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1.1

Donggen Luo #i#% (Peking University, China)

External review of Yoshimura Laboratory (Division of Visual Information Processing, Department of Infor-

mation Physiology, National Institute for Physiological Sciences, Okazaki, Japan)

Review by: Dr. Donggen Luo, IDG-McGovern Institute for Brain Research, Peking University, Beijing, China

Invited by Professor Keiji Imoto, the Director Gen-
eral at the National Institute for Physiological Sci-
ences, I visited the Yoshimura Laboratory on Decem-
ber 9, 2014, and provided my following evaluation of
the research activity in Dr. Yoshimura’ s laboratory.

During my visit, Professor Yumiko Yoshimura in-
troduced her research interest, and then presented a
summary of the research projects in the laboratory,
which is followed by presentations from individual
laboratory members, including four assistant profes-
sors, three post docs, and one Ph.D. student.

The general interest of the Yoshimura labora-
tory is to understand the circuitry mechanisms of
visual information processing and how brain cir-
cuits/functions mature. In Salk Institute, together
with Dr. Callaway, Dr. Yoshimura made milestone
discoveries in the visual cortex, revealing a fine-scale
circuit involving both inhibitory and excitatory com-
ponents. Recently, her laboratory published a piece
of work of how the circuit is established. After
moved from Nagoya University to NIPS, her lab-
oratory continues to pursue in this direction, but
also extend to study the link between brain circuits
and functions. To this end, her laboratory combined
whole-cell patch-clamp recording, photostimulation
using caged-glutamate, and optogenetic methods in
acute slice preparation. Because in-vivo recordings
in live animals are critical to crack circuitry mech-
anisms underlying brain functions, the Yoshimura
Laboratory has thus developed, in NIPS, multi-
channel-electrode recordings and Ca-imaging with
two-photon microscopy in anesthetized or awake ro-
dents, which are challenging. Indeed, the Yoshimura
laboratory is among the few laboratories in the world
that can perform such tasks. Obviously, developing

such tools takes time. However, two pieces of work
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started in NIPS have been already published this
year (Ishikawa et al., JNS, 2014; Horibe et al., Neu-
rosci. Res., 2014). There are many more exciting
findings that have been made with these advanced
techniques. For example, another three pieces of
work from her laboratory are ready for publication.
In addition, the Yoshimura Laboratory keeps pro-
ductive collaborations in neuroscience field.

Below I will make summaries of individual presen-
tations by other lab members.
Presentation 1: Ayako Ishikawa (PostDoc, since
2009-)
Dr. Ishikawa examined experience-dependent matu-
ration of neural circuits and visual response selectiv-
ity in the rat visual cortex. She found that patterned
vision was required for establishment of fine-scale
networks of excitatory neurons in the visual cortex
during development, and for the synchronized firing
of neurons with similar visual responsiveness. Thus,
early visual experience may establish fine-scale net-

works based on feature-selective synchronization.

Presentation 2: Nana Nishio (PostDoc, since
2012-)

Dr. Nishi studied the experience dependence of spa-
tial frequency tuning in the primary visual cortex.
After binocular deprivation, neurons tuned to visual
stimulation with a high spatial frequency could be
reduced. Furthermore, she found that deprivation
for 2 weeks is necessary for the induction of the tun-
ing shift. However, ocular dominance shift is induced
by monocular deprivation for only a shorter period.
Her results thus suggest that visual responses of dif-
ferent features are shaped by different mechanisms

in the visual cortex.



Presentation 3: Hiroshi Yamaura (PostDoc,
since 2013-)

Dr. Yamaura has found that nitric oxide can sup-
presse T-type Ca2+ channel-dependent LTP in vi-
sual cortical slices. Next, he would like to exam-
ine whether nitric oxide can affect ocular dominance

plasticity in live animals.

Presentation 4: Mariko Yamamoto (Graduate
student, since 2014-)

To elucidate the role of hydrogen sulfide, one
molecule that modulates interactions between neu-
rons and glia cells, on visual cortex, she studied oc-
ular dominance plasticity in mice lacking H2S syn-

thetase in the brain.

Presentation 5: Rie Kimura (Assistant profes-
sor, since 2014-)

To correlate neural activities with visual percep-
tion, she trained adult rats with visual discrimina-
tion task, and recorded neural activities during the
task from primary visual cortex and higher-order as-
sociation cortex.
Presentation 6: Etsuko Tarusawa (Assistant
professor, since 2009-)

Dr. Tarusawa examined cell-lineage specific con-
nections in the barrel cortex. She has generated
chimeric mice with neurons from the same progenitor
cells labeled by GFP in E10, and found that clonal
neurons preferentially established reciprocal synap-
tic connections. Interestingly, this reciprocal con-
nection was abolished in clonal cells lacking DNA
methyltransferase 3b (Dnmt3b), which determines
DNA methylation of progenitor cells during cor-
ticogenesis. In additoion, the reciprocal connection
was also impaired in clonal cells lacking clustered
cell-adhesion molecules of protocadherins (cPcdhs).
These findings suggest that the reciprocal connec-
tions in clonal neurons are predetermined by epige-

netic regulation during embryonic development.

Presentation 7: Toshio Miyashita (Assistant

professor, since 2012-)
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Dr.

for Ca-imaging on live rodents. He has successfully

Miyashita has set up a 2-photon microscope

recorded visual responses from individual neurons in
the visual cortex. Very interestingly, the strength
of visual responses was lower in Dnmt3b knock-out
cells than in wild-type cells based on his preliminary

results.

Presentation 8: Takuma Mori (Assistant profes-
sor, since 2009-)

Dr. Mori is developing modified-rabies-virus tracer
system to visualize monosynaptic inputs in the brain.
To visualize monosynaptically-connected presynap-
tic neurons, he developed retrograde staining meth-
With

this technique, he examined parvalbumin positive

ods using glycoprotein-deleted rabies virus.

interneurons (PV-INs) and calretinin-positive in-
terneurons (CR-INs), and visualized their presynap-
tic neurons in hippocampal CAl. Importantly, he
found that each interneuron receives synaptic inputs

from distinct sources of cells.

Conclusion
After the seminar work by Hubel and Wiesel in the
1960s, visual cortex has been a favorite model to
study brain circuits and functions, especially the
visual experience-dependence of ocular dominance
columns. However, until the work by Dr. Yoshimura
in 2005, the fine-scale neural circuit in the primary
visual cortex remained unknown. Dr. Yoshimura’s
finding opens up a great opportunity to study how
such circuit is formed, how it is shaped by visual
experience, and how it is related to visual func-
tions. The answers to these important questions
would transform our understanding of the brain.
The Yoshimura laboratory plays a world-leading role
in this research field. Some influential work has been
already published, with many more ready for publi-
cation.

The members in the Yoshimura Laboratory gave
very clear presentations, answered my questions
quite well, and showed high motivation for scientific

excellence. Based on my interactions with the indi-

viduals, I understand that Dr. Yoshimura provides



solid training and effective guidance to her labora-
tory members. I also noticed that Dr. Yoshimura is
the only one female PI in the whole institute. In fact,

many female members in the Yoshimura Laboratory

(FIER)
SMERTA (AEBRERIZEAT. B BT )

are very inspired by Dr. Yoshimura. Apparently,
NIPS has provided good supports and will continue
to provide strong supports for the growth of female

scientists.
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Hannah Monyer #i% (Heidelberg University, Germany)

Prof. Dr. Hannah Monyer, Department of Clinical Neurobiology at the University Medical Hospital and the

Cancer Research Institute in Heidelberg

Evaluation of the Division of Cerebral Circuitry in & the National Institute for Physiological Sciences headed

by Prof. Yasuo Kawaguchi

A one day long visit to the lab on July 18th 2014
gave me ample chance to talk to Professor Yasuo
Kawaguchi and several senior and junior scientists
in the department. I would like to start by pointing
out that eight presentations were given to me, they
had all been excellently prepared and were delivered
exceptionally well. Thus, it was a unique and spe-
cial experience to listen to the recent achievements
and discuss the data with different scientists of the

department.

Over the last days, before writing this review, I stud-
ied carefully the publications from the department
and must emphasize that I appreciated even more
what I judged as excellent science during my lab
visit. It was a special treat to read these papers,
follow the logic of research development in the de-
partment. In the end it is I who has to thank for
having obtained the opportunity to be exposed to
this very fine research. Some of the papers belong
already now to what can be considered ‘classic liter-
ature’ that every student must read when working

in this field of research.

The main research focus in the department is the
characterization of the components (i.e. specific
neurons) within defined micro- and macrocircuits
(most often in the frontal cortex) using a multidis-
ciplinary approach that often includes anatomical,
molecular/immunocytochemical and electrophysio-
logical techniques. The lab has an exquisite track
record that goes back in time much longer than the

last five years. Internationally the lab as an excel-
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lent reputation as it has set standards that cannot

be met by many.

Below I will address most of their achievements and
significance thereof one by one. I first discuss pub-
lication referring to the inhibitory system and sub-
sequently publication homing in on excitatory com-

munication.

Studies regarding inhibition

Important factors for the three-dimensional
reconstruction of neuronal structures from se-
rial ultrathin sections (Kubota et al., Front.
Neural Circuits, 2009).

proposes a new approach to overcome the limita-

This technical paper

tions that lead to an erroneous estimation of synap-
tic contacts in EM studies. The study directly ex-
emplifies that the proposed methodology leads to a
significantly higher synaptic density when evaluat-
ing one of the most studied inhibitory interneurons,
the parvalbumin-positive cells. For me, as a non-
specialist in EM studies, this paper was a revelation
since it clearly indicated that much of the quantita-
tive EM data produced so far is very likely less exact
than we would like to think. Moreover, and most im-
portantly, this study is of extreme significance since
it touches onto one major large enterprise in neu-
roscience, namely the reconstruction of micro- and
macrocircuits at the EM level in several brain areas.
All attempts that are based on automated recon-
struction processes will have to take into consider-

ation studies like this one and their results will be



measured against results obtained by Kubota and
colleagues. Personally I believe that all endeavors
regarding circuit reconstruction based on automated
reconstruction has a long way to go before we can

lend credence to such results.

Cortical Inhibitory Cell Types Differentially
Form Intralaminat and Interlaminar Subnet-
works with Excitatory Neurons (Otsuka and
Kawaguchi, J Neurosci 2009). This work is a
logical extension of a previous elegant study in which
the authors show that the connectivity between L2
pyramidal cells and L5 pyramidal neurons depends
on L5 pyramidal cell subtypes and their local con-
nectivity (Otsuka and Kawaguchi, 2008). It stands
to reason to investigate the same intra- and inter-
laminar connectivity when including interneurons in
the network and the authors concentrated on the two
major interneuron subtypes in L5, namely FS (par-
valbumin+4) and non FS (Martinotti cells). They
made several important findings: First, they found
that in L5 F'S and non-FS are differentially connected
with neighbouring pyramidal cells. Thus, whilst fre-
quent reciprocal connections were detected in pairs
of FS-pyramidal cells, non-FS cells were found to be
targeted by closely located pyramidal cells, but the
opposite connection was extremely rare. Interest-
ingly, there was a considerable difference when in-
vestigating the input from L2/3 pyramidal neurons
onto the two types of L5 interneurons. Thus, the
connection probability from 1.2/3 pyramidal neurons
to non-FS cells was higher than that between 1.2/3
pyramidal cells and FS cells. In analogy to what
the authors studied before for the excitatory L5 cell
types, namely whether the interlaminar connectiv-
ity is affected by the intralaminar connectivity, they
investigated also for the two types of interneurons
whether and how the L2/3 input correlates with their
connectivity in L5. Thus, the question is, whether a
cell pair consisting of a pyramidal neuron and an in-
terneuron are more likely to receive a common input
if they are connected. Interestingly, a non-FS cell
and a neighbouring pyramidal cell when they are

connected are more likely to be coinnervated by a
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common L2/3 pyramidal. This dependence was not
found for pairs of FS-pyramidal cells. This distinct
intra- and interlaminar connectivity scheme makes
non-FS cells ideally suited to provide lateral inhibi-
tion onto neighbouring 12/3-L5 interlaminar mod-

ules.

Four elegant studies touch upon important questions
regarding the inhibitory system. In one of them
textbf(Puig et al., J Neurosci 2010), the authors in-
vestigated one of the most powerful modulatory sys-
tems. They studied the effect of serotonergic ac-
tivation onto the prefrontal cortex. They identified
distinct serotonin receptors expressed on fast-spiking
interneurons that are likely to mediate the network
effects, i.e. oscillations in the slow and gamma range.
Studies like this one are vey welcome and extremely
important, because there is a wealth of information
that we have when it comes to glutamatergic and
GABAergic transmission in the brain, but very lit-
tle is known about the major modulatory systems.
There is good reason to believe that future studies
regarding modulatory systems like the serotonin sys-
tem hold great potential and will help us understand
underlying mechanisms for some psychiatric illnesses

such schizophrenia and depression.

The second study (Kubota et al., Cerebral Cor-
tex, 2011) pertains to the classification of GABAer-
gic interneurons and is for me the best proof for the
excellence of this Japanese group in this field of re-
search. Despite the fact that many researchers, in-
cluding myself, have for long investigated whether
GABAergic interneurons can be divided into clear-
cut subclasses or whether their diversity is a con-
The
significance of this study is twofold: firstly, the au-

tinuum, an answer has not emerged so far.

thors focus on the prefrontal cortex thus enabling
the comparison with other much studied areas such
as the hippocampus, secondly, they perform a metic-
ulous study adding to the well known and most often
studied markers yet other markers that may help in

a meaningful classification.



The third study (Otsuka and Kawaguchi, J Neu-
rosci 2013) dealing with inhibition is closest to my
own interest since it is related to ongoing research in
my own lab. It relates to the function of gap junc-
tion coupling between FS interneurons. Here too the
authors focus on L5 interneurons and this is very
helpful because they know the intra- and interlam-
inar connectivity scheme and can hence investigate
this new parameter, i.e. gap junction coupling be-
tween FS interneurons, on a rich background of in-
formation that they derived from previous studies.
Some findings constitute a logical extension of other
investigations from other labs. Thus, like in other
brain regions, also in L5 gap junctions between FS
interneurons are reciprocal but cannot be detected
between F'S and non-FS interneurons. Remarkably,
pairs of F'S cells were more likely to receive common
input from L5 pyramidal cells when the interneurons
were electrically coupled. A most interesting part of
the study relates to the function of gap junctions
Notably,

the authors investigated how evoked excitatory in-

between FS cells for spike transmission.

put onto FS cells affects neighboring FS cells in a
network of electrically or electrically and chemically
coupled FS network. Importantly, the authors inves-
tigated experimentally and in computer simulations
how the transmitted potentials affected neighbouring
cells when the interneurons of the network were ei-
ther in a depolarized or hyperpolarized state. Thus,
activity transmission between FS cells via gap junc-
tions is bidirectional, i.e. spike discharges in F'S cells
can produce excitatory or inhibitory effects on sur-
rounding electrically connected FS cells depending
on the membrane potential state. This finding is of
great importance if one is to understand how activity
spreads within a network in vivo where distinct be-
haviors are clearly associated with brain states char-
acterized either by more depolarized (up states) or

hyperpolarized (down sates) membrane potentials.

The fourth study finally (Kubota et al., Scientific
Reports 2011) represents a meticulous and thor-
ough EM study in which the authors investigated

the dendritic tree of four distinct types of interneu-
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rons with the aim to uncover common organizational
principles that help us understand how dendrites in-
fluence synaptic integration and neuronal excitabil-
ity. The four cell types differ significantly in mor-
phology and function, and thus some of the prop-
erties that the authors identified point to common
features that very likely extend beyond the four cell
types analyzed here. The features identified by the
authors were proposed to facilitate the uniform ret-
rograde distribution of molecules and electrical sig-
nals into dendritic trees and at the same time en-
hance the anterograde signal conduction and limit
the effect of dendritic topology on action potential

output.

Studies regarding excitatory connections

The lab addressed a highly interesting question con-
cerning the intra- and interlaminar connectivity of
L5 neurons that project to the contralateral hemi-
sphere (Otsuka and Kawaguchi, J Neurosci
2011). They term these neurons L5 COM (com-
missural) neurons. This was a logical extension af-
ter having previously investigated how the different
L5 neuron subtypes are connected locally with in-
hibitory cells and how they are innervated by L2/3
neurons. Also in this study a clear wiring rule
emerged. The authors had previously shown that
L5 neurons are heterogenous and based on their fir-
ing pattern they can be divided into three subtypes.
Combined with retrograde tracing studies a complex
picture became apparent according to which there
is a relationship between L5 neuron COM project-
ing to defined target areas (i.e. neurons projecting
to the contralateral and ipsilateral hemisphere ver-
sus neurons projecting only to the contralateral side)
and the spiking pattern. Interestingly, in contrast to
L5 COM neurons, L2/3 COM neurons were homoge-
nous with respect to their firing properties and could
be distinguished from the former based on certain
electrophysiological (sag) and morphological proper-
ties. If L5 COM cells are heterogenous, the obvi-
ous question to ask was, whether this is reflected in

some way in the local wiring and the answer is yes.



Thus, based on dual whole-cell recordings the au-
thors demonstrated that pairs of L5 COM neurons of
the same type exhibit higher connectivity compared
This
clearly points to a functional segregation of L5 COM

to pairs comprising heterogenous cell types.

neurons into specialized subnetworks. Noteworthy is
finally the investigation regarding the interlaminar
connectivity of these neurons with their upstream
input cells. The authors had demonstrated already
previously (2008) that L2/3 pyramidal cells inner-
vate L5 pyramidal cells in a subtype-specific man-
ner. In this study they went a step further and won-
dered whether the input that L5 COM cells receive
stems preferentially from L2/3 COM cells which is
indeed the case. Finally the authors demonstrated
that the connection specificity from L2/3 to L5 neu-
rons depends on projection cell types. The authors
determined the connection specificity by analyzing
the probability that two L5 cells receive synaptic in-
put from the same L2/3 neuron. Pairs of neurons
belonging to the same subtype were more likely to
receive common input from L2/3 neurons compared
to cell pairs comprising neurons of different subtypes.
The overall wiring pattern that emerged indicates
that L5 COM cells are embedded in intra- and inter-
laminar subnetworks that reflect corticocortical and
subcortical projection patterns. These results are at
odds with some reports from other labs that focused
on the mouse somatosensory and visual cortex. The
other studies propose that L5 neurons constitute a
homogenous cell population, at least when based on
physiological parameters. This discrepancy may be
due to differences in brain area or species, but per-
sonally I believe that the heterogeneity of L5 neurons
as revealed by the Japanese group is more likely to
hold also for other brain regions than the frontal cor-

tex.

Yet another relevant study (Morishima et al, J
Neurosci 2011) relates to whether two distinct L5
output cells X projecting either to the ipsi- and
contralateral striatum (CCS cells) or to the ipsi-
lateral pontine nuclei (CPn cells) can be differen-

tiated based on their synaptic transmission and in-
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tracortical connectivity. The authors also assessed
morphological parameters in relation to thalamic in-
put. The paper contains a plethora of important
data demonstrating convincingly that the connectiv-
ity of CCS and CPn cell pairs differs with respect
of reciprocal coupling, synaptic strength, and short-
term plasticity. Specifically, CPn but not CCS cell
pairs are reciprocally coupled. Furthermore, CPn-
CPn connections are stronger than CCS-CCS con-
nections. Finally, in CPn pairs facilitating responses
were found more often and this short-term plasticity

can be accounted for changes in release probability

of the presynaptic neuron.

One study that was of great interest for me (Hi-
rai et al, J Neurosci 2012), because it is of
relevance to my own work, expands the complex
scheme of differentially connected frontal cortex neu-
rons by linking them to the parahippocampal ar-
eas (i.e. perirhinal cortex and amygdala) and hence
to a brain region strongly involved in declarative
memory formation and retrieval. Like in several
studies mentioned above, some of the connections
have been known since long, but this is the first in
depth study to provide insight into the morpholog-
ical and electrophysiological properties of the corti-
cal projecting neurons, and their intra- and inter-
laminar connectivity. Thus, there are two major
types of neurons projecting from the frontal cortex
to the perirhinal cortex. They are located in 12/3
and L5, and they can be distinguished based on a
number of morphological and functional properties.
PRC-projecting neurons L2/3 PRC-projecting neu-
rons and L5 PRC-projecting neurons differ with re-
spect of their downstream target area. The former
innervate area 35 and the latter area 36 of perirhi-
nal cortex. L2/3 PRC-projecting neurons also send
axons to the amygdala whereas L5 PRC-projecting
neurons exhibit an overlap with CCS but not with
CTh or CPn neurons. Already based on the anatomy
there is a clear functional segregation of subnetworks
in which these neurons participate. There is a dif-
ference also regarding the intracortical connectivity,

with L2/3 PRC-projecting neurons exhibiting sim-



ilar connection probability with L5 PRC-projecting
neurons and CTh neurones, while connectivity in the
opposite direction was restricted to L5-L2/3 PRC-
projecting neurons. Based on their own study and
other published work, the authors discuss how the
two distinct channels of frontal cortex-perirhinal may
differentially support the transmission of informa-
tion that will ultimately reach the entorhinal cor-
tex, i.e. the gate to the hippocampus, in a state-

dependent way.

Another important extension of the lab’s research
pertains to linking functionally distinct L5 neurons
and the segregated networks they participate in
within cortical circuits with the dopaminergic system
and reinforcement learning. Both a modeling paper
(Morita et al., J Neurosci 2013) and a compre-
hensive review are the result of this work (Morita
et al., TINS 2012).

Not directly linked with these studies are an in-
triguing developmental study and a related review
(Hatanaka and Kamauchi, Cerebral Cortex,
2013; Hatanaka et al., Develop. Growth Dif-
fer., 2012) in which the authors demonstrate that
neuronal polarity in excitatory cortical neurons is
established in the intermediate zone before the cells
migrate radially into the cortical plate. This idea
had been forwarded before by others based on in
vitro data. The authors do not only provide in vivo
evidence, but also suggest that direct formation of
axons from a nonpolarized stage may be a more com-

mon mechanism as there is indication that a broader

population may exhibit this intrinsic mechanism.

I have followed the scientific work from this depart-
ment for many years and would like to summarize
the achievements and point out their uniqueness.
Firstly, I would like to mention that both in the
field of GABAergic inerneurone research (i.e. my
own field of research), as well as the field of frontal

cortex circuit research, members of the department

(FIER)
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have produced a number of studies that are reference
points for everyone working in these fields. There are
a number of characteristics that make these stud-
ies special. It is the accurate, highly reliable (large
cell numbers are always studied) high quality (won-
derful reconstructions, excellent quality stainings)
data that distinguish these studies from many others.
Secondly, many studies provide an in depth analysis
of structures (connections) that were known to ex-
ist, but were never analyzed, as such studies are chal-
lenging and not many labs can provide this combina-
torial approach (anatomy and electrophysiology) at
the absolute best level. Thirdly, and I must confess,
this impressed me almost most, and it became ap-
parent to me only now when I read every paper care-
fully, the oeuvre from this department reveals a cer-
tain working style/approach that is not often found
in the world. Let me explain more precisely what I
refer to. The working style in experimental labs has
changed drastically over the last two decades, and
unfortunately it is characterized by an opportunistic
selection of research topics and a quick publication
practice. Thus, many labs embark on what is fash-
ionable and change their focus of research every few
years. This is not the case in the department headed
by Dr. Kawaguchi. Reading their publications one
after another it is easily apparent that one study
builds on the next, every new work is another stone
leading to the construction of a complex building.
The significance of this work is maybe not so eas-
ily apparent if reading a single study (that is maybe
one reason why none of the excellent studies were
published in an even higher ranking journal), but

becomes evident when judging the work as a whole.

My overall judgement is as positive as it can get,
I give the department and its members the highest
recommendation, to review the department and dis-
cuss with everyone was a wonderful experience and a
great pleasure, and finally, to read the studies care-

fully again was an utter delight.
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NI AN ZZIFTOWENE S e, EEIZZD
WO THBEZeERLUE LA, E5022/3 8 COM
i 5 5 @ COM Mla~ D SREM X, 58 COM
MO Iz kiFIs2Z 2R UELE, £7/2, 5
JE COM #ifans, 2/3 & COM #ifan 5 i@ AT %%
T BHERZ TN, MiaREEEMITLE L, 0
R, MUY 721 758 COM Mg~ 7 ik, B2
29724 758 COM Mg~ 7 & ik LT, 2/3
JE@r S DIEANEZITH L HoTVWE LR, Thi
SO BRI EEGNRZ =V MR EL, b
J& COM Miflald. &2 BRI B O BB R # 4t
NE—VTHEINIFENEMOY 72y T =2
WKHOAENTVWEDTY, NS DRI, own
OMDIFFRETY U AFHBEE RGBT B W T
ToONEMFERERENLT2HDTT, 2ok, 2
7R & BB S A — R 2 WG G. b B
fZHETH 2 e MELTVWE T, ZOF—BE, MK
FEI E 72 ZEIR OB NMTERT 206 LI EAD,
NN IZ Z D & > TRE iz 5 B AR
g —VEIX AT R E LA DN SEI T B 2 W REMEDIE S
NEWEEZTVWET,

#2152 LT, ZDoDHRL S 5 EH M-
RS2 415 2 CCS M & BSR4 5
% CPn #Milg-—7%3 > F 7 A5E & AWK G ITHDWT
BEED L TV N Z L 2PARZMIAH D £ (K
5. J Neurosci 2011) . ZZTIEE SITHIRAN
WCBE U 72BN A =R FHRTWE T,
WL OEERT—X %MW, CCSMg~7 & CPn



MR 7 OFEESMEIZDWT, RGN Y F 7 AGRE,
AT RP S B A Z e 2EWEHEETRLT
WX, CPn MR TITIZR S WG AR &
2 CCS a7 H 25 Z &, CPn M~ T DA
CCS Mila~7 DAL b RN &, FfEIZ, CPn
M7 DILEIGE DN & O BHBEIZMHTE S Z 205,
ZOMEMETHEMEICL T, YF TR Z 2 -1 VDI
HEROEZF EHILTVWEEEZ LI LNTE
£9,

FNEE O MHICEEE N DD s, KEKRE 26
2B\ XHBH D UM, Tk, EMELEERK
REFFOREREOMRMIEZ . X 51 HAEER (R
JARE & mbkiR) & DREETE L DBLE» SR D
T, ZAUED E D BRI X SR AR AL 12 B o 2
FHI% & OBBMEDIET & WD Z Xz £ CEHS,
J Neurosci 2012) , EROFFZEFREL. —HOFEEIZ
DVWTIRMEIRSHMOENTWETA, ZOMXTHD
T, WERFNE-ELSEMIMEEICOWTELHY T
. BREMOMEIZOWTHBIRLTWEYT, T0
o, BTSH R B A & WU BB I 553 2 A (PRC
FfL) R 2XA4THBZ oD ELEZ, I
51k 2/3 ROBRBIZAMGLTED, W Db DK
3B & BRI IC DO W TR BT 2 Z e TE %
¥, %£92/3F0 PRC#ifL& 58 PRC Ml o
FERISEHIR AN R 22 0 9, ATH IR ERE D 35 B, &
Hd 36 B L 9, 2/3 @ PRC MIfIZRBEAA~
HERETHDITR L, 5 PRC fMilgid CCS fMiffa e &
720 9 CTh(EEGR S Ml CPn Mg X X
AT, T ORRIZIREIZIENT RS, TTICZh oM
R G T 29 73y b7 — 28 S h ik
IR Z b T, £72. BREEGIZD2V
THEMBER SN, 2/3 @ PRC Ml 5 @ PRC #if
X CTh Mz x U CHE O GHERZRLUE T, ¥
FHmDiEEIL 5 E PRC Mg SIZRonTWE L7z,
INS DR EETMAEEZZAAYE, 2 DOOHTEKE
MOWEEEIZH TS 2 DDF v 3 IV DRI 1E
BAADOERZNREEICEGET S EBETED LS
ORBHAFHNIZ B R DIZEE BT 2 D0 % LTWw
£9,

