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1.1 Jackie Schiller 4%

Prof. Jackie Schiller, Department of Physiology, Technion Medical, Haifa

Israel

An evaluation of the Division of Cerebral Circuitry in the National Institute
for Physiological Sciences headed by Prof. Yasuo Kawaguchi

One of the central challenges facing modern neuro-
science is to unfold the wiring diagram of the neocor-
tex. The Division of Cerebral Circuitry of the Na-
tional Institute for Physiological Sciences in Okazaki
is one of the leading labs in the world dealing with
this complex, yet unresolved question. I am pleased
to have the opportunity to review the work of such

an excellent and prolific group.

This institute headed by Prof. Yasuo Kawaguchi
main focus is in deciphering the microcircuitry of
the neocortex. The single components of the cortex,
pyramidal and interneurons, and their unique synap-
tic connections are being studied. One of the major
strengths of this center lies in its multi-disciplinary
approach. It combines under the same roof both
state of the art electrophysiological and anatomi-
cal tools in both the light and electron microscopy
level. Combining electrophysiological and anatomi-
cal tools, together with the impressive expertise of
the lab leaders turns the Division of Cerebral Cir-
cuitry into one of the world leader in its field, with
an impressive publication record and a significant
contribution to our knowledge of the anatomical and

physiological wiring diagram of the neocortex.

One of the most important and interesting results
revealed by this group is the existence of functional
microcircuitry with small subnetworks of principle
excitatory neurons that show higher connectivity de-
pending on their innervations targets. This impor-
tant finding was later confirmed by other groups.
The functional significance of this finding is still
unknown but subgroups in the cortex were imple-

mented in various cortical computations. The center
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continues to try and understand the functional con-
nectivity of these subgroups extending the findings

to interneurons as well.

Major directions of research

In the past 5 years the laboratory has published ap-
proximately 20 papers in leading neuroscience jour-
nals. In addition members of the lab have presented
additional projects in abstract forms in the meet-
ing of the Society of Neuroscience held recently in
Chicago (October 2009). In the next section I will
summarize the main results of the Lab in the past 5

years.

Subnetworks of synaptically coupled excita-
tory neurons. A major contribution of the group
is their finding that the neocortical network is in
fact composed of several subnetworks of intercon-
nected excitatory pyramidal neurons that share sim-
ilar functional properties. Otsuka and Kawaguchi
(2008, J Neurosci, 28: 11186-11195) have shown
that layer-5 pyramidal neurons with similar firing
properties in response to somatic current injection
have a higher probability of connections. In a re-
cently published paper Morishima and Kawaguchi
(2006, J Neurosci 26, 4394-4405) further showed the
existence of functional subnetworks in the neocor-
tex determined by a common shared output target.
They showed that excitatory layer-5 pyramidal neu-
rons that share a common output target (Pons ver-
sus the contralateral striatum) have a much higher
connection probability. Interestingly the neurons
also differed in the morphology of their apical tuft.
In addition Morishima and Kawaguchi (2009) have

presented an abstract in the last SFN meeting in



Chicago, where they reported that apical dendrites
of interconnected layer-5 pyramidal neurons project-
ing to the pons tend to run in twisted bundles with
close proximity between dendrites of the different

neurons.

The cortical inhibitory system. The inhibitory
system is crucial for regulating the normal function
of the neocortex. They are implemented in a vari-
ety of cortical computations such as map formation,
control of neural plasticity during critical periods,
elimination of statistical dependencies between neu-
rons, contrast gain control, sensory adaptation and
more. Inhibitory interneurons in the neocortex are
extremely diverse, ranging dramatically in size, den-
dritic and axonal morphology, lamina of origin, cate-
gories of synaptic input, post-synaptic targets, input
and output synaptic dynamics, firing patterns. It is
of prime importance to characterize these neuronal
populations both anatomically and physiologically.
The Division of Cerebral Circuitry is a world leader
in studying the inhibitory system, and especially in
classifying the different inhibitory interneurons, as
well as understanding the contribution of the differ-

ent interneuron subtypes to the neocortical circuitry.

In the past few years the lab has continued to publish
important papers regarding the inhibitory system:

(2009,
29:10533-10540) have reported that similar to exci-

tatory pyramidal neurons inhibitory interneurons

* Otsuka and Kawaguchi J.  Neurosci

also belong to different neocortical subnetworks

that share similar functional properties. Hence,
the subnetworks are not solely composed of excita-
tory layer-5 pyramidal neurons, with inhibitory in-
terneurons serving as global regulators, but rather
the subnetworks also extend to include inhibitory
interneurons and pyramidal neurons from supra-
granular layers (an additional finding of this pa-
per).

* An important paper published by Kubota et

(2007, J Neurosci 27:1139-1150) reported

that inhibitory interneurons preferentially inner-

al.

vate spines receiving thalamocortical inputs as
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compared to corticocortical inputs. Hence, the in-
hibitory system preferentially regulates extracorti-
cal inputs from the thalamus, and is less affective
in modulating intracortical processing. This im-
portant finding shed light on regulation of thalam-
ocortical function and its physiological implication
is yet to be studied both in-vitro and in-vivo.

* The lab participated in the development of an im-
portant molecular tool for studying the inhibitory
system in-vivo. They developed transgenic rats
with fluorescence protein expressing interneurons
(VGAT-Venous rats, Uematsu et al., 2008, Cereb
Cortex 18:315-330). In this manner interneurons
can be easily identified in-vivo and in-vitro.

* Puig, Ushimaru and Kawaguchi (2007, PNAS
105:8428-8433) have used the VGAT-Venus trans-
genic rats described in the previous section to show
that fast spiking interneurons can be classified into
two subgroups according to their firing relative to
the up and down states in-vivo. The first group
tends to preferentially fire during the early phase
of the up state, while the second group fires late in
the up state. They go on to show that these two in-
terneuronal populations responded differently dur-
ing both sleep spindles and Gamma oscillations.
This important finding shed light on the role of
interneurons in generation and maintenance of dif-
ferent brain oscillatory activities.

* In addition Prof. Kawaguchi together with Dr.
Karube published an important review of in-
hibitory interneurons in the New Encyclopedia of
Neuroscience (2008).

Quantifying the dendritic branching patterns

and spine densities and distribution in neo-

cortical neurons.

* The high quality anatomical tools found in the
lab, and especially their exquisite electron mi-
croscopy facility enables the group to perform de-
tailed anatomical studies that have not been per-
formed previously. In two papers Karube, Kubota
and Kawaguchi (2004, J Neurosci 24:2853-2865)
and Kawaguchi, Karube and Kubota (2006, Cerb.
Cortex 16:696-711) performed detailed quantita-

tive studies of the axonal and dendritic branching



patterns and the spatial spine densities of differ-
ent nonpyramidal interneurons. Interestingly the
initial dendritic branching pattern was correlated
with the overall vertical length of dendrites. More-
over, it was correlated with the firing patterns,
neurochemical properties and axonal arbor of in-
terneurons. Moreover, the morphology of spines
also differed in the different interneuronal sub-
groups.

* Recently Kubota, Hatada and Kawaguchi pub-
lished a paper (2009, Frontiers in Neural Circuits
May 2009, article 4 and abstract in the last SFIN
meeting) that may have important implications on
how 3D reconstructions of dendrites and synapses
are performed from ultrathin EM section. In their
work they found that conventional 3D reconstruc-
tion methods distort dendritic structures and un-
derestimate the number of synapses innervating
a dendritic branch. In this paper they describe

a new 3D reconstruction methodology that over-

When these methods

were applied to parvalbumin-expressing interneu-

comes these distortions.

rons they found that the density of synapses inner-
vating this interneuron is significantly larger than
that reported previously.
The effect of acetylcholine on neocortical and
hippocampal neurons.
In a set of two papers Gulledge et al. (2007, J Neuro-
physiol 97:2215-2229) and Gulledge and Kawaguchi
(2007, Hippocampus 17:327-332) have shown that
ACh preferentially effects different neurons in the

neocortex and hippocampus. ACh inhibits the out-
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put neurons (the layer-5 pyramidal neurons and CA1
pyramidal neurons), while having a small or no in-
hibitory effect or even an excitatory effect on other
neurons such as layer 2-3 pyramidal neurons, in-
hibitory interneurons and CA3 neurons. These find-
ings shed light on the possible mechanism of action
of neuromodulators in the cortex. Interestingly, re-
cently it was reported that serotonin affects selec-
tively the inhibitory interneurons and not the pyra-
midal neurons in the hippocampus (Varga et al.,
2009). Thus it seems that different neuromodula-
tors might target preferentially specific subtypes of

neurons in the cortical network.

Conclusions

It was a pleasure to review the work of the Division of
Cerebral Circuitry in the National Institute for Phys-
iological Sciences headed by Prof. Yasuo Kawaguchi.
This is an excellent scientific group that studies one
of the most important and fundamental questions in
neuroscience, the wiring diagram of the neocortex.
This group is one of the world leaders in the field
of cortical microcircuitry that has contributed many
important papers to the field. Regarding the future,
as the field of neocortical microcircuitry is a central
field in neuroscience It should be further studied.
Furthermore, introduction of new genetic techniques
will probably result in rapid advance in the foresee-
able future. In conclusion, the Division of Cerebral
Circuitry with its world class expertise and technical
capabilities is expected to continue and significantly

contribute to this important field.
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Opinion

Before 2009

I met Prof. Norihiro Sadato in 2003 at Prof. Tohru
Ozaki’ s lab, at the Institute of Statistical Mathemat-
ics (ISM) in Tokyo. I was involved in collaboration
with Prof. Ozaki for the development of methods for
the analysis of the fMRI data.

We also got involved in the collaboration with
Prof. Sadato, for applying our methods to some of
his fMRI experiments. This ended up with a con-
joint paper in Neuroimage in 2004. Since then we
continue the collaboration and there is still another
job pending for publication.

Also, 1 previously visited the NIPs twice in the
past, to attend the NIPs Research Meeting “fMRI-a
tool for neuroscience research” , where I presented
the result of our collaboration in 2006. Since then I
Hiroki Tanabe

in the application of new processing methods.

started also to collaborate with Dr.

The opinion I have always shared with Prof. Ozaki
about this group is that they are a serious and hard
working group. They have always fulfilled all of our
agreements in data processing and they have reached

our conjoint work up to the end.

Invited at NIPs in 2009

I arrived at NIPs in April 2009 for a 4 months period.
It was just short time before the Japanese Golden
Week.

One remarkable thing that I could appreciate is
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the dedication of the researchers to their work. Dur-
ing the Golden Week many people kept coming to
the Institute and working up to late hours.

Also, as T am living at Mishima Lodge I spent the
most of my time at the Institute, even Saturdays and
Sundays. I can see people entering and leaving the
building any day at any time, even at midnight. Also
in this lab researchers and graduated students work
very hard and stay here until very late hours.

Prof. Norihiro Sadato in particular arrives at the
lab every day early before 8:00 am and leaves the
building frequently after 9:00 pm. He also often
comes to work on the weekends.

Only 3 persons have permanent position at this
lab. However, there is an impressive level of produc-
tivity. 56 publications in the last 5 years, in Journals
which impact factor ranges from 2 to 14, either as
main authors or coauthors. The table below shows
the number of papers published in the last 5 years,
sorted by the impact factor of the Journal where they
were published. A detailed list can be found in the
Appendix.

The impact factor of these Journals makes un-
necessary any comments about the importance and
novelty of the researches conducted here. For a lab
where the 36 out of 56 papers (64%) are published in
journals which impact factor is greater than 4.0 with
peaks on 11, 13 and 14, additional comments are
rather unneeded. Nevertheless, it is good to remark

that the researches on this lab are focused in some
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of the illnesses with bigger social impact in Japan,
like autism and blindness, two sources of isolation.

The lab maintains also a very high level of scien-
tific interchange. During the last 5 years, 94 scien-
tists have visited this lab to conduct joint researches.
Many of the above papers are the result of this re-
search activity.

At least 6 graduated students have obtained their
PhD during the last 5 years and around 13 have re-
ceived (or are still receiving) training in this lab.

The research life of the lab is also high. Research
seminars take place once or twice in the week. They
have 1 hour duration. Students and researchers have
to present their results. The level of criticism is very
high and frequently the presenters are asked to con-
duct new experiments or to reprocess their data. The
presenters are forced to improve the quality of their
presentations. Researchers presenting works at con-
gresses or workshops have to present and discuss the
job in advance at the seminars.

Around 285 people have visited the lab to receive
training courses and more than 400 have participated
in research meetings, international symposiums or
conjoint research. For a lab of only 3 permanent re-

searchers this is a huge academic activity.

Research Potential

The academic background of the researchers in this
lab is Neurophysiologic mainly. The main research
activity is based on the fMRI signal.

In my opinion, one of the powers of this lab is

7
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Prof.

smart experiments and to stress proper hypothesis.

Sadato’ s skills to design meaningful and

This kind of ability is very helpful to make short-
cuts in researcher. In many places, researchers keep
doing fMRI experiments full of conditions, some of
them meaningless, expecting to find something. In
Sadato’ s case he creates very narrow hypothesis,
with well thought conditions that points to specific
goals and usually lead to valuable results.

This has been also true in the case of the exper-
iment I am analyzing during my visit to NIPs, a
beautifully designed experiment where each condi-
tion is meaningful and where all of them seem to
cover all the possible different answers.

According to what I have seen at the seminars, the
tool that dominates around the 90% of the research
activity in the lab is the Statistical Parametric Map-
ping (SPM) by Friston group. In this point is where
I feel more interaction with methodologists is still
needed.

