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Message from Leader of Neuro Global Program

Tohoku University has promoted a
global education and research environ-
ment based on our traditional philoso-
phy of "Opening the door" from the
establishment of our university. The Divi-
sion for International Joint Graduate Pro-
grams, Tohoku University Institute for
Promoting Graduate Degree Programs
has been established since 2015, and is

now consisted with nine programs.

The Neuro Global Program (NGP) has
officially begun in April of 2018 in the
fields of life science and neuroscience.

Students will be selected from graduate

students belonging to Graduate School
of Life Sciences and Graduate School of
Medicine, and provided various opportu-
nities such as to attend special lectures
in English, Spring School for academic
English training, Summer School with

distinguished scientists, and so on.

NGP students who pass Qualifying
Exam 1 (QE1) at the end of the master
course can study abroad for several
months in host laboratories in collabo-
rating foreign universities/institutes with
financial support for travel cost and

accommodation. We recruit excellent
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students from domestic and overseas.

Further internationalization is required
for researchers who will be active in
the field of life science and neurosci-
ence in the future. By all means, do
participate in NGP and acquire inter-
national research capabilities and lead-

ership.

Noriko Osumi

Vice President, Tohoku University
Professor, Tohoku University Graduate School
of Medicine
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Molecular Neuroscience

The research area of "Molecular Neu-
roscience" aims to understand how a
large number of molecules in various
kinds coordinately work together for
cells to function in the brain and ner-
vous system and to establish such
super-complex systems. Both genetic
programs and the epigenetic respons-
es against environmental factors will
be focused using mice and flies as

typical model animals.
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Genome Science

Since neuroscience is closely related
with life science, research in funda-
mental genome science is essential
also to understand functions and
establishment of the brain and ner-
vous system at the molecular level.
The research area "Genome Science"
focuses on gene regulation, cell divi-
sion, and organism evolution as well
as pursues genome epidemiology
using genomic information of 150,000
people deposited in Tohoku Medical
Megabank.
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Neuropsycho-perceptive Area
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Systems Neuroscience

Based on the construction and func-
tion of the local and inter-regional
neural circuits, we aim to understand
the brain mechanisms underlying per-
ception and cognition, motor functions,
learning and memory, and prediction
and decision making. Our main exper-
tise is the animal experiment using
primates and rodents as subjects. We
apply various techniques such as elec-
trophysiology and neuroimaging for
neural recording, and genetic modifi-
cation, opto- and chemo-genetics,
electro- and magnetic stimulations,
and chemical microinjection for neural
manipulation, as well as behavioral and
computational theories and methods
for experiment designing and data

analysis.

BaaERREREBHEE
Neuropsycho-perceptive Area
Experiments using animal models
provide enormous knowledge on
basic mechanism of functional disor-
ders of the human brain. Many experi-

mental procedures including genetic

engineering greatly contribute to
explore intriguing new treatments.
On the other hand, human brain has
much more complexity with different
dimensions than animal brains.
Therefore, many functional disorders
of the brain have to be investigated in
humans per se. Recent advances in
non-invasive imaging/modulatory
techniques including magnetic reso-
nance imaging, positron emission
tomography, transcranial magnetic
stimulation and other methods
enable us to examine morphology
and function in living humans. In this
area, translational investigation is in
progress on animals and humans
with bridging basic research and
clinical practice. We will promote
challenging research on neurological,
behavioral, psychological, psychiatric,
or psychosomatic disorders as well
as disorders of perception including
vision, auditory information, olfactory
function, taste, somatic sensation or

visceral perception.
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Curriculum
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Neuro Globalik—ALNR—Y
http://www.neuroglobal.tohoku.ac.jp/
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"Neuro Global" International Joint Graduate Program

Curriculum

Tohoku University has launched nine
International Joint Graduate Programs
with the support from Top Global Uni-
versity Project of MEXT to improve
international educational environment.
In the field of life science, the "Neuro
Global" program has officially started
from April of 2018. Neuro Global pro-
gram students are selected from gradu-
ate students belonging to the Graduate
School of Life Sciences or the Graduate
School of Medicine. With the central
focus on neuroscience, the students
pursuing various fields of life science
are expected to participate in the Neuro
Global program; the research field can
cover genomic and meta-genomic
science, epidemiology, and clinical
science as well, We recruit excellent

students from domestic and overseas.

Neuro Global Program students are
selected by the Qualifying Exam 0
(QEO0) shortly after entering either
Graduate School of Life Sciences or
Graduate School of Medicine. It is

expected that the students enrolled in

this program to complete their Master
course and further go on to the Ph.D.
course. In the case of students accept-
ed in the Graduate School of Medicine,
they can enroll in the Neuro Global
Program either at their 1st year Master
course or at their 1st year Ph.D. course;
but in either case, they are expected to
complete the Ph.D. course in the end.
Further details and exceptions of the
rules for the eligibility will be decided
and provided for reference to those

interested.

The accepted students will be provided
with various opportunities to partici-
pate in 1) special neuroscience lectures
in English, 2) Spring School for aca-
demic English training, 3) Summer
School with distinguished scientists,
and so on. The students will have
financial support which would be able
to cover most of the cost for living in
Sendai. At the end of the Master
course (or the 1st year of the Ph.D.
course in the case of Graduate School

of Medicine), another Qualifying Exam

1 (QE1) will be done to evaluate wheth-
er the student will further be accepted
as a Neuro Global student for the rest
of the Ph.D. course. Those who pass
QE1 will be given the opportunity to
study abroad for approximately 6
months in host laboratories in collabo-
rating partner universities/institutes
overseas with financial support for
travel. Upon completing the require-
ments for the Ph.D. course in each
graduate school, Neuro Global Pro-
gram committee will be conducting
another Qualifying Exam 2 (QE2). The
qualified students will be given Ph.D.
status from the Graduate School that
they belong to as well as acknowledge-
ment of completing the Neuro Global
Program. Students will be expected to
receive Jointly-Supervised Degree (or
Double Degree, Joint Degree) to certify
the completion of the program. The
outline of the curriculum of the Neuro

Global Program is shown below.

http://www.neuroglobal.tohoku.ac.jp/en/

B Curriculums to foster system integration skills
M System to ensure and guarantee the quality of the enrolled students' achievements

Curriculum outline each unit can be imaged as stacking up from the bottom of the list

B Curriculums to foster international communication and collaborative skills
B Newly organized international lectures

Neuro Global Program (Tohoku University)

Associated Overseas University

Expected degree

H DD (Double Degree), JSD (Jointly Supervised Degree), or JD (Joint Degree)

Ph.D. defense

M Qualifying Exam 2 (QE2 of NGP will be performed along with the
Ph.D. defense required by the graduate schools)

Qualification for completion of
NGP will also be evaluated by
the supervisor at the associated
overseas university

NGP students will be enrolled in either the Graduate School of Life

seas training" in their curriculum. However, fees related to this short-term
travel may be supplied to students from either graduate school. Please
discuss with your designated supervisor in Tohoku University and NGP
coordinator for details.

Ph.D. study Sciences or the Graduate School of Medicine. Each graduate school has
° 9 - 30 units different regulations for the mandatory units required for the completion
4 mandatory of the Ph.D. course. These units will also be counted as units required for
§ completion of the NGP as well.
a
a . B Neuro Global Special Overseas Training SNtaGP- Stﬁdﬁnﬁs Eom ab-rtoafd can
Overseas training ; : yn fonoku Lniversity for an
6 units (NGP s‘tudents are expected to stay at oversggs university for a to‘tal of extended time to gain training
mandatory approximately 6 months or more to get training from the associated aﬂd SuPteer\SIO‘ﬂt from Tk;)hoka
supervisor to establish collaborative international research) Ng\;erm y facuity members o
B Overseas academic conference attendance
NGP subjects B Advanced academic English training course, Advanced basic neuro-
(optional) science, Advanced brain science seminar series Ex, Advanced brain
science intensive lectures
Qualification for completion of
Master course M Qualifying Exam 1 (QE1 of NGP will be performed along with the NGP will also be evaluated by
thesis defense Master course thesis defense required by the graduate schools) the supervisor at the associated
overseas umverswty
NGP students will be enrolled in either the Graduate School of Life
Master course Sciences or the Graduate School of Medicine. Each graduate school has
::)u:rzlits different regulations for the mandatory units required for the completion
mandatory of the Master course. These units will also be counted as units required
for completion of the NGP as well.
M (Grad Sch of Med) Units can be acquired as "Internship training (6
o units) or Article research | (10 units).
g Short-term overseas training lasting approximately 1 week to 1 month can
2 be counted as the above units. Participation in overseas workshops relat- NGP students from abroad can
§ | Overseas training ed to brain science or lab work in associated overseas university are con- zthiyrt['?i;thikr;gg\g:';ya:si;g
2 6-10 units sidered as "overseas training". Those enrolled in the Graduate School of and supervision from Tohoku
= optional Life Sciences do not have appropriate units that can be assigned to "over- University faculty members of

NGP.

International study
2 units
mandatory

B Academic English training course
This course is aimed to train NGP students with skills for English commu-
nication and academic presentation.

Students in associated overseas
university are welcome to attend
this workshop and participate in
the discussions.

Basic NGP studies
4 units selection
mandatory

B Basic Neuroscience-Neuroanatomy, -Systems Neuroscience, -Molec-
ular Neurobiology, -Cell Physiology

M Brain Science Seminar Series Ex

M Brain Science Intensive Lectures | - VIII
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Academic English

Academic English

ZANeuro GlobalEEHREKZER 70O
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Bl ENRMBHREBO>TVET,

Neuro Global Program offers an aca-
demic English training course for 10
days by inviting two lecturers from
University of Leicester. On the last day,
a poster session is scheduled, and for
this goal the students actively learn
scientific English skills for presenting
their data both in written and spoken
English. Every time, it is astonishing to
watch how the students grow during
these two weeks by showing their

self-confidence.

Monday Tuesday Wednesday Thursday Friday
Introduction to the course Using sources 1 Research gaps Grammar: voice Writing day:
9:30 -Get to know course, -Understanding when to cite -ldentify a research gap -Choosing when to use Preparation of
classmates and task -Examine the conventions -Use relative clauses active and passive voice Iiterature
: -Strategies for building for citation -Write own research gap review and
11:00 ; dari methodology
academic vocabulary -Considering when to be paragraph
cautious
Reading with purpose Introductions Paragraph organisation Poster design
-Use a strategy for -Understanding the -Study different -Learn about poster
11:30 reading introduction structure organisational patterns design
-Read about poster -Exploring organisational -Identify common phrases -Plan your poster
! presentations patterns in introductions for different types of
13:00 organisation
-Examine reduced relative
clauses
Communication Noun phrases Being critical Methodology
14:00 -Use language for clarifying | -Study differences -Evaluate a research -Features of Material and
-Practice pronunciation between spoken and paper Method
! -Have a discussion written English -Analyse evaluative
16:00 -Improve writing through language
use of noun phrases -Write a review
Find and print supporting Revise & edit your Revise & edit your Write, revise & edit your
Independent articles literature review literature review methodology
Study (maximum 4 articles);
practice SQ3R
Monday Tuesday Wednesday Thursday Friday
Academic presentations Answering questions Abstracts Independent study: Independent study:
-Key aspects of giving a -Explore poster -ldentify the key elements prepare posters prepare posters
9:30 presentation presenting of a good report abstract
| -Language and -Summarise research -Identify language for
11:00 techniques for presenting -Practice answering abstracts and reports
questions -Review report structures
-Write a report abstract
Results- Describing data 1 Paraphrasing Personal statements Independent study: Poster presentation
-Analyse data presenta- -Consider what makes -Study formal and less prepare posters event
11:30 tions good and bad paraphras- formal written communica- 12:30
| -Review language to ing tion Closing ceremony
13:00 describe trends -Practice paraphrasing -Write a personal statement
-Practice explaining data techniques -Focus on verb tenses in
context
Describing data 2 Experiment discussion Perfecting your work Tutorials :
-Analyse the structure of -Analyse the structure of -Referencing Individual feedback
14:00 a results paragraph a discussion paragraph -Organisation on written work
| -Study vocabulary related -Study phrases related to -Grammar
16:00 to results discussion paragraphs -Vocabulary
-Practice writing a results -Practice writing a
paragraph discussion paragraph
Independent | Revise and edit your Revise and edit your Revise and edit your Presentation
Study results discussion and abstract & personal practice day

conclusion

statement
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NGPIEBEWTIE A== T 1ALy Y- AYFY(UCL) BE BROEEXRF EEHEL . ERNBHEBEERELTVWEY,

NGP DN EHE

1 2
AZN=2FT« ALy I-AVRI/MAFIR =RV KZ/NILF—
University College London(UCL) Katholieke Universiteit Leuven (KU Leuven)

8
TavEIVRILIKE/RA1Y

Heinrich-Heine-Universitat Disseldorf

9
AVTAIZFIBRKZE/TAVA

California Institute of Technology

3
Y—ARVENKZ/ASVS

Maastricht University

4 10

AL AIRKRZ(Fa—YvE)/ A1 LAG—KRZ/MAFUR
Eidgendssische Technische Hochschule Ziirich (ETHZ) University of Leicester

5 *TFAT IV RBRBCE T2 EH
Fai—UvEXRFE/RACLR

University of Zurich

6
I —RERMAZ/ /I —

Norges teknisk-naturvitenskapelige universitet (NTNU)

7
75V AELIGARER-YIAVK/TIVR

Institut national des sciences appliquées de Lyon (INSA-Lyon)

NGPZ4 - EICLBUCLEAM

BAREEDSHEZREL ABROFEHZLFACATDD
Dz NCPIZT . EFFERELTEBLTWEEWTEDET,
INIEED NGPEEF LBICWEANSICLTBADEEL K
FOREOHRERBRIDIENTEET,

BIRIF ERNADEFMAEL. BERLBMRAEREEZRELT
MPY—R7—)L12EEL NGPENMER DR ERDMARE
EAVITIVTATICRRITDERERBELTNET,

Prof. Menno Peter Prof. Menno Peter Witterlc &% #&E &3
Witter FHER

NGPH~Y—XT—)L REBFRAEL NGPELE-HE
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EERMARE M2 FETE EDTF  Misako Tatehana

| attended UCL-Tohoku Kick-off Partner-
ship Event on 11th and 12th Oct. 2018,
On the first day, we had a campus tour
and learned about the history of UCL
and the relation between UCL and
Tohoku University. In Neuroscience
workshop, 10 researchers gave us short
talks. Neuroscience has many research areas, and | was not familiar with
some of them. However, it is important for me to know neighboring research
field and | believe it will give me ideas for future joint research. Next day, |
visited some laboratories at UCL and The Francis Click Institute. | had a
discussion with Prof. Turner about my research. He is an expert of sex chro-
mosome research; therefore he gave me comments to my immunostaining
data of histone modification on sex chromosome. He also gave me advice to
improve my technique of FISH analysis. During these days, | have been so
impressed because | met a lot of experts in their own field. It was a good
opportunity for me to be encouraged and inspired. | am grateful for all the
opportunities and will work hard as a student of Neuro Global Program.

QEVEFRRARKHICERBEND T AT IV IV REBERHER(L
RY—RFZEDBEICED W EERAT+TBMDL 5
AMZ7OTSL)ICBMUTETIZIENEBM TSR TY
i’g_o

EmBFEMER M2 XH EA  Masato Ohi

| attended "UCL-Tohoku Kick-off
Partnership Event” held in London
during the period of 11-12 October
2018. This event consisted of a
campus tour, a signing ceremony,
workshops, and lab tours. In the
workshop for neuroscience, | heard
lectures on molecular, cellular, systems, developmental, and cognitive
neuroscience by professors from both universities. The most impres-
sive lecture was Prof. Steve Kernnerly's talk. He explained how areas of
the frontal cortex are involved in attention and decision-making in
monkeys. This talk was relevant to my own research. In the lab tour, |
visited Prof. Sven Bestmann's lab, he is my overseas co-supervisor in
Neuro Global Program. | reported my own results of preprocessing
that was based on visual inspection. | discussed the way to analyze
the data automatically by using computational program with him, and |
could receive valuable suggestions. | will make use of this experience
in future research activities.

QET AR EOBIRAZFRICEVW TR RERDOHEEHE
BEHB, LD RIERFZOTERERBCEHZELT MR
BEEZTVWEI.INICED NGPERF BLHRAERET IHD
BT ZDO—EZ "EERILRME CLTERBLR T E LR
HRECEER 6 rEEZBNORIESHREOMRETHE
STREMBFA—IUPTLERBBREZE>T EHNRIE
Bz57FY,
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1. Kikkawa T, Casingal CR, Chun SH, Shinohara H, Hiraoka
K, Osumi N: The role of Pax6 in brain development and
its impact on pathogenesis of autism spectrum disorder.
Brain Res 1705, 95-103, 2019

2. Kimura R, Yoshizaki K, Osumi N: Risk of Neurodevelop-
mental Disease by Paternal Aging: A Possible Influence of
Epigenetic Alteration in Sperm. Adv Exp Med Biol 1012:
75-81, 2018

3. Sakayori N, Kikkawa T, Tokuda H, Kiryu E, Yoshizaki K,
Kawashima H, Yamada T, Arai H, Kang JX, Katagiri H,
Shibata H, Innis SM, Arita M, Osumi N: Maternal dietary
imbalance between omega-6 and omega-3 polyunsaturated
fatty acids impairs neocortical development via epoxy
metabolites. Stem Cells 34(2), 470-482, 2016
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X} Molecular Neuroscience

Affiliation  Department of Developmental Neuroscience, Graduate School of Medicine

Research Developmental Neurobiology, Molecular Neuroscience, Developmental
Neuroscience

Vice President, Professor

Noriko Osumi

Career

Prof. Osumi has graduated Tokyo Medical and Dental University, been given PhD thesis
from the same university, and now is a professor of Tohoku University School of Medicine
since 1998. She has become Vice President of Tohoku University from 2018. Her research
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Brain development and neurogenesis
underlying brain evolution and mental
iliness

Our brain is the center for nervous and
mental functions from sensory perception
and motor control to learning and memory.
How such a brain is formed during embry-
onic and postnatal development? To eluci-
date molecular mechanisms for mammali-
an brain development is also the key to
understand brain evolution and neurode-
velopmental diseases such as autism. Our
laboratory is focusing on this fundamental
and fascinating question by using
state-of-art technologies such as genome
editing, next generation sequencing, and
super-resolution imaging. We are working
on mice and rats because they are easy to
handle in the lab and suitable as disease
models.

