

peroxisome proliferator-activated receptorγ (PPARγ) selectively in the liver

of mice fed a high-fat diet (HFD), and behavioral tests for anxiety and

learned fear were conducted in these mice. In the hole-board test frequently

used to assess anxiety levels, control HFD-mice showed significantly higher

anxiety levels compared to mice fed a normal diet. Expression of PPARγ in

the liver attenuated the enhancement of anxiety in HFD-mice, and both

mechanical and capsaicin-induced vagotomy suppressed the effects of

PPARγ. In Pavlovian fear conditioning, contextual fear memory was

attenuated by expression of PPARγ in a mechanical vagotomy-independent

manner. These results suggest that changes in the hepatic condition are

able to influence emotional behaviors in both CHBV vagotomy-dependent

and -independent manners. The CHBV afferents may be an interoceptional

pathway that transmits the hepatic state to brain. (COI:No)
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Sympathetic responses typically are regionally differentiated, activation in

one outflow sometimes accompanying no change or inhibition in another.

Regional sympathetic activity is best studied in humans by recording from

postganglionic sympathetic fibres and with isotope dilution measurement of

organ-specific norepinephrine release to plasma. For decades the

sympathetic nervous system was the “Cindarella” of cardiovascular

medicine. It is now known that sympathetic nervous system abnormalities

are commonly crucial in the development of cardiovascular disorders,

notably heart failure, essential hypertension, psychogenic heart disease and

syncopal disorders of postural circulatory control. These abnormalities

involve persistent, adverse activation of sympathetic outflows to the heart

and kidneys in heart failure and hypertension, surges of cardiac

sympathetic activity in heart disease triggered by mental stress and diverse

defects in sympathetic circulatory reflexes in disorders of postural

circulatory control. Translation into better treatment for patients is at

differing stages with the different disorders. Translation is mature in

cardiac failure, knowledge of cardiac neural pathophysiology having led to

introduction of beta-adrenergic blockers. With drug-resistant hypertension

selective catheter-based renal sympathetic nerve ablation targeting the

activated renal sympathetic outflow remains work in progress. With

postural syncope syndromes knowledge of neural pathophysiology is

emerging, but clinical translation remains for the future. (COI:No)
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BPH/2J mice are a genetic model of hypertension developed the 1970s.

Using radiotelemetry to measure blood pressure (BP) we confirmed that

BPH/2J mice are indeed hypertensive with an exaggerated day night

rhythm. There is also increased renin expression in the kidney during the

night period, which is associated with low levels of the renin binding

microRNA miR181a. Furthermore renal denervation lowered BP in BPH,

restored renal miR181a levels and lowered renin expression. Examination

of the higher sympathetic nervous system (SNS) activity in BPH/2J mice

shows greater activation of hypothalamic and amygdala nuclei during the

early phase of the night period and lesions of the medial amygdala reduced

BP.SNS over activity is related to gamma aminobutyric acid receptor type A

(GABA-AR) dysfunction within the hypothalamus and amygdala as well as

downregulation of GABA-AR containing delta subunits. Allopregnanolone is

an endogenous neuro-steroid and known allosteric modulator of GABA-AR

containing delta subunits which are primarily associated with tonic neural

inhibition . Furthermore peripheral allopregnanolone treatment can restore

GABA-AR function, increase the level of delta containing receptors and

lower BP. Thus BPH/2J mice have neurogenic hypertension characterised

by central GABA-AR dysfunction leading to high SNS activity that is

reversed by neurosteroids as well as dysregulation of renin expression in

kidney. These mice provide a novel opportunity to explore both central and

renal mechanisms involved in neurogenic hypertension as well to develop

novel therapies for hypertension. (COI:No)
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Myocardial infarction (MI) triggers an increase in sympathetic nerve

activity (SNA) to the heart, provoking life-threatening arrhythmias. The

mechanism(s) responsible for this adverse increase in SNA remain to be

fully elucidated, although the progressive activation of various nuclei

within the brain ultimately governs sympathetic output. This study first

aimed to ‘map’ activation of key nuclei known to modulate SNA,

immediately following acute MI, using Fos expression as a marker of

neuronal activation. The results showed that, within 90 min of an acute MI

(coronary artery ligation), a plethora of nuclei within the CNS were clearly

activated. In particular, the paraventricular nucleus (PVN) had

significantly greater neuronal activation following MI compared to other

nuclei. Given that pre-autonomic neurons of the PVN are located within the

parvocellular division of the PVN, and that distinct populations of

phenotypically different neurons exist within the PVN, the second aim of

this study was to phenotype those pre-autonomic neurons that are activated

following acute MI, using double label immunohistochemistry. The results

reveal that activation of PVN oxytocin neurons, rather than vasopressin

neurons, play a predominant role in sympathetic activation, at least within

the early stages of the MI event. These novel results provide important

insight into the neuronal network that is activated and triggers

sympathetic activation in the early stages following acute MI. (COI:No)
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Interleukin-6 (IL-6) is a proinflammatory cytokine that is elevated in the

serum of pulmonary arterial hypertension (PAH) patients and can predict

the prognosis of idiopathic PAH patients. However, the molecular

mechanisms of IL-6-mediated pathogenesis of PAH have been elusive. Here

we identified IL-21 as a novel downstream target of IL-6-signaling in PAH.

First, we found that IL-6 blockade by the monoclonal anti-IL-6 receptor

antibody, MR16-1, ameliorated hypoxia-induced pulmonary hypertension

(HPH) and prevented the hypoxia-induced accumulation of Th17 cells and

M2 macrophages in the lungs. Consistently, the expression levels of IL-17

and IL-21 genes, one of the signature genes for Th17 cells, were

significantly upregulated after hypoxia exposure in the lungs of mice

treated with control antibody, but not in those treated with MR16-1.

Whereas IL-17 blockade with an anti-IL-17A neutralizing antibody had no

effect on HPH, IL-21 receptor-deficient mice were resistant to HPH and

exhibited no significant accumulation of M2 macrophages in the lungs. In

accordance with these findings, IL-21 promoted the polarization of primary

alveolar macrophages toward the M2 phenotype. Of note, significantly

enhanced expressions of IL-21 and M2 macrophage markers were detected

in the lungs of IPAH patients who underwent lung transplantation.

Collectively, these findings suggest that IL-21 promotes PAH in association

with M2 macrophage polarization, downstream of IL-6-signaling. (COI:No)
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5-aminolevulinic acid (ALA), a precursor of the heme synthesis pathway, is

a natural amino acid. When ALA is administered into the living body,

porphyrin, an intermediate metabolite in the heme synthesis pathway, is

produced. We established a technology for detecting porphyrin-derived

fluorescence in atheromatous plaque by fluorescent endoscopic systems

equipped with the latest image analysis technology (multispectral imaging

and spectral unmixing processing). The novel endoscopic system made it

possible for us to detect atheromatous lesions in ApoE knockout mice by

transluminal approach. In this paper, the potential for clinical use of this

system regarding the detection for atheromatous plaque will be presented.

(COI:No)
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Advances of microfabrication and silicon semiconductor technology have

accelerated to integrate the fluorescence imaging into clinical practices that

are generally carried out under the visible wave length (around 380 to 780

nm). However, it is still difficult for surgeons and pathologists to recognize

pathological sites in pancreas and discriminate the organ from surrounding

adipose tissue. We have hypothsized that pancreas and adipose tissue must

show spectrophotometrically different absorbance because of the major

components of pancreatic juice and fatty acid in pancreatic acinar cells and

lipocytes, respectively. Based on this hypothesis, we sought to determine if

imaging cover near infrared wave lengths between 1000 to 1600nm can

distinguish from pancreas from surrounding adipose tissue. In this study,

we have succeeded to create a camera detecting near infrared wave length

with In0.53GaAs widely used for the photon-to-current conversion on

optical transmission system. The VGA camera can visualize the margin of

pancreas and lymph nodes in adipose tissue through the detection of light

absorptions on each tissues. Moreover, In0.53GaAs camera could detect the

developed pancreatic cancer area in our mouse model that express both

temperature sensitive polyoma virus T Antigen, Kras G12D. These results

suggest that this newly established spectrophotometric absorbance imaging

technology is feasible to use for the surgical navigation for abdominal cavity

and basic research on physiology. (COI:Properly Declared)
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Raman spectroscopy has been used for material analysis in the various

research field. The capability of detection molecular vibrations enables to

detect molecular species, conditions, and their environment in a sample to

understand the function and characteristic of target materials. The recent

development of techniques for highly sensitive Raman detection has

expanded the application of Raman spectroscopy to the biomedical field. In

particular, Raman microscopy that can obtain spatial distributions of

biological molecules base on their vibrations provides various methodologies

to analyze complicated biological phenomena. In our research, we have

developed a Raman microscope that can rapidly image molecular

distribution in a live cell and studies the application to the analysis of

molecular dynamics during cellular events, such as apoptosis, cell division

and differentiation. We measured Raman spectra during those cellular

events and found that Raman spectra can represent the cell state during

the activities, indicating that Raman microscopy can be used to investigate

cell status without labeling. We also developed a technique to image small

molecules in a living cell. We proposed a use of alkyne as a tag for small

molecules. Since alkyne consists of a triple bond between two carbons, it can

be detected by Raman scattering isolated from endogenous molecules and

can be attached to many kinds of small molecules without interfering their

functions. As a proof of concept, we introduced alkyne-tagged dU (EdU) into

a living cell and observed a localization of alkyne signal into nuclei with a

progress of DNA synthesis. (COI:No)
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The mammalian brain consists of a complex ensemble of neurons and glial

cells. Their production during development and remodeling is tightly

controlled by various regulatory mechanisms in neural stem cells. Among

such regulations, basic helix-loop-helix (bHLH) factors have key functions

in the self-renewal, multipotency, and fate determination of neural stem

cells. Here, we highlight the importance of the expression dynamics of

bHLH factors in these processes. We propose the multipotent state

correlates with oscillatory expression of several bHLH factors, whereas the

differentiated state correlates with sustained expression of a single bHLH

factor. We also developed a new optogenetic method that can manipulate

gene expressions in neural stem cells by light. We used this technology to

manipulate the growth and fate-determination of neural stem cells. I also

introduce various applications of light-induced control of gene expressions

in broad fields of biology. (COI:No)
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In the retinal circuit, environmental light signals are converted into

electrical signals that can be properly decoded by the brain. The vertebrate

retina consists of five major classes of neurons that form highly organized

neural circuits. Horizontal cells and amacrine cells, two types of retinal

interneurons, modulate the information flow from photoreceptors to bipolar

cells and from bipolar cells to retinal ganglion cells, respectively. Although

critical roles for amacrine cells in visual information processing have been

well characterized, our knowledge about the functional contribution of

horizontal cells is not fully understood. In the current study, we

investigated functional roles for HCs in retinal ganglion cell (RGC) response

properties and optokinetic responses by establishing a HC-depleted mouse

line. We observed that HC depletion impairs the antagonistic center-

surround receptive field formation of RGCs, supporting a previously

reported HC function revealed by pharmacological approaches. In addition,

we found that HC loss reduces both the ON and OFF response diversities of

RGCs, impairs adjustment of the sensitivity to ambient light at the retinal

output level, and alters spatial frequency tuning at an individual level.

Taken together, our current study suggests multiple functional aspects of

HCs crucial for visual processing. (COI:No)
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Neuronal circuit asymmetries are important components of brain circuits.

Direction-selective circuits in the vertebrate retina serve as model system to

study the development and function of neuronal circuit asymmetries. The

key circuit feature of retinal direction selectivity is the asymmetric

inhibitory input to direction-selective retinal ganglion cells, which is

provided by a specific retinal interneuron type, the starburst amacrine cell.

However, the molecular pathways establishing this asymmetric

connectivity remain unknown. Here we found that the mutation of FRMD7,

a gene which is defective in human congenital nystagmus, leads to the

selective loss of the horizontal optokinetic reflex in mice, as it does in

humans. This is accompanied by the selective loss of horizontal direction

selectivity in retinal ganglion cells and the transition from asymmetric to

symmetric inhibitory input to horizontal direction-selective ganglion cells.