23 2A
nFk Al

Z DERMIDMFLEIE S SN U TEHELREM S RET
WE 9, BEEEMIC R D b AN &
PEER AL B ITE S 2 E RS IZEE DT L &L S
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EWHIHRTT, TNSHRETILROIXE LT (FHF
H 5. J Neurosci 2013) & 5 WX Z DX D aFER
et LTREINTVWET (FHS. TINS 2012)

o

INS O EBRIZBEER X EZH 0 FEAD. K
TR EDON R ZORFHBFERINTVE
3 (Bd & LN, Cerebral Cortex 2013; B 5,
Develop Growth Differ 2012) . Z DX DH T,
WL B A U B B AR I BB B 3 B IS P R TR
Milae LComME%2 BRI 2WELTVET,
Z I in vitro TEZSNTEZBHEEEDO T 1T 7
ZREIEHH DT, in vivo DFEHLZ T 5721)
T, FEGMERIE D S MiME 2 1G9 5 D I3k & 7 ql
FEHINEIZ B W TNIE 2Bk Tl Z 2 ATREMEIZ DWW T
MUTWET,

WEBAEIZED Z OO REEZZE>TEEL
M, TITEDORRZENL, TOMAEEHERMHL
WEEWET, H—IZ. GABA fEEiENE=a2—1
VRO Y (T bRESOMIESE). Lo TN
AT BE R [ B AT 22 D 3 B Dl 512 BT, I D A v
N=lE, TNSDRHTHREZITIITRTOHIZE -
TSR L D L5 B2 < DMXERRLTELZ
RN EERWET, ZLOREIZE->sTINS
MR 2D R>TWET, EMT, FEMED
< (L OMIEAE IR TN D), B (GR
i 5 L WHIREHIIL O BREEE, - EoRt) 7—2h
LB OoNBIMERREIIMDZL < DWFFEAE & —HR%
TH5HDTT, H T, ZLOMFEN, T TIHFET
L2 IFHSNTVWESDDZFDEY MHAIZBIEK T
HEZEMPOMEINTIHPoZEIKIZDOWVWT, B
KD FIF BN E2IT>T0W3EZ AT, %< D
FIXZDOHMTIT > TWVWBRRR, WErREmES L XILD
JREEZE U CBREMZENRRET 7e—FI1 k-
THR%E T2 ZeidHkETA, FZIT, ZhHRE
—BREBH I ARU AT NIERD FEAH, fHx
DX % SEBELFHATHD T, ZoHMoeHHE
FHFRFEZELTE SRS H 2 MR &
ANET T —FRHEENS R Lk,
fMizZoTWBD0, H5DLFHLULIHHLEL £ 5,
W2 0 FRIZERAMEETOHFEDOAX A VTR
ELRRED D U, BB S, FATITERE U i 5eifa
DERP, FoBUD BV ERSUERM TR I b

= 0
=]



HDITIR->TEE L, TN R, £ < OISR ITE
e BENRORRIZBUTEE I EOEREZZ TV
£9, UL2L. ZhiddELz ke 5 Z0HMIC
WHTIEED FHA, ZOWMMALSDHWIE, —DOD
HEDPIRDIFTEAN L, —HOWZEE UTHEI LTS
D, % DF L WIZEIXIRDH L WIHEDA L L 72 -
THEBEZEZELTVWEDTT, 8256 Z0HH
DEEWE 20— DDHMX ZFHAZZ T TIEDLMD
WS WTLEID (ZFLTHEZESL ZNDEMHDEN
D, WENnd &b B OMEICERI -
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IZ Z ORI AR g2 H LT W
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mEDE

i, BE
LEHMLUET, FAMTZOEME A v N—iZ
BEX0 £9, SEEMEMMOZOIC, AV AN—2H
CEHMLZ X, BES LVWRBRE RKEREVTTL
T2o TUTHRBRIZ, TS DM %GR T
T2 ZDEREUWEEE D E LT,



2.2 BN BN B (F)IKE)

(RPAMEE]  ARERZERRSERT R Re (o] B R 2 ¥

WE e REFE

NI R LR IE. 1980 4RI R KPR 2 2 AR 3
&, 1985 FICEFEL CREIKRT) Z2HUE, 1984 12
AEBEEEASERTBI T, RE T 2 Y —READHIEZ & T,
1989 fEIZ YL AWIZEFR TSR B, 1993 4 [RIRFSERT F —
L) — K — 1999 FIZ MR AT OB IZHAT L,
BEIZES, TOM, —HUTEHEE (Fv ) ORI
F B0 R JE A 0D DR 72 [ % 49 5 O T2 R 7 R iR A 1
FEAHNZHLD # T, 2009 4F, KFEFZRLSHZZH,

WA & R

AR, IR D 32529 2 Kt [l i Gt 22 48
Tl @R RPN TIE & ERAEB 2 TR 2 3
MAGHLET, 7 v bOKRMBEERTEHE (R EEE)
DIIVR I VIRFEENE (BB DAL GABA
PEEME (HHIME) DR TEMIE A S Rk & 5 BB
[l & K OB E- B BT ] 0D 42 25 O iR I 2 Bkt U o
TW5, &5 EM (2009-2014) IZEAFICEIF5H
REUWIIEBER 2 EER AR 2 IZHERLTE D,
KN BB [ 3% D 78 43 B Tl E W S R D by T
ZDLMEED—DTH 5,

(1) KB E oy 7 24 7

AR, RO KR EMBIL. WA J 1 ZEARD
Ny F 25 TREc kD, EHEE 5 EO AN
Y70 T ATH BHEEES (CPn) Ml & SRS AR
S (CCS) ffa (s3EMINE) DIEREF B K OAEHF M)
R#Z i U, CPn #ifidid CCS Mifa & v $ L5
ZER DSk AR E I U, CCS #Mifid» 5 CPn
JAND > F T 2FEE RN & %R U7z (Morishima,
2006), ZDfike LT, HBElE. CPnfilge CCS M
iz nZ N THEARZGE LR DILEDE 5 N DR
(baJE~5b Jg) THRLSZ &, CPnfiflaE D>
FIAFELE TR =X Y) — EPSP J&&E I$RF e U TN
WCRERIRED S DWBEI NG Z &, CPn Ml £

R 26 411 H 17T H

2009 F~2014 4

105

ENERZ: R AR S
EIEINR A e o X —
A B

DY F TAFEETIRER AT TRA (PPF) A sh
CCS Mifj[d L TIZE (PPD) AAonsdZ b, Y
# 5 U7z (Morishima, 2011), Rz, #EAMEY 7 X
A TR Uy F T ARG OME X /] EEDE W I,
VTR TOBENEZRBTLIEELRRERL LTH
FUTRE B ZWTAT,

KERBBUE, BAMROFEKESDE NP S 5 JE
DO EMEZE X 5IZFA 2107 (JEGL®T W) & SA
247 (ERUIZS\WD) IZHEUTRT Lz 25, 8
5 B8O EMMEIEE U X+ 7 (FA R /1% SAHL)
DHZBEIAEEG LRI, B 2/3 BOREMIdL» S5 £ A
NEZFPTWI L EmU7z (Otsuka, 2011), *
Too PRI R B X0 £ 0 S TH S 70 & ()4 D 5t P ST 12 B
B3 5 EMEIL FA 214 7 THEHZ EHHHAL -
()

(2) KINEEOAEMBaY T 21 7
EHWEBFREHLE LT, KINEEDO GABA 1EH)
MEDATEMIZY 7 X 1 TOREIE HIIZH#ED 5T
W5, EHIX, KINEEONEMEO &Y 72 5 2T
BRI EE 10 EO X VX2 E/RTF R — 51—
(PV,CR,AAc,SOM,VIP,CCK,CRF,NPY,SPR,NOS)
DFBLD A % BE g BN EGH U L 72 (Kubota,
2011), 2O LS BRAEMPEY T XA TD~—J—F
BORRMEIZEZN S X ORI ERE MR T
BEN-iRE % FFR U2 (Kubota, 2014), 72, JilH&
ZEHIX. GABA fFEIMENIEMBEDO 2 EZ Y = 7 TDE
B DR O Wz H D W THERIIZR A S 2\ S
REENFZEIZ & 2N L. BB @E A % F 873/
TEMIIED D FIZ I LT3 (DeFelipe, 2013),

(3) SEAAMIN & A FEMIN DA RS &

KIFEBBUL., ST 7 %1 7 & N AEfifa Y 7 & A
THY T2y b7 =7 KT B &0 D R & BRGE L
oo EBIEF DU 5 & Tl HEAAHMINE & Fast-spiking(FS)



NAEMPE D RS D > F 7 AKES I FSHE BRI -
A, AN & non-FS M AERIME DB MG I
TH -7 (Otsuka, 2009), F7z. MAMKEE % =9 #
AR & non-FS A EMaiE. 55 2/3 & O s
SHMANZZITBMRPED» -7 ([FH), FSMAaFE
EAELKNEES (Fyy THE) 2L TWB5E4.
NS DOMICIZHED GABA fE8M: Y F 7 ZADMELE
THMERVPELIRD . ZTh o XEARMAE S 0 IE A
HEZIIP IV EERUE (Otsuka, 2013), ZD &
ST, KA & M ERIX Y 7 2 1 T DFLA
BORICRRNZRY T2y b7 =22 B LTNWEZ
L ERMEEWHNL T,

(4) HEEET D S AAHI e D IR Be S

KN TIE, RE D REIS N O 5 Flf [ 85 72 1) A3 1) % 1
ZLUTWaB b Tk, EROEIRAH I L
THREEZRELTVWDIEEZOND, o T, HEAKHM
fat 7 & A 7 OESHE S 2 TR D Z L IZER ICHR
Thbd, BFREEAE () OFHKIEK, RIS
T DML A S B O SR MY T X 1 T
FetE % ARz, WEHE 35 5 (Rbkike) ~EHT 20
(SEENEY DO 2/3 JE OHERRMIFETH b B 36
B3 2 DIEENH O 5 g Lo CCS skl T
»-7- (Hirai, 2012), — /5. EEEF D 5 & ORKE
SR (CTh M) X CPn Mt EBEEHLCWE &H
Z oz ([),

REEAFZE B, SEENE % il & 3 2 SEIREAS & & 1R
RINCHRFET 5 REEES LW Z SRS 72, F
T ZUGEEE % b & U C R o (—RGES)
By, AR AUER B, ML 35 Y - 36 B, RTRUETAE) &
Dz, EDRED Y A LA HEFHEIE D & DJE
BT 200 %, ETES X W N L - —#
22 & JERSHE M~ — A — Ctip2 (CTh i, CTe i,
CPs flifd % & 44 CPn MIFEIZ F8BL) D fiifagt %
BAd U CREMC IR B 72 (Ueta, 2013), iz, [FH
DO —PGEB) I & B O $EAMIY 72 5 X LM
HASGOBRMECER U, ZUCEB)E 2 51358 2/3b 8
&5 ba JE OMEAMIILA —VGETEF O 1 g B IR
U, —UGEENE 2 S5 135 2/3a [0 548 5b g £ TOIL
BT A0S 2 RIS — OE BN D 55 2/3 @12 EIC
WIETBHZ e 2HSMIZ U (Ueta, 2014), MHEES &
HHRICEST S5 CPo fliffd (CTh AHfE) 1w 8
OMEAESIZEE U, B39 25 CPo Ml (CSp
Mifa) 1 ZEAG 2 e o7z (F), —J5. WisEER O 2 A
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FUSAHEICAE A 2R L T 0z (F), SRy 72
7 AXZT N NI 7 BB B & O R R B o
DAEDEEET DLV MO THRELARTD
60

(5) T oD B RE A R 38

TiE, L BRHRRMEZE R L LD & 5 I1ZBEE
UTTEREE2EHT20THS 507 RFFEHEM
TR, AT A AERERR LT L1 8 b FERR
OWEL T TIEZL, EEAFDORENR T 51
VEREBROMER, ERT — X2 E» L ZHERE
FBIZHHRA TR EREREZEIT TV A,

Puig 5t E (M) &, RO Z v b O MIRERRE

BRHWT 2Lk vuidhzd o b= vA, |
VERTE OMIIEBNC X D X S R EE 52X 5D 0% il
Rz, WHRIFTEERTE O ST 7 « — )V REMFIEKIZ & D,
T b= 3R (2 Hz BE) X4 2 <k (30-80 Hz)
EE % BT 5 Z 2RI Nz (Puig, 2010), Vv
ARG —GEEREICE D, Zokr b=V DM
&, e b= rEAEMK (5-HT2A, 5-HT1A) 2/ L7z
FS Ml DEE 0 ZE{Iz L 2 D LRI Nk (),
AR E X, BB T D Z v b CTh ML & KK
M (VL . VA/VM K. #kkEL) DFE KD RIS
) (UP/DOWN #x8)) HdRiGHE & & D & 5 7B
MERTODNEFARZ, Vv 7 ARV T —ilskike
BT 7 4« =)V RBAFESREIZ & b, RO VA/VM #
(KRINEEER & O AJ7) PRk DML UP HREDW)
B R KDITHET 2 Z & CTh MIMIEHGSRE FIHD b
77 (J&HH) THAU. BURMILIZ N30 b 6 8 1
OY—7 (JHH) THAKTSZ %R U7 (Ushimaru,
2012),

B KZOBR BB & OIFEMIETIX, KN
Bo CPn ffifde CCS MlaDRM: & KIKFLER (FR5
1K) DEFEREANG & EEEMN O R % Z &I A7z
AL FE € TV & HEmMIC IR E UMGE L 72 (Morita,
2012; 2013), FHIFI, AEEEEINARIZ D W T KRN
EE (CPn fiils& CCS #ifd) & X ORFHER (E
K L RS OFeMEE F o ICEN Lz EE T
IVARIER T D BRI 2 R KEAA T H 5,

(6) KibRZEE DRI R E

8 [H Ve 2032 13 7 - MR 2 (1 U 7 RPIR 28 o0 i
HOEDMHETHRE B ZNDT WS, BRI, &
BRI & B BRSSO B B Al %



BEFE L 720128 (Kubota, 2009) %, BRREEDO RS &
43 I6E D B M 0 3R B & R U 728152 (Kubota, 2011)
. BT ORI BN & BE LR E AT SR
M ZEE DANR LGS EERMERTH D, £/, B
RZEF AN A > D AEEZEAIZBE S 2 BB IL oI,
A Fry— —a—OaYP STV RFELZa—1 VEEIC
FMCHMEHE X N7z (Chen, 2011; 2012),

(7) DAl

[ AFF S8 P C U RN B LB 3 D FE OB FR I 5 H % 17
TTWws, BHFRARIR, RINKEORERHRIZE W
T, gV EMas iR 2 TG ICMER L, BhRkZE
Bz EHAMRL 28I, MillkE B A~BET 26T
%ok T 2 72 (Hatanaka, 2013), Oz $,
WL DA DI EFZED RS E T WS (Shino,
2011; Kamijo, 2014),

A D HEAFRBE
FRWFZEEMI T, I, #H, KK &RE, &15
2. REERFEEME GRS (A)(B)(C). Hregdl

REISASE (R5F). & FW%% (B)) X CREST 7 & Dt
FIIFRE S, VR ABEE (H A AR
REBMEERRE) - WANENE (B AR 25
EEGEM A E R YY) RE¥2av ARy NMZERLT
B, ENTNOIERIRMFEIEIN X U TERD S H
Wi 25 TWE Z 205 hAR 5,

-

HFWRE - REBAEE K

BIE, FFZEMMTIEHARAN3 B ENEAN 1L HDR
ARV HHEEDPERE L TIFEEIICHEILTWS, Lk
WD XSz, HH, 4. BHhFEE;EN
EEZETTWDZ &k, FHFZEET O DB 55
EHIDE & THFMRENPERIZE > TE TV BELE
Thd, KEBEBEA BIRAE 24 (HAAN SME
N). ZREFEAE 14 (AAEN)) AAEROFZE % Bul ¥
ATED, k., RS2 EA > T D EBEN LR
75 & UCOIERIEFEI NG,

SERR IR el GERBFYE & A 585D
TR ER T 1k, ENOEB O = & O F %
ERMHRNICHEEL TWa, ERNOEELE LT, Sl
EMEERFSEA (Puig, 2010), BYLZEFZ%ERT (Kubota,
2011). #EE K% (Shino, 2011). HHKZ (Morita,
2012; 2013). KB K% (Hatanaka, 2013). EJIIKZ
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(Kamijo, 2014) & ORIV EmMS N TT TIZHE %
fEATWD, (ERRIELFEFIEIZIREIENS,)

A, HREPEMIEA T [RKMEERATFE] %2 F8
CTAMESEEMLTE D, 2E XV SHOMEE
(FE[E] 40 LA E) DB TIERBERE2B I 2> T
W3, 7. HAMRRE RS, AREHYERRS H
S fige ) ZBEWTH, KK E R ] 38 X0 &+
BMEERICET 2 VR I L2 O EML.
WINHEN T EERHEET S (SIEK 100~150
%o (EBFEER TR R S,)

INnodZ ki, FEWFFEERET A KN B [E 3% O
RS HR% & 70 o THL R A RSB D 1% &) % AR 12 46 -
TERILZRLTWVWS,

[ NG NN
FRIB=

] B e

AR D & 512, FFEHMIESNEAD KRR F 25
B REFERE & BRI Z I AN THIEREL TV 5,
LEHAAJIOEER-IK, MIRENCEEE ST, EFHERW
75 JL[RIF 2 X0 40 22 it DTG B % AR IZ B L T\ 5,
A& OS2 U T, Dartmouth Medical School
(CkE) & Carl Zeiss NTS GmbH (K- %) (Kubota,
2011), Massachusetts Institute of Technology CCK[E)
(Chen, 2011; 2012) & & JEREMIZE D RS T Iz 2%
NoTWb, iz, MAITAAZKREL T, GABA fE
FENTEMIE O O — REE 55 2D ITHi T N
7-EBEFETF — MZS L. NI O R8I 72 4041
HEOBGHZEENL 72 (Defelipe, 2013).

X 51T, W, RINEERTEEZ e U7 ERR i
RRPEEEY VRY Y AR FEMHL, ENSAOEMRE
LRI~V U TR DM & & G R e idim D=
AT 72 GRAR 2009 45, #fE 2010 45, A RA
Yook 2012 4E, HEIERMN 2012 4E, IR 2013
. HA 2013 4E), THIFCERESHEE RSB H
FiE, S ORI PR ICEHEZ L > THRD S
NTWBIEDIHETHDEVALD,

tHEWk

NI & EHIE, SRR, HARZNMRELS, B
MR BB 72 & DX FEZ B 2 A L. MR R 2SR o
ERFBIZKESHRLTWS, T2, BT
UThH, JEUIg D2k - @ e — ikl Ky
DBHXPEGFEE 2 5| EZ ) THRNEB 2 +0 IR
7ZLTW3,
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21 AT A D . KINOMRERIEE DG & e 2 8D
WD B IR, SRR R R Z DR D —D L 7 5> T
W5, JITHBEIE, — B U TR a5 o B R H Ak
EOMREY 2 HELZHG 1, BN TR AR AN TR
ZERMEL T, Bx OHEELREMPFERZRLESCTE
7o WHBRNIE, SHOMROMREED LIF TSk
VEFED-ANTHL, BEK5EFITBENTS, [FFE
P DA EVEIZE R & B 12 T <. S [EF] sk
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DEHE RFICRZL, HFEKE EEEE ORI
HETRTIBATWDS, 5%, ZOX FMIFIINTS
SR EHE . KINEHE [ o VE8) J5 O fif I~
DOFERERMEZFRLTUELWEH->T WD,
ZOO, AR E ORI ORI #Eb 5
BaR2B0ELZZ 2B VEZLET, HRICE
N% <, REXFIZEL, —EHOEMDOZEHZ ST
BYFE UL,
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2.3 TH7DH HZ (BILELRFHTRAT)

2014 10 A 1 H, NNIOZRKESR D EMHET 2 KB
A B ERA2E 2 & BART U C. i@ b AR O W ZE Rk
BEIZODWTOHRMEZITZ, TDHK, HEEHMKE
9% LMEANZHFK L T, £ % ORFZE R X #EH R
DWTHE & 2 5 L 7z,

JUEIHFZE 2 D ffidr %, KM R B D FE R B D iRt i ©
Hb, TD-DIT, KW %S 2w 42 o
TRATORERED T WD, BRAEHZENL S I
R ER TR 2 BRAE U CL IERE ISR I H A2 D,
XEIVARY MZ—RERMGEICRERL TS, Tl
HIMEM I O A€ % 2R A, L MR o T N & AL
HOMREE Y7 L2 e, ZZHEMIZBIT K
ERBMATHAS5, LHETIERTO OHEIE T
PEINBZHT, TD&DRHECTHEMDKS NE
N—EDFM 2 ZFRITTWE Z LiF, BEEROMES
HEERLTWD, £z, MOABRLLVWI EE Y
VT BRED, EIZ BT B TR R R A
DD KRG WS 4 ) —7 R &I D4
NoTWd, ZOXIRERDHBMIEEE DI LI,
EHERISEATIZ L 5 TIWAARBENEEbnS,

BAE, NS T, FRE 47z KN R B e
DF#EFRLZ D% AT TVWS, &
Do, BV O RIFRER S S X — vk RE NG
T COREENZ — v & OBLEMEIZ DWW TR PRI f# T
XN, Bl TER) DPHS2ZRDDDH 5, ZOK
SRR, AR L LTH 5 5 ABMIKEND, %
DAY DA IE, FFEOREGEV R A THDTHO»S
EWVWSHE»H D, TORBEENLLEH DD, WH
EFZE%E R N AT v THICEARERTRARGIZED &
WD FEDIZEIZITIT, R399 2 DIF P8 %2478
W, IFWA, SEIOFEMT, £AZANO85ROE
DHTIFEBREDRRZIIAED TS WS HIREZ T 72,
BRZA Yy N =TV EHVWEHREEETLTED,
VAT LY UTOKRMEEDOEEI N KW X BIEEE
HETETVWE, SHBRBUERTIRO AT — VL5t %
DT, JIIOMEZERRLTIELY., 25T 5
I E 72 I AR BRSO SRR S £ 877
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HE2FT, RESHIMENDIETTH S,

FADHMTH 5 R EFHB S A L, I
MFEEOKRRIZ, FRHREDOFOEED LS ITEL
S5N5, RATEEOFEFRBIXIFE A SME 502> T
B5T. JIAWZEE TR Db > 72 @i B 0 &5 & 211
MR, VoW ED LD BHEBECRIEI N TWVWED
DT RAEBRZE N, HREIEATE S U< Ak RTHEIC
BLZ EiE, HoR ED - 2R RO Db D) 5% M
g B ETHH/RIZNIDIEA S, JIIOKE T, B2
FEZBREND ANTZMESTONTVWE LS TH
0. SHOERICKWICHIREL 20, FAEFNRTIE
2D AND Z 2T, M5 EOHEMKER ST E
%,

S O TR N7z —F O REEIX, SHEED
ORTHENTH D > TIHHIIRWANT VY A THIZEL
TWVWBE WS Z e ThoTz, BEITEHEMMED &SV
275 &, BANE U AR A A o THELIDOWE % F1T
L. BEVOMENHZELEN., T—DFEADITIZ
HHTEZEDTHB, LU, JIIOWEETIE., &
RERZENENHOB R ET -~ LTEH, ThT
NHRDUTDED HEIZHWT, MEHOIT— L 2HE
LTWBEDIEL Tz, Thiaoil, 2R LTHS
& BEWZHIWE - THI ilAad b 2/ED 72 L.
V=LV ATHEDENMEZEZHBRLTWVWS,
OMEEEEIIHTHEMTELEDTIE ALY, Vo
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3.1 Ben Seymour Bt ({FEEFITHEE)

External Review of Norihiro Sadato Laboratory, National Institute of Physiological Sciences,

Okazaki, Japan.

Reviewed by Ben Seymour, Center for Information and Neural Networks, National Institute of Information

and Communications Technology, Osaka, Japan; Computational and Biological learning Laboratory, Depart-

ment of Engineering, University of Cambridge, UK.

Introduction

I was delighted to be able to visit and review the
research activities of the Sadato Laboratory on 22nd
October 2014. The Laboratory is one of the first ded-
icated cognitive neuroimaging facilities in Japan, and
was established in 1999, initially with spectroscopy,
but subsequently with the installation of a 3T MRI
scanner in 2001. At the time, 3T was considered
very high resolution, and as principle investigator
Professor Norihiro Sadato established a comprehen-
sive research program orientated around the broad
themes of human cognition, communication, and de-
velopment. Since its foundation, the lab has steadily
grown, enhanced by a series of grants orientated
around specific themes. The lab has, and contin-
ues to provide substantial research training to Mas-
ters level and doctoral students, with a strong track
record of success. Furthermore, the lab is well known
as an internationally outlooking lab, welcoming nu-
merous overseas researchers, typically JSPS funded
post-doctoral fellows, several of whom are known to
myself. On this background, the lab has a substan-
tial and strong track record of research outputs as
measured by publications, with numerous medium
to high impact papers, generating a strong reputa-
tion in Japan and abroad. This has helped in the
recruitment of high quality young researchers and
students, and the lab continues in good health based

on established strengths.

Research background
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The foundational research program of the lab con-
centrated on human development and communica-
tion, and covered non-invasive physiological and neu-
Over the

last 5 years, there has been a substantial amount of

ral measurement in children and adults.

successful research into perception of animacy, and
recognition of self and other movements. This is a
critical and core function in social cognition, subserv-
ing many modalities and domains for example eye-
gaze, face recognition, body movement, language,
and semantics of communication. Together with re-
lated projects into ‘higher’ aspects of social cogni-
tion (for example lying, sarcasm, empathy), this has
led to a basic neurobiological model of self-other in-
teractions centered on the extrastriate body area, in-
ferior frontal region, and tempero-parietal junction.
This model has set one of the main foundations for

the research currently being undertaken in the lab.

Current research

I was fortunate enough to review presentations of
a number of current projects from lab members, as
well as demonstrations of experimental and facili-
ties. Although the scientific scope of the lab has
been relatively broad, at the heart of the current
research program is a very specific core goal to un-
This

is best illustrated by the unique hyperscanning fa-

derstand the dynamics of social interaction.

cility, in which two individuals can be consecutively
scanned in adjacent scanners with real-time face-to-
face video-camera projection, and microphone-audio

communication. This allows the audiovisual social



communication through facial expression and spon-
taneous speech. I should point out this is technolog-
ically challenging (mostly because of noise artifacts),
but the group have overcome this to produce a fan-
tastic and unique facility, which opens up a huge
variety of new experimental possibilities. For exam-
ple, the group have used this to study between-brain
connectivity, revealing highly exciting findings about

the potential role of the inferior frontal gyrus.

The complexity of real-time face-to-face processing
highlights the importance of fast dynamics, and the
group have established other facilities to explore
this further. In particular, they have implemented
a multi-person motion capture room to study dy-
namic motor interactions through natural interac-
tions. Here, the challenge is primarily analytical,
and the group have developed sophisticated algo-
rithmic approaches to understanding the synchronic-
ity and causality of subtle body movements. Again,
this facility has enormous potential, especially when
integrated with other experimental paradigms (e.g.
game theoretic interactions). This potential to shift
from the conventional and very stereotyped social
exchange paradigms of social psychology, to natural-
stic settings, without losing experimental vigour, is
a very intelligent and powerful development, which
elevates the standing of the lab above most of its

peers.

One of the much less well studies modalities of in-
teraction is through touch. Studying the dynam-
ics of haptic communication is enormously challeng-
ing, but the lab have established a novel program
to explore the basics of haptic inference with ex-
ploratory studies using 3D printed objects and devel-
oping novel textures. In addition to these domains,
the lab continues to do core work on human language
communication, and the development of communica-
tion abilities in children. Furthermore, the research
has yielded significant clinical translational capabili-
ties with applications to the individuals with autistic

spectrum disorders.
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In summary, the current research program is techno-
logically and methodologically sophisticated, scien-
tifically novel and exciting, well-focused around the
strong core scientific vision, whilst at the same time
incorporating a an open-mindedness that allows the
exploitation of translational research opportunities

and other possible collaborations.