The ongoing projects are 1) elucidation of

REEHTWETOI I b

OFEALBERBFTREBRICE T 2MIBAMRNAREA I =X L
QOBFMBOIEY T RT « v VB EREAMEE THRENOZE
GHEFHMIEs LU 7 Riflllgick 1T 2 HEEREDRKRE

Developing rat embryo

@

Cultured astrocytes

mRNA transportation machineries within
the neural stem/progenitor cell during
corticogenesis, 2) effects of epigenetic
modification due to sperm aging on brain
development and behavior traits in
offspring, and 3) roles of functional fatty
acids in proliferation and differentiation of
neural stem cells and glial cells.

We are interested in cellular and subcellular
mechanism of cortical neurogenesis. Since
the neural stem/progenitor cells in the
cortical primordium, called radial glial cells
(RG cells), stretch their thin processes to
apical (ventricular) and basal (pial) surfac-
es, various molecules localized in specific
positions within the RG cell. The current
projects include identification of a cellular
machinery for transportation of basally-lo-
calized molecules such as Cyclin D2, a key
regulator of cell cycle, via a currently
unveiled RNA binding protein.

complementary region

Genome editing in mice

Postnatal mouse brain

SgRNA

fertilized egg

Cas9 mRNA X

0

.
guide RNA

Impairment of neural development cause
neurodevelopmental disorders such as
autism spectrum disorder (ASD). Patients
with ASD exhibit social impairment includ-
ing verbal and non-verbal communication
deficits, and repetitive behaviors/restrict-
ed interests. A survey by the Centers for
Disease Control and Prevention revealed
that 1in 88 children has been identified
with an ASD in 2008, which is 5.98-fold
higher than that in 1992 (about 1in 526).
Among possible factors involved in
increased prevalence with ASD, advanced
parental age at delivery is considered to be
one of the biological explanations. Our aim
is to understand how advanced parental
age contributes to pathophysiology for
ASD thorough the epigenetic changes in
their sperm and brains.

Lipids, especially fatty acids, are important
nutrients because they compose cellular

Developing cortex

Spermatogenesis

structures and produce biologically active
substances. We focus on effects of lipid
intake on rodent neural stem cells and
neural development. We have recently
reported how imbalance of n-6 and n-3
polyunsaturated fatty acids during
pregnancy and early lactation impairs
offspring's brain development and subse-
quently induces anxiety. Glial cells are also
a major component of the central nervous
system, as well as neurons. In the mamma-
lian brain, glial cells have the number of
several - dozens of times in comparison
with neurons. We want to clarify the func-
tion of fatty acid binding proteins in astro-
cytes.

Our lab is participating in Neuro Global
Graduate Program, and suitable for students
and young researchers to be trained and
raised in an international atmosphere with
foreign students over the world.
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Lipids are important nutrients for various
biological reactions. Recent epidemiological
evidence suggests that dietary consumption of
some lipid molecules may modify the risk for
certain disorders. However, the molecular basis
of their actions is still to be clarified. Since most
of the lipids are mostly hydrophobic, they are
solubilized and transported within the cells to
exert their cellular functions by various mole-
cules mediating cellular lipid metabolism
and/or its dynamics. The major goal of our
laboratory is to clarify the molecular basis of the
interactions between lipids and a number of
physiological responses through clarifying the
biological role of lipid associated molecules,
and to explore the link between cellular lipid
homeostasis and human neuropsychiatric or
-degenerative diseases such as schizophrenia
and Parkinson disease.

Ongoing research example:
Chronic inflammation has been observed in the
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brains of individuals with various brain diseases
including Alzheimer's disease (AD), and that is
believed to be integral to the pathogenesis of AD.
Arachidonic acid (AA); the most important ome-
ga-6 polyunsaturated fatty acid (PUFA), is an
agonist of inflammatory pathways. The free AA
has a short life span in the brain, which would
either be incorporated into the brain or converted
to a family of metabolites that are potent inducers

of inflammation.

Fatty acid-binding protein (FABP) is a family of
intracellular protein that is known for their
involvement in the transport, retention and
metabolism of fatty acids. We showed that
FABP3, FABP5 and FABP7 are highly expressed
in the brain, with FABP5 widely expressed in the
various cell types, while FABP3 and FABP7 tend
to be localized in the neurons and astrocytes,
respectively. Interestingly, the expression of
FABP3 is reduced in AD brains, and upregulated
AA metabolism has been reported in both AD

Ebrahimi et al., Glia, 2016
KEMEZE A SO A MMIFSRT SFABP7
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mice model (hAPP-J20) and patients with AD.
Therefore, it could be possible that reduced AA
incorporation into the brain due to FABP3
deficiency would lead to increased availability of
free AA to be converted to metabolites promot-
ing neuroinflammation.

Given FABPs displays higher affinity to omega-6
PUFAs than omega-3 PUFA, it is possible that the
excessive dietary omega-6 PUFAs (e.g. ARA)
entering the brain would challenge the FABP
system, and the excessive free ARA would lead to
inflammation. This proposed mechanism may
explain increased AD risks in people with high
omega-6 dietary intake. A therapeutic agent that
could upregulate FABP expression in the neurons
may help to decrease neuroinflammation due to
excessive ARA in the brain.

LXR agonists have been demonstrated to be a
new potential therapeutic drug for neurodegen-
erative diseases, where attenuate the imbalance

(FABP7)D&EF /v I F7IKXYD
ZDKEEE T iR ZEE
FREICEENECTVWEZEERESH
ICUFE U £/cFABP7REF7 X O
YA MNOORBEEREZEBVWLERD
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TR IRAICE T D EHRZER
FREEBF. 7ANOYA KT
DFABPTRENERTH S
ENEEMEL NIV THER
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lipid metabolism and exhibit anti-inflammatory
property. Interestingly, FABP expression could
be upregulated by LXR agonists, though this
effect is reported in non-neuronal cells. It is
reasonable to hypothesize that the neuroprotec-
tive effect of LXR agonists might partially due to
increased FABP expression.

Therefore, we are sought to examine the role of
FABP in neuroinflammation, where FABP may
actively incorporate ARA into the brain to
reduce the amount of free ARA in the brain
that converted to its inflammatory metabolites.
This study may also confirm that FABP
expressed in the neuron can be upregulated by
LXR agonist, and the upregulation of FABP
could reduce the availability of free omega-6
fatty acids in the brain to retard the develop-
ment of neuroinflammation. Successful com-
pletion this project may lead to a novel treat-
ment that reduce neuroinflammation associat-
ed with high omega-6 dietary intake.
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How does the human brain process exoge-
nous information and take appropriate
action? It has been confirmed that apart
from humans, various animals including
insects have the capacity of memory and
learning, and are able to distinguish
between sensory stimuli. However,
because neural circuits in the brain are
complexly interconnected, the mechanism
for even simple brain information process-
ing is not fully understood.

'Learning’ through the accumulation of
sensory information expected thus far, and
taking appropriate action o the basis of
what has been learnt is one of the funda-
mental functions of the brain and nervous
system widely seen in the animal kingdom.
Part of this process involves associative
learning, which is the linking od 2 different
stimuli within the brain. We manipulated
cells from the brain of Drosophila, and by
evaluating how such manipulations affect-
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Schematics of the testing setup for order choice and outline of the
neural circuits responsible for olfactory memories.

ed their behavior we have been attempting
to elucidate the neural basis for behavior
on an individua neuron level. Ethology,
histomorphology, genetic engineering, and
image analysis are integrated into our test
methods used, and to develop new tech-
niques to analyze behavior and morpholo-
gy on a single cell level, we have been
developing tools in terms of hardware and
software.

Neural circuits for learning and the
mechanism underlying transmission of
rewards and punishment

In olfactory learning of Drosophila, we
were able to stimulate the formation of
positive and negative memories by giving
either a sugar reward or electric shock
punishment at the same time as present-
ing particular odor during practice. Asso-
ciation learning involves brain structures
called mushroom bodies, where odor

Dopaminergic neurons that mediate signals of

electric shock punishment and sugar reward.

information is integrated with reward/pun-
ishment information. Therefore we have
been researching how reward/punishment
information is transmitted to mush room
bodies. According to previous researches,
reward transmission is known to involve
octopamine, whereas punishment trans-
mission involves dopamine. We further
created a novel 'memory induction experi-
ment system’ to non-invasively activate
target nerves in free-moving flies using
temperature changes, and as a result, we
were able to identify the class of dopami-
nergic neurons that mediate punishment
(Aso0 2010;2012). We also found that
reward information is transmitted by
different dopaminergic cell group to the
aforementioned punishment mediating
dopaminergic cell group (Liu 2012). This
finding demonstrates the functional diver-
sity that dopamine has in the process of
‘value judgment’.

Mechanism underlying the discernment
of sensory stimuli

Humans are capable of distinguishing a small
difference in the wavelength of light as ‘differ-
ent colors'. We have been researching how
Drosophila apply their olfactory and visual
associative learning system to process and
distinguish sensory stimuli such as color and
smell within the brain (Vokt 2014;2015). In
addition, we are attempting to elucidate how
sugar and electric shock used as a reward
and punishment in learning experiments are
detected, how they are mediated as a reward
or punishment, and the neural circuits in
which sensory information is received and
processed.
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Humans grow up under the influence of their
environment and society and, even into adult-
hood, we are continuously changing in
response to new information. Indeed, the
nervous system of an animal is formed not
only by intrinsic factors such as genomic infor-
mation, but also by extrinsic factors such as
environment, society, or parenting. It is now
becoming clear that the structure and func-
tion of the brain’s neural network plastically
changes not only during development but
also in adults. Our laboratory studies the
mechanisms behind brain development and
changes by examining the following systems:
songbird vocal communication, rodent learn-
ing abilities, brain impairment under patho-
physiological conditions, and gene transcrip-
tion regulation in vivo. We use experimental
methods in the fields of molecular biology, cell
biology, along with brain imaging and optoge-
netics to conduct behavioral analyses. We
hope that our research will contribute to a
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better understanding of the basal mechanism
of brain function and will serve as a founda-
tion for the development of remedies for brain
disorders. We also will strive to establish an
optimal education system to improve the
learning efficiency or to promote healthy
growth and development of animals.

The neural and developmental mecha-
nism of vocal communication

Songbirds tweet with each other using
sounds woven into sequences, which are
called "songs”. Like human speech, their
ability to communicate using “songs”
develops according to genetic and social
influences. We study the neural mechanism
whereby songbirds communicate each
other through vocal signals, and how such
ability is acquired through individual post-
natal developments. Through separately
regulating both intrinsic and extrinsic influ-
ences, by our unique methods to generate
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A family of zebra finch. Young chicks hear the songs of their parents and acquire their own

pattern of song

fg.2 F A Fa v OMABEMEERPEERELERREICLSEFIZI 22— avyHo

g DEE LR

Morphology of the neurons in the zebra finch brain, and the optical recording of their activity

during the vocal communication.
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Disease model mice

transgenic songbirds, and by the equip-
ment to educate songs within an experi-
mentally controlled postnatal environment,
we are now trying to reveal how such abili-
ty develops and plastically changes
according to postnatal experiences.
Through experimental approaches on
songbirds, we intend to provide insights
into how each human child acquire their
own languages, a remaining mystery in the
field of animal development.

Plastic changes of the brain throughout
the life course

According to the postnatal experiences,
such as social interaction, learning, and
disease, the function of the brain plastically
changes throughout the life course. Using
mice as a model organism and our novel
system to quantitatively measure the
brain-state, we are trying to reveal the
mechanism that causes such plastic and

chronic changes to the brain. Through the
analysis, we aim to establish the methods
to enhance or sustain the brain function by
manipulating the lifestyle or providing the
adequate information to the animal. In
future, we hope we can provide the novel
remedies or the way to prevent the brain
disorders in humans.
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Aided by the recent development of various
techniques, brain research has made rapid
progress. In recent years, scientists have
begun to elucidate the neural bases of "con-
sciousness" and "mind", which were once
considered to be impossible to study in a
scientific manner. According to embodied or
enactive cognitive neuroscience, the brain
functions as a biological system rooted in
bodily experiences and interactions with other
individuals. Although many neural representa-
tions have been identified, they often shift
dynamically from one representation to anoth-
er, depending on the environment. Thus, the
traditional view of representationalism, which
rests on a fixed inside-outside distinction,
cannot account for this type of dynamic neural
representation.

Additionally, it has been demonstrated that the
brain is active at times other than during task
execution periods, such as during resting

periods. To date, many brain networks that are

ERZENZ LD > TRHOR Y ~
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active during a resting state have been identi-
fied but the physiological significance of these
networks remains unclear. New perspectives
on brain function have gradually emerged
because task-related activities within neural
networks are considered to be a mixture of
intrinsic resting activity and extrinsic respons-
es. Additionally, oscillatory activities manifest
dynamic coupling or decoupling among

various networks.

The primary research interests of our laborato-

ry can be classified into three categories:

1)The dynamic representation of behavioral
information in the monkey cortex.

We record single-unit activities while monkeys
are engaged in cognitive tasks, such as a
path-planning task in a maze presented on a
screen, while they are controlling two manipu-
landa with both hands. We have observed

representational shifts in final goals to immedi-

BRBOBWAERELTESZ R
BHBPEREZ T NSV —ETILD
SHRELTWS, £eBERBWLRA
NEEFEHAREZEZEEREL T H/NRM
WEORAEZBEL TWD BEEER
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ate goals as well as from behavioral tactics to

actions.

2)Intrinsic and/or extrinsic oscillatory activi-
ties in the brain.

After monkeys are trained to update their
behavioral sequences via external instructions
and then remember the sequences, they are
asked to repeat the same sequence in the
absence of external instructions. We have
observed high- frequency oscillations
(gamma) in frontal areas during updating
periods, whereas middle-range oscillations
(beta) are dominant when animals perform

behaviors based on their memories.

3)Interdisciplinary approaches to investigate
neural functions.

In collaboration with the Medical Engineering
Department, we have developed multichannel
electrode and pupil measurement systems. We

also have been seeking collaboration with

HHIZNBEICIFEDLSLREE. =
UTEENHZDHLEFRKLTWS,

3 ZENART 7TO—FIC & D EFHEE
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Scope of Research and questions

1: How behavioral information is dynamically
represented in the brain ?

2: Why and how instrinsic and/or extrinsic oscil-
latory activities emerge in the brain ?

3: How multi-disciplinary approaches are integrat-
ed to investigate neural unctions ?

researchers from different research fields such
as complexity sciences, information sciences,
psychology, and philosophy to understand
how the brain works. We encourage interdisci-

plinary approaches to unlock the brain.

The neurological aspects of social func-
tions, such as communication, have also
become a focus of research in the field of
brain science. In addition to conventional
physiological methods that allow for the
examination of brain functions at a cellular
level, a variety of other approaches, includ-
ing molecular biology and genetics, and
collaborations with other fields, such as
robotics and nanotechnology, have resulted
in brain science becoming an integrated
research approach that includes diverse
fields of study. Therefore, it can be said that
investigations of the brain are now open to
anyone with any type of scientific back-

ground.
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The goal of our research is to elucidate the
neural mechanisms behind the manifesta-
tion of behavior. We have special interests
in the dynamics of functional networks in
the bran, such as: interactions between
the frontal and parietal association corti-
ces for spatial working memory and atten-
tion; interactions between neocortex,
basal ganglia, and brainstem for reward
and learning; and interactions between
hippocampus and neocortex for long-term
memory. As a translational research, we
investigate the neuropathology of major
depression. We use theories and concepts
in behavioral and cognitive psychology
with electro-physiological, neurochemical,
and neuro-imaging techniques, as well as
state-of-the-art opto- and chemo-genet-
ics for pathway-selective manipulation of
neural activity, in order to investigate the
neural mechanisms of higher cognitive
functions.
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(Tsutsui et al. 2016, Frontiers in Systems Neuroscience & D)
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ERECTH>EBICHEBOMAXNZILNH DI ENRBS NI,
In monkeys it has been known that neurons in the prefrontal cortex exhibit
sustained activity in relation to working memory. We found similar neurons in
the rat frontal cortex, which suggests the homology of working memory mech-

anisms in the primate and rodent brains.

Ohara et al. 2018, Cell Reports & b
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BRETT K. ERADEEEHOLT,
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fg.2 RAIFTERENDEEERERBEER B (F-rTMS) I
FOTHFRINISDRKRIER CNICED. SDOHmDER
[C.NRIFTSEREDKERES D ENRBS N
Depression-like symptoms induced by low-frequency repeti-

tive transcranial magnetic stimulation (If-rTMS) to the medial
frontal cortex (MFC). Thus the malfunction of the MFC was

suggested to be the background of major depression.

fg.3 ERBIVANRAZRAWHBEREEN —Y Y RICEDAESNISBEEENE, NI LD BETLESNBRL
EDLSICUTHEEBNEGEEI NSO, ZD@HROIEIESHICE S,
Hippocampal-output circuits identified by transsynaptic tracing with rabies virus. The layer 5b neurons in the entorhinal
cortex plays an important role to send hippocampally processed information to the neocortex.

22



D AT LHER S EER

me o CEGTRHADTZERE Bl ER R RE 0 M

mrr-v AR LRGP Z AW lEREE S mEME

Bz
I L

REDEEEME

1.Takata N, Sugiura Y, Yoshida K, Koizumi M, Hiroshi N,
Honda K, Yano R, Komaki Y, Matsui K, Suematsu M,
Mimura M, Okano H, Tanaka KF (2018) Optogenetic
astrocyte activation evokes BOLD fMRI response with
oxygen consumption without neuronal activity modula-
tion. Glia, 66: 2013-2023.

2.Beppu K, Sasaki T, Tanaka KF, Yamanaka A, Fukazawa
Y, Shigemoto R, Matsui K* (2014) Optogenetic counter-
ing of glial acidosis suppresses glial glutamate release
and ischemic brain damage. Neuron, 81: 314-320.

3.Sasaki T, Beppu K, Tanaka KF, Fukazawa Y, Shigemoto
R, Matsui K* (2012) Application of an optogenetic byway
for perturbing neuronal activity via glial photostimula-
tion. Proc Natl Acad Sci U S A, 109: 20720-20725.