SPM is, of course, a very useful and powerful tool.
It is a kind of standard or golden tool for fMRI anal-
ysis. They have been very successful because of their
ability to come out with easy solutions to very diffi-
cult problems. But it is only one of the possibilities.
There are at the present many groups developing
methods for fMRI analysis, especially for the pur-
pose of elucidating causality in the brain. In this
sense, I feel that the group should start moving to
the use of other tools too.

I have to recognize, however, that Prof. Sadato



maintains a very close interaction with Prof. Ozaki,
looking for new ideas and methods for the analysis.

On the other hand, not only the main tool and
methods are important. There are many tasks re-
searchers need to do that cannot be “condensed” or
“packed” in any software. On the average, people
use to “adapt” their needs to the possibilities offered
by systems like Excel, Access, Adobe suite and oth-
ers. This produces frequent errors and works in an
inefficient way. The alternative is learning a proper
general and flexible tool that can help them to ac-
complish all the tasks they need in a more efficient
way, increasing the productivity and reducing the
range of mistakes. Matlab is one of the best exam-
ples of this and I missed in this lab the researchers
were not able to use it as a research tool. In fact,
Prof. Sadato and I have talked about this point and
at the moment I am giving them an introductory
course of Matlab programming language.

Introducing Matlab as the common working tool
at the Cuban Neuroscience Center, where I work, has
been such a positive experience that Matlab has be-
come a MUST for any researcher joining our group.

Also, it has become quite clear that at the present
state of the knowledge, any neuroimaging technique
by itself is going to provide the necessary informa-
tion to elucidate the mechanisms of the brain func-
tioning, either because of its nature or its state of
development. Many groups are moving to the use
of more than one source of information to solve one
problem. People are mixing data from EEG, MEG,
MRI, fMRI, DWI/DTI, SPECT, PET, NIRs. Some
of them are simultaneous studies, some of them are
not. This strategy seems to provide better chances
for more accurate results.

A good strategy seems to combine EEG with MRI,
fMRI and DTI. At the Cuban Neuroscience Center,
interesting results are being obtained from the com-
bination of all these techniques. New methods to
combine all of them have been developed and there
are others under development. But EEG doesn’ t
look to be a popular technique in Japan. Its coun-
terpart, the MEG is highly expensive and more dif-

ficult to use at the time that providing very similar
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type of information.

At least MRI, fMRI and DWI can be obtained
from the same equipment. With the installation of 2
new 3 Tesla MRI machines in this lab, there will be
enormous conditions for the conjoint use of all this
information. Using the anatomical information pro-
vided by the MRI and the DWI studies as constraints
for the analysis of the functional data provided by
the fMRI, will make the mathematical methods to
perform better and to produce more accurate and
trustable results. This should be a challenge for this
lab in the near future. Again, more interaction with
groups devoted to methodology will be needed.

There is another issue that I feel affects the work
of the group. In my opinion is due to organizational
matters. It is the possibility of keeping good people.
The group devotes a lot of effort to the formation
and training of many young researchers. But when
they are prepared and ready to produce results they
have to leave. There are few choices for the group of
keeping those ones that demonstrate they are good.
If T take into account the number of new ideas and
researches undergoing and coming soon in this lab,
my impression is that a small growing in members
would benefit the group very much.

A final but major point is that as far as I can
sense it, the working environment in the lab is pos-
itive. There are good relationships among the re-
searchers. There are many young people full of en-
ergy and good humor. They are also dedicated peo-
ple and with good disposition to learn and work.
People are talented and up to what I have heard,
they express good opinions about the boss. Sadato’
s leadership includes the respect to his scientific level
and knowledge and his ability to scientifically con-

duct his group.

Conclusions

The course of my exposition may make the conclu-
sions evident. This is a very hard working group,
with very high scientific level and very high level
results that has many important challenges for the
future.

The fact that so many important researches with



social impact are requested to this group to be con- they have developed. There will always be new ideas

ducted is a point towards the recognition of the work and there will always be things that we can do bet-

ter. This is the essence of research and development.

APPENDIX
Members in 2004 — 2009

2004 | 2005 | 2006 | 2007 | 2008 | 2009
Professor #Hpz 1 1 1 1 1 1
Visiting Professor wRHE 0 0 0 0 0 1
Associate Professor HEH Pz 1 1 1 1 1 0
Assistant Professor B 2 2 2 2 3 3
Research Fellow =1 6 5 6 7 7 6
Visiting Research Fellow | FeAlFiRIHFZE B 0 0 0 0 0 1
Graduate Student L0 5 10 13 13 12 9
Total 15 19 23 24 24 21
Number of visitors
2004 2005 2006 2007 2008 Total
NIPS Training Course Date 7/26-7/30 | 7/31-8/1 | 7/31-8/4 | 7/23-7/27 | 7/28-8/1
for SPM analysis No. visitors 56 66 52 59 52 285
NIPS Research Meeting Date 11/25-26 | 11/24-25 | 11/16-17 | 11/21-22 -
”fMRI — a tool for neu- | No. theme 11 11 11 124-5* -
roscience research”
Joint Researches No. visitors 17 13 25 29 10 94
NIPS international sym- | No. visitors - - 71 - - 71
posium
JHBM No. visitors - - 165 - - 165
Total 109 97 352 143 62 763
* plus 5 (IHEBREIIRARNT R 2 — )
Number of publications
Journal Title 2005 | 2006 | 2007 | 2008 | 2009 | Total
Acard Radiol 1 1
BMC Neurol 1 1
BMC Neurosci 1 1
Brain Cogn. 1 1
Brain Res. 2 2
Brain Res. Bull. 1 1
Cereb Cortex 3 4 1 1 9
Cortex 1 1
Curr Biol 1
Eur J Neurosci 2 2
Eur J Nucl Med Mol 1 1
Imaging
Eur J Pain 1 1
Exp Brain Res 1 1
Hum Brain Mapp. 1 1
J Cogn Neurosci 2 2 4
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Journal Title 2005 | 2006 | 2007 | 2008 | 2009 | Total
J Neurosci 3 1 1 5
Neuroimage 5 1 1 11
Neuron 2 2
Neuropsychologia 1 1 2
Neurosci Lett 1 1 2
Neurosci Res 1 1 2
Neuroscience 1 1 2
Neuroscientist 1 1
PLoS Biol 1 1
Total 16 13 7 13 7 56

p-s.: I would like to thanks Prof. Sadato for providing me all the necessary information and Ms Iwase, for

preparing for me the tables in this Appendix.
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2008).
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It is with the maximum possible enthusiasm that I
recommend Professor Makoto TOMINAGA for
continuing his professor position in National Insti-
tute for Physiological Sciences. I am a physiologist
whose laboratory has studied the biophysics and bi-
ology of ion channels for more than 35 years. For
the past ten years, my laboratory has been one of
the world’s leading laboratories in the study of TRP
channels. I have therefore had ample opportunity to
evaluate Professor Tominaga’s outstanding contribu-
tions to this field. In short, he is a one of the major
international leaders in the study of ion channels and
TRP channels and has contributed substantially to
these field on multiple, diverse fronts.

More specifically, I have been working on ther-
mosensitive TRP channels for more than ten years,
and for the first time had a chance to see Pro-
fessor Tominaga in the TRP Channel Meeting at
Leuven, Belgium which I organized in September,
2005. Since then, I have seen him many times in
the international TRP channel-related meetings, and
have had lots of very intensive, fruitful and pleasant
discussions with him. Professor Tominaga got an
assistant professor position in Tsukuba University,
Japan after coming back from David Julius labora-
tory in UCSF, USA where he was involved in the
cloning and functional characterization of capsaicin
receptor TRPV1 and its related molecule TRPV2,
the first and second temperature-activated ion chan-
nels. He published indeed landmark papers on the
cloning and characterization of the first heat-gated
ion channels. The work provided a tremendous
impact on the people working not only on ther-
mosensation but also on other ion channels. He re-
ceived a professor position in Department of Phys-
iology, Mie University School of Medicine in 2000.
Then, he moved to Okazaki Institute for Integra-

tive Bioscience (National Institute for Physiological

)
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Sciences) in Okazaki. Professor Tominaga has inten-
sively worked on the activation and regulation mech-
anisms of capsaicin receptor TRPV1, and he also
found several critical amino acid residues involved in
the important TRPV1 functions. As Editor in Chief,
I asked Professor Tominaga to contribute to Pfliiger
Archiv - European Journal of Physiology with a re-
view article titled “Structure function of TRPV1”
in 2005 and I invited him for all his excellent sup-
port to become a member of the Editorial Board of
this oldest Physiology journal in the world! He pub-
lished several works in the high international jour-
nals such as PNAS when he was in Mie University.
Then, upon moving to Okazaki, his interest seemed
to show a little bit shift to physiological significance
of other thermosensitive TRP channels since five of
the nine known thermosensitive TRP channels are
activated by warm temperatures. He found the ninth
thermosensitive TRP channel, TRPM2 which is ac-
tivated by body temperature and involved in insulin
secretion from the pancreatic (-cells. He also found
that warm temperature-activated TRPV4 channels
are expressed in hippocampal pyramidal neurons and
involved in the regulation of nerve excitability. His
group showed the interesting ATP-mediated trans-
mission mechanisms of temperature information to
sensory neurons from the skin keratinocytes where
TRPV3, TRPV4 causes Ca?t influx upon activa-
tion by warm stimulus. These works were published
in the high journals such as EMBOJ, and shed lights
on the temperature physiology.

Because of Professor Tominaga’s continuing im-
pact on the study of TRP channel biology, he is fre-
quently invited to speak at international conferences,
including those I have organized. His presentations
are always a highlight of the meetings. I have en-
joyed his presentations for their clarity and content,

and have especially enjoyed our collegial scientific



banter over details about which we might or might
not agree. He also has been an administrative leader
in the field, having co-organized successful several
international meetings.

I had a chance to visit his laboratory in 2009 fol-
lowing my attending IUPS meeting in Kyoto and
PAT-CVR meeting in Okazaki, and was very much
impressed to see that many young researchers in his
laboratory were working hard. With no doubt, Pro-
fessor Tominaga has created an excellent research
environment for young scientists but also for senior
postdocs which is worldwide considered as one of the
most productive places in ion channel research and
more specifically in the extremely important field of
TRP channel research. Thus, I am very much confi-

dent that Professor Tominaga would be highly suc-

Bernd Nilius, M.D., Ph.D.,
Full Professor of Physiology

cessful and lead the TRP channel research in the
world.

In summary, I strongly and wholeheartedly sup-
port Professor Tominaga’s for continuing his profes-
sor position in National Institute for Physiological
Sciences. Few laboratories have continued to break
new ground across the TRP ion channel field the way
his lab has. I therefore have no doubt that Professor
Tominaga will remain a world leader in the study of

TRP channels for years to come.

Very respectfully,

Bernd Nilius, M.D., Ph.D.
Full Professor of Physiology

Member Academia Europea (Committee Member Medicine/Physiology)

EMBO Member

Foreign Corresponding Member Belgium Royal Academy of Medicine

Editor in Chief Pfliigers Arch Europ J Physiol

KU Leuven, Campus Gasthuisber, Herestraat 49, bus 802
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Bz a4 7, cokmmEe, EEES. B X
OPEHET T bHELED . B4 2ffilicoe L&
VY- EMEL TE R, 0k LR
D 2 7o DI B 2 WFFEETIE] & IR & = 7 L ¥ —
DILBRLEDS, BB OBEN N L 51T Lidod
FHABRILTEY . KRELRE#EH Tk, HEFA
FIHMFEREE & L COABAIRRFT OB L L THH
b bt vy — DRI - EEETE 2 R iic o
KELIEAINE Z L2 W/FT 2,

PLbEo X 9o, BIfE Ml BsmmMiz e vt v 9 —
WMRED70 Y TA TICNE>TED ., ZDRNN L%
R X D SR REREMSMEEI NS, *
7o, MR BRI EIN - BN O 2L 2 vy — I E
DXy b7 — 7 LHEMROEE L COERELEH %
bR L T3, X5, Ml ARMroE s



DOH L TMAEDIEROFED TICHIfFTE 5, ey —iEDO s DFi L BERZM 2 X
BUE DM B AR O Wk T 2 #ERs - Jelm s, BB L L ToEpP e 35 L) BV L,

SRR 22421 H 27T H
OEME

FHURA:, RHBER AR IF7ER
il S SRS o £ N €54
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APEAFZET I T - AL v S kL R
N BfHEDOAR = E LTHIE R D TE LD, B
EEEROMA P TOMADESRICTIFHEE Lo
BHY . FF - MEL AL, v B o
AZTHRDBHTE TS, FlZIEZ OWMEFTHILD
EFonTws k)i, lEEBZ 72, R RfAE L
LCOE +F DIKFEEEDTHEDO N R E > TETWS Z
ETh D, AIRUFT D I AR DED SN Tw B,
E AR W & LT, bz Al 7225, B AR
DINE TORMWBAZI B2 FBRELTULLH
WHENBEIICESTETNS, X5 ICEHERN -
LT 2 R L <, W% by 78 VINICfR
Mid 2P BLAUZ L & T 5, % EFRF ORI BB
DINZ O TR, TRTEAN=T 52 Lk

