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H Introduction

As our society is graying and increasing its diversity
and complexity, the societal expectations for the brain
science are growing. People look forward to this field
as a key to solving various problems confronting
modern society.

“Strategic Research Program for Brain Sciences

(SRPBS)” was launched in fiscal 2008, based on the
proposal by the Brain Science Committee of the
Ministry of Education, Culture, Sports, Science and
Technology*. The objective of this program is to
strategically promote brain science research that aims
at passing and returning the benefits of research results
to society as a whole.

Inthe first year (fiscal 2008), the program commenced
work on “Brain Machine Interface Development”.
Such an interface would enable understanding of the
brain functions, as well as recovery/compensation of
mental and physical functions, by decoding and
controlling the informational input and output to and
from the brain. At the same time, the program started
“Highly Creative Animal Model Development for
Brain Sciences”, with a special focus on Primates,
intended as advanced resources that would form a
common foundation for brain science research. In the
second year (fiscal 2009), the program aimed to attain
brain science contributive to realization of an affluent
society. This work focused on “Development of
Biomarker Candidates for Social Behavior”. Ultimately,
the research is intended for applications in
understanding, preventing and treating human social
disorders, as well as in accelerating healthy growth of
sociality. In the third year (fiscal 2010), a new program
on “Understanding of molecular and environmental
bases for brain health” was planned to initiate.

All of these themes are high-priority issues in the
modern brain science, and the results are expected to
bring about solutions to many problems now
confronting society. Discoveries of new knowledge are
also expected to facilitate future brain science research.

Taking this situation into consideration, we have
decided to create a Directory of Researchers to provide
detailed information about what kind of research is
conducted in this program. We sincerely hope that this
Directory of Researchers will be used to help build up
networks among the brain science researchers, and
further promote the progress of the brain science
research as a whole.

September, 2010

* The committee summarized and published the results
of the discussions in a report titled: “Basic Concept and
Promotional Measures of Brain Science Research
Based on a Long-term Vision — For Creation of
Comprehensive Human Science and Contribution to
the Society (Initial Report),” published on June 23,
2009.
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Purpose

The general public has rising expectations that brain science can be utilized to address various key issues, which
are frequently encountered in today’s rapidly aging population combined with diverse and complex society.
To respond to this need, we aim to promote brain science which contributes to society, and to this end we are
strategically promoting topics for applications that will benefit society, as well as establishing a research cluster
composed of a core institution and participating institutions.

Brain Science Committee (Chair: KANAZAWA, Ichiro, President, Science Council of Japan)

In October 2007, MEXT Minister
Tokai requested the report “Long-
term Vision and Promotion Measures Targeted Research Areas
for Brain Science Research” to the
Council for Science and Technology.
As a result, the Brain Science
Committee was formed within the
Council, and deliberations are being
conducted by the Committee in
preparation for a draft response.

In Initial Report prepared in June
2009 by the Council, topic areas
which require a more concentrated
effort, especially those of great
significance for society. Research
topics are being sought in strategic
areas which address challenging
policy issues.

Brain science for § n sci or ﬁhh
a better society N, : urlt‘w
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Research about Estimation of Brain Activity, Decoding, Hierarchical Motor Control Algorithms for #

Minimally-Invasive and Non-Invasive BMI, and Construction of Data-base Platform
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KAWATO, Mitsuo, PhD

ATR Fellow and Director of ATR Brain Information
Communication Research Laboratory Group,
Research Supervisor of ICORP Computational
Brain Project, JST

1976 a B.S. degree in physics from University of Tokyo. 1981
Ph.D. degrees in biophysical engineering from Osaka University.
1981 Faculty member and 1987 Lecturer at Osaka University. 1988
Senior Researcher in the ATR Auditory and Visual Perception
Research Laboratories. 2003 Director of ATR Computational
Neuroscience Laboratories. 2004 ATR Fellow. 2008 Research
Supervisor of PRESTO, JST. 2010 Director of ATR Brain
Information Communication Research Laboratory Group.
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Bl Research works

As the representative of the R & D hub institutes,
ATR is responsible for the estimation of brain activity,
the decoding of brain information, and the development
of hierarchical motor control algorithms. These
activities are required to pursue the following three
subprojects out of the four in our proposal: (1)
development and clinical testing of ECoG based BMI,
(2) development and clinical testing of novel
rehabilitation techniques and apparatus using non-
invasive BMI, and (3) development of a high-accuracy
brain activity measurement system by combining
NIRS and EEG, in cooperation with the participant
institutes engaged in these three subprojects. In
addition, through cooperation with NIPS, ATR is
constructing the platform for the fourth subproject: (4)
the development of a flexible multifunctional multi-
electrode array and the construction of an integrated
database system for simultaneous recordings of brain
activity, behavior, and cognitive information using
multiple measurement techniques. ATR will open to
the public neural firing data measured by the multi-
electrode array in the monkey cortex at NIPS, as well
as brain activity data measured by different
measurement techniques at the other participant
institutes. ATR will also open to the public algorithms
for estimating brain activity and decoding brain
information and algorithms for hierarchical motor
control. In this way, ATR aims to contribute to the

overall success of BMI research in Japan.
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KAMITANI, Yukiyasu, PhD

Head of Department of Neuroinformatics at ATR
Computational Neuroscience Laboratories

He received B.A. in Cognitive Science from University of Tokyo
in 1993 and Ph.D. in Computation and Neural Systems from
California Institute of Technology in 2001. He continued his
research in cognitive and computational neuroscience as a research
fellow at Harvard Medical School, and as a research stuff member
at Princeton University. In 2004, he joined ATR Computational
Neuroscience Laboratories (ATR-CNS). Since 2008, he is the head
of Department of Neuroinformatics at ATR-CNS.
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Hl Research works

“Mind-reading machines” are common devices in
science fiction, but it is only recently that their
possibility has been seriously discussed among
scientists. Conventional neuroscience research studied
how the brain “encode” states of the mind, by
measuring brain activity given stimuli or tasks. To be
able to read the mind from the brain, however, we
need to perform the inverse transformation, “decoding.”
Methods for neural decoding are not only useful for
SF-like applications, but provide important tools for
revealing neural representations from complex multi-
channel neural recordings. Furthermore, decoding is
essential for comprehensive understanding of neural
processing from sensation/perception to action
generation.

Research in my lab focuses on the development and
application of neural decoding methods based on
In SRPB, we are

involved in the developments of: 1) new decoding

machine-learning techniques.

methods based on hierarchical and modular modeling
of high-dimensional brain-mind space, 2) human
ECoG BMI systems (collaboration with Osaka
University), and 3) a database platform and analysis
tools that aim to facilitate the development of neural

prediction models.
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Fig. Presented images (top row) and reconstructed images from brain activity
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OSU, Rieko, PhD

Department head, Dept. of Motor Control and
Rehabilitation, ATR, Computational Neuroscience
Labs.