HRE

19924 RRAFEMIEAZ

19964 RRRFXZEHOBEFRIESE

20014 RRAFEL (DEF) SIS QLEBRAMRRE

2001-2006%  XKEY# Z LAWERH R K VKRS (Craig JahrffERE)

2006-2012% EEFRRFB B (ERE—FARE

2013-2017% RIEKRZEZRARBEZRIFAE D FERIR

20174 RIERZEMBZIAREHBE AN D T GE EX RIFRE) BIREE
BREILES

{5 Systems Neuroscience

Affiliation  Super-network Brain Physiology, Graduate School of Life Sciences

Research  Brain physiology "Optogenetic study of intercellular signal transmission

Professor

Ko Matsui

Career

1992 Entered Science Division Il, the University of Tokyo

1996 Graduated Department of Psychology, the University of Tokyo
2001 Ph.D. (Psychology) (Supervisor; Masao Tachibana laboratory)

2001-2006 Postdoc at the Vollum Institute (Portland, OR, USA) (Craig E. Jahr laboratory)

2006-2012 Assistant Professor at the National Institute for Physiological Sciences
(Ryuichi Shigemoto laboratory)

2013-2017 Associate Professor at Interdisciplinary Medical Science, Graduate School
of Medicine, Tohoku University

2017- Professor at Super-network Brain Physiology, Graduate School of Life
Sciences, Tohoku University

23 Systems Neuroscience

I EDOMRETERT 57— VI3,
TohERADIEVWSEWTT T K
FOEDDBEZZRHFLTVWEITRE
SWRICBEBEDBADLDEEIF.BH
DOHREBHNIERETED. EWSDIF
TY, ClRMUEFEOLDEFEEEZERET ST
EIFABETL &£ 5D UDIE MEDLD
FER DITDICEELTEE WS
ROBEZBL T.HWAZ I ENTE
BRITBDTI FHADEHEZXE LT
WD HIETT HEDITH D MIC
CELDHEL>TWDEEZ SN T HEL
PIIEATER U £ 22N BZ &<
BTHDEMREGERD Y 7
EWSHBEN B DTV T DIES DR
EOBELZCBBEOREVNT EDDD >
TEF Ul REDIEEDOHRNS. Y
U7 B OZFBICHEIN RBELTWS
ZEMDDD R UTco Tl Kz AW TH
RBOESEHIEHTEZNTFES VT ICHE
BRI V)T 2BIRNICHKFERT D &
HRICEEMNMsb D ENRESNEFL
oo EZEEDN T ADBEEICHT 7
AN—%ZRUL AT EBERFHET 26
EEFDINO T T EXRET S

Every science starts with observation.
Analysis follows. What is required next is
the experimental perturbation of the
system. The "causal" relationships between
the components that constitutes the
system under study can only be extracted
through such experimentations. Brain is a
complex multicellular organism. Modern
science believes that communication
between these cells results in the creation
of our mind. However, observation and
analysis of the cellular signals are often not
sufficient to really understand the princi-
ples that constitutes our mind.

Channelrhodopsin-2 and other light-sensi-
tive proteins found in microorganism can
genetically be expressed in mammalian
brain cells. Scientists are now endowed
with the power to optically control cell
activity at will. In our group, we succeeded
in generating a repertoire of transgenic

E BN AESREIENNELT 5.4
EOMENENE LI DED . JUTF
DOEEE HREBL CHRADOES % L
BLTWEDTY Efe. ¥ RICHE:
BEezRkE5T2E @mREOEHFZEFEAL
FEEZIFIRVDIC. T T DEENR
AMFIENDEVWSHEEHD X,
FRERIC & > TOBIRMICK b 2 DI
DEHRTTNODE > &b BELRIELEE
DOEDTHIEHIC.TUTIIEEL

fg.1 XEBRZE > T MR DES ZEIE
LteBRTRIGZERAT 2cHDER
HIDEE,

Optical and electrical method to observe
and perturb brain activity.

mice expressing a highly light-sensitive
channelrhodopsin-2 mutant at sufficient
levels to drive the activities of multiple cell
types (Tanaka et al., Cell Rep, 2012). In
addition to neurons, manipulation of the
activity of "non-excitable" glial cells in vivo
also became possible.

Information processing in the brain is
accomplished by signals conveyed by neu-
rons. As the membrane potential of glial
cells fluctuates only slightly, it has been
considered that glial cells cannot serve as a
medium of much information. However,
using recently developed fluorescent
probes, dynamic changes in glial ionic envi-
ronment have been demonstrated. The
presence of these neuron-to-glia commu-
nication has been shown before; but,
because of the lack of a specific method for
evoking glial activity, the presence of a
signaling pathway leading back from

TWBDMH LNBEVNDTY,

HMERETIE MBREOESTEZ
BT B DI EICAMENR T 1 AER
DDy FU Iy TERE>TWE
T EEKWICIE. Y TRPT Y MR E DR
HEHRBECDHBUL T AEESEFORME
HMZ2002 7 AVIEEDEWZ T4 Y]
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fg.2 7'V PRI D;EEN & K CIRIET DRI (O
BLEE ANz RT 1V R)ZBFEL.
7V ZHRD®RE = BAY B & IcHkE,
In vivo optogenetic manipulation of glial
activity.

glial-to-neuronal activity remained uncer-
tain. To reveal the role of glia in brain func-
tion, the existence of glia-to-neuron signal-
ing pathway triggered by such glial ionic
changes needed to be shown.

In our lab, we have been utilizing optoge-
netics to allow on-demand control of glial
activity. In addition to the original channel-
rhodopsin-2 (ChR2), we have also created
archaerhodopsin (ArchT) expressing trans-
genic mice as well. Other methods exist to
control of the activity of a few glial cells in
acute brain slices but a transgenic
approach was necessary for the stable
expression pattern of the transgene and to
study how signals originated from glia can
propagate to the whole system in vivo.

Traditionally, ChR2 and ArchT have been
used as optogenetic tools to control the
membrane potential of cells expressed;

[NBEEBZEHRL TWET E L
Caz#NERG EZMBBICIDATE
BT EICED HERTAVREDES
EIHTFAR—IVITERTRBRIT &
HIToTWEIT SIS AR KR
BT 30 FEBEOMBEEICRESE
T ZOMIREDEH L T2 THES
b M S T BEM. A7+
VIRT A7 AREEE)BWDIAAT
WEd,

fg.3 NEMEICKED VLY I VB KEE
NZANZXLDER,

Suppression of ischemic damage by
optogenetic glial activity.

however, we noticed that activation of
these tools results in acidification and alka-
lization of the cytosol, respectively, as the
main cation that they convey across the
plasma membrane is proton (H*). By artifi-
cially lowering the intracellular pH buffering
capacity, we show that glial ChR2 photoac-
tivation results in more intracellular acidifi-
cation of the glial cells and enhanced glial
release of glutamate (Beppu et al., Neuron,
2014). We showed that optogenetic stimu-
lation of glial activity can lead to release of
glutamate as gliotransmitter, induce synap-
tic plasticity, and accelerate cerebellar
modulated motor learning (Sasaki et al.,
PNAS, 2012).
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Professor Sugiura investigates the brain
mechanism realizing the human mind
and behavior combining functional neu-
roimaging techniques, such as the func-
tional MRI (fg.1), and various creative
experimental paradigms (fg.2) as well
as physiological and behavioral mea-
surements. He is particularly productive
in the research on the brain mecha-
nisms of the self-recognition, autobi-
ographical memory, and communica-
tion. Based on the findings in these
fields, he developed a comprehensive
model that explains the sophisticated
human ability to adapt to the complex
environment by the three-layer (body,
interpersonal relationship, and social
value) forward-prediction mechanism,
and is trying to explain the enigma of
mental process and behavior unique to
humans. In addition, he actively collab-
orates with researchers with various

BEBHTRCHITZAN— K ITIIY
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fg.2 HRABRBRFEICAVSNDRERIE

Visual stimuli used in various experimental paradigms

backgrounds to open up new brain
research fields related to the mystery of
humanness. By understanding the
human from such a brain mechanism,
he aims to contribute to various disci-
plines related to human nature and
solving various social problems (fg.3).
In the field of aging science, against the
mental-health and existential problems
of individuals as well as the economical
and cultural problems of the society in
this super-aged era, he aims to propose
new individuals’' ways to live and age
from the brain-science point of view
and lead to the development of
smart-aging technology and social
system that support them. At the Inter-
national Research Institute for Disaster
Science, based on the experiences of
the 2011 Great East Japan Earthquake
disaster, he aims to clarify the psycho-
logical and behavioral characteristics

fg.1 MRIZRWRGEEIETE EAENMRI) ES

Cross-disciplinary discussion through understanding of the human from brain

mechanisms

9.3 BXNZXLNSDAREBRICL>THBEBRRABINEND
Measurement of brain activity using MRI (functional MRI)

(the eight factors of the power to live
with disasters) for the survival in vari-
ous situations of disasters, from the
occurrence to recovery, to understand
its cognitive and neural basis, then to
propose a new education / disaster
response protocol and implement it
socially. In addition, we are actively
working on academia-industry coopera-
tive research by such human brain
science.
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B R PR(CERE T 58
BEFEBEEI/ONFYOFIEBEEIC DL
T EBERFEENERTFIERT D RY
k7 —%2(Gene Regulatory Net-
work) . ZUTERERFNEHA T 25 >/
V&l xy 77— (Protein Regula-
tory Network, PRN) [CEDWTEFET
BZEEBELTVWET . E5IC. T/
LFER DR 2B S X F )AL Rty &
DOEEERZRIPTZIEICHERDEAT
WEF, EFILRELTIF EMMAED
b-DER BLCLERDVAZED LT
TWET,

EmifARE St TldBachl.Bach2,
IRF472 EDEERFICEE L. Ch5EE
EFHFERKTBGRNEPRN. ZLTZED
#‘EE KR - T —PEEDT
BREZAWTRBLTEE U AR IEE
mEfasMETld.Bach1& &K UBach?2
MNITORNR(YIO77—I PN
KRB E) ICEERETFREORIR TN
U, ZRIZEDBY V/CERP FRIMERAN D 5
{EAMEES B ez ELF L (Na-
ture Immmunol 2014, Cell Rep 2017,
Nature Immunol 201872 &.fg.1). 2D

We are focusing on how the processes of
cell differentiation and cancer formation are
regulated by the networks of transcription
factors and their target genes (Gene Regu-
latory Network, GRN) and networks of
proteins interacting with transcription
factors (Protein Regulatory Network, PRN).
In addition, we aim to understand how
methylation reactions, one of the funda-
mental components of epigenomic regula-
tion, are connected with metabolism. As
model systems, we use hematopoietic cell
differentiation and response, and epithelial
cancer.

We have been working on the functions of
transcription factors such as Bach1, Bach2
and IRF4 in hematopoiesis. By combining
next generation sequencing and mass
spectrometry analyses, we identified the
GRN and PRN of these transcription
factors. In hematopoietic stem cells, Bach1

GRNOZ AL (F BB R REIREE 12 EDIR
BICEDDhET (fg.2) o — A BFBY /X
BRCl&.Bach2 £ IRFAD R 92 GRNIC
& FUARBERFDY ZA XAy FDNAK
AZ P HHRERAE R EEMES L
M3 ezHRELE L (Nature
2004, EMBO J 2010, Blood Adv
2018% &), 5T, ZOGRNICIFZ A~
FUBERTHIEENDZENS.GRNIC
LBUOXFUBEHIEEWSHT U LR
ICHHBLTWETLWEEZTVET,
LFEGEERFEHEOPRNICET ZHED
5 AFILERIBOEE T¥H5S-adeno-
sylmethionine (SAM)D & ES%
MAT2ANEGERFEASRICEFN. I
T/LEEICEDS I EZRKBLELR
(Mol Cell 2011).—A.MAT2AD HI5
NZDMRNADSAMIGEET T/ X
FILEICEDHIHE NS EHRWELT
WEF (Cell Rep 2017, fg.3)e 25D
MBE RBETET/LANBEICHIEL
EOERICHDIEERBUET JIRE.
ZTORBEREZHASNCIRARZ
EHTWET , COFERZRNETER
FARICERDBEATNET,

and Bch2 repress a set of genes important
for myeloid cells including macrophages
and granulocytes, and thereby promote
differentiation to lymphoid and erythroid
cells (Nature Immmunol 2014, Cell Rep
2017, Nature Immunol 2018, fg. 1). Deregula-
tion of this GRN is involved in diseases
such as myelodysplastic syndrome (fg. 2).
In mature B cells, GRN of Bach2 and IRF4
promote class switch recombination and
somatic hypermutation of antibody genes,
and regulate plasma cell differentiation
(Nature 2004, EMBO J 2010, Blood Adv
2018). We have recently found that this
GRN contains a chromatin regulator as a
target gene. It is thus one of our next priori-
ties to understand how chromatin structure
is regulated by GRN.

By analyzing the PRN of above transcrip-
tion factors, we discovered that MAT2A, an
enzyme synthesizing the methyl donor

S-adenosylmethionine (SAM), interacts
with transcription factors and supports
epigenomic regulation by locally providing
SAM (Mol Cell 2011). We also found that the
expression of MAT2A is regulated by ade-
nosine methylation of its mMRNA depending
on the amount of SAM (Cell Rep 2017, fg. 3).
These observations suggest a coupling of
metabolic and epigenomic regulations. We
are now investigating molecular mecha-
nisms of this coupling and their disorder in
diseases. We are also trying to translate our
new knowledge into new therapeutics.

fg.1 EMEHAR DML ZHIE T 2GRN

GRN for hematopoietic stem cell
differentiation

fg.2 BEANERHC) B LUEBBHEREA
EREEEOBHARMEICE T
%Bach2 mRNAD R E,

Expression of Bach2 mRNA in
progenitor cells in healthy control
(HC) and myelodysplastic syndrome
patients. RA, refractory anemia;
RARS, refractory anemia with ring
sideroblasts; RAEB, refractory
anemia with excess blasts.

fg.3 MAT2A mRNAD R E Ml i
EZDSAMIGEE
Regulation of MAT2A mRNA
stability and its SAM-responsi-
bility.
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ERZHIHETDEMMEBREDICENTIE.
2HORERBBICR T2 TRILEF—-
BEERHE. 22 nER - ERERICTON
TWBD TR BFEELTHEREI—A
MICELNRL | g B EICER UHAL
TSN TWSHDEREINDFKAR
(FABIEL NILTOREIERE EMHRFEED
fRBR=EBIE L TR Z &S, DL SRR
EDREERD L OED (TR Ry hT—2
NEELRREZRLTWEZEZREL
Tz o BF OB BB SR & DRSS N S (. A
HOZAICHEL T E I FRIEHENKOME
iR E B L TR R RICEA 5N, E5IC
FOMERR S U FILIC KD RIESRERICHE
SHREITSNDZ &l kD BAGEZE Cell
Metab 2006) -EBEMRH (Science
2006) - BIHEELE (Cell Metab 2012) -f&
B#BAZE (Science 2008) - fgBH ) E(Nat
Commun 2015)7& EAMEARL XL THil{H
SINTWBZENESHETRD oo RIDER
B FILOBESIFED BRI IT iR
BROBSERET %, DF0 . PIRHFIRR
&, #RIR B & L\ 5 Metabolic Information
Highways% &8 U T FEl. RAgE# O
FHREEIBEL REBEE LT IRANRZR

In multi-organ creatures, such as human
beings, metabolic activities in different
tissues and organs do not proceed inde-
pendently, but rather in a coordinated and
regulated manner throughout the body. This
metabolic coordination among many organs
requires inter-organ communication
systems. We have discovered many exam-
ples of inter-organ metabolic communica-
tion via the neuronal system and proposed
the concept of inter-organ neuronal commu-
nication which maintains whole-body meta-
bolic homeostasis. Notably, we have identi-
fied several mechanisms regulating energy
metabolism, including food intake (Cell
Metab 2006), energy expenditure (Science
2006) and thermogenesis (Cell Metab 2012),
lipid metabolism via lipase regulation (Nat
Commun 2015), and glucose metabolism via
pancreatic B cell proliferation (Science
2008). Afferent neuronal signals inevitably
pass through and are processed by the

FEREEFREL WS EEZ SN (fg. 1),
IS HRRENUIcZNENORSEEE
HEEE. . AEBNOBOMmME EF
(EurHeartJ 2012). & A Y VIjE. &
MERBBAMAEVN\ T2 XF Ry I RO—LA
DEREP. EHEARORIEICHEERBSL
TWBZENESMERSTE . ZDELDS
(TR T HILIC & SR EE Ry
RT—213. IR EY DEEL NILTOR
HEBMEEREWSEYZNAEDOHHS

fg.1 AN RB U HEREN T 2 HEEAHBH

EANARAL - Ok

FLAYRY W I RO—LJREED FAEH
FREBPAIZEDY—7"y & LTORKE
FHRRAE, SLSEBRORENHERFIND,
B, BARAIETEIC DIRH B AREI MY -
DFEYMZNIANZ X LEFRALREZ(Nat
Commun 2017) (fg.2), £fc 8= H% DR
BEICHRERR Y IFILNEDZ AN
ALhbEHEIDZIENTERL(Nat
Commun 2018), B EM5S  fiR Ry kT —
VIS RBEEICIE U R IE AR AL DB

fg.2 BB MAIBTEIC DA B HER Y b

T— U

Summary of inter-organ communication via
neuronal relays

FEICIR 5T 9 3R E AR IS BRI RIS R R I
BVWTC2R=Z1—OVICEDIEZ D, ORI
FIREIDRI 7 0%IE TV T I\ ABICELTE
L 2R=Z2—OVIEZ07 I\ 2 B SRR
[CERNICKH T, S5IC. N SRESh

brain, leading to coordinated metabolic
regulation in a variety of peripheral organs
to maintain systemic homeostasis. Thus,
using this system, the brain may function as
a conductor coordinating systemic metabo-
lism among many organs, thereby achieving
metabolic homeostasis (fg.1).

On the other hand, these mechanisms ironi-
cally contribute to the development of major
clinical features of the metabolic syndrome,
such as hypertension (EurHeart) 2012),
hyperinsulinemia (Science 2008) and hyper-
triglyceridemia (Nat Commun 2015), as well
as obesity per se (Cell Metab 2012). Thus,
detailed elucidation of the key neuronal relay
systems may lead to developing therapeutic
strategies for these metabolic disorders.