In wild type retinas, we found FRMD7 specifically expressed in starburst

amacrine cells. This work identifies FRMD7 as a key regulator in

establishing a neuronal circuit asymmetry and suggests the involvement of

a specific inhibitory neuron type in the pathophysiology of a neurological

disease. (COI:No)
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Melanopsin is the newly discovered photosensitive pigment of ipRGCs

(intrinsically photosensitive Retinal Ganglion Cells), which mediate various

important irradiance detection functions. Interestingly, melanopsin is

distantly related to the canonical vertebrate visual pigments, and it is more

closely related to invertebrate visual pigments, which are characterised by

different molecular properties. While many studies highlight the

importance of melanopsin at the physiological level, molecular properties of

melanopsin remain largely unknown. In order to address this gap, we have

characterised melanopsin’s molecular properties, using recombinant mouse

melanopsin exogenously expressed in culture cells. We have analysed the

photochemical properties of melanopsin, and found that indeed Melanopsin

behaves more similarly to invertebrate visual pigments, exhibiting a photo-

labile active state. Surprisingly, however, we found that melanopsin can

exist in an equilibrium mixture of three states, rather than the two states

observed in invertebrate visual pigments. We have also conducted a

comprehensive analysis of Gq activation of each of the three states, and

build a model of melanopsin photoresponse. Our tristable model indicates

that different states of melanopsin can form preferentially, depending on

the wavelength of stimulation, and that different behaviour can be expected

depending on the intensity and/or duration of the light stimuli. IpRGC

photoresponse models must take into account these complex features

together with the canonical photoresponse of the outer retina. (COI:No)
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In the retina, two distinct types of glutamate receptors of bipolar cells,

namely, the metabotropic glutamate receptor type 6 (mGluR6) in ON

bipolar cells (BC) and the ionotropic AMPA/KA glutamate receptor in OFF-

BCs, receive glutamate released from photoreceptors and thereby trigger

the parallel processing of visual information. These glutamate receptors are

specifically localized at the dendritic tips of respective BCs. Because

glutamatergic signaling is essential for neuronal functions including

synaptic plasticity in the mammalian central nervous system, the polarized

localization of ionotropic glutamate receptors has been rigorously studied at

the molecular level. In contrast, little is known about how mGluR6 is

targeted to the dendritic tips of ON-BCs, although mGluR6 is expressed

exclusively in ON-BCs. To elucidate the molecular mechanisms of the

polarized distribution of mGluR6, we examined whether the C-terminal

intercellular domain of mGluR6 acts as sorting and targeting signals, using

cultured hippocampal neurons and HEK293 cells. We showed that v5-

tagged mGluR6 overexpressed in HEK293 cells and cultured hippocampal

neurons was localized at the cell membrane surface, but not distributed in a

polarized manner. We also showed that partial deletions in the C-terminal

domain of mGluR6 impaired the cell surface expression of v5-tagged

mGluR6 mutants in both HEK293 cells and cultured hippocampal neurons,

suggesting that the cell surface localization of mGluR6 may require the C-

terminal intercellular domain. (COI:No)
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The retinal image is never at rest but always in global motion by fixational

eye movements and saccades. However, it is not yet understood how the

retina processes global motion images. Here, we show that global motion

images evoke novel coordinated firing in retinal ganglion cells (GCs).

Applying a multi-electrode array to the goldfish isolated retina, we

classified GCs into six groups (Fast/Medium/Slow, transient/sustained)

based on the receptive field (RF) properties. Linear-nonlinear analysis

showed that kinetics of input integration and the firing sensitivity were

modulated in a cell group-specific manner during global jitter motion

(simulated fixational eye movements). In particular, Fast-transient (Ft) GC

expanded its RF. Whole-cell recordings from Ft GC showed that stimulation

outside the classical RF evoked “sharp excitatory postsynaptic currents

(sEPSCs)” with large amplitude and fast rise time during global jitter

motion. The sEPSC contributed to the RF expansion. We also found that

spatiotemporally-correlated motion induced nonlinear integration of the

sEPSC, which allowed Ft GCs to fire before the target arrived at its

classical RF during global rapid motion (simulated saccade). These

modulation of RF properties were mediated by gap junctions. Our results

indicate that the modulated retinal responses during eye movements

contribute to efficient information processing in the brain. (COI:No)
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It has been reported that P2X2-purinoceptors acquire the permeability to

large cations when expressed at high density. We have previously reported

that P2X2-purinoceptors are densely expressed in OFF-cholinergic

amacrine cells (OFF-CACs) in the mouse retina. We tested whether P2X2-

purinoceptors expressed in the cholinergic neuron (OFF-CACs) can work as

a transport pathway for choline, a large cation and an essential precursor

for acetylcholine synthesis. An application of ATP to the OFF-CACs induced

a cation current with a permeability to choline+. The pharmacological

properties of the ATP-induced choline current well fitted with the

pharmacological properties of P2X2-purinoceptor-mediated cation current.

When ATP was applied to P2X2-purinoceptor expressing HEK293 cells in

the extracellular solution containing choline+ as a major cation, an inward

current was detected. A significant ATP-induced choline uptake into P2X2-

purinoceptor expressing HEK293 cells was also detected by the HPLC

analysis. The immunoreactivity for high-affinity choline transporter (hCT)

of the OFF-CACs was significantly weaker than the immunoreactivity for

hCT of the ON-CACs. These findings support the notion that the choline

transport of the OFF-CACs is mediated by two different mechanisms (P2X-

purinoceptors and hCT) in the mouse retina. (COI:No)



S60 The 94th Annual Meeting of the Physiological Society of Japan, March 28-30, 2017, Hamamatsu

��������	�!

�����������������
����������

����
����
���
�����	�������
�

��	����������������������

���������
�������������������������&

2S27J2-1
��	��������	�����	���&��
��	����
�����	�����������

�������	���������������	����	����	
���	�����	�����	

����3��
�
 �$�������)�����2�

���
 ���������)��������

���
 �

��
�����*������
�

�
�� � !
��
������ �� ��
������� ���� ����� .�,��
�� -���� ("4"��� +����

�
�� 

�	���-�	�������������-����������� ���"������"����+����
�
�����.�,��
���-��

%������!�����-����)����
���� ��-����	��+��

Pain is comprised of sensory components and emotional components, such

as unpleasant sensation and fear. Long lasting pain without coincident

danger is called chronic pain and is caused by peripheral nerve injury,

inflammation. Recent researches have revealed that cortical regions have

critical roles in chronic pain. Under chronic pain conditions, multiple

cortical areas, including the primary somatosensory cortex (S1) and

anterior cingulate cortex show enhancement of their activities in human

and animal models. Thus, it is important not only to clarify how each area

contributes to chronic pain but also to explore how interactions between

cortical areas related to pain processing are involved in induction and

maintenance of chronic pain. The S1 is involved in the recognition of

location and intensity of pain. Even though imaging experiments using

functional magnetic resonance imaging reveal enhancement of S1 function

under chronic pain conditions, how neuronal function in this area alters and

contribute to chronic pain and how interaction between S1 and other

cortical areas contribute to chronic pain remain elusive. By combining in

vivo two-photon imaging, electrophysiology and behavior experiments, we

found that imbalance between excitation and inhibition in the S1 cause

chronic pain. In addition, alteration of S1 activity affects other cortical

neuronal functions, which in turn enhance pain behavior. (COI:No)
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Patients with chronic pain often suffer from affective disorders such as

anxiety. Among several cortical regions, the anterior cingulate cortex (ACC)

has been demonstrated to play important roles in sensory perception and

emotional responses. Human imaging and electrophysiological recordings of

animal ACC neurons in vivo show that neurons in the ACC are activated by

noxious sensory stimuli, and inhibiting central plasticity in the ACC

produces analgesic effects in animal models of chronic pain. Interestingly,

the ACC has also been implicated in anxiety in both human and animal

studies. Human imaging studies observed increased ACC activity in

patients with anxiety disorders and surgical lesions or chemical

inactivation in the ACC produced anxiolytic effects in humans and animals.

However, the molecular and cellular basis of anxiety and its interaction

with chronic pain is not known.Here we characterized a long-term

potentiation (LTP), which is a major form of activity-dependent plasticity in

the ACC. The cingulate presynaptic form (pre-LTP) requires kainate GluK1

receptors. Pre-LTP also involves adenylyl cyclase and protein kinase A and

is expressed via a mechanism involving hyperpolarization-activated cyclic

nucleotide-gated (HCN) channels. Interestingly, chronic pain and anxiety

both result in selective occlusion of pre-LTP. Significantly, microinjection of

the HCN blocker into the ACC produces both anxiolytic and analgesic

effects. Our results provide a mechanism that pre-LTP in the ACC may be a

long-term synaptic plasticity for anxiety and chronic pain. (COI:No)
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Tactile information is discretely represented in the granular area of

primary somatosensory cortex (S1). However, cortical representation of

nociceptive information is still poorly understood. In this study, to identify

the area that receives nociceptive information in the somatosensory cortex,

we induced neuropathic pain using the ligation of infraorbital nerve and

found that tactile stimulation increased intrinsic optical signal in the

dysgranular area (Dys). In sham operation group, tactile stimulation did

not increase signal in Dys. Cortical neurons in Dys were also activated by a

50°C thermal stimulation applied to the hindpaw, suggesting that Dys

represents nociceptive information. The thermal stimulation evoked

intrinsic signal in both Dys and granular S1. We also anatomically

investigated the thalamic input into Dys. The thalamocortical neurons

retrogradely labeled from Dys were found locally in the posterior nucleus,

which is part of the paralemniscal pathway that processes nociceptive

information. Axonal projections anterogradely labeled from the posterior

nucleus were found in layer 4 of Dys. Because cytoarchitectonic features in

mouse Dys are similar to those in human area 3a, which receives

nociceptive and proprioceptive information from somatosensory thalamus,

our results are of help to understand the cortical representation of the

neuropathic pain in human. This work is supported by JSPS KAKENHI

Grant No.15H01667, 15K21387. (COI:No)
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Chronic pain involves plastic and (mal)adaptive changes in widely

distributed neural networks underlying sensation, emotion, motor control

and cognition. Of these, the central amygdala plays the primary role in

linking direct nociceptive information to limbic system activities. To

temporally follow up the dynamic process from the acute nociception to the

chronic pain, we took advantage of the “latent inflammatory pain” model in

which the behavioral, biochemical and physiological changes were analyzed

at different time points over hours and days after the conventional ~1-hour

observation of acute phase1/2 behaviors after subcutaneous formalin

injection. We have confirmed (1) an increased fos expression in the bilateral

lateral parabrachial nucleus (LPB) but only in the right central amygdala

(CeA) at 3 h, (2) the LPB-CeA synaptic potentiation at 6 h only in the right

CeA regardless of the side of inflammation, (3) larger manganese

accumulation during the spontaneous behaviors between 2-6 h in the right

CeA as observed with manganese-enhanced MRI and (4) robust mechanical

allodynia in the sites distinct from inflammation (“spread sensitization”) at

1.5-72 h, which was significantly attenuated by DREADD-mediated

inhibition of right CeA neurons. These data suggest that the CeA not only

links the nociception to emotion but also regulates nociceptive behaviors

during the shift from acute to consolidated chronic pain. (COI:No)
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Physiological brain temperature is a critical determinant for neuronal

functions, and it is well established that changes in temperature have

dynamic influences on brain neuronal excitabilities. We previously revealed

that a thermo-sensor TRPV4 (activated above 34°C) is activated by

physiological temperature in cultured hippocampal neurons and thereby

controls their excitability (Shibasaki et al. J. Neurosci. 2007, Pflugers

Archiv 2015). We prepared acute hippocampal slices from WT or TRPV4KO

mice, and measured resting membrane potentials in the hippocampal

granule cells from the slice preparations at 35°C, and found that TRPV4-

positive neurons significantly depolarized the RMPs through the TRPV4

activation at the physiological temperature. The depolarization increased

the spike numbers depending on the enhancement of TRPV4 activation.

Furthermore, the intracellular Ca2+ concentration was also significantly

increased in the TRPV4-positive neurons. Taken together, we conclude that

TRPV4 activation at the physiological temperature is important to regulate

neuronal excitability in mammals. In addtion to the neuronal function of

TRPV4, we also revealed that TRPV4 was also expressed in astrocytes, and

enhanced synaptic transmission through release of gliotransmitters

(Shibasaki et al. BBRC 2013, JBC 2014). In this symposium, we also would

like to discuss the physiological importance of brain temperature and

TRPV4 in the glial functions. (COI:No)
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The voltage-gated H+ channel (Hv) is a H+ permeable voltage-sensor

domain protein that consists of four transmembrane segments (S1-S4). Hv

is mainly expressed in immune cells, including neutrophils and

macrophages, the physiological functions of which are temperature

sensitive. In those cells, Hv plays key roles in the regulation of reactive

oxygen species production and pH homeostasis. Earlier studies showed that

the properties of Hv, including H+ conductance and gating, are highly

temperature dependent. We have reported that Hv assembles as a homo-

dimeric channel and two channel protomers function cooperatively, which is

mediated by the coiled-coil assembly domain in the cytoplasmic C terminus.

The coiled-coil structure was thermally labile, and subtle changes in the

coiled-coil region affected temperature-sensitive gating. The structural

analysis showed that the coiled-coil strand formed a continuous helix with

the S4 voltage-sensor segment. In this symposium, I will discuss structural

bases of the cooperative gating and thermosensitive properties of Hv. (COI:

No)
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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. Conceiving this idea,

we have been investigating intracellular temperature based on a

fluorescent polymeric thermometer. We first performed the tracking of the

averaged temperature of a single cell and showed that the averaged

temperature of single COS7 cells increased upon mitochondrial uncoupling.