D3, TN - SO SLFPFE D IEH L. Pl & B
TSRO 2D TIT K T EMRD SN T 5,
AAEFE D TN TOWFZEICBIT 2 &2 a8 L, r
WTOIFEMZEZEHEL . I 5 IRICH FiE ot
ZOUW 2T 5 2 E2HINE LT, IEHHIT® 2010
£ 1 H 6 HICHE 2 o] ABRepmigein it Re % bl
L. EHEHMLR S RIc vy ¥ —0 5 DEKEEIT- 7,
CD LI BATIREES ok~ 707760
RS STV 2 H, SNEEA & LT DT T
70T LR L T, SINE DK% (Wi
(o> TLE)) oYW 2 & — M1 - fllig
LRV DOBIEE L, ¥ AT L DORFFEIC b R % FFo 93,
ZOWEHRD Il OETH D, FICHETFOMAEED
R BB HE -7 Z L3R THH- T,

1 WEDSTOEEEZOHE - FIHX =X LA

EFFOHED VD EDDIEE LT, £ 4V F v b,
FIVAR=F— LTI — kY — BELLED
ey v HE, 250 THAKR (BoT) @
163G & BERE X 2 OB - HllfHl X 2 = X 2 DfifiH % H
BLTWw3, 61T, 206 DRE - BHEIC X 20NE
OMBESE A A = X L DI THFZE 2 D T 5,
BITE, RIS (MEpERE R FIHZaisr) . Ml
MENR (RIS, BERe i BImFZEr. Ml
ABRFZEERY) 7 B2 BT 2 OO EOEIETIC
HEDHSNT 0D, SEEORFETNEIPRREE LT
. UFREFon s,

(1) ATP Z#HEEF ¥ 2L P2Xy D47 — b HERED S
1Ry & fiA

PR RE R TIZEEMT T IE, Sk T, Miliast ATP
Ik o TR E NS P2Xy F v L08R
itk v —fIRE A L R wolc, HEAME ATP I
T 27— 2R T I ERHSICT LT, SAEEIL,
S S IEEMICHKET 27— ATy 7O—RHKEE L
D FHBEEZHOPICT 2 ERZHNE LT, Z2RHE
fRNT 24T > 7o, B4 B SURDMBITHE S IZ, ATP 2%
BF v 2L P2Xo DB 7 — M iciE, ATP %
Arifhn &L BEEE AL R MG DS A IS E 5 L T
WBHIERRLEL, 2O E6, ATP & ATP 4
AL DAY v A — 57 % i L TR EE A7
N s i BRI /ERI L. 7 — FBIIC D 7203 % i

*1 213, Naselaris et al., Neuron 63:902-915, 2009.
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BRI 2 HEZ N E P AT —T 2 2 ERBIN
7oo DAL J Physiol FEICFEER I Nk,

(2) ¥ F 72D E 2 IEW IR OBEE Q@) = 2 ]
AMPA B 7V 3 v B2 5K O B RETIHIBERE 13 > )
TANEEO S THEEE R T EE LN TV S, EiE
BRAFZEERFT T 13, AMPA Z& KD L5 EH'H PSD-
95 DI[BEZRET 5%V 3 b A VLR E & fifE %
(DHHC3 & DHHC2) 2% H L T % D Hl{HBERE % i
WLz, ZofER, DHHC3 Ml 20 o %iE i )
Ja Ui B & 3 MR ERICHERE § 2 23, DHHC?2 (315
REGENITHEL . RSB O T2 ML T+ 7
AR BB L, SV 3 b A L{l PSD-95 & % B4
mEezZtxHoIc L, 612, ZOHIBERIE
AMPA ZHEEOEFEVEMER O ELBIRITH % Synaptic
scaling ICHHETH o7z, ZDHEFIX J Cell Biol #ic
rnEINI,

(3) MMEATRGREEERE & ATP b7 =4 v F v 2L
A TR O A
BEEEHBAFZE I Tk, 2NETIK TR b — AW
(A RS RS BB 3B S . RFEI I M A A
NT 22 2R LTV, S4EEZ, 2027 F
WA= AL %L b B BEIE R o 25 R i 1
FEE ¥ F — ¥ Aktl OIEHALSEE L &EH 2 R L
TWw3ZE, ZLTCRAYIYRARY VICLDETHF—
¥ AFFEIRFIZIE ROS EK & 2 i) MAPKK ¥



F—+ ASK1 OiFEMAL & . T OffMER ASK1 12
£ % Aktl 3G PEAL o S A3 R 25 R ER i B T o JH A &
bl ERHESPIZL, ZOHHE%E J Biol Chem &l
FFUT, £20 AL ARRICHIIED & ATP 3 &
NaFLLTvX 7oA rFr Lol E I
FTICEEIL CE 2D, SHEERI IO F> 7 =F v
F X ZNVDEBALA D =X sz Fas Y Vil
B5. L Cw3 Z xS L7 (Am J Physiol Cell
Physiol G812 7).

(4) T —TRP F v FVIC &k 2IRERE &l
fift R RN SZ 25 RS o it

M A B <, o2 v ¥ — TRP A 4~
F e FNRA—8=7 7 Y —ITHERE YT, FARI
A, MPERZAS . MR R A O 4y F R O iR
HEHIEL T3, SHEEIRET 7F /4 FIcH
L Tw3 TRPV3, TRPV4 23E#, 35 BT DOIRE
REALTT7F /794 o ATP 2RS¥, 20
ATP 2302 L < NS Sy 2O~ E{EZ
TWw3 Z EZHS2IZ L% (Pfliluger Archiv. Eur. J.

Physiol §612%62), F7-. B LM AEBL Tw
% TRPV4 DI b B B o f e il ik 2 &AL
ATP Zffgsbc it S, 20 ATP 23z il L
T THEOES &) ZMOFRANEEZ TSI L%
B 5212 L7 (J Biol Chem #6I2%%), 2o, 9
PFERIIED & s F 7 AREAICE W T ATP 240 L T
MR EEIN D 2 L2 R LD TH B,

PLED X9z, RELLHEEREIEL LET SN
TED, SEIELEHEBROTTEBEZHSITL
T3, 5% b ZNZTNOWRZEFIBIICHEE T 5 2
EDPIROEBETHL EEZOND, o, FHMICE
WP o i o LR Se i O FE R (4 1Al
Ayre, BRAEHEY: B e T A I 7 AL Wi
e, o RIEY) PRI NTwE, Zhs Dff
et X EN A DI 4 257 BF DffFged L)L K H &
% L DIFEFEIMEFT LT3, 2D X9 RIS
D3, NEDOAEMIEB O AWIARIC O 232 b D L
fFxns,

2 AAFEEMEHEREE & R ERILIEREAR DR

2.1 WEOTR

U, ARAY TR L 7B AN A BREE RS R 2 fi - A
BL . RO % DRk - llds OWaE 2 Fi¢ 2 2 &
IZ ko T, EAEE MR 2 MR L T b, AR
RITTIE, CDORXADZRALEBMHET 272012, BN
Weeh )T 50 FOHED S MEEEE T2EST
ez L Tw5, RIEFEIEE, UTO X9 RStk
L VOIS Th e,

(1) ¥ F 72D THit

BRI D A1 03870 2 2 O > F 7 RAICE
WC, AMPA B 7L % 3 o S22 O 8 R s o
5% L BREMANBHT - > T 2L —v a v EHlAL
bET, B F TRIGE &> F 7 ARG AMPA %
BRRTE L OBIRZH S i L 72,

(2) ¥ F 7 A IBE

MBUSE I EE AN 7 v 7 4 A4 & ViR
IZix. AV LA—r2u— Lk vk s 7
FHEAND 7 FAY )V IBBIETH D E RS D
IzL7z,

(3) ¥ F T RNE
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FEIEA A - THER R AR ZEYE D GABA 726 7
Vo BT 2BEZHLPITT 2720012, H55H
GABAp ZEMEORLE % b L 72,

(4) ¥ F 7 Ak L oE - SRl

EHMICEE R ANLS I L ANED 2 vV F F—
I RIRESEHOT, 20 VBUERED » %2 Kb
e AZMHEL T, ZOMED ) vEBLEEED >
F 7 AR TEEFIC L > CTHEETH B 2 LR
HHL 7,

(5) JRTEIC BT 5> F 7 A0 H

Y] Fe o> & EEE % i > T BB AR IS 2 S
FT 20D, FilwyF 7 ARERHEZ{ET L 72,
HXDY > 7 AREELZ T Z2H>8GE6, ¥ F 7TAD
% ERELELTLE)IWRERS 2 2 Lbd o,
(6) RIS O 5 A iEE R

BB A TEM D B PR K 2 BRI I 3 2 e &
IEBE LI L Z A, #EARMREOBEEY 7 % v
F 7 — 27 oMfleRE, AMEMITEY 78 A4 7T LT
BB EBboT,

(7) FERIENES O B RFE

Bl fa O TR O MR R R 2 P 5 T 5 = 2 —

0% GFP CHEGRT 22 L CITLEL E 25, Hi



12 & 2Rk R AR R S B A M &2 7§ 2 £ Yy
o,
(8) s & D EVZAL,

KB %2 O F 4 2 L 2 Rpod, ORI E
DA ZR TR T & 2 A R AR I R Bl O i
M E | REREOCIL U CHRBRIEMES LB T L s
SR> T,

(9) 27u 7Y 7 L= a—nr OMEMER LIKE
w7 7HilEE Rk L TN L — Y — SR

TR L7 2 A, MBiZER EoRERE VT, 37

7Y TREERYFTAREKICEET 22 LD

o,

(10) 7"V 7 #lfa & & SRRIbEE

FYVITFvFudA MOBBETFRERD S 27 A
BT, BBl Inzuolc, HaEFE L FRL
£ RfTEIRELR N, 7Y 7l R AR E
IZFED T ERHSIC LT,

(11) BUR N EB DO BERE AR R

AL X, BURKTE-ZEFERZ N LT B
i & 2 OXZRLNE D B 2 ZEME, FIEHTHOL v R Y
VI T FNERIFEAL, SV a—RDOWDIAREA v
2NN & B ) a=F v EREERICRET S 2
AT 7,

3 FRAITENMERE DR
3.1 #IE

AFPEFFIEITIC B\ TE, INEERE D > 2 7 L [ BEfR
Z HIE L T, BB M. SR Bl
BEREIRZE IR, Atk s 2 7 LW FZEER @ 3 EFIHSHL D
HATVZ, ZNZTNOMARETHAOWEEZITR >
T35, DToL) IcifAFESFRICIER LS
W, O - FRH1 - £78) - HHE) & v o 2 ER KRR 2
NIRRT 2EE, HEISICERE Vo M EICD
WTOMREZGF 2 DI ZITRoT0E, @ZD
7odIZ, & MOE&T, WGz EERRT 5 LR
BokhoEhZET VB8 TH LY V2 EEEY L L
THOTW S, QR - 22 fiEaE 23 7- B 5B B
FINTFEE LIS, B Tk 2 LA A D CTNIGE)
ZEHAILTW 3,

RS SR, RAE B X ORI O ik
BERE 2 TR E LT, RICH NV OBET» S =2 —
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(12) AARMEFETEHER NS

L7 F R T EIENEIRZ ICE L 7288, X 7/
aNFUEA a—a v ERHEIY, AT/ aLF v
ZERBPTEEAL IS 2 & T, BiEHZ2 AR
DINA—ZADWY AHBRHEI NG Z L ZHE I
L7,

22 SROERE

PlEo X9z, BE, EHEHERFT TS > 7 20
S EEFTEIL X)L F T & R & BElT S 2 DF28 03006
FIATHbN TS, MITOWTID &I %k 2
Wi 4T Z 2 I EE NI IE S %, 5B ZD
MEZEZREIE W ZEBpnEEEZONS, 2D
eI, BBEMEIC X 2 MG 26 i
PEMERIC & B4R E AR BT IR, > T A -
v NV — 7 B O ESEAERNT, B AT B R
BERHLTUTABNEEFIORE gL, A A=
7 Eethi & AR BT O RS . B A% O BERE - TP
REBIROEELZT ) DD D 2, RIEED S, HEE
JEE AR & 1T 2 BB EFUEMEE D T
5PRET, v — LEHMOEEES, > —L L 2R
7 AEPERY - TEREMIRIT TR OB R 2 D TV E 720,

v ES)E Gk L. SISO MARELS, RAIC X %
TEIE O A A = XL 2P Tw» 5, BERI2E, O
Yiiko£mOEE ((PH2 ) OMNEEL, @2h
5 DEWRHNE D X H ICHIESLITHICEIR L T2 D,
QU DR 75T IR 2 HWHERMZ AL T
DOYMEE LTRMT A, @I FIERAMED
JRFT DR DOERDE D & 5 IflAGb ST
Y — v PRIINZ DD, ©WEFREED L OBEREIIRE
SLIRERE (IMRI) 12 X 2 B BLERGE S O T, 7%
ETH 5B,

ARFIAT B FEEREREITZEER X, WIS X 2 B HIgE, &
CITHRERD Y v 77 — FiES) & F45 O K F N REEE) 2 5
RELT, RN ORE & AR, & X O MREME D
G S N7 OBEREIUERERE I D W CHFZE 2D T
%, BRIz, Oy 7 — Fofilflofikcd 5 4
6 b e R, B X ERE2HLE L
BLAPRE LR O BEREMENT, @RI EBUES Y (V1) %24H
BLE L (BHEFIV) O v r—FEEXH=X



L, QEBHEZBEG LI VICB Y 3 FROKE
MEFHBOBSHERIE A H = AL, RETH B,

R AT AWML, MEEBOKA X A =X
LEWSPICTT 272012, IEHARBYICE T 5 KL
JERZ & s & L 7 BB AR O MG & B E . KA
R B OMREAE, 51020 &) 2EEEDRFE
AN ZALREILDOVLTEZ TR > Tw 5, BARH
id, ORBFLERE % il & L 72 g o T, @
MERAT RO L & O MRIEERLER, @S —F Y
VIR Y A b =7 e L ORMERGR B T VBN
5 MREE, @Z 1S DT TFIOVEWINCIRFEZ N Z 7B
DOMFEIEEN G, R ETH B,