Research environment

The lab is part of the National Institute of Physio-
logical Sciences, which is one of Japan’s leading re-
search institutes, and well known for its international
standing and high quality research output. The basic
facilities are comfortable and in keeping with an in-
ternationally competitive lab. It was clear to me that
the lab benefits from scientifically strong leadership
from Norihiro Sadato, with leadership generated by
a non-hierarchical team approach built around of re-
search and ideas, and not seniority. This has permit-
ted a friendly and relaxed lab, freedom for young re-
searchers, but with effective scientific discipline and
The
lab is also very outward-looking (to collaborations
with other NIPS labs, and with other Japanese labs)

and internationally friendly, with most talks and pre-

a supportive and learning-orientated culture.

sentations held in English.

A key new facility being installed when I visited was
the 7T scanner. This has particular value to the lab
because there is a substantial focus on the specific
functions of subregions of frontal cortex. For many
future experiments, it will be critical to establish at
high resolution the distinct functions performed, for

example, along the axis of the inferior frontal gyrus.

Conclusions

Since its instantiation, and especially in the last 5
years, the Sadato lab has developed substantial sci-
entific strength built around a strong core scientific
vision to understand the dynamics of human social
interaction. It is characterised by the way in which

it develops novel technological and methodological



methods in parallel with exciting and important re-
search questions. Indeed, it is fairly unique in hav-
ing strengths in both social psychology and imaging
technology. This has made it the go-to lab for aspir-

(FIER)

ing students and international researchers. In sum-
mary, it has exceeded expectations, and offers a high
chance of very substantial research outcomes in the

next 5 years.
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3.2 Robert Turner &% (Max-Planck Institute, Germany)

Division of Cerebral Integration, Department of Cerebral Research,

National Institute for Physiological Sciences, Okazaki

Peer review, 31st October 2014

Reviewer: Robert Turner (Director Emeritus, Max-Planck Institute for Human Cognitive and Brain Science,

Leipzig, Germany)

1) Structure of Evaluation

This evaluation is based on four sources of informa-

tion. These are:

a) Written Materials for External Evaluation
Fiscal Year 2014

b) NIPS Annual Report 2014

¢) Interviews and discussions with Professor
Norihiro Sadato and other DCI staftf.

d) CD of papers published 2009-2014

The interviews and discussions took place during
the week of 27-31 October, 2014. The evaluation
covers the track record of the laboratory and future
plans, focusing largely on the intended deployment

and application of the 7T whole-body MRI scanner.

2) Summary of DCI Objectives

The Division of Cerebral Integration is focused on
experimental research on humans, in the areas of
cognition, memory, behaviour, emotions, and social
interaction. The main research techniques employed
are non-invasive, including MEG, EEG, NIRS and
MRI. The Division has been a pioneer in Japanese
neuroimaging, installing a head-only 3T MRI scan-
ner in 2000, and adding a pair of whole-body 3T
scanners in 2009 for the purpose of “hyperscanning”,
that is, the simultaneous functional MRI scanning of
two individuals while they interact with each other
via electronic devices. The Division will shortly add
a whole-body 7T MRI scanner, which will provide a
dramatic improvement in spatial resolution and the
precise localization of brain areas involved in specific
tasks and brain networks. This combination of MRI

equipment is unique in Japan, and in the world, to
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this reviewer’ s knowledge. There is a strong empha-
sis on brain plasticity, especially in the development
of social skills. The Division is headed by Professor
Norihiro Sadato, a brain researcher of international

standing.

3) Review of Written Materials

The Written Materials document for the years 2009-
2014 mainly summarizes the scientific development
of the lab. In general, DCI is a highly productive re-
search laboratory, with approximately twenty mem-
bers, including about 10 PhD students. For the size
of the lab, the annual output is impressive, com-
prising about 15-20 published papers, many in high-
impact journals, and 30 conference presentations.
The Written Materials document describes the in-
creasing focus on the brain science of human interac-
tion, and underlines the important role of studies of
ASD subjects, who have reduced interaction skills.
Additionally, of particular interest, is the increas-
ing deployment of the head-only 3T MRI scanner
for the study of primate brain, specifically Japanese
macaque. These innovative studies use the tech-
niques of dMRI tract-tracing and BOLD fMRI, and
involve effective collaborations with Dr Yoshida and
Dr Goda, who are based in other NIPS laboratories.
A further potentially very important link is with the
Primate Research Institute of Kyoto University, lo-
cated at Inuyama, where world-class research is con-
ducted on marmosets, rhesus monkeys and chim-
panzees. This research would benefit greatly from
improved access to cutting-edge MRI facilities.
Worthy of further mention is the national role of
DCI-NIPS in the training of fMRI techniques. This

is highly commendable. There are few labs in Japan



with equivalent competence and experience in fMRI
experimental design and analysis. DCI hosts regu-
lar training sessions in the use of the most popular
analysis technique, Statistical Parametric Mapping
(SPM). Experiments are conducted with laudable
scientific rigour and thoroughness, and analyzed ac-

cording to the highest standards.

4) Interviews and Discussions

Over the course of four days, I met personally with
about half of the DCI research team, who provided
presentations of their research and joined in exten-
sive discussions. Professor Sadato, with whom I had
lengthy and rewarding discussions, ably put DCT’
s research programme in the context of the overall
remit of NIPS, and described his broad and ambi-
tious objectives in the field of social neuroscience.
He is one of the mostly highly cited researchers in
neuroimaging, and NIPS is fortunate to have him
on the staff. His approach to social neuroscience is
nuanced, appropriately critical, and extremely well-
informed. As head of the Division, he is an inspir-
ing leader and highly competent organizer. He has
recently been joined by Dr Masaki Fukunaga, a bril-
liant MRI researcher with 7T MRI experience at NIH
and Osaka University, who will be largely responsible
for directing 7T research at Okazaki.

Other members of the laboratory gave articulate
and interesting presentations on their respective re-
search projects. These range from studies of brain
networks in early blind subjects for identification of
facial and bodily expressions (Kitada), to an fMRI
hyperscan study of interpersonal synchrony (Koike).
Some of the presentations were in the form of posters
that were presented at a social neuroscience confer-
ence which took place in Okazaki on October 30-31,

with Professor Sadato as a major organizer.
5) Prospectives
The main topic for discussion was the imminent in-

stallation (beginning on 1st November 2014) of the

Siemens Magnetom 7T MRI scanner. I have exten-
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sive experience of the capabilities and requirements
of 7T MRI, and the two discussions in which I par-
ticipated were substantive and productive. In the
context of dual-subject hyperscan projects, Professor
Sadato plans to use the high spatial resolution of 7T
MRI to improve cortical parcellation and the identi-
fication of subcortical structures, together with ac-
curate white matter tractography, as powerful addi-
tions to the simultaneous 3T recording of brain func-
tion using BOLD contrast. These represent highly
appropriate and forward-looking uses of this equip-
ment. The scanner is also intended to be available
for collaborative research with other labs in Japan.
The NIPS 7T scanner is one of three 7T scanners
sited in relatively close proximity, the other two lo-
cated in Osaka (already running), and Kyoto (esti-
mated handover in summer 2015). T am an adviser
for the Kyoto 7T programme, and I have conducted
in-depth discussions with Professor Fukuyama and
his research associates regarding the use of this sys-
tem. A useful discussion was held during my week at
NIPS, including Professor Sadato, Dr Fukunaga, two
senior Siemens Japan technical sales staff (Takizawa
and Kuribayashi), and the research manager of the
NICT 7T MRI programme, Dr Guoxiang Liu. It was
agreed to establish a Japanese 7T User Group. In
particular this would support a joint training pro-
gramme for PhD students intending to make use of
7T, in the potential form of one-year assignments to
successful 7T labs in Germany or the UK, in order to
develop hands-on skills. The Siemens support staff,
apparently aware of the unique status of the DCI lab
nationally and internationally, appeared to be highly
committed to the successful installation of the NIPS

7T scanner.

6) Recommendations

a) In order to ensure the continued optimal opera-
tion of the 7T MRI scanner, at least one more
postdoctoral researcher with extended tenure
should be recruited. This is vital, to provide con-
tinuity in regard to local expertise, and to enable
constructive local dialogue regarding MRI tech-

nique implementation. Although the research



team under development at NICT promises to be
strong and active, the research goals there are
not perfectly matched with those of DCI, and
DCI should therefore not be entirely dependent
of NICT support. It is also likely that the vendor,
Siemens, will be more willing to provide work-in-
progress software and hardware upgrades if they
can expect the NIPS installation to provide useful
feedback.

b) In addition to the staff position(s) just men-
tioned, funding should be made available for PhD
students to spend a year of their PhD training at
a 7T site in Europe, to gain hands-on experience
and to become trained in MRI sequence program-
ming. There is an acute shortage of sequence pro-
gramming competence in JapanXone estimate is
that in the entire population only about ten in-
dividuals have this important skill.

¢) Given the increasing international prominence of
Professor Sadato’s social neuroscience research,
his wide international network, and the remark-
able scanning facilities that he has built up at
Okazaki, an even stronger focus on social neu-
roscience (perhaps extending to cultural neuro-
science) would be worth considering. At present
the range of research topics seems unnecessarily
broad, and includes some projects of little rele-
vance to the main thrust of the programme. As
national research interest in using the NIPS 7T
facility increases, it will be advantageous to en-
sure an intensive coverage of social neuroscience
topics — for instance, the in-vivo exploration
of the cortical subdivisions of the insula, and
the tractography of mirror-system and theory-of-
mind networks

d) 7T MRI hardware. (i) It is recommended to pur-
chase prospective motion correction equipment
(Emmotrac, Leipzig?) in order to take full ad-

vantage of 7T spatial resolution. (ii) RF coils.
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It is desirable to purchase a high performance
8-channel transmit, 32 channel receive RF coil,
when an appropriate coil becomes available. In
the meantime, the DCI 7T team should inves-
tigate the use of high-permittivity dielectric RF
shimming pads (Teeuwisse WM, 2012).

Cerebral blood

volume measurement using slab-selective VASO

e) fMRI acquisition techniques.

promises improved spatial localization, compared
with BOLD (Huber L, 2014). Assuming that re-
searchers will wish to explore the cortical layer
dependence of fMRI signals, DCI staff are recom-
mended to investigate this technique and imple-
ment it in the near future.

f) Web site. The DCI web site is already of a high
standard, with good navigation and plenty of use-
ful detail. However, DCI staff are urged to update
and maintain the site more frequently, and espe-
cially to remove typographic and grammatical er-

rors.

SUMMARY

The Division of Cerebral Integration, under the lead-
ership of Professor Sadato, is a highly successful lab-
oratory, internationally competitive in regard to re-
search questions, methods, and standards of analy-
sis. In this reviewer’ s opinion, it is the most impres-
sive imaging neuroscience laboratory in Japan. The
links with strong neuroimaging programmes at Ky-
oto University and world class primate research at
the Primate Research Institute are highly promising
as the neuroscientific study of human social capabil-
ities continues to deepen. In order to maintain this
remarkable success, continued generous funding will
be required, especially in building up 7T MRI exper-
tise that can explore the full potential of this field

strength as a game-changer for human brain science.



(FIER)

PSR ORINBCE B RERT SR DB BRSSP

2014 10 H 31 HF P ET7 L a—
TAfiZ: Robert Turner

—_
~—

A D A
SE O IE. PO 4 D OB®|IEICE D WTT

>77,

a) 2014 4SRN D 72 8 D F Bk

b) AEHEMLER (NIPS) 4] 2014 4K

c) EREBIBAER B X U Z DAt KN 2 B REmT 52
ROHAEMZRIEEM (DCD) ARy 7&DA
VREaAa—BLUOTA Ay a Y

d) 2009-2014 FEIZRKR I N2 XAMD 5 N7z
CD

VA a—BLUOT 1 AH Yy ¥a it 2014 4E 10
A 27~31 HolEizfTbisz, TN RIzIE, FAFE=E
DX L ONREIE Z & A, EHMEIZH 72> TIE
FEEINTWE 7T (7 A7) 288 MRI AF¥ v+ 0
BABLOFHHAICKRESEREE N,

2) DCI ® Hi#) (#3)

KN 2 BT B RET 22 R D AR B2 R 22 4P (DCT) 13,
AN QR iR, 178, &S, B X Ot EE
HOREIZE T 2 FEBRMEIZ T — A AL TWD,
DCI TIxEERMERE L LT, MEG, EEG, NIRS
BELUMRI 2 Y OHREHFELZHFHALTVWS, H
RIZBFB2a—0 A A= TDONMF=TTH5
DCI &, BEHDAD 3TMRI A ¥ ¥ F % 2000 4 (28
AU, 2009 FEi2iE I R=2AF ¥ =) %
TR, 25FIT AF ¥ FEHEALTWE, NA
N—AFvy=v7eid 2MHEPETTNA RITED
MEEMZIT>TWaRIZ, 20 2 K% FkIZHHE
M MRI CAF Y > T2520W>5DTH5, 72 DCI
B R <28 7T MRI A% v S %2 EBINEAT 5,
T kb, EREISMEEEICIA TRED X A7 RO
F v b7 =2 ZB5 T B MO IS O ERE A ALE R E 2
TREEW RESDRE 65X NDETHA5, 2D MRI %
EDMAGDLEIX, FHiHEDOMBRDIZEWTIEHAR
BIUMHFICBVWTH—DEDTH S, DCLIZHDO A
MM, FRICH RN ORETB I 2 T IC K E REH K
%<, DCLIXEBRICTEEET 2 M 5e8 T b 5 E ik

118

FEABERZ DRIR N T VW B,

3) EmE RN FD < Rl

2009~2014 £ OHFWFHGE RN X, EI1Z DCI OFt
PSR E LD SN T WS, U T, DCLIxAERE
MR IZBEVIIEETH D, A A A—FF 10 AD
HEHROEELZDTHN 20 ATH Y, ROV A
A6 RT, BEOKRIIEIRELDOTH S, BE,
WEBEHOREWY vy —FILE A A 2 15-20 KD X
FeRKE L, 30 DERFRET->TWD, HHERHZS
WTiE, ANWOHEMERICET 3 MBS % DA 5
UCTHEHRLTWS ZEDFHI N TWAM, AeD
MEAERGE DKW ASD BFIZ DWW T OHIZENEE
mAEE AR TEPEFAINT WS, MAT, Rl
EWNDIE, EEH (Fiz=hyPL) ORITZED 725
DHEHDAD 3T MRI A ¥ ¥ F O TH 5, Z
NS OFEFHKZRMSIE, AMRI 2 & 2 M & iR B
SO MR FEL L VM (BOLD) fMRI Ok
% B L. NIPS Witiifse =1 i % 3 O E HEUR B &
OBH B & SR ZGE#E 2 1T > TV D, X SITIEH
WEEZD A0 LT, HEREOEEHMILH
(BRIERILT) LodELEITFONE, ZOHEDOT
TfFbhTWwWb~Y—EXy b, 7HATXYIL, BIUOF
VRV Y—IZET AR L AL OISR IE, B MRI
fiZzFHLP T ol o REREEEED
72595,
EIHICERTAREE, IMRI Hfo#HHEIZBWT
DCI-NIPS R4 ERN L EEHTH S, ZhiEEn
RIS %5, HAIZIEZ IMRI O FEEBROFE - i
BIL. RAFEORENE L UORBE D OMARITIZLEALY
FAEL 720, DCT b E I L TWB O FIETH B
MEHN ARSI A N ) w Iy VT (SPM) IZ2WT,
EHRRHEEYy Y a v 2 EMLTWSE, F-ERIX
BT 2RI BB S LB SRS 25 > TH
EEhn, TSTHEDKEZLDHINT VWS,

HAVREa—BLOT A AAY Y3V
4 HHEOMIZFAE, DCI Offf5eH F— 208 L 2



BIZEER -7, HOBESDIHEIZODVWT T LE Y
F—avETW, ZkIChzb@mRICSMU 7z,
B L ZRMICbz > TEY DI EHRELD U,
NIPS 2D I v ¥ a > Oz DCI D% 7w 7' F L
Z A0 AT BRI, MR ONFICE
% H 5 O JRHPH 2 DB 72 BRI DWW TE L T <
Nho WEZa—0A A=V TN TIERIZEL
FIHINEMELED—~ATH D, NIPS IZfEE A &X v
TILTELILIFEETH D, HOH-DMRBLEITK
T57 7 —FIEHEATHEL, WRECHHBTH D,
MPOBDHTL L DIERIZE I EDTH S, HEMD
Fr LT, EBAIREIA UANN—2EBLIETE) —X—
THhiLEBILEVENEZE DA N F1 T —TH 5,
i, KE NIH 8 & O AP KF T 7TMRI 2ELD
Peo 712 E £ DFEME S L\ MRI #F5e#. fEaCOHE=ue
B % M Z Tz, EAMEEIRZIE Z DRl DT 7TMRI
2% HIo1 3 KEREEER7-372%5,
HREOMD A v N— 1%, S OREM LT 1
Vs MIOWTHERDRIKENT LYY F— 3
vELTA N, ZThveonTuyz s bME, BRI
HOBHB L CHRIZ L2 REOBANCET 2D+ v
N =2 OmgE (ALE) H S E AR O RGO MRI
WZ&BNANRN=ZF v Vif5E UML) 207255 DT
Hot, TLEYF—2a D350V D0IE, &
B X EA - F AP =2 LT 10 A 30~31 HiZ
Rl TR X N2 R RSB IT 5 RAX -
XN Tirbhiz,

5) 51D HIA A
TAAHYyYavoEL MY ZIEME (2014 4F 11
H 1 H) 1238 5 7z Siemens Magnetom 7T MRI & & ¥
FDEATH>7-, FAlZ 7T MRI ORES & EffizDW
TEHELRREEZ B DN, 2Lz 2 DO AER
MOEFENRDLDTH 572, 2 KNS NN—ZAF v
JuYz s MIBEUTERERZIZ. BOLD 2 FJ A
k& W7z 3T ONBERE R R El % % 50 1 1284 5 &
D& LUTTIMRI 28 AL, Z0E\\2EM 4 fiEhe % F
AU THRBEDXST (parcellation) #EL, BT
MEEMPAL, £2AE N2 NI 7 4 —DFEER
EEMBZZERFHELTWS, 06k, ZOHBED
FIRIZMES B OWIEMHME L R OHEZ RTHEDTH 5,
ZDAF ¥ FIF 72 HAENDMDIMZEE & O LR
RIZEHEHAINZFETH S,

NIPS @ 7T A% v F I3RS 5 3 DD 7T A

119

FYFIDI356D1D2TH5B, D221, K (9T
BRI B X OEHED (2015 EEIHM RIAR) 1I2H
5, REHEED TT 70T I LDT RANALHF—=TH b,
ZDYATLDOERIZOWTHLBR L EOWEA &
EHIIMENRERZT o722 DD D, DAL
7= H . NIPS T E MBI, fmAk#HZ. Siemens
Japan D 2 HZHDF I =) - =)V A - AR T (HER
KB I UOEKK), BXCNICT ® 7T MRI v <
LOWFREBFE T % Guoxiang Liu i & & HI12H
WhEmEd o7z, HAD TT 2 —H =) —T %11
b LIS Z2izonT, AP B, Rz Zhid,
TITMRI 2 fH L 72\ & E X 2 LREOFEADIE
FHHHE T B 7 I L2 XETHHDLRB1EZA5, Th
WERERRAFVEFIMTIESEE20, KAV ELIE
BEE DRI & IND TV D 7T BHERFSERTC 1 £ L
HMEOZELEZRETEEWHENH D X5, Siemens
DY R—F 22Xy 7k, ERNEIOHFIZET S DCI
Da=—rfiZHELTWE R o5, NIPS O
TT AFX Y FOEAZRNSELdIERHICKEHE
LoTWVWBLIThHoT,

6) $&

a) 7T MRI A % v F D it 72 8 1] & Mg S22 Mk 3 5 72
O, RARIMEZEERKTEE S 1A, EIHEN
TRATRETHS, U—HLREMHIZONTD
RV Z AL, 72 MRI BilficBd 20 —)1
R R AERNIZITS BT, ZNIRMHD TEETH
%, NICT O¥JED R, DCI DT — L DIEE) X
TRAMMOIEFR R E DL 0D Z L IIHEETIED 5 H,
NICT o#f7e® HiZlx DCI ® Zh & 1F5E iz —3K
T5bIFTIEEWd, DCIIE NICT OHK— b
IRBIKET HERETIER, 2, RVYKX—=T
» 5 Siemens I, NIPS 5 H6EHmT7 1 —RKA\w 2
NEoND L HRAARZSGE, fiffhoY 7 o 27
BLON—RozT7D7v 7L —=Rz2EMELEZV
LB TMET 7255,

b) B U722 %y 7 DWAITIA T, ELHRICS T
MM EE 1AM BB 5 7T ifF
A MIREL, G TORBREEGIELILEE
WMRI Y= > A7ar753Iv 70—
EZIIEIEL-DOERVREINIRESTH 5,
HARIZBWI Y= A0 07 IV 7DAMAR
FRATHE—HARDOEAODHF T DEERAF
LaFE->TWBHEIZOT I 10 ARE L ORFER

il



HTns

c) EHEHE DM 2MRR AU BRI 2 FEH AN
o TWAIMRIZINA, A3 DJAH 4 E B & v
=2 BROEFMIGICHEEL 7ZEES LW
A% v Ul AN, thaRRE (B2 56<
Cultural Neuroscience : SUEMRERIZIZES) 12X
LIZKRERT A — N A%EL T L 2T 5 lif#
NdHB7ES S5, B TIN5 E O H B X T 2%
BRETILHRBDE L oTWE LD ITRA S,
/2, vz bORIZE. TS TLDAL Y
74 —AA L QREBUESATEH L THY 27 b an<
ONEENTVWSE LS THSB, NIPS ® TTMRI %
FATSZICHT2BLPENDOEE > TWVWD
L AaMREZICET A Ny IR - fIRIE B
BEO T EBROERNERLESTIZIT—V AT
LB XUOLOHEGHD Ry MU= 2R LN T
I N5 T 4 ——DERNL NIRRT DI &
WWERLRE7ZAD,

d) 7T MRI ~— K% =7 : (i) 7T DR A% 4
TLIARLKTERT 2720, TuART T 1 Tk
i EHSE (Emmotrac, Leipzig?) 2AT 5 Z
CEMERT S, (i) RF 3L, YR a1LaA
TFHRE L IR o 72T, @YEBED 8 F v R IVIX(E,
2 F ¥ 2NV ZERF M VEBATEIENESE

LW, 2NETOMIE DCI D 7T F— AL EFEE
KFEAKD RF ¥ I 7%y N (Teeuwisse WM,

2012) ORHATREM 2 BRI R ETH 2,
e) IMRI HUSEA : 2 T 7K VASO % F W 721

120

MEEDOFHIZ, BOLD & Flg LT, 227 &2
DO¥EIER 2R T5EDTHS (Huber L, 2014)
o WH5E#E 5 DY IMRI O KBRS % #8295 U 72\ L
5 L DIKEIZSETIE, DCI AR Y 71Zid Z DFik
ZESHIEL, IEWRESRINEEET 5 Z & 2R
T3,

f) 727914 b :DCIDOY = 71 METTIZEW
KEIZH B, TET =Y a i@, hOoERRE
MEHEAEETH5, UL, DCIOAZR Y 713Y
A M2 L DEHEEICES - AVTFUVRTEELD
12, RHZEERER SE LR D 2IBIET 5 2 L DEH
Thd,

Qs
EREBID ) — X =y TD N, KK EBRER 5
ROOHUEBLIERSEERT L, AFSE DBERRE . IR TIER,

BLODHOKIEIZBE NTRWIZERII U, EER 25
S NEMATZMREETH S, FHliE DO ETIX, DCI
FHARTEREENZA A=V TR OMERTH
%, NEO2MEET 12 BES 2 MR A58 25 R AL % it
F 5, GHESRENED DR a—a A A=V
IR LB XOBEREMREFICE TSR L L
DEREFMGEE OEERZIEEICELREEVWZ S, ZDH
BELWHKIZMRET 72012, £/ 0bIF ABOD
MBZZBETE (F—bLFzvIr—] THH, ZD
DEITHE D ATREME 2 I KBREESR T 5 2 e A T&E 5 7T
MRI (2 DWW T OEMEIR %L T 5728, Mk n
DELARVERRRELPKETH 5,



3.3 ARBHEBEL (RIREFESHEAN)

SRR 1 e st Ve PN R U i AT

DEUAEREERE IR CERRRISA B%) U1 b Yy bEE

RSN 707 5 — X — (BHRRREZRAMETD T A -V TR X —)

SERE 26 410 A 22 HAFRT & 0 EEARFSEATICE WT
TEFERIRAZ TR & 0 DB LA SE R P O A SE B 2 D A
HEZ 7%, BRZLVBVBOSMEREDA VNN
TARAAY Y avEiTol, FRIZMEZED A VN—
IZEBRAR—FREMHRDRF %2777,

IR T E AP E
DA SR T IR, iR, B, 178, N
e LITBE T SRS 2 s, B hENRE UL

M3e% 1> THE D, HFZEDOHLMIBERERN MRI & & &
TR FIEZ W72 58T H 5.,

FERE L T BT B th 2R D EFEFE Otk LA
T AT THEADOBL ] & THCHH 1%
AHIETEER I B W TS AR EEE O 2, H
CHERRNZMHES HOREEICBPEE5E T2, H
MIERECEZORIEDIETTHZ L2 HnWEL., £k
IR IEEN R BRI B 2 A M BB OB REREE AY, B BE
BEDOHIEADOH CERIEH O RIMD — KL 78> T
Wb Z SN U, XHEEMED THED
BE At F OBED R — MO ([ZBb B MRS E)
2, A OGRS R RIS T 2 HREETTH
% Extrastriate body area TR 53, Z OREHHEH
JERFETIHEH L TVWE Z Ry, HEatoEELZ R
TEHHEEDMAA H =X LI LT, EEARNRZ
BTwa,

BRUEAR T OB - F7EIEHIE & 2 (8K MR [H
REtlE, TFZE=R DR 2 D MRI % & A THERE [
TAMEIIZIY RO N TELMBOENZV AT LD
RIZER SN, T4 a3 X 7 b YNTEEIIRE” 3A T
BIEEEIZB W TR SN, ZOfHEEN 2 ZE/ONEE T
L Gif) RIS L Twas Z e, EHotAIZEY
LTWaZe, HMEREIZBEWTIEZ OIEAHE K
TEHIEERWEL, Kotz eRkT @M
EimEREL TV,

INSDHRRITE < OEFMHILE DB REL D H A
IZEDRBONTWEZ N, HEFMEELDT + Ay
avhro U S Nz, HOURE R CH kA b AERM

121

T Proc Natl Acad Sci USA % J Neurosci 7 & % &
A R 14~19 EEWKHEER RS> TE Y+ 73R %
EF T2 EFHETE 5, MBERD N T 1l & KA
DOHEBELZBTEY,. ILILETHRNEZERL
THHERRIIZIRFTH 5,

2. WRSEEREY

3T dual fMRI (3D FER 2 X2 NAHEREETH 0 |
ZDBRE TR SN 2 EERFEREHIO 7 — KX 2
V—FTE2HDTHD, VA Ty bHIZH
B & o 7= 7T MRI DX A I8 = A5 D g
He/FHI L2 WEIZT S, TOIXEHETFHEEDTFIZ
£ B Z B RINATEN IR TR DRI, JoEr e Ao
A= v TR L DRWEIFZIT & 28 7 e RIS O
Pt TS ¥ 5,