Next, we developed a novel method to visualize intracellular temperature

distribution by fluorescence lifetime imaging microscopy (FLIM), which

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 in

COS7 cells. Furthermore, by introducing a simple and artificial heat source

using infra-red (IR) laser irradiation, we have monitored the transient

temperature elevation 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, demonstrating an intrinsic connection between intracellular

temperature and cell function. These techniques are indispensable for the

advancement of thermal biology, which explores the commitment of

temperature to life. (COI:No)
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Anoctamin 1 (ANO1) constitutes the apical Ca2+-activated Cl- channel

(CaCC) efflux pathway required for Ca2+-dependent fluid secretion. The

understanding of the mechanisms of activation and molecular interactions

of ANO1 could offer new leads for the treatment of exocrine gland diseases.

Our recent work has led to the characterization of a functional interaction

between ANO1 and some members of the transient receptor potential (TRP)

channels superfamily, exposing new regulators of the ANO1-mediated

functions. One of them is TRP vanilloid 4 (TRPV4), a thermosensitive

calcium-permeable channel that is reported to be highly expressed in the

membrane of secretory acinar cells. Here, we report a functional interaction

between TRPV4 and ANO1 in salivary and lacrimal gland acinar cells

isolated from mice. TRPV4 activation induced chloride currents and cell

shrinkage by increasing intracellular calcium concentrations. The chloride

currents evoked by the specific activation of TRPV4 were identified as

ANO1-mediated currents by using its specific antagonist. Furthermore, we

showed that TRPV4 was activated through IP
3
 receptors and thus enhanced

the muscarinic stimulation of saliva and tear secretion as this mechanism

was down regulated by the blocking of TRPV4 and also in TRPV4-deficient

mice. Our work suggests that TRPV4 contributes to the muscarinic

pathway of salivation and tear secretion through its interaction with ANO1.

(COI:No)
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Neurons use chemical synaptic transmission to communicate with each

other. In response to the arrival of an action potential at the presynaptic

active zone, synaptic vesicles undergo exocytosis and discharge their cargo

contents, neurotransmitters. Extensive electrophysiological studies have

revealed detailed kinetics of exocytosis itself, but little is known about the

kinetics of the preceding steps, such as tethering, docking and priming at

mammalian CNS synapses. We managed to visualize single synaptic

vesicles near the plasma membrane, and examined their exocytosis and the

kinetics upstream. To visualize single synaptic vesicle just beneath the

plasma membrane, we applied TIRF microscopy, which restricts

fluorescence excitation to a very thin layer of approximately 100 nm

perpendicular to the glass-water interface. In this study, we isolated large

nerve terminals of CNS neurons, thus presynaptic neurotransmitter-

releasing surface, which is usually making synapses with postsynaptic

neurons, is exposed and directed toward the coverslip. Synaptic vesicles

were labeled with FM dye, and the presynaptic terminals were stimulated

by depolarization pulses under whole cell voltage-clamped configuration.

Owing to their sizes, we could measure membrane capacitance together

with the evoked currents, by which we could double-check their ability to

elicit exocytosis. We examined the kinetics of single synaptic vesicle fusions

and their pre-fusion activities in different preparations, and compared their

properties. (COI:No)
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Changes in the number of synaptic AMPA-type glutamate receptors

(AMPARs) have been regarded to underlie the molecular basis of long-term

potentiation. Arc protein is rapidly induced by neuronal activity and

facilitates endocytoses of surface AMPA receptors. However, the effects of

Arc on trafficking of individual AMPARs at single synapses during LTP still

remains unexplored. To address this question, we recorded surface

AMPARs dynamics during spine morphological plasticity using a chemical

tag. Using primary cultured hippocampal CA1 neurons, dynamics of labeled

surface AMPARs were investigated in the presence of a membrane-

impermeable chemical dye. Field electrodes-triggered high frequency

stimulation (HFS) induced rapid spine volume expansion in a sizable

proportion of dendritic spines (10-20%). Surface GluA1 increased in

expanded, but not in non-expanded, spines following HFS, indicating LTP

of GluA1 AMPA receptor complex at single spine resolution. Repeated HFS

with 5 min interstimulus interval induced a stable enhancement of both

spine volume and GluA1 expression over a period of 3 h. In the non-

expanded spines, however, GluA1 expression showed gradual decrease of

GluA1 in the late-phase of LTP, consistent with inverse synaptic tagging

(Okuno et al, Cell, 2012). In keeping with a required role of Arc in this

process, this gradual decrease was abolished in Arc KO neurons. These

results demonstrate a slow heterosynaptic down-regulation of surface

GluA1 expression in non-potentiated synapses via activity-induced Arc.

(COI:No)
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Calcium plays an essential role in presynaptic forms of short-term

plasticity. A common presynaptic calcium sensor for short-term facilitation

has been identified in four types of synapses [Jackman et al., Nature

529:88-91 (2016)], although the extent of facilitation differs. One

straightforward explanation is that specific presynaptic calcium signals

mediate differences in short-term plasticity. The dentate gyrus granule cell

is an ideal system to test this hypothesis, as its axon exhibits several

categories of presynaptic boutons. We studied giant mossy fiber (MFB) and

en passant boutons (EPB), two terminals located in the stratum lucidum

which exhibit distinct morphologies, postsynaptic targets, and facilitation

properties. Combining electrophysiology, calcium imaging, and genetic

labelling of boutons, we demonstrated that presynaptic calcium transients

exhibit a biexponential decay with a slow component in the range of

hundred milliseconds. The decay is slower for giant MFB, resulting in a

long-lasting increase in resting calcium levels following calcium transients.

Residual calcium piles up during repeated stimulations, following a single

compartment model prediction. This accumulation of calcium is substantial

in giant MFB, but minor in EPB. Our data indicate that the distinct

morphologies of the two types of terminals shape presynaptic calcium

signals. (COI:No)
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Axonal spike is an important upstream process of transmitter release from

the presynaptic terminals. Recent studies revealed that axonal spikes can

be modulated by preceding neuronal activity or by influence from the

surrounding glia. However, extremely small structures of the axons in the

central nervous system have hampered direct experimental approaches for

studies of the axons. To study the mechanisms and the impacts of analogue

modulation of axonal spikes on the transmitter release from the

glutamatergic synapses, we adopted the hippocampal mossy fibers, typical

unmyelinated en passant axons, with multiple axon terminals with

reasonable size for the electrophysiological recordings. Unexpected from the

all or none properties of generation of action potentials, axonal spikes

recorded from the terminals were decreased in size in response to multiple

stimuli. This use-dependent modulation is obvious even at paired stimuli at

short intervals. Numerical simulation using a realistic model of axonal

spikes of the mossy fibers suggested the contribution of lasting inactivation

of voltage-gated sodium channels. We will also illuminate the roles of

depolarizing afterpotentials (DAPs) following action potentials in use-

dependent analog modulation of axonal spikes. The results of

pharmacological examination suggested lasting depolarization by DAPs

promotes steady-state inactivation of voltage-gated sodium channels, and

thereby suppresses the amplitudes of subsequent spikes. The fine tuning of

the axonal spikes by modulation of intrinsic excitability might be additional

mechanisms for use-dependent modification of the synaptic strength. (COI:

No)
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Background: Mitochondrial autophagy is an important mediator of

mitochondrial quality control in cardiomyocytes. Methods and Results: Mice

were subjected to transverse aortic constriction (TAC) and observed at

multiple time points up to 30 days. Mitochondrial autophagy was

transiently activated around 3-7 days post-TAC, coinciding with

mitochondrial translocation of Drp1. However, it was downregulated

thereafter, followed by mitochondrial dysfunction. Haploinsufficiency of

Drp1 abolished mitochondrial autophagy and exacerbated the development

of both mitochondrial dysfunction and HF after TAC. Injection of Tat-Beclin

1, a potent inducer of autophagy on Day 7 after TAC partially rescued

mitochondrial autophagy, and attenuated mitochondrial dysfunction and

HF induced by pressure overload (PO).Haploinsufficiency of either drp1 or

beclin 1 prevented the rescue by Tat-Beclin 1, suggesting that its effect is

mediated in part through autophagy, including mitochondrial autophagy.

Conclusions: Downregulation of mitochondrial autophagy plays an

important role in mediating the development of mitochondrial dysfunction

and HF, whereas restoration of mitochondrial autophagy attenuates

dysfunction in the heart during PO. (COI:No)
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Accumulating evidence have demonstrated that translationally controlled

tumor protein (TCTP), a highly conserved and ubiquitously expressed

protein, is involved in various cellular functions including proliferation,

apoptosis, allergic response and tumorigenesis. However, the function of

TCTP depends on cell types. TCTP directly binds to p53 and thereby

inhibiting apoptosis in several types of cancer cells. On the other hand,

TCTP deficiency does not affect apoptotic sensitivity and proliferation

activities of mouse embryonic fibroblast.Maintenance of cardiac myocyte

survival is critical in prevention and treatment of heart failure. We recently

demonstrated that TCTP plays a pivotal role in the survival of cardiac

myocytes. TCTP down-regulation by TCTP SiRNA induces cardiomyocyte

death through at least in part Bnip3 (Bcl-2/adenovirus E1B 19-kDa

interacting protein 3) dependent mechanism. Consistently, the cell death

had apoptotic and necrotic features.Moreover, we found that doxorubicin

treatment caused down-regulation of TCTP in heart tissue. Doxorubicin is

one of the commonly used anthracycline antibiotics and widely used for

cancer therapy. However, its clinical usage has been limited by its serious

cardiotoxicity. In our study, overexpression of TCTP in cardiomyocytes

attenuated the doxorubicin-induced cardiac dysfunction, suggesting that

TCTP down-regulation may be one of the mechanisms of doxorubicin-

induced heart failure. TCTP may be a novel therapeutic target for

preventing cardiomyocyte death. (COI:No)
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Background: 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 has been traditionally understood as PKA-mediated

enforcement of cardiac contractility. We hypothesized that Epac (exchange

protein activated by cyclic AMP), a new target of cAMP signaling that

functions independently of PKA, also plays a key role. Methods and Results:

Lipopolysaccharide injection induced cytokine release and severe cardiac

dysfunction in mouse. In mouse overexpressing Epac1 in the heart,

however, the magnitude of such dysfunction was significantly smaller.

Epac1 overexpression inhibited the Jak-STAT pathway, as determined by

decreased phosphorylation of STAT3 and increased SOCS3 expression in

the heart. In cultured cardiac myocytes, activation of Epac attenuated the

inhibitory effect of interleukin-6 on increase of intracellular Ca2+ and

contractility in response to isoproterenol. These effects were mediated

through inhibition of STAT3 and subsequent induction of iNOS in cardiac

myocytes. Conclusions: Activation of the cAMP/Epac pathway protected the

heart against cytokine-induced cardiac dysfunction, suggesting a new role

of catecholamine signaling in compensating for cardiac dysfunction in heart

failure. Epac1 and its downstream pathway may be a novel target for

treating cardiac dysfunction in endotoxemia. (COI:Properly Declared)
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Heart rate (HR) is controlled by the sympathetic and parasympathetic

systems. Sympathetic stimulation increases HR by increasing the cellular

level of cyclic AMP through β
1
 adrenergic receptors. Parasympathetic

(vagal) stimulation decreases HR by decreasing cyclic AMP through M
2

muscarinic receptors. In addition, inwardly rectifying muscarinic potassium

(K
ACh

) channels contribute to the faster HR response to the vagal

stimulation compared with the sympathetic stimulation. When K
ACh

channels are blocked by tertiapin, dynamic characteristics of the vagal HR

control become similar to those of sympathetic HR control. The effects of

sympathetic and vagal controls are not simply additive. Background

sympathetic tone augments the HR response to vagal stimulation, and vice

versa. One of key molecules for the sympathovagal interaction is cyclic

AMP, which modulates hyperpolarization-activated cyclic nucleotide-gated

(HCN) channels. HCN channels generate the I
f
 current and are responsible

for the early part of diastolic depolarization. A selective bradycardic agent

ivabradine blocks HCN channels and decreases HR. Because the decrease

in HR reduces oxygen consumption, favorable results of ivabradine

treatment are reported in patients with heart failure. Whereas the blockade

of HCN channels is assumed to interfere with the sympathetic HR control,

ivabradine did not significantly attenuate the magnitude of the sympathetic

HR response. Further studies are required to fully understand the

relationships between molecular mechanisms and the autonomic HR

control. (COI:No)
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Fear is a powerful emotion that greatly influences behaviors and can be

induced by innate and learned mechanisms. Both these fear mechanisms

involve separate pathways. However, the mechanism of potential

integration of these pathways is poorly understood. In this study, we aimed

to decipher the underlying molecular and cellular mechanisms of this

integration process using an olfactory-mediated innate fear versus learned

fear paradigm. Notably, prior presentation of innate fear stimuli inhibited

learned freezing response, but not vice versa. Whole-brain mapping and

pharmacological screening indicated that serotonin-2A receptor (Htr2a)-

expressing cells in the central amygdala (CeA) control both innate and

learned freezing, but in opposing directions. In vivo fiber photometry

analyses in freely moving mice indicated that innate but not learned fear

stimuli suppressed the activity of Htr2a-expressing CeA cells. Artificial

inactivation of these cells upregulated innate freezing response and

downregulated learned freezing response. Thus, Htr2a-expressing CeA cells

serve as a hierarchy generator, prioritizing innate fear over learned fear.