Kyoto University, B.A., Psychology, 1991. Kyoto University, Ph
D., Psychology, 1997. Researcher, ERATO. Senior Researcher,
ATR Computational Neuroscience Labs. Present post since 2009
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Bl Research works

We aim to improve the accuracy and the convenience
of brain activity estimation using multi-channel EEG
and NIRS to apply BMI technology to the functional
recovery of stroke patients. fMRI and MEG are not
suitable for use at rehabilitation sites because they
limit the movement of patients. A portable system with
less limitation on the body movement is indispensable.
Many compensatory BMI systems using EEG are
being developed worldwide. Most directly use EEG
sensor signals to control external devices without
estimating the brain location from which the signal
arose. However, to contribute to the functional
recovery of patients by guiding brain activity and
inducing neural plasticity, we must determine the
brain area that is responsible for the recovery by
identifying the signal source. Therefore, we are
focusing on signal source estimation by combining
EEG and NIRS information through a hierarchical
Bayesian estimation method proposed by Sato et al.
(2004). Recovery of the paretic hand function caused
by strokes is often inadequate to re-establish use for
daily activities. If our methods can successfully
identify the activation locus during hand and finger
movements in healthy subjects, we may apply this
technology to monitor brain activity during
rehabilitation. We are planning a clinical test of our
system in collaboration with the Dept. of Rehabilitation
Medicine, Keio University School of Medicine and
the Tokyo Bay Rehabilitation Hospital.

EEG data (64ch)

: BEFEZE 73R A Rk (Sato et al 2004) 7% AUz EEG OBEIFRIHETE
Jat A

Fig. the process of EEG signal source estimation using hierarchical Bayesian
estimation method.
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MORIMOTO, Jun, PhD

Head, Department of Brain Robot Interface at ATR
Computational Neuroscience Labs.

2001 Ph.D. in Information Science, Nara Institute of Science and
Technology (NAIST). 2001-2002 Postdoctoral fellow, the Robotics
Institute, Carnegie Mellon University. 2002- ATR, 2004- JST,
ICORP, Computational Brain Project. 2008 Present position.
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Hl Research works

Our research group tries to develop the interface to
connect the brain with robotic devices based on
machine learning approaches and control theory. We
are also developing an exoskeleton robot to assist
lower-limb movements for rehabilitation purposes.

In concrete, 1) we are developing the exoskeleton
robot that uses both air actuators and electric motors to
generate large torque at each joint and accurately track
desired joint angles. By using these actuators, we can
build the safe, compliant, and powerful exoskeleton
robot. 2) We also develop the real-time estimation
algorithm of user's movement intension to control the
exoskeleton robot. In addition, 3) we try to construct
the extraction method of common representation
shared by neural activities and captured movements of
a monkey. The aim of this study is to improve
robustness and generalization performance of BMI
using the extracted representations
(collaborative study with NIPS). 4) The performance

of BMI is evaluated by using a humanoid robot system.

common

B () ShEtsmARy s, () ba—</A Ry CB-i
Fig. (Left) Exoskeleton robot, (Right) Humanoid robot CB-i.
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SATO, Masaaki, PhD

ATR Neural Information Analysis Laboratories,
Director

1975, Physics Dept. Osaka University, BS degree. 1980, Physics
Dept. Osaka University, PhD. Research assistant at New York
University, Department head of ATR Computational Neuroscience
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Hl Research works

In order to develop BMI which enables recovery,
prosthesis and complement of missing body functions,
it is necessary to develop a high accuracy portable
non-invasive brain function measurement system in
daily life.

Our research aim is to develop a portable NIRS-
EEG prototype, which can measure NIRS and EEG
simultaneously.

New system will have better spatial resolution and
skin bloodflow artifact rejection capability.

We also aim to get good brain activity estimation by
combining NIRS and EEG with hierarchical Bayesian
estimation method.
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Professor and Chairman, Department of
Neurosurgery, Osaka University Medical School

1975 Graduated from Osaka University Medical School. 1980
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Neurosurgeon, Yukioka Hospital, Osaka. 1987 Assistant Professor,
Neurosurgery, Osaka University Medical School. 1994 Associate
Professor, Neurosurgery, Osaka University Medical School. 1998-
Present position.

H FERE

Rk FE RIS HE 3 T 0 S LTI R A D [ R B
WERRWET LAY YV AV RZ—=T 2 — AL &L D
MBS RE A | Z2 40 U, S 2RO RIE 21T > T 5,
Tinbb, R O TR AR BEE R BMIO B R it
ZHIBLT, BEIANDOHIRN D, BB DfRHT,
SEBEEE RIS AT LORFED DR DZ T ANEE
DA E T, BRISH & Z ORI T R 57
1o T2 LU NICZEDONEZRILLTHEET S,
1. BEIAANDT S a—F & Fhfi

BRI IR B T DR T > 70 7 HE S A (BB TET
A Ao, IR TR =0 B R S FH B B C D PR D H i
B FR A S AU (ALS75 &) D3RR & B HLA T,
2. 2 B AT AT LN O BHFE CF-HH & HE[A])D

TRy MRS, ERB0E T, HOA M, 7Y LA
FE A LALEE DR ¥,
3RV RV AVR=T A ADT YA

Ry MK Z#EE ek earEa—2Z Lk
FIEBORE R E (K230, RETHIHEEE, T7g- 5
TR ESGRE X A D= — R TT 2 B2 EERIBMI
ETYA TS,
4. 1 ZOZF ANTER D E i

308 5] 7 50F S5 ER A O IR 2 S0 1R A B2 ) ) T D AR

0saka University

2B LT, RRBEBRBMID 2 HIICE M5 K5
B, (ARERIBMIE th 2 & OB 17 1B 72 M
R B, K7, TORRE UTHERILIRZTENLT B,

(A
/\
p=
p=

l Research works

He is responsible for organizing and overseeing “Brain
Machine Interface for Restoration of Motor and
Communication Function” using electrocortico-
grams (ECoGs). His activities are classified as;
1. Patient management
Selection of patients and electrode inplantation
(volunteers with intractable epilepsy or intractable
pain and patients with severe disability)
2. Development of ECog-BMI system
Robot control, communication system, specially-
designed subdural electrodes, fully-implantable
wireless system. (Fig)
3. Man/machine interface design
Robots and PC communication system, and other
healthcare system.
4. Cooperation this society
Facilitate smooth introduction of BMI into the
society through discussions on the neuroethical issues
involved in the invasive BMI.

He also approaches to the government and industries

RO (—Z W) N—HU—QU A AATY,

to facilitate ECoG-based BMI as a practical technique
to help people with severe neurologic disabilities.

HBIARIBMID AT L)
IO TS

[ R B 2 O e se e
SATRY BMI

%o Fig. A fully-implantable wireless
"%‘% BMI system
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HIRATA, Masayuki, MD, PhD

Appointed Associate Professor, Department of
Neurosurgery, Osaka University Medical School

1985-1987 Graduate School of Engineering, The University of
Tokyo, M.Eng. 1991-1994 Osaka University Medical School,
M.D. 1997- 2001 Osaka University Graduate School of Medicine,
Ph.D. (Neurosurgery). 2003-2009  Assistant professor, Department
of Neurosurgery, and Division of Functional Diagnostic Science,
Osaka University Graduate School of Medicine.
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Hl Research works

He is responsible for working on “Brain Machine
Interface for Restoration of Motor and Communication
Function® in Strategic Research Program for Brain
Science (SRPBS). The goal of this program is the
clinical application of a less invasive BMI system
using electrocorticograms (ECoGs). A wide range of
tasks is indispensable for the clinical application of
BMI. The following are my respective tasks.

*Development of real time robot control using

ECoGs. (Fig)
*Development of communication methods using
ECoGs.

*Development of electrodes specially-designed for

clinical application.

*Development of a fully-implantable wireless

device for clinical application.

*Development of external devices.