We recently identified anatomical and
molecular mechanisms underlying selective
B cell proliferation induced by neuronal

signals (Nat Commun 2017) (fg.2). In addi-
tion, vagal signals were shown to promote
post-injury liver regeneration in a resident
macrophage-dependent manner. This elab-
orate vagus-macrophage-hepatocyte link
assures survival after injury by efficiently
amplifying and spreading urgent regenera-
tive signals throughout the entire remnant
liver (Nat Commun 2018). Thus, by taking
advantage of these features of the neuronal
system, metabolic adaptation, restoration
and homeostasis can be properly induced at
the whole-body level.

Based on these original findings, one of our
current research goals is elucidation of the
whole picture of the molecular mechanisms
maintaining metabolic homeostasis at the
whole body level. In addition, since it is well
known that the robustness-inducing mech-
anisms deteriorate according to aging, we
are also tackling the challenges of unravel-

IS EEICRERKEIZRILTWS I ED
A5 ERDDDH B, IS5 Drobust-
nessiC DM BRI E EBITET
FTHIEBASNTWND, ZNSDIREDEL
ReEBEUTCRROMERDIT—7y MM,
REESEPHEIG - BEDLSEER DR
BT\ 24 mIR RO, 51 FBRK -
Bz &9 B EER B PFRAME- YL
NRIZFEWS B EEREDFIEAN A
MNoTW3,

27tFILAY Y PPACAPE W e IR (REY)
BENEELMIRICIERT 2 LT, BHlEENTGs-
Ga¥ 7 HILH ERHC RIS 1. FoXM TR BE DSE
MEALIC &2 B R RO B =  MFTIETED
HEUDIEPBESHERDTZ, CDKSITHIRTR
[ BHICH T2 ERDFMEICHN A HEBBIRAIC
BFRATOUAYRERERBERRTESEWN
SEHEZERSEREHRFPREZEADER
[CEBLTWS,

Anatomical and molecular mechanisms induc-
ing pancreatic B cell proliferation: Activation of
both Gs and Gq signals activates the FoxM1
pathway selectively in B cells, leading to prolif-
eration. Taking advantage of this neuronal
system, selective and strong activation of dual
pathways in B cells can be achieved, because
neurons release multiple neurotransmitters

and achieve high concentrations of these
factors locally around B cells.

ing the mechanisms underlying whole-body
senescence. Finally, our ultimate goal is the
development of preventive and therapeutic
strategies for metabolic disorders, such as
diabetes, obesity and metabolic syndrome,
as well as age-related diseases, including
dementia and sarcopenia, and healthy life
span extension, by manipulating neuronal
systems.
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DIRIFBEEEIELTVET,

ZOF7O—FORHEF2DHDET,
FE— I M DBITEL DML - B D RIEIC
b2 ENFRINTVNEAFICDOWN
T ZDEYENBHEEZBASHICLES
EITZ2EDTIHIZIE MIBDIBIEIC IS
ZLDV VB EBREZTDEEZHIET
BN THINEFEEL. ZUTENSIEERIC
ZOBFAEENEEINTVWET  INZE
T EIFEBOTHE~AEZDRIEIC
SO TEIERITNBZEN AL E ICHEE
EROCHEMZUTEL U £ 2D &
SIREBOMEMERENARIT THE
BREMERREICERBELTVWRZ
ENMEINDLSICARD FAfB DEEK
FBIEEETICUoELTWREEZ SN
DERMERICEM LSRN E L 1
R IBIEZ UiaWh S 27 GEYICY

In our laboratory, we explore molecules
related to cell proliferation, differentiation,
and oncogenesis, and are attempting to
elucidate their molecular function. By clari-
fying molecular mechanisms related to
pathogenesis of neurodegenerative diseas-
es or oncogenesis, we strive to understand
pathophysiology and to develop medical
treatment.

We approach these questions from two
different directions. First, we focus on mol-
ecules which are expected to function in
cellular proliferation, differentiation, or
pathogenesis, and study their molecular
mechanisms to understand their role in the
cell or in the body. For example, many
kinases and their regulators function during
cell proliferation. To promote cell cycle
without any troubles, the amount of these
proteins are precisely controlled. We have
been trying to elucidate the control mecha-

VIRVEDRBEWIBTZ N KOS
TWBEEZSNET,

BEZOF77O0-FIE. ENERB(HICE
HEB) YT ETRICLICBEN
F—INSBRENBEBINZITV.HL
WEBBEES FPREICEETZNT
XYRT—VDERBEBETEDTI A&
BRZMEIE. FLELEER LOFM
THD . STERREFUVWEEFIE 5
BIFENARESNMARISCERASN.Z0
BRALVWABINES SN ERILRE
INTVETIBEIOFERDDEICKEL
LD BRENICEGD FOF
EZAEL. ENSETICT—IDSEY
FHRRRETHITIENEBNES
ICTEDLSICED  ZLOMRENEH
ICESKSICHRoEETT FIBIFZED
RTH R -V IV —2RAWT,
T/LNPIIYVDEROER GEED
A, 7 O F U EREO#@IT. X272
ARAT7ITFVNDOREREZTOTNE
T MBNBITOEAWEZSIE FAKS
NEMBUTWEW HEERZRDICESR
MolcbDETRABIETT FcBIF

nisms of protein amount and interest in
oncogenesis induced by breakdown of
these mechanisms. Recently, it is reported
that regulation of protein amount is strong-
ly related to not only oncogenesis but neu-
rogenerative diseases. Now we are taking a
great deal of interest in neuronal cells
which are not proliferate, but stay statisti-
cally. It is supposed that neurons need to
metabolize proteins adequately directly
because they do not proliferate.

Second, we comprehensively analyze
human tissue samples, especially human
cancer samples, in order to identify new
disease-related genes or disease-related
molecular networks. Life science is on a
learning curve, and new methods of obser-
vation and measurement are developed
and used one after another. Consequently
new knowledge is acquired and new con-
cepts are proposed. During past 10 years,

S ZDESBFEEFRALTAULIDE
MOEEBELNEWS T —%BS
FICRZIENTEDLSICIROIEER
5TL&Do

B . BEICYIRAZETILEYE
UTEFEATO FOREDERZT>T

fg.l

YV INTENHEERTH S B-TrCP RIEA R
NIOABTETH B EFORICDER

DMRT1 DN T 52 TH B,

we have been able to obtain comprehen-
sive data of biological molecules and
describe biological phenomena based on
data. In such situation, we use next genera-
tion sequencers and discover mutation in
genome or exome, analyze transcriptome
and modification of chromatin, identify
splicing variants using. The interesting
thing about comprehensive analyses is that
it shows us something we did not under-
stand, did not interested in. We are now
growing to see a complete picture of life
not through human'’s eye.

As it is often difficult to show a causal rela-
tionship things we observe, we use multiple
biochemical and cell biology approaches to
understand the biological system in a phys-
iological, or a pathological situation, includ-
ing the use of in vivo studies using
disease-models in mice.

WETRIEMICIHFE M ED &S
HTEE ZLTEDLSRERIERE
LTENTLZON BIBELIEWEBST
W&,

fg.2

KA EAEEEBOBERNASS MLY Y
{LE#3R PADI2 ORIRHEBIBTELETL
TW3 Z Ehbh > fc. PADI2 (SR D IETEE
Iy hAO—=ILF2Z DD PADI2OEE
DEMNAEMNFEIL TWSATBEENRE S e,
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The cell, the basic unit of life, contains a
variety of membranous compartments
called organelles. Although they have
uniqgue functions, organelles do not func-
tion independently, and frequently
exchange information via “membrane (or
vesicle) traffic”, in which mem-
brane-wrapped substances are transport-
ed between organelles. Since a variety of
human diseases are often caused by a loss
of proper membrane traffic (e.g., defects in
synaptic vesicle transport in neurons
cause neurological disorders), understand-
ing the molecular mechanisms of mem-
brane traffic is one of the most important
research themes in biology and medical
science. For membrane traffic to occur
smoothly, “traffic controllers” must be
present within the cell. In our laboratory,
we investigate the role of Rab family small
GTPase, one of the most important traffic
controllers conserved in all eukaryotes

DUNBEEDDF AN Z X L% ER
UL EBARBREREGREEZERT 3
EEBEELTWVWEY,

INBTERRIC K B HIER Y N7 — U DR

HERY T —J k. BEARE L
NZEEO MR EIE (MR & BHIRZER)
HERIEUL.YFTAEERT D LI
Ko THDII>TWET  HRER%E
BRI B ICiF. MMIEEL SRR
NDINBERIC KDY VIV BEPEE
DOHIEN T AR TT , £c R & IR

fg.1

fg.3

(approximately 60 different Rabs in mam-
mals), in membrane traffic. We attempt to
uncover the molecular mechanisms of
membrane traffic underlying various life
phenomena by using molecular biology,
cell biology, biochemistry, and molecular
imaging techniques. Shedding light on
their role will lead to an understanding of
the molecular mechanisms of membrane

traffic in high order functions.

Neural network formation by mem-
brane traffic

To form a neural network, each neuron
extends two types of neurites (axon and
dendrite) and they form synapses. Mem-
brane traffic is required for supply of
proteins and lipids from the cell body to
the tips of neurites to extend neurites.
After the neuronal polarity is established,
axon-specific transport (e.g., axonal trans-
port of synaptic vesicles) and den-

RS ICEMIRTE S o iE (D
ER).YFTRNEREEHRIC. M
RICEVEZSBERREFBREREA L
BIRNICEESNE T UAREDR
ek D, Thso/IFEEFEDBIEIC
FRENBRabDF (HI X (&, #iR 3
BRICIFRab35A . IR ER DR
HICERab17)EET 22 ENES
MR- TWET (fg.d),

ASZVERICE DI PEEZOREEL
MREEMREICHRET ZAZ /T

fg.2

fg.4

drite-specific transport (e.g., dendritic
transport of neurotransmitter receptors)
are necessary for proper neuronal func-
tions. We have recently found that several
specific Rabs are involved in these neu-
ron-specific membrane traffic events (e.g.,
involvement of Rab35 in neurite outgrowth
and Rab17 in dendritogenesis) (fg.4).

Skin and hair pigmentation by melanin
transport

Melanocytes, which are derived from
neural crest cells, contain specialized
organelles called melanosomes that
produce and store melanin pigments.
Mature melanosomes are first transported
from the perinucleus to the cell periphery
of melanocytes and then transferred to
adjacent keratinocytes and hair matrix
cells to achieve skin and hair pigmentation,
respectively. We have previously shown
that several Rabs, including Rab27A, coor-

F P EDEDEDFETHIXA T Y
BREELET DREHRGHEIRTI XATZ
VBRIIXT /Y —LEFIEN DR
BAWHRZ TOHEEIN.ZDAZ
Y —LDBET BT IF /U1 N (K
BzfE3 i) C"ESMR(BOEEZE
SR ICEXINDZElIC LT
PEOEDOEEINIRIDET . ZDX
/Y —LO®EZRBEZICIF.Rab27A
Z 3 U HBEHDRabD FH R L THE
BEY 2 &N HMREDRENIC L DA
SR> TWET (fg.1),

RRBERRRICHE T D2RabD&EE
Role of Rab small GTPases in various cellular
events

fg.1 Rab27ARIBIC L B AT /Y — ADEBREE,
Perinuclear melanosome clustering
observed in Rab27A-knockout (KO) cells.

fg.2 Rab7XRH#EIC LBV YV —LDEKXTL,
Lysosomal enlargement observed in
Rab7-KO cells.

fg.3 Rab3ARIBIC L 2 EREREHDOREE,
Multiple lumens observed in Rab3A-knock-
down (KD) 3D cyst.

fg.4 Rab35RIEIC & 2 #HIEEIEHRDEE,

Inhibition of neurite outgrowth of Rab35-KD
cells.

dinately regulate melanosome transport
pathways along the cytoskeleton in mela-
nocytes (fg.1).
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BNEEREOSIREE ZOHBEAD=Z L

B R D—DTH 2HUNEIZ M
- P - HEAE D AEHERS - B8
EDEBREDEHBREAEE > TV
FMMNERFF21—T U B uE U
TEG REGICIDPRERLSES
ETEDOBREEREBLR T o I
FERHDBRIC &, FDEN STER S N2
INEDHIRARE RS U BRI S NI R ER
ZFICHE L T T (fg.1)o Ko, AR
RBOBRTRIBNENL —ILOKREZER
U RRBYENE—Y —F VI EIC
Lo THMESN TV HARETIE.
HUNED RIS SHRIGREI DB - 22
HIBIEIX = X LZ BT L TWE I &l
OHRTEFa2—TIVTFAVILTD

During animal development, cells divide,
change their shapes, and migrate to form a
complex body structure according to the
program written in each genome. We aim to
elucidate the control mechanisms of cell
dynamics during development and its evolu-
tionary process, using the nematode
Caenorhabditis elegans and its related
species as a model system.

Diversity of microtubule dynamics and its
regulatory mechanisms

Microtubules play diverse roles such as cell
division, intracellular transport, cell morphol-
ogy maintenance, and cilia and flagellar
movement. Microtubules are assembled
from tubulin proteins, and change their
shape through polymerization and depolym-
erization. During cell division, microtubules
formed from centrosomes assemble into
mitotic spindles and evenly segregate repli-
cated chromosomes (fg.1). In the axons of

FEVWHBUNEEREDZHREICTSELTW
5 EmBESMTLE U

HETEEBRIDT A h = X L L HHE
4EFEFENL 3 A TEMRRE (C R TE S 2RNPEE
FI(RNAE Y VIRV ENSBRSNZE
$i1) T D mMRNAD BRI R I
175 T E THIERROEIEICE ST S
EEZSNTWVWET (fg.2) JAF DFFFIC
& D, 2D &S BRNPEE LIE TR-EARD B

fg.1 C.elegansXEIN DD & HUNE TR B,

C. elegans embryo undergoing cell division. Green:

microtubules. Red: chromosomes.

(Liquid-liquid phase separation;
LLPS);EWSHRICL > THBENE
EDBESMNCIR > TE L UTc HARET
(S TERER DIRE & U A T = X LD
MEEDHTNET,

IRBITRIEZ AV O LA YRR
T/ LEOEEHEET B ETEY

DFBIFLHREUEL L TWEXIN Z

DIRICEEGCFRY hT—IDBEDLSIT

Z L TWL OMTDWTIFRBAR AN
ZLEINTVETLARETE.ET
JLAEWIC. elegans & Z DiAEIETH %C.
inopinata(fg.3) &P. pacificuszFHW\ T,
T/ LR & BEFRIEEHRENICAN
BT ElT kD BEY A XPETEY AT s
ZIE LY LT HREYBEDORFHN LA
MERLTE 7O RDEREZBEL
TUWEY,

fg.3 C.elegans(k) & ZDifi#iEC. inopinata(T) .
C. elegans (top) and its sister species C. inopinata
(bottom).

fg.2 C.elegans#HARE D A FEFENL, #% : A= FERERNL, 7~ Bk,

Germ granules in a C. elegans early embryo. Green:

germ granules. Red: chromosomes.

neuronal cells, microtubules function as
"rails" for various cargos to be transported by
motor proteins. We are studying temporal
and spatial regulation of microtubule dynam-
ics, using live imaging and molecular genet-
ics. Our recent studies have shown that
multiple tubulin isotypes contribute to the
diversity of microtubule behaviors in different
tissues.

Formation mechanism and function of
reproductive granules

Germ granules are RNP granules (granules
composed of RNAs and proteins) present
specifically in germ cells, and are thought to
contribute to the maintenance of germ cells
by regulating translation and metabolism of
mRNAs (fg.2). Recent studies have revealed
that such RNP granules are formed by the
phenomenon called "Liquid-liquid phase
separation (LLPS)". We are analyzing the
function and formation mechanism of germ

granules in C. elegans and related species.

Evolutionary biological analysis using
related nematode species

Accumulation of changes in the genomes
causes evolution of traits. Using C. elegans
and its close relatives C. inopinata (fg.3) and
P. pacificus as a model, we aim to elucidate
the process by which the characteristic traits
(e.g., body size and reproductive system) of
each species have evolved, by using com-
parative genomics and gene manipulation.
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Study of neuromuscular signaling using
an experimental model animal, the nem-
atode C. elegans.