(COI:No)
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Real-world experience is multi-sensory. To appropriately recognize and

react to environment, we need to integrate inputs from multiple sensory

systems. Such multisensory integration not only depends on the sensory

stimuli at hand, but is also influenced by associated memories acquired over

a lifetime of experience. This presentation will focus on how gustatory,

olfactory, flavor, and visual stimuli interact with each other to influence

perception and physiological reactions in humans. Such multisensory

information sometimes feeds back on itself, with different senses enhancing

or counteracting other sensory components. Based on psychological and

neurophysiological findings, I discuss the importance of semantic

congruency as one of determining factors of the strength and direction of

multisensory integration. (COI:No)
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Respiratory center in the medulla generates the basic respiratory rhythm,

however the respiratory rhythm is modulated by inputs from higher centers

involving sensory information and emotions. Among five senses, olfaction is

closely related to respiratory activities, by inspiring olfactory information

ascends directly to the limbic system. This direct input rapidly induced

emotional changes with switching rhythm alternations in respiration. How

interact between the brainstem and the limbic system for respiratory

rhythm? We performed simultaneous recordings of respiration and brain

activities using functional Magnetic Resonance Imaging (fMRI) during

resting state and olfactory stimuli to identify synchronization of the

inspiration onsets and bold signals in medulla, pons, parabrachial nucleus

as well as higher centers such as amygdala and hippocampus. During

resting state, dorsal and ventral medulla were activated with

synchronization of inspiration onsets. Olfactory stimuli activated the

amygdala, hippocampus and parabrachial nucleus in addition to dorsal

medulla, and while activated less in ventral medulla. Olfactory stimuli

caused emotional change with activations of amygdala and hippocampus

which modulated respiratory frequency, and these respiratory change may

relayed through activation of the parabrachial nucleus. Discussion of role of

the parabrachial nucleus for respiration and emotions will be highlighted.

The study was approved by the ethics committee of Showa University

School of Medicine and all participants provided informed consent. (COI:

No)
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We investigated the development of taste sensation in the isolated

brainstem-spinal cord intact tongue preparation including solitary tract

nucleus, parabrachial nucleus, and facial nucleus to analyze taste circuit

keeping sensory-motor connection. We examined how to sense the sweet

amino acid D-valine and the bitter amino acid L-valine on tongue movement

during perinatal period (the embryonic day 16 (E16) - the postnatal day 3

(P3)). The tongue movement was recorded by bipolar-tungsten electrode

inserted to tongue muscle in vitro preparation. We also examined the

behavior concerning taste that was counted mouth movement as eating

behavior in vivo P0-P3 rats. The tongue movement was irregular, and D/L

valine effects were invisible in E16, but increased tongue movement clearly

at E18. Application of D-valine increased tongue movement, but L-valine

inhibited it in E18-P3 rat. D-Valine and L-Valine distinguished each

reception. In the circuit, the pons was required to the effect of Valine

recognition because without pons has no effect of tongue movement with

Valine application. These results suggested that D/L-Valine were detected

with the sense of taste as different taste reception using pontine circuit. In

behavioral study, rat pups tend to drink D-valine but they avoided to drink

L-valine. The differences of D/L valine were detected clearly. This avoidance

behavior in P3 rat was stronger than that in P2. These results suggested

that D/L-valine might have different certain taste receptors and the hate

memory of bitter taste would be established in P2-P3 rats. (COI:No)
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Lipids are recognized as extremely diversified molecules, and their

difference in quality is considered to be important in human health and

disease. Precise determination of each molecular species of lipids, namely

lipo-quality (quality of lipids), becomes a prerequisite to understand their

biological roles. However, comprehensive analytical system to determine

each molecular species of lipids is still developing, and biological

significance of the diversity of lipids is not fully understood. Recent

advances of mass spectrometry (MS) enabled the detailed study of

metabolism, distribution and dynamics of individual class of lipids. To date,

we have developed targeted lipidomics system using LC-tripleQ MS to

monitor fatty acid metabolites comprehensively, and uncovered the roles of

fatty acid metabolites in controlling inflammatory responses. Now we

develop an advanced non-targeted lipidomics by using LC-QTOF MS to

comprehensively monitor and distinguish different quality of lipids in non-

biased fashion. Using these LC-MS/MS-based lipidomics, and genetically

modified animals or nutritional control to manipulate fatty acid balance in

the body, we try to understand how different quality of lipids and their

unique metabolites function in vivo that could explain the biological

significance of diverse lipid species in living systems. I will talk about

recent advance of lipidomics and future potentials in the field of lipo-

quality. (COI:No)
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The voltage-sensing phosphatase (VSP) is a hybrid protein that has a

voltage sensor domain (VSD) consisting of four α-helices (S1-S4) for voltage

sensing and a cytoplasmic region encoding a phosphatidylinositol

phosphatase domain. The VSP induces phosphoinositide phosphatase

activity through coupling of VSD to the phosphatase region upon

depolarization. The enzymatic activity of VSP increases membrane

potentials correlating with the extent of voltage sensor movement. The VSP

cytoplasmic region, which consists of a phosphatase domain (PD) and a C2

domain, shares high sequence similarity with the phosphatase and tensin

homolog (PTEN), and the amino acid sequence of the cytoplasmic region of

VSP from Ciona intestinalis VSP has similarity to that of PTEN with 36%

identity. The linker region between the VSD and the cytoplasmic region has

been shown to play a critical role in coupling of membrane potential and

phosphatase activity. Despite of high sequence similarity between VSP and

PTEN, substrate specificity of VSP is different from that of PTEN; VSP can

dephosphorylate both PI(3,4,5)P
3
 and PI(4,5)P

2
, whereas PTEN can

dephosphorylate only PI(3,4,5)P
3
. Structural studies and binding assay of

VSP and PTEN suggested the importance of the N-terminal region attached

to the phosphatase region for binding and recognition of substrates. (COI:

No)
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Voltage-dependent ion channels (VGICs) play crucial roles in important

physiological processes such as neurotransmission and muscle contraction.

Voltage-sensing domains (VSDs) of VGICs sense changes in the

transmembrane potential by changing their conformations, regulating the

ion permeability across the membrane. Some VGICs are activated by

binding of particular lipid molecules in the lipid bilayer to their VSDs, while

some are inhibited by binding of lipid partitioning toxins to their VSDs.

Thus, the VSD is a key domain to regulate the functions of VGICs.

However, structural mechanism of the functional regulation via the ligand

binding to the VDS remains elusive. Here, we characterized the interactions

of VSDs with their specific ligands by using NMR spectroscopy. The lipid

binding residues in a VSD were identified based on intermolecular NOEs,

as well as the residues with the conformational changes upon the ligand

binding based on the chemical shift changes of the VSD. We also identified

the residues of another VSD that are proximal to a lipid partitioning toxin,

and the VSD-binding residues in the toxin, which enabled to build a docking

model of the complex. These results revealed the ligand binding modes of

the VSDs and the structural mechanisms of activation and inhibition of

VGICs through the ligand binding to the VSDs. (COI:No)
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Polyunsaturated fatty acids (PUFAs) modify opening and closing of voltage-

gated ion channels and can thereby affect excitability of neurons and

cardiomyocytes. Several voltage-gated K channels (the Kv1-type shaker, the

Kv7.1, and the Kv7.2/3 M-channel) are opened by low micromolar

docosahexaenoic acids (DHA). A negatively charged carboxyl group and at

least two double bonds in cis geometry are required to open the channel. A

positive charge has the opposite effect and close the channel. The lipophilic

tail of DHA anchors the molecule outside the transmembrane segments S3

and S4 of the voltage-sensor domain of the channel, and the negative charge

attracts positive gating charges of the voltage sensor S4 and rotate S4 to

open the channel. The dominant effect is on the last voltage-sensor

movement. Coexpression of the auxiliary KCNE1 subunit reduce the local

pH around the VSD of the Kv7.1 channel and thereby makes the PUFA

molecule uncharged and without effect on channel gating. This can be

overcome by altering the pKa value of the PUFA molecule. Other

hydrophobic and charged small-molecule compounds, such as the resin

acids dehydroabietic acid and isopimaric acid, alter ion channel gating via a

similar mechanism and can thus be developed as drugs regulating

excitability. (COI:Properly Declared)
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Voltage-sensing phosphatase (VSP) has the voltage-sensor domain and the

phosphoinositide phosphatase region. The latter of VSP shares modular

architecture with a tumor suppressor protein, PTEN: both have the

phosphatase domain and the C2 domain. How voltage sensor regulates

enzyme in VSP still remains unclear. The region with multiple basic

residues at the N-terminal side of the phosphatase domain and the loop

regions in the C2 domain conserved between PTEN and VSP have been

suggested to interact with membrane lipids. Here we identify another

membrane-associating site conserved between VSP and PTEN. Atomistic

simulations of the cytoplasmic region of Ci-VSP suggested that L284 and

F285 of the phosphatase domain reside at the lipid-water interface of cell

membrane and that their penetration depth has a range of fluctuation in

the layer of lipid headgroups. Amino acid change either of L284 or F285

significantly altered voltage-dependent phosphatase activity as shown by

electrophysiology and fluorometry with a method of genetic incorporation of

fluorescent unnatural amino acid, Anap. Corresponding to these sites in

human PTEN are hydrophobic residues V45 and Y46 and genetic mutation

around this region was reported to occur in patients of Cowden syndrome

with frequent tumors, suggesting mechanisms and roles of these sites

conserved between PTEN and VSP. (COI:No)
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After brain injury, preserved brain areas compensate lost functions which

were executed by damaged brain area. In these compensatory changes,

survived neurons undergo morphological changes such as dendritic

branching, axon sprouting and synapse formation to remodel neural

network. Motor map reorganization is a compensatory change in motor

system. Previous study demonstrated that motor map reorganization

contributes to functional recovery and can be promoted by rehabilitative

therapy. However, the mechanism how rehabilitative therapy promotes

motor map reorganization remains to be elucidated. Recently, we

demonstrated that rehabilitative training after photothrombotic stroke in

caudal forelimb area (CFA) of primary motor area results in expansion of

rostral forelimb area (RFA) of secondary motor area. Furthermore, our

results revealed that rehabilitative training promoted axonal remodeling of

corticospinal tract projecting from the RFA. In this training-induced axonal

remodeling, corticospinal neurons projecting to upper cervical cord, which

innervates the muscles in the neck, trunk, and part of the proximal

forelimb, extend their axons to form new connections to lower cervical cord

which innervates the muscle in the distal forelimb. In this session, we

address how neural network remodeling and motor map reorganization is

promoted by rehabilitative treatment. With recent data from our lab, we

also discuss training-induced neural network remodeling in deep brain

area, such as thalamus, red nucleus and reticular formation, and their

contribution to the functional recovery. (COI:No)
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Poststroke rehabilitation is a promising method to promote reorganization

of motor circuits such as corticospinal tract for functional recovery. In

addition, extrapyramidal descending pathways such as the rubrospinal and

reticulospinal tracts are considered to contribute to poststroke recovery. We

focused to the alteration of the circuits by rehabilitation and its causality

for recovery. We forced the rats which received internal capsule hemorrhage

to use their impaired forelimb as rehabilitation. Forced limb use (FLU)

group rats exhibited better functional recovery, and their cortico-rubral

projections were robustly increased. To test the causal relationship between

the plasticity of the cortico-rubral tract and recovery, selective blockade of

the pathway were conducted using a double-viral vector technique. In case

of the blockade of the cortico-rubral tract after recovery, deficits of the

recovered forelimb function were exhibited. However, in case of the

blockade during rehabilitation, FLU-induced regain of forelimb function

was not disturbed. Additionally, the change of the cortico-rubral tract was

not observed, but instead, the cortico-reticular projection was increased.