*Reviewing and addressing neuroethical issues

*Preparation for the clinical trials in Osaka

University Hospital.

after 4 days -

DB DT 7V R A iRy MO SRR R

Fig. A real time robot control using electrocorticograms
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Medico-Engineering Collaborative Project Aiming for Clinical Application of Brain-Machine Interface

— From a Functional Substitution System to a Therapeutic System
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Professor and Chairperson,
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Keio University School of Medicine
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l Research works

Our research interest is to develop rehabilitative
measures to induce neural plasticity and functional
restoration in persons with motor disability. We regard
BMI as a potentially useful technology in rehabilitation
not only to substitute for lost or limited functions but
also to induce brain plasticity. As a member of the
Strategic Research Program for Brain Sciences, we
have so far achieved the followings:

1) Using our originally developed surface EEG-BMI
system that can decode brain activities related with
motor imagery with high accuracy, we succeeded in
controlling an avatar in the virtual 3-dimensional
world Second Life™.

2)We
desynchronization (ERD),

demonstrated that event-related

an important signal
source for BMI, could be facilitated with transcranial
direct current stimulation (t-DCS).

3)With a novel neurobfeedback training using a BMI-
driven powered hand orthosis in patients with
chronic hemiparetic stroke, we demonstrated an
increase in mu rhythm suppression with motor
intention  and

appearance  of  voluntary

electromyographic activities. We are currently
studying neuroplastic changes induced by our BMI
neurofeedback training with neuroimaging and
electrophysiological studies.

Our EEG-BMI system can be a useful tool not only to

assist persons with disability to broaden their world,

but to restore more effective motor control in paralyzed

limbs.

Initial

o 75 -5 -25 0 25 5 -T! !

o

B

B

< 03746 80 24 6 8 10
Time [s]

After 2 weeks of BMI neurofeedback training in a patient with chronic
hemiparetic stroke, mu rhythm desynchronization with motor attempt became
apparent and EMG activities became recordable from finger extensors.
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USHIBA, Junichi, PhD

Assistant Professor, Department of Biosciences and
Informatics, Faculty of Science and Technology,
Keio University

2001 BS at Department of Applied Physics and Physico-
Informatics, Faculty of Science and Technology, Keio University.
2004 MS at Graduate School of Science and Technology, Keio
University. 2004-2007 Research Associate at Department of
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Visual
feedback

Motor-driven
orthosis

X : BMIIC LB MUY T — 3> ORERIX
Fig. Schematic drawing of BMI Neurorehabilitation

Bl Research works

I am currently developing a neurorchabilitation
technique using noninvasive recording of brain
activity, i.e. electroencephalogram (EEG). This system
detects amplitude of sensori-motor rhythm, which
diminishes as subject intends finger/wrist extension,
and gives its status visually to subject. Motor-driven
orthosis attached to paretic hand is also triggered in
accordance with classification of EEG (see also Fig.).
We expect this to be a novel neuro-rehabilitative
measure for severe motor disorders by Hemiplegia
after stroke.

Electrophysiological techniques with transcranial
magnetic/electric stimulation or functional magnetic
resonance imaging are also used to assess functional
reorganization in a whole motor-related brain areas. I
hope that this research project will be fruitful as a

clinical research study based on Neuroscience.
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Professor and Director,
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Graduated from Keio University School of Medicine in 1974.
Research fellow in the Division of Clinical Electrophysiology,
Department of Neurology at University of lowa in 1983. Received
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Hl Research works

Brain-Machine Interface (BMI) is a means of
connecting the brain to an external device so as to
translate human mental activity into device commands.
BMI research often involves motor intention tasks.
Motor intention produces an electroencephalogram
(EEQG) change that is similar to the EEG change during
motor execution, yet requires no actual movement.
BMI using motor intention translates EEG changes
into visual guidance, electrical stimulation to muscles,
or a motor-driven orthosis and enhances the EEG
change. Therefore neurorehabilitation using BMI has
recently been proposed for patients with severe
impairment. In Keio Tsukigase Rehabilitation Center,
we investigated the effect of BMI training for patients
with severe motor dysfunction after stroke for one
month. Five scalp electrodes were placed over bilateral
primary sensorimotor cortices to obtain EEG signals.
Feedback of EEG change was displayed on the screen.
Effects of BMI training are measured by Stroke
Impairment Assessment Set (SIAS), EEG, functional
Magnetic Resonance Imaging (fMRI) and Transcranial
Magnetic Stimulation (TMS).

Control the star on the monitor

Training ( Faadbaek

48

Assessment ‘!l'

SIAS fMRI T™S

X : BMI FI (_EBY) ERIRNERORAMTTE (FE)
Fig. Upper: BMI training. Lower: methods for assessing BMI training.
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Chief, Department of Rehabilitation Medicine,
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1999 Graduated from Keio University School of Medicine. 1999
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2004 Assistant professor, Department of Physical Medicine and
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2006 Clinical Fellow, Department of Rehabilitation Medicine.
Metropolitan Rehabilitation Hospital. 2008- Current position.

N fERE

1 P 0 o 2 v £ 2 D v 35 ~ BB SO B BRI
9% JE{Z BEHYBrain Machine Interface (BMI)7Zz F U 7z
AHD BIAZN R ZMEEH THD, TAiHNICLL T DFE R
Z1F T 5,

BMIGNHRI, BRI 5 R 72 B X — 2 LI BR oD
JEA BN DN ZE b 7%, AV Ea—2—fiffi L
TPC LICHRMIST =R\ I LTz, E5IC, HF) 1
A=V DRI U T BRI I3 R I D 45 72 8 B 44 1 T i
BB ATLE Ul 1N, 1 - 2[R DAL T,
Art10E 520 OFIFZ 1T > 72,

AFREAR b, F2flE L7z sl 2B TS e HE
RERDEM > Teo 2FIT, i HES) I I 1T 2 M
ZAid RELmoTe. e, KMfiERN L, 26TH
HIHSN (XD, EB) R D S5 T B - 72261 (%
B C,D) C U By bR 3 Y 28 U T o 08 T 25 i S T
(TMS)IE K % Rl T I, 451 7C B - BR 0D 22 7 i Bl
BUEDME T U, SEAR OB R EN T,

B Research works

The aim of this study is to explore long-term
effectiveness of our newly-developed neurofeedback
training using electroencephalogram (EEG)-based

Brain Machine Interface (BMI) for moderate to severe

paresis of the affected upper extremity in patients with
chronic stroke.

The BMI training consisted of performing motor
intension of the paretic finger extension with a visual
feedback based on the changes of sensory motor
rhythm (SMR), calculated from the EEG recorded
over bilateral sensorimotor cortices. Successful trial
resulted in passively extending the paretic fingers with
a motor-driven orthosis. BMI training was carried out
for one hour a day, once or twice a week, resulting in
10-20 training sessions.

Five patients finished the intervention without
obvious adverse effects. Suppression of the SMR over
both hemispheres with motor intention became larger.
All patients showed some improvements in surface
EMG activities (Figure). Two patients with moderate
paresis (Patient C, D) improved their hand paresis.
Transcranial magnetic stimulation (TMS) study
showed decreased resting motor threshold of the
affected hemisphere in four patients. These results
suggested that the BMI neurofeedback training
facilitated corticospinal excitability.