7o, RATTEIFOEMREIIZEERM & ks A 7 L
U, RANTIEIRISHEE 7' 0 75 A2 L <
WA, ZDFEIC OV TIE TIMRIERR L Mg
0y o5 DEEZSREEEZ 2\,

32 RY¥

WINOMARICE W THEHORBEICOWT, &
FUHIEERE L CE D MELATE) . MEHHE O > 2
T ALV TOHBICOLBIERBEO NI DL
WfFshn s, 0o 3WEEMIIE., ERAEMANTFIE
L, RESY» S D=y Ptk e v FikE
ARELTWS, THUIHIINATETH 208, R - 22
MofRae & bEn, FEELEVHETHLIDT,
NZEFE BEIELEDPEETHY, T/, BikH

4 XDSELRMITEEBOER
41 B=R

AN Z R E U BiZaid, SEF O BEEA O 4
IHE ) TR O SUE AR IC K D . B A T BRI R
FRCRABEIBHIN S L)tk TEL, BRE
PRAEIIT I & IR (MEG), BRIMRRETCliE R
tu Wi (PET), BEREIREALIE & (IMRI)
TR VEE (NIRS) MR TH D, 2o
DFHIT, FREINEREA X —Y v RIS T
W3, ¥, MK E»OHRELG 252 LI DA
ICESMNM Z 52 N DRk 4 2506 O B RE % B &
0T 5 2 ik b, ZoRRER X D FERICH
2 IR (FREHZE AV SRS . TMS) OWF%E biEA T
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EETCHILOMETHE, Fh, —Ji, FikTF
BEOHETHY, HALDDH 5,

1) MG E) 2> & G2 il U COMMER SR 2 e L 7
D, R EEAL NGB 2 ET2 7L A v -
Ry—=V A4 vI =724 A (BMI) DRI
2 IEBEFZEICE T LT %, U H I AR R 0 I
WERBZDSDTH Y., % rilFRiilek 7 £ O dlikEmi
bHEMTH S, £, BRITEAICLD . FRBHGRDOHE
GRS EEARIAD B,

2) T4 NVARY Y =% HOTERHEOMTOMIET
FBABET 2 2 LIk D RE D RIFERIEE O TGS
EEMESRLD ZEKRE EOWHEKRERET S 2
EBHABALNTWE, RFEICKD | FFEDMEREE
Poa—u UM ) REERZHOPICT S L
U T, MR INEERE O YL 300 & 2012 72 % & WIfF
TE5,

3) fMRI DYV ~DHIE, JA\ IS CREE DRl
RTHICEL 3 ER Ry €Y 2T 5 LT THEY
RFERTH D, BXRINEEREICIA CISHATRETH 5,
EFERFT IS ER DO TE 5 MRI EERH % &
W ENTIEED R OERETH D R IR
D—oODHE N Y —RA L LTI NE, $TICY
LD IMRI FHINEZE L TIT 2 2 REBICH 5, 51T
fMRI & Hi—= 2 — v UIGEEIEEIC X 25HEIZ R U
YTV, ZRNENDHED A Y v 24D L
RERBIE T ZEPEETHL EEZ NS,

W5, BRBERERTIE. 20X ) RFEERANICS
B 2 EICK D, ERINEERE & B 2D KR I B
g sl Lz HIEL., IHREBANEEREA X —2 > 7
ZICHT2HAD A A =7 L LT, RN EEE
HIFTEX,

42 HRBENOMHREREFHE

IHRERINIAEEREA 2 — > T OO EHE LR L
LT, tHhBEhsd 5, ZiidfhH & MM EAI
Bz L, thadibek s oicmiT, SRtk Ik
Stk aza=r—vavigizEE e LER
e LA 5N D, ZoifEiEs X OSEIc k1T



ZERHERIC D W TREAHD 2%, )T, FleE
M DONEEERY 22 T8 12 X 2 WA, 27t Einfte &
&3, ANED DT ESZED & EERE L
BB O 20 e 22T B 721, thang i o HEE
PRI L TE Tw b, T2 (social brain) #F7E
EMINTV 2 -HOMEIE, TNETHRIAIZLA
Effbin Tl hd o, BEMITPERN T L vo T
NEI DS @ B TEEE O 2 HIE L TE D |
RO RELTHZED TW L0 TH S5, KA
ERNRELTA A=YV 7% (Bl 213 Tzuma et al.
2008; Izuma et al. J Cogn Neurosci 2010; Izuma et
al. Soc Neurosci in press) 1Z& > T, #&M &N
2 I ORI DO — I S 02 L 2 D DD H 5,

—JT, FER LONIEE) 2 EEEBIEET 5 L bl
OTHETH Y, A L BATIKEE 2 Bk L > o
PEDSNTVE, B2, FIFhARNES L L TR
DTHETH Y, ZORHEER & AR IIRA TR
ANCHR SN TE D, Z DFEMRBIZH S HTid A
W, EAEFLROREEIERENE & LT NIRS 2 v, #L
ROMANTOHRBAKEOFELZMITL 2L 25, &
% 5 HE £ CICIERBIC SOGT 2 S FI DN
THEL., ZOBER T r HIIZRBEEIC T 2 /24
SAFScoiREEMEZ R L, 8 » AEICIIME TS, HE
LTS 2 2 EWRI T, RiT, AROBERANC
B g 2 i & U<, ST o M T O
HOMER I, BT COMEE E KL Tw 5 L
HaEnt, TS0, InEFTHLRIIINT
Zhh o RO ERANC B ST B )G HEI & BRI
AL7bDTH 2 (Nakato et al., 2009; Otsuka et al.,
2007),

43 WHEEFH

DX BRERO L L, SGRREERIEVZEH
B FreAmsrismige TARRAITAL I X 2 BER A X
A= AL OfFEY ) (2008 FE~2012 L, FHIEHR &
BUARREAT MR H82) 1k D TEHRRIBERE O iR
By 2% —7—FE LT, DEPE BIE, R, T,
MY 72 £ DIRIA T OB 2 H 2 8 L <
WFZEDSBIh S itz IARIICIE, ATREZRBR b 2 D B3
ZAZIERITTT 2 2 LR HINE L CRBUB R R0 %

*2 exposure

*3 outcome, FiHE L TOM S DIRIEZL

FRE L, SEFECHZ REEIREZ TR L 206 5,

—Ji. SCHEEE IRHATRISHEE 7 e 7 5 A
HED S TEIZ X 2 2 B OFHE - BT D
B (2009~2003 4EFE, Sy HHBEEE A BLAEHIZET) 1 &
D, EEEDOE FASTENIC BT 2B E BT &
L C. EMOMHERE - TIRL - ITEIFHINE DB %2 BifG L
Tw3, FlziE, 2 EERMOMHEIEM & 2 it %
WA 2 HINT, 2 ADEEYS (3 7 A 7)MRI 2£E%
A7 IMEERE FIRE L 2B L 22 H D, 2009 4F
ERICEASET FPETDH %,

D8
= He

44 NFEBEANDFERAIELD FH

e oFEERR I, FAC KD SR Y —
DD EBTFHMIN, ZDOEME Y — v hi il
E200EWPSLICT B3, Z DK LAHE (K
BR) %o X D XEBATENB B, DD WAD
ZALE IR B L T RIC L Y o T, #a
BN DOFGEBBESHS I 5, I 6 ICTEEBR
ISR JUE S REE N DIRITIC I RBIRFEE 2 & —
FMIFZESARIRTH 5, 2+ — FFZE (Cohort Study)
IO S NS BIENIAE T O —> T, L
LHRENGERE 2L BN (aF—F) EBEL VAL
EHZFREL, 2o D ar— b2BELd kS %2R
TE BT 2UEMATH 5, 25— FWUFZEIRENT
% BUED & AR EITFT ) 72D, KRBEREZ b -
EHUIREICHET 5 2 ETE B,

HEEERES LY P EHEDOREICG A WP X
DA =R 5 FHTHER B O MRS B X 0T E ]
ICB U BB EZ BT 27201213, aF— M
FHEZ TR EN T T — 8 O 2. Rk - N
B« FERELHY: - BHY - BF - Hiat 2 o siRA
RERIZRIEHTIC & o TIT O, S 512, Bt e BRETETAMi i -
Bz - G - BEEHEATIE DBAFE 21T ) 2 L S
Lo TL %, BIALON - AifidRa o TRIINES
WAL D MR ATTSE D FEARIRE R S OHEE ST BRI D\ T
~HRE AR DOREER Lt ~OEHBZ HIF L T~
(55 1 REHE (R £ &) cBwTh, Bl
FEE T — FHRODL BT 5 DA DHICH
TebflTw s 2 Eh 6, MR - ANEREE - FEELPE

- BEY B - WA EF O TEISAUE I 2 HLD #l Az

*4 http:/ /www.lifescience.mext.go.jp/download /houkoku/nou_090123.pdf
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—EHEE T 2D D 5, SHBRAEHEIIERTIE, RY:
HFEFMAEE & LT, 2D &5 BRI & #etE 4
3 FCHEELREEAZRELL TV I EBHIFEINS,

SRR

Izuma K, Saito DN, Sadato N (2008) Processing of social
and monetary rewards in the human striatum. Neuron
58:284-294.

Izuma K, Saito DN, Sadato N (2010) Processing of the
Incentive for Social Approval in the Ventral Striatum

during Charitable Donation. J Cogn Neurosci (in

press).

Izuma K, Saito DN, Sadato N (2010) The roles of the me-
dial prefrontal cortex and striatum in reputation pro-
cessing. Soc Neurosci (in press).

Nakato E, Otsuka Y, Kanazawa S, Yamaguchi MK,
Watanabe S, Kakigi R (2009) When do infants differ-
entiate profile face from frontal face? A near-infrared
spectroscopic study. Hum Brain Mapp 30:462-472.

Otsuka Y, Nakato E, Kanazawa S, Yamaguchi MK,
Watanabe S, Kakigi R (2007) Neural activation to up-
right and inverted faces in infants measured by near
infrared spectroscopy. Neuroimage 34:399-406.

5 PURTTHY - RO FHREA X =TIV TEDRFE

51 HE

HAABHADF RS I3 S X D Hoa B Al & v
Y —DREIN, AR YL VAL T L
A4V A T AHRED 2 RFEBICE T2 A
7o I OBTE EH L WA I O AlK 2 B L 72 iES)
VPR X Lz, FEKD S BBEZERT TR, 5 D D%
DHED—2 & LT TWURICH - T THiaA A=
v O RiFTCED, s 2 HAEEO W
FTAUCH LSBT 204 X —2 v 7 iki% v 7 R
P 2 PR E G R I fTb N T E o, S L —H —
BAMEE 2 13 U o &3 200 A BAMEE . T R
PAAHEE MBS, s 2T 2060 - EEE
BBEM SR, BRASEINT L 77 A 08 T RS, B
BEM MRI 213U &2 & FMBEREA X —2 v 7%k
& AOIMEEEOMAB I ICH 25, Zhbi
i\ 3 ROCZEMI S ARE & IR T RRE Z RO A X — ¥ v
THC K o T, MOERHIRGEPRIC B L w548
oy TOBEE, MOEEIREZ WL, EE DIk
ZHAGOETHRAENICHEREZIRL L)L T2
DTH5,

I, AR, NHSEEIC B TR, GRS
W TR AT ki Ak s LT, A
Akl W —#i 2 2 DD P THRBIZ T 2 F 2 HiF
LT, Ot — A BIBRE 2 BT 2 LRIEANED & 11
T3, EESEEIZ, LD/DAS L L2 R o7k
PR 2 V5 & & & o T A T BEMER g &
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BUNRLAF D A7 & $REEMNAC I IS 2 2 &
% A[REIC L 72 (Fukuda et al., J Struc Biol 2009), &
5ICH % 2 HBEIC X 215k & EDX-ERZE RS
SRS 2 SRS I L 7Y A S SRR IE T L
B OEE D+ % I o3 2 52 s L
T L 72 (Loukanov et al., Ultramicroscopy 2010),
F SR, KIDWIEE THITE S A HAERE
THEEE A BRI IEH T 3 220 D 500 keV D
AL OFEE2EALL 794 F T 77 4 —H
FEEFHEMESRES N2 TETH) ., I Ll
WEHEDFED 7= » DHE Qdot RIL¥E7T v —7%
FG728 LGk & 2 Ao, SHREH I i
BADIEH R EDTbn s 2 Lpfrsn s, WA
B L OLNT MRS Tl AR O MR G o 2
WA X =2 v 72 MREligs L7 TERED
"L (Wake et al., J Neurosci 2009), A4 5l
DERE & filfE 5 (Ebisuno et al., Blood 2010), #77z
U DB (Tomosugi et al. Nature Methods
2009) % &z st & odFEPIE & LTIE L7,

53 MMHEREEA X—T VT

2 IRLALIZE LTI, £ b ORI % B
DO KRN FRT 5 2 = & HIR L T, HEAEi MRI,
SERIMRS I, IMRAE 75 & IR EBINIHRE A % —
v ERIEL T, PEEED TS, 2 OREAK
KOV EOL LT, HBWNDHZ, b LM
W EAIMNE S L, SHM - ESHEE0a T
Srr—va v E L LR T H 2, 2
DHETH & MR A AT (%) HE
B DEES - FEEIC & D BB 5B (A <