3. BE

IR DKFERES AT LH35 ELBEEL TH Y Bl
D5 HEMBT 10 ZDORFERAEZIT>TWS, TN
AN B AR BE DS & R L F R AR B & U T
REELTHHELH D, REGHE LD £ <HHREL
TW5 LFHiiTE 2,

4., &

SN AR PR SRR P O IR E R AU & D T TN
FEITH U WAFZZICEL D LA T W B READE L S vdz,
FBIRE S ELHRELTE O, HIEFICH L DS
IRBHSEMED R K B 2SR E & U Tl st M o
A3zar—Yarb E<KHMiE L TE<FLEoT
WBEWIHIREZ T2,

727245 7T MRI 238 A X TKL % L EEOHMRFE
HLEAN S G D F MR E BT 2 3 R b
DOEERIZESHIET HDh, IHIT3T L TT LR LR
GITCANERNRLE UERPZRITINEZ 06, &
AU R TR DS BT 7 o 72 DK & & S R
T ENRE, 5% TT MRI BENIZ 472 > THET % B9
HHELHLH LKL 5N,






&5 111 5B

PEEDOHEEER — BIE —

123






1 HESFOBEBEEZOEE - A D =X L4

1.1 HREAEOHEME

b N OROEBBEREE, 1A Y Fry R, FIUR
R—=R—, LT R— oV — BH BEESTFRY
DERES T L. TNODWBET 50 TEEGKRPEE L
BOEENTWS, EHEPHERN T, EI2R#EE
A A L s B e & R0t A SR N W At
M. MHBABRAFZE M, DMEER S 27 F VIR, e
REMRNTRFZEEMTIZ B WT, TS AEEE VR BH Ok
BROZIZT Ju—F L, Fhi &Iz, 7 BLU
M - SR EEOEEIA A= AL 2T 22 2 HiE
LTW5, BARIIZIE, BENGHIEMm I D, 27
DARBUEAT 220X TR % & O HEE & BRE D B 4
fLIZBE9 2. 23 70 mliE o & 22 MR O TP e
W, A TEGEROREICET 2 EHR. ¥ 7T IVRESR
DREMIZET 2 HEmMEINEST 5, T LT, HFonlf
WIZEDOWT, DTFOEBEAN=XLE2HS,ZT S
Ledbiz, MRV F IR TIVT Ry NT—=2, FT
oS AL S O e R T R R P R EL
0 — 72 K2 E DN R eI T. Ml - BED
BAF IV IBMEHAI=ALIZT7 Ta—FF 5, &
512, in vitro FHEECR P RBEAKEARTE S N2
R, 77 AfREST A - Ty b OIAREREMRITS &
BB Z iz & b, MR- v T ABERE. DEBRIHE.
R IR B RE &\ o 72 Y AT WAEBR L AL T DO HL R
WCHEMEIED, ZOXD LEHEICBITSFEHA D
ZALDFHZ ZVREROHMNTHS ZLIEESET
VA FREZ, RO, EE TR
T BEEBERGAE I & B e I 0¥ R DR B A HEL A ) B AR 12
HOHMDSBHLDTH 5,

1.2 HROFR

SR QRS NSRS LTI flAa e LT,
URAZEIF o5,

(1) KCNQ1-KCNE1 ¥ ¥ 2 V#E&KkD, KCNE1
1 & BHERE DR A H = X 1 & W L O R ]

MR RER T E M Tk, 1AV F v 20, A
R, G & 287 EEDMIIBERE D AR & 720 5 B RE D T
DG & BEREICB T D2 HE L TV 5, ARITIE

[KCNQI1-KCNE1 F ¥ 2 )VE&ED, KCNEL 2 &5
BEBE DB A 1 = X b L HEE AR IZ B3 B 58] 1046
MEYTHANAT S, KCNQL IZEEMAREES VY 7 L
FryaVO—FfEThHH, WMETEHEY 721=y bT
H5KCNEL iz AV Fr 2V ERBELTWS,
KCNQI-KCNE1 i&DED EW] AV 7 LEfREHE
W, DD BABITE BN B EA T RS E A R LT
WaM, 20 TEW] WEEZ FOETHTFAN=X L
BEOSKAHTH -7, M. HHMTld KCNQL ©
S4 AN ED22FHDO 7 2=V T 7 = ViRE
(Phe232) A3, KCNQ1 F ¥ xR I)VOIEMEALRHZ AR T K X
AVIEZHFIET RO 7 =)V 7 7= ki (Phe279)
LROMBI LT, KCNQL F¥ 2 L& EIz<< L
TWbZ &AM UA, 5612, voltage-clamp fluo-
rometry (VCF) k28 A4 52 &2k, &tk >
Y— A1 VOFE2EHEAZE L. KCNQ1/KCNEL
Fr 2BV TIEH, BV Y —RAS vOHEL
A AV F v 2OVIENE (BIR) ORI KERBEIELNDH D |
ZOBIEIZINSG T2V T I VEENHINTH S
TrEREE D, AFSEEERIE. KCNQL/KCNEL
FryaVORFEIZEORIEST S QT IEESEMRER L
DOEEBIZH S 2 HAIFFIC L E T 5 L Hifra s
(Nat Commun)s
(2) ZV 772y T VI KB NEREFKBLOFIHE YL 2D
Mike 1z & 2270 7 955 D FiE EfE I
STFHRAEEEM T, 7Y THlkoRL - o, B
L OBRIZEIT 227 7HllaD A FiERE & = OfERer
FIZDOWTHIZE 2 DT W5, £72, MNIZB T 2%
UWHEEME O R INER 2 ML TW5b, SHEE
X, E9 THMRROA Y TF Y FuH 1+ (OL)
NEDXSIZU TR Z PR 2R & J#INT 5 DA
WS RIEI R BRI R B 7=, Hiie 2 ik H S f
J& U T < 2ulsR & Ml j 13 5 & RIS BERE TP 3
% OL # £ X6 ICBERT 2 G2 HFE L. SIBKEFEN
B & ORRIE BN R AZH 22 BERI T bk R D fifhr % 47 - 72,
F 72, OL & %l =R o 8 BAE FRIF NI B Z AL
TELHOBETFHEz~I 70T VAEICEDAEITEL
T2o I 56T, FEMOBHEIZ BV THRIERE (~YT
VIR, 77 & VHiEE. HNK-1) 23 OL ® ¥4 - 4k
WCRREDREZS Z &% in vivo LRV TH S D
U, BN OF 72 7 BB RE 2 H o 22 Uz, — A



OL DEFEIZL VAL 2 HMEHEERE T A Moy 1
DEHFIZE VAL S MLC (megalencephalic leukoen-
cephalopathy with subcortical cysts) DJRERHT % 3
b, WENBEBRETFIVY T A2/ L, Ek v
AT LURLVTOMMEZFEETEI LITED, 205
FIREEW S Uz, &by, BHEDMEEED
TITVY CeZEOMERTIAXF Y F OFRBEDON
T VAN EDOHEEZIRET D L\ D 5T
HBEVE B DRI S BARVICENT 2 2 & 2 515,
T 51T, N-EERUNEE O IETE & BEREMNT % H#E L 3
&, 6-sialylLewisC &N I /70 TiZkb=a—
OYERICEG TSI L2 RBTIHEREGRZ, 20
L5z, VU T REEE N, 7Y Tl & R
HMMOMEMERA»PS B Y AT LMIERLT, 27
My b7 — 2 OERBEEE. REEREREIE > TV 5,
(3) TAMABEE SR v X7 HE LGI1 OZ RAKMRITIZ X
5 TCTADATDTIREOMRH
ARBSERFZEER T C UL, fRRARIC B 1) B B > )
TADRER RIS R VN ETH % PSD-95 IZH K
2T, TV F T ALEREBNE ], BXO TTARA
FAEDIRERME ] OfEIHE HIEL TIIgER21T-> T\ 5,
SEEFXE POTAPABERZ YN 2E LGIL VY
RN OEREIRNTEITV, TR THREEMAT S L
W&, Fi TAPADIREBEEIEZIREL -, BR
IzZix, b hOFBEETADABE TR SND 22 FiMH
DLGI I A&V ABREZERNTHENL, Tho 25
WEB & WA EEIZ AL, SIBEIZ R (S473L)
HDWVINWARRZER (E383A) 2 6T HEHT Y A
EAERU 72, $EHR. SiiZAR < v 2 ik, LGIL iE4
fash iz I nsH 00, ZHEAKTH S ADAM22 &
DIECPRRINZAEINTVE I e 2 R LE, —
. DA eRAR <Y 2 TlE, LGI1L IZ&X V78D
MG RE DD IT/NMNIANTHREINTLUE WV, T
EHICHEAET 2 LGIL AT e 2 ALz (X
YRV ERGERR), W hOBAS LGIL IEAKRDEM
M TH5 ADAM22 LfEETHIENTET, ZDZ
EWRTANADRTFRETHIEEZ N, X5
. RUNTBOMEEBEL S 2E0 LAY (b
¥y RO YY) BAWALR LGI1(E3S3A £ %) o ik
REZWEIE, LGIL 2R Y ADTANABZED
WS LI ez R UL (Nat Med),

(4) TRP F ¥ 2 I)VIT & 2 ARIBZ A - WHEZ 2 - B
PRS2 2% - AT 5 T RS o figt

M AR Tld, TRP F ¥y 2L 7 7 3 Y —IZ

126

R Y TORARNZE - IR - BRI 2 -
WIRFE O FHREICE L TR Z BELTW5s, 5
. FPIRAE S LRI < FEBLY 5 TRPV4
WWEBHLUT, TRPV4 IZ X W REMIZEEbE NS 2~
0J4 NF+¥x)& LT anoctamin 1 2R L7, %
LT, El ka7 TRPV4A 232 0+ K KDFRH
ZRET S LITLY, NEHEO D2 HIHT 5 &
WO HHDSF AN = AL %FsE£ U7z (FASEB J)., %
7o, M AERREZE ST T Ikl 1 3 TRPAL OYER R AT
ZiEd, HA aPH TRPAL % /v U T BREEIER RS 2 A
U, IRHERINDRIRMEZIREL TWE Z L2 HS 2T
U7 (PNAS 7). & 512, GABA, ZEKMFEEOH
IR TH 2 T O R T + — VD MERmEG SR T
ZEIWERL, a7 4 —Ak s TRPAL 2f %
MNZEBEEMAL S 5 2 & 2 BRAEBEPNFIEEZ AW T
ST Uz, £72. 7 2RI B W
Tk, 7ORT + =)D GABA, ZBEE N LU THS
fxg & U, LA, T REMKFEALVS Y LF v
FIVETEEALS D Z L BHADREIZTFGLTNVDE Z
L& Hdt U7z (Pfliger Archiv), 2D &K 52, k47
YRR ZRRR AR E BT S TRP F ¥ 2 IV Of##i %
WU T, SRR OB RSO L AN % L B S Hr iz
Mo TETW5B,

(5) YTFNEE, FI AN AT —2HBELEL
7= FoU S A2 BR2E ORI 11 T

IMEER S 7 FOVIFZERMI, 2013 4E 8 HIC P E
BEDEMLLUAZ =N LUZHLOIEERMTH D, D
i - M55 DFEREE B A28 H S R R DR K & 72 5 Al
B R VNI 3 FOBEICEH L, AN VRIS S
REENEEHT 5T ADFTEL B XI5
TOMGEHEERZED D FHREOMIZHEHEL TV,
GBI, FEREMEDIER DS T A H = X L OfRIH%
WO A, TRPC3 F ¥ 2L I a3 NY 7 GTP
it & > 232 ¥ Dynamin-related protein 1(Drpl) »*
ffilaDEE - BAEL2FE 2O T THD I L EEEIL
D7z, BARIZIE, DO EERTRFIZ AR S 15 DMl
M oMb X TRPC3 & NADPH ¥ X —¥D
PEREMHRIZE D AEL A Z RIS NIZ Lz, T 51T,
DB SN OHEID G F A=A LE L
T, BETHEMEL A VAZBIRIZEL D, —iEN7% Drpl %
NMUEIbav R TORAME#E, ZhIlki 2H
mEsnHmEOF g CTH D Z 2 R L7,
D &SI, WMEERY 7 F VIR T, 7S viE
E. VISR Y- AEEREKEF—T—RNE

-
—



LTHEI. HLUWLIEEREZBELDDOH 5,
(6) LRz 3V 2 M e 22 E o 4y 1 FE A L
FiB % o iRt i

T BRI 23R I%, 2014 4F 4 A e R Eue s
EU. LEMfDEY . >0 [ EEMamIicsT 2
Ml S E O & R L R ORI % His
LT %17 > TW\W5, SEEIMAREDORT), b
EFERFVDD, 3MIMEREEEA (MY VT —&A K
V¥ v v a viaT)) OWED F DB 217 5 72,
HARBIZ X, tT) ORERMHEEKEAEDO—-D>TH S 4
FEEE@EZ 7B ) L) UHBMESTE G & VN
28 Cdcd2 OIEVEALKRF (GEF) T % Tuba 247 L
T Cdc42 2iEMAbT 522 T, tTJIZBIFAT7 2 M3
AU ERIEL, EEMEOEEIEKE HET 5
ZERMSHIZUT (J Cell Sci 38), & 512, tTJ O
RN BEE UTHREL TWz 1 [IEEE X >Ry
BM7vF¥aV Y 2/ILDRID/ v 277D T RADfE
Mrz@U T, MaEBMIEE NEBRBIICEMEDSE LT
WbZEEHSMILEZ, TvFa2) v 2/ILDRL ¥
YRV v DR F RN O SEE M T % < H
HINTWD Zeh o, RFFEEERIZFREMEEHEED 75 1
RO A HOMILZEEZX NS, 612, &
FIEHZEDTWD T/ LmEEAM %2 AT, MDCK
LM BWT T OFEREE X VX7 E Z0-1 R
IO BT B3 U 72 (PLoS One), 20 & 51z, I
FAMZ 51 5 tTT OAEBEERE L £ DRI L 2Rk
BRI L T BEICHELERL TV,

1.3 RICAITTORE

ek, EARBIR = MEpR BRI 0 - BallAb U TBige
T HEABER TGN PBA AT DN TE 20 (Hl %

. 0T OREBEMRIT 2B W T in vitro DB T3]
AL MG, SBIE & D ERITGEWERE T TOR
RE& itk 9 2098 (B A X, T3 70 BRI EE§ 5 1%
DEZOMN) ) BBTEL b, TNEFEHIEL72D
VA, T R O S R R (R R
BEIESE. U TV XA LEHAE YR FRRE AN, e —
N EEEESE 2 ) DEA L BT, TNHFHICE DV ES
N B KIABLR R IF Rl Bk & 52 B figdr 7 — & 2 @Y fil
Mg 2Rl DFHTE & 2 DREI ORI B E L 725,

. (97 -l 8B 2P NIHEERIToTEL
WHME T IV —T DN NE D, BHEEES T DMK L X
VT DOBSBEMRNT & R T A~ Y A 2 W TIT -
TWAERZEAD & 5583~ DREEED T D3 fi#E
FEMED & S Ry AT LOHRTHRZEMMIZED & 51T
ZOBEENHESh, YOXS RIS TVDEDH
BT A EMMAEBILR>TLSLERALNDG,
Thbb, BEDT LY AT A, AEOKREZ D
% &S R ik ORRENSH LD TS
EEZLNS, INSeHBHTEEOITIE, T LR
BEAM, T4 VART X —DEAEREL T 0 — T ORS
E\N o T B EAN 2 W EEL D AN D & FIRHIZ, HER
DBELAEHT: Ny F 277 v TEPHIA - S fiS E)
FUBkIE) X0 BN 22 RE B SR B AT (P T BRI D HL D
W) 2L ANLT Y TUODHEREIETWSI LD
HETH S,

D& DT, FHGER OB P R
BE L2 AT 2 AMOBER L HEMEOE WL ERE &
WETEZAMOERIZFZINETU EIcERE - TL
5, 82 TbAL. THEEF] OKRETHIHFEDHK
HH (PR EETRERD) &, ERTOBE B LT
DRI (FiamOHzE &, &5 3T T
EDh) AT HMEEDOE BRI YFZHIE S IV — T
RS S, AEERMONRIZAT COREERETH S,

2 HAEBMMRSEE & XA RITERLIERE D AR

21 ROBK

AR OE M & HMERE L 72208 & BERE & BRI R
U, AZERBREICEIG L T\ 5, AR T
i, ZNEFERLTOWAM - fRR2ARH - DILERD
AN A LR LTV S, [BRIZE 1 505 MR
BME 2 PR3 21208, FRAKAIRE R & R AR & i E W

127

IR BN D B, I, RTINS
CATHEARERE L OBIREHSMZT R 2T TR, &
WAL [ 72, SRk it A & 72 2 R AT [E1 K D
MG - BBED o (ARDITEI B 2 B L T W B
NhHd, TOHI, AEROFTEIRT, 1= ik -
BRIV )VELERR & OBLRAMAEEM A T,
() 7 HOG BRI - T B SE . 2ok TR I
FBHEEA ATV ITEEHA T WD, £D LT,



SE DM - iR E I AT AN R BEE A T, SEH
DEEHE L fEk & U T OB R B & D DN IRBIR %
HoMITE2ZE2HEBLTWS, REEIZ, BITD
AR 25N DY I A oY g

(1) TRP F ¥ % )VIZ & % KREE 4
FAZEME B IRIE(LAE (2 B 1 2 RIE R E LB 1 58
i TRP F ¥ 2V O E & FIR B 72D, T OER
FEAEY % F 72 ICHE LT, KERBIRES Si2ic. %
DERZ#G U2 A, FRUEIM 3 38D K
MRS AR EAE L 72, Z OBLEANE AR E
B K2 T BRHRREOBEDS (2
U, EEfEN% EP2 2 CRINERZE L S RET
5T WRbhrotz,

(2) T hary Py THEREAE L BB AMPK 2
RQRe s D) e £ = LN (S

fAAREERDO T AN F—HBRIZKIET I Fa FY
7 WidLq% & > 2B (UCP1. uncoupling protein 1) &
& AMPK (AMP-activated protein kinase) O
fifEfH%Z, ZhoDBIETREY I RE, BERT Y
AU TN, ZORHE, YV RAZEWTAEH
IR BEGEENEFICERINSZDIZIE, UCPL &
HHH AMPK O SARETH S Z L0072,
(3) /MR MY S DBREMZEIZE TS YT T
0 LR D 2 Rk

NI D BRI 2> & 73 F- JE A AR~ D Bl V{5
Tk, ZEEBE (multivesicular release) 23R 515,
QY F T AOFHNENC L, EEOILEWE ARG L
TW3, 2O¥F FARIHKHEZHS & RE#HE
TIWVRIVEEZRR - GABA BRI LZHD L&,
HFE A REZRRIZEBEDOTIR, LEMEMEA
OHHIA R DY F TARMHFEH A =X
LDFHET B eDEZ NI,

(4) MIED S BUKANB) X O 8% 5 X 5 R ik 75 ol %
8

Y —Ety b OMFEANDBEMETEAEEZRAET S Z
ET, INETHE VARSI T VR 5 7z ik
DB U7z, 2 OFER, HERE O Beiekf e &
I 2 Ml AR (AMUERRAR) DR k738 (K1 JE)
IZHRET D 2 e o, Kl EIZIIMIRDE) EI1TK
69 SHIMEAD . BEIZE)E DR 21T S MT ¥
ICHiERE XD Z e o, BRI A 5 K1 B~ DRt
BIXE & OMIIZRHE L 72 RER & F 2 5 vz,

(5) BITERRBRIZ AT U 7= 080N BB [0 B Bk

128

DB R G E R O FEIC G 2 D5
BEFARDT-DIZ, B AHRRETE>727 Yy bOD
BB MR %, BRAEBEN TR EAF v Ul
Wik z M AG DY THRMNT L7z, ZO/RER, £2To
IR % T U 72354 ik, PIIRIE & O R iitve —
WRRB EFRbk, T TABER DLV EEET. £
TIURER 2 W U 72358 Tk, ¥ F T ARSI X
N5 5O DOMN U 7Nk E A O A L <
T2o THHDOKERIT., TEE ORI 2 B2 %
BTG EAS, EBFE OB R ABROFERIZ L > TE
HENBZ eRnhoi,

(6) V7 KL F VU iz X 25HEMH O NEREFN
ik

FHHE /LT RLF V) v a—0 V3B~ L.
ZITHADEZEZNHITHEEZONT VWS, ZD
RIS & BRI RIS 5 & T BER A O MFITE 15
—a—n YR bE ., GABA 72 ¥ %/ L 721
¥ T ALEROREME - IRIEVELITHARTEZ
&L ag EENSEAS, Z DY A [E B % A A L C B R0
HBEBTZE2HSIT U,

(7) CRISPR/Cas9 Y AT LiZ&B /) v 714V 5
VATV I T4y aDEshRER

CRISPR/Cas9 ¥ AT L2 & 57 /) ML,
KHFICHRTEETH 2 2 &b S Z0EICH AN
KR >TW5B, it. €77 74y >allB\nT,
CRISPR/Cas9 ¥ A5 L%/t L7- R84 DNA Wiy / v
IAVIRHRETH D I LB MEI N, TDHEEN
2L T, HIO THIMEREMNIZL R—X —#ETE2H
B BEBERED ) v oA 0¥ T 574y vkl
L7z 2%, 25% A EE WS EunsiRcitfiz 2 v
I T4y arBGbleRNTER, D) vIA
V74w Y aFEREIIHE. hOoEMETH D, S
FIUVAY =TT 4y Y a RO R FED
—De B FPHING,

8
=

22 SEROE

FRLD & ST EHEVERE RS X A A HAL P B A
DD 7=H1Z, 737, M, F/rEEg, 27 L0%&
LRV TORIERHED ST T\wWb, BIE, BEFHE
FPIXT ANVART R —%ffio T, FEE O Rkl
ZREERUZD . ZOER % L TERET E 2 HilidERE
LTETWS, 1 A=YV IEfioESIT & 0 B
% KB IC B — L NV THETES 52D
o TETWDS, MIERMIEMITIZE VTS, &M



T — XA EO KRB RRIZE D, BAIOY F
T AKEES DGR IRT ST W B, o T, MR,
I v, 7 alEEOSRE OIS 5
T T, MEEMEMR - LR BT 5 e
HRERIFHHIC R o T & 72, Tk, iRk
BBMRIR BRI - A A=YV TR e BRICHE

3 ERMITENEREDFRER
3.1 A

AEHPERIZEATIZ B\ Tk, INBERE D & A 7 L iR
% HIB L T, FICRAERANG WM FCImM, SR TE) A E
PERERT 22 B0, EAR > AT LWRSEERFT > 3 BRI AEL D
fATWSE, ZNENDORFEETHEDHILEZTR -
TWEH, IR XS IR E PRI @E N s %
W, O - ZRAI - 178 - HE) &\ o 7z mIRENEERE X T
NIZBEBRTAEE, BEE - Bl vozl#E, X5z
2o ORERE % HH S NI BEE 72156 DR g
P EEGEFEICDOWT ORRE 55 72D ITHZE 21T 5
TW3, @QFD7HIZ, b MOGEKET, MG % EE
gk d 5 ECRED L WENZETLVEYTH DY
ERHWZERE FLNMIITo TV, O - 4[4 iR
REVENZELSEMPNFE, & ICHRESHY» SO
= bk WS FiEEHEAL LTWS, @FHIC
Iz, EERE (ECoG) Bz & 2 K\WHEE» S D%
F ¥ v RIVikk, 201 L — Y — BT, wii AR
HLUANARY R—IZ X BEAETFZA, IMRI, PET,
[ NS ARVAR IR &3/ bV QR TR ST ) ERE > SANY - S Ays RN
M AE DY TN 2 R ATITHIZEL TV 5,

(1) BERHE B IE, SRS X ORERE O
R 2RISR LT, 2LV OREE S B —
= a— 0 EBE)RIER L & BRI S AL IR E Gk (MRI)
ZHAWT, SIEEHROMANRE®, BENC & 2178
DA N = AL RFART NS, BERIZIX, OWED
RiEOEM (P 5 X RUERK) OKNNERE. @Fh
5DERMAED LS IZHIERTHICERL TV D D0
EFED ETCHIRLTED, 2205 0OREIZOW
T b TOHEYHENFRIZE S0 e IMRIIC L 2
MBERE A A — Y v T DM HIT > TWD, 2014 &
WXEREART T LI X DBWMALD LS IZREHX
NTWBPIZDWTHILD V4 B & FHIgE R E T —

129

MINTWD SR OREE - TRIBRT (v T2 I 0T
75 & DESREAEN TR E M) B2 Aas
DEDLREND D, EHPBWEFREA AT T - E
{RUZE AT - SBEAR 7R ST TR S i M R 2 BE
THEEHIZ, RfbNTE B BB E 7
WO FIEZMATE L RIRFEEZLEbNS,

—a— 0 UiEBIREE E AW R 4T\, fEIE T
DEWEIH ST U7z, F 72 H T 72 FJA R v
IZBEWTH b & AR IR TR 3 T O IRILER 12
FoTiFbNdZ %9 )LD MRI THOMIZT S &
iz, BORI Y 2 EM LT DAL RIS & T FR
MBI B % 2T 7 27 AF ¥ ORIV L
OB TED LS LEGRBUILHIZ XL > TIThbNh b
MERU,

(2) FRAATENFEERSMERT I MTIE. T & 2 B,
& UTHRERD Y v 7 — NiES) & FAR DR FHES) 2
WREUT, MRREE OIS L BiE. B X OHReE g
MG S N R OBERERERNEIZ O W TR 2D T
W3, BARRIZIZ, O vy — NES) e ZfNERD
HlEH O KT B B X _E oo B AR, Rz 22
FIEREABOE L 25 HEM~ v 7 LOMAAIH OB
W% A5 4 ZFEA L spiking neuron network 12 & %K
B Y I alb—vave 2670 —9 — Bz A
HHLETHITLTWS, QARNEEERE (V1) 218
G U=PL (BRETIV) OBREFEENEDOITE KR
BEBE. QRE D O BB\ 2RI DM 2 HRE. B
LN S DG U 7256 O F8 ORI EE) O B
RERERA =X L, @I SIZT LAY -V —=V AV
R —7 x—A, FHZ NLHR R & IF XN 5 b R
Rethie R 2 MRS 258 U CHIEIZH & U CHRE % 1
9 2 AT LT B L ISR, @GR
DFREHERE, R I HTSEIR Y O RE PR I B v
TR TR 255 LT W B K— 83 U fifg
NDRE T 6 DBEATIROMEN, BLTOINS
DIFRIZRBE L 0D, 74 VART R —% W7 [
UK 2 BERE B E AN DR T H 5,

(3) HARY AT LERZEE ML, BERGEB ONN A H =
AL%H ST 7017, EHEZEBWIZESIT 5 KM
BRI %t & U 7 3 ) B S i B dey oD A s & () &
KINLESREOWRERER, I5I220 &5 REEZ
WETBHEEA DAL EIZDVWTHHEZTR> T W



5, BARINIZIE, OKRBILERE % dul & U 72 fitdifg
DR ) - B RRER . QB REE AT 1 KN
FJEKE D & RRIEE) % Flk T B Z LT & B KRNI K
DEEREfRNT, QKINEE R - E TV B D> & #RETE
B & Gldkd 5 Z LI K BRI, @ KMNIELE R
PEERETVEIYNCEIEEZ MR 5 2 &1T & B IRRaER%.
BREE[T>TWVWDS, 2014 FFEIX, YAM=ZTETILY
DARFHNDZLIZED, RETUNYA M= TITH
WO HENERT I 2SS NII U, B ERE,
MRIEE 2T A Ik, YA M= T DSEREIC
HEBEIHETH 5,

32 ROV hE

SR EREIE AR ML, BHRE T A AT REIR [EUEER A D
IRAfRE A A = X 2 & e T R R AL B Al oD il A A
%2) ZREFLUTHEL TWB, AKX, HEER
THO TEELEVRINETMEIEDSNTIHI >
7= VBRI OFRER LY EIF, TOMEP A =X
L DR % S BEEWICED S Z L 2 HINE LT, K
BELOHZ TR, DHEYBEPEPTH Vo R
DEEOMEL * Y b T — 2 CTHREAFEEZIT-TWS,