Pre-training Post-training

Patient A |msipmeinsliiind M 100wy |_
3s

Pati B‘ 100 pV
atient ‘ et oy 1001 |3_

Patient C .”H- H 500 pv I_
3s

Patient D M ..Mh s00 v |
3s

Patient E | i) 1000V |
3¢

. BMI GlIRAT2 ORI RIS (5 O i A X
Fig. Surface EMG activities recorded from the affected extensor
digitorum communis muscle before and after the BMI training.
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After the BMI training, voluntary EMG activities
newly appeared in three patients (A, B, E) who had no
activity befere the training. The other two patients
(C, D) with some activities initially showed reduced
involuntary EMG activities.
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Studies for Developing New Methods of CNS Stimulation to Evoke Artificial Sensation toward High #
Performance BMI and for Constructing Multiple Database toward BMI Studies Using Animal Models
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Hl Research works

In order to develop high performance brain machine
interface (BMI), following projects are in progress.
(1) Development of electrocorticogram (ECoG) driven
BMI. Local field potentials (LFPs) are estimated from
ECoG, and prosthetic hands are controlled based on
estimated LFPs. To elucidate the relationship among
LFPs, ECoG and movements, unitary activity, LFPs
and ECoG in the primary motor cortex, and
electromyograms (EMGs) and trajectories of upper
limbs are simultaneously recorded using behaving
monkeys. To develop new algorithm estimating LFPs
from ECoG, these activities are recoded and analyzed
from rats’ barrel cortex during whisker movements.
(2) Development of BMI with peripheral sensory
feedback inputs. Feedback information is essential in
usual behavior. To develop new methods to inform the
nervous system of inputs from prosthetic hands,
unitary activity of dorsal root ganglia (DRG), primary
somatosensory cortex (SI) and hand trajectories are
simultaneously recorded.

¢ PERE BMI 28D, = hES), LFP, ECoG, /X, B
BRI R 21T

Fig. Unitary activity, LFPs and ECoG in the primary motor cortex, and
electromyograms (EMGs) and trajectories of upper limbs are simultaneously
recorded to develop high performance BMI.

(A
=
p=
p=

RO (—Z W) N—HU—QU A AATY,

20



30 F

SRR e 20/
AT A AT RAE A T E)
FEERRE TSR
W7es, LAt

2002 FEHFRZE T2 RMARHME 1o RJIRZZ AR S e
JeH, HAAMHRB RIS (PD), IR AL
it COE B F-724%C, 2008 4EX D ETH,

WATANABE, Hidenori, PhD

Research Fellow, Division of Behavioral
Development, National Institute for Physiological
Sciences, National Institutes of Natural Sciences

2002 Completed the doctoral course in Graduate School of
Engineering in the University of Tokyo. 2002 Research Fellow in
Tamagawa University, Japan Society for Promotion of Science
Research Fellow, Research Associate, Tamagawa University. 2008
Research Fellow in NIPS.

N fERE

B B & 1 i (Electrocorticogram, LU FECoG)Zz iV
BMIDMEREM 2 HIE L7t —EE LT, 184
Y7z iV Tz 2B 72 8 U C, ECoGh BT O fifiE 8l
ZHEE T B FIEORBWIRICHERF L TCVET, ML E
R E SN HECoGHE MU KR EEMEDBMIF & L
TR ENTOVE T, — /T TRENRFTENRL (local field
potential, L. FLFP) (Effif# G 8) 2 KO EENIC K MU E
I, TORBIIT @ MRENZ ELE T AMIETIE
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Hl Research works

I have been engaged in study on understanding of
information processing in the primary motor cortex of
the awake monkey. The purpose of our research
project is decoding of information processing in the
motor cortex for applications to brain-machine
interfaces (BMI). (ECoQ)

recorded with subdural electrode array can provide

Electrocorticogram

detailed mapping of cortical surface activation with
relatively minor invasion of the tissue and is expected
to provide useful signals for a BMI. The intracortical
local field potentials (LFPs), which are the electric
field caused by transmembrane currents flowing near
the electrode, would also provide substantial
information about behavioral events. In this study, to
address the questions what kinds of signals are carried
by the LFPs and/or ECoG in relation to the motor
actions, [ simultaneously record the movement
trajectories of the arm and hand, myogenic potentials
in arm, the intracortical LFPs and ECoG signals from
primate primary motor cortex during forearm reach
and grasp movements of monkeys. To detect local
potentials related motor events, poly ECoG arrays
with multichannel micro electrodes were co-developed
with Dr. Suzuki in the Univ. of Tokyo and Hasegawa
lab. in Niigata Univ.. Sparse regression method, which
was produced by ATR, allows us to predict several
motor parameters (i.e., hand-arm position, angle of
joint etc.) from effective LFPs or ECoG signals.
Through this study, I discuss on the possibility of
ECoG-based BMI. My data will be supplied to multi-
dimensional database of as a model data that is
required for development of next generation decoding
algorithm. In addition, control of ECoG derived
artificial arm is being done in collaboration with Yokoi

lab. in the Univ. of electro- communications.
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Hl Research works

Brain machine interface in which information about
tactile sensation, friction and position at each fingers
of hand prosthesis is directly provided for the nervous
system has been developed. To determine the
parameters of the electrical stimulation to the nervous
system as sensory feedback, we recorded responses
from dozens of dorsal root ganglion (DRG) neurons of
anesthetized monkeys during passive movement of
their hand/arm to estimate neuronal firing profiles
from hand/arm trajectories.

Two multi-electrode arrays (each containing 48
channels; Blackrock microsystems) were inserted into
the DRGs at the seventh and eighth cervical segments
of two Macaca fuscata anesthetized with isoflurane.
Neuronal response to passive movements of finger/
wrist/elbow joints and tactile stimulation with a paint
brush by experimenters were recorded. 3-D trajectories
of hand/arm movements were tracked by using an
optical motion capture system (Motion Analysis).
More than 190 units were found to respond to a variety
of passive movements or tactile stimulations after
spike sorting procedure in two monkeys. Based on the
firing profile of several sorted units, we could define
modality and receptive field of each unit. Sparse
regression analysis (SR) confirmed that 3-D hand/arm
trajectories can be reconstructed from the temporal

firing pattern of a part of ensembles of DRG neurons
(Fig.1).
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Fig.1 Firing profile of one DRG neuron during flexion — extension movement
of the wrist.Actual profile: dotted blue line.Predicted profile: red line.Coefficient
correlation (R) is 0.84.
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B Research works

Toward an accurate ECoG-based brain-machine
interface (BMI), we are developing a novel decoding
algorithms based on neurophysiological knowledges.
This project has three specific objectives: (1)
Understanding the relationships between ECoGs and
intracranial neuronal activities. (2) Developing new
decoding methods for a robust, accurate BMI by
solving inverse problems of estimating intracranial
neuronal activities from observed ECoGs. (3)
Evaluating an optimal design of high-density ECoG-
electrode array for accurate BMI recordings. To
achieve the above goals, we perform simultaneous
recordings of ECoGs with the local field potentials
and multiunit activities throughout the different layers
in the barrel cortex of anesthetized rats in response to
whisker stimulations. To deliver precise and complex
stimulations, we have newly developed a computer-
controlled, piezo-driven multi-whisker stimulator.
This experimental design allows acquiring large
datasets with a wide range of complexity. These
datasets will be open for public use as a part of the
BMI database.