EICEHL, ZOMEEEBEI IR & L CHIS 1L 55
ZetRlzdH 5 2 L RP S DT LTz (Izuma et al., Neuron
2008; Izuma et al., J Cogn Neurosci, in press; [zuma
et al., Soc Neurosci, in press), BMICIZ, 2k
BIOMAMEN & 2 ol 2 t5t§ 2 HIV T, 2 &
D=t (3 7 A 7 )MRI 248 2 o 72 B RE A R 5 -
FiEZFEL>oH D B NE DL SATE) O e
FERIIcE T 5 2 Elif s s,

5.4 MM

—J5. EYEMEOMRICEVTIZ, ¥ 27 A®
TaTA 7 AD KD R HEREN Tz e R o
Fv b7—=2bEHLLY) LTI I RE
IEEN 2 FEOBFED, Z CHREMTaBISEATE
oo BEEE O BRI E 2 o D> F T ARG
WKLo THRIN T REATERKICE W TE, WEE
ZOANTEWN EDRBRBERBRE LT Ty 7Ry 7
A Lo TINBIEE > T %, BAEDMBERI2ED Y
TRy oL LN E Vo lee s L XL TEL
WIEFRZHETW2DICR LT, 26Dz —A
L AT B 70 DRt O FEANE % & L CGE S
BROHBRb I ZICHD, a3 7 I T RIEIDT Ty
7Ry 7 ADHHEEEFB/NICHSICL L) ETED
DTH 5B,

ABAEWHIERTC S Z OWIICAIE LR Z Y — F L
T e, R Xk 95 M IcAINTE
ARX=D VT FiEEaxs IR LLHAGDE T
(H e HEZWAT 20EBH D, SHICIDEH
BN TIECR O N IR E T — 7 6 A e EWR
ZHIHT 27004 X —2 v VR E & O SRR
WinsHETETEEICZS> TSI LIZHS 2 TH
5, COLOSBIIRLIHDA A=Y v T E VS
N—F & RGO ERAITE L\ 9 Y 7 b B

6 B TREBYFEREIMORESR

6.1 R

IEIARIZEMRBEHEE 70 75 L0 5 b T D&
WE TV OB OSSR GNEC) T, &
AR O IEZEZ LR R IGE IE Nz, BRRRE
AR L LCTid, D4 VAR Y —ZHnwTaEy

ezt 5 72 IC, RIS THARULEL T B ¢ JaE 72 H A
RHADTFERERS N BRI+ o K225 o flhERS & A Bt
et & DR T I EITE TV — T DREEDS AT H B
tEZo6N %,
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2—Fky FRZF U NLDOMOBERLG TR EZREL.
1Y — IV ERIEM L 2 ERINEERE O T L WiltgioR 7 4
A L DOREE, ER NSRS D 4 1 ilg & R 5 2 if%e %
HY T EE o, 2070, EREBEFEA
FEERE 2 RSP X By F2 B2 v & — ARff 1 RS I aE
Lz, 225 =13, Y, 77/ bEfE7 A L 2
PLYFIANVATHELDT, P2H20IENA 42—



774 L2 (BL2) &L CTEfiENn,

fidkix, O ¥ —ZWNICFEAL D, AR, T
B 2 b LMHRIGE %2 FLPk T 5 720 D in vivo FEERE,
@EAZOFE R, OEETFEAZ AT A AL )L
THRB 720D in vitro FE=E, P> TWVW5S,
BIfE, B C iz L T 3 3HFEERM (e,
FAFBWE, ILARAE) 23Sl . BEREIGEL 27 nE—%
Frzy 7, N R URF e P 7y rzil
A LI &b shifgfilido @& tEo 2> F e —)L, RNA
THIC Lo TREDEEBETOBE LD 5 4% £ DFEER
A LN TS, S8, MMIFEERM. S 5123 R%
P BB O R % A L CREIEFA I L
7w EEZ TR LD, Z0BENTER, BREOHM
e AUSHE ) V= UAED 2RETH B,

6.2 |F-oH5E

BFEHIRATTIE, FI VAT 2y I RALS
KV AT 22w 79y b, BLO /v 777 b
(KO) =7 ZDfE#ly —E 224t L 2>, v hiC
BT KO B REM O 2R A THw 5, ZhE
Tz, ENU (ZF)=truvyyL7y) 3a2a—% %
ALK D KO 7 v MEEY 2T A OREER I
Bz (AR - bt - By Siatsk) L HRETHIEEL .,
KURMA (Kyoto University Rat Mutant Archive) &
BAMEZRE (ICSD EfizAH L T KO 7 v + Dl
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B L7 (Mashimo et al. 2008, Nat Genet), L %
L. @K%E2950 - ax 239239 212, ENU & a—
YY 2 ALETRERDEAIZHEFTH 1705
LTI BIENHERELTETOND, T,
ARG % 2 L 72 KO 7 v MESREoRAY (8
W m] #bg STERAE - B - AR A & AEE]) TR,
R DBEEREZ KBRS ENTELS Y |k
T (Germline Stem Cells; GSCs) DRI
Bk L, GSCs NL ¥ F 7 A4 V2% vt
KL TFEZEATEIETEIVAY 2=y 7Ty b
DIEELZ B BN L 72 (Kanatsu-Shinohara et al. 2008,
Biol Reprod),

. 7 v oSl (Buehr et al. 2008,
Cell) ® ALZuetkarfiakisz (Li et al. 2008, Cell
Stem Cell) DGR\ T4 S, O Zidz (R
R BERVAERT) & L ORI X > THA B
7 v MRMEEE OB I L T3 (Hirabayashi
et al. 2010, Mol Reprod Dev), Z OfifiakkdFIFH$
5 2 ETIRVIER, RREARMEO MBI~ D A~
P rvaviEENALZKO 7y FoE-S ERICk
2TH 9,

DLEd X9, EHAPIERTIE I v P OBEETHR
EEEAMT OB I IICHL D LA TE AR, 2
DEMBF S RERmMEZEZ 2205 %, 51X, KO
7 v MMEREZE L ORFM - SRR IR O ET. 71N RE
DIFHLEBEDOHEICHMMTE 2D EEZL TV 5,






£V &R
AEEDHFEED

105



1 DFEEMER
11 EEAER TR ARP]

MFEFERER FIEE I Cld, A A v F v 20, ZE

&, G EHHEFOMIE L BB T 202 B L T
W3, BRNICIE (1) ATP ZEET v 2 LD, HE
fir & ATP IR 27 — MRS, (2) A
VY I VBRENRE L GABAR A O BV E
2> 7 F ) v 7 DERRE, (3) KCNQ KT F + %
)V DOFEREH EiERS & MG REREER . (4) WEME B
fane—% —EA 7L AT v OHRLF-REE & BREE
2, (5) v 7 ALE D TRPAlL F ¥ FLDh 7 =
A VN 2)REDHED — KGO ERE. (6) /MK
lobulel0 IZEB W TRREWICA SN2 > F 7 AEHR DIy
FHBEZ E- 2R L LFEBNT 70 —F 1 &
DI EED TV 5, 2009 FOFHERH XD 5 b RE
72 b D Keceli B & Kubo Y (2009) Functional and
structural identification of amino acid residues of the
P2X5 receptor channel critical for the voltage- and
[ATP]-dependent gating. J Physiol 587: 5801-5818.
DHEEDITIRNT 5,

Tz id, cngcic, Mlast ATP 12 X > RS
5 P2Xy F ¥ 2D, A TWICHEEN £ v 4 —FH
EHLAZVWOIZ, EEME ATP KIRET 27— %
R EZYIS NI L e, AWIZETIR, RERITKL
T57— ATy 7O—-RXHKE LR S T
52 ERHME LT, BRIRHTZ2ITo7. (1) £7.
ATP FEGERAL & A S 10T\ 2 FHIK O 28 BAR o i h %
12725, K308R TlX. BHIPHREIN T BIT
LT, arv ¥y sy A EEA IR HSE MR
RKELT7PLTBY, 7, iGHELEREDED - 72,
COMHEIX, ATP #5& AT v 7 L REAKAEN 7 — b
ATV TD6K%53AT—FETNICEVWT, ¥—F
ATV 7T Dkog ZHIMS L LICED T 2L —F
T&E7%, (2) Ric, ATP I X iGHELIcBIG T2 2 &
DI & T B PR EGE AL O M S S (AL iE S 2 7
S BEEEOEBAR DT 21T > 72, T339S 5%, %
W ATP JREECIRE W IRE MR AATEE (L2 R L, me
ATP JREETIE, EEAIHA L 2 WIEEIEE L2 R
L7, 2OWHEIFZ, 3AT—FEFAICEBVLT, 7=
FAT Y 7D kog ZAHIEZZLICEDY I 2L —
FTER, (3) ko IS EDE{LE G Z 72 K308R &
T339S @ 2 HERGK DT 2iTo7 & 25 BER
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P2X, I CTEWEE 2R L7, DL EOEEK; R
5. ATP ZEMEF ¥ 2L P2X, OIEEAKFT — b
IZix, ATP- ATP fEARAE AR & BEERET A
SRS AINICEH S LT b 2 LR Sz, ATP-
ATP f5GEAERDY > A —8 o %k L R EEEN
AR MAlSE I IS /ER L. 7 — FBHIC D %235
PREENARIAIN 2 RS2 L% P U — T2 2 L RE X
ni:

ATP

X 5.1, ZREMHTIC X D RE L EEMKFN 7 — b IcE
27 3 ) . Zebra fish P2Xy D& Ic oW
homology modeling I & % Rat P2X, DG Lic<y 7L
7oo (A) A, ZRAEMTICE D FE L, ATP fSEE8
DTN AL L BRI — MICEE R 7 2  BER
L7z, (B) RE @A, Z fa /Ml & 852 U 72X, REEE
L OMMEAMA X D IChiE L, BREMKAFRN T — MICEE R 7
MR,



1.2 DF LR ZTERFT

BE
WHFLEEMRER D FEA - o3, FRICHbis BRIl (R
) 2254 RO e 2R (ehigfiia, 7
AraYA b, AVITFrRaYA FARE) 3oL
T AEMEZIE L T b, TOX) RFEZEICEIT S
WHoen 6, 77V THllaD Lk & 2 OBEREfRITIC 7 7
O—F L X9 ELTWS, EHE JEAMAIC D whf
ffaAsfEE L, thisfilaz MA T 22 HET52 L
DS Lot TORANITET 2 il o
HERFBEREIC DWW T HIIZEL T, 7, Bohid
L WL EAM L BRSO S % 8 I Atz b
5. JREDITICLHE L T3,

FEEE VB BRSO TIE 2 BilFE L. 2 OEPAE R
WIZDOWTHEHT L Tw 3,

1) ik sed:
FUIR D & K52 T TR REEr Al e 2 B L . e
BRIl & T 5 %% H ORI ) &
AR~ D 43 (LB FRE T glial cells missing (gem)
BT PEELE#AZEHS>TWE I 2R L, 54
I gem1/2 JBIE 5% Notch £ & B D % £f - Thfifg
HHEOFEZT>T0wE I EEHSIC L, £k,
SETHEOA SN T Wi ok FucTX HHE %
7 a—2EBEBEL LTAEL, 20/ v 787y
DIFER DT LRE 2D FR T 2 2o nIT L,
2) P REER ORI
G Olig2 O HhIMIEIRIC BT 2 BB 2 & 2
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2§ %728, Olig2 FBIED /bR %2 FHX, K
MO THh 2 Z 2R Lk, £/, =7 Y
DFREMACTZ ) 7HIIED R % F R 2 51k 12 HE
L7z,

3) Bk DT :

EBES I B W CHER A L CW AR 2 7 e 7Y
TICHET2EET (S AFFVF) 2RVELED
T, ZOWEMTEZ LT D, Z0EETHIE HH
I 2 R 2 HET L 72,

4) TAbvrH¥AL +OEREMRT :

TAPBYA 267V Y S Ve ATP 25 S 4,
ZNoPMEEEZGHET 2 2 LS T WV 503,
ZOMMETAF I TR, 3P RAHAZRALITDOTIEAR
AN TwZRn, BE7A YA FroD Ly
SV, BXOATP % Y 7L 8 A L THl%
THERARA =SV IS AT LEHE L, TAIRY
A PN E U, ATP WHFEWICKREZI NS
L ATP VY S VBN G R T L, 7
WE S VRN ATP B Z5 SR § 2 L2 oI
L7,

5) HNORESTRT :

FEEAE MRS D, 2 RuEKKE L 2B
VTN SR E RN A Z LR ABEE LD T, Bl
BEMEMO GOM#EMEZ E L7, 35610, K
R BT 2 BRI D AT 2 17 5 7o,



1.3 7/ LB ZTERFT
1. P2 FHMBIORE & KA EWFENDIGH

kIl G)

PR N IS . — AR IR PSR EHEDE S R O
CREST 2 & W T MHABEMHDRTE & IGH 21T-> T
W5, HRAEEECIIIHAZNES 7 7 4 — 2l E L
T o3 I LR O ST ARRE G AT IR FE & e A
FADIEH %, CREST TIEifr LT 3 >0 1 Wi
B OB 21T > 7 OEE 3, B4 7 v
R, SFIHK V), [A—3Uek A S L
BH LGB D RN 217 ) A 7Y v FEfE S L O
FFPHR L D BHFE I MEF I HE A 72 DG T FibH 76 13 BE
IZ4 7> T3,