These data suggest that the cortico-rubral and cortico-reticular pathways

could be neural substrates for recovery induced by rehabilitation after

stroke, and further studies are needed to clarify their precise role at

different aspects of functional recovery. (COI:No)
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Our previous study in macaque monkeys showed that motor training after

primary motor cortex (M1) lesion promotes recovery of precision grip. We

also showed that the regional cerebral blood flow during the precision grip

task, as observed by H
2

15O-positron emission tomography (PET), was

increased in the ipsilesional ventral premotor area (PMv) during the

functional recovery. The causal involvement of PMv in the functional

recovery was confirmed by a pharmacological inactivation study, in which

the inactivation of the ipsilesional PMv impaired the recovered hand

movements. Moreover, histochemical analysis of a plasticity-related protein

(GAP-43), which may mediate axonal growth and presynaptic plasticity,

suggested that plastic changes in the ipsilesional PMv are involved in the

functional recovery after M1 lesion. Recently, as the first step to understand

functional recovery mechanisms in a clinically more relevant model, we

made infarcts in the posterior limb of internal capsule, an area susceptible

to stroke in human patients. Endthelin-1, a vasoconstrictor peptide, was

injected into the internal capsule in which descending motor tracts from the

hand digit area of M1 pass though. Gross movements such as reach and

power grip recovered, while little recovery of dexterous movements

including precision grip was observed during several months after the

infarct. An important next step will be to investigate whether motor

training after the infarct in the internal capsule promotes recovery of

precision grip. (COI:No)
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Stem cell-based therapeutics have revolutionized the treatment for

neurological disorders. Demonstration of safety and efficacy is key to

translating stem cell therapy for stroke from the laboratory to the clinic.

Exploiting our experience in drug discovery research and development may

benefit in optimizing the stem cell transplant regimen in determining the

clinically relevant dose, delivery route, and time of intervention.Along the

lines of regenerative medicine, exercise ameliorates physical and cognitive

impairment of patients with neurological diseases, by enhancing brain

plasticity, including increased neurogenesis and angiogenesis, as major

mechanism of action. Key to neuroplasticity is brain remodeling towards

recapitulation of a neurodevelopmental microenvironment conducive to

stem cell proliferation and differentiation. Here I discuss a translational

stem cell preclinical program combined with rehabilitation therapy with

mechanism-driven investigations in our effort to improve the success of this

combined therapy for neurological patients. The goal is to begin to establish

a blueprint for an expedited clinical entry of stem cell therapy and exercise

therapy to provide a better understanding of the therapeutic pathways that

can further optimize the safety and efficacy of cell transplantation and

neurorehabilitation for treating neurological disorders. (COI:No)
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Control of central or local signals acting on the myocytes, pericytes and

endothelial cells within it, is essential for health. Using live confocal

imaging of ureteric microvascular networks, we have studied the

architecture, morphology, Ca2+ signalling and contractility of myocytes and

pericytes of all sections of microvascular network in situ. In myocytes and

pericytes, Ca2+ signals arise from Ca2+ release from the sarcoplasmic

reticulum mediated exclusively by the IP3R channels. The responses in

pericytes are less oscillatory, slower and longer-lasting than those in

myocytes and are associated with strong vasoconstriction of precapillary

arterioles and postcapillary venules. Myocytes and pericytes are electrically

coupled, and are capable of transmitting Ca2+ signals between arteriolar

and venular networks via capillaries dependent on gap junctions and Ca2+

entry via L-type Ca2+ channels. Endothelial Ca2+ signalling inhibits

intracellular Ca2+ oscillations in myocytes and pericytes by inhibiting IP3R

Ca2+ release channels via activation of NO/cGMP/PKG pathway. Increases

of Ca2+ in pericytes and myocytes constrict all microvessels except

capillaries. The data reveal physiological differences in the response of

pericytes and myocytes to vasoactive molecules, suggesting that these two

vascular cell types could have different functional roles in the regulation of

local blood flow. (COI:No)
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Pericyte (PC) has been recognized as an indispensable component of the

neurovascular unit, a minimal functional unit exerting neuronal functions.

PC participates crucially in the mature angiogenesis of cerebral microvessel

by surrounding endothelial cell (EC) tubes and then in the structural

formation of the blood-brain barrier (BBB). High coverage ratios of PC to

EC are a unique characteristic of cerebral microvessel and enable EC to

form the tight junction. Dysfunction of PC causes BBB breakdown. The

signaling through platelet-derived growth factor receptor β (PDGFRβ) in PC

plays a crucial role in the recruitment of PC to EC. Physiologically, PC

appears to relax and increase the cerebral blood flow (CBF) in response to

neuronal activity-associated release of glutamate and NO, although it is

still controversial whether pericyte or smooth muscle cell is primarily

responsible for the increase in CBF. A recent topic is that pericyte also plays

an important role in the repair processes after CNS injuries, including

brain infarction. In brain infarction, after participating in the repair of the

BBB, PDGFRβ-positive pericytes proliferate and detach from microvessel,

transdifferentiate into fibrotic cells, and occupy the infarct area. The

pericyte-derived PDGFRβ-positive cells produce various repair-related

molecules and trophic factors and may enhance peri-infarct astrogliosis and

neurogenesis. PDGFRβ signaling plays a crucial role in the repair

processes. I would like to summarize possible important roles of pericyte in

brain functions and post-stroke recovery based on our own and the

literature data. (COI:No)
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In the widely accepted theory, it is explained that the sprouting

angiogenesis, the most common manner of primary angiogenesis, proceeds

through following steps: At the initial phase, vascular basement membrane

(BM) is degraded, and pericytes (PCs) that surrounded the blood vessel wall

detach from the wall, and then, activated endothelial cells (ECs) “sprout”

out from the vessel wall to grow into the stromal space. Later, at the

maturation phase of angiogenesis, PCs are recruited again to the new blood

vessel wall to induce vessel maturation and stabilization. Therefore, in the

current concept of angiogenesis, PCs, a “vessel stabilizer”, are supposed to

be absent from the initial phase of active EC sprouting. However, owing to

the progress in the PC marker study, and to the improvement of imaging

methods, it has been gradually revealed that PCs are found closely

associating with sprouting ECs in various angiogenesis models such as

tumors, skin wound-healing and so on. Notably, unlike normal PCs, these

PCs strongly express vascular endothelial growth factor A, suggesting they

have a potential to promote EC sprouting by inducing EC proliferation and

migration. It is considered that during angiogenesis, PCs might promote EC

sprouting at the initial phase of angiogenesis, and later, at the later stage,

they shift their functional role to stabilize and ripen the newly formed

vessel wall. In the session, the possibility of angiogenesis promotion by PCs

will be discussed in detail, based on the data obtained by using various

imaging methods. (COI:No)
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In the CNS, capillary pericytes are considered to be contractile and actively

regulate the microcirculation in response to neuronal input. In visceral

organs, venular pericytes develop spontaneous contractions, while non-

contractile capillary pericytes electrically drive arteriolar smooth muscle

cells. Thus, the properties of pericytes are microvasculature bed and unit

specific. In the bladder submucosal microvasculature of NG2-DsRed mice,

DsRed fluorescence was high in NG2(+) pericytes of the pre-capillary

arterioles (PCA) and capillaries (CAP), lower in the post-capillary venules

(PCV), but absent in NG2(-) venular pericytes. Pericytes in PCA and CAP

developed synchronous spontaneous Ca2+ transients at a frequency of 1~2

min-1, while synchronous Ca2+ transients in PCV and venules were

generated at 3~5 min-1. Blockade of L-type voltage-dependent Ca2+

channels (VDCC) abolished spontaneous Ca2+ transients in PCA, disrupted

the synchrony of PCV and venule Ca2+ transients, while only shortened the

Ca2+ transients in CAP. Blockade of gap junctions or Ca2+-activated

chloride channels (CACL) abolished spontaneous Ca2+ transients in PCA

and venules, while the Ca2+ transients in CAP and PCV became

asynchronous. Nerve-stimulation evoked vigorous constrictions in PCA,

PCV and venules but not CAP. In conclusion, propagation of depolarizations

arising from the opening of CACL via gap junction appears to be sufficient

to develop the synchrony amongst pericyts in CAP or PCV. The

depolarizations may also spread to PCA or venules to activate LVDCC

resulting in synchronous Ca2+ transients. (COI:No)
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Cardiac function is associated with activities in vertebrates, and mammals

and aves have completely separated ventricles, and pulmonary and

systemic circulation. Although these cardiovascular systems are critical for

homothermism, viviparity, and flight activity etc., involvements of the heart

in vertebrate evolution remain unclear because the heart was hardly

preserved as fossils. Cardiac tissues in extant vertebrates are divided into

two types, compact and spongy myocardium, which are associated with

blood supply systems i.e. coronary and sinusoidal circulation respectively.

Mammals and aves have the hearts with coronary circulation showing

diastolic predominant flow due to ventricular compression in systole, and

therefore excessive extension of myocardium during diastole causes flow

cessation. We examined whether compact myocardium had a stiffer

mechanical property than spongy myocardium to maintain coronary flow,

and gene and amino acid sequence of connectin regulating ventricular

diastolic mechanical property. As results, rats and chickens hearts were

significantly stiffer than that of frogs. The lengths of elastic PEVK

segments of connectin in mice and chickens were shorter than that in frogs.

In chicken, RNA splicing removed a large exon to shorten PEVK segment

resulting in stiffer mechanical property of myocardium but mice lost a large

exon in the genome.These findings showed that mammals and aves evolved

the strong hearts consisting compact myocardium and coronary circulation

independently in adapting to oxygen environment. (COI:No)
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Early diabetes is characterized by both impaired relaxation and force

development in cardiac muscle due to altered calcium handling, increased

passive tension and altered function of the sarcomeric proteins.

Hypertension, hyperglycemia and insulin resistance evoke chronic

activation of the protein kinase C-β (PKC-β)/rho-kinase (ROCK) pathway

and oxidative stress to directly impair cardiac muscle function. ROCK

activation in vitro has been shown to directly negatively modulate several

sarcomeric proteins and cardiomyocyte ATPase activity. Further, short-

term treatment with fasudil (ROCK inhibitor) has been shown to improve

LV relaxation impairment in type-2 diabetes patients and streptozotocin

treated rats. Acute inhibition of PKC-β or ROCK rapidly increases LV

contractility in diabetic rats by reducing oxidative stress. We show that 1)

impaired relaxation of the heart in diabetes is directly related to

displacement of myosin cross-bridge heads from actin filament binding sites

utilizing an in vivo synchrotron small angle x-ray scattering technique, 2)

this myofilament dysfunction is common to both type 1 and 2 diabetes, and

3) dysfunction is greatest in the metabolically active subendocardium.

Moreover, chronic treatment with fasudil prevented myofilament

dysfunction in the subendocardial more than losartan treatment in insulin

resistant rats. These findings suggest that oxidative stress from multiple

sources directly impair sarcomeric function in cardiometabolic disease.

(COI:No)
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The framework of VO
2
-Emax-PVA can give us a better understanding for

cardiac mechanical works and energetics. Dr. Takaki et al. developed the

excised, blood-perfused rat heart preparation with cross-circulation system

in Nara Medical University (Okayama University) with modification of Dr.