FRENAT B FEEREREAIF 22 0T I RORL A A 2% B I
70275 LT 2013(FRE 25) FEEICRE U - 6
BE (TLv1y -y y - A VR T 2 —ADRF) 12
ST 5287, £72. 2014 26) EE X D
FE U T B E AR [T B G % 1S I [ 2 o> B
REY 7 MEERE ) DFFEBEO TR A Y N—2 LT, Y
R f - BRGSO FEEE IR R T O K BUBRHRE [ 3%
BEREBNAE 0D 2875 % KBS0 Th 3l Bk & A% B2 AR AR B
RERREHM 2 AR DY CTMIAT 2 Z L 2 HNE T2
Juvzs NERAT 5,

7o, SCBRIZEE OEFEHERE THHIEANIC & 2 I
BExy N =2 ORRMPA T 7 ) (FHK) 2
20143k 26) FREE K D BAIR L 72, AFHZEX, & MTH
BRIE O INBERE % R D F 7B R OO Hi A & 5 S
5P TCEEY—FERYMEETNELTCY IO -
378U RLVORNMRESR Y MU — 2 O - BEREY v
TRAEB L. @IRINEERE E RS - AR B T B R
BEFLH D A 1 = X LRI O TR [E 2 i 72 345 % TN S 5
ZCEHEETEDTHS, b O - fRERED
JRIKZER - sd I U 7= i 2eBRFE 2 4T S THERIRAZE 2
WV— T | AZERRUTEN S IERRERF 7B A, AL - B
RIFZE 7 )V — TDGRE T 5 HAE DK % 58 - M X

130

27 ODEAMBAFE 21T S THAN A B (2
RY 27 LM E D EAIR Y & — (T A v
ALY R)BPBIMLTWS,

3.3 EREZ

WINDOMEZEIZEWTHEADOMEIIOVWT, &
FUTHH RV R L TH 0 JRTE, SEBfEO > 2
T LUV TORBIZ ORI HELFESNDDOH B,
Zho 3EMMIE. BREEENFEEZEARL LT

W5, TR GETH BA, R - 2R R
R ELEN, FEELEVWVAIETHELDT, INEE

B, RIESERZVNEETHE, —FH., G-
MOPMBEMTEDHDDT, BMEL2ECDHI LK
SRHETH B,

X512, BAFD &S Afi/z Pk BIBRIZ AW T
w3,

1) fhfeiEE) 2> o 1E R & il U THOMBBS SR 2 2 E L /2
D, HIZHEREFEAL CINEBI 2 8/ET 7L 1 v -
XY=V A VR—=T7 1A (BMI) ORFIZhr P05
B IC %247 5 T B, ME R H AR 1% oD I P 3R
HZOHLDOTHY., %Az Y Osksfis A
HThs, 72, HREACID, KNEBEROFEIEC
LRARADDZ S, NGO TFEE L THHEMAT
H5,

2) VA NARI Z—&WTERHEOMTOEELET
FBLEBET 2 Z LIk b R O MR #& O TG B
#246H B WVIFFRE LD . AR EOYEFEE %
BIEST D2 N TE D, Bz, FiBliclFE I &
RIZWITHIREINE T A VAR ZR—2EHT 52
& T, FEE ORI DOBEEE & RINIZEET 2 Z 2 3]
BEICR o722 & id, BFEDOKEREMWESETH 5,
BUE, AR L WEND | BV X v 8D & RsE
DHREMBED 7 4 N AR T X — % D TRIEGEIRKIZ
FHEIEHI 22D, BV - 2lEEcTh
O DRFERIE DIEE) % B E T 258N T XA L b Bidfie
IZAREE 8 D, SBROEFAPKWVIZHfFENTWS,
3 )IMRI DB IV A D@ IE, TR\ AE I TR E DRI
PO LEBE Yy B 7T 5 ETHO THRY
BREETH Y. @RI RS IA < IGHAFHETH 5,
A BT IS B RO TE 5 MRI BN H 5 &
WO EN TP R WEEETH D R I IL R R
D—2DEF NV Y —AL LTHfiEND,



4 &V SELFRMITENIERE D EREA

EL=N=}
A=

4.1 EBMR

INGED SE RO i 10 A S T Y SE= 5 TP A
WZRED AR D 2l AT K b Bk AR IR RS BE.
FRHZRMBSRENRIA S N D L D Itk > T &2, BRAE
AR & N (MEG), IR TlEAR Y
M a v WiERERE (PET). FEEEMIRE K ILIGE 4 (IMRI)
LA ARAMER ST G (NIRS) BRI EETH D, Z0 5
DFFE, FREHMBERET X -y 7 efiahT
W5, £72, BHE EDPSBRES A5 Z 22k DN
ICESHEE 5 A A OBk % 2N OB EE % BLE &
BZWVEHIGIT A Z iz kb, ZORREZE L b FERNIICA
LR (A SRR, TMS) OMFtHEA T
W53, EHZHERIE. 20X BRFEEZKEENICE
HWEIZ LT D, EIRINESEE = B 2D KRR I3
fgd sl L2 HEL, HREINEEEE A —> v 7T
ST AHADNS A =7 & LT, RN ESZ
HIFTE T/,

4.2 Hi-LHEEM

ERPLRE UT, BERER BT 2R Z -
B U CBIRT 2RI » S, Lo BHEIE
WS T DR MR RBERE & SRS I BT T D I ZE A~
DNRTXA LY T ~OBEENIEF IR, ZNET
U EIZEMECTHBEDO KEWT — X &S AR
DOH 5, b MNEERES A =Y v IR WTH, A
HEERIZBIT 280 REDDOHBELEHIZ, b
NeBMIET NV E AL —RIZHEEET B4 A=Y

VO FEEERAT 5 AANEATVS,

MR O LY FINEE Z U] S 22T 5720121,
Z DHEHE D BRI 5 D 2 HAHEE T, Wk D R IIFAE
& UToHME S S IREOR G RREEL X —7 v
MZ, b MBI BT8R & O % R T &
BESFHEYT A ZHVEZMEIEDSNTVWS, &
e FIVEIY ORI O ERINBEIEEDE W IZRE W
s, REBIOEOMEZ 1 ©idZe <, IMTEBIEER, 4
REEP SV F TABLITRTE T, SREIZBIT2
ORI A2 B L TW ZEDBHETH D,
ZOBIZEBEREZ Y — AL ZZBNTWL ZDDF

131

HBELTOA A=V ITRERRETH B,

MG B REI, MREEA SV F TAB LN FET
BT 2B 1 B 2D R R BEL O R I B 7 3
BREHR OB ENIMD TR E W, AREES % H 5wt
Bk, 270 LRUDS I 78 LN E T i iEK
MOBEREICHZ LEEINTE Y. T OMKAEMN - fi#
A RERS O MRINfRT (222 NI 2 R) &, FlM %
B2 THEMNIZIITT 27200y =LAV A -4 A=Y
VI T NTA—LERBRTEIEDBETHD

(Dual fMRI] 2 fE{RRI O+ 04H BATE) 385 & B 5
ZARZEATED LERISRTTER\VBETH 5,
2 MR EHH fMRI - EEG ##llic &k b, & btk
WAHEATEI % /v U7 2 RN O E/EH%Z 1 DD 2w
F7T—ZFTNVELTERL, 2y b7 =20 ED &
ST 2 RN R 7238 K - ITE 2 AT 2% M
5MITT B,

(7TMRI) EfEBEES (77) BBESHO2 B WS 2
LT, FREMIZEGOMMERE I 71 VRE (200
- 500 pm) OFRGIE TG L. 3 UCLFEKT 2 Z LA
ARE & 2o 72, WAL ROV TIR, MRS &
Dt & RE D T RAEC R RIE 2 flAaahE S Z
CIZkoT, BEEHAR IR NI Z AL WS BN
BB IPNOOH D, TDI 2T LR TORHE
e 0L RUVOEBEANL AL —XITETT
57012k e beEMERUTI Y N7 4 — L TH
- Rtk s TAERBEMET) & U T oS MRI
DWETH D, RN RE e NMIRA RRHTER O
MR A ST D201, BEEEM MRI 12X %
MRIGE) S X — v & B E AR E MRIIZE 5 b MK
DFMIEE L AbETHITL T ez, Zh o i
HWIGT 2EYE T IV RN R e Uz &G R B, &
TR 7R C BRI D A XA =Y v S TR M AL DY
T, BRIZB T 2 ARG E R D] 2 e 5
BERHDL, I78LRL - AX T FITALDY —
LV A EEE R Y B Rk O & LTk, B
FEIZBE T D KRINKE - MBAREEORFEREDRE RS
N, EHT Y ZOMRERE & E TV T A OMREE
EHGRCIIET 52 212X o T, 205 DIEEORE
WEHBEZW ST L, BEE (PV) 2RELT, ek



DFEBIZ BT 2 MHREIB R ORI ORI HZ e h
Wi s, b bEEOFEMELIE. MRI 235\
IEHORFAMGIETHID TAREL o725 DTH D, H
EEY (TT)MRI Tl BEAETD A% 800 pm 2
EOfMGE TR T 2 Z A kS, 512, kB M
BWTR 7LD IRT FIT AT ZHITIE,
KNz B A M & A L ROV TR T B BEA H B
N, ZHIETTMRI W X > TOAARETH D, T D
RKOFE LT, BEMZTHNELS. Zho6DnT—4&
fiieh & RTMEAERNR—=ZTITS ZEDVHETH D, £D
e, EEMFEIZEBOTENEEZSND,

V=LV A - AA=TVT T ITy MNTx—LIT
D A HE & 70 B L P O At [ B A SR D R MR AT & & O
T % OEGEIRENT FIEORFIZ, 1 A -V v IRFEOE
R EE Y U TS BOEMEMEICBETH L, TOD
JEBII X, B - BREE O AR S S EGENT. Y
7 bU x THFE BERE TV, EMRRBL ERKE RS B
ZH#ED S EGPZMTE L A DO HEE R R o 22D H
MUK - 554 D S & S [F] R FHAFZE 23D CTEHE T H
5,

t b ABE#EYS (TT)MRI A3, JA#IPHIZ D72 5 F BRI
5% % HEE 3 2 R LR R HBSEY & U T DB
FRIZBAINSE Z 2 RBEL LT, A A=YV IRE
% all-Japan RHICTRHT 5720 DM YRR 2 2
TWL ZefifFEn s,

b b 25O ERBUERD KN B & R ETT
EREI 0V OMRET 3 RITIIZREE L, @ik
FIVEEh O phRETEE) & Hi - BUA U RS & g
GRS > 2 7 L 2L, ¥ 2B LRLT
DOMREEEAEI 2 HHE S, S STt e b AR
B 2 ARG ORI % o 5 72 D DO
MR Z IR GE FRE L S A 7 L (virtual human) ~ O &
bile HiE .

5 4R7Th - EEDFHEA X

AR E TaD L NN S B b DB
YR TH D, % OB S TR, BT S
W BBEEIC BT BRIy NEOR Y h T — S H
W RRET B, —ANOEIE (KAL) & R ¥ B

=Y.

(MEG] MEG FHAIZ & 0, T35S B D JA R D FEA
IRMIAIRE L 72 %, ]S P DRIEEIDE DR Z -
T Eiid, T DM O ABBIZEDPRE 5720, &
DERALD & D JEPEDZEAL U 7o 2> % FERNZ AT 97401
FMEBAL DG MIZE, T2bB Xy M7 — 2 DD
AIRE L 72 %, MEG GHllIZ & 3 o kR IE, s
R D BB RS 2 R LT WS 728, MR &
Dd, KYEMBHRAZELILNTES,

43 HEFMAHKREE L THZA 2 NEKEF

(MRI]

(1) HIEEf 757 A7 U EO@EBS MRI % #+F
T2 AEBERSEHT & EN 4 IS HL R DRI C, BRI -
e 25 R 6 s > B DR T AT 2512 8 % U el Y A [ 92 %
HeHES 2 720D, AEHFAISTHT & SRR O T
FEHEE T E 2 A5 JIE L. MR FE. IR O
B, ZeVEDOMGE, 24 RS 42 & oW T &Rt
D AR 2 TELR UL AN e B B D 1F 2% Xl R it P
NDEETELT B,

(2) #fi®fiie 2w MERFIEBRF O, 7
TMRI B F2ER GRS 3 1 L R OSEAE - ZfEa A
NEET L, BIZIT>HEANERT S22, 16T
DIF - B A MRI O E EN S,

(MEG) A OBifézHE 2003 £ B A X Nz, BEIZ
10 ERLEDSREB L TH H . Z DR DTS % &8
THIEEBRTERVWHETH S, HFOMMEGDEA
REBITRENTHD, £, HLERLILLOOH
ZWARNY T L DO WEALIE B E O EATEOHE T
b5,

4.4 AMHEKF

WA o> 2 A R I I A Tl sl MR 2B 4 % 5
HEF SR D P A T BAfiBAFE 2 & o 7o BUG e &
HEXEL . Wit MRI 2B/ET & 2 AMZ2ERT 5,

EDRF

TERIBERE X D 2 L DDA I NNIFHHE R EIZH SN
LEOICERE—EEL LT bEHbNS, HDEK
THITH D, BEME AT L UTOMMEER Y b
7 — 7 W& X Z 5 N7 BB EE DR A U BT & iRk



Uit B2 M NG 5 D IS BRALEERERE & U THLfR 9 517
BEM S TWS, LU 3V a— XK E i
PRICHARZ &, BEAFUTIRE U E AR it L 7
VT VERERTEX4FIv I RAIFERD LS ITH
Z %, ZODAPFERIZAMEAIZIGE U NEIRE 2 e
HLEAATHBENAY NV = VAT LTH S,

EHEMRAT T, 2O &S hbEEARY P T —2
VAT LEMENTT B FIEDO—D LT, 4Woulk -k
R FMEA A -V v T EORBEEZHEL TS, H
AR BRRE 2 D AR R TR TSGR e D 1 R A )
BORRTH 5, T D71 &FEEDINNIE S DRy2E
Ak & IR R D AR T B B WA & Wk LS
BY—LVAL A=V VTV AT LOWEEITS,

DTS E Y — LV AT A=Y v 7Tk
L UT, ABBAFCI, RIRAIAH A T BIMENE, &7
NEST T 4 ik, HEEEE ML, dk ey
2 M E AT E T UM R, e - B BEM B BIgIE A
Hwoh s, KRAHASR FBMETE T, RAITE
WIRIET D & VR 7By FEGERPHIIEN AL AT 4 Z
DIFREBI%E % FEE &£ 3% (Nishimura et al, Plant Cell
Physiol. 2014), U T, #&EEFEMBE 2 HW5
ZeT, MEALODRA D RN TOA VT 45
DWEZMH S 29 % (Murata et al. Ultramicros.
2014), X512, BT - MIMIL AT BT BHIR % K
MMBSHEIC RS TS HEE LT, a2 —2 b — ALfifhr
MHY, ZHiFERERE T Oy 7 ERE BB
Auwon s (Miyazaki et al. JSB 2014), 2o DF
EEEBNICHATAZ 12k, AP T 4
RIel - R FIREA A=Y v TR EBT 5,

2 HF RS BEER S AN D B IE, Bl SRS HIA S 12

6 ETREHWRMOREFRE
6.1 ERHE

KMOBRHTH DI 7 FILITENT, B (K
) Tk, ZEWADBIZFEATEIFI VAV 2=y
JEHMEER LTz WS HED D D0, AT
%232 (EIHERIETD2DIZ4~54) DT, E
BUZiEd E O BERNTIERWY, TZITI1 7Y 170
DFNIEVYY—FELY PERNREUTIMI VAV
=v 7 (TG) B OIEEAFAA S, 2009 40O EERE)
Yyeh A ST & BEE R KR F D 7V — T3, FUZ SR
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E0iTbnTEY, MBEMIICE W TRENEE %
WNTBLeHIZ, TP ofifkETCOLBLRRE -
HWALADIGHERZED T NS, BoNIZKREL R
VDA A=Y DEEATIEIZONTIZ, HARBIEFE
BERE D BAIL L v & — - A=YV T A T AW
WS e OHFAMEIZ LV EDTWD, I 5ITHIE, 25
THNH WA A — 2 ¥ THMEE Y A T L OREEIZ &)
LTHY, 27iEEORIE % MdD S EERDZ RET
ARA=IVTFTEHI L RAGIZLTZ,

TNITMA T, FHEER VR TERNISER X v
NIBOBKEEINIZEDTEY, 5BIS5KRDEL
BiEA A=Y v T OEENRAEND,

R7BLRZBEWTIE, & b OERNEEE % BN
MOKBINZEREST S Z e 2 HIEL T, HAREM MRI,
S ARAMRD VTR, X 7 & O AR RIS EE 1 A —
VU TEREL T, MEEED TS, TOEER
HREDOEDLLT, 2ROV HB, Zni3E L
MiicfrEa58h%z 3L, M- FEEFEED I 2
=r—vavighERBr UrzaxikigEch s, =
DEERBREDOO L DT H 5 HRANE O e %
HSMNTT 5720, RN HEEZHOCTALS RO
MFRTEB)EHA A B L TH b (Ichikawa, et al. 2014),
FHEEhE o055, 2 A IMRI FRFHHIZ & 5
ICERTE S0, 3 TEHE2AEPSHKT NS FEIE
FHALEA MRI ¥ A7 L % A BT e Bt (235 L C
BB 24 TOHMAFERII R0 BRI 200 S 9
U7z, BUE, & SIZHMEL SLREZE TR DR IR B O Gt
HIPETLTH D, AHOHRATE QMR L 2D
FEBEMRIICE T 5 Z B I N B,

=Zh
=

17T germ line transmission $§2 h I VAV z=v >
v —Et vy b OERIZHKL U7 (Sasaki et al. Nature
2009), Z DEAMHIIKEBIZIEE > THH. HRBEH
HRBIZB W T ERMOHEBRPUNETH > 72
IR E MR HEAE T 0 2 5 LT K o T HEREAYY
MEAIZBEWTD TG B & MER- - #ekrd 2461235
mEan, BiESHLWTBY 27 MZBWTEMIh
TW5, 2014 26) FE X D Ba S e THHI
B L o MikkaE St Y NV -2 OREMRPATO Y = 2
M CREBEEOBETREIC L BHEBET VY —
Ty FOEHPFEAENTED, 205> LEHY %



fiEhr U T < @R CHABLAIZE T O B A IR T T
Wwa,

—F. HHRAMRERICERTFEAZITIICIE Y A VA
RIR—%HNEHERLOHETH D, MBI
HRIEHERE 70 T LDEMIZH -0, EBEFRERTT
ik, 2009 4 & D BFEER YL v R —D—AICERHEE
A OBIZ T EAERE (P2) 2306 W, BER¥ (v 7
PN, x—FEty M) HADOBETFEAERIT-oTE
Too % DFER, RSEILERRZEQ/NRFIAZ SR, 5T
KFDOPEBREFZ L DILFET, - ICHFE S Wiz @M
JEWATVEL Y F I VAR =2 BT T/ b
PET A NVARIZ R—IZ 2B BER L= a—B B0
TDH, FRBFE S 7GR Tet-ON RIT X - TH
SIS R AR % BT 5 2 & T, REGRIW - 1y
IR & W T A RO IR T L, HRTH)
BT H 27 YL TOITEHIENZ LI U 7= (Kinoshita et
al. Nature 2012), Biff. Z Ok, BEHE. Jok
FIZBII A REIZEHINDDOHD, ZDXD
RHHD T 4 VAR & —75 ¥ % L < [F N T [H R
LTH 55720, AR T 2012 FE X D K
BERERHI - ¥V X -2 4 VAR Z—[F=E%
HiE L, IMERKMEBRZOEL 2B T, V1 IVARY
2 —DIEH - f24t - B ine 2 Bm L. HAEENS
K DRY X — %52t U THFEMEEZ ED TV D,

6.2 |Fota%E

AHERAT TR, U ATIISRERFEALR S
N NAEBAE T A U 7 A DFER A 2, 5y b T
AR T HA U 7 @R DB & L — 7 T4
L Twd, ZOEHY - AZRMT 5720 DER
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Hix, T2 ShE 2 BIEERIEE (Zy NH; PIA) B &
O 2 S8 7 BEOITE) - REDFIRNTE v X — R FW
B EN BBE - A vV rvavE (YA
5 PIA) R XD 55TV 3,

WAEEAR MR 2 RS B R 2 BT 5124
20, EETRESYIERETIZS v b St
DRSLIZHCD #A, BRI 588 2 ff DR MR (ES)
MIRERE X N T2 REME (IPS) MR OB IZ B Ih U,
Z0 o ES Mgz i > THIFEDEEFHBAERICE D &
BART Y PBLUAZAF V= a—B Y RERED
J w277 (KO) kDR, 5127 v h ROSA
BARF R I B R FBRR F 2 A AR ¥/ v
74 (KI) 7v bOEBIZE RN L 7z, Bk, YV 7
T4V H—R I LT —¥ (ZFN) ® TAL T7 = 7 X —
R 2 V7 —+¥ (TALEN) %R U7 L (1L75
DBAZ T DFFARKRIE) O IIBIH, THFLEY) X 5 &
M BWTI]RE S0, BN ORIV AT TH 5
Z SRR D KO/KI i & LTHEH S AT W5,
F72 Tk, YIW U 72 WERIIR EE RS %= & 8 guide
RNA (crRNA: tracrRNA) & Cas9 X V387 E % E A
TBHILT, 7/ LA LOEEORSIZ YIS 5 2 &7
AIRET, MRS O T 5o ¥ DO E X P ERTFIEDOXA
BE 6, ZFN » TALEN &MiNEH I3 7/ L
RS WG I N, FK 26 FEIE, BE D ORH
1z KO Mtk % fE4 5 HW T, CRISPR-Cas9 > A
TLEFMALUZ KO 7y b O/ERIZELD flA,. Hoxnl
(forkhead box N1) J#{z ¥ % 13 U DB DEAZ T 2
HRIZZ DRKNEZRGEL 72,

T &SIz, LB L EMEICE W T
7w b THNIEERFEBZE U 8RO /8BS 2 )L —
FURMET 2 EMEBAOOH 5,



B IV ER

BEEDOHRFEEED

135






1 SFEEMRAR
1.1 #iEEER T 3RERM

MREHERER TSI TlE. A1 A v F v 2L, A KENE (G-V 1= 7) Ba Az K& < (8 50 mV)

. G %Elgi'%@%iﬁtf%ﬁ'é@iﬁﬁ’é‘éfﬁ%éﬁﬁﬁ LT V7T AREVWSHEIZERHL, KCNQL F ¥ » V&
W5, BRIIZIE (1) Family C 1289 % Orphan RE#f iz P —RFAAL 2D S4 27X b RITHFEIET 5 232

T4k Prrt3 0)63\%1%% EOMRBAIZ [ 72 ffffr, (2) G FEHDO 7z =)L7 5= (Phe232) &, K7 KAV
RN BREG RO ENGE R  BREAEIEE D Sh v AV b RIZIFEET B Phe279 A3, ThEh
., TLTy 7 ) v oLk, (3) KCNQL-  KCNEL #4600 G-V h—7> 7 McEER&E %
KCNEL F ¥ # Vi &ARO, KCNEL 2 LK 2 8eEMi Rl Twalez Al ZhooT I/ Bzl
DAH =KL SO, (4) ATP SHAF v OIFTERT I/ MILRIETHELELS, G-V
2V P2X2 O, BRENKAFNET —T 1 > 7 D5y 1Bk, 71— T DBENMBEENBEAL 72T I/ BAEHOKE X
BLOF vy 2 NGTRICBTBEEAT 7S LOfN IR FELUTE L, Thbb, 73/ BOMENK
DfFEtr.  (5) Kv4.2-KChIP4-DPP10 #H AR D E/REK EWVEEF ¥ 2INVDFEE I R-oTED., Phe232 B
Rz 2 . KChIP4 & UF DPP10 2 & 5% & O Phe279 D &8k - 72 ISHA F ¥ 2 VTGV IZ )
REFAEIBSRE DN, (6) hERG F ¥ XLV ORBO TR BEICHEFEMT 5 Z & T, KCNQL F ¥ 2 V23 &
RBEVEL DD TSI, (7) TRPAL F ¥ 20D 1K BoTWA I Moo (K), T
VYR B &K OCRERERIEE R O, (8) A5 MHERBF ¥ 2VIERAROED ATy T TR E S
)T VDR YN BORENL CEREOBHEAREDL P EHERZENT, HAMETS4 I AV NOFE
BT 2, FERNT 7o —FIZ L DiED TV S, %9 % Voltage clamp fluorometry (VCF) %% &

2014 412 ¥ & U 72 # . Nakajo K, Kubo Y AUz, B4 KCNQL/KCNEL F ¥ U2 BTl
(2014) Steric hindrance between S4 and S5 of the  VCF OZ4t (Bfit ¥ —D#E) LERDOZE/IDMH
KCNQ1/KCNE1 channel hampers pore opening. WRERBEPASNZN, JzV=2TIF3=VT 7
Nat Commun 5: 4100 DNE %= L FIZHHNT 5, ZUIZIEB U7z F232A 5 5 Wik F279A Z2FEKIZB W

KCNQ1 {30 fid7s & CHRE U T\ 2 EALHEKAFMEA Y TIZ VCF 2/t e EREAANIZIER U F 2T 1 7 AT
TLF ¥ RINTHD, WETIE KONQL & % DBy ZAU7z, U EDFERDP S, Phe232 & Phe279 O T
7=y b KCNEL 284 4 ¥ F ¥ 3 VIEEEKEZ R L 2k, Bty -2\ (pre-open). F ¥ &
THEH, TOHFECHE T WVEED, DMAOHIEIC  UAFEL (open) EFTOAT Y THELB>TWVWEH I L

HELHEEZLTWDIEEZONTVD, SHEEXIE MRIRE N7z,
KCNEL 263 % 2 & © KCNQ1 OfEMAL D[S u
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% T l BT
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| FIBOKRES (A)
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- 4 3 P
P = i t SEIRCON
Phe232 \«4 C"?m 2o
? " \,ﬂ ﬁ'q
e s o ¥, l BIE BT
s4 ‘ b g

M1 Phe232 & Phe279 X251 %Z ¢ T KCNQ1/KCNE1 F ¥ 32UV HBE i< < &% KCNQ1/KCNE1 F v % Vit ¥
b b ERIED SBIRABIZEM T BB, S4 £ AV b ED Phe232 & S5 22 A > b ED Phe279 ZWHMIZ FT 5 & 5 A ERIRICH
%, TI/BMABOKRES ((KB) DREVIEY, FY AR ZODT R LF—IZREL RS,
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1.2 FaEEEN AR

43 TR AR BRSPS D 7))
THIDFE - b, BROBKIZE T 527 THiAD
BHEL T DRI OV TR Z ED T WD, £/,
O TR ZRGR A & B 1 EE SRS AT R 2 BT L.
TPz B 1 28 U WHEBRE S O AL P22 2. R
FERBEMIZ B 1T 2 IRBALFEH DK ENZ DWW THET L T
W5,

1. AVIFY Fad 1 boFE - b - BEEK

PiRAERD AV IF > Nad 4 b (BUF OL) &
BHO=2—8v ViR U TR &2 BT 5, T4
BHEO=a2—0 YHFEFHL T OL (T & 2 {58 i
%2 TV B AREME DS S S T W B AN OL HY#tiliIe
JEIRHIZ D K DS 2R R EIZ A o THiIER 2 #IRL TV LD
MRS N TRV, BAIFRRLHEEHEISMELTLS
s % &% L AT 2 L R ICHE S 5 OL %
XS TS 2 AEEERRRB L. SHIBIKERNS X O
BRI 2R BERR T bR R DRI 247 o 72, F 7284 1,
OL-=a—u VI HEERAMEFHT /v o2 T Y MY
Y A%ZMWT, OL fFENR= 2 —01 Vil {ETFDFE
bz ~A 207 LAEIC &R L. LB O
B2 BRMULTWE Z 2B ST LT,