Protoos (g PETE P ETIN
E=NG7 2 @

. =
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Fig. A schematic diagram for simultaneous recordings of ECoG, LFP and MUA
in the rat somatosensory cortex.
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Development of Non-Invasive Brain Activity Measurement System Combining NIRS and EEG for BMI
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Hl Research works

For medical and welfare use, robotics, information
engineering and so on, brain-machine interfaces
(BMI) are expected as new man-machine interfaces.
One of the important component technologies for BMI
is brain activity measurement technology. As non-
invasive brain activity measurement system, we
have been developing multi-channel functional near-
infrared spectroscopy (fNIRS) system. The fNIRS can
examine the brain function localization by the response
of stimulation because it measures the concentration
change of oxygenated and deoxygenated hemoglobin
on the surface of the brain. In addition, we integrated
electroencephalograph (EEG) and the fNIRS, and
developed fNIRS-EEG system achieving simultaneous
measurement and data integration. It contributed to
improving the accuracy of the decoding of the brain
signal by using the advantage of the each data.

Our aim in the Strategic Research Program for
Brain Sciences is the development of two types of
NIRS-EEG BMI-

rehabilitation. One is the high performance system.

integrated  systems  for
It has a lot more NIRS channels than our present
system. It can measure the largest quantity of NIRS
and EEG data ever recorded. The other is the wearable
system. The purpose of the wearable system is for
practical use to measure brain activity during BMI-
rehabilitation. It can easily measure the brain activity
while a patient is undergoing rehabilitation. The
healthcare professionals can pick up a cue from the
changes and evaluate the effectiveness of the

rehabilitation.

NIRS-EEG integrated systems for
BMI-rehabilitation

High performance system

Wearable system

Over 200 NIRS channels
64 EEG channels

Easy to use and
fewer restrictions

: 2 f#f50> NIRS-EEG i
Fig. Two types of NIRS-EEG integrated system
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Bl Research works

We are developing hardware and software of NIRS-

EEG System necessary to achieve highly accurate
BML. It is indispensable to acquire a large amount of
accurate brain information to achieve non-invasive
BMI. The strategy is the following.
(DIncreasing the measurement channels, (@High
density arrangement of fibers, @Improvement of time
resolution. Also it is important to improve the method
of fiber installation and synchronization and data
integration with EEG. In addition it is practically
necessary the miniaturized system size, expandability
and easy-to-use software.

In this development, the combined NIRS-EEG high
performance system that has over 200 NIRS
measurement channels and is able to install in a high
density with EEG electrodes (4 times the conventional
system) was developed. This system can sample 40Hz
or less (5 times the conventional system). In addition,
whole head holder to install those fibers and electrodes
by the double density was developed. The adjustment
of the entire system and the verification of data are
being done now.

Moreover, we are beginning the schematic plan of a
wearable system that should be going to develop in the
future. The entire structure and an individual element
examination begin.

We believe the contribution of these development
systems to the development of the BMI technology,
and the improvement of the life of the person through

the expansion of the BMI application.

NIRS-EEG integrated systems for BMI
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Input and Output Devices and Ethics for BMI

RO i

EROEE KRR AR T
AW SR A BERS AR T 22
2% K1)

by R E R AR G2 B
PN B (HD, B (TF
HEUR 2 E R EBE T2 R SR RS R b T2 S e B 72 1%
T, 2009 4F 6 HX OB,

YOKOI, Hiroshi, PhD

Professor, Graduate School of Informatics and
Engineering, Department of Mechanical Engineering
and Intelligent Systems, The University of
Electro-Communications

Visiting Professor, Interdisciplinary Information
Studies, The University of Tokyo

2004-2009 Associate Professor, Department of Precision
Engineering, The University of Tokyo. 2009- Present position.

7 RZEENH RS T, JHRE (KR EEBMID
FABEANOEAN 2R T ZHNELT, U
TN 2 BARR UTe . 28I, BMIF HL DA AR+
VY EARBHFE DO DI TR <)L F B D B % (1
WML SO 1, (55 OTE AL ERE T & A 0O 7%
SHHRIEEAR OB FE DI DIC T A ST DT 4 — Ry
D759 % H) 5 LI o B FE (HY R
1) J, TNEOF 2 IEICE ] 3% 72 DR S HIRE
FH & LT IBMIOD i e £ Ay B2 1 35 K O A AR 7
ICRET B2 (P B #) NI K DR E NS,

KLDTN—T&, EREAIIOT—RN\wIxH
9 5 EEIEE B HIEEN O 2 B E UT, El) &K
HOBREMBERBEEZIT5V AT LOMAEZHIEL
T, BB B RE 72 A5 3 2 18 1M 508 s i 0 55 4 & A Ak
P FH B D B FE 2 BP9 2 E LT B o {18 1 38 S Rl
&, AR ERERBE R & DRI A2 A9 B STt
LG B 0B Z RS eIic kD, IREZ1t
VYN B il R N 72 1 K B IS 3 % i RE
ERETZHMTH S, 2z IR (KR EBMIF;
fiit A EGHbEZTLICKD, YINTEOBREIRE DT
DOFHEHZT P, MAHLEFBGICKZHEE RO
R DA B D 728> 0D 77 — 77 3 A S0 8 A i 2
ERE, NOBEBMREZ BEICHICHBI Rz IdRE T
ZHIBEMI B DB F 1T,

ForUpperArm

I Rehabilitation
B =
AN
_Cyborg Technology

N y &
,' \[}

Kl

EMG Control of Robot Arm
N

Surface FES

8\
A ¥

Reflex Walking FES for

Discrimination of Finger
i Paralysis

B 1. EPESE SRR R O B (k]
Fig.1. Research scheme of mutually adaptable control technology for man
and the welfare medicine

Hl Research works

The research group of University of Tokyo began

the developmental study of low invasive BMI
technology, and application study of feedback frame
of safe and proper for society. The study subjects are
structured by the following three sub theme: one is a
low invasive sensor technology for input BMI device
"Development of the next generation multi-electrode
(by Suzuki, T.)", second is an information processing
and the external powered machines as an output BMI
device in "Development of control technology of
powered prosthetic system with biofeedback (by
Yokoi, H.)" and third is a total frame of the BMI
application as "Cranial nerve ethics of BMI and
research on the legal framework (by Sakura, O.)".

< Development of control technology of powered
prosthetic system with biofeedback >

The development of the mutually adaptable control
technology for man and the welfare medicine are
focusing on crucial functionality using learning
mechanism for human characteristics. The mutually
adaptable control technology is in the informatics
technology of machine learning field that has the
novelty function to acquire the rule of control
corresponding to appropriateness to the state-time
variation of person and natural environment. By using
this and low invasive BMI technologies, we are
developing a myoelectric upper limb prosthesis for
amputee, and an intelligent adaptive assist machine
that can substitute person's daily living and the electric

stimulators for paralysis and spinal cord trauma.
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Bl Research works

In order to realize clinical applications of ECoG
-based BMI systems, we are developing fundamental
technologies as follows:

(A) Flexible ECoG electrode arrays
- Mesh structure, high density
- Parylene-C substrate
(B) Implantable Devices for ECoG signal processing
- Chip for amplifier and A/D converter
- Wireless transmission
(C) Next generation neural probes
- Flexibility
- Multi-functions

(2)

(b)

* (a) B A PRI SR R FE R D ARG & (b) BRGSO A A R
G (—34 50 m)

Fig. (a) Flexible mesh ECoG electrode (b)SEM image of a recording site (50um
X 50 pm)
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Hl Research works

My study areas are neuroethics and public
communication of BMI, mainly the following three.
1) Benchside ethics consultation.

R&D of BMI, as well other emerging technologies
including GMO and nanotech, relates various fields
from material engineering to clinical neurosurgery.
That means the ethical and social issues which the
researchers realize are totally different both in those
natures and in those contents. Thus we started
benchside ethics consultation (BEC) with Prof.
Akabayashi's group of bio/medical ethics. This kind of
consultation is almost first trial of national big project.
We received 11 consults during Aug. 2008 — Mar.
2010. Almost all counselees have been satisfied with
our advices.