The muscles can be enhanced by adequate
nutrition and exercise. On the other hand, it
is know that it is rapidly wasting and
collapsing under conditions such as bedrid-
den, microgravity environment in space-
flight, aging, etc., and mitochondrial disease
and heat stroke. We are using the nematode
C. eleagns as one of the model organisms
to study muscle metabolic changes and
mechano transduction and adaptation in
various environmental changes and aging,
human disease models, and movement
modalities. In particular, we are studying
neurotransmission regulation from neuron
to muscle, signal transduction through cyto-
skeleton and mitochondria, etc. As a recent
achievement, we clarify the details of the
process from high temperature and mito-
chondrial disorder, muscular dystrophy

Y RUTZORREDE U oo BT R b DV
FAULEZMNIOYRUZ TR ATPESE
BENMMET UL ATPLARIILDIET IECa?+
ZH/IRAESRICERT 2SERCA
(sarco/endoplasmic reticulum
Ca?" ATPase) D)= Il & 11, Ca?*
DEBEI M 2 BERE KT . RIEHN
lc.Ca2"BH (E.FHMEDEXxtra
Cellular Matrix (ECM)S %R L. &
RHICHMRORETOE AN ETY
52 EEPESMC UL ECMDDEIC
B 2Matrix Metalloprotease® %
OSEMACBRFUrin®d W3 HCa2k
EiEDendopeptidasesTH D, 2 h
59 ICE b 2B R OGO HifkE D
ER AEZMZ 29Ty hOFICHR
pEEREINT,

model, to atrophy and collapse of muscle
cells. In either case, an excessive rise in
cytoplasmic Ca?* in the muscle cells was
observed, and when stress continued, mito-
chondrial fragmentation occurred. In the
mitochondria in which fragmentation has
progressed, the ATP producing ability
decreases, and the decrease in ATP level
suppresses the action of SERCA (sarco /
endoplasmic reticulum Ca?* ATPase) which
returns Ca?* to the sarcoplasmic reticulum
SR, and the accumulation of Ca?* continues.
It will make a vicious circle. Ultimately, the
Ca?* excess promoted the extra cellular
matrix (ECM) degradation of muscle cells,
and revealed that the disruption process of
muscle cells eventually progressed. Matrix
Metalloprotease involved in the degradation
of ECM, and its activating enzyme Furin,
both are Ca?* -dependent endopeptidases.
We therefore consider that inhibition of
enzymes involved in these degradations is a

target strategy that suppresses atrophy and
collapse of muscle cells.
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THOEGENARNEERY 3D
VavNIZEFTILE LU TRIRL AR
RN REORHEH#MICAE> TEDLS
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The development of multicellular organisms
involves the collective effect of multiple
events at the level of the individual cell,
such as proliferation, differentiation, migra-
tion and death. Programmed cell death, for
example, is a process by which cells are
selected for death at set times in develop-
ment, allowing for the sculpting of tissue,
and is used in the adult organism to main-
tain homeostasis by eliminating cells that
have developed abnormalities. Cell death
plays an important role in maintaining the
cellular society not only by eliminating
unneeded cells at given sites and stages,
but in other functions, such as regulating
the proliferation and migration of neighbor-
ing cells, as well. Such cellular behaviors
give rise to cell networks capable of orga-
nizing into tissues, the study of which
requires a experimental approach to spatio-
temporal information in living systems, such
as can be obtained through the real-time

RER Rz 2 % TR E,

MEEBE . BMEICE TR HRYE
JEER) ZMIRICR I 2 BRERR L RE
ISE BIG BB EREENSERDIE
BHE#SIEOREPERREDLSIC
REREO 7OERICEHLZHDET,
EMEHORLBREEICESL TWE
AT B RFFIC BB EXZ 2
FBEZWMEL TWET L=/@ET
OB ERITT SicHic.> 3D
VauNIEHIcHSND ERRED
BEBEETILELT.ZORTH.YE
MHEEX DX LZBESMLELSE
ULTWET, (fg. 1) ESc/\TIEO MM
HNETERR. 2% (R) & FEIERB O (%)
ZAFELTVWET,

REMEBOTVEFY VI LEERD
e

BB KROFDB EEPEET
(F.Z D/ FHEEEEMRET B ichich
Wi ZHEBR L TH L WHlR I ANE
ZBTUEFTUVT I ABETVWET
DBEEBFTT DD YavyaoN
TIHBICHASNIZREEBIETY v

live imaging of biological phenomena. We
have chosen the fruit fly Drosophila melan-
ogaster as our primary research model,
seeking to take advantage of its utility in
developmental studies and wealth of genet-
ic data in studying the coordination of mor-
phogenesis through live-imaging and
genetic screens. We especially focus on the
morphogenetic processes that involve
cellular migration and cell death, such as
the looping morphogenesis of fly male
terminalia and the abdominal epidermis
rearrangement, to understand the principles
for the morphogenetic dynamics.

TEETIVC. ZOHIEIA N Z XL DE
BHzBEELTWET, (fg.2) IBEAR U
TT U VT ORRT B RAERE (55) HYIETE
U #hsRifife (i) » lfE%E L TR DA
ng&bonrsIvxd,

fg1

fg.2
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b~ OBRHHEEDEL
BREEsE NOEME (EEEKRSHA
F)ElLEBWEGHEELNG D &M
RENTWET,ZZT.HAHFEIGED
7/ LS & B\ T BHEEREEE R
FH88EDENEREZHE L IR,
SLC18ATIEBEFMNAEDELBET
BRRIRZZ T THERMICELL TE
fecezRBEULE L. B NS OIER
FIELTFZRINTFY (Asn) TUTHN
BEDE MERICIEALAZ> (Thr)
cavaasy(lle) EWS2D08MN
31 EWSBEBTHEELTWET,
SLCI18AIEETFIFNBE/ 7Y

Genetic variation provides important source
for evolution. In our labo, we are perusing
problems as to how genetic variations has
been created and maintained in populations
and how these variations contribute evolu-
tionary processes.

Evolution of psychiatric disorders and
human personality traits

How and why human-unique characteris-
tics such as highly social behavior, languag-
es and complex culture have evolved is a
long-standing question. We discovered
SLC18A1 (VMAT?1), which encodes vesicular
monoamine transporter 1, as one of the
genes evolved through natural selection in
the human lineage. VMAT1 is mainly
involved in the transport of neurochemicals,
such as serotonin and dopamine in our
body, and its malfunction leads to various
psychiatric disorders. VMAT1 has variants
consisting of two different amino acids,

NSV RR——1%2I—-RLTED,
TR RN T /N IR R
EYETERTIREZRLCLTVER
F.ThrEl&lleRZHNB E S5DPR
ZREMER. B HRESED—D TH SR
BERAEThrEOAHBNT ENRS
NTWET AAROEFTN S ALIE
MPHREERNREZLDBRCRT
ThrEl g, F /Xy Y= D FHLEERED
5 NEDHELDBIE T BRARRE S (T
EL.Z20&. ENDT 7Y AKEE
HT. I3—Ov/OTFITREICEDN
BRI S D - MARERZ R e
MHEBRURE leB & ThrE & A D
BLRFIBEBOICHREINZLS1E
RERNMBVWTWDEEZSNE LT,
DFED. b~ OBHEMNEIR BRER
ICE> THRINTWSAREEE F U
HTRLE LT,
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threonine (Thr) and isoleucine (lle), at site
136 (designated as Thr136lle). It has been
known that individuals with 136Thr tend to
be more anxious and more depressed and
have higher neuroticism scores. We showed
that other mammals have 136Asn at this site
but 136Thr had been favored over 136Asn
during human evolution. Moreover, 136lle
variant had originated nearly at the
Out-of-Africa migration, and then, both
136Thr and 136lle variants have been posi-
tively maintained by natural selection in
non-African populations. Their study
indicates that natural selection has possibly
shaped our psychiatric traits and maintain
its diversity.

Expression variation in color vision-related
genes drives individual differences in
female mate preferences

Male guppies have exaggerated and diverse
body colors and females exhibit preference

EYMER>TWEIT MF EDOAL >
VIR IR ERFTE DI D AEE ISR
HERURBELET. UL DD
EERFHEICEEKRICK > TELWD
HD.ZDEVWHIEDEED S % HE
FHLTWRDTIERWAEEZSNT
WE Uy E—ICIEIDDA T Y
BEFIHD . BROEIREREREIT D
LWS-TICIFEGEROZEMN RN T
WET AT VERFOMETOER

DATIYDOHKBREIF.LWS-1DER
FHOEWEEBTROXRETELT
bbb FEULIE. 5.2 n5
BHOA TS Y ORBREDEVD EIEF
DHABZHEDOEVPHOAL VIR
Ry NOBFHEDEWVWICEELTWS
CEEPASMCLE U BN ER
BEOREOREERN BEE DRI MEST
BOEWVWDHIEICERL TWS & HEA
SnFL.
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RIFEEEBEMSE T\ o7,

for some components of male color
patterns. These male colors and female
preference vary among and within wild
populations. Inter-individual variation in
color vision has also been reported in the
guppy. Therefore, it has been hypothesized
that the variation in color vision causes
variation in female preference for male color
patterns. We focused on opsin genes which
code light-sensitive pigments in retina. A
guppy has nine opsin genes. One of the
opsin genes (LWS-1) codes for a protein
that detects visible light in long-wave light
spectrum (i.e., orange-red), shows allelic
polymorphisms and the variants are main-
tained in natural selection in wild popula-
tions. We showed that the expression levels
of multiple opsin genes varied between
individuals with different LWS-1 genotypes.
In addition, rearing light environments also
affected the expression levels of opsin
genes. Then, we showed that females with

higher opsin gene expressions exhibited
stronger preferences for more luminous
orange spots. A set of results in their study
suggest that difference in light sensitivity is
mediated by both genetic and plastic
changes in opsin gene expression and
causes variation in female preference for
male sexual colors. These interactions
between visual property and mate choice
might be the driving force behind the evolu-
tion of extreme diversity in male guppy

sexual colors.
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Article number: 44375.
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Research Aquatic Biology
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Associate Professor, Center for Ecological Research, Kyoto University

Professor: Aquatic Ecology Lab, Div. Ecology and Evolutionary Biology, Graduate
School of Life Science, Tohoku University
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My laboratory is studying why and how
herbivore organisms such as zooplankton
species acquire various nutritional materi-
als for maximizing their growth and repro-
duction rates. Due to the global environ-
mental changes caused by increased
anthropogenic activities, environmental
conditions of many aquatic ecosystems
such as lakes, rivers and coastal waters
have been changed for the past 50 years.
These changes includes eutrophication,
acidification and worming which have inev-
itably caused quantitative and qualitative
changes in species and chemical composi-
tions of primary producers, implying that
aquatic herbivores are facing large changes
in their feeding environments. To forecast
future of our ecosystems under the global
environmental changes, therefore, we have
to uncover how herbivore organisms have
responded, and is responding, to changes
in the feeding environments in terms of

1

Iy ADBERITHERD D DRER

REMHEN R D ERADIER

quantity and quality of their natural diets.
Diet acquirements of individuals are
fulfilled through various physiological and
behavior steps in nutritional requirement,
food search, feeding selection, ingestion
and assimilation. To understand each step,
various approaches in different disciplines
including physiological and behavioral
ecology, molecular biology, nutritional
science, biological stoichiometry and neu-
rosciences are required. Through collabo-
rations with experts in various disciplines,
we are aiming to unveil details of the
processes in nutritional acquirements of
herbivore organisms as a base of global
change sciences.

SRERICAV\% = ¥ O (Daphnia pulex)
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Research  1.Elucidation of pathophysiology on brain-gut interaction in irritable
bowel syndrome (IBS)
2.Elucidation of role of brain-gut peptide on stress-related disorders
3.Development of novel treatment for psychosomatic diseases
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Career

1983 Graduation, Tohoku University School of Medicine, Fellow of Department of Psychoso-
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The great social benefit is expected if we can
clarify the pathophysiology of stress-related
disorders and coping program against it with
brain science. The mission of the Department
of Behavioral Medicine, Tohoku University
Graduate School of Medicine in relation to
the Department of Psychosomatic Medicine,
Tohoku University Hospital is to promote
basic and clinical research on the relation-
ships among health, illness, and behavior.
Our research targets at any diseases that are
influenced by psychosocial stress but we
mainly focus on physiology of stress and
pathophysiology of stress-related disorders.
Individuals cope with environmental changes
by behavior. The magnitude of the response
is regulated in the normal range as the
healthy condition. Deviated response out of
the normal range is manifested as the
stress-related disorders.

This concept is well applicable to irritable
bowel syndrome (IBS), a prototype of func-

THBD.HBETIF. ANLRERICLS
HItEEBLEZRBRE U NEER
R DIEHRIEERR L & B EEE D
HEZEHRE U oo Blc. RIERIEE R =
REFRBZHEAEDE NEKRZ
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corticotropin-releasing hormone
(CRH) (BB BIERRE D H L EEE
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& - WA R B8y - E RS R AL RO =
ETHEL NEGROERSE .7
N THREREIC & > ORBIEBER
BHEALEEDOETIEMERTE.
CRHEMENZDREZNET 5.1

tional gastrointestinal disorders and a repre-
sentative disorder of brain-gut interactions.
We reported exaggerated response of colon-
ic motility to experimental stress in IBS
patients. Electroencephalogram of IBS
patients showed more rapid wave with lower
amplitude especially in the frontal area than
that of normal controls. Electroencephalo-
graphic pattern was correlated with colonic
motility. Colorectal distention with or without
conditioned stimuli induced activation of the
thalamus, insula, amygdala, anterior cingulate
cortex, and prefrontal cortex in normal
controls and these responses were exagger-
ated or attenuated in IBS patients. Top-down
modulation of visceral sensation was proven
using viscerosensory evoked potential which
consist of electrical visceral stimulation and
triggered summation of electroencephalo-
gram and brain imaging including positron
emission tomography and functional mag-
netic resonance imaging. At this condition,

SOEDOENEMITHIEORZY
TV RAR—9 —BEFLENBHEREA
BEHOBEEEICEEL.CRHEEES
TF LRI BB SE RO REICE
593%,
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BEZBRUTWS, X FiHAEE
EUTRBERIABUEIC L 2R 5
BER. RATEEE. #REE mind-
fulnessR ENEBEED 7O 2 AR
EKETo>TWB,ZDLSIC.ANL R
DOFEREE%E & L IC D D BHEE
DERNSISICEXRL.ZORYE
DHEIC LB AN L ZDFERRZ B
BLTITL,

both visceral sensation and negative emotion
were modified.

What is the major candidate of neurotrans-
mitters and/or neuromodulators that relate
with pathophysiology of IBS? Corticotro-
pin-releasing hormone (CRH) is secreted
from the paraventricular nucleus of the hypo-
thalamus, activates the amygdala, induces
rapid wave with lower amplitude of electro-
encephalogram, stimulates colonic motility,
and increases visceral sensation. CRH antag-
onist reverses this pathophysiology. Colorec-
tal stimulation evokes IBS-like pathophysiolo-
gy in rodents and CRHantagonist reverses
this pathophysiology. Genotypes of CRH-re-
lated genes are partially related with pheno-
types of IBS. There are other candidates of
neurotransmitters and/or neuromodulators
that relate with pathophysiology of IBS. We
focus on 5-hydroxytryptamine (serotonin),
dopamine, and histamine. Visceral stimula-
tion-induced regional cerebral activation (e.g.

fg.1 Nat Rev Gastroenterol Hepatol(c
H U 7o MBS 1R B D 1R BR

Brain-gut interactions published in Nat
Rev Gastroenterol Hepatol.

fg.2 IBSO D TMRI, EEERRICE U THIZE
BIEFAEHEEIL LIT < W,

Functional MRI in IBS patients showed
less activation of the prefrontal cortex.

the pregenual anterior cingulate cortex) is
dependent on the genotypes of the serotonin
transporter-linked polymorphic region.

We are also exploring psychological trauma,
maternal deprivation, alexithymia, mucosal
sensitization, increased mucosal permeabili-
ty, and influence of gut microbiota with their
metabolites on the pathophysiology of the
stress-related disorders. We also develop
new strategy of neuromodulation using tran-
scranial magnetic stimulation and psycho-
therapy including cognitive behavior therapy,
hypnosis, and mindfulness. We plan to
proceed to further clarification of the patho-
physiology of stress-related disorders, finding
way of regulation of key molecule of stress
response, and developing coping program
against it with brain science.
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Affiliation Department of Pharmacology, Tohoku Graduate School of Medicine

Research Pharmacological research in a broad sense (molecular pharmacology,
applied pharmacology, neuropsychopharmacology, clinical pharmacolo-
gy, neuroscience, radiopharmaceutical chemistry etc)

Professor

Kazuhiko Yanai

Career
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Graduated from Tohoku University School of Medicine, MD

Graduated from Tohoku University Graduate School of Medicine, Ph.D
Postdoctoral fellow at The Johns Hopkins Medical Institutions

Postdoctoral fellow at Japan Society of Promotion of Science (JSPS)

Assistant Professor, Department of Pharmacology, Tohoku University School of
Medicine

Professor, Tohoku University School of Medicine
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The Division is dedicated to carry out basic
and clinical research at the highest quality,
originality and creativity relevant to Phar-
macology and Clinical Pharmacology. The
Division is also committed to providing the
highest quality of basic and clinical Phar-
macology including appropriate ethical
standards to medical students, graduate
students, residents, fellows and research-
ers.

Our main research topics are as follows: 1)
Molecular pharmacology (main focus on
histamine system). 2) Functional and
molecular imaging in the living human
brain by positron emission tomography
(PET): the basic development and clinical
application. 3) In vivo amyloid and tau
imaging: their fundamental development
and clinical application to Alzheimer
disease. 4) Behavioral and neurochemical
studies of histamine-related genes knock-

SVUBBERAAR I YT ORMEIC
BEL7IO4MRNB. YV . a¥ XY
LA YDRFAA—I Y TS AIRTH
RELTESFHAS N TWERY,

fg.1 Roles of histamine in the brain

Histamine:

A physiologically active amine

e

Sleep-awake cycle

out mice. 5) Functions of the histaminergic
neuron system in the CNS,
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fg.2 Molecular Imaging by Positron Emission Tomography
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Affiliation Department of Neurology, Graduate School of Medicine

Research  Neurology

Professor

Masashi Aoki

Career

Dr. Aoki graduated Tohoku University School of Medicine (MD) and was given PhD degree

from the same university. For 1996-1998, he worked abroad as a postdoctoral fellow and

Instructor in Neurology in Massachusetts General Hospital under supervisory of Dr.

Robert H Brown Jr. and investigated the genetics for amyotrophic lateral sclerosis and

muscular dystrophy. He has been recognized as one of the distinguished researchers of

neurological disorders. In 2011 he was promoted to Professor of Neurology at Tohoku

University School of Medicine
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Intractable neurological diseases became
an increasingly worrisome burden for our
aging population. We are currently focus-
ing on the neurodegenerative diseases
including amyotrophic lateral sclerosis
(ALS) and Parkinson's disease (PD), mus-
cular dystrophy, and neuroimmunological
disorders such as multiple sclerosis (MS)
and neuromyelitis optica (NMO).

Most of the neurodegenerative diseases
are characterized by progressive dys-
function and loss of neuronal subpopula-
tions that affect specific neural systems,
including ALS and PD. The currently
available treatments for these diseases
are only the palliative/symptomatic thera-
py, and no disease-modifying therapy has
yet been approved. However, the identifi-
cation of several genes linked to familial
forms of neuromuscular diseases has
offered insight into the biochemical and

FITMS-NMOIFHREIRICE T2 A
UIAFyRATIU7Z-ZZ2hOYA1 NME
EILE>TELZ2MREBERETI R
FEMSENMODHEERERICEALTIZHE
Emwmd 0 FELLEN NMOBFENIIE
THDAQPATEH E R S N TLURE.
NMOFIRIZUfcIREEM E LTRAS
N3HRICHEDELIL NS -NMODHT#E
YO —bY—h—K L CETIHA
BaxREI o, YHEE TIFAQP4LT
EFEORHEZR.NMOBZKIY—H—ICHE
TEIMEERTITTWET,

molecular mechanisms of the disease. To
obtain better understanding of disease
pathomechanisms, variety of cellular and
animal models including patient-derived
iPSC have been established in our lab.
Furthermore, we are employing the
next-generation sequencing to identify
novel genes associated with the disease.
In addition to basic researches, our facul-
ty has strength in the area of clinical
studies including biomarker and molecu-
lar imaging. MS and NMO are neuroim-
munological disease in which oligoden-
droglial or astrocytes in the CNS is dam-
aged by inflammatory response. The
interrelationship between MS and NMO
has long been controversial; however,
after the discovery of NMO-specific auto-
antibody against aquaporin-4 (AQP4),
NMO is considered as a distinct clinical
entity. To find novel surrogate marker and
disease-modifying therapy, we are inves-

fg.1 MEARICEF BNV AL— 3 F LYY —F DN

fg.2 e BBV B KA BIRRFE

tigating pathological role of anti-AQP4
antibody, diagnostic marker of NMO.
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Affiliation Department of Ophthalmology, Graduate School of Medicine

Research ~ Glaucoma, Neuroprotection, iPS
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<Introduction of glaucoma study>
Glaucoma is the leading cause of blindness
in Japan, and the number of patients will
increase with an aging population. In the
Department of Ophthalmology, Tohoku
University, we perform clinical research
which aims at prevention, early detection,
treatment, and convalescence manage-
ment of glaucoma. In addition, we perform
basic research to clarify the pathological
mechanism of glaucoma.