HKEMOBHIZBWTIX, RERNTPELT ATV
2 EDFUKTA OL Dbz HlfHd 5, OL 4
FRICHRMERES (~XT VAR, 7 7 & VHfE. HNK-1)
NED LS ITHEEEL TV B DIZE L 7z, SERMEREHD
BREEEZ KRB UL A% L. IEW 2BV
ZRETBHILT OL NOMEBNEREIZRDZIEER
HUM, ZNRELVI AT VIZLB YT TV TOE
EXFAEHERED N A A VESE DA DHETH 5
e ERUZ, BE, BUEFHEELVZ 7 VOHEE
TER % FERICIRIT L. 200 THOIHZ O I LT
W5,

2. 7'V 7RI DOBEEE & ik

) 7HOFEEE LTAY ITF Y Rad 1 b EE
WX DAL BHEEEEEE 7 A Y1 MEO—D &
LTo MLC #H Y EIFTwad, MLC ORKEEF
TH5 Mlel ZEBFFRBESELL IS, EHBEMLET
THERE Mle R USERDENS Z &% R L 7=,

BiBEME R B ORI L U CEHEE AR Z L I3RRAET T
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5 HEEHELOMENEZ 2 THB, bbiIdbt
WEERNHICEAENMBERE T T C L OMH
HAFVARFUVEDREHICHEETEZI 2 RWHLT
Wb, AT TV CEHBREARBHIELIN VAXF Y
F 782 4 % & Bk AEB s 5 Z & 2050
U7z, £/, BERBERICSWTHT Ty C 2
T2 BEEARBT A 2 RWHE LA, 2hoHD
i, ZOMEORKEEDNT > AHBEH A %
LTWBZEEHLMNZLT,

7 7RO EERFERED —D & U CTIREWE % i
HTBZ & o TV F TABEEEZHFTGTEZ 0D
Fonsd, U UME% QI A R s ORI/ 22 /)
7 BB AN = AL RHSTT 72012, VY
TV URIBIZ LN EmBIEN AT THIEET LS
HEEBFL, HERNEET A Y1 o ATP i)
HABR LU, ZVZIVBRINCLY, ko
F\w ATP A XY N OB ML 7=, B %
e 2T v 2 IV OHERBRMERIZ LD, Fhx DB
LTWATAMaYA h2od ATP Ut 2 &5 i
HOEE LW Z & ARB XNz,

3. N-#ARBEH OMEYE & BEREfRHT

VS % A3 50 FIEME RO FZE L, M
FAMAHEAEA Y Y 7 F VREICELSBEE LT W3,
S IIFEHANDOMBIEEB R TH D GleNAC6-
sulfotransferasel @/ v 7 7 7 b <7 XD RMHEHRER
B W THEME L 2 Bl L 72 "o, L
FESH DS BEI NG E DR & 72 1 3MERR I B b & T REME % R
U7z, 7z, 6-sialyl-LewisC i ImkE & (8 O 5l
THEZHINVLTFaFa)rPhma—marOyF T 2AH
WIZFHEBLUTWD Z & RRIET DEER %1572,

FEHIERRO D Fx—h— LTEHIfFIhTw
%, IEHFEKEUEEH ORI H O N & RUNEH % M5
Wb U, R O BESHME IS N B OBl bt &k L
TWABIZLZEZHOMZI U, 72, IFWEEE LR
ABFEOIMERIZEEN D N #EE B E % g
L. MOPABETHREEDNSL WEEHME %2 FE L 72,
ZHVRRERHE U 2> o 7 JFREZ D S DS AN DRAT & IR
BT e — - UTHHEZMHTELZ L2 REL
TW3,

- >
0 = —



2 MRHFEMRR

2.1 HKREHTRERRT

AR S22 T C 1k > F 7 A MG O HI RS 2 &
HHZRIA L, ZOBREEEN D LS LT “TA®
A FEDOYFTAFEREGNERITONEHSNIT S
ZeRHBLTWS, BRI, MEICFEELRZ 1)
TADPABEY TV R LGIL &% D% AE ADAM22
& 2) 7V M AOVILIEEEHE R DHHC EHE 2 &
MeULT, YFTAMBEOHRBEETEEZSNT
W5 AMPA BI7 VX I VIBZBEREN LIV F T A
EEOHIEEOMIIZ HiE L T\W5, 2014 FFIZHR
U7 RO DWTHENT 5,

LGI1 £RIZ X 52 TADARKIERE ORI L Fil-7e T
AT A TR O B 5

LGI1 13 1) 2 OZRIBEMEMNTHETA»AEE &
BZ3TZ e, 2) LGILizw 3 2 HAHEMEL 5 Lt
REERITVWNAZ EHFET208RMEIG S Z
INDZEeno, b DK BN I X G R K
HEZGEHEH-TWEEEZONTVWS, ZTNET
2. AWM R VN2 E LGIL R FORZAEKTH B
ADAM22 # i LTV F T AEZEZRHMETEZ L, %
UT, LGIl # REEEHE /v I T I MY TATIEY
F T AMLERE I KD % 2-3 HTBREME T AN
AEBFTDHIERBELTER, SEEITL O
FHETANPABE TR ONS 22 D LGI1 I Ak v
ALBRERRINRT L, T o E2 W, B X0
WARRZ ML, ZORBEHEZASMIT L, £
T, LGIL DERNPEDEISIZLTTANAZTG Ei
ZTONEHSIZT ST, HIRIZR (S473L)
HEVIEDWARRAER (E383A) 2T 4R Y
A2 (e P TADPAETIVY I R) ZER L2, DIz
B LGIL IEMifusb iz Iz 00, ZBRIKTH S
ADAM22 & DfEEGRRRMIZHEI N TWE I 2 %
R U7z, —H., DIARTIZER LGIL E& v o8
DHEERE D712, MIINTHMI N TLU E W, A
TIEHICHRET 2 LOTL WA T 5 2 2 2 R L7 (&
YRZEREER). WIThOEEE LI IEAKOEM
MTH2 ADAM22 L 56T 252N TET, ZDZ
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EVRTANPADTIRETHEEEZ SN, 5
2 R AT EOEREBEL S 58D LE
Y (b2t v <o v) AR LGI1(E383A £ 5)
DHERFE2HEIE, pibeREdsI 2Rk
O, LGI1 R I ADTAPABZIENSHET 2 2 &
R U, KFZRIZE D, XUV HOMERE %
BT 2 —HDOHHN D DD TADADBRIZER)
TH 5 AP R S 7z (Yokoi N et al, Nat Med
21: 19-26 (2015)).

HOREERZIZE TS5 GABA, A KH ChidkD
[l e & V8 FIkF7 D fiR ]
MIFZINE T, EANDH SRR EEEE D
L35 % MEFRRIZIRAT U, T WA XEIREEZ2 &2 3 H
CLOR R VENN 2 DR IN & 70 5 H SR O RRE & £ DS
EHOMZUTE 2, SH, RBILIZH 212 A St
M DFHHE ke UT GABAy ZAKREZFRE L,
GABA y SZAEMBRGUADNIN AN QNI S F 7 ZRED
Bz 5 GABA)y XAREREEZE T I ELI L2
1E® 7z (Ohkawa T et al, J Neurosci 34: 8151-8163
(2014)).

vFIR

AMPA &
receptor

TNk
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T
—FaFPY—Li B

\Y

S473L
—
wT

@)

M1 fieAeiZE LGI (E383A) i3k T
BEXNRIBE UTRBEI N, #Heriznfish
%, —fi. PURZER LGIL(S473L) &> F 7ATH
WMENBN, ZEETH S ADAM22 & DFESHEN
RELTWE, WTHhoBES LGIL XZEATH
%5 ADAM22 LH5ETHIENTET, ZoZ e
RKTANADHTIRETH D L HEZ oz,



2.2 MR EIERFIRERFT

TRP F ¥ xVIZERE HTT, HANBZE -
A - BRI S A
HTW5B,

it
< PRI T D 73 TR O fiE AT %

ki stz B MR © D TRPV4/anoctaminl B§fE
(A 7 = I () N 7 o i

Fid fffHs 25 b R M2 BT apical T TRPV4 &
Ca?* 73'@1[37 O 74 FF ¥ )L anoctaminl H3PHL
s G2 U CRREEEE L, TRPV4 2> TR AL 2
CaQJr »¥ anoctaminl &AL T2 BT 1 A A4 Vi
Haed7Z6LTWwWasZeERWAELEZ, 20 TRPV4
& OFEREH B I anoctaminl FFEM T, MRS # F
HEfE T DEAZ T FELAMEIEE X 17z anoctamind, anoc-
tamin6, anoctaminlQ T2 Z 54 o7z, £ LT,
ZoruZA FREIBKOBEZEBL T, FL WM
AR % £7-5 L7z, Z® TRPV4/anoctaminl
BRI, INEER WO S THEO—DEE RS
N7 (FASEB J, 2014).

514 3 TRPA1 % 4 U 7= BBl BEREANT & % AR SN

D PREEM: P e
774 2IXII ORI 12 X o TG IZ/RAREN &
FERIREE AT &, 25 L LORE TEBEINZMHD

SMA o714 AVEAFZINIARER B ILVE > DIEH
IZ& o TIRIRIR & 72 o TNy F LRV, RNAI knock-
down (2 kB A2 Y —=>27"TJh+ 3 TRPA1 % knoc-
down 2 & 25 ETREI NN S NZ o712
AZMPEATZININ—E, FIKIRIF L I o7z, 12
TRPAL 38 SUEBZZI 70 fifit iz & - T, i TRPAL
E RO ERRZ %2 &5, MR E R ER 21
Eo#tr Y- UTHREET S e, 12
TRPAL EAZ T, IR, FRIRIRDPRGE 12 8 B0 i 2
BRI RMCRHT APPSR R o7, X5
IZ. A4 32 TRPAL #{EMALT 2L ERIBIC & -
THRE, FEERELR T b= T2, F1 2Pl
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TRPAL T & o TR 2 B L CIRHEREN D IRIRME %
RELTVWEHDEFZ 5N (PNAS, 2014),

< ARERE LR ICHBLT B piezol 1 & B B BUE
" ATP it

< AL B SRR U SE M plezol ¥ RV %
FEL T, M Ca?t B EF 2/ LT ATP % iU
LTWa ZeWahrolz, <7 AR EEIZ TRPVA
Fy 2 VEFEL TWVBH, piezol D S5 HSHEM KR K
BAREDE <. K D/ BRI X - THIEN
b U CHIBEAN Ca2t JEE LR %2 A LT ATP % it $
5T ENPASNIT R o7z, T D piezol X2 EH
GsMTx4 (i ko Tl &4, b MEBE B THM <
U T\, Piezol OFAfi% /v U THEBEESEE % HilfE <
E 5 AEEMED S % (I Biol Chem, 2014),

FRBEEEE 70 R 7 4+ — iz k b b TRPAL F v %
N DG AL

TuRT x =ik GABAA ZEKRIEENE D FHIRTE
JRWESE T 2 W3, R IRIE S IR (2 3R LA R 2 5] & i
T ZEMROENTVWS, 7RHKRT +—ILiEv T A
TRPAL # &M LT 55, & TRPAL %2 X Di&E<IE
AT B2 2950, & b TRPVIL EEALEEIXIZE
EAERWZ EPHBHLZ, £, Ny FELZTOD
inside-out ¥.—F ¥ X IVERILIHKTH. F¥ 2O
EHRTE, TuRT7 =ik o>Tk b TRPAL A
EFEEALINETHAD Z B nh o7z, T HIT,
PRl A, TRPV1 R~ X, TRPA1 RiE~ Y
Z. TRPV1, TRPA1 X 7)V/RIE < 7 A DF K1 % A
g% H\W7z Ca’T-imaging BHF» 6. 7R 7 4 —
Wz & %5 GABAp ZARIEVEAL DTS ARE C 1370 b
b6, ZOME, EBMEBE LA, T 8 Ca?t
F v FIIEVEALD? S I ADFEEIT DA D Z &3
5 TR o 7z (Pfliiger Archiv Eur J Physiol, 2014),



3 HERIRHRMER
3.1 RHEBAEHR LM

JEEEFR AV O PR AN T 3 K O 3R R D e g
R Eamrenfe LTEn, BEROE L EKE T
DT —< e LTz EDT VWS, AREIZEIL T
BAEZIIEE Y b5 2 SO ERIREIZ S X

BN, BRICE L T, SRR
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P2 —o v DRBFITBEOEEZI Y NS A D
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HPGEIWME= 2 — 1 U HRBIY D 1K

BT TIc Lo FABEREIZE £ 08R%
RATB2=a—urdfFET I ez /ALl LT
& 7z (Nishio et al. J Neurosci, 2012), UL» L,
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LTWaRERIonT WL o7z, TITHIRM 2D
DIEIE (N T4 DAV NT AN EHX) ITL>TH
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HTAEEBMBDIZE A EH kb, &% 35 HTIEA
BEMILITRITHEI L, WA EHIIZRERE 2K
ELEMLTC W, BAEMST Y AT, ILFHEICH
WTT v¥a)y 2/ILDR1 AN —T, 7¥FaV
V1/LSRIFKIFE A CHIBTER Y, & Z 455 ILDR1
REIIADIANFH#HTIE, 7oF 2l v 1/LSR MR
BRIZ NV RV T =X A MYy oY a VI IRNE
L, 7Fa) v 773V —Z&koTYV I 0—bEh
LR V72BN Y vEZOMEBIZREEL TW
Too ARG & 0 KM HIE DFNB42 OFERED X 7
ZAXALD—IEMBHS MR B L EEIZ, TryFal v
77 IV —EY TR S THERERICEMi TR N &
PREBE N,

3. 7/ LGEENC X S5 EEMIIC BT S XA b
V¥ VI Y a VRS TR AT OREE

B & M ERZ N Y TEEREIC B 1) B RS
RE OB IZ B W TIRAREERERRTH D, F
BOELWT ) LmERIM 2 5528 LM EH L T
R E DB AR T % AIHL S & B BAKI 72 5L D B HvE
EFns, Fxld, HEEE#EE UTIR<HAWSNT
W% MDCK fifgizs T, 24 by r7vavo
HITHL RV RIETH D Z0-1 DE{EF % TALEN (2
BRSNSV = c a7l B 5 ¢ AVAC I
WERIIL, T HEE#HE L, TDZ0-1 /v 0T
M MDCK #fTl%, #eD RNAI T#HEIZ & 5 20-1
DREMEI TR SNR N o72T7 7 F ViilaE# DI
FEREBEDBE SN o MR B E O
R VR EOREREMRNTIZ B 27 ) LARERMNC &
57907 DEMEITHRT N,



5.2 A% OISR T ZTARFY

HRE ORI - BEEZ R 572012, THhETI
BRERE - MME=a—0 vz, BsRES - k- 1R
BONZ—h 600, B BXEREEZH>TY
F T AREGIENT LT &2, BORIIATEEKE T, £20%
RN ) E BE X T, 5 5 AN Y T & A
TOREEHREMERT T2y N =2 OEKEIHS DI
UTC &7, HicHEENY > 72 - [E#EEZ S 2
LoD, ZOREKIZNL> T, HEERY T2y hT—2
DENFIRIIE I & 2 ZREFH > R EIRE) & OfE, %
DFHERAEZPASNITT 5 2T, FHEERKOBEE
FHMLI-WEE-STWE, KEEIL, UM TFOMLHEZ
Fedrz,

(1) mirsE R EHEEHASE TG 5 5 @AM %
Bebk:

BTSE KB X B B E T & B OTAL D 5 TET WS DS,
FAHE OFSRER R E X, REMEAMIEH E 0 0o
TWR, ZO7d2d, HE)REEEE 2 &8I
FET 5 HEEML L7, BHEH T2 7y METEEE
Bix, RENMUNERES A S KREE TEB) A 5]
TAND-YCEEE (M1) &5 ZiE 2 X YR
U (M2) 1201 o0, Z OEBBEFAHE L D 4R
E=a2—87 45 XY MW 5 R F R ED
BEWTKHTE 7z, ZOHET, M2 & IREHTEHEE
DB M EH T E 72, EEBHEEF M1/M2 1%
M1 S~y FIHIRd D MRT T 7 1 v 7 nist
TEED 5 T\, JE T BER I D 23 W7 OG5 1
EH 5 DHEHTHIERAFH <, BYNZX T Ly MK
TERA TN oTz, — . BRI A
THA D, M1 OHi - BEERALANE N2 R - [EHE
ANEREB S S B DITH LT, M2 TIREBALIZ & & 3 %k
NOEGHIR o0, EHAOERM IR o d o
Tooo BAEDREED S, M2 13 & b BRI EB)FEH I
BI5-9 2 @RETEHEE e ZE R oND, BHRED DD
R ) B AHE & IR ICE R L. W1 THEBRH 0E N
ZHAS T U T2,

TOOHEEHE S E AL L. A - iERER O
DA TH > 72, M1 ~ &2 M2 fifidE
W 2/3 R 58 EEIcHd DI LT, M2 A
595 MLAMIZEIC2/3E 5 BREKIZDI>TH
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HLTW, 2T 2K R E RS &, M2
25 M1 A~D AT X RIS AL ) % itk 5 11
RAFIDEEN 1 JE EicE < Ronzoizx LT, #
HETH B ML S M2 ~DORHEIZ /N %252 5
BRA I8N 2/3 JEIZE D o7, ZOREMEEIC
&, IO 5 EHEAIILY 7 X 1 73 AR
Do Tz, BURANGIER %2 MIET 5 8 LSRR 4 i
Falx M2 225 M1 ANOESICHR S BESG LT Wiz— 4,
il E CllER 2 MUE T 5 8 NIRRT
BB LT\ e hr o7z, 5 T O (R B A% S 1 5
FOMEEICEEL T\, 502, AHKEE - =i
B2 5 RO E ALY 7 % 4 75
M2 535 M1 ABE T 522D o7z, ZOREHR, &
By AE Y [T 5 0D A T X0 R 43 A1 1 5 v BB ERUAA 1
EFoTHD, FKRATDLRRE L BHACBE L TV 5
ZENnh oz,

(2) KINEE FS NA7 v b ok

HE GABA {E@EVEMELIE, SEAMBEOMERMA, K
RER Y v 7 b BZEE, MIRFEOWA WA REKHE R
AL RIS F T AL, ZLT, RAS VT
LR D GABA @MY 7 24 THEET S
ZEMNEEINTVWS, UL, FArzsIixBanz,
falk 2 M3 2827 v MilATE, ZD% < ORIz
BERPBPRZER DY ¥ 7 b - BRIV F T A%RES
ZEEPALNIILZ, TNEIFE AT, HAMgE N
VT TNT I VM FSMIfT, A7 —dddk - MRS
i, ) T RH - AR OBHR S - BEROSLIET DO
WESE, ¥ F 7 2K DEBEIC & B AR ERESE T, HHIME
MRELRIL — IV OfEHZ HIEL TWa, ZHETDL
A, BNy MilBIZBWTH Y F T ABOH
PRI & > T, Mk & 2 O fE D RHRZE#L 72 1 12
VF T AEREDGE, BAOBRER S ¥ 7 b - AR
AV REFTIELGE., TOMAIELZHELE VN5
12, BERGEIRMELRZRILL TWB Z Db olz, X
512, MIMREEZ FIZy F T ARMEBLRT —T, %
DY F T AEG L EHHEWEL 2> F T AMEE» 5K
OB —EEMEES O OME 27 2 ADIE
o, flx MGy F T ADa YR &V AfE %W
ST U Tz,



5.3 DIEAEZHIEM
oA, ROt BE, 1TEh, N9E), Ahamediie &I

THMEE 2 iz, & b 2age U ERIE %
L TV D, BRI ENPE S BATI R G B X = *
VE RO E & S X BMERET A —> v 2 (B
AERY MRI) % dDnz, mikIEe & Bhih > KR
HfRd 2 e 2 HIEL TV, HAERE & HEEHBI O
XA F Iy riBibEmifibd sz eicky, Ade
bz & DBAR (RERIFRED) 12 h by B itk % B
SHITT B, MEIC X B AR L EMBEANCONVT
DR Z FHIT T 2,

(1) B o> B X0 B D A S A 02 B9 Rk D
-2

Kitada R, Yoshihara K, Sasaki A, Hashiguchi M,
Kochiyama Tand Sadato N (2014) The Brain Net-
work Underlying the Recognition of Hand Gestures
in the Blind: The Supramodal Role of the Extrastri-
ate Body Area. J Neurosci 34:10096-10108.

i D F K% RS 2R 01%, B E D B0 R D
ZOIZAARTH S, & hOERGEEETITIE, SRD
G U d < KT 28K (EBA) 2FET 5,
AW S5 13 B RE KR S AL G I R 3% (EMRI) 2 FH VT
HBRN EBA OFGEIZE R BHEERG L7z, KR
FHEHRBEEZEIMEZHNCT, F - H - 2HZH
U7z, WifFE$ 9ELL EOEWEMEE R Lz, 51T

149

EBA E#f (FRIgEmE - fAE) & BRI, HRE 72
THRLHBREAFERLRETEH, FICHURDROK
IRERUZ, 206 ORI, BRHEE2E0FO
RS T AN R Y b T =2k, BRI AT
TEHZERLHE - HRENEILERLTVS,

(2) M OB LRIz B 5 AL
Kitada R, Sasaki AT, Okamoto Y, Kochiyama T,
Sadato N (2014) Role of the precuneus in the de-
tection of incongruency between tactile and visual
texture information: A functional MRI study. Neu-
ropsychologia 64:252-262.

om0k, RI-BEHHORMIPIRRS
LOWRHD, TDXSGE. b3 R7ZH &k
EHIRTEHILT, EMOEELZRKI I LNTES,
AL TIE IMRI 2 AT, FE M ORIl iz B o
LI % FE L7z, EMOBEHIITE - AALO LS %
ZEEEHRE R0 fAMREOMTRAE I TWiRn, £
D7z FEM OBMTE BT IE, FLR O I EE RN
AL AT B AR D B, AT AR TEMOH
f S L i, MISEIE AR ANEE) U 72, BT 1334
M ORETEIERAE Utk & 0 b R85 &M THWG
FERUzZ, 206 OREFIE, BEATH A 5E 5E N
AT AT, EMORH L MEDENZ BT
5 LERLTWVWS,



6 FELEFMAR

6.1 SRAITEIREMBT AR

REATEFEEREREI ST T T, IRBRP TR D 15
IR % HIMES S MR EIK OREE L BEEE, T LTED
—IRAEAG % 21T 7B OB RE RERERE (2 D W THZE L
TW3, FIZHREREENIC DWW TR - s B # 2
MR E B T o REE AV T 22 2512,
—IXEETEHEEG L TER] ET VOV, I 51I2iE
e R OB D HlH RS 2 R TV B, —
T, FREOHIEIC DWW T IR EEREE & 2 D EEG#%
DOBERERI AR, X ST OREREE Y 4 VAR
7 2 —THAME L CTHBERIE A O EHHR % MGET 25t %
PIRF > TS L 2 vz, TATHRREER) 2w
SHLWER /DI LAY -avPa—R—- AV &—
Tz =AY MISH U TEE ORREMIKE P <
DBRD ] WM ZREERS I DO W T LT W3, 2014 4F
DRENLERIIUTDOLEED,

Sasada S, Kato K, Kadowaki S, Groiss SJ, Ugawa Y,
Komiyama T, Nishimura Y (2014) Volitional walk-
ing via upper limb muscle-controlled stimulation of
the lumbar locomotor center in man. J Neurosci
34:11131-11142.

e, HEBE D RERS AN EEMS 12 & 2 Refe R & - C
BOVFEHRTE L VI |ENED > 72 B — IO PR
RN T W, SE. #HEANIBWT EROHERN
TEENC K o T NP EE s & BRE) L. i) X
IV I RS E Az, T8 &2z WT i
OHITHEBHPFFEI N, ZOHEORLIL, Hf7D
VALZEDTHBITEZZ L, IZIFLETHFEIC
BITEFERTEHILTHY., SHBHEGES DS
THEBICERREMTHE EEZOoND,

Phongphanphanee P, Marino R, Kaneda K, Yana-
gawa Y, Munoz DP, Isa T (2014) Distinct local cir-

cuit properties of the superficial and intermediate
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layers of the rodent superior colliculus. Eur J Neu-
rosci 40:2329-2343.