2) Mapping ethical issues of BMI.

We have gathered ethical and social issues of BMI
through interviews with researchers and the BEC. The
scientists wanted to know public opinions, and to have
the opportunities for discussion about ethical and
social aspects of their research. We have published
Newsletters in order to encourage communication
among researchers of the program.

3) Public communication of BMI.

There is a big gap between the public and the experts
about the image of BMI. This gap should be reduced
for "real" application of emerging technology like
BMI. Our activities include both theoretical studies
and actual practice of public communication, such as

café scientifique and workshop.

8- )ﬁ
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FUJIKADO, Takashi, MD, PhD

Professor, Dept. of Applied Visual Science and Dept.
of Ophthalmology, Osaka University Medical School

1978 Completed the MS in the University of Tokyo, Dept. of
Applied Physics. MD(1982) and PhD (1988), Osaka University
Medical School and Graduate School of Medicine. 1985-1987
Resident, 1993-1996 Lecturer, 1997-1998 Assistant Professor,
Dept of Ophthalmology, Osaka University Medical School. 1999-
Present position.
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Bl Research works

Japanese consortium of artificial retina has started in
2001 (PI was late Prof. Tano at Osaka University). |
was at first involved as a team leader of functional
assessment for artificial vision and now working as the

;.m»‘ﬂ

PI of BMI program "Development and assessment of
high-resolution electrode of artificial retina”. We have
started to do semi-chronic clinical trial to implant the
originally-developed system of artificial retina named
suprachoroidal-transretinal stimulation (STS). In the
STS system, the stimulating electrode is implanted in
the screlal pocket, in which retinal damage is
theoretically much smaller compared with epi- or sub-
retinal system. (Fig. 1A) The system was successfully
implanted in the patient of advanced retinitis
pigmentosa (Fig. 1B) and the functional testing
showed that this patient can recognize the position of
high-contrast target such as a box of chopsticks.

DEFANAS
(ERERD3AH)

TAFT Loy
@ERIvD-/LEE WET LA
(SRR - /(T U—) i = \

1 D STSWANTHE AT LOME (A) &, STS A THE S AT LI
%0 X #1515 (B)

Figl. The scheme of STS-artificial visual system (A) and the X-ray image of a
patient implanted with STS system (B).
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KAMEI, Motohiro, MD, PhD

Associate Professor,
Osaka University Graduate School of Medicine

1988 Graduate from Osaka University Graduate School of
Medicine. 1996 Assistant Professor, Osaka University Graduate
School of Medicine. 2000 Associate Professor, Kyoto Prefectural
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Hl Research works

No effective treatment currently exists for the
blindness caused by photoreceptor degeneration in
diseases such as RP. The use of a retinal prosthesis is
a potential method to restore vision by stimulating
preserved neural cells or neural axons artificially.

The Japanese Artificial Vision Project was begun in
2001 as a national project. I take charge of Assessing
Biocompatibility, developing Surgical Technique and
evaluating safety and effectiveness.

I demonstrated that the elicitation of Electrically-
evoked potentials by suprachoroidal - transretinal
stimulation (STS) from the rabbit retinal degeneration
model for as long as one year.

Our team proceeded to acute and sub-acute trials on
humans, and prototype electrodes were tested totally
in 6 patients with advanced retinitis pigmentosa (RP).
I'successfully performed the surgery including creating
a scleral pocket and implanting the stimulating
electrodes. The patients reported perceiving localized
phosphenes, motion of phosphenes and could grasp a
bar in front of them.

Y VHRZE FW T EE R A

Fig. STS stimulating electrodes implantation in a monkey eye
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MORIMOTO, Takeshi, MD, PhD

Associate Professor,
Department of Applied Visual Science,
Osaka University Graduate School of Medicine

1997 Osaka University Medical School. 2005 Osaka University
Graduate School of Medicine. 2009 Assistant professor,
Department of Vision Informatics, Osaka University Graduate
School of Medicine. 2010- Present position.
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Bl Research works

1) Evaluation of residual retinal function in blind
patients with retinitis pigmentosa for selection of
implantation of suprachoroidal transretinal
stimulation (STS) system.

We developed the evaluation method of residual inner
retinal function in blind RP patients by using
transcorneal retinal stimulation(TES)'. TES evokes
light sensation, “phosphene” in patients. The position
of phosphene on visual field and the brightness of
phosphene depend on the residual retinal function in
patients. Now the method of evaluation of phosphene
evoked by TES is under investigation.

2) Evaluation of visual function in patients after
the implantation of STS system.

We evaluate the visual function in patients after the

implantation of STS system.

Visual function tests such as the test of discrimination

of sticks with different thickness are now performed.

3) Neuroprotection of retinal neurons by using TES

We first reported the neuroprotective effect of electrical

stimulation on injured retinal ganglion cells?.

Now we investigate the mechanism of neuroprotective

effects on injured retinal neurons in experiments®?,

and now are trying clinical application of TES for
various retinal and optic nerve diseases®.

References
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Hl Research works

In order to establish spatial and temporal properties of
the visual cortical response to suprachoroidal
transretinal electrical stimulation (STS) via a high-

8- )ﬁ)

density microelectrode array for retinal prosthesis,
developed by Professor Jun Ohta’s group, I performed
voltage sensitive dye (VSD) imaging of STS-evoked
response in the primary visual cortical area (V1) of
anesthetized and immobilized RCS rats.

After a single biphasic electrical pulse applied to the rat
eyeball via a microelectrode on the sclera, transient
depolarization was evoked in V1. The onset and peak
latencies were around 10 and 25 ms, respectively,
which were well corresponded to those of the evoked
cortical potentials. The area of the depolarizing response
was localized and oval. The area became larger as the
increase of stimulus current. The center of the response
was retinotopically corresponded to the stimulation
point in the eye, and shifted when the stimulus point of
the eyeball was moved by 1mm (see Fig).

Moreover, to establish the in vitro evaluation system,
VSD imaging have been doing in the isolated whole
retina. The retina was removed from the rat eyeball, and
incubated in aerated medium containing VSD for an

hour. The VSD-stained retina specimen was placed on

RO (—ZS W) N—H\U—QU A AAT,

a custom-designed chamber that arranged the
stimulation electrode in the bottom. A single electrical
pulse induced brief retinal excitation localized on the
electrode. The evoked response seems to be derived
from the ganglion cell because it disappeared by
application of TTX.

I STS TG % VSD A A= 5

HPEHALZ 1 mm FHTEISEDOHL (%) AT TRUI,
Fig. VSD imaging of V1 responses to STS applied to neighboring electrodes,
Imm apart each other.
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Hl Research works

Asapartofthe research group, I study the physiological
evaluation of the retinal prosthetic system and the
stimulating electrodes. Especially in this project,
retinal functional imaging by intrinsic signal
measurement is performed in animal experiment with
our colleagues. We established the in vivo retinal
imaging system using the reflectance changes of near-

infrared light in relation to the neural activities. This

imaging system can two-dimensionally visualize the
retinal area activated by light or focal electrical
stimulation (Okawa et al., Inv. Ophthalmol. Vis. Sci.
48:4777-4784, 2007). This helps evaluation of
physiological feasibility of the new high-resolutional
electrodes. In addition, the other neurophysiological
techniques, such as single/multi-unit recordings,
electrical evoked potentials and multichannel

recordings, are also applied to this study.

stimulation light

ﬂ IR filter
~H m p : == CCD
d— =
U fundus image
ﬁ IR filter

s> visible light

&) observation light
P i1 frared light (IR)

B MRS TN A R—D T VAT I B L UCIRN 21
JBCIRGT 5, MRS DRSS Z IR AZ AT L2/ LT CCD AR
TRl 9 %o

Fig. Retinal intrinsic signal imaging system.