Suga,s canine model and achieved many new findings. We present

challenging studies on transgenic (TG) rat models and a novel positive

inotropic drug. First, we examined how cardiac mechanoenergetics is

altered by genetically overexpression of SERCA2a. The VO
2
 intercept in

VO
2
-PVA relation was larger but the slope was smaller in TG hearts,

indicating decreased oxygen cost of PVA. This heart becomes energy saving

mode. Furthermore, we made a cardiac failure model in this TG. SERCA2a

overexpression improved systolic and diastolic dysfunctions and the O
2
 cost

of cardiac contractility accompanied with up-regulation of mitochondrial-

related genes. Next, we intend to achieve the real time measurement

system for cardiac mechanics, O
2
 consumption, and the whole heart Ca2+

imaging using G-CaMP-expressed TG rats. Unfortunately, we could not

succeed yet. If we could do so, the question whether E-C coupling VO
2
 is

really independent of preload will be answered. Finally, we examined

effects of a novel myosin activator, Omecamtiv mecarbil, which can

principally exert the positive inotropism without increasing E-C coupling

VO
2
, on cardiac mechanoenergetics. We could open the new window in

cardiac mechanoenergetics by targeting what determines contractility

efficiency using above new technology. (COI:No)
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Although left ventricular assist device (LVAD) has been extensively used

both in acute and chronic heart diseases, how LVAD impacts on cardiac

energetics as well as mechanics remains poorly understood. The pressure-

volume area (PVA) of the left ventricle (LV) has been shown to be tightly

coupled with myocardial oxygen consumption (MVO2). Thus, we can

understand the impact of LVAD support on the MVO2 by illustrating the

PVA on LVAD. Theoretical analysis indicates that the total LVAD support

where LV no longer ejects (total LVAD dependent circulation), markedly

decreases PVA and MVO2. Since an imbalance between oxygen supply and

demand is the fundamental pathophysiology of myocardial infarction (MI),

LVAD which decreases MVO2 is expected to attenuate myocardial damage

resulting from MI. In this study, we used mongrel dogs with MI and

evaluated how the total LVAD support only in the acute phase of MI

impacts on the infarct size and long term cardiac function. In addition, it is

well established that heart rate is the major determinant of MVO2. We also

show our data that the enormous effect of the combination of LAVD and

bradycardic agent (Ivabradine) on MI. In conclusion, the treatment which

focuses on the minimizing oxygen consumption markedly limits the infarct

size, and it may serve as a powerful therapeutic option to prevent chronic

heart failure after MI. (COI:No)
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In 1997, major mammalian clock genes Clock, Bmal1, Per1, and Per2 were

identified independently by different laboratories. Therefore, the year 1997

could be called the “year of discovery of clock genes”. In this year, it was

revealed that these major clock factors contain common sequences termed

the PAS domain. The PAS domain was named after the findings of Per,

Arnt and Sim, who discovered a similar domain structure while cloning

transcription factors. When I worked in the laboratory of Kiyohisa

Takahashi, I began my project, which was to clone clock genes, with the

hypothesis that they were comprised of three parts. The first idea was that

“some positive and negative transcription factors should be involved in the

generation of the circadian rhythm”; the second was that “Per contributes to

the rhythm generation as the negative factor, as Paul Hardin and

colleagues have proposed”; and the third was that “the positive factor must

be a bHLH-PAS factor”. Under this hypothesis, I attempted to clone bHLH-

PAS factors. Finally, I cloned the Bmal1 gene as a novel bHLH-PAS factor

from a human embryo brain cDNA library. I reported the cloning of this

novel gene at the Japanese Society of Physiology meeting held at this same

venue in 1997. The symposium on circadian rhythm where I reported this

discovery was organized by Ken-ichi Honma from Hokkaido University. In

this session, I will summarize the history and progress in clock gene

research over the past 20 years. (COI:No)
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Harmonized circadian physiological rhythms in whole body are achieved by

molecular clocks, which are worked through the core feedback loop with

clock genes (Bmal1, Clock, Cry1/2, Per1/2) and their transcriptional/

translational/ post-translational regulatory events. Circadian clocks

composed with multi-cellular oscillators, which can be synchronized by

external cues. Desynchony of multi-cellular physiologies likely relates to

various diseases and aging. It still remains elusive how multi-cellular clocks

oscillates synchronously. In this study, we investigated molecular basis in

clock genes to encode clock proteins for controlling synchronous circadian

oscillation. As the crucial molecular basis, the motif for protein

modification/ processing in BMAL1 has been identified. (COI:No)
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It has been proposed that the CLOCK-BMAL1 complex drives circadian

transcription of thousands of genes, including Per and Cry genes that

encode suppressors of CLOCK-BMAL1-dependent transcription. However,

recent studies demonstrated that 70-80% of circadian-oscillating mRNAs

have no obvious rhythms in their de novo transcription, indicating the

potential importance of post-transcriptional regulation. Our CLOCK-ChIP-

seq analysis identified rhythmic expression of adenosine deaminase acting
on RNA 2 (Adar2), an adenosine-to-inosine (A-to-I) RNA-editing enzyme.

RNA-seq showed circadian rhythms of ADAR2-mediated A-to-I editing in a

variety of transcripts. In Adar2-knockout mice, rhythms of large

populations of mRNA were attenuated, indicating a profound impact of

ADAR2-mediated A-to-I editing on RNA rhythms. Furthermore, Adar2-

knockout mice exhibited short-period rhythms in locomotor activity and

gene expression. These phenotypes were associated with abnormal

accumulation of CRY2. The present study identifies A-to-I RNA editing as a

key mechanism of post-transcriptional regulation in the circadian

clockwork. (COI:No)
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Clock genes are expressed in many tissues, both inside and outside the

hypothalamic suprachiasmatic nucleus, the master clock controlling

circadian rhythm. To understand the role of ubiquitous clock gene

expression, we developed a novel In vivo imaging technique that enables

whole-body imaging of multiple tissues in freely moving mice over extended

periods. Quantification of gene expression in a steadily moving target was

achieved by using dual-focal 3D tracing technology and a signal intensity

calibration technique that identifies, traces, and quantifies gene expression

in a target area. Using these techniques, we were able to measure circadian

rhythms of clock gene expression over a prolonged period in multiple areas,

including the olfactory bulb, dorsal skin, left and right ears, left and right

cerebral cortices. In addition, the kinetic relationship between gene

expression in these tissues and physiological responses to experimental

cues was simultaneously monitored. Thus, our novel system successfully

quantified clock gene expression in multiple tissues in freely moving mice

for a period sufficient to analyze circadian dynamics. (COI:No)
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Have you ever wondered why children can learn new languages or

instruments easily, while adults struggle? The answer, scientists have long

known, lies in the way brains develop. Neural circuits exhibit profound

plasticity called ‘critical periods’ during early life, and are later stabilized.

One important determinant of this plasticity window is the balance between

excitatory and inhibitory neurotransmission (E/I balance). In mammalian

cerebral cortex, the maturation of a particular subtype of GABAergic

inhibitory neuron expressing parvalbumin (PV) optimizes this E/I balance

to initiate the critical period. Impairment of the normal development and

function of PV-cells can contribute to a variety of mental disorders,

including autism and schizophrenia. In this symposium, I would like to

share our recent findings regarding circadian clock genes that control PV-

circuit maturation to ‘time’ critical period timing in mouse visual cortex

[Kobayashi et al., Neuron 86:264-275, 2015]. By implicating disruption of

circadian rhythms in mental disorders, this study suggests that exploring

the clock machinery of PV-cells may have a clinical value, helping unravel

the pathology of mental illness as a reflection of critical period

dysregulation. (COI:No)
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Dendrites receive excitatory synaptic inputs from compartmentalized

synaptic structures, known as dendritic spines. Although their geometrical

distribution is crucial to understand synaptic integration mechanisms

within a neuron, its distribution at a whole-neuron scale has not been fully

established. Previously, the morphology of dendritic spines has been best

characterized by time-consuming serial section electron microscopy. Due to

the diffraction limit of light, conventional light microscopy could not fully

resolve the fine structure of dendritic spines, particularly for those

emanating from thick dendritic shafts. To overcome these limitations, we

recently established a tissue clearing agent, SeeDB2, which is optimized for

deep-tissue high-resolution fluorescence imaging (Ke et al., Cell Rep, 2016).

Using super-resolution microscopy of SeeDB2-cleared brain tissues, we

performed a comprehensive and quantitative mapping of dendritic spines in

layer 5 cortical pyramidal neurons. We found that spine density is highly

biased in apical dendrites, demonstrating more than 10-fold differences.

Spine density biases were also found in oblique dendrites, but were less

evident in basal dendrites. Cortical layers rather than dendritic shaft

diameters better explained the biased distribution of spine density along

apical dendrites. The characteristic spine density pattern was established

at a later stage of postnatal development in an activity-dependent manner.

Our results provide an important platform to understand synaptic

integration mechanisms in different types and stages of dendrites in

cortical pyramidal neurons. (COI:No)
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In the central nervous system, the location and number of neurotransmitter

receptors are dynamically regulated at postsynaptic sites. Currently

available methods for visualizing receptor trafficking require the

introduction of genetically engineered receptors into neurons. However, in

these methods, disturbance of the original receptor function and its

processing in synapses would be concerned. Here, we report a novel method

for visualizing native α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic

acid (AMPA)-type glutamate receptors (AMPARs) which are essential for

cognitive functions without any genetic manipulation. This technique is

based on a covalent chemical labeling strategy driven by selective ligand-

protein recognition to tether small fluorophores to AMPARs using chemical

AMPAR modification (CAM) reagents. We demonstrated that CAM

reagents selectively label surface-exposed AMPARs without affecting

receptor function. Importantly, high penetration ability of CAM reagents

into tissues enabled visualization of native AMPARs deep in brain tissues.

Moreover, CAM reagents were used to characterize the diffusion dynamics

of endogenous AMPARs in both cultured neurons and hippocampal slices.

Thus, this new technique will help clarify the involvement of AMPAR

trafficking in various neuropsychiatric and neurodevelopmental disorders.
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Cerebellar long term depression (LTD) is thought to be the underlying

mechanism for certain kinds of motor learning. Recently, it has been

clarified that the 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. To examine these points, we need the new technique

to control the endocytosis of AMPA receptor itself in a spatially and

temporally controlled manner. For this purpose, we tried to control the

function of endosomes by using light driven proton pumps. Our

immunocytochemical analysis indicated that the incorporation of dextran in

human embryonic kidney (HEK) 293 cells was almost completely inhibited

by the light stimulation. We next examined whether the endocytosis of the

AMPA receptors can be inhibited by light stimulation. The results indicated

that the AMPA receptors were internalized by LTD inducing stimuli

without light stimulation. On the other hand, the induction of AMPA

receptor endocytosis was inhibited by light stimulation both in hippocampal

and cerebellar Purkinje neurons. Moreover, the induction of cerebellar LTD

could be inhibited by light stimulation. We analyzed the relationship

between LTD and motor learning by using this novel optogenetical tool.

(COI:No)
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Extracellular scaffolding proteins (ESPs), such as cerebellin 1 (CBLN1) and

neuronal pentraxin 1 (NPTX1), are the recently identified new class of

synaptic organizers. The application of recombinant ESPs has been shown

to rapidly regulate synapse formation and plasticity in vitro and in vivo,

indicating that ESPs could serve as potential tools to artificially regulate

synapses. Here, we developed a novel synapse connector, Cerebellin-

Pentraxin chimeric protein (CPTX). CPTX is designed to connect

presynaptic neurexins and postsynaptic AMPA receptors by the stalk

domain of CBLN1 and the pentraxin domain of NPTX1, respectively. As

expected, CPTX specifically bound to either neurexin or AMPA receptor

subunit and induced the synapse formation between CBLN1-null cerebellar

granule neurons and HEK cells expressing the N-terminal domain of AMPA

receptors in vitro. To examine the effect of CPTX in vivo, we tried to rescue

motor discoordination in two different model mice, CBLN1-null and GluD2-

null mice. CPTX injection into cerebellar vermis of the either mouse rescued

the motor discoordination. Furthermore, electron microscopic and

electrophysiological analysis revealed that CPTX injection restored

functional synapse formation in both mice. These results suggest that CPTX

can connect excitatory synapses and modulate the motor performance. This

research would lead to potential new avenues for the treatment of

neuropsychiatric disorders. (COI:Properly Declared)
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Hypoxia is a strong stimulus for angiogenesis, in which endothelial growth

and migration mediated by VEGF play important roles. We report two

topics influencing VEGFR-2 signaling under ischemic/hypoxic condition.

Activator of G-protein signaling 8 (AGS8) was isolated from the rat heart

subjected to repetitive transient ischemia, which had extensive

development of collaterals. AGS8 was upregulated in the ischemic

myocardium, and directory bound Gβγ subunit of heterotrimeric G-protein.

Knockdown of AGS8 inhibited VEGF-stimulated tube formation of

endothelial cells and phosphorylation of VEGF receptor type2 (VEGFR-2).

Those observations were associated with the decrease of cell-surface

VEGFR-2. Further experiments indicated that AGS8 formed complex with

VEGFR-2 and Gβγ in cells, and influenced receptor trafficking to the

membrane. On the other hand, exposure of cultured endothelial cells to 3 h

hypoxia (1% O2) inhibited VEGFR-2 phosphorylation without changing the

expression of VEGFR-2 or AGS8. In contrast, hypoxia did not influence

TGF-β1 signaling. The attenuation of VEGF signaling was associated with

decrease of cellular ATP concentration in cells. Additionally, inhibition of

ATP production attenuated VEGFR-2 phosphorylation even under

normoxia. Interestingly, addition of ATP to the prepared cell membrane

restored VEGFR-2 phosphorylation, suggesting importance of metabolic

status of cells for VEGFR-2 signaling. Under hypoxic condition,

angiogenesis mediated by VEGFR-2 is regulated by multiple pathways,

which would contribute to signal adaptation to pathophysiological

challenge. (COI:No)
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Raising oxygen tension plays a critical role in postnatal closure of the

ductus arteriosus (DA) which is a fetal arterial connection between the

pulmonary artery and the aorta. Oxygen-induced vascular contraction is

well recognized. However, the role of oxygen in DA intimal thickening (IT),

which is also necessarily for anatomical closure of the DA, remains

unknown. We hypothesized raising oxygen tension promotes IT and

anatomical DA closure. We found that basic fibroblast growth factor (bFGF)

was highly expressed in the part of IT in human and rat neonatal DA.