1. Innovative drug development study
for glaucoma treatment

We perform the screening of compounds
including effective natural materials, exist-
ing medicines and functional substances
for neuroprotection by using mouse retinal
primary cultured cell and a cell line for
reporter assays. The efficacy of compounds
is evaluated by the animal model of glauco-
ma. In recent years, we have also been
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L THEEICRREDRENE ICERGE
BRIMRAEOFMZITS Z D AIREE R0 HT
ERRICHRIDEMHFINTVET,

3. REBZAWVWEBRABENIAT—
h—8%R

AR B E R OME R RARR
EDRBZBITL RANEZHCERE
HEICERBIBE\AAN—H—)&ER
LTWETEBEDESVW—H—%2RH
FZElLkD FRMICIE, MRBRE R
BREOH TRABEZHTH AR ICAS EH
FINTWET AT T/ LBEITICED
BRANDT/ LEREBANBERER. EE
ERVEHRSEEOBBIEEZRHU.
REFHPZHBE REDROMB L%
B UcBRE EE ORI ICH i f<ED
HAZEIIE>TVNET,

4. BAEFNE ABBERILEDLST
AN=ZXLOEHA

working on clarifying the pathological
mechanism by using human iPS-retinal
ganglion cell (iPS-RGC).

2. The development of in vivo imaging
procedure of retinal ganglion cell death
and its application to clarify pathologi-
cal mechanism of glaucoma

We try to develop the experiment tools and
methods to monitor the retinal ganglion cell
death and the activation of cytotoxic mole-
cules in high sensitivity.

By adopting such new tools into various
glaucoma models, it becomes possible to
evaluate the medicine candidate which can
effectively treat glaucoma at in vivo level,
and we expect that it will lead to develop-
ment of new medicines.

3. Glaucoma biomarker research using
a human sample
We aim to identify biomarker for glaucoma

BABEF& REIY NO—ILARR
ERBTFRARBNFEEL. ZDFRAELL
THBOMRIEDETSNET ZI T,
RAEFMEETSNICBEDSIRER
BLORIEKRZ IR - B4 U RR RIS

V=3I NIVEREE

DA AN

diagnosis and evaluation of severity by
analyzing blood, urine and intraocular fluid
sample of glaucoma patients. In the future,
we hope that highly reliable marker will
enable us to diagnose glaucoma only by
analyzing blood and urine test. Further-
more, we find correlation seen between
genome information and clinical informa-
tion of glaucoma patients, which may con-
tribute to realize personalized medical
treatment aiming at preventing disease,
and improving the preciseness of diagnosis
and the therapeutic effects.

4. Study to clarify mechanisms to
promote tissue scarring after glaucoma
surgery

After glaucoma surgery, some patients
have trouble controlling intraocular pres-
sure. One of the reasons is tissue scarring.
We study to clarify the molecular mecha-
nism related to the cause of tissue scarring

BET 2N FANZXLERESHNCT R
ET.FERARHOBAZEELE TS0
FElF. X 2BV BRABERIZOHL
WEFEAEICHIDEATED ik F
BOFRANCHEILITTVWEY,

LSFGIZ & % FRESIFERIE

R FERRAIMER

by analyzing ocular sample from glaucoma
patients. In recent years, we have been
working on developing new evaluation
method, which can be applied to the
prediction of postoperative prognosis.
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BEYPEEENLALII 27—V
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HRRE SRS ORI ICEDOWTE
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CILEDIERINTVWETIMATES
BREEEMRET 21O ICIEMERPHE T O
BREDN DE TH D | BT HEEE I IR A
RVOEBEIET %2 & TEMIIEICE
S5ULTWET ZITHIEEOMEET
F IS PERICE > TET T 2RE. &
AR T OO Z BN B - O
MRIERSE & W\ > T R BEICERZHTT
HRZIITHTNWET,

1ELRANLAOEFBIESHEHRED
FRHlCRIF TR

BE MBS RTHEO S SHEEDF L
ERTH O BEETICLDBEOEM
-BERIEC. ZFOBROTIY—=5IH
IWEENRREEZ SN TWD,NRF2
ENY DB S L XFHEEEIER S
NNRF2/ vy O 77 MY T ANEEME
HEMNSOEIEICZLVWI & BRS5TIC
NRF2;EE{LZEDCDDO-Im%Z E/ICHE

Hearing and phonation are essential for the
human communication and thus preserv-
ing a quality of life. These functions are
maintained by means of appropriate works
of the ear and larynx and regulated by
central nervous system. Additionally, func-
tions of respiration and swallowing secure
the normal voice and also prevent life
threating events, for examples, aspiration
pneumonia and suffocation. Our research
topics are in peripheral organs such as; ear,
oral cavity, pharynx and larynx, focusing
the maintenance and of hearing, phonation
and swallowing functions descending by
aging and diseases.

1)The effect of prevention of noise-in-
duced hearing loss (NIHL) by reducing
oxidative damage of cochlea

Recent studies have demonstrated that the
pathogenesis of NIHL is closely related to
ischemia-reperfusion injury of cochlea,

SUTHRCETIINRYATIIYIATIE
BEIC&L2HBOLEMEESND I &
WS- fo. FIEBENICESER
ZEDH 3L NDNRF2 SNPTIFBEEIC
REHIENHIR L TWB I ENHSNIC
B0 NRF2HOBEREMHHEED TR &
LTREEINTWS,

2)CAD/CAMY AT LZZBAWTHRR
B BER
TEEXIGIRE IC BEBO T W ot
EREAVWDZEE.BESL— MO
BYZR 7B EREEDEE BEEN
WE, S 5ICRE P THEEEDREDE
TREQRAY W MDY 2T RTICTRBEA
DIAVE1—5 Db &EMEFTE
TILERERE U TRICYIBR A1 Ricih-
ERARBRETS LT FH IO
DAL & i DR - B TR DA £
BOPICEXADWEEZR S Z EH AR
TH 3o

which is caused by blood flow decrease
and free radical production due to exces-
sive noise. This suggests that protecting
the cochlea from oxidative stress is an
effective therapeutic approach for NIHL.
NRF2 is a transcriptional activator playing
an essential role in the defense mechanism
against oxidative stress. Auditory threshold
shifts at 7 days post-exposure of noise
were significantly larger in Nrf2(-/-) mice
than wild-type mice. Treatment with
CDDO-Im, a potent NRF2-activating drug,
before the noise exposure preserved the
integrity of hair cells and improved post-ex-
posure hearing levels in wild-type mice, but
not in Nrf2(-/-) mice. Therefore, NRF2
activation is effective for NIHL prevention.
Consistently, a human NRF2 SNP was
significantly associated with impaired
sensorineural hearing levels in a cohort
subjected to occupational noise exposure.
Thus, high NRF2 activity is advantageous

WT CDDO-Im

Nrf2 -/~ CDDO-Im

fg.1 CDDO-ImZRIKRE LI TAIRE AT
TIRERETATRLAFTEMRIMRNT
WBHNNRF2/ v I F7 IR IRTIE—

BRENH SN D,

for cochlear protection from noise-induced
injury, and NRF2 is a promising target for
NIHL prevention.

2)Segmental mandibulectomy and
reconstruction using a CAD/CAM
system

After segmental mandibulectomy, recon-
struction using a free flap with bony tissue
has many benefits, such as; decrease a risk
of destructions of reconstruction plate,
possible bite-reconstruction using dental
prosthesis and implant materials, cosmetic
improvement, and better functional
outcome in terms of biting and swallowing.
For the efficiency of the process and better
outcomes, a virtual operation planning, and
model and surgical guide for reconstruc-
tion using CAD/CAM (computer aided
design and computer aided manufacturing)
system are used within the hospital
(self-sourcing). Currently, this system could

fg.2 ffigiCAD/CAMET L (L) & BEE
TTZHREULMROCTER(T),

facilitate the precise reconstruction, thus
aiding rehabilitation of biting and swallow-
ing function and improving the cosmetic
outcome.
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establish a comprehensive epilepsy program, including group medical services provided
by neurologists, neurophysiologists, radiologists, pediatricians, psychiatrists, neurosur-
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[ETADAETEICEEEEZSZ % . 5L
RBEETCADADERDEGDED L LE
RORIICERZFEZRIVYLI/ TS
T 1—%& T UI1661DBE TR T D
TR SEIREREICHD DL ABEROE &
GRBEETCADABELD B ERIBEE AL
ADEBETERIENT M HIBB LT 51T
MEICEVWTEEIROMEERE ClIEF
ROMEEEZEELDSLLABRENMENEN
BESN TV RADAEUAITEE
ADAERITIEL LARBBERANDRE & 1F R XT
DIERTH %o TAD A DIREEN RIBREIITE
= MEENIERS U IEIHIRICE< &
EZ2E PR TIEBRLDEEZITWS,

ThhhEBEBER (fg.1)
REEBRETAT=Y VI REOKER
ERAIBAEZE AL EZRSNI2TE
BITHAEL. . RERBOYIIVT DAL
ROBECZDYAIV T EEEADOARIE
RISEE TADAER THE Uz, Z DFER.
29610 ARAIRAIEE CADATIERAIT

<Epilepsy and sleep>

We investigated whether seizure lateraliza-
tion affects sleep macrostructure in patients
with left and right temporal lobe epilepsy
(TLE), as rapid eye movement (REM) sleep is
shorter in patients with right hemispheric
cerebral infarction than with left. We analyzed
data from 16 patients with TLE who under-
went polysomnography as well as long-term
video electroencephalography (EEG).
Percentage of REM stage sleep was signifi-
cantly lower in patients with left TLE than in
patients with right TLE. Shorter REM sleep in
patients with left TLE sharply contrasts with
the previous report of shorter REM sleep in
patients with right cerebral infarction. Lateral-
ity of the irritative epileptic focus versus
destructive lesion may have different effects
on the sleep macrostructures.

<Epilepsy and autonomic nervous
system (fg.1) >

DA ERDHER S 1. 486 DERRI R EIEE
ETADATIRAZHIT LRI ER SN
feo DI ERBBOYAI VT IF ERAIE
RIEETADAICEENTERRIRRAIEET
ADATEBEREICRVWCENHIALE. 2h
FERBFIRNREHEROBEIC LD D
HEMICEDBBEELTVWS I ETHEAH
BETH 2. ERAIRAEE TANAD—ED
ERTEH MBI EE AN LELT
& ERRIRISEZE A S ARAIRISREA D F(F
EHOGENERICHZODEBBETES,
SHRODHEROYII VI IE AAIERAIE
ETADAICBIIBEEDREZHEY 15
RICRBBDEHFEIND,

BIRRAT—IIc LD TADAFRIEEE (fg.2)
AR FEERNKE TRLRFESNS80-
200HzD & AK ik (HFO) A, TAD AtE
RICEWEE S it LW TED &S
ICRBZDODEFANc LABERIBICHEIRY
BHFOIE /> L ABEERECIC N THIRSARE
[FEWDY, TADAERITE WIS TIIERE
DIETOERENMENTENHIBEU . L LR
IREADOHFOIF. TADAREDZHTICE TS

INAAN—NILRZHDEHEFIND,

Long-term video EEGs were reviewed in 21
patients diagnosed as mTLE to clarify
whether the presence and timing of peri-ic-
tal heart rate (HR) change is a seizure later-
alizing sign in patients with mesial tempo-
ral lobe epilepsy (MTLE). HR abruptly
increased in all 29 right seizures and 42 of
48 left seizures. Onset time of HR increase
in relation to ictal EEG onset was signifi-
cantly earlier in right seizures than in left
seizures. Significantly earlier tachycardia in
right than left mTLE seizures supports
previous hypotheses that the right cerebral
hemisphere is dominant in the sympathetic
network. No HR change, or delayed tachy-
cardia possibly due to seizure propagation
to the right hemisphere, may be a useful
lateralizing sign of left mTLE seizures.

<Epileptogenicity and different sleep
stages (fg.2) >
We hypothesized that high frequency oscil-

EBRAYI77LYRAZAWTADAEE
HA 1366 2DELMICN LT RBOAEIC

SUIcGEE HENERTRERAY 7 7L

VAEBERAWTSIUIBEE T RIEE

(A) Right temporal seizure in patient 3-R. Heart rate (HR)
started to increase 32 seconds before ictal EEG onset. (B)
Left temporal seizure in patient 10-L. HR started to
increase 28 seconds after ictal EEG onset. (C) Left
temporal seizure in patient 15-L. No obvious HR changes
were seen.

fg.1 Typical example of ictal heart rate change
in relation to ictal EEG onset (Kato K, et
al. Neurology, 2014)

lations (HFOs) are differently suppressed
during REM sleep between epileptogenic
and less epileptogenic cortices, and that
the suppressive effect can serve as a
specific marker of epileptogenicity. Intra-
cranial EEG was recorded in 13 patients
with drug-resistant epilepsy. HFOs
between 80 and 200Hz were semi-auto-
matically detected from total 15-min EEG
epochs each for REM and slow wave sleep.
We found HFOs were less frequent but
more specific to epileptogenicity during
REM sleep.

<Teleconference-based education of
epilepsy>

We investigated whether a teleconfer-
ence-based lecture provides similar under-
standing of seizure semiology to a
face-to-face lecture for physicians.
Sixty-six physicians attended the 30-min-
ute lecture to introduce various types of

RANOEFENERDINESINET VT —hC
SOFEL. ZDRERERAY 77 LR
KEBEZRAVWVIBETOERBROSEEBREIC
=MV ENHIRA LTz,

Intracranial electrodes were labeled as rapid eye
movement sleep (REM) dominant HFO (RdH) if REM
z-score was greater than SWS z-score as SWS dominant
HFO (SdH) if SWS z-score was greater than REM z-score.
Relationship of electrode location to the area of surgical
reaction was compared between RdH and SdH electrodes.

fg.2 Detection of high frequency oscillations
(HFOs) in a patient with postoperative
seizure freedom. Sakuraba R, et al. (Clin
Neurophysiol, 2016)

seizure semiology using video-clips and
then joined the comprehensive case con-
ference. Group A received the lecture and
conference using a teleconference system
(N=43) and Group B attended in person
(N=23) for geographical reasons. After the
conference, 32 subjects (23 in Group A and
nine in Group B) scored their own post-lec-
ture understanding of seizure semiology
using the four-point Likert scale from 1 (not
at all) to 4 (very well) as well as the estimat-
ed pre-lecture score. No significant differ-
ence was found in improvement of under-
standing after the lecture between Group A
(43%) and Group B (22%). Pre-lecture
score of subjects with improved under-
standing was significantly lower than those
without improvement. Teleconfer-
ence-based lectures can be a useful tool to
educate seizure semiology for physicians,
especially at the inexperienced level, by
overcoming geographical limitations.
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MNEBEEHRO>TWET  BEERNZOM
BEEERLS DRBELVCEEENTS
D IR R RDOIRAEEE 2D A REME
NHEDET . FHALIEEICMusefifg =L
TELADFRMBRERICH T BEER
DBEMEL R LM, ZDANZ X LERIE
L (fg.1). Z DB R ZERIRBICEELY
BIEEBEEVTVWET NEEICEHL
Tl REMIAEDRRLERETTY,

ZDfth, R ARARE
HMBFEIELUE IO, MISFMEEYL,

BFREMBORAEDIT>TED . RKID

FDERREICASTWEY,

HRBERODTFIIFI VI DR
MEEETIL. MEMET L. TAD

Development of a new neuro-regenera-
tive therapy

We investigate the effectiveness and safety
of stem cell therapy for various neurological
disorders. We use Muse cells as a cell
source. Muse cells automatically migrate
into injured site, differentiate into required
cell types, and finally reconstruct neural
circuits. We have already started a clinical
trial for brain infarction.

Molecular mechanisms for various neu-
rological disorders

We deeply analyze molecular mechanisms
of neurological disorders. Especially, sphin-
gocine pathway and transfer RNA signaling
are our current targets.

CFD analysis for cerebral aneurysms

Recent advancement of computer technol-
ogy enabled us to perform computational
fluid dynamics analysis for patient specific

AEFTILPZDMELDETILEB.
HRBEBRODTFVI IV ORME
BIFLTVWET, MO TIFRE—RD
VOFIVTERLCHELTWELE
M RETIEMIEREEDVIL—TICE
TBHRAT7VAVVICEBLIZY T F YUY
7%, transfer RNA OF LW T FY
VUICEBUCHMERIELTWE T,

BERAHZZ AW HENIRER Eom
TRERtT (CFD f#47)
EEOIAVE21—9 DB bIc kD,
MOTERA—/—ar 2 —FZBWRIT
NIERLEIFShah>fzavEa—5>
TaL—YavhMBEADLARILTITZAD &
SIEBE->TEX U, BREIEF. BESA
BESOMERBORREHEL. ZOF
DRz Zal—3>9% CFD &
EToTWET (fg.2)e S X TIEERAL
RES, RBE MRRRARE T
HIRTAT LAY R DN o F2 AN B BRI I 715 4R
EVWSHULWHIEHM R ZEBMT B &N
TEXY, BETIE. MEBRBICT TS
MEREFREDBERR7ICDWT CFD
BRI SHETEZ L ERHERLE UL,

model of cerebral aneurysms. In the past,
the risk of aneurysms was evaluated based
on the morphological parameters such as
diameter, shape and location. With CFD
analysis, we can add flow parameters in
addition with morphological parameters to
evaluate the risk of aneurysmal rupture or
recurrence after endovascular treatments.

fg.1 Museffifgic & 2 B #H R EIKOBEE,

fg.2 CFD##TZ A\ e INEN AR e R R B U X U 51
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In Japan, Agency for Medical Research and
Development (AMED) has launched two
health care systems for rare diseases,
initiative on Rare and Undiagnosed
Disease (IRUD) and Nan-Byo called in
Japanese (literally 'difficult'+'iliness', ##).
IRUD has been started since 2015, which is
an ambitious challenge to construct a com-
prehensive medical network and an inter-
nationally compatible data-sharing frame-
work. Our three-year experience of IRUD
management was discussed in this sympo-
sium last year. The Nan-Byo care system
has more long history, started from 1972,
and supported patients with 331 assigned
intractable diseases. This meeting, | will
share with you achievements in genomic
study of two pediatric Nan-Byo,
steroid-sensitive nephrotic disease (SSNS,
Nan-Byo No.222) and galactosemia
(Nan-Byo No.258).