SRS C I AHAE IO BB EA~ DG & L
T, i) EHHOBE TN, i) V4 VA NTT
V7O Z OB L KIBERE, i) A LMilEE X 05
Biilao 2z 05Elg & MBI, iv) Bk RS
Ui o Blgz 247> 72 (J Str Biol), i) ICBIL
T, AAHAE EERE DD 7 ® Gro EL % 1
HAHE & LT 21Te, (HEEOBAMEZ R L 7
(Ultramicroscopy & J Biol Chem), ii) IZDW>Tld,
HFE % IC X 2 DNA OREBZEFLRZFEZ TV (J
Membr Biol), ¥ 7 /87 71 7 ® DNA JgfEIZ D
THHI R Z 47 (J Microscopy). iii) I22WTld, &
BOLHHIA R B2 1 & O A THIN O DNA RfEZ 5
H1Z L 72 (Biomaterials),

2. N EG)

i) B DT RE A A BEAA (3L © ko 2 KRS
TS B MR MR Tl 60% DA EDKDZDIY A MGG 2
ZTHawIinsg (HlEmne) . Ml iblE Hopko s
FIWTEARL % B IAMEIBIZIC X D claudin R & M
EDMAMIEE Z B & 2 i L, HflifafEs o5+ 7 4 L
ZH A4 R%FHL 72, 2008 4EIC I3 FEHITEBAEA O Ca ik
2R U7, 2009 451 1365 M R o BRE) 1 12 Bk
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JED&S 2 Lk, 207k o ERBIRE 2T L&
D35, FERTHEE 2L I, KW, #~—h —
(Lucifer Yellow) D73z MIE L7z, Z DfEHE, W
JEICIE U T, Kb #t~—h — b EL L., #
RS DO BKEN I EoKIEDEF S35 2 E VI L 7,
i) V7 38 D M K 53 43 W B i 1 P BSRE + MR IR o> 7K
T EMIMIE WA ED I L, ZOWHEDOAT
AR DBHEH % 2 97712 (DS) 122w T, /AE W
T RE T MRS X DG E s 2 LR
Do T, KGR O F B AR AAE & BB DT IRE 2 Gl
LR PRI O R Tld w2 LR I N,
DS /KA D HPLC /8% — v Z Miat LRSI G &
IR B D BAR %2 BT L 7,

3. TV FY =24V HINIER O BEERE ORRG
G)

Iy FY =24 IV HIBNER O ) 4 FEERE I
DWLTHIE 24T > 72, “Pifiiaks ks 7 VAR E O
ek T, InsoffildikEa v =X vk BT
BT 20T 2HRL, ZOBMIT 2B T2 LI
BPL 7%,

4. EZ R =N —)UEREDRYE (R G)

M 2 EEIFEDHEETAZ (TS DNA =
HH DK 2 M+ 4 2 B 2 | pyrimido[4,5-d]
pyrimidine-2,4,5,7-(1H,3H,6H,8H)-tetraone % B L
7oo TONLOKBBHEII YT NKRERE)IC & 2 H0#E
B h-x ) —VHZERMEE, 7Y URLEY SV VR
RS DR R IC & - T, RN 2R G
LTHERL, 77=v, /7=y, by, F3
YOI RTEHENZEKT 5, Barvicse CHfla
MBEETH D | B4 A fbEy — & L TORAD
WifFzn sz,



2 MiREREMIR
2.1 AERRERFFRERP

AR Tl D > F 7 ABETIH X 5 = X
LZFFLOVTIRIHL, £72. ZOWdEnED X 9 I
LT ‘“TADA FORBZLLLTONEZHL I
T2, UHAHMCRBGERELZ 1) SV M AL
{LIREEHiESE P-PAT, EXU'2) TA»ABHEY &
Y F LG 2@ L LTy F 7 ARG 2§
LEZ 5N TWw»35 AMPA ’_ﬂﬁ“}w S yv&f@z@m;r
L 72> F 7" ZABE DO Tl HEERE 2 G I § 2 2 &
%E%waéo;n%®¢f\mw$gﬁibku
T Dz LIS/ %, Noritake J et al, (2009)
J Cell Biol 186:147-160.

RS HG B 210 72 PSD-95 DL S k4 Lfk
AMPA ZHEROHEEERER I TH B

2V E A VLEEEERIIZ % C OBBEEAEICH S
N2 EER BT, BAE DM RERE & H
T35, FAEDIF AMPA REED Y + 7 A TORERE

BUZHHATH %L 2 b A VALEAE PSD-95 I H
L. PSD-95 /)L 3 kA WLE#E P-PAT 77 3 Y —
(DHHC2,3,7,15) % [HE L7z, S48 EId 4O HOGE
Wt & B LT (ABE 35) 2T, B
HRLIZ BT 3 PSD-95 D3V 3 b A4 WMALEIREZ & =
VYT LT, ZORE, REE 2T S BRI
PSD-95 @ 8L 3 b A ML R UpsRk&E L ERL T,
TP T RAIZEIT S PSD-95 223 L 7z, BEERE W 2

12, P-PAT ® 9 5 DHHC3 i3 fifiafk 2L 2 3 ic
PR ) U pfftihidh & 13RI ER ICBERE § 2 Y, DHHC2 &
BRRERNICHTE L, MRTEBNRAZIC > F 7 ARG
FBICBEIT 2 2 Enghote, X510, MhEIEEIHIH
Tk, AMPA ZEEDY F 7 ARKBREL LR T S
T EDBAISNTVEH (AMPA ZARDE T PEHER
#%). DHHC2 @ RNA T 3EOKEH, DHHC2 I X
% PSD-95 %)L 3 kA ALAS, #ERIGEINHIC X -
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FHEHI N D AMPA ZBERD > F 7 A%~ D HEM
_MWE“C‘% L2 EDHS»ERSN, Y EORED S
1) PSD-95 ®,%L 3 A L ~)Lid, P-PAT %
TRk ->TRLZZHMERZITLZE, 2) P-PAT D
0 LD TH 25 DHHC2 IR EI O T 2 &F L T
F 7 ABOREEICBEI L, 23V 3 ALk PSD-95 &%
sz &, 3) ZofiliHlRiE AMPA Z#EEOHE
WIEHMERF ORI CH 5 Synaptic scaling IZHHATD
L EBHSLIIm ST, SV E P A NWALEEE 7 7 S
U—%?@%E%ﬁ@ﬁ fikAL U 72 pirg A i & 0
BEABOREZTIICHIHL T3 2 L 2R8
?&
—FH. EDIFTAPABEEY Y FLGILILL 3
AMPA ZAEMRHIHBER & Z OHEI & 2 TAD»AFIE
DT RAH AL L THRETL 72,

PSD, @ —\ I‘Elw.ﬁ\
Synaptlc activity *
Splne o “_/ =
@ <
‘ j ®
y Q o

Dendritic shaft [V DHHC2 == PSD95 J Palmitic acid

> puatve ppT () AMPAR | Stargazn

Q) Vesicle

X 5.2. 2L 3 b A UGS DHHC2 12 & 5 AMPA %4
TEH YEHER RS £ 7L PSD-95 (3 B ICEHMRERNICHEET
%2 DHHC2 I2 X 20V 3 A UL E > F 7 ABETOB v
ShANMKITE D, T T RABEEBIRGENEZ YA 71T 5
(£2), MEIEENMK TIRFICIZ, DHHCO2 2335 < o+ 7" AR
fFicE L, BER < PSD-95 2 9L MALLL, ¥ 77
A PSD-95 B & 51213 AMPA ZEGEZHMMEE 2,



22 EEEHBIMTFTERFT

FAEDTFTE 1992 DK, AL BN - 73wt
BEPBREERZ AL ED X ) I TR TOMIEREL R -
T SiRD BRI THARN MR L 20X H =X
L&, FX 3N, I VAR=F kI —T EDEEE
B ToBE & L THRANICHENT 2 &3, fillgst
FEDAN AL EZNO DR E L CTHET S L
ZHENCHFZE L Tw b, 2009 SEEEIE, BEELTRD 2
WFZEAE I B A 72,

1. ASEDFEE X A = A 1 & fllaZ R e

A BE 5 A A IS B v T AT B RE 39 5 s e L
Tw3, 78 =¥ 20WHERItED N 2 K e D
RHEfE/ N Apoptotic Volume Decrease (AVD)., %
70— A S R 2R (X Necrotic Volume
Increase (NVI) EWEZN, TNHDAHZRLITDH
2 DF % 2L L7y AR—YDHEET 5, R,
BREEZMEAMNERET =4 v F v 2L (VSOR) 1,
% < DI JEBAEBNSEE T ICE W TEEEI NS
AVD  NVIIZR LT, 20Zn Cl DRI TRAD
W R 52 AR E R T I ER2EIIHL LT
&7, PUEHIS A7 7 F VBT CoREMIE 7 R+ —
> AR ML - FRETRSE N Tl - Dl 7 R b —
A, ZLCHBT Y F— ARD 7)) 7Hilfd 7 v —
AR INE L v REEERE T T ORI % 2
0—Y 2B S VSOR OFE#ZEH L, ZDF v 3
N FDRENMD THETH S Z 2P oIt Lk
(Okada et al., 2009, J Physiol),

il A N IR 0 25 88 A £l 13 Regulatory Volume In-
crease (RVI) EMEZN %25, AVD IRICIZ 2 @ RVI g
DEEHFINTWD I L2 AR L7, ZR, 207
FNRADZ AL ZH NI E 25, FEME RVI R
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HH* F—¥ Aktl OFEHALIEE L& 2 R L <
WBHIE, ZLTAY U ARY VICL BT R b=
A FHEIRITIE ROS B & Z Ut ) MAPKK ¥ —
¥ ASK1 OIEHEEB R 54, Z OfEFER ASKI I X
% Aktl FEHEAL ML RVI BEORRKE E 25 2 L%
BH 5 2 L7z (Subramanyam et al., J Biol Chem, in

press).

2. A F VAT T F VG LRSS 7OV iiivE 7 =
F v F v FIV

A b L ARHCHIIE S S i S 47 ATP 2sfiflies o
TFIVARRICHEER&# 2 R T 2 Lk %< offlikT
HMonTwad, ZoBMERFELTEZXF YV A F—
SAEDLDEZF ) TRODHDODDH LD, BENDTF
T 2AVF Y RNDEEE ZNFE TICHEA L TE 7,
SE, 20X T oAV F v FVDIEEAA A =X
rizFur By YBESBS L Tws e, 2L T
< AR O S IZ Z OB L 2 75 — R
Fus oy LR RPTP 23853 % 2 L %2
522 L7z (Toychiev et al., 2009, Am J Physiol Cell
Physiol),

—Ji. MRS 7 VR Il 4 o f% D & st
NERBENBE ALY I VBICE > THHbIS, f
ZAE, BIERFIIIICAER I NG 77V F = vic X B
WickoT7AMRY A Fo TNy I VENBES
n, B —u v IcEREET 2 2 LS T
%, . 207NV I VBRI O 2 TN L 2
A, 790 Fvoffickh T Ay A4 FRICE
B Z 7z ROS 23 VSOR i L. 2@ VSOR
ZBOTCT AV THDINY I VBRI NS Z
EDH L I o7 (Liu et al., 2009, J Physiol),



2.3 R4 IENT IR ERFT

I AHNHAZEY - WESZES - BRI A - il o
93T BERE D RNT %2 B K ELEZ DSl & 7 - T, IR
A O o7 T HERE D T 2 1L B A DS & 7 o THtED
TWwa,

W ARBSZ 5 DI T HERE DT

KRS - 5 7L 2 — ABEE € PKCe 12 & - T TRPV1
DXV VEEDOY VB LAMEHE L . TRPVL OFERER
iR (MfEsE Ca?t AU/ IIH) 29 3 2 &
ZHWE LD, ZOREICRTEITEBEL2AT S
HIF-1a 23595 Z L2 W Z L7, £7, PKCe D
TEERAT DIEE b KRR T HIF-1a KAFICHED

EDHH S DT o7 GRsCRFRT) .
sl & B - MR
25 6 20 JEAD 5 L E v I /NS e BRERER T A3,
RIS TIHEIC L B4 VAV VIME T 2 L 72
A D BREZ 6T 2R L, 72, B
HEEZHED LI HVHEDD, FHOHDIAA LIE
R RGN B 5 73 1 D BT E UG IRE B0 25 F6 B
Iz sz b L, BT B g R 20 Ze TR e & R A3 4k
T2 EERWELL Gasckfd).