Oxygen tension increased production of bFGF {1.6-fold (1h), n=4, P < 0.001},

H2O2 {1.8-fold (10 min), n=6, P < 0.01} and phosphorylation of ERK1/2 {2.2-

fold (15 min), n=5, P < 0.001} in rat DA smooth muscle cells (SMCs), but not

in aortic SMCs. Oxygenation and recombinant bFGF promoted DA SMC

migration (1.8-fold, n=6, P < 0.001). In vivo study, intraperitoneal

administration of anti-bFGF antibody, ROS inhibitor or ERK1/2 inhibitor

attenuated postnatal IT in full-term rat DA (0.8-fold, 0.8-fold, or 0.8-fold,

respectively, n=4-10, P < 0.01). Furthermore, administration of bFGF

promoted IT in preterm rat DA (1.4-fold n=4, P < 0.01). These results

suggest that raising oxygen tension and subsequent induction of ROS

induced bFGF secretion via ERK1/2, leading to vascular remodeling of the

DA. (COI:No)
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Pulmonary arterial hypertension (PAH) is characterized by the increase in

pulmonary vascular resistance due to remodelling of the pulmonary arteries

(PA). Pathologic specimens from PAH patients revealed an accumulation of

perivascular inflammatory cells. However, the roles of the inflammatory

cells in PA remodelling have not been fully elucidated. We exposed C57BL/6

mice to chronic hypoxia (O
2
 8.5%) for 3 weeks, which elicited PAH and right

ventricular hypertrophy. Chronic hypoxia elevated induced muscular

remodelling of the PA, which accompanies the thickening of alpha SMA

positive intimal layer. Hypoxia also elevated right ventricular pressure,

resulting in the right ventricular hypertrophy. Notably, flow cytometry

(FACS) analysis showed an acute but transient accumulation of F4/80

positive, side scatter (SSC) high cells to the lung after hypoxia exposure.

FACS study revealed that these SSC high cells highly express siglec-F,

which is one of the eosinophil markers. To examine the role of eosinophil in

PAH, we used dbl GATA mice, in which eosinophilic lineage is genetically

ablated, and performed hypoxia elicited PA remodeling model. In dbl GATA

mice, PA remodelling was significantly ameliorated, which illuminates the

critical roles of lung eosinophils in PAH. As an underlying mechanism, we

found that alternatively activated macrophages highly accumulates and

contributes for the PA remodeling in hypoxia. These results indicate the

integral roles of eosinophil-macrophages axis in the pathogenesis of PAH.

(COI:Properly Declared)
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Hypoxia is an elemental physiological stimulus that occurs in response to

tissue growth during normal development and in disease states and is a

selective pressure for the evolution of adaptive responses. A major

mechanism mediating adaptive responses to reduced oxygen availability is

the regulation of transcription by hypoxia-inducible factors (HIFs).

Angiotensin II (Ang II), the primary active component of the renin-

angiotensin system, is a multifunctional hormone responsible for cellular

processes that result in cardiovascular remodeling including cell migration,

proliferation and hypertrophy, fibrosis, and inflammation. However, in

vascular smooth muscle cells (VSMCs), it stille remains arguable how Ang

II signaling is linked to medial thickening, vascular fibrosis and vascular

inflammation in an in vivo model. It have suggested that activation of HIF-

1α links to cell proliferation and resistance to apoptosis in vascular cells

and that its expression is increased not only by hypoxia condition, but also

by several growth factors and cytokines which play an important role in the

development of atherosclerosis and restenosis. Interestingly, In addition,

Ang II, as well as the hypoxic condition, was also reported to induce Hif-1α
protein expression in VSMCs. We assessed the hypothesis that a

microenvironment accompanying arteriosclerosis or stent-mediated

overdistention in the injured vascular region activates HIF signaling which

modulates the development of vascular remodeling. This talk will focus on

the role of HIF-1 in VSMCs in responses to the development of angiotensin

II-induced vascular remodeling. (COI:No)
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Non-invasive stimulation such as transcranial direct current stimulation

(tDCS) is recently used as a potential technique to treat a wide range of

psychiatric disorders such as dementia, depression and schizophrenia.

However, the effective stimulation parameters such as duration and timing

of the stimulation are poorly understood. Furthermore, the neuronal

mechanism after stimulation is still unknown. Therefore, it is important to

assess the effect of the tDCS using animal models to find effective

stimulation parameters based on behavior and neuronal mechanisms. The

novel object recognition (NOR) test has been widely used for assessing

temporal recognition memory in rodents. We propose here to utilize the

NOR task for exploring effective tDCS parameters using animal models.

(COI:No)
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Performance of vehicle driving is affected by various factors including

cognitive, behavioral and demographic characteristics. Among them,

individual ability of mental spatial processing is considered to be crucial to

properly navigate a vehicle especially in poor visibility conditions such as in

a heavy rain. In our recent study, we test the hypothesis that this type of

individual performance in vehicle driving can be predicted from the

neuroimaging measures of mental spatial processing ability acquired in the

lab. Specifically, we tested whether EEG responses recorded during the

mental rotation task, which reflects individual performance in

manipulating mental imagery in the 3-D space, can be used for an indicator

to predict driving performance as measured by the robustness of lane

keeping while driving in the simulated environment. The results showed

that there was significant correlation between 30 Hz gamma-band power

observed during the mental rotation at fronto-parietal electrodes and the

robustness of lane keeping in the driving task. Since the gamma-band

synchrony in the fronto-parietal regions during the mental rotation task is

often interpreted as a successful visuospatial processing in the mental

image manipulation, the current results suggest that the ability to process

3-D mental imagery plays an important role in driving adequately under

lower visibility conditions. The results also imply that the EEG measures

obtained during the offline cognitive task could be used to predict individual

differences in driving performance in the realistic situations. (COI:No)
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Cognitive function has a key role for successful aging. Dementia is one of

the common disease with cognitive impairment. Most cases of dementia are

Alzheimer’s disease (AD) and the typical clinical characteristic is

deterioration of cognitive function, particularly memory, caused loss of

independency. Emerging evidences showed there were pathophysiological

changes in brain related to dementia. Structural changes in brain were

compromised by aging and a specific disease such as AD. In fact, brain

atrophy linked with cognitive impairment and the severity was a marker of

disease course in AD. On the contrary, modifiable risk factors for dementia

also related with brain. Among modifiable risk factors, physical inactivity

have negative impacts on risk for dementia. Epidemiological studies

including MRI data revealed physical inactivity linked with cognitive

impairment through the association with brain. Clinical trials to use

physical activity as an intervention indicated the linkage between physical

activity and brain in older adults with/without cognitive impairment. To

elucidate the association between modifiable risk factors and brain would

be helpful for developing preventive strategy of dementia. Further

evidences are required to ensure the mechanism to reserve brain health.

(COI:No)
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Aging can be defined as a progressive physical and cognitive functional

decline, but can improve by training and exercise indicating that age-

related changes are preventable. Current results of randomized controlled

showed the effect of exercise and/or physical activity on cognitive functions

in the healthy and mild cognitive impairment (MCI) older adults. It is

important that these non-pharmacological therapies are provided

systematically to MCI individuals for preventing dementia in the

community.Our research team has been carrying out a three-step

intervention program to prevent dementia in older adults living in the

community. First, we performed a comprehensive geriatric assessment in

the community settings. A cognitive assessment tool implemented with an

iPad was used to detect cognitive decline, which was determined by

comparing it with normative data adjusted for age and sex. In the next step,

we performed neuroimaging assessments, such as FDG PET, volumetric

MRI, and NIRS in older adults who were determined as having MCI from a

comprehensive geriatric assessment. In final step, MCI patients were

invited to participate in exercise or education classes for preventing

dementia.We design a randomized trial to test whether long-term

supervised multi-component intervention to improve cognitive function

among older adults with MCI. The multi-component program improved the

general cognitive function and logical memory score, and reducing whole

brain cortical atrophy compared to the control group. Further research is

needed to identify suitable amount, frequency and combination of activities

using big data. (COI:Properly Declared)
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The suprachiasmatic nucleus (SCN), the master circadian clock in

mammals, is composed of multiple types of neurons which are considered to

form complex networks. The molecular clock machinery in the SCN neurons

drives circadian rhythms of membrane excitability, thus sends time cue

signals to various brain regions and peripheral organs in the body.

However, how and at what time of the day these neurons transmit output

signals remain unknown. Here we visualized circadian voltage rhythms of

the entire SCN slice optically for many days using a genetically encoded

voltage sensor, ArcLightD. Unexpectedly, the voltage rhythms are in phase

across the entire SCN network, whereas circadian phase of simultaneously

recorded Ca2+ rhythms are topologically specific to the dorsal and ventral

regions. We further revealed that the temporal order of these two rhythms

is cell-type specific; the Ca2+ rhythms phase-lead the voltage rhythms in

AVP-producing neurons, whereas they are nearly in-phase in VIP-

producing neurons. We confirmed that circadian firing rhythms are also

synchronous with the voltage rhythms. These results indicate that SCN

networks with asynchronous Ca2+ rhythms produce coherent voltage

rhythms. (COI:No)
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As the central pacemaker in mammals, the circadian clock in the

suprachiasmatic nucleus (SCN) of the hypothalamus is a heterogeneous

structure consisting of multiple types of GABAergic neurons. Although

individual cells have a cellular clock driven by autoregulatory

transcriptional/translational feedback loops of clock genes, interneuronal

communication among SCN neurons is likely essential for the SCN to

generate a highly robust, coherent circadian rhythm. However, neuronal

mechanisms that determine circadian period length remain unclear. The

SCN is composed of two subdivisions: a ventral core region containing

vasoactive intestinal peptide (VIP)-producing neurons and a dorsal shell

region characterized by arginine vasopressin (AVP)-producing neurons. We

previously demonstrated that cellular clocks in AVP neurons are required

for the appropriate, stable expression of the circadian period by enhancing

the coupling of SCN neurons. Here, we examined whether AVP neurons act

as pacemaker cells that regulate the circadian period of behavior rhythm.

The deletion of CK1δ specific to AVP neurons, which lengthened the period

of cellular clocks, lengthened the free-running period of circadian behavior

as well. Conversely, the overexpression of CK1δ specific to AVP neurons

shortened the free-running period. Thus, AVP neurons may be an essential

component of circadian pacemaker cells in the SCN. Remarkably, the

alteration of the SCN shell-core phase relationship in these mice did not

impair the generation per se of circadian rhythm, underscoring the

robustness of the SCN network. (COI:No)
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Learning and memory depend on the time of day in various organisms.

However, it is not yet clear if the internal clock regulates memory

performance, and there is no molecular-based evidence that connects

memory formation with circadian rhythms. We performed novel object

recognition task on mice over the circadian time. Long-term memory

formation varied in a circadian manner and it appears to be controlled by

the endogenous circadian clock. We focused on SCOP to find a molecular

process that connects the circadian clock with memory formation. SCOP is

expressed in a circadian manner in the SCN (FEBS Lett 1999), and SCOP

regulates K-Ras function and its downstream ERK/MAPK pathway (JBC

2003). In the hippocampus, SCOP plays a critical role in long-term memory

formation (Cell 2007). These data together suggest that SCOP-K-Ras-ERK

pathway plays a key role for the circadian control of long-term memory

formation in the hippocampus. We found that SCOP and K-Ras protein

levels exhibited circadian variation in the hippocampal membrane rafts.

Scop knockout mice showed no significant circadian oscillation in the

amount of K-Ras in the membrane rafts and in long-term memory.

Circadian changes in learning-dependent activation of ERKs in the

hippocampal CA1 were dependent on the SCOP levels in the membrane

rafts, while Scop knockout abrogated the ERK activation rhythm. We

conclude that circadian regulation of long-term memory formation for object

recognition is mediated by rhythmically expressed SCOP protein in the

hippocampal membrane rafts (Nat Commun 2016). (COI:No)
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The adaptation of behavior and physiology to changes in the light levels is

important for organisms. These adaptations include the light modulation of

neuroendocrine function and temporal alignment of physiology and

behavior to the day and light cycles by the circadian clock. These non-image

forming (NIF) responses can function independently from rods and cones,

but are depend on ocular light reception, suggesting the participation of

novel photoreceptors in the eyes. The discovery of melanopsin in

intrinsically photosensitive retinal ganglion cells (ipRGCs) and genetic

proof for its important role in major NIF responses have offered an entry

point to understand how animals adapt to the light environments. I will

talk about the updated stories in melanopsin, ipRGCs and NIF research

areas and also about the connection to the circadian clock system. (COI:No)
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A set of circadian pacemaker neurons that governs daily rhythms in

behaviour and physiology resides in the suprachiasmatic nucleus (SCN) in

the brain. Malfunction of the circadian clock has been linked to the

pathogenesis of a wide variety of diseases (Doi et al, Nat Med 2010), and

development of drugs that target the central clock remains an unfulfilled

opportunity for the circadian pharmacology. G protein-coupled receptors

(GPCRs) represent an enormously important class of drug targets.