FUlco YD RItsn2Z2 /v I 7 IR LIcel
5 RAERERICRERDHEMIBINZ R
HIREMZHERTEE U,

ZDBRNZ M NRIRET & R R Z
$R U ITSN2DBIEER TR = % < DIES!
TEERZRJI)—ZVI UL ITRRHN 56
DOFHRBEEEFZREL T Ul IR
ICRESNIBRERFIF. WIhER—
DI FINEERE (Rho7 73U —ESH
FEGCERBEDEMRENRER) EICED.
HEEERZH DI ENBESMTHRDEFL
(Nature Communications, 2018;9:
1960), COY T FIMRER R (3. BEM
RO7IFUERZRETSHIETRER
DFEFHHZITNET o B RIS RIKAED
mR2@ET7 Y-S BlcH. . ER
ROBENBBETEET Fle. T FI
EEREAICIERTOA ROMERT 20 F
EFEETZHTRTOA R
M2 1 EVWSEHIH S DRDERICREZ
52 F Ul
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We recently identified 6 new genes for
SSNS (Nat Commun, 9:1960, 2018). This
study started from genomic analysis of a
sib cases with SSNS, which followed in
Tohoku University Hospital. By whole
exome sequencing analysis of this family
we identified a compound heterozygous
mutations in ITSN2. Mutational screening
of the functionally-related genes with
ITSN2 revealed that mutations in five addi-
tional genes (fg.1). All of the genes are regu-
latory molecules of small GTP binding
small Rho protein family, RhoA, Rac and
CDC42, which is known to play a role in
podocyte movement by regulating actin
polymerization, suggesting a pathologic
pathway in development of SSNS.

We recently identified a novel type of inher-
ited galactosemia caused by GALM muta-
tions (Genetics in Medicine, in press).
Inherited galactosemia is classified into

DERZRIEET. HZIM—2%ETR
VRN T 2 H R (LeloirfR B,
fg.1) LOBROBERMIIBICIDELE
T RIBERICEKD=DOR(, I, IE) T
AEINTVELZ.GALMIZ, Leloiri
BECEETIBRTHIN. INET
ZFORBERFRFELBVWEEZSNTE
FULA BB NBEOWThTEHAL

AZUM—ZME. Wk 3 TFHBTER

fg.l

AR CRTES NI-X 7 O—EEEFORKEE
EFHEEZORE

Zh505 VI8 JIBEIEBUTRho7 72 —{&
S FEGERE (RhoA, Rac, Cdc42) DiEMAIR
ZHEOTWE . RHICEEARF AARTRES N
fcBIEFZ R, (Nature Communications(2018)
X Figure 2&03(F)

type |, Il and Ill, which are caused by muta-
tions in GALK, GALT and GALE, respec-
tively (fg.2). Enzymes encoded by GALK,
GALT and GALE are reside in Leloir path-
way that catalyzes conversion from galac-
tose to glucose-1-phosphate. We encoun-
tered two patients who had no mutation in
these genes, and analyzed their genome by
whole exome sequencing. Two patients had
mutations in the same gene, GALM, which
encodes galactose mutarotase, converting
beta-galactose to alpha-galactose. Preva-
lence of GALM mutation in Japan seems
higher than other types of galactosemia,
suggesting importance in diagnosis of
galactosemic patients.

WHZ I N—ZIME OFEFHID SR
FENTORUSEIDGALMERIC L
ZHBEAS VN —RAMEOFKERTZDH
PERVEL . COFBETHS U ~—
ZAMEIVE &@mELELRE (Genet
Med, Oct 19, 2018, online). S & DHT
EBYARVV—ZV I TEHIEhdH
S h—RMERBBOFRRRHAEZ DR
RERICERIZEHRINET,

fg.2
Leloir/INAo =1

REEAHLeloir/S AT 4, BETERU
fcLactose (ALFE)NNBERTH@EEI N
Glucose& B-D-galactose & i DA IR
NEh3.,5E.GALMREBEEZHRHRAS Y
N—ZMENPFREAELTEE U, (Genetics
in Medcine(2018):X Supplementary
Figure S1&b3[F)
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1.0ishi Y, Imamura T, Shimomura T, et al, Visual texture
agnosia in dementia with Lewy bodies and Alzheimer’s
disease, Cortex 103, 277-290, 2018
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.Tanji K, Sakurada K, Funiu H, et al. Functional signifi-
cance of the electrocorticographic auditory responses in
the premotor cortex. Frontiers in Neuroscience 9: 78,
2015

w

.Baba T, Kikuchi A, Hirayama K, et al. Severe olfactory
dysfunction is a prodromal symptom of dementia associ-
ated with Parkinson’s disease: a 3-year longitudinal study.
Brain 135:161-169, 2012
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Kyoko Suzuki

Career

After graduation from Yamagata University School of Medicine, Kyoko Suzuki started her
clinical training in the Department of Neurology, Tohoku University School of Medicine.
She has learnt neuropsychology in Melbourne University and Austin Hospital. After
becoming a board-certified neurologist, she was appointed to the faculty at the Tohoku
University School of Medicine in the Division of Neuropsychology (the former name of the
current department). She subsequently assumed the professor at Yamagata University,
first in the Department of Clinical Neuroscience and later in the Third Department of Inter-
nal Medicine (the Division of Neurology). She was appointed to current position in 2017.
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BAOHROHROIE RAEERED
BRERHY - R EIRINIAR E TADAEE
ICBTZEASE DBERAEEY v EY
TTH B RAEMREE L TIEGADR
HAEE U THIS N TWR SRR EK
BEAE &SRR AR L E— /AR
HE/IN—F VY ViEZEFRDICHRZE
HTWDFFRMEEBEKBETIE. N
ECICERFNRFHOEE. > v > b
MOBEMEZFATI2EFORE. AE
DEFEICET ZMERZNRT. Vv
NlTDTERE & REAEICB T DR
EEBDRENSHEICOBRNIHAR
ZiTo CE T AKREBICEAL TIREAT
EEHOMRERD ERENICHHRKRE
BT TWBoF o, L E—/IVARISRHIAE /
N=F VY URICEALTH HREAR &
DOHEME E L T AR OEZN. iR
SHEZ M IC AR Z TV s
FERDEERNER Y TN ICEEYT D6
HEMIDRBZIT> CEfc. 2N 5 DA
REED U TSHICR I DBRERDRIR
PHREICDRIT TN,

BRI BRARZLIBEES L TA
MAENBEREDIHABRKICH D

Our research is directed at understanding
neural bases of cognitive impairment and
improving diagnostic methods or treatment
for brain damaged patients. Brain diseases,
such as stroke, epilepsy, and neurodegen-
erative disorders, cause variety of cognitive
dysfunctions depending on which neural
systems are involved.

One area of current research concerns the
neuropsychological and neuroradiological
features of demented patients including
Lewy body diseases and idiopathic normal
pressure hydrocephalus (iNPH). Patients
with Lewy body diseases, including
Parkinson's disease (PD) and dementia
with Lewy bodies (DLB), show various
visuospatial dysfunctions and vivid visual
hallucinations. In the basic visual functions,
we found that visual perception of not only
color or shape, but also texture was
impaired in DLB. Our lab invented a new
pareidolia test as a diagnostic tool, which

BT HROWEICH T TORK - HEEE
HTWND . EMEEORHERERETA
MAEBETIE. TADAERDYIRRIC K
DEREDHEK BRERZZENTE
3. ZDR MRIICERTEREZZE L
TTADPADERENZRET D& &
HICHBEENICEERBPUERET D0
ENH D, ZDIHICBREICHBRE
FES, AWK T & THEREREERS
T ZOBOERI SHEEEHTET 5.
COFETERNT D & & ZIFERBIC
BEET 2 BALIFEEENARE L EEA
TIETem2ERB/BD MR DBRFE U 2 ZBHA
SBXYNT—VDNTILE>TWS
CEPDD S TE.CDLSBINTD
B Z KA CTEREDE S & HEN
lCEbNhTW3BBrocaB D & > BAEH
DDOHZEBHIC—HT D, IS
AT RERBECEIRMWadaT R M
EDORENBRFEREMDAND Z &I
& o T TRTDOHEEEEF D & D EFERRE
ZHIELTWS,
ERBHERE & Z DEE O R ER T A
% 2 E IR ERIRMICEERE T TRV,
ERNRAR TESNIEE < OBRER

revealed that the number of pareidolias, a
type of complex visual illusion, in patients
with DLB is significantly greater than that
of Alzheimer's disease and controls. The
number of pareidolic responses correlated
with the severity of visual hallucinations in
DLB. Cholinergic enhancement with
anti-choline esterase inhibitor reduced the
number of both pareidolias and the severity
of visual hallucinations in DLB. These find-
ings suggest that a common underlying
psychological and neural mechanism exists
between pareidolias and visual hallucina-
tions in DLB. Furthermore, our studies
revealed that kinetopsia is the most
common type of visual illusions in PD,
which correlates with temporo-parietal
hypometabolism.

In addition, we are studying the detailed
neuropsychological /neurological and neu-
roradiological features in patients with
iNPH. These studies gave us important

PHRHMRICOVWT. EMDBEIFES M
EWSRIOWRE X HEDOHENE
ERIEYVNCRZ.E5IC.HERDMH
ROFERZEED. < DAICERMEERE
FEEIECDOWTHI> TWeR<ZEHK

fg.1 Stimuli for the visual texture recognition task.

clues as to what patients are good candi-
dates for the therapy with the shunt opera-
tion. High-convexity tightness on MR imag-
ing is a good neuroimaging marker predic-
tive of shunt response in iNPH. A newly
invented bedside test, the counting-back-
ward test for executive function, is useful
for differentiating between patients with
iNPH and those with Alzheimer's disease.

We are also interested in the individual
difference in neural bases for cognitive
functions. Understanding distribution of
critical areas for cognitive functions as the
presurgical evaluation is quite important to
minimize postoperative dysfunctions.
Examining the eloquent areas in each
patient before resection of the lesion
makes the functional outcome much better.
Our presurgical evaluation includes cogni-
tive mapping with electrocortical stimula-
tion, intracranial measurement of
high-gamma activity during language

YV THB.ZDIeHic. BELEDERK
EEadReLETEOER ZREL.E
BEEY—RATOFBERICHBERWIC
mALTWS,

fg.2 Language mapping with electro-
cortical stimulation revealed
individual difference of language
areas.

tasks, selective Wada test, and neuropsy-
chological assessment. We examine
patients with drug-resistant focal epilepsy
or brain tumors in collaboration with
Department of Epileptology and Depart-
ment of Neurosurgery. In cognitive map-
ping with electrocortical stimulation and
the selective Wada test, we can compare
symptoms during electrical stimulation or
focal brain anesthesia with those at the
baseline period, which reveals functions of
the restricted area without any compensa-
tory processes. Integrating results of these
methods allows us to identify functional
areas in each patient more precisely than
those by other techniques such as func-
tional MRI. These studies revealed that
cortical distribution of language functions
has surprising individual difference.
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Professor
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Career

1989 - Department of Neuropsychiatry, Graduate School of Medical Science, Okayama University

1997 -2000 Department of Human Genetics, School of Medicine, Nagasaki University

2000 - 2006 Department of Psychiatry and Human Behavior/Department of Physiology, Collage of Medi-
cine, University of California, Irvine

2006-2012 Associate Professor, Department of Biological Psychiatry, Graduate School of Medicine,
Tohoku University

2012 -present  Professor, Department of Disaster Psychiatry, International Research Institute of Disaster
Science, Tohoku University

2012 -present ~ Professor, Department of Preventive Medicine and Epidemiology, Tohoku Medical Megabank
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1) fEHE B O KA BB & 2R MR L
D1 & DERFRAT T : JEH AR 18P i R
DREDREMIBICEFTZELFDOH
R7OT77 (I ORETHB NV ZATY
Th LY ELCFREZAEISDNA
DAFIMEEDIEI T RXT AV I AD
BRATICENDIBATE TWE T . EENG
WOEADFE LT RBMBRDSHE
FKAEZE TNV RADEENERHEINT
WBEANLN-THEROY 7517 TH %
Th1#ike. Th2iif Z HEEE U ORI F 5
RORMZIRIT 2MRBEETHEST
WEY (fg.1). Kfc M EZ MRS
DHEMEICLDIEHRBERE PR
BEEOMBEBRCHEEZRET SERD
FLUEZREIT 2O QEGETEH
ReEDHTWET,

To elucidate the pathogeneses of psychiat-
ric disorders, and to improve technologies
and systems in psychiatric practice, we
take the following three approaches inte-
grating clinical researches with brain
science, immunology, molecular genetics,
genome medicine, bioengineering, bioinfor-
matics, and epidemiology

(1) Clinical approaches: We are trying to
identify molecular conditions in the brain
and peripheral immune systems relevant to
the pathogeneses or modulating factors of
psychiatric disorders by integrating com-
prehensive evaluation of transcriptional, or
epigenomic profiles of brain tissues or
specific cell populations in the brain or
peripheral immune systems. For example,
we have identified gene expression profiles
of Th1 and Th2 subtypes of helper T cells,
which have long been suggested to be
involved in the pathogeneses of psychiatric

2)7/ LR— MR RIEAT 1 AL
XHANV D EETIKIBAANDADREES
REBICT7AO0-TFvSIETEE. 7/A
BROPSHRBERBR EEHEVCER
BRZEDLETHBNITDIET EBHEHED
BHrCAEbEENER @A FH
DOEFFHIBREZBIELTWET  AEEL
EHUT SDROOHMEBRANL AR
I5%Z¥HRHETDODOREICEDZERR
MORAKEZITEO>TVWET . INETIT
JLBEBCIMEORBEYREDTO

fg.l
REMEFENNS VRV T N—LHFE
BHREBTHRET2OHEELIRREI NS
ANILI=THREDY 77 73U—Th1-Th2
OFATFAV YT EFRI—H—DRE

disorders, such as schizophrenia (fg.1). We
have also conducted imaging genetics
studies as collaborations with the Institute
of Development, Aging, and Cancer (IDAC).

(2) Integrative genome cohort studies: We
have cooperated with the Tohoku Medical
Megabank Project to develop personalized
medicine and prevention by following up
integrative genome cohort and managing a
biobank. For example, we have developed
algorithms to predict depressive state
based on genome-wide genetic variance
and plasma metabolites (fg.2). We are in
the process of improving prediction effica-
cy by integrating multidimensional biologi-
cal features.

(3) Basic neuroscience approaches: We
have conducted animal model and cell
culture studies focusing on neuro-psy-
cho-immunological and inflammatory

TINS5 DREE FAT D HEME
BOZITIVXLDEREPHEICEDE
ATETVW M BRREDIEEIC/ A
Y IV T EMERDANSH&EED
TWET, (fg.2)

3NVEMREOEMENERBEADD
DERAFR: S DR OHMEERAN R
BEE(PTSD). MERFAEGEDETILE
YIS EMEEE VT SR R . &
BV R OBUNERIEDBRRINSD

fg.2
BEEME7Z77O0—FOHAICLZIBHE
EREBEREATIMEICLZFEORSR
STl - T A0k AT D BE 5

aspects of psychiatric disorders, such as
schizophrenia, mood disorders, and post-
traumatic stress disorder. For example, we
have identified that the increase/ decrease
in the production of inflammatory cytokine,
transformational necrotic factor (TNF)
alpha in microglia, is involved in the consol-
idation/distinction of fear memory, which is
considered as the pathogenetic/improving
mechanism of posttraumatic stress disor-
der (fg.3).

B BRI E S M ORI
HARET>TVWEIT . —HFIELT.PTSD
DFEBEERICEETZEEZSNTL
BRMTEOEEEEEDANZXAIC
DWTETILNTATIREEL IR D X AE

PREICEEY 2EEEEIZI/OY

UZHEDREEY A A+ Y DEED
BEIEORESICES T2 /HEL.
JRRERE ICAT fORBRDRRICEND
ATWETY (fg.3),

fg.3
BHRBRENDOREE X=X LA
KA EBERAREETILEYRRED
e
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Val66Met polymorphism on gray matter volume in
typically developing children and adolescents” Cerebral
Cortex, 26(4): 1795-1803, 2016

3.Takeuchi H, Taki Y, Hashizume H, Asano K, Asano M,
Sassa Y, Yokota S, Kotozaki Y, Nouchi R, Kawashima R
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Molecular Psychiatry, 21(12):1781-1789, 2016
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Ryuta Kawashima

Career

Dr. Ryuta Kawashima is a Director of Institute of Development, Aging and Cancer (IDAC),
Tohoku University from 2014, as well as a Director of Smart Aging Research Center,
Tohoku University from 2017. Throughout the years, Dr. Kawashima studied at Tohoku
University School of Medicine, and the Graduate School of Medicine where he earned his
M.D. He also spent some time in Sweden as a guest researcher at the famed Karolinska
Institute.
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(B) BAEEPEHNEREZALEES
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(1) Using a 7T-MRI system designed for
small animals (specifically, rats and mice),
we are studying the mechanisms behind
structural brain plasticity and neu-
ron-to-vascular coupling. In addition, we
perform translational research on animal
disease models.

(2) With the aim of understanding the
neural mechanisms of our minds and their
individual differences and pathologies, we
conduct research on a wide range of issues
and use functional neuroimaging tech-
niques such as an fMRI.