As observation light, near-infrared light illuminates retina. Its retinal reflection
is recorded by CCD camera through a fundus camera system.
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Hl Research works

Our research group has developed a retinal
prosthesis. This retinal prosthesis compensates for the
function of damaged photoreceptors in the patients
using electrical devices. The target group for use of
this retinal prosthesis is patients suffering from retinitis
pigmentosa. Although retinitis pigmentosa is the third
most common cause of blindness in Japan, there is no
effective treatment for this disease at present. We thus
expect that the retinal prosthesis will prove to be an
effective future treatment modality for this disease
condition.

My research in this project is the evaluation of the
efficacy and safety of the retinal prosthesis. In efficacy
evaluation, spatial resolution of the retinal prosthesis
was assessed using retinal optical imaging. Retinal
optical imaging of intrinsic signal is a new technique
that can detect stimulus-induced activity as a change
of light reflectance. In safety evaluation, the
relationship between long-term electrical stimulation
and retinal damage was histologically examined. [
hope that my research contributes to further

development of the retinal prosthesis.
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Development of Multineuronal Recording for BMI and Analysis of Neuronal Plasticity by BMI
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Hl Research works

We are developing innovative techniques of
multineuronal record and analysis in animals for a
high-performance brain-machine interface (BMI).
Training rats in a neuronal operant task with the BMI,
we will detect BMI-induced plastic changes of
neuronal networks in the rats. To the present, we show
that when firing frequency and synchrony (neuronal
code) of hippocampal neuronal population work
instead of behavior, they change remarkably in short

periods.
KRR RPC
bl BEZ1—OVED
8GB RAM BF v o XILEIRH
DVD-RAM DAQA— K
B2
R
MEAT« X T LA
AL GRT—5
ALY BE T
I [
AL o428 - |
7 >
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wEa—F

IBMI VAT LICE B = a—T)b « ATV M
Fig. Neuronal operant task with BMI system

Kyoto University
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Research and Development of Neuroplasticity-Inducing Technologies to Assist BMI Operation
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Hl Research works

Previous studies in brain-machine interface (BMI)
focused on the research and development of the
technology to detect brain activation and to extract
information. In contrast, the aim of our project is to
understand the relevance brain plasticity for BMI
studies and to develop a new method to facilitate the
man-machine alignment in BMI by exploiting the
brain plasticity because we have been studying the
human motor plasticity and its application to neuro-
rehabilitation. For example, we can imagine that the
development of the brain wave-enhancing technology
would enable us to increase the S/N ratio of the
electroencephalographic signal. We will also try to
map various human brain functions in detail by non-
invasive and invasive methods. Our project will lead
to the innovation in BMI, especially in the field of
non-invasive motor output-type BMI.

Currently, we are putting our efforts in researches of
the therapeutic BMI or neuro-rehabilitation using
BMI, which have been rarely studied so far. We have
accomplished the development of new methods to
induce human motor plasticity noninvasively using
transcranialmagnetic stimulation (TMS) (Koganemaru
et al., J Physiol 2009; Thabit et al., J Neurosci. in
press). We are planning to clinically apply these new
techniques to neuro-rehabilitation in the context of
therapeutic BMI.
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Bl Research works

Our mission in the Human Brain Research Center is to
disclose the functional localization and connectivity
of the human brain, and the research for the
physiological mechanisms of the central nervous
system disorders.

We in collaboration with the departments of Neurology
and Neurosurgery develop a system for functional
mapping and interpretation of healthy brain, by means
of non-invasive method integrated, such as high-
functional MRI, MEG
(magnetoencephalography) and EEG

magnetic field

(electroencephalography.)  The result is carefully
verified with the ECoG

(electrocorticography) data obtained from patients

examined and

with chronic subdural electrode implantation for pre-
surgical evaluation of epilepsy and other disorders.

In order to realize the bidirectional BMI of motor
output and sensory feedback, our clinical studies aim
two goals: (1) development of the method to detect the
intention for the voluntary action as early as possible
before the actual movement, and (2) precise mapping
of somatic sensation processing, especially the
proprioception to detect the position information of
the moving body parts.

To investigate the possibility of non-invasional
induction of brain plasticity for non-invasional BMI
and to evaluate its therapeutic effect, we are applying
visual feedback training to augment direct current
potential in healthy volunteers and patients with
neurological disorders. The system to evaluate log-
term effect of the training and plasticity is now being

developed.
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An Integrative Study on Reading and Controlling of Information in the Brain
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Fig. Dopamine-like currents responded sharply to a reward-cue.

Hl Research works

Not only electrophysiological activities but also
neurochemical changes would give us information for
developing BMI, only if we are able to detect these
chemical changes in the live brain. For this purpose,
we developed a new electrode for voltammetry, a
boron-doped diamond microelectrode, applicable for
large brains of the monkey and the human. We
succeeded in detecting transient dopamine release in
response to a reward-cue signal in the striatum of the
monkey. Using the technique, we are going to examine
relationships between symptoms of the Parkinson's
disease and the level of dopamine release, in the hope
that we eventually develop a method for controlling
the symptoms by applying deep brain stimulation

according to the level of dopamine in the striatum.
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Intension Decoding by Population Activity of Monkey Prefrontal Cortex
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Hl Research works

Intension is defined as the information about a goal in
goal-directed behavior. We investigated the intension-
related neuronal signal in the lateral prefrontal cortex
(LPFC) of monkeys while they performed reward-
choice tasks. In the tasks, monkeys were asked to
choose one of 3 drinks (apple juice, lactic beverage or
salty water) by moving their eyes to the position of
color stimulus corresponding to each drink. In the
Free-choice task, where 3 different color stimuli were
presented, monkeys could choose a drink freely, while
in the Forced-choice task, where one stimulus was
presented, monkeys had to choose the presented one.
We simultaneously recorded the single-unit activity
(SUA), multiple-unit activity (MUA) and local field
potential (LFP) from the LPFC with multiple recording
channels (maximum 64 channels) while monkeys
performed the tasks. SUA data showed that about 40%
of LPFC neurons coded the chosen drink information,
particularly in the Free-choice task, which can be
dissociated from the eye movement information. We
also performed the decoding test with the Regularized
Least Square Classifier method (Tsuchiya et al., 2008).
The performance in decoding chosen drink was
significantly more than chance in any type of data.
Sometimes the performance was better than 90%
dependent on recording site. And the performance was
significantly higher in the Free-choice task. These
results suggest that the LFPC neurons code the goal-
related information, or intension, in goal-directed

behavior.
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Non-invasive Brain Machine Interface
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Hl Research works