ZEENE RO ERE LM E L U T, REDBHEEE (Y
VIV y—)DEWHERNKEZNIIA T BHE LD
2, MORKADERELZMHBTLEIL2HD, ZDX
D 73 JE LN ARG BALEE DRk 4 B RS CHIZ T
B0, FHZHEEZ 5] SHRABRRZ [T 2178 B 1T
5 JERAMENE RO R EE AT e B2 g e v
SIREARIBEI N T E 228, HlND ErIzB T 5D
M BSAE O FEMIZHA S Tld R o 72, £ Z TS,
ERIZB T2 IR E RS 72D, YU AD L
Eo%E., REEENZENOKEREIA % /EkL 72,
ZDOATA AERIZBEWTIR, KEOEM~ Y 7O
ERZOEEMHEINTVD, TLTIDAT A AL
A% 150 pm FHIFET 8 x 8 = 64 MDD HIFREM AL & X
NTWVBIMOD EZ#HE, dko 1 FoMgs 5 & —v
LIVEERZITWO D, BRORERIREFHNIzE T 5,
BRI TH 2 %EICH W T, FafkMiaE F o
R CIEIE, 2 DR S EHH & WS BHE R A F
T A vy LD UL — ] O REE A R
Nz, LT, EEIZEWTIZERERE L ORI IELR
RN HEASERN R 2 RS DT U, #En7z & i+ T
FEEE LM EIEEAP R S, — A, HEH T
fLCTHBHEEIZENTIE, JRWEF 2 S FICHlE 2
DB I NN, ZHIEE LGP EREL TV
2, WEFEHOGPE DM, #EBAWT IZER
T bhrotz, TUTHELDS 2 ORI
R INE I ND Z b otz, PAEICHERIK, &
JE Y — DBIEMED R E T S DI LT
LD U, HEERERREDODETE2EHEMT
HZLIZHLTWAIZLERBET S, ZOLS5IZ, E
EOERE L FRBIEZENZTNOHKIZG U722 < £k
DIEHLHBEE A H L TWE Z EHS TR 5 T2,



6.2 HEKIEEKERELIBIT AR

LEM Tk, FEMS K CREREE. 8L TENE
IR 72 & DR REFGIE DT 5T B 5 MR A R A% HE O Fi AR
RESRE DRI % X702 T — IR 2T o TW5b, RIE
JEF TN D 2 HH 2 O ifse Z #EE U 72,

1. ZRHTFHMEZ Wz in vivo 1 A=Y VU 7KIZ &
DI - BEEIZ & 7D KN B R EE 2L DB,

2. HHIPERR R (R ER AR RE D e S K OBEEIC & 5 21k,
F¥ iz, GABA B X U7V > v fEE) M A K D 2 -
RS BT A HIEE T e 2 OE, T 5ICHIEN
Cl™ o & v HHiHHE 2 B9 5 W55,

1. ZRFHMEZ H Wz in vivo 1 XA =Y U 7 HIC
X B FEE - BREIC & B AR D KN B E ]2 L D BlgE
INnE Tz, mEJNERIMEBE A AV - —%
R U 7220 FRE % AR A LT, SRR
HREAEVREL TV EEETFHEY T AZEWT,
KR E A S 1 mm BL EOZFEHO KR ELRE b7
ZRMEELO 1 pm L FOMMBEED A A -V F
BEHEITA e HIZ, 2 r HU EOEMBEICHZS
MORUBIREAREE Lz, 2ho i FIHL T,
A, WEREIZE SRS BERRET LY T AIZEWN
T, KB BEAMARIEEY (S1) oicsiF 5>+ 7 A
Bz o>WT 7AYo hofE5IcoWwT, TAb
oA bOEEAIZED bE YRS VDU X
N, UFTAHERGI S LT, FRe ] I 2
T2, TR XD RMEERBUCS LU GERIGE T 5
FEEASTERL - Bk g Z &by, RUIMFRT 55
HMBOFRKTH B Z LAWRI Nz, MA T, Kigkh
FEHUGHT & 2 W RN B B & B o TUE I3 2 1 U T
BrcE & A O AV RE R I A~ OB ETEE D TR A L,
FMIEZED 7 A dad 1 b Gk b & Hd: o i
DIEMALHE> TWDE Z & AVHI L 7z, SEERZA)IZ (R

°oN , 2
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I M bR B D FE B 2 HI 3 2 & RIERALIZ B 1
LB FTADR =A== L7z, TD
FEER, PR RS &l o> EE R RO R R & R
THIENTERZ, ZORRIK, EHERMO MR
VUL DM AL R BB R ETH I T = A=Y
RAVDAH=ZALELTHEHEINS,

2. AR S - T A0 AN AL, £ OHIBEIN T
& B Aol 0% [ % P o 0
MREZEME D GABA 57V Y UADAAL v F
VIDAANZALRIDO—ERE LT, GABA 27V
VU I T B B RIREEME 2 VMG &
To72, BEWED GABA 527 ¥ A&
BBLTBEZ BV F TABIED ) ¥ v 2 RR DB IEZ
bt 5720, Qdot(BF Ky b)) 2HVWEZI1
TRNA A=V Y T EAT oIz, FRERGE MR %
FUTERN 7D ¥ V2 RRHEH 2 W THE L7z &
A, REZBRBLUMRMETHTH, FY VY
MEMRZEOE RN T, Y F T ACBI 2HEZE
OBV ET HMERE ) ¥ U RBEKD— 1A
A=T VLG, k. FAZERORIEIETEE
W B 2 ZEROTEN DA P HRIEENI & > TH
EINBEEEZOLNTWEZN, KL DOHEL S, KT
U 7MiM Ic B W T ZBRDRIENLET D &
DRI NI o, SBRIFZDAN=ZZALIZON
THASPIIZL7ZWEEZT WS,

7z, GABA Oli/ii—is iz Mk RN s L O
IRF ARG S A AT BE 72 KCO2-tetO ¥ 7 A% FIWT,
KCC2 #RIFBUC & 272D, B XU 2 KT
il S 12 & B K B B B Y o B AR I B 1 B
AN V(T FTR) OFE - HR (Z—vA—N—) D
RHABIE % BHA U 72,



6.3 £JE - A2 IMRFEKEN AR

MFFEE M Cik, EREEEHERRICED I ER - R
BEAMIRS RN Y TR T o T WD, REEIT
UTOEEIZDWTIFR 2 HELE L 7=,

1. HALERRE R SOCS3 RIEY T AILBII 5 HE
¥ FeAE Bk

SOCS3 &V 7F % IL-6 DMgANIG s 7+
LLUTHIONT WD, ARiFETIE. WK R A
IZSOCS3 %2/ v o7 ML AMN, AT I
100% BiEE 2 RAET B2, TOEMAPEREICE
WCELEINBGLVTF U TFIVDOREILLEZZ L%
oMz Uz, BTV TFUNEEINTVS
ZeBHoNTWS, HALERERRKIZ SOCS3 K
B ADFRIETIXL TF oy 7 FARTELTE
D, SORVITFUVORRAEEE > T\, IL-6 ¥
DY A MAAVEVTF o TFUNTEL, HER
BB RICEE o2, LT FUbikE T R
5T 5, BREORBETARICIH S NZ, DR
DI s, SOCS3 FHEMEICBWTL TF vy o)
VL TEL., ZoErEEINS I LIk o
THENPRIET 5L HEZ 605, Rif%EIE. BEBE
BREOMEIIB W THEELRBYMET VIR EERS
1% (Inagaki-Ohara K et al, Oncogene 2114; HiBkK
7. EBRERE 2 — EERBKT E OILFEL),

2. BUE T SIRTL 2 & % T b 3 — 4R 330 i B
NAD™ A7 7 & F VAL BES Sirtl (&, E4FE. <
DA BWTHMAEICES T oMRL LTHEES N
TWd, ABFETIE. KT Sirtl 12k 2 TR )LF—
NT v AFEANOEKE MG T 272012, BAEFATT
HARTFRTHS POMC & L < 1% AgRP FBl—a—
BYTOSIRTL IavF1+varlb/vr1y (KI) <
U AKAER - R LTz, ZORER, POMC =a2—RmY
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O Sirtl FREMRRE N LU TTRILF —HE 2 L
L. AgRP —a2—u1 > ® Sirtl ZEAZME L T %
NWFE=—NFUAZAHETZ I 2/ L, &7z,
A S A R PR B Sirt1 12 & 2 HUAE T 80 % 1]
T35 LB S M LT (Sasaki T et al, Diabetologia
2114; BEEKRZ & O ILFEWI),

3. IbaAYFRYTHEKEAE UCPL & &K
AMPK I & 5 T2 VX —HEFT/ER

L hEEDHABYICBWT, RO XL F -1
TV AREEICGRIES N TE Y. RIAMIICE > T—&
RN B, ZDOEMT AN F R L T3 )LF—
HEE (EE) 2 EFEICHIES 2 Z 213, T2 LF =N
T VAT EH S PIZT A -OICEETHL, K
FFecid, MEERERO 3L F —HE R (total EE) (2
FIEST I ba vy R 7R 82 E (UCPL; un-
coupling protein 1) & &4 AMPK (AMP-activated
protein kinase) OFHifEH 2 i~ 7z, EEIZIZ, UCP
LET ) v 279 b <9 2 (UCP1-KO). B 5
#] dominant negative AMPK FBi< 7 2 (dnAMPK-
mTg), ZNo6DY VA% LR L THR7Z UCPL-KO X
dnAMPK-mTg ¥ 7 A (KO-Tg) Z FH\ 7z, ZDHER,
PR~ Y 2 (WT), UCP1-KO. dnAMPK-mTyg (2
HARKO-Tg Tk, Mz xVF—RThIEMHEIR%E
5.2 7D total EE DRI ERIZDRNFHZ il
U7z, 22T, @lEN&%Z RIHBESHER U721 8
I THREEMEZFRS L, KO-Tg &, WT IZHART
HEIAREIEMLZ, 5612, KO-Tg Tk, 1A
D U, mlRRTERE L &L B - TREAGH I RE %
Ry B R Uz, U EOERER»S, v 7RI
BWTEBHIZKBEEVEFICEREINS DI,
UCP1 & &#& i AMPK Ol i3 BETH 2 Z L35
Mmooz,



7 178 - KO TFEAEY I —
71 BELFREBYERE

BEFUEZHYERETIE, 5y MBI SEIETF
REEM D HEHF IR L D DOBIEFWEY T 22
7 I RE AT HHEME L TH D . FRHTER T REEY
ERIZ B D 2 1 W 7% o TIZHAORMEBIT> TV 5,
ZIZ T 2014 T RER UL 5 MD > B, £k
PAGEE G R 2 A U T % B AR I ok oD IR ME R
e (pESCs) B ZIZBEd % 1 MO Z N 5,

Hirabayashi M, Goto T, Tamura C, Sanbo M, Hara
H, Kato-Itoh M, Sato H, Kobayashi T, Nakauchi H,
Hochi S (2014) Derivation of embryonic stem cell
lines from parthenogenetically developing rat blas-
tocysts. Stem Cell Dev 23:107-114.

BAFEERD? O L LR EMTSREZAELTVD
WEMESR A (pESCs) ASBHIT % 3 20 5 FHLE, <
I ATDAHE TN TWS (Cell Research 17, 2007),
AREBRTIIHEARESEZT Y NEBIED S pESCs
MaBU &S LAz, CAG/Venus b7 VAV«
=v 77y P OBINU PN FIz A A ) v A
By r7uAnFy I NItk THEME(BMEZ L,
IRHEHEZ » ~ DIWERN TIREEIIA & BE 72, MEK
TENEALB 7 & GSKS3 BRI (20) 1A T 7 4L 23
Y& Iy b LIF 2RMU 7z N2B27 £ FHwv, &
10 fE D R 2 ~ 7 Z#HES N L Ic Rk L 2, T H
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BITHHEL 72 ICM 2 L, M) TV VI & 5 T
Bk CcE7/724 51D pESCs 2B/ L, 553
714 D pESCs iIZ2WT, Oct4. Nanog. Fgfd, Rexl
DEBIEEFIZDWT RT-PCR 24175 Z & THRMMEM
MR MR LA, 3710 v ETIZTEWTEIFINN
kZv s ESHMlaEFAREDORRE RV, £727 )
L DNA 238U, 1> 7Y v M{ET (H19, Igfor,
Meg3IG. Pegh. Pegl0) ® X F)L{L{kfE%E COBRA ¥
XTI L7z 25, @A FMLIREZ#R L T
WX DM > T v MR AMEA F VIR
ZRULTEDL, ZHEWHENK T v b ES ML FAkkDBS
Thotz, T HIZMBENMGEAZIZEL>THFAS
AR DIEH % A, Gl BT 5 CAG/venus {5
T OFB A SIS U 72 pESCs #kD % 7 LEE - Hhid 5
HEIZ DWW TR & Z A, pESCs i AT 5 DFE
H3R1% 47% (52/110). Venus Byt A 5 DB
65% (34/52) TH Y., BAEDF A TFEFD S5 14 L
M2 572, pESCs DK T A > h 6 3T DFE 9 LD
HEF A FEKIZONWT GL EEfF2EH Lz 25, 1%
A FAKIZHERT 2 23 KD Gl E(FH D 3 PLHY Venus
Bt cH o7z, Bk Kofbaezdfrr L. £ 0Mbagx
I 5-RE B M A - AR AENRE RO ES Mtk % kbt
MEBHI LT, Ty MNTHIOTHEIIL 7,



7.2 1TENRRNERITE

TERRAfRT = Tl SRR FREY T AL
THIRRIATE T A SNy 7 ) — %175 Z & THMER
MATEI 2RI~V AZEE L, TDY Y ADMHZ fElT
TEHI LI TEETFEITH - BiEEORK,
SIZIIMMEEDHHERIRZP oNIZTHI L2 H
BLTW3,

AREEEIIARGEATA 11 M vy 1 DI FRFZE 2 17 -
TWd, Y7 ARMEME LTI 7RO 25U
THRNITE T A NNy TV — I X B2 r>72D
IZHINA, 8 RMDEETWET VT A BN FFHY#R 5~
DA DOWTEEBDITE T A MZ X BT 217> T
W5, 2014 FITIES 7 ADITEIfENTER L LT 8 iz
FRLUTWED, INS5DOHFITIIMERFEET L
7 A (Fujioka et al., Mol Brain 2014; Onouchi et al.,
Mol Brain 2014) X 5 DfFE T )Y 7 A (Zheng et al.,
Stem Cell Reports 2014) 7% ¥R E D E TV EY)
ERBEIBRMEEENT VWS, WXHRI N~
AR DWW T RITEET CRONZET -2 &Y
D ARBIMF — R R=2TRAALTWVWS,

XY AEHAWEERMPE MERBOETILE LTHEY
THENPESIDIZDVTIE, UIXUIKERO SR L 72
%5, —WEE, b FOREMERE ZNSITHIRT 5
JAETIVCMHDBELETHBZ LR L Z5, B b
&V ADMETEEFRBUCHEMED R v T Ak
N BAEMEIR R D E TIVITIEZR 5\ 2 W S 5T Ak E
DWFFHEZHLE LEEERa Y Y =27 AT & D FER

*1 http: //www.mouse-phenotype.org/
*2 http:/ /www.mouse-phenotype.org/software.html
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N7z (Seok et al., Proc Natl Acad Sci USA 2013),
ZOWEIEYY AL MREDOETIVEYE LTHS
T DEMERZYMER I OVWTRERERE L E
I U7, ZOMXIHHI T —XIIAHINT
Wiz7z 8, TR E T AMEI T -2 % H
WT, b MREEMREE L U AT TV OBE T FEB
DIALIMEIZ DWT D TN &2 4T o 72, FEARIT DFER,
RAEMEIR BTG T 2 ERIEE 2 Z TV AET L
THROoNIEEFRBEOLZERIZ, b b RIEMERE
BETHR SN BIZFRBOZEAEER L HEDIERE I
ML B hEY T ARELBTWEEAR DL LD
Z 2 &S HIZ LTz (Takao & Miyakawa, Proc Natl
Acad Sci USA 2014), ZHiz &b, YU AL hD%
FEMIREDET VTR D1G5 Z EDWD THER I N,
< U ADITEIfEN % W REORER L LT, 17
BRI O FIRIIMREIZ L > TREL RE>TNVE D
EBZNEVS T ERBIT NG, TERKRAMITET
F FERO T bV ERE LTHRKTHI LT, 17
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salivary glands. World J Gastroenterol (in press).
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D. 5Btk

1. Mohri T, Kyozuka K (2014) Mitochondrial activation and nitric oxide (NO) release at fertilization in
echinoderm eggs. “Sexual Reproduction in animals and plants” (eds. Sawada H, Inoue N, Iwano M)

Springer, Japan, pp.187-197.
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1 SVURY I LE

1.1 Korea X#/Yonsei K% - LB SR VRI D A

Hif: 2014 £ 7H 1~2 H
LA Mo > 77V Ay X —
fHY  PHEHAGR, MR

Schedule of NIPS-KU/YU Symposium
July 1
15:00 Resistration and official announcement
(Motohiro Nishida)
15:20 Welcome
(Keiji Imoto, Director-General, NIPS)
15:30 Excursion
(lab tour in NIPS and Yamate-area)
17:30 Poster display
(Venue: Okazaki Conference Center)

18:00 Poster viewing

July 2 (Venue: Okazaki Conference Center)
9:00 Opening remarks(Director-General Keiji Imoto & Prof. Im Joo Rhyu)
Session 1 Molecular and Cellular Physiology(Chairs: Profs. Fukata and Tominaga)
9:10 Evlutionary genomics for discovering novel neuropeptides and their G protein coupled receptors. Jae Young
Seong(KU)
9:40 Molecular dissection of epithelial tridellular contacts. Mikio Furuse(NIPS)
10:10 Decording mutifacet of AMPK: molecular understanding of diabetes and cancer. Hyeon Soo Kim(KU)
10:40 Coffee break
10:55 Stoichiometry and gating of KCNQ1/KCNELI ion channel complex. Koichi Nakajo(NIPS)
Session 2 Neuronal Structure and Function(Chairs: Profs. Furue and Yoshimura)
11:25 Hedgehog signaling in auditory neurosensory organ development. Jinwoong Bok(YU)
11:55 Activity dependent myelination and impaired motor learning as its disruption. Hiroaki Wake(NIPS)
12:25 Photograph
12:30 Lunch(buffet)& Poster viewing
14:00 Local mRNA translation in axons. Hosung Jung(YU)
14:30 AMPK in the paraventricular hypothalamus regulates food selection behavior in mice. Shiki Okamoto(NIPS)
Session 3 In vivo systems(Chairs: Profs. Isa and Nambu)
15:00 Circadian basis of mood regulation. Gi Hoon Son(KU)
15:30 Coffee break
15:45 Constraint-induced sound therapy for sudden sensorineural hearing loss. Hidehiko Okamoto(NIPS)
16:15 Role of mGluR5 in stress resilience. Chul Hoon Kim(YU)
16:45 Causality analysis for reciprocal social interaction. Shuntaro Okazaki(NIPS)

1.2 B AS EEBEMBRAMERS Y RI U L

& > N7 A OIEBEMADEEINT 7o —F )
The 45th NIPS International Symposium

“Cutting-edge approaches towards the functioning mechanisms of membrane proteins”
BAfE HFE: 2014 4£ 11 A 25 H~ 28 H

P BRRMIET (g2 77 Ly 22y 2 —)
I =904 = ARFEINEIR
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Session 1 Potassium channel #1
KCNEL1 facilitates interaction between the S4 and S5 segments and slows the gating in KCNQ1/KCNE]1 channe
Koichi Nakajo (NIPS)
Polyunsaturated fatty acid analogues act anti-arrhythmic on the cardiac IKs channel
Peter Larsson (Univ Miami, USA)
Getting to the heart of hERG KT channels: A translational perspective
Jamie Vandenberg (Victor Chang Cardiac Res Inst, Australia)
Session 2 Special Lecture
Recent studies of potassium channels and calcium-activated chloride channels
Lily Jan (Univ Calif San Francisco, USA)
Session 3 Dynamic aspects and movies #1
Let’s “See” ATP-dependent gating of CFTR channels
Yoshiro Sohma (Keio Univ, Japan)
Channel function reconstitution and re-animation: Single-channel strategy in the post-crystal age
Shigetoshi Oiki (Univ Fukui, Japan)
Mechanics of novel motors revealed under advanced optical microscopes
Takayuki Nishizaka (Gakushuin Univ, Japan)
Session 4 Dynamic aspects and movies #2
Excitability tuning by two-P-domain channels: from inhibitory potassium-selective channels to excitatory cationic
channels
Florian Lesage (Univ Nice Sophia Antipolis, France)
NMR study of membrane proteins
Ichio Shimada (Univ Tokyo, Japan)
Structure-function of bacterial mechanosensitive channels MscL and MscS: from tension sensing to channel-opening
and -inactivation: experimental and modeling approaches
Masahiro Sokabe (Nagoya Univ, Japan)
Session 6 Regulation and physiology #1
Local control of neurohormonal signaling regulation in cardiac ion channels
Junko Kurokawa (Tokyo Med Dent Univ, Japan)
Potent inhibition of olfactory transduction channels by natural compounds may degrade the quality of foods and
beverages
Takashi Kurahashi (Osaka Univ, Japan)
Session 7 Ligand-gated channel
Signal transmission within the P2X2 trimeric receptor and the voltage dependent structural rearrangements
Yoshihiro Kubo (NIPS)
What mechanism underlies the apparent dynamic selectivity of P2X receptor channels?
Shai Silberberg (NIH, USA)
The danger sensing P2X7 receptor: Diversity of structure and function
Ruth Murrell-Lagnado (Cambridge Univ, UK)
Defining the structural basis of ionotropic glutamate receptor activation
Derek Bowie (McGill Univ, Canada)
Session 8 Poster session
36 posters
Session 9 Crystal structure
Molecular Mechanisms of Membrane Channel and Transporter
Osamu Nureki (Univ Tokyo, Japan)
Structural physiology of Adhennels
Yoshinori Fujiyoshi (Nagoya Univ, Japan)
Session 10 Proton channel
Gating mechanisms of voltage-gated proton channel
Yasushi Okamura (Osaka Univ, Japan)
Proton influx mechanisms in the plasma membrane of osteoclasts
Miyuki Kuno (Osaka City Univ, Japan)
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Session 11 Regulation and physiology #2
Functional Interaction between TRP channels and anoctaminl
Makoto Tominaga (NIPS)
TRP Channels in redox biology
Yasuo Mori (Kyoto Univ, Japan)
Regulation of cellular calcium homeostasis by SARAF

Eitan Reuveny (Weizmann Inst, Israel)

1.3 Chulalongkorn XZEZE & DERY VRI J L

18th Thai Neuroscience Society Conference 2014 and 2nd CU-NIPS Symposium
“Frontier in Neuroscience Research”

December 22-23, 2014

Room 1002, 10th Floor, Pharmaceutical Sciences Innovation Building

Faculty of Pharmaceutical Sciences, Chulalongkorn University

Bangkok, Thailand

Sunday, December 21, 2014
16.00-18.00 Registration
18.00-21.00 Welcome party for guest speakers
Monday, December 22, 2014
08.15-08.45 Registration
par08.45-09.15 Opening Ceremony

Dean, Faculty of Pharmaceutical Sciences, Chulalongkorn University Vice Director, National Institute for
Physiological Sciences President, Thai Neuroscience Society

09.15-09.45 Group Photo and Coffee Break/ Poster Viewing

09.45-10.20 Roongtham Ladpli Lecture
Assoc. Professor Dr. Naiphinich Kotchabhakdi National Research Council of Thailand

10.20-11.00 Special Lecture I: Skilled reaching relies on a V2a propriospinal internal copy circuit
Professor Dr. Bror Alstermark
Department of Integrative Medical Biology, Ume & University, Sweden

11.00-12.00 Symposium I : Motor control of hand movement

11.00-11.30 Subcortical control of voluntary movement
Professor Dr. Kazuhiko Seki
Department of Neurophysiology, National Institute of Neuroscience, Japan

11.30-12.00 Causal link between motor system and limbic system Associate Professor Dr. Yukio Nishimura Division
of Behavioral Development, National Institute for Physiological Sciences, Japan

12.00-12.15 Introducing National Institute for Physiological Sciences, Japan Professor Dr. Tadashi Isa National
Institute for Physiological Sciences, Japan

12.15-14.00 = Lunch and Poster Viewing =

14.00-14.40 Special Lecture II : Neuroinflammation and Migraine Professor Dr. Anan Srikiatkhachorn Department
of Physiology, Faculty of Medicine, Chulalongkorn University, Thailand

14.40-15.20 Special Lecture III : Cortical synapse remodeling in chronic pain Professor Dr. Junichi Nabekura
Division of Homeostatic Development, National Institute for Physiological Sciences, Japan

15.20-15.30 = Coffee Break =

15.30-17.00 Symposium II : Disorders of motor system and recovery mechanisms

15.30-16.00 Neural mechanism of recovery of forelimb movements after stroke Professor Dr. Tadashi Isa Division
of Behavioral Development, National Institute for Physiological Sciences, Japan

16.00-16.30 Cortico-basal ganglia loop and movement disorders Professor Dr. Atsushi Nambu Division of System
Neurophysiology, National Institute for Physiological Sciences, Japan

16.30-17.00 Glycinergic inhibition of the ipsilateral cortical excitation to forelimb motoneurons in monkeys Dr.
Tatsuya Umeda Department of Neurophysiology, National Institute of Neuroscience, Japan

17.00-17.30 Annual Meeting of Thai Neuroscience Society

18.00-21.00 Reception
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Tuesday, December 23, 2014
08.00-08.30 Registration
08.30-09.10 Special Lecture IV: Implications of stem cell therapy in hearing restoration Assist. Prof. Dr Nopporn

Jongkamonwiwat Faculty of Health Sciences, Srinakharinwirot University, Thailand

09.10-10.40 Symposium IIT : Neuroscience of Behaviors

09.10-09.40 Regulatory role of hypothalamic AMP-activated protein kinase (AMPK)in food selection behavior Pro-
fessor Dr. Yasuhiko Minokoshi Division of Endocrinology and Metabolism, National Institute for Physio-
logical Sciences, Japan

09.40-10.10 Ultra high field MRI of human brain structure and function Associate Professor Dr. Masaki Fukunaga
Division of Cerebral Integration, National Institute for Physiological Sciences, Japan

10.10-10.40 Regulation of orientating behaviors by viral vector technique in mice Associate Professor Dr. Thongchai
Sooksawate Department of Pharmacology and Physiology, Faculty of Pharmaceutical Sciences, Chula-
longkorn University, Thailand

10.40-11.00 = Coffee Break =

11.00-11.40 Special Lecture V : Activation of signal transmission within the trimetric ATP receptor channel P2X2
and the voltage-dependent structural rearrangements Professor Dr. Yoshihiro Kubo Division of Biophysics
and Neurobiology, National Institute for Physiological Sciences, Japan

11.40-11.50 Best Poster Award

11.50-12.10 Closing Ceremony
Vice Director, National Institute for Physiological Sciences, Japan President, Thai Neuroscience Society
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3 HEMESIUTHEFNAMRICK 2HEELER
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A BERERKY L DI

SLRIWZEE: MR R BER, KIS Al

Nagase M, Takahashi Y, Watanabe AM, Kubo Y, Kato F (2014) On-site energy supply at synapses through
monocarboxylate transporters maintains excitatory synaptic transmission. J Neurosci 34:2605-2617. doi: 10.1523/
JNEUROSCI.4687-12.2014.

VFTAEEFIANK -2 HE T OHRATH D, TOTRNF—Y —ADFAERIEELRRETH D, AR T. T/ ALKV
S VAR—R—%N U, TA MOV A 2SR OIBROMIEH, D TEELKEZRZLTNWE I LAHS
2725 7=, B - SEFEFIHFZRIC L 2R TH 5,

FifoNA A K% OILFEHSE

SLFEFTEE . BRI, BRI ZE B

Kurogi M, Kawai Y, Nagatomo K, Tateyama M, Kubo Y, Saitoh O (2015) Auto-oxidation products of epigallocatechin
gallate activate TRPA1 and TRPV1 in sensory neurons. Chem Senses 40:27-46. doi: 10.1093/ chemse/bju057.
BADOERTIZET 252 D, BRECEENIFEANTI U ZOLOTIRHGRL, BILLTERZ —&K (FT7 Vv v B
RN BT 5 TRPAL F ¥ 2 b TRPVL F ¥ XV 2JEMH(ET 2 Z L 20H 5512 U7z, Chemical Senses 3#8# =
1Z. highlighted article & UTHD LiFoi, £7/-EM% o7z, AR - LAEMAEAHFEICLIZHBTH S,

(57 T PR A BRAF 2550 Y

T L ER R & D ILRIWITE

Ono K, Clavairoly A, Nomura T, Gotoh H, Uno A, Armant O, Takebayashi H, Zhang Q, Shimamura K, Itohara S,
Parras CM, Ikenaka K (2014) Development of the prethalamus is crucial for thalamocortical projection formation and
is regulated by Olig2. Development 141:2075-2084.

EERTO Olig2 k=a—0Y - 20 7O BADIEER T Th 5, —J, Olig2 RFEBRMOMTHERKBI L TWEHZD
BEREIE R TH o7z, Fx . T Olig2 OFERE% fl#ft L 7z, Olig2 RiE~ v A Tld, HIIND Olig2 R#MIAY prethalamus
725 thalamic eminence O &Mz L, prethalamus ORIEH A FRD 57z,

SO ZOEIT L DR A XV AN FHBRBZL, BUKREMRMEOETIELNT Wz, BLLOEL SHND Olig2 I3,
Prethalamus O IEH B KIZHETH D, prethalamus O IEH 2SR R BN O IEFE RERIZHHETH 5 Z L DHS 2
Lo,

BER KT & OFLFERFSE

Shibasaki K, Tkenaka K, Tamalu F, Tominaga M, Ishizaki Y (2014) A novel subtype of astrocytes expressing TRPV4
(transient receptor potential vanilloid 4) regulates neuronal excitability via release of gliotransmitters. J Biol Chem
289:14470-14480.

TAMaYA Sodiz, TRPV4 Btk e D 2 FEOMEAFEEL TE D, TRPVAEET A had 4 MK 20% BEO<
AF =Y TR TEERLUTVDZEEFKR LUz, 512, TRPVABEMT A baY 4 MME TRPV4 OFMALIZ LN, 7Y
FNIVAIVR—THD ATP i, AODOTA YA MIEELZEBLTWE I L E2RE D, ZLT, ThoD
BELZT7AMaYA BTV RIVBERET 2 I TYF TAFEHEBARIE TSI L2 RWE LT,

(T RS LB AFF 2SR )

#h B R BRI R A ST & D IR 58

Horibe S, Tarusawa E, Komatsu Y, Yoshimura Y (2014) Ni?*_sensitive T-type Ca?" channel currents are reg-
ulated in parallel with synaptic and visual response plasticity in visual cortex. Neurosci Res 87:33-39. doi:
10.1016/j.neures.2014.07.001.