(3) We are working to develop a system for
the improvement of brain functions in the
elderly. Our system will be capable of
preventing and improving senile dementia,
and it will also support healthy brain devel-
opment in children.

ERWLHULWNL —Z V7 HEDRH
PZOMBDORAET DAN—K TV
VMR ZEITOTWETD,

(6) PEEMAEEENICTMT ZAE
V=)L DRFE NRFEEENRE U-ER
RABECHERREEEBEL . XERME
EEBE RERE ZETARERE,
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(7) NEDREDREE T — I N—ZDIERL.
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OO ERIFEHAIC K> CIHE-FHRETS
EFEEMRLITOTWET,

(4) We are conducting two types of
research currently. The first is basic and
applied social research on neural decoding
with the aim of reading individual cognitive
states from brain activity, and the second is
research which connects communication
and collective neural synchrony using
simultaneous multi-brain recordings.

(5) To improve cognitive functioning and
mental health, we are developing new
training methods (e.g., through video
games, exercise, cognitive training) and
also validating the scientific evidence of the
new training methods.

(6) Using the new measures we've devel-
oped to quantitatively assess motivation for
learning, as well as classroom observation
and questionnaire surveys, we are engaged
in research about student motivation to
learn. As part of this investigation, we also

look at the relationship between the moti-
vation to learn and student lifestyles, family
backgrounds, learning activities, attitudes
in the classroom, and academic achieve-
ments.

(7) The numerous activities of our group
include developing a brain database for
healthy children, clarifying normal brain
development, elucidating lifestyle and
genetic factors that influence brain devel-
opment, and comparing the brains of
normal patients using our brain database.
With devices for scientific measurement,
we also evaluate how products or systems
which are developed by industries affect a
consumer's brain and we carry out collabo-
rative research between industries and the
university based on the results.
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Now we confront a super aging society in
Japan. In the situation, it is important to
preserve our cognitive function for entire
life by preventing us from pathological
brain aging. To perform the aim, we have
built a large brain magnetic resonance
imaging (MRI) database from around 3,000
subjects aged from five to 80 in order to
reveal how brain develops and ages. We
have also collected several cognitive func-
tions, lifestyle such as eating and sleeping
habits, and genetic data. Using the data-
base, we have revealed normal brain devel-
opment and aging, and also have revealed
what factors affect brain development and
aging. For example, sleep duration is
significantly associated with the gray
matter volume of the bilateral hippocampi.
In addition, there were significant negative
correlation between alcohol drinking and
gray matter volume of front-parietal region,
and body mass index and gray matter

fg.1 NRIc& 1T 2 F i & IR & DAEREI

volume of the hippocampus in cross-sec-
tional analysis. In addition, having intellec-
tual curiosity showed significant negative
correlation with regional gray matter
volume decline rate in the temporo-parietal
region. Moreover, it has revealed that there
are gender differences for correlation
between brain structural changes and risk
factors such as alcohol and obese. These
findings help understanding the mecha-
nism of brain development and aging.

fg.2 NRIEKITZFMmERAEE DA
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Cohort studies contribute to monitoring
persons’ health statuses and implementing
suitable time interventions, even after a
large natural disaster. The Great East Japan
Earthquake (GEJE) and subsequent tsuna-
mi on March 11, 2011, devastated a wide
area of the northeastern coast of Japan,
including Miyagi prefecture. As an effort to
realize creative reconstruction from the
disaster, we planned to establish a birth
and three-generation cohort in 2012, We
named this study the Tohoku Medical
Megabank Birth and Three-Generation
Cohort Study (TMM BirThree Cohort
Study). In this study, we recruited pregnant
women and their fetuses as probands and
collected in utero and subsequent expo-
sure and outcome information, including
disaster-related information of newborns
and other family members, partly using
maternal and child health handbooks. We
started recruit of this study from July 2013

RAFTKEX TR ONEINEENL
RICEES héjﬁﬁﬁﬁé; BT BRER
WEERIMET BARZET>TVEY,

[9F&E*]

HRADOHERT YA > THDHE=
HAIR— MRAEIZIT> TOET K
NFELDRRICEZZDFELRMRPT 3
EEDBIFEBED ULRORIOER
BRI REEREZBIE L TWE
T ERZE—EDHDN S AL ADEFE
ZEEZERU.LDBEANCRELSNED
DER>TETWET . ChIFBEEE
(precision medicine) & % W ERMLF
[ - B (personalized healthcare and
medicine) & SN RREZ DK E 104E
EFEBRUTWET ATFREFETIEREE
KEORRTEDBPLEDLE BEE
BEERINCKEENTFREZRAEZR
MBLTWETD,

1 BEEEEEDHDT / Ldk—
EOAHAR

BEIR—M ERIR—F.HED
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and as of March 2017, 74,112 persons partic-
ipated in as a “fetus” origin cohort or
73,500 persons participated in as a "new-
born" origin cohort. The study design is
quite unique and combined with parallel
residential cohort study (TMM CommCo-
hort Study) enables us to challenge eluci-
dation of the missing heritability as well as
of the effects of disaster exposure by con-
sidering relatively sufficient required
factors, including familial genetic informa-
tion, exposures in early life, and life-course
environmental factors. Thus, a large scale
birth and three-generation cohort study
based on more than 23,000 pregnant
women has been established for the first
time. We believe that TMM BirThree Cohort
Study will be useful for various future medi-
cal studies.

Additionally, we aims to elucidate the etiol-
ogy of autism spectrum disorders (ASD) by

RERERREDBEEZRZ RO Y X
IFAERFERETRES LT 26D
TY . DRI S HHIERICT T 25
AR EDRAEBETICANTVETD,

2 HEERBVFICEMANRY M3 LE(H
FEEANRY k5 LREE) O EfERA

BEARY b5 LREDRERR &
IR EDRAEET > TOE T AT —H
DERARI NI LEZD>LBFSA

KEILESABAISH
~ARFEFZHT TO—F~

St aih— MRE

phenotype clustering and high-dimension-
al variables selection method. Phenotype
clustering is needed because ASD is highly
heterogeneous. However, previous studies
could not sufficiently conduct phenotype
clustering and investigation of the associa-
tion between individual cluster and genetic
and environmental factors. In phenotype
clustering, wel utilize non-linear principal
component analysis in deep learning archi-
tecture for feature extraction. When investi-
gating variable(s) affecting ASD in high-di-
mensional data including genomic variants
and environmental factors, we use high-di-
mensional variables selection method,
which we have already developed. Identifi-
cation of robust set of genetic and environ-
mental factors may be one of the most
important steps in the construction of
regression models from many thousands of
variables. Although there have been
various attempts to select predictive

TIEF.EY T YBOICRIGT 2FEHHL
BZEHEEERH.CDEY I YBORIG
5 ERREROBRBISENL TWET,

3 AEBER.FICEREDPADDTFE
FHIE

T/ LAR—MARICK > THFICE
e DA DRERE SRR ERAEZIT-
TWEI,

BEARARINSLEDI ATV
(Sci Rep. 2018;8(1):14840.)

variables from high-dimensional data sets
to ASD phenotype, there is a serious statis-
tical limitation to study them in multiple
regression model. We have developed new
high-dimensional variable selection
method to flexibly identify discriminative
variables. Our goal is to clarify ASD
subtypes and elucidate the etiology of
them by machine learning method of phe-
notype clustering.
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NFAA—=Y Y (molecular
imaging) l&. "E&FDF DO EB) = CRIE ST
KOVESETEDRETHADSERT
EMEBREKLE T E hZHRE U
DFA A=V T TRIZEZEM &K <
BWSNETRTHIRY hOVEIEE
(PET) (& 1EERIC BR U e IRF 955,
DFRENCEES 2% KX O EHER
ICEIEY 2EF DB, SRR - T—
YBICET 2 TENBNEHRNICHES
DWW EAREETI KEZ THWS N
DHVNREEBALNE < AGRZER
ULTRRESBERTTHRICELScH. %
WHRE UcBREZMOFEE L TRRE
T ZDH. PETERDE LT KER
R TIF RO SEREZHANDIGH %
BE L CERRMARIEDSNET,
MAT RETIE. LT 7IROR—F 1R
ERHT 2EZ D ABEICAWSKE
FRBEOFM S BRICES L TWET,

YaoorQY - ZIATFAY =T
2% —(CYRIC) TIE.PEZENSE
P EMRICEDRRBDBOMREN
EEUGNSHRZED TVWET T
I0~OYEEZHREISILEELF v

Division of Cyclotron Nuclear Medicine
was established in 1987 as a division of the
Cyclotron and Radioisotope Center
(CYRIC), Tohoku University. Its primary aim
has been to promote medical research
using a cyclotron and positron emission
tomography (PET). This division has been
also a member of Graduate School of Med-
icine, Tohoku University, and is accepting
students for master and doctorate courses.
In addition, multiple graduate schools of
Tohoku University have started trans-facul-
ty "Molecular Imaging Educational Course",
in which CYRIC has played an important
role for the development of instrumenta-
tions and methodologies.

We have two cyclotrons and two PET scan-
ners. There are various research projects
currently running through collaboration
with various departments of Tohoku
University and those of other universities.

Y IRZADCYRICHICH b 3 H, KZER
EFRARBOBABEE L TEEIL T
WET Ffo. KERBTHRZEME LT
HEHRLUTE D . PETZBWERKRIFZ
MAL—XICEBTE S LS ICRENE
BEnTWETD,

PETIZ. & [T, D HY A DEZHTIC
EEL . EREROBEANRSSNT
WEITMOEIRICIGAET D EHTHE
TY . UARE Tl BUEEE - 5 F 1 X —
IV ITRREBIBHEE DA A—I VY
MEEZEEICHEL TWET EHENAE
MET—< &L T RS AAEER
BE D FTH. BRPREIB TR SRAAE D R HA
ZWIA R, BRERZADISAMR (AR —
VRIS REER) R EZIRICHhiz>TW
FIAERIMOE EDfhIC PETIE
TR MRIPHZA X =TIV T GRTRS
W REHNIRS) &Kiff & DRt A ZBiE L
FEXIWVFE=FI-AA=IVIHRES
HESnTWE I ERMABR S LT,
HERD S DHEMEADEWEDLEICEH
BEMIcm AL TWET,

RILVFE=FI-AX=I Y ITHET
7 LILF—REICAVWShZER

We are running a clinic for clinical PET
research in collaboration with Tohoku
University hospital. That's why we are
always ready to conduct clinical examina-
tions using PET systems.

One of the advantages of PET imaging is its
high sensitivity, which makes it suitable for
neuronal receptor quantification. Nowa-
days, we mainly use tracers such as ["C]-
doxepin, ["C]raclopride, ['®F]fluorode-
oxyglocose (FDG), ['°*O]H20, ["'C]PiB,
["®F]THK-5351, ['®F]THK-5117, etc. ['"C]-
doxepin has been used for imaging hista-
mine H1 receptors in human brain. We are
studying central side effects of antihista-
mine drugs using human volunteers. PET
results are associated with intensities of
sedative side effects due to various antihis-
tamines at therapeutic doses. We are also
measuring glucose metabolism and perfu-
sion under the effects of antihistamines

YIVERAIORBEADNTBANEEE
ToTWBBRITIF NARICE 1T B M5 &
RE#DOH Y 7YV IHEILL TWARWTE
BEMNH DL EZPHTE R TRELE
L7z (fg.1 and 2) . RAE D R HAZETH
RTIHZROMEF & OHREHFR IO
YV hOFRTRATIOLNNEEE
FANOATUA =Y R(FTREED) &
DEEL TERILT 2 2 EICHINL . KE
BEZS0Image of the year 2014(c
BIENFE U (fg.3)  BE R D BIEAR
BOA A=YV TR ERENR
IEDWTHEDHATNET,

fg.1

using ["®F]fluorodeoxyglocose (FDG) and
[*0O]H20. Recently, we first demonstrated
that physiological neurovascular coupling
is not maintained under pharmacological
influence of antihistamines (fg.1, 2). Some-
times, the results of these clinical pharma-
cological studies may have great social
impacts in association with “traffic safety”
and “education at schools”.

Early diagnosis and prediction of disease
course of Alzheimer's disease and mild
cognitive impairment (MCI) has been a
very important project. A study group
including CYRIC has conducted various
kinds of clinical research projects. Finally,
we succeeded in clear visualization of
astrogliosis including tau deposition and
amyloid deposition separately, and our
PET images were selected as "Image of
the Year 2014” in SNM meeting (Annual
Meeting of Society of Nuclear Medicine

fg.2

fg.3

fg.l MERY I VERBRICBMBERT
RO RUEEES,

fg2 M X5 X v ERARICRMBEETE
DBy M TENREZ AL,

fg.3 ZILYNA X —REBEMAICE T 5T X
KB UA -V R(FORBEERT:
BE-THKSTT7#ER) & L7040 R
& ('C-PiBfER) O ER.

and Molecular Imaging)(fg.3). We are also
studying health-promotion effects of exer-
cise in terms of glucose metabolism and
dopamine release change in the brain of
human subjects. For this project, we are
using [""Clraclopride, a tracer for dopa-
mine D2 receptors.
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Male is exhibiting courtship dance by
rapidly swimming in front of the female in
acircle
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Career

Hideaki Takeuchi graduated and received Ph.D. in Pharmacology, from the University of Tokyo. He has been studying the neural basis
underlying social competence using honeybee and medaka fish, as a JSPS fellow, an Assistant Professor at the University of Tokyo, and
then as an Associate Professor (PI) at Okayama University. He joined Tohoku University in 2019 as a full Professor.

Research

Within group-living animals, individuals appropriately tailor attitudes and responses to other group members according to the social
context and external environment. At the simplest level, the behavioral output can be described as approach and affiliation (positive
response) versus agonistic behavior and avoidance (negative response). The neural substrate that works between sensory input and
behavioral output, or the integrative circuits underlying decision-making processes, however, is vast and mysterious. To address this
issue, we have focused on medaka fish, a model animal used mainly in the field of molecular genetics. Previously, we demonstrated
that medaka females recognize familiar males following prior visual exposure, and social familiarity influences female mating receptivity.
Medaka females exhibit a positive response (high receptivity) to familiar males, and a negative response (low receptivity) to unfamiliar
males. Further, we demonstrated the essential role of a subpopulation of gonadotropin-releasing hormone-producing neurons (GnRH3
neurons, Fig2) in switching from low to high female receptivity (Okuyama et al., 2014). Next, we found that medaka use faces for
individual recognition. Females can discriminate between two male faces and two objects, but upside-down of the faces made it more
difficult to discriminate them. When discriminating between two non-face objects, upside-down did not affect it. Thus faces may be
special for fish, just as humans (Wang and Takeuchi 2017). This is the first study that shows the face inversion effect in animals other
than mammals. We further established various behavior paradigms to assess social
interactions such as schooling behavior (Imada et al., 2010), individual recognition
(Okuyama et al., 2014: Isoe et al., 2016, Yokoi et al., 2016), mate-guarding (Yokoi et
al., 2015, 2016), and social learning (Ochiai et al., 2013). We established a new
methodology for heat-inducible Cre/LoxP recombination in the medaka brain (Okuyama
et al.,2013). Now CRISPR/Cas9 system is available in medaka fish, which allows us to

generate efficiently knock-out and knock-in medaka. Using the medaka systems we are 100 pm

trying to systematically identify internal factors (genes, neural networks, and brain

Fig.2 MEFHAXHHEMLIGnRH3
Za—AYORRL (XXHE)
Visualization of GnRH3 neuron in the

medaka brain using transgenic
purpose is to how the internal factors (genes, neural networks, and brain regions)  medaka at embryonic stage

regions) essential for vertebrate social interactions (Yokoi et al 2020). Our eventual

influences animal behaviors, which can serve as the basis for the emergence of sociality.
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Career

Takuya Sasaki graduated from Tohoku University and received Ph.D. in Pharmaceutical Sciences,
from the University of Tokyo. He has been studying the neuronal circuit underlying learning and
memory using rodent animals, as a JSPS fellow, an Assistant and Associate Professor at the
University of Tokyo. He joined Tohoku University in 2021 as a full Professor.

Research

The brain is composed of numerous numbers of neurons and synapses and brain function is achieved
through their complex interactions in the neuronal circuit. We mainly work on neuronal circuit mechanisms
underlying learning and memory using electrophysiological and optogenetic techniques. In the
hippocampus, pyramidal neurons generate spike activity specifically when animals are located within
particular regions within an environment, termed place cells, which are considered to play a central role
in spatial memory encoding and consolidation. A number of studies using multiunit recording methods

have been performed to elucidate how hippocampal
place cells alter their spatial firing patterns in response F& b 1
to environmental changes or generate sequential spike

sequences to adapt to a new environment. We have
previously discovered prioritized memory replays of 9 ar
place cell ensembles (Igata et al., Proc Natl Acad Sci 4
USA, 2020), information transfer from hippocampal
place cells to the prefrontal cortex (Nishimura et al.,  Figure 1 A rat learns new locations to effectively take a reward-related
Cell Rep, 2021), new encoding Patterns of tiMe by  memay s conriue 1o foors sioming orbebavior -
hippocampal cells (Shikano et al., Curr Biol, 2021), and

prospective place cell spike patterns underlying working memory (Sasaki et al., Nat Neurosci, 2018). We
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are now addressing further mechanisms of place cells underlying novel memory and decision making in
response to a variety of environmental changes using behavioral tasks including emotional and goal-
directed factors. These new insights will help us to understand how neuronal circuits alter their activity
states and process external information to deal with future prediction and decision making. In addition to
these projects for learning and memory, we are recently studying how the brain interacts with the
peripheral organs such as the heart, lung, and gut. The brain integrates interoceptive information
regarding physiological activity states of internal organs and maintains overall homeostasis. Especially,
afferent vagus nerve rapidly transfers local information from individual peripheral organs to various brain
regions and play a central role in the interactions between the central and peripheral organs. By combining
research approaches from basic physiology, neuroscience, computational science, and cognitive
neuroscience, we examine detailed mechanisms how localized organ activity is converted to afferent vagus
nerve signals, how it is transferred and integrated into responsible brain areas, and how it is involved in
psychiatric functions in health and disease. These new research strategies will help us to understand
unified physiological mechanisms and significance related to interoceptive signals via the vagus nerve.