However, there are still more than 140 orphan GPCRs whose cognate

ligands are not known, and deciphering their physiological function

remains a priority for both clinical and fundamental research. In a previous

report, we surveyed all known orphan GPCRs expressed in the SCN, and

identified Gpr176 (Doi et al, Nat Commun 2016). Gpr176 is a unique

orphan GPCR that can set the pace of circadian behavior. Gpr176 is

expressed mainly in the brain, with prominent expression in the SCN, and

its protein abundance fluctuates in a circadian fashion. Molecular

characterization further revealed that this orphan receptor has an agonist-

independent basal activity to repress cAMP production. Notably, the unique

G-protein subclass Gz, but not the canonical Gi, is required for the activity

of Gpr176. The regulator of G-protein signaling 16 (RGS16) is also

important for the regulation of cAMP signaling in the SCN (Doi et al, Nat

Commun 2011). Circadian coordination of GPCR signaling will be discussed

in more detail. (COI:No)
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Spontaneous respiratory rhythmic activity can be preserved in the

medullary transverse slice containing the pre-Botzinger complex (preBotC).

This preparation enables us to reveal the structure and function of the

microcircuit required for rhythmogenesis in the preBotC, though it may not

be so critically operative in a larger respiratory neuronal network in vivo.

We previously showed that inspiratory neurons in the preBotC activated

stochastically but with loose regularity in each rhythmic burst using Ca2+

imaging. Here, approaching the relationship between types of neuron and

the respiratory neuronal network function, we further studied the

activation sequences using TG mice expressing EGFP in GlyT2+ neurons

and tdTomato in GAD65+ neurons. Inspiratory neurons could be classified

into regular or irregular types based on correlation between Ca2+

fluctuation and bursting pattern in a local field potential. In the activation

order, irregular types of putative excitatory and GlyT2+ neurons mainly

activated at first, secondly regular types of these neurons, and then regular

type of putative excitatory neurons continuously. GlyT2+/GAD65+ neurons

were very few and mostly activated late in an order. Based on the results,

we propose a novel model of respiratory neuronal network in the preBotC.

(COI:No)
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The in vitro brainstem-spinal cord preparation isolated from newborn rat is

a useful experimental model for studying respiratory neuronal network

function. Such en bloc preparations can be also used for analyzing many

other types of brain function including cardiovascular center, locomotor

control, suckling, and nociceptive-related responses etc. We have previously

showed that riluzole (a persistent sodium channel blocker) decreased the

respiratory rate in a dose-dependent manner and transformed C4

inspiratory burst into episodic pattern in which one burst consisted of 2-4

short separate bursts. Under voltage clamp condition, riluzole suppressed

negative-slope component of respiratory neurons. We further reported that

riluzole (with a concentration lower than inducing respiratory depression)

attenuated spinal seizure-like activity that was induced by treatment with

TBOA (a glial glutamate uptake blocker) or bicuculline plus strychnine

solution. C4 burst rate and the spinal seizure-like activity were also

depressed by treatment with oxamate, a L(+)-lactate dehydrogenase blocker

that preferentially acting on astrocytes. Based on the effects of TBOA and

oxamate, our findings suggested that elevated excitability of neural

network was mediated by metabolic interactions between astrocytes and

neurons. We propose that this model is useful in elucidating interactions

between astrocytes and neurons as well as neuronal mechanisms of various

brain functions. (COI:No)
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Most recent studies of respiratory motor behavior use in vitro brainstem-

spinal cord of the neonatal rat (P0-2 d). However, the relevance of these

studies to the neural mechanisms of adult breathing is unclear, because the

neonatal brainstem-spinal cord is immature and most studies have been

performed before the primitive reflexes disappear. It was reported that the

oxygen tension in deep tissues in this preparation was low compared to that

in the in vivo preparation. Thus, the results obtained from the in vitro
preparation might display the physiological phenomena produced in a

hypoxic state. To overcome these difficulties in rodents, an intra-arterially

perfused working heart-brainstem preparation was developed by Paton (J.

Neurosci. Meth. 1996) and a decerebrates, artificially-perfused in situ
preparation was developed by Pickering et al. (J. Neurosci. Meth. 2006). We

have adapted a decerebrates, artificially-perfused preparation. For this

purpose, the rat was decerebrated (P9-24) and survived by a type of total

artificial cardiopulmonary bypass as a means of extracorporeal circulation

to deliver oxygen to the tissues of the entire body. The oxygen and ion

components of body fluid required for the survival of the preparation were

supplied via the blood vessels. The physiological state of these preparations

resembles to that of unanesthetized rodents under hypothermia. We here

introduce “a decerebrates and artificially-perfused in situ preparation” we

adapted, and show some results that interplay of neuronal discharge

pattern involved in “trigeminal system” and “respiratory neuron network”.

(COI:No)
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Needless to say, respiratory and cardiovascular function are closely related

each other. When mammals are exposed to threatening stimuli, the

midbrain play a critical role in regulating respiratory and cardiovascular

responses, as well as the hypothalamus. In particular, the periaqueductal

grey (PAG) and the superior colliculus (SC) are believed to generate

immediate and highly coordinated defensive respiratory and autonomic

responses to threatening visual stimulation. Activation of neurons in the

PAG and SC has been indicated to elicit increases in respiratory and

cardiovascular activities. Therefore, we tested the possibility that there are

“command neurons” within the PAG and/or SC that can concurrently output

sympathetic and respiratory drives. To reveal this, we simultaneously

recorded phrenic nerve activity (PNA), as output from respiratory neural

network, and renal sympathetic nerve activity (RSNA), as output from

vasomotor neural network in anesthetized rats. Cycle-triggered averaging

analysis was used to quantify the magnitudes of the synchronous RSNA

and PNA bursts and the associated changes in blood pressure and heart

rate. Activation of neurons in the PAG and SC evoked a response

characterized by intense and highly synchronized bursts of PNA driven

from respiratory neuron network and RSNA driven from sympathetic

neuron network. We propose that the synchronized sympathetic-respiratory

responses are driven by a common population of neurons in the PAG and

SC, which may normally be activated by an acute threatening stimulus.

(COI:No)
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The hypoxic ventilatory response (HVR) is basically mediated by peripheral

chemoreceptors and the brainstem network. However, the sensed

information on hypoxia is projected to the higher brain, which downwardly

modulates the hypothalamic central command and respiratory output.

Comprehensive understanding of such widely distributed complicated

network mechanism would be impossible, if analyzed in reduced

preparations alone. This issue was investigated in conscious mice. We

analyzed the mechanism of HVR by measuring ventilation by whole body

plethysmography, monitoring the wakefulness level by EEG. The TRPA1

channel was found to be the sensor substrate in mild HVR (13% O
2
). We

analyzed the effect of an astrocytic inhibitor arundic acid on severe HVR

(6%O
2
). Arundic acid suppressed ventilation and EEG power in severe

hypoxia, demonstrating that astrocytic activation in hypoxia counteracts

cerebral and ventilatory suppression. Although severe hypoxia induced

seizures in some mice, blockade of astrocytic activation prevented seizures.

We also investigated the effect of a wakefulness-promoting drug modafinil

on HVR (10% O
2
). Despite the promoted wakefulness, HVR was not

augmented, indicating that excitation of the higher brain does not

necessarily activate the respiratory network. As presented above, the

conscious animal preparation is essential to comprehensive understanding

of HVR. (COI:No)
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Exposure to microgravitational environment induces skeletal muscle

atrophy, especially antigravitational slow soleus muscle. Even though the

unloading-associated skeletal muscle atrophy is accompanied by a slow-to-

fast transition of myosin heavy chain (MyHC) isoforms, the molecular

mechanism(s) is still unclear. Recently, we have reported that the

proportion of slow type I fiber in mouse soleus muscle is increased by the

deficiency of heat shock transcription factor 1 (HSF1), which play an

important role in the expression level of heat shock proteins in mammalian

skeletal muscle. Furthermore, no significant changes in fiber type

composition of soleus muscle in HSF1-null mice were observed by unloading

followed by reloading. HSF1 deficiency suppresses the basal expression

level of NFATc2, and unloading-associated changes in the expression level

of microRNA (miR)-208b, miR-499, phosphorylated GSK3 in mouse soleus

muscle. HSF1 may mediate the expression of slow MyHC via the

regulations of miR-208b, miR-499, NFATc2 and phosphorylated GSK3 in

mouse soleus muscle. This study was supported, in part, by JSPS

KAKENHI (26560372, 16K13022, 16K16450, 26350818), the Uehara

Memorial Foundation, the Naito Foundation, Graduate School of Health

Sciences, Toyohashi SOZO University, Descente Sports Foundation, and All

Japan Coffee Association. (COI:No)
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A prolonged exposure to microgravity induces several physiological

changes. Of these, the effects on the cardiovascular system are well

documented. One of the most fundamental cardiovascular reflexes that

maintains cardiovascular homeostasis is the baroreflex. It is known that

reflex functions are attenuated after a prolonged exposure to microgravity

in both humans and animals and that functional plasticity may contribute

to orthostatic intolerance, which is frequently observed in astronauts after

returning to normal gravity. During the Neurolab mission, we found that an

impaired reflex function was partially explained by an attenuated response

of the aortic baroreceptor afferents, although the possibility of central

plasticity could not be dismissed. More recent findings suggest that the

vestibulo-cardiovascular reflex is also a key mechanism that explains

cardiovascular deconditioning. In addition to these findings, we hypothesize

that the functional alterations in the amygdala of the limbic system also

contributes to altered cardiovascular regulation after exposure to

microgravity. This hypothesis is based on the fact that mental stress affects

amygdala functions and that the central amygdala is known to control

major brainstem cardiovascular centers, including the nucleus tractus

solitarius. In this symposium, we will describe the possible mechanisms

underlying cardiovascular disorders after a prolonged exposure to

microgravity and propose future directions for investigating the central

mechanisms underlying cardiovascular deconditioning induced by space

flight. (COI:No)
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The first clinical trial using induced pluripotent stem cells (iPSCs), which is

an autologous transplantation of iPSCs-derived retinal pigment epithelial

(RPE) cell sheet to the patient with exudative age-related macular

degeneration, opened a new avenue of regenerative medicine. Thus,

pluripotent stem cells (PSCs), such as embryonic stem cells (ESCs) and

iPSCs, provide a valuable source from which any cell types including

skeletal muscle progenitor cells (SMPCs) can be isolated. Unlike a part of

cell types such as RPE cells and cardiomyocytes, however, derivation of

SMPCs from human PSCs is still low efficient, resulting in a delay of

clinical application of PSCs-derived SMPCs. Recently, we developed a novel

protocol, termed as EZ sphere culture, to efficiently induce SMPCs from

human PSCs without myogenic gene transfer (Hosoyama et al., Stem Cells

Transl Med. 2016). In this protocol, human PSC colonies are maintained in

the Stemline neural stem cell expansion medium with high conc. of bFGF/

EGF (100 ng/ml each) and cultivated in free-floating for several weeks.

Because free floating culture is suitable for large scale cell expansion, it is

expected that EZ sphere culture will enable to supply a large number of

SMPCs to cell-based therapy for patients with muscle degeneration and

disuse muscle atrophy. Here, I will introduce recent advances in EZ sphere

culture and also discuss about challenges in clinical application of iPSCs-

derived SMPCs for disuse muscle atrophy and muscle diseases. (COI:No)
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During the 1998 Neurolab mission (STS-90), 4 astronauts were exposed to

inter-aural and head vertical (dorsoventral) linear accelerations of 0.5 g and

1 g during constant velocity rotation on a centrifuge, both on Earth and

during orbital space flight. Subjects were oriented either left-ear-out or

right-ear-out, or lay supine along the centrifuge arm with their head off-

axis. Pre-flight centrifugation, producing linear accelerations of 0.5 g and 1

g along the inter-aural axis, induced illusions of roll-tilt of 20 degrees and

34 degrees for gravito-inertial acceleration (GIA) vector tilts of 27 degrees

and 45 degrees, respectively. Pre-flight 0.5 g and 1 g head dorsoventral

centrifugation generated perceptions of backward pitch of 5 degrees and 15

degrees, respectively. In the absence of gravity during space flight, the same

centrifugation generated a GIA that was equivalent to the centripetal

acceleration and aligned with the inter-aural or head dorsoventral axes.

Perception of tilt was underestimated relative to this new GIA orientation

during early in-flight inter-aural centrifugation, but was close to the GIA

after 16 days in orbit. These results suggest that other non-vestibular

inputs, including an internal estimate of the body vertical and somatic

sensation, were utilized in generating tilt perception. We did further

experiments based upon above results obtained in Neurolab mission. In this

symposium, I will introduce recent data using sinusoidal rotational

stimulation. (COI:No)