BB REMER O KRIN ERRE T T 8 Ca?t F v 2 VKEE O BRI AFEFR S N D, KR TR, Mo 2FEBH O
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v MBROREAEIC &K VRZME 2 ER U AT v b OBIHEE Ml S HE L 72 T & Ca®t F ¥ FOVERZ 3l L 72 &
25, BEMEICIE U CHERERARET S I e e RiliL T,

(R B HiAFF ZE R

H R SCEER & D L [FAFSE

Ichikawa H, Nakato E, Kanazawa S, Shimamura K, Sakuta Y, Sakuta R, Yamaguchi M K, Kakigi R (2014) Hemody-
namic response of children with attention-deficit and hyperactive disorder (ADHD) to emotional facial expressions.
Neuropsychologia 63:51-58.

ADHD(EEXRIZ BMEE) 235 D0E, MFORNE. LWhrTHRIREORMPRNETHLZ eanInETITREI AT
7zo AWIZETIE, ADHD VB K BRI N RG22 BIZ L TV 2RO MTEE) 238 K3k (NIRS) 2 HWCEHIL 7z, %
DOFEHE, ADHD RTIHRR 0 BEBISRRICINTETI O EA PR SN o722 55, ADHD RORERH % X 2 5 kS E
RIFHER BRI L2 RET EHTHRTH -7z,

HHR R 22 SCEEE & D S [FI TS

Ichikawa H, Kitazono J, Nagata K, Manda A, Shimamura K, Sakuta R, Okada M, Yamaguchi M K, Kanazawa S,
Kakigi R (2014) Novel method to classify hemodynamic response obtained using multi-channel {NIRS measurements
into two groups: Exploring the combinations of channels. Frontiers in Human Neuroscience 8:480.

ASD(HPMHEA~RZ 5 LkEH) B e ADHD(EEXRMEEERE) KTiE, RBEBHOBEZBK L TWAIROMEE N ERLs Z L
A, SRRSO (NIRS) 2 WG EIEHI2N S S Aoz, ZOMBIZEDE, MK S ASD & ADHD %44
EELHANT2HHF vy 2V OMlAGDEE, BWEEL A TERLEZ, TOME, ADHD 22 ASD B2 KT 84% D
EERTHAT 2 F v 2 IVOMAGLEEFRATE 2,

KA SO & oD SR [R5

Kobayashi M, Otsuka Y, Kanazawa S, Yamaguchi M K., Kakigi R (2014) The processing of faces across non-rigid
facial transformation develops at 7 month of age: A fNIRS-adaptation study. BMC Neuroscience 15:81.

ARWFZE TR, £ 5 — 8 7 AR DHBMIGEAFS ARG ZLITEFE T I AWBRE LI L TV 2 2R %217 5 72, MRRIER S S
KA LEFAWT, REZMIZED S TR — AW OFH/R I S ABEFES CIMEE QT (EG) 23 5315 2 EH %2 47 5 72551,
BT -8 r ARTORIERAEU 7z, ZOMEMS, RFIKGFE LR OCAIRE L, EBT7 r FEICRET 2 Z L PREBX
Nniz,

JRERF R & DL FEAFTE

Otsuru N, Hashizume A, Nakamura D, Endo Y, Inui K, Kakigi R, Yuge L (2013) Sensory incongruence leading to
hand disownership modulates somatosensory cortical processing. Cortex 58:1-8.

HOOERPHZEGDEDTHD WD THAHEFHAR] X, SR, EAZARS LOMEOLEEREITLOED Lo TH
BrEZONTVS, BEKREEIIBWT, ZOACHRTERORENIRESINT VWS, AR TIIRESEZNRIZ, HE
LEEZAEROERVFIET 2 RMEED . BB RITE RO IR IRIUZ B 1 5 RUE TR AL 2 IS EHl2E % AW T
PRIz, FER, HOAHEREROER T —REEERETOIEHH A 25 SR I T EAWRI N,

TSR BE LG & DL FTFZE

Kodaira M, Inui K, Kakigi R(2014). Evaluation of nociceptive Ad- and C-fiber dysfunction with lidocaine using
intraepidermal electrical stimulation. Clin Neurophysiol 125:1870-1877.

FENESHEE (IES) 12K DR A, C M IR T 5 Z L AR L o7z, IES DS Ad. C MHERSaE R E 3T
fliike UCoEMEE. Y KA1 v F— 7%/ small fiber neuropathy OEREF L2 HAVWTHRELZE 25, Ad. CHit
HERNB & B 1SRRI R RRIME I LA U, e A RRE & RN AL DRI T U 72, TES I3RS 841251 5 K8
PAIREARAMEDEE ORI G TH 5 TREND B B,

PR R SCEE - s R RGN ABREE 225 R) & D L FAFE

Yokoyama T, Noguchi Y, Koga H, Tachibana R, Saiki J, Kakigi R, Kita S (2014) Multiple neural mechanisms for
coloring words in synesthesia. Neurolmage 94:360-371.

[HLEH (synaesthesia)] (ZBR SN ANIZOARSNBWAREN T, HBREPITT LU TERFEIZKZ D B 0WEE (BEADX
FATHT 24D L) PEEINIHE 2T, AERCTIIIEEE 27T, B2 RFEXRREE TN 2 MikS K6 % 5l
Uz, ZDFER, YRR D 2 BN REEE A, AZEROSHEHOFEH & HEEOREHEL TV Z PRI N
7o
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A KA DI

Suzuki M, Noguchi Y, Kakigi R (2014) Temporal dynamics of neural activity underlying unconscious processing of
manipulable objects. Cortex (in press).

HHEAREOBH =2 —v Yy e AU, SETHREIZIET 1 72Ny — 0o iR (manipulable objects) (Z4& W
KIE% RS =a—BYDFEEWRBINT VWD, LITMEITEICHBGEELZGRE UTERD, AFETIREEAZ IR L
U, ZOEEER KGO EMEMRE U, NESES 23R - ARBESOME» S Lze 25, B OEE#
P % LHrd AR %2 57,

FRNERIR AR ZHE & D IR
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memory: investigation of its temporal resolution by auditory offset cortical responses. PLoS One 9(8):e106553.
JEHEFIRIZ TR 2 L 2 LT BB ORI E WS 2720, EWRMDMENBETH S, AHFETIEZ VY v 7 FERREE T
BIZFET B OFF KIGDER 2 FIH U CRRIEOKIHE e 2 {7z, OFF KIcDERIZZ ) v 7 E0ORE%E bms 122
ZECEMIIKBLTE Y, EROMEEDAhrolz, £72 ABR ZAVTHAZE ZABROLMMIER ST, BREMEEER
RN & BT EY R E OB R E LTS s L EX o,

BUR P BERLR R St A dn BE BRI ST & D ILEIAFFE

Motogi J, Kodaira M, Muragaki Y, Inui K, Kakigi R (2014) Cortical responses to C-fiber stimulation by intra-epidermal
electrical stimulation: An MEG study. Neurosci Lett 570C:69-74.

R DFR I NI & B & 0 C RRMEASEIRIITRINT & 5 & 512 o 7208, MBS BB G BTN #E L W
RBFZ o7z, R TIE, BROIEP» S OEHDOEHLUEZT % 0.1mm 75 0.02mm (28 T2 Z & T, C & Z &Il
WcE sl 2y (MEG) sHIIC K O L 7, F72, HEREAEU 2 I, pricking 3% 9o 72,

R RF R & DI FERFSE
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Takeda N (2014) Effects of aural stimulation with capsaicin ointment on swallowing function in elderly patients with
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FRF B W CHERHII A E RMETH 205, ZTOWHEHE - PEHTFR TIEAR, AR TS E RG24 U 2 WK % FIH S
5 Z L CRBEDREERAT, N TV AV ENBICBAT 5 Z LT, HEENRAEZ A3 2 SE O T HEEOTE 2 A 72,
AT TR LRI MEITS 5 2 L DT E DAL L LTS ROFBELHIFI D,

(B> 2T NRFEERT)

HEAFIEE - IIRIESER (il KPR E R AR

Horie M, Watanabe K, Bepari AK, Nashimoto J, Araki K, Sano H, Chiken S, Nambu A, Ono K, Ikenaka K, Kakita A,
Yamamura K, Takebayashi H (2014) Disruption of actin-binding domain-containing Dystonin protein causes dystonia
musculorum in mice. Eur J Neurosci 40:3458-3471. doi: 10.1111/ejn.1271

FRRETHREINEZYANZTET NIV AOBLERZN@BN 270, RETANYA N =7 ICREBNRHENERTZ
EERPAL MU,

(OB AR BRI )

SRR K F & O ILFRIBSE

Nakajima K, Minami T, Tanabe HC, Sadato N, Nakauchi S (2014) Facial color processing in the face-selective regions:
An fMRI study. Hum Brain Mapp 35:4958-4964. doi: 10.1002/hbm.22535.

fMRI % FHHWT, A EDEBALABEMEIZBEBR L TWE D0 % FE U7z, 2RO % 17 o 724558, BULHELZBE/RT 2 4
£ ORfFRIR ] & HIEEHAER CIEEIA R/ o Nz, 2 s 4 DOMEIKIZ DWW T ROL T 247\, B O D W TRRET U 724
W, EOfERRENC, B (BErE 5 0) Lt (IlarEFad) ORXRBEERARR SN, BRLEAIZ XL DMWERZ2RLTWS I L
WMo Tz,

AR & O IR

lidaka T, Harada T, Sadato N (2014) False memory for face in short-term memory and neural activity in human
amygdala. Brain Res 1591:74-85. doi: 10.1016/j.brainres.2014.10.003.

b b ORBIEAERREDTH S, FIZIXRMSBADES, LIXFVIERM-7ZADES T NS, ZO XD REOER
ROMBERIZOVWTIE, FESPSBVEDZ Y, bbb IFEORIHGERE . IMRI 2 H\. ERLRIZBT 2 MR
Weexiio7z, DI HPBRORMTELHEOELRALEL, TOMKRIME UTRIEIPFEETHD L WO HR LR/, IO
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FULRBRAEDS, FRRICBE U CHIE RIS MG T 5 Z itk s e FER o i,

B A SR AT & O 2L RS

Sakai H, Uchiyama Y, Tanaka S, Sugawara SK, Sadato N (2014) Prefrontal transcranial direct current stimulation
improves fundamental vehicle control abilities. Beharioural Brain Research 273:57-62. doi:10.1016/j.bbr.2014.07.036.
FEIEIZ B W CAHATEEHEEAH S BRI EE L E X 5N 5, I ¢ IMRI #5812 & o TERIC B 1) 2 GRTEHE O F 5 0RIE
INTEZ, ThELVEEMIIRTZD, RV 7Y I oL —REBERCRESERBLIBME MR 2ERE2 772, A
HTBAEE % i CE SRR U 72 504 T 13 sham etk & b S BREERE Fr it & SRR RE RN M L L 72, 2D Z e SEIRIZBE W
THRBEENEEREEHE R L TWE I EDIHS TR 572,

(RRAAT B P =R )

HFE - TA =2 XARFE OIEFESE

Phongphanphanee P, Marino R, Kaneda K, Yanagawa Y, Munoz DP, Isa, T (2014) Distinct local circuit properties
of the superficial and intermediate layers of the rodent superior colliculus. Eur J Neurosci40:2329-2343.

Human Frontier Science Program O[5 THF X - 7 1 — > AR D Douglas Munoz ##% & K24 (4KF) O Robert
Marino K & $£[6TfF o 72128, ik EEOE Z & O JE AT [a S O E W % fifgiH U 72,

RAEF 250y a Yy KREEDILENE

Wanakhachornkrai O, Umeda T, Isa K, Tantisira M, Tantisira B, Isa T (2014) Reorganization of sensory pathways
after neonatal hemidecortication in rats. Neurosci Res 79: 94-98.

RAEF 278y RFERERE (M) © Wanakhachornkrai K& M U, Sh# R Al O KR E 23585 X Nz Bic s
& B AV VERERE & RN T2 S

KEA T4 7 FKRF L DILRFE

Yoshida M, Veale R (2014) Saliency-guided neural prosthesis for visual attention: design and simulation. Neurosci
Res 78: 90-94. doi: 10.1016/j.neures.2013.07.007.

KEA VT 1 T FRFERERAE (4K O Veale e HEL, ERIZHEHEZ X5 Z & THEBREOMEMKELZITO> VAT LD
TYA U ERE L 5%,

(ZEARIEH R RS R

KR K & O SLFE 2%

Zhao H, Aoshi T, Kawai S, Mori Y, Konishi A, Ozkan M, Fujita Y, Haseda Y, Shimizu M, Kohyama M, Kobiyama
K, Eto K, Nabekura J, Horii T, Ishino T, Yuda M, Hemmi H, Kaisho T, Akira S, Kinoshita M, Tohyama K, Yoshioka
Y, Ishii KJ, Coban C (2014) Olfactory plays a key role in spatiotemporal pathogenesis of cerebral malaria. Cell Host
Microbe 15:551-563. doi: 10.1016/j.chom.2014.04.008.

KIKKFHE 70> T 1+ 7 Coban WHEIZ L DA, ¥~ 7V THEDCKRINTH S~ 7 ) TIHBEDOKMANEARKIZOWT, &
2 TS 2 &2 HWTHRE,. <7V 7ERAIUIBERIEA L, INNICBEIT 2 Z LML 72,

(AT BT B ZEE )

HFETFIEH - REREEZ (JUNKF)

Fujioka R, Nii T, Iwaki A, Shibata A, Ito I, Kitaichi K, Nomura M, Hattori S, Takao K, Miyakawa T, Fukumaki Y
(2014) Comprehensive behavioral study of mGluR3 knockout mice: implication in schizophrenia related endopheno-
types. Mol Brain 7:31. doi: 10.1186/1756-6606-7-31.

RN 2 I V2 RAE 3 8 (mGluR3) / v 27U b (KO) ¥ A%EH L, WRENRTERTZ2T-o72, ZOYIAT
RS KB EGROE T, SO ICHEEAZ RO SNz, YA 7BXA TV VARIZED, ARV T X IV THES
NDMAREDMEHE N — I VEEHE L A, BAERIZHB UM E ERICHENT 2 Z L PBIRI N, D LEOEL
5, F=nRIVEINEI VBEZEROMHBEMAAD, mGluR3 KO ¥ 7 AIZEB I 2THIREDOS THEICES L Tnd Z e
RBEX N7z,

HFEFEE - R TFEHEE, EHREEPE (ZHERF)

Watanabe S, Ageta-Ishihara N, Nagatsu S, Takao K, Komine O, Endo F, Miyakawa T, Misawa H, Takahashi R,
Kinoshita M, Yamanaka K (2014) SIRT1 overexpression ameliorates a mouse model of SOD1-linked amyotrophic
lateral sclerosis via HSF1/HSP70i chaperone system. Mol Brain 7:62. doi: 10.1186/s13041-014-0062-1.
RRFEEFEY Y—Fa1r] LUTHIOND LT £ F VL% SIRT1 O E 2HTED D I 2K b, #hitHn ALS(
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ZHMERISRIEAE) ET VT ADEGRRE S S5T I L2 HS N IT LT,

HLEAFIEE - W EREBIR (LWmiERE), DN ERIE (IIEKE)
Yasumura M, Yoshida T, Yamazaki M, Abe M, Natsume R, Kanno K, Uemura T, Takao K, Sakimura K, Kikusui T,
Miyakawa T, Mishina M (2014) ILIRAPL1 knockout mice show spine density decrease, learning deficiency, hyperac-
tivity and reduced anxiety-like behaviours. Sci Rep 4:6613. doi:10.1038/srep06613.
ILIRAPL1 BEFPRE LU~ Y ATIEREMERTYE, BRIRWRE, THREMEPRE L TWEZ s Rotz, X
512, ZOX Y ATIEAFEE ORI ER - &S IIN T 2 RLHRITH QWSS &\ o 2 REAME 54, ILIRAPLL i3k 4 7
MBEREIZBI G LT WD Z eSS e 5 72,

(JERENG b == A 2250 FT)

B (L K5 & D IR

Yoshioka-Nishimura M, Nanba D, Takaki T, Ohba C, Tsumura N, Morita N, Sakamoto H, Murata K, Yamamoto Y
(2014). Quality control of photosystem II: direct imaging of the changes in the thylakoid structure and distribution of
FtsH proteases in spinach chloroplasts under light stress. Plant Cell Physiol 55:1255-1265. doi: 10.1093/pcp/pcu079.
EINAEDERRIZHZF 73 FIOBESLA MV AL o TEILT 2520 FAABTIHRINES T T4 —IZ& DA
SHIZ U7z,

RBANKAE & DI [EAFSE

Miyazaki N, Esaki M, Ogura T, Murata K (2014). Serial block-face scanning electron microscopy for three-dimensional
analysis of morphological changes in mitochondria regulated by Cdc48p/p97 ATPase. J Struct Biol 187:187 [X] 193.
doi:10.1016/j.jsb.2014.05.010.

BEE Cded8p ZRIKIZBIF 2 I ha v NI 7T ORELE(LEEE 70y 2K SEM IZX DS MU,

(VA NVART R —BIFE)

HL[FHF5EH : Dr. Anna-Sophia Wahl, Dr. Martin E. Schwab (University of Ziirich)

Wahl AS, Omlor W, Rubio JC, Chen JL, Zheng H, Schréter A, Gullo M, Weinmann O, Kobayashi K, Helmchen F,
Ommer B, Schwab ME (2014) Asynchronous therapy restores motor control by rewiring of the rat corticospinal tract
after stroke. Science 344:1250-1255. doi: 10.1126/science.1253050.

WAEFRETIVT Y bZEFAL T, #UWAIRKAETIERE RS ORBE L RE L 2N A, YMEEroktanig
BEWATIEER T EANR X — AAV XY & — (CEBETEAY AT L) WEFAS W LARETDH 5,

4.1 HEMTHREEZIT o> ABEARRE & DHEMR

(PhEBERER T-IIFLERIT)

HFEMZEH - Batu Keceli (% - LS, B - KRETFIAKRFERZAR D)

Keceli B, Kubo Y (2014) Signal transmission within the P2X2 trimeric receptor. J Gen Physiol 143:761-782. doi:
10.1085/ jgp.201411166.

ATP ZHKRF v 2 )V P2X2 lE 3 BIKTH 54, 257D ATP OFFEIZ X ORI N5, ZOIEAFATEIE Y 7 F L DR
Ne, SEAFICEZROB MM E I IV UTHATZZ L IZE DRI L7z, TORR, EHELS 7P b, 2 DD ATP
et 7azy hERY U CREES N, RTHEETE 320 72y MIFEUIERT 2 Z 2SI LT,

HLFEFFEHE - Batu Keceli (M1 - EBAFIZEE, Bl - RET Y ARERAR )

Keceli B, Kubo Y (2014) Voltage and ATP dependent structural rearrangements of the P2X2 receptor associated with
the gating of the pore. J Physiol 592:4657-4676. doi: 10.1113/ jphysiol.2014.278507

ATP ZEEF v 1V P2X2 GBI BN 2 V¥ — 8 M 26 LWt b b 5, EEMKENTEEZ RS, BEEMZEL
IIRIFE S S 2L % . RIBITIKIE T 2 Cys BRELD AN L 2 BMBOBEDENE UTHRA D Z L 2lA7, T ORKER,
JEECBIRAI 2 SN2 ) VA — T, BREMZBMLIZ L 5T, 72, ATP #AOAMIZL > T, Fy 2Ly — MZliftd 5
BFEZ AR I B Z e SR 5 77,

(> 7 VISR
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HFEME# : Prof. Anthony E Pickering (University of Bristol, UK)

Hickey L, Li Y, Fyson SJ, Watson TC, Perrins R, Hewinson J, Teschemacher AG, Furue H, Lumb BM, Pickering
AE (2014) Optoactivation of locus ceruleus neurons evokes bidirectional changes in thermal nociception in rats. J
Neurosci 34:4148-4160. doi: 10.1523/INEUROSCI.4835-13.2014.

FAEIY PRI TREHE = a2 — 0 v OTEE & HEREIITHIBE U, in vivo BIAD S OELEM PN FEE AW TEIC
BT 2 REVEEREDOLENDREDEKRITH DL 2 52T Uik,

(178 - R LRI > X — TR =)

HFEME#H © Ulrich Kalinke 8% (K1Y, ~VAGIVY ESRIF5EE Y X —)

Zheng LS, Hitoshi S, Kaneko N, Takao K, Miyakawa T, Tanaka Y, Xia H, Kalinke U, Kudo K, Kanba S, Tkenaka K,
Sawamoto K (2014) Mechanisms for Interferon- a -Induced Depression and Neural Stem Cell Dysfunction. Stem Cell
Reports 3:73-84. doi: 10.1016/j.stemcr.2014.05.015.

AV R =70 aeB5UEITATIED OHRITHOEN RSN, 05 DEITEO FT IXRRRMRRICHRET 21
A—=7z0VERBUAEZIVATERSNZ D, TN6DZENSA YA —7 20 VHPHFIRMERICARHAT 2284652 ML T
MEIZBT2=a— 0 VHFEDEKT LMD DEREFIERITIEEHON LR 572,

HLFAF5E# : Riccardo Fodde ##% (47 VX T ALAEER VX —)

Onouchi T, Kobayashi K, Sakai K, Shimomura A, Smits R, Sumi-Ichinose C, Kurosumi M, Takao K, Nomura R,
lizuka-Kogo A, Suzuki H, Kondo K, Akiyama T, Miyakawa T, Fodde R, Senda T (2014) Targeted deletion of the
C-terminus of the mouse adenomatous polyposis coli tumor suppressor results in neurologic phenotypes related to
schizophrenia. Mol Brain 7:21. doi: 10.1186/1756-6606-7-21.

KGR AMBIERAE L LTS5 d APC (adenomatous polyposis coli) ® C il & KI X 172 < 0 I E KFPERRD
TERWEERUZ, 5122097 ADMTIE. BHREEZ N1 VOBERY, #E CAl ik coRMMmoEE, K—/33
vt b= O RE R G RIE B 5 KRB A S N,

4.2 ZOMOEBEHEBEMIICK DELRFHI (in press 22T)

(ZEARIBEARZEHRE )

W7 —~: IV VEEIZEDL S LGL 7 7 X ) — 4 7 OBSREMRAT

HFEGEH : Meijer Dies 8%, TIALAKFE, A7V K

Kegel L, Jaegle M, Driegen S, Aunin E, Leslie K, Fukata Y, Watanabe M, Fukata M, Meijer D (2014) Functional
phylogenetic analysis of LGI proteins identifies an interaction motif crucial for myelination. Development 141:1749-
1756. doi: 10.1242/dev.107995.

INEFTREEZEDMENLSEEX VNI EH ADAM22 332 V87 E LGIL & LGI4 OZAEKRE UTHREST 5 Z L e
TNTWiz, SR, RRILFEHREMRO I Y VBRI DL S LGI4 & ADAM22 OfEARAZ FEMIC@r L. LGI 77 3 Y —
DOHTH LG4 IZDARSNBEHE D ADAM22 §& R A A VE2HSMIT U7z,

(R B FiAF ZE R

KIEKRF: - I 2V AX—KFE (FAY) & OLLFEFEE

Okamoto H, Fukushima M, Teismann H, Lagemann L, Kitahara T, Inohara H, Kakigi R, Pantev C (2014) Constraint-
induced sound therapy for sudden sensorineural hearing loss — behavioral and neurophysiological outcomes. Sci Rep
4:3927

LML ST AME R 2 REAHOEERTH 200, EOBBENENPVEZHBHL TV, SE, F2lde Tk
R % FE U2 FBE I, RINE 2 EBWICIER S 2 DRAESREERE] 28MTIT5> 2T BAOXLVEETS I, £
72 B DR AL SO PMER E D RKIBITED K ZE 2SI Uz, Ll TL R EFMEHETEE G EICH o< DT
FnwhreE 25,

RaAVRAR—=RZ (K1 Y) L OIS

Teismann H, Wollbrink A, Okamoto H, Schlaug G, Rudack C, Pantev C (2014) Combining transcranial direct current
stimulationt and Tailor-Made notched music training to decrease tinnitus-related distress - a pilot study. PLoS One.
9:€89904.

HIG 0 IZIEEICEERDL VEETHED, TDA = AL L TIEARIAZ EDE N, RIS TIELARTTR % 237 - 72 B IR
PRESRFEON R 2 med 2 HIN CTREZEERIMZ 0 U THREEIT o7, TORRE, FMEIRETBRIEVHIG D % 8
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TEMRITID SN, REFBERIEIC L 5 A RRBRIRITFRD W h o 7o, MEEERAEIC X 2 BHE D OBFERIFIC
BMULTS o MEPBETHDEERD,

(VOB AR BTSRRI )

Fa—YbKE Fa—NHRRERG R X — & DILFETFLE

Pascual-Marqui RD, Biscay RJ, Bosch-Bayard J, Lehmann D, Kochi K, Kinoshita T, Yamada N and Sadato N
(2014) Assessing direct paths of intracortical causal information flow of oscillatory activity with the isolated effective
coherence (iCoh). Front Hum Neurosci 8:448. doi: 10.3389/fnhum.2014.00448.

RFTHERER G 2 L0 R<SFHEiS 272 DFHEL LT, LLKAECRHRE T Wi isolated effective coherence” % B
FU, ERTBEAI N TE " partial directed coherence” £ & IR U7z, ZDAEHR, FATHIOD coherence DR X, Ak, =
EINDZD S EFOFBEBFEOVWTNE L VRS ETMEINZ Z DAL N E R 5T,

XVIRA T ITVIER (T4 TF), =7 K¥ L DAL

Mueller JL, Rueschemeyer SA, Ono K, Sugiura M, Sadato N, Nakamura A (2014) Neural networks involved in learning
lexical-semantic and syntactic information in a second language. Front Psychol 5:1209. doi: 10.3389/{psyg.2014.012009.
NEFEEFICBWTHEORERE SUEMEN SR ET IEEREHEMT 22 L IZ L EICHETH DD, TS OB D LEFH
IZDOWTIRAMSNT Wik o7z, BEEEE L OGEYHICHEE T MREREHONIT 2HINT, HARGERZ/REGE L T 5 4ER%
TR A YEEFEETDE, BEER MRIIZ X D BIEEIZ5HI L 72, FEVIHICB W T L WHEZ SO H LWV kG %
GO, IR BEET 2\BOEB 2 £725 U2 Z 85, FBEAR S CIISUEMEFH BT 2 EELROEIMEL
HoME o Tz,

(BRENTT By FERERE)

TANT YR, TV VRF L OHFGE

Hutchinson M, Isa T, Molloy A, Kimmich O, Williams L, Molloy F, Moore H, Healy DG, Lynch T, Walsh C, Butler J,
Reilly RB, Walsh R, O’Riordan S(2014)Cervical dystonia: a disorder of the midbrain network for covert attentional
orienting. Front Neurol 5:54 (review).

TANT VR - T )V REMRNELD Hutchinson B & OIFA T, ST A b =7 OFAERMEIC ERFRATREIFIC S 1 50
FIRDIE RO > TWB & WS RE % REL 72X,

(ZEARIEH R RS R )

KB K & O SLFE 2%

Zhao H, Aoshi T, Kawai S, Mori Y, Konishi A, Ozkan M, Fujita Y, Haseda Y, Shimizu M, Kohyama M, Kobiyama
K, Eto K, Nabekura J, Horii T, Ishino T, Yuda M, Hemmi H, Kaisho T, Akira S, Kinoshita M, Tohyama K, Yoshioka
Y, Ishii KJ, Coban C (2014) Olfactory plays a key role in spatiotemporal pathogenesis of cerebral malaria. Cell Host
Microbe 15:551-563. doi: 10.1016/j.chom.2014.04.008

(IHBERERTAI - BB v R — T4 WART X —FHE)

Fa—V v k¥ (A1R) LOHFAMNE

Wahl AS, Omlor W, Rubio JC, Chen JL, Zheng H, Schréoter A, Gullo M, Weinmann O, Kobayashi K, Helmchen F,
Ommer B, Schwab ME (2014) Asynchronous therapy restores motor control by rewiring of the rat corticospinal tract
after stroke. Science 344:1250-1255. doi: 10.1126/science.1253050.
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