BB 7F 7 A4 b o BREEAREANOWE N L
7757 YA MIZREERZE TRPVS, TRPV4 5+
FUBHRBEL TS, £ 4 F v 2V ATP %5
th 2X2 Zmifil A & & 4 HEK293 fifjgz N A 4 & v
P—E L THT, MERML777F /794 o
ATP BREFREINS Z &% BwE L7k, TRPVS,
TRPV4 X7 79 7 %A P2 AV fETT, FiC
TRPV3 238> T3 Z LS 2k -7 (BEuro-
pean J. Physiol., 2009),
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< 7 A EMEAT ERAIEIC TRPVA SFB L TED .,
HEARAR R (B oicy ) avii Lichilaz gL
TR 2 N2 %248 2% L 72) (IS T TRPV4
DHHEAL U TN CaZt E DN & ATP
ZH5LTwa I E2F R LA, JOIBEIIEAR
2 7 ADRE FEME TR BE I N5 H, TRPV4 K
Hev ATEEEINT, TRPV4 ICHSKFFT 5 2
EDH S I 572 (J. Biol. Chem., 2009),

AN 0D 55 -1~ B D gt

&7 F G HH'E Rho DEENENE TH % mDia & #
H5T5DIPD/ v o779 by AREHL CTHEITE
11> 72, DIP RIEHKRHEZH A EE A= RURGHE S H e 2 b
NCHEBRE, MBS SH RIS L Twb I L2,
A NS ) o> R IRF AT - B RG ReR A2 o B 1L T - il
HECEE ICBS T 2 0 FORBIEITEIC K > TS
2 L7z (Genes to Cells, 2009),

RUGREEIEZYE TRP F © 2OV Db

A ERYFPIRER L L oRERICL>T, ¥ ay
VY FUNFDTRP F ¥ 2 Na2EHBEIu—= 7L,
ZD9H B NvHsTRPA F * # VICIREERSZ W1 H 5 2
& &FHE L 72 (BMC Evolutionary Biology, 2009).
IEH L 1 0D i T B D bt

AL F T yMRIOLERLERE (Fr2ra F 7y
YoNBRRTIY AT )TV BRET AT A
EER L%, 20602 AR T ISR RN 2K E
Dz HTT, AL F vtz Biotid 2 i3y
WSR2 2 ISR L 7o, MRETEE) 2 6 THlE§ 2 2
LT &> T Y ADIEIRTEE 2 NS HlH§ 2 2 &
ZIATV S,
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fizdi~s 2 ik b, BUEHEHROMNEE 2 5 2
IC¥ 32 Exila s Ldhic, 3 &I ATHHERO
Za—nViEEESNTAI LIk, 2o OHE
EHPFELATENC ED X ) IZBIR L T 2 2R
Twb, BENAHEE LT (1) HEEEICE T
gk & Z ofrduthash ORBL, (2) THEEKEICE
J 3 EERME= 2 — vy EAE R AR ED X9
CBb -T2, (3) MREEEICE T 2 Gl
B ORIE, (4) SUREBHEEERIC 3 1 2 B 2l
WMDIN—EY T DAH=ZALICBT 5%, (5) H
B D 2 BT DO AN EBLOIE 7 £ 247> 72,
FHLTIMRI ZHOWEBRIC X D, (6) fAITER
M B 2 IR D A2 2 i) Z DR 2@ & L
THEL 7, THUIEFIO MRI E 2 w79 o
TOFND IMRIFADFHERTH %, 2009 4FI_LFLD
(3) IOV THEL WX ZMNT 2,
Yasuda M, Banno T, Komatsu H (2009) Color se-
lectivity of neurons in the posterior inferior tempo-
ral cortex of the macaque monkey. Cerebral Cortex,
doi:10.1093/cercor/bhp227.

YL O AN BB X RN ECE D BN A AE S 5 MK
T, HEI NS LEOBIBEEINS I LS
SR QRSN O a4 ko el Y P e TR o

EMIET2bDEEZ NS, Fox d T HITHEEHRET
(PIT) T= 2 —u v ORIBGERFEZ FEflic~ v © v
7 U AER, B EEIRTE 2 o Ml 23 %4 L CHLE
L. HEF 05 % #8192 HX % RO fHIs e T %
&AL PITC (FHIBHKEHTOHER) &40
7z, Z OFEBIZOEFRMEICECBERLTWwE b D
tFEZ6NS,

X 5.3A x5~y ¥ 7 %47- 7 PIT O %R
T, ZOEFIE THMEEED ANIH7- 250 TH 5,
X 5.3B 1ZMDGHED EicF4 238 L < FHR L 72 PITC
DhiiEE R LT3, PITC I3l (PMTS) %
FMNoTHEEL., o= 2 —a vidhLREIcR
KW 2RO, TEICBEIT 2 & ARG 2
ik Hica, HIcHE I B, il TR T
WICZBEBH 2RO LI, 2L L TRE > IE 4
DI 2 K> T/, KRBTV (Db Ol
DI DSFAET 5 D3, W4 DBIEFHL 3 5] % DEERE I
WIBT 5 EEZLNTWVS, fiE> T PITC bREDHE
BRICBIR L 72— DI IcNIE T 2 b D EEZ 5N 5,
F41d CIE-x y BT E Mo L2 [J UH %
S () otfilEoxy F2fioT, —a—mrroiK
JBE R, 2 DR PITC N oitfts =2 —
vy D% B EEIREZ R o T s, PITC @
NI N 2 — 0 VRSICERREZ RS 2o
oo BIOENERME R =2 -0 Y%V Eh s,
PITC (& tafEH LR i 78 < BIFR L 73047 T & 2 L HEH
INns,

5.3. A, ¥V DRDIMUIE & PIT D5, B, PIT (HEDKDILREE & PITC DETE & UHHEFREL
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¥ 5.4 1% PITC &£ ZDf Y DD = 2 —v v D
BawyEr 7 LEREZRL TS, X 2A 3%
REDBXEZRL TS, SEBRERZNEFNEDE
BN EE A B2 8o ORI 2R L 22/l (S) &
NS o Ml (B) 2K 9, s L D T ORI
WEETME R RO = 2 — 0 U VB L CTHEEEL T 7,
Z D% PITC &40 7, 2B 13 Z A LT
DEZIMEL TV E2rERL TS, PITC DLED

T F LI A 2 R ofilie (F) 3% v ookt
L. TOHTRLY AR 2E5025 26, B
I ERETICRZA R 2 Rofile (O) 238ICHEEL . T
WIo AR 2 ROl (@) 2SHIDTITHEL., kL
L TRE > X 2 > T3 2 Lot
COWD = 2 — 0 VIFEPEFEDOELE ED KD
WKBb o TV ED0%AS I EBSHOMETH 2,
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5.4. A, PITC a6tk L 7= 2 —u v D&
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= fowvea
D e
MDA, S BV EREINMEZ R Ui, B IidA Btk R L~
il (sparseness index0.3 TX47). B, PITC fE» 658k L 72 = 2 — 1 v OZEH O ED 516,

@ - lower visual field

upper visual field A, == horizontal meridian
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PFES 7 F VIRFT TR, MR AR O B 2 o &
LCR LTy 7R ZIT> T3, FARIFAET
i, WA 74 A2 HOBRAEHYTH 20, EiE
TWE~Y Az e ATEfENT e, Ak~ 205
DTy TNy FERELIT RO TV, SHEIFHE
B in vivo 28y F 7 7 v TRl DATEE TH 5 I
HEMEBEZDO 7NV —=725Mb b DY —7 v + b
R 72,

Ca*t /JANEY 2V VEfHE7 a7 4 v ¥ F—Xic k
58 - ol
Ca’t/ANEY 2V VKT R T4 ¥ F—E 11
(CaMKID &, ¥ - dRIcEE2WE 22, 20
FHY72=y b CaMKIla DRNEER ) v 7 4 v~
7 A (K42R) Z 8L, ez w5 (Ya-
magata et al., J Neurosci 2009), K42R HE<7 X
¥, CaMKlla / v 777 b= A KD WHE LGS
WA DFEREE D 2 53, T BbIAR5: At o A2 3B -
T2 LEEZLNZABOIBIK - HEBRZ ., ITEHER
KX OEEI LT3,

/NERE-AE = 2 — 1 VREEYE S > 7 2 6ED
YIRS L]

AT A A -8y F 75 7% R\TC fEki
sk (LR OBRAIE L FEAME= 2 —
OrhoiliRIn s lEky - 7 A%ER (EPSC)
DRT7 7OV AR 72, 2 FH EPSC 1%, IRIEMHE
DA THERERIEF L (AL, ZoRIic
F. ¥ F 7 ANMNED L BB AL L TWwbh, Zh
R TIEFHHTE WD, JYTILE VY v
RS b &0 TR Th 5,

RABFEVEIC I 1T 5 RINHENRAE D £

RAMFEAIEE T IV 27 A TH B tottering <7 A% >
T RMIEE DS CTADPARETCED L) B2 23 5
PEBELTws, SR TKICE T 2>+ 7 A EER
W2 & REMFEMEITIEEAEHRT 2, —H., KA
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F7AAERZ ATy F7 5 v 7K D BIR T
PFEMIIE D Hyperpolarization-activated (I) channel
DIEWED, KT LTWw3 2RI, EEANE
K OVREBIMHRA IS X 2 SR T A AR IR o 16 PR i 23,
TAPAFRRICED &) %2 52 2 2tk
b5,

BHEIZ I T 20 TP

TNE CTHMOWEASE « LB I BI D 2 1higi
fa D BSEBEIHNE 2T > CTED, s offilg
HBREDIHIITTN=7FFEN, ED L) LkitEz
R L TH2ICEL TEAHERD S EIN TV S,
CORESZRRT B3 0101, BRAEHZEL T TR
75, TREEE G o TR O PR DSINHTH 5,
BIfE, thitfileoRE, SREhidIC Xk 2 itk Lo
a2 17> T3,

FEOMBAIC L BEREIFZ, B e R KSitETH B
TERELRD MO LI R 2 WEERFO I &M
Mo Tw 5, KRG ICHREMIEZ AL TERL
EBAETFILe 7 A2 HWT, BHOREEEICHE
L5352 F 720K 2B L Cw5, HiOL 7
AV FIZESTYF 720 E N Tw 3,

S oI, BHiOR IR X, B o T rtko
flzsZ3 2 tPMonTn3, 2o TFEENHO—
WX/ V7 RFLF) vikETh ) FRHICHRT S L
D6, in vivo THEZOWEE ZHET S 2 L2 HIEL
T3, Mgl EAEiZ2 & DI in vivo 23y F
253V 7 RITIDIIRERSTH B, WHWAL
W S % A CTHBE 2 & DR OB Z1T-
T3, ZOFEBRSGM T, A% TS O REgh
REMIIEIC ST E B0, RS %E DT O
fEtricEHTH 5 LI N0 3,

N5 DD I CTITRAEHEM T TH D
DWFFEICBIL THMERGHXL E LT ED T FET
H5,
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Mty 5275 738 EEO S EIF 27w, #l
B 2/3 JE O HEARMIH A~ DR RN EEEE G b3, B
BRI L TR E L3 2w TG L 7,
RBEHRD S DRGERIEIC L ) HERBRZRETL AL
7y FOWEBT XD AT A AEREERL, 7= F 7
NY I URBIC X BV F v VRPN & D 2/3
@SR © DFRIREF — L2 L iddRiE 2 HWTZD
PHEERIEG 2 AT L 72, Z OSSR, BEMETLEZI v b
BRFICB WTIE, 2/3 EHEAEME T 2 Sk
FEG ORISR &R, EE AR EREZ R 7 v
FOGEEE LB L CTHBIE T LTk, £/, 1E
WARETICE TR, BEES F 7ATHAL T
% 2/3 At AR 713, 2 o4 oM 5
DANZFECHETHA L, IEFICHM A2 A7 —LrD
Fr LA AR 2 R NICTERL L T 228, =
fH LGB Ic B Tk, 2/3 gk R o s
PERSGORERICBEDL ST, EDRTITB W T M
fd & DB ASEHTH -7, LLEDOFERIZ, b
PRI OTERIC &, BRI D 272 & T4 % D
IEH 72 B A TNTRAE L TR RS Aot S i
BOIBETHL I EE2TRT S,

WEHEBSZ 2 hD & F 2 70— 713, ARl Hs Eele
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Yl BB chrL 7774 v azflveT, B
WA Il % o FELE B & & ORI ESBEBE O fR AT % 17> T
W3, I, ShAEMEIIRIC I, €79 7 4 v 2 DkiZ
FITEHTH 5, CORKZELL, BHY Vv RH
ERED 7 7 ADMBEMIBLICFI S, 246 s
Mz 4 & 7. £ £ T 2 2 L 2R FEO LI
Z T ZED TS, PUTIC 2009 FEEICFER L 72
3 (Satou, et al., 2009) DOWEZE T, HEHMEDOH
WHEGEEFTENIC IS, BIKICHAE T 2 2 A — il &
W EZ R L TwE, 27 2>l BN T
HHE—2—m Ity F7ARELTED, vV AT —
MR D IEBEN I FAR DR 25 23, EHj= 2 —
QA v AF—HlildiZ, 2277 ADLER
MmN fE= 2 —n ViR T 7 A2FE>Tw 5 C
EPHSN TV, L L, 2o ARG E
Za2—0 Y OEREIZH S Tk e d o 7, AWFZETIE,
WEAGERIMIMENE= 2 — 1 v (BLF, CoLo =2 —
Yk kR PRRWICGFP TRV E NNy
Y—+7v 774 %M, Colo =a—n vz,
AR, EREFAEN . ATEIAIICEEIC T L 22, 2
DFER, CoLo = 2 — 1 V3B TEI D JF AIREIC FB >
THERELEBEZELZLTVRE I E2HLDIC L,
E, BHEL OV TOBROIED, [THORMET 7 k
7y MCIERICRERBHEZR LI B LE2RTDH
DTH Y, AR O BRI O BERE 10 L ¢ EE
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Ji, BN T 2 MRS £ R, Bl -1 X —
Ty 7 FE (. MK, HERERY MRI, &R
Jevk, RUEBRAI) 2 HWTHEL T3, 2009
ICHRE L 7LD ) BRENL 22T 5,

Mochizuki H, Inui K, Tanabe HC, Akiyama LF, Ot-
suru N, Yamashiro K, Sasaki A, Nakata H, Sadato
N, Kakigi R (2009) Time course of activity in itch-
related brain regions: A combined MEG-fMRI study.
J Neurophysiol 102:2657-2666.

FEABEEC LD 2 L2 ARBBERETH D |
Z ORAERDMBINIIEANICH EHETH 5, WEFEHE
A, FEA DRI 2 R 5 720, WIS K -
THEAZ TR 2 EEMEEARIEEEEZ BT L CBHFEL
72 (Mochizuki et al., PAIN, 2008), #%& D45 FIc
CORBEE 2 S L TEXHMZ 525 L. TXTD
PEEE DR EAZ IR B L WE LTz, £/, 2O
THELE T K > TREH I NIER IR T 2 G E %2
et CRHITE 2 2 L bR I N, KGR & -
TERH S N TGS 7 — 7 2> 6 HEGE U 7 AG B EE A3
1lm/MThHsIeho, BRI K >TEL 254
. BB U 2 FEA L FEBRIC, C #RHEIC X - TN
NBEIND I E Wb oz, SAEEX, Z OfiliEs
B2 MvT, IMRI & Rl 2 5ldx L 72, IMRI T3,
DA ISRT 2 IRERBALE, DA & B0 3D
Y R o)y, BEIAENRFBEATE <X, TR Rl
I k> TORFEEHDA SN, Z OEMDFEAGRENC
B 2EBEWSHS Ik o 7, MR,
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JEHR S . BEETE O BEME R S e, K,
D 3 DO DIWALOIEFERFZIZIEHE L TH D . BEHHO
WEEE SI-E 53X oN22 7P NItk 2bDTlEA
L BURD S IEFICHNT L 7Rl 2 f& T 7 L3k
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Kaneoke Y, Urakawa T, Hirai M, Kakigi R, Mu-
rakami I (2009) Neural basis of stable perception
of an ambiguous apparent motion stimulus. Neu-
roscience 159:150-160.

Lot BRTWwa EEEIIRZLDEHEVIRICAZTLD
T % X9 BRI LR & % < ORFEH OBk %
BDHTws, ik, 2@) OFEHME (ETFE2E
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WT, ZORICE o7, SERERIIE 1 I 4 Mo
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T2 E Vbt BIFRF 300 ms DG & 1Z R4 D | Hiffic
FIEICRER LI L 7 b DTH 5, FlIIE £ -7 <
RSB 69, BlFEH LT OB 2 M L T
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Z R % iR 160 ms A0 THIRZRIEDZH L S
N, Fio, FlEzEWEMICE Z TR BT %
L OEE) L WA e Wl E 52 TGz L TH.
AR DFRDE D ICH b & TSI T AR 2 221
Ao olc, LIeBoT, HWVFOLRHIEKD AT
FOGDIZAL L 72 Z &3 7 IER = 2 — v > OFE 7
ETIEHATE T, b\ F0llis o P2 mE %215
5L EDARITHK T 2 MFIEEOFAE L. Z AUSAIE
BWIchHb I LanRdndl, £/, HIHOELCAR
DR 5 2 L id, HER O Z ORI T 2 BB
Mz DR SN TWE I E2RT, 2D, 250
ms & &R DRI NSRBI L) RIBT 205 60
COWRESNTVIEDTHS, CORXAANZALIFER
THATH 2D, oL bEZRTLDIZHER neural
network @D+ 7 AR OGRESZ AR EN S &
WIHIHLDTH S, Tk, 7Y A TRERBORMEZ
H 5 —EDRPERICGDE L Z LITHIET 5, K%
. HEURZER ARG A LTI R AR itz &
DILFEIETDH 5., F 7o, AWTRICBHET 2 KA R
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ARG, iz AT 4L LT, RKIMECH -
KIGEEIERRZ « /INBK - Bk 7 & D BTS2 IS 1A L T
< ik o THRESZREICL TW300, £
DA ZALR, 6 DA S Bz, &
D &9 BRI X o TIEIRDFEB T 2 D27 £ DIRTE
BFEZHS 2L, 51X 20 &) REBEEDR
Rz Lz HEEL T, EREC T >~z
JHGHIFRAEBAA FIE, & 2 WIFRRAEBSENFIE L
MREIER 2N T2 HAGbE T ZIT> TV %,

2009 FEICHE L i L EENT 5,

Hatanaka N, Tokuno H, Nambu A, Takada M (2009)
Transdural doppler ultrasonography monitors cere-
bral blood flow changes in relation to motor tasks.
Cereb Cortex 19:820-831.
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Too V7. & P OBEMSTEOREICE VLTI, MK

)
N NS

120

PRETH B0, BT LB OTERVLEINTVS,
fhRsHBERIC X 5 &0 FMBATEND | Wil 2 &K
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B LFE—DBRMHATHHATES L LTw3, EEE, il
FD 6 DR OFEH & v S FEa TR & SEERME. i
WA & L THI S N B SR Z IG5 (Izuma et al.
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tion processing. Soc Neurosci.



6 FELEZAMITR

6.1 FRATTENRERBITTELRT

LERF TR, FROVBUES) & IRERD Y v r — P
B % HH 3 2 R EERS & 2 DM RGO % OB
RV IC D W CFZE 2T > T %, FFICHTE 12D
WTIE, A 7PN E AT, FiliL L To R EEHE
B, BFIC OV TE, 2Ol Pz ) SN o
[T 2 2 7 A4 ZAERZ TR 2L L b
2, —REREE 2 I ICBEG LR EEe D 7L E
T, TEL oMo~ BN E 4 2i1%8%
fioTwd, ZLTHREIZZ5IC THEEEDIERE, v
) Hik#, BABFEEALL, 0E2R 7L vy
YA vy 7 x—A (BMI) OBHFICBT % BT T,
HIVDEDET A NART ¥ =% TEEFOMIC
RUT 2 BEFEBRET 2R ZBL TS, DY
12 2009 FFICFER L e BB RERRSCOMEZ LT,

1. Nishimura Y, Morichika Y, Isa T (2009) A sub-
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BEEHICFAE T 2 k= 2 — 0 v 20T 2 M e R
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RADKEGSCE MG Z 45 & R 2 508, 7o & ZAXERRTERYE O FMi D 72 1 i IR E %2 S D IR fT -
7o LD SEEIEEE DR E L IRV CH 5, T D 2 L IISFERF DI TIXEE 0 U CORBUE 22 pli 0] 25 o TRAH AR
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Takahashi M, Vattanajun A, Umeda T, Isa K, Isa T (2009) Large-scale reorganization of corticofugal fibers
after neonatal hemidecortication for functional restoration of forelimb movements. Eur J Neurosci 30:1878-
1887.

(B) At FEE BRI Z7EEM
H2eT —= : fRERRERIN A ) 7 L= 2 a—)L b 7 v AR =5 —OBREHIH O T
FHEPZEE © Andrew Moorhouse i+, South Wales K%, F—AF7 U7

FEIAV I L—70—V 7y RAR—%— (KCC2) ZFEMIIEN 7 v — Lz filastic i 2 TES +TH
D, ZOEEIC X Y A O PRSI OMIEN 7 0 — VIEEIMES R Tw 35, 207d, WIFHESEY
HThH?b GABA ) & v ORERIINBI LTV 5 70— LT v 2)VORIHIC X - T, @ O Mge ¢ i3
DRISESER S NS, L L, ISR ICIE KCO2 gD 2l ic X D #ilaN 7 o —nRED 1A, Zzh
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FBLL T3 2 EDHIHL 72, 2009 4E 8 HA5 9 HE TORKOMTEHIRHIcim e LTE &, DT IcHE%
fiote,
Watanabe M, Wake H, Moorhouse A, Nabekura J (2009) Clustering of neuronal K™-Cl~ cotransporter in
the lipid rafts by tyrosine phosphorylation, J Biol Chem 284:27980-27988.
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(A) PhFEFERES 1 WTZEaEM
T —~ « 7L AT v DB IINEGE 2D FRET @t
HFEFZEE : Kristin Rule Gleitsman (& AV 7 # V= 7 LELEKE

Gleitsman K3 HAEMHRB Y~ — A F 2 —F > F £ LT, 2007/6- 2007/8 IZEIHHIMHAEL 72, 2 DRNIC,
NENEEMIEDE—F —EA 7V AF U OREMKAANICHHEZ 2R T2 L2, 2RHEEIAT FRET T
WX OIS DI L 72,
Gleitsman KR, Tateyama M, Kubo Y (2009) Structural rearrangements of the motor protein prestin revealed

by fluorescence resonance energy transfer. Am J Physiol Cell Physiol 297: C290-298.

(B) AlfadzEwIseR PERERBIDIZLARM
T —~  DEMHIEK LB 5 CFTR 724 Y F v 2V D 7 7R85 Y v 7
HLEIFEH ¢ Andrew F James HEHEZ, 7Y A FILVRY, A XV R
EIVE Y MLEHMIEE EICBIT S A X F IR =4 v F v 2V CFTR O%8lze A~ — h3y FIETHR
L7z 2ah, TEROEUAOTIRICE VT 728 —RICHEBL T2 BN RS T,
James AF, Sabirov RZ, Okada Y (2009) Clustering of protein kinase A-dependent CFTR chloride channels
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W ¢ Hong-Tao Liu #¥%Z, HEERKY, FHE
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I VBIEHRO =2 —n v D Calt Y VPV EERIE L I L EHS I LT,

Liu H-T, Akita T, Shimizu T, Sabirov RZ, Okada Y (2009) Bradykinin-induced astrocyte-neuron signaling:
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glutamate release is mediated by ROS-activated volume-sensitive outwardly rectifying anion channels. J
Physiol (London) 587:2197-2209.

(C) #MOAIWIER IR HB) M E T 7EREM
W7ET —= : FOY A =7 EBEICET 258 1 KIEMEEEE O [0 2Bl 2 58
FHEPZEE © M. Hallett #if:, NIH

KE NIH @ Prof. Mark Hallett fiL-fF%e= 1z, fiEARIOBERICHE S LI BN - EBERcEATH D | Hili
KRENBIZ L GREICD > THEAVEZ T > TE L, HMEFIAREEER DO REEETH % dystonia, FFiC
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551 RIRMEEREH OISR T L Twa 2L 26T LT,
Tamura Y, Ueki Y, Lin PT, Vorbach S, Mima T, Kakigi R, Hallett M (2009) Disordered plasticity in the
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(D) s Lwt7EEM
MET == Vsx2 DX 75 7 4 v ¥ 2 ROFEEITE T 2 HEREMRMT
HERFEH © William Harris 232, 7> 7' v PR¥, HEE

7774 vy alROFEEICE T, Vsx2 258 2 MllEOMIREMIT 21T o7, ZDRF. Vsx2 27T
2 TN S F X afBEOMEZ AT 2 L0 o7z, £, Vsx2 I &k GG Z OB
RICHGLTW3 6 L, Vsx2 OFEBIEIMET T2 &, #IFERTEAHIIEIE Vex2 1T X 28012 5%, K DES
nrcEEOMaE LA L TWE 2 EPRRINS,
Vitorino, M., Jusf, P.R., Maurus, D., Kimura, Y., Higashijima, S., and Harris, W.A. (2009) Vsx2 in the

zebrafish retina: restricted lineages through depression. Neural Development 4, Article # 14.

(E) MiMadEwiges A7
WFE T —= 1 7L 3 b A U LIAEN 72 BACEL © 7 7 b ~ORIFEGIZ 7 VY A < —RBES 7 A B A IS
AR
J:[FfFZE# © Gopal Thinakaran #E#df%. 4 3K

TNUINA 27— 7F N A BIIFTEEHE APP ® BACEL Ly 27 L ¥ —VIZ X 2&EHESRICL -
TELEINS, KE., ¥H 2 K¥D Thinakaran #EHIRZ S 12 BACEL 2857 7 & MR 2 JEM/INERR I ik X 4
52 LICEHL, BACEL ®7 7 Ok, BXUOZ2oRENMICK S A BEAICHT 2302 MG L 7%,
Thinakaran 5% BACE1 23V & b A WALEESRi #2322 L2 RHE L7, —J5., SEHMTIE7r 2 474 Fi
2OV I P A VALEEEREZ B L TE D, BACEL 2801 3 b A LT 2L ICBI S 2 AR ZBE L 72, 27
V—= v 7 DkER, DHHCS, 4, 7, 15 8X U 20 23 BACEL @5V 2 A MLL AL Z2IG#ET B 2 2 RHL 7=,
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Vetrivel KS, Meckler X, Chen Y, Nguyen PD, Seidah NG, Vassar R, Wong PC, Fukata M, Kounnas MZ,
Thinakaran G (2009) Alzheimer disease Abeta production in the absence of S-palmitoylation-dependent
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77—~ 1 SNAP25 D> 2 7 A Y ICE GBUKEIRIZEA DR & & 30 & b A ULEERIC X 238z H-> T3
HLFEIFEH ¢ Luke H. Chamberlain FfEWF%EE., TPV N7 K% A FY R

SNAP25 EHEIZBEICREEL, =7 V¥ A F—v Xz2{lfllT 2EHETHH., ¥ F 7 REEICE D 5 HEL
BHETH S, L2 L., SNAP2S DIEANDRTEALD T T A A = A LIEHRHTH 5, Luke H. Chamberlain & 1%
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12ThH, TOLEREAEICEEREIED S 506 h %2 LRI THRE L 72, ZOf5H, dep VT?X“G%EEL“C
W 5285 Zdhhe2l 1S3 2 BEFEIRW Z EBHSh E o7, 612, FAE DX Zdhhe2l OHEERAE
T Fyn, eNOS 2 ¥/ ICFE L 72, AWEIZ OV S AU LESE 7 7 2 —0)1@{2!31/&11/“@0)$E¥T%}%ﬁ5%ﬁﬁ?’r?
5 L TOHEELFHRLZLEZOSND,
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