The purpose of this research project is to develop a
non-invasive head mounted type brain interface,
which consists of complex-sensing units for detecting
hemoglobin changes and EEG changes. The proposed
sensing units have laser diodes, a photo diode and an
EEG-electrode in one sensor module, therefore,
measured data using the sensing units are insusceptible
to motion artifact. Hemoglobin changes and EEG
changes can be detected at the same measuring points
by newly proposed and developed complex-sensing
units. It is possible to construct the arrayed complex-
sensing units. We could develop a simple prototype
non-invasive head mounted brain interface by using
the proposed/developed complex-sensing module,
sensor circuit, computer and the arm support system
(HAL for arm). We proposed and developed the
cutting edge technology for detecting the brain activity,
and had some basic experiments to measure the
changes of O2 Sat and Hemoglobin and EEG at the
frontal cortex. We had basic experiments using arm-
support system for healthy subject as device test, and
now, we are going to develop and improve the system
in order to put into practical use.
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Fig.1 Prototype Non-invasive Head mounted type Brain Interface
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Developing Ethics Review Procedures in Neuroscience Research: A Focus on BMI
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Hl Research works

1. Empirical studies for ethical, legal and social
implications of neuroscience

(1) Analyzing and evaluating informed consent forms
for neuroscience research

(2) Developing the uniformed consent form utilized
for SRPBS

2. Conceptual studies for ethical, legal and social
implications of neuroscience

(1) Reviewing conceptual issues of incidental findings
involved in neuroscience research

(2) Reviewing various conceptual issues of neuroethics

3. Benchside Ethics Consultation
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Fig. Two contributions to SRPBS
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M Research works

1. Empirical studies for ethical, legal and social
implications of neuroscience

(1) Analyzing and evaluating informed consent forms
for neuroscience research

(2) Developing the uniformed consent form utilized
for SRPBS

2. Benchside Ethics Consultation
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Fig. Developing Ethics Review Procedures in Neuroscience Research
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M Research works

1. Conceptual studies for ethical, legal and social
implications of neuroscience

(1) Reviewing conceptual issues of incidental findings
involved in neuroscience research

(2) Reviewing conceptual issues in neuroethical

problems

2. Benchside Ethics Consultation
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Development of Multiple Degree of Freedom BMI Including to a Finger Based on EMG Signals
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Hl Research works

Our body is controlled by muscles. The brain change
the activation levels of these muscles for controlling
our body. From this view point, the relationship
between muscle activation level and our body
movement is useful for invasive or non-invasive Brain
Machine Interface (BMI). Also the degree of freedom
of the robot is important for applied daily use robot. If
the robot has finger and these are easily controlled, it
might be useful and it will help to increase Quality of
life. In this project we aim the robot arm with finger
based on the musculoskeltal model.

Neural control

. =
Spinal cord

Musculoskeletal mechanics
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Development of the Second Generation BMI System Using with the NIRS Signal of Super

Resolution
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B Research works

Toshio lijima is Professor of Systems Neuroscience
of the Graduate School of Life Science and Executive
Vice President managing research at the Tohoku
University. During the past 30 years he has conducted
research on many different topics in neuroscience,
ranging from medio-temporal lobe memory system,
cognitive system of the whisker, olfactory system of
the brain. Currently, he is also engaging in the
development of the Brain Machine Interface of the
second generation using several new methods of
neuroscience including ultra high-speed optical
imaging of the brain activity combined with voltage-
sensitive FRET.
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Optical Communication with Brain - Development and Evaluation of Photobio-OptoelectroBMI

J\ B H

FRACRZAR B E AN 5%

1981 4F HA ARSI FE Bo R4 -1993 4ERAARS
PEAEE BT, 1985 4F -1987 4EKET >V b RFER T RV
FEEWIIE B 1993 4E AR E R AR, 1995 4F 2001 4F
AL RZE R A BT 1999 4F -2005 LEAR 257 Al Hik B A ik
W& BLERFZE (CREST) &% | WFZeE#H, 2001 FEX
DB,

YAWO, Hiromu, MD, PhD

Professor, Developmental Biology and Neuroscience,
Tohoku University Graduate School of Life Sciences

1981 Postdoctoral Fellow of Japan Society for the Promotion of
Science. 1981-1993 Assistant Professor of Physiology, Kyoto
University School of Medicine. 1985-1987 McDonnell Research
Fellow of Anatomy and Neuroscience, Washington University
School of Medicine. 1993-1994 Lecturer of Physiology, Kyoto
University School of Medicine. 1995-2004 Professor of
Neurophysiology, Tohoku University School of Medicine.
2004- Present position.

EMOEF N UTCEZ T v IV Z ST E (F v
FIVART L) Z RO REE 5 kick
O, IR Z K TEIEST 22D TEE T, TOHAl
W, ATV xT a7 REKENTVET R 2B,
DTEWHENCA TN 2 2T VAR FEE S, AT
FLZba= R LEIEERRTLICKD, ez ik
ETDMANDERAM ST AT L, T+ INAF—FT
e ZLZ7FaBMIZRFELTWEST . CNZIGH LTz
AT IV NI TUTEICKD, hR = 2 —a
ZNZNOMEE ORI Rt ZIET 5L L EICIEH)
INZ—=VCED XS TERIGRN I — R EN S h 72 fif
BHLUE 9, CNSDOWIZEIE, kTGS S 2 — > Dfifsis
AT LR A R B E S AT LD IR R0 E T, F
Tz, N AL T 2 AN DIERA ST ET Va2 (F
FLTVWET /2L 21X, Thyl 27 B E—X—D FiRIC
Fr 2NV ART 2 RBBITENT VAT =TTy
FD—HRIFETIE, PRI X TN O £ E bR
JUCF ¥ FIVa R T2 RBHLEST . Nz ET IV
IC T4 FNAF—F T+ L7 aBMIZ i LTV
ES 2

Hl Research works

When we introduced channelrhodopsins, which are
the photosensitive ion channels from green algae, into
a neuron of the mammalian central nervous system
(CNS), we are able to manipulate neurons and their
network by light. This genetic engineering technique
is now called optogenetics. We are advancing
optogenetics at the level of molecular biology, and are
developing the photobio-optoelectro BMI which
enables the bi-directional communication with the
brain applying the optoelectronics. We plan to
investigate the oscillatory properties of each neuron
and the semantic information coded by the firing
pattern of it. This will give a basis for the development
of the system which enables to extract semantic
information from the brain activity and the system
which manipulates a given neuronal network with its
intrinsic performance. We also generate the transgenic
rat models which express channelrhodopsin-2 under
regulation of Thyl.2 promotor. Since one of these
transgenic lines expresses channelrhodopsin-2 in
various neurons in the central and peripheral nervous
systems, it is suitable to evaluate the performance of
photobio-optoelectro BMI.

Opto-current clamp

RSSL (0.1-100 Hz) A
(0.1-100 Hz)
crer  —\/\{ill— {

Green LED

LFP

CATN ALV NITYTTEIC KD KM = o — Y DY AR
P fRAT

Fig. the opto-current clamp method enables one to analyze the responsiveness of
the cortical neurons to a light input.
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Bl Research works

There are many types of neurons residing in the retina.
The photo-transduction pathway is started from
receiving photon by photoreceptors which express
photo-sensitive proteins. The visual information
received by photoreceptors is transmitted to the brain
through the optic nerve of retinal ganglion cells.
Degeneration of photoreceptor cells leads to blindness,
even in the case of survival of other types of retinal
neurons. There is no treatment to restore the vision
and many studies on retinal prosthesis have been
ongoing in the world. Recently channelrhodopsin-2
(ChR2) has been found in the green algae,
Chlamydomonas, that functions as a photo-sensitive
selective cation channel. It made possible to make
(produce? or induce?) photo-sensitive neurons by
transferring ChR2 gene into neurons. The purpose of
our study is to restore vision by transferring ChR2
gene into retinal ganglion cells in the photoreceptor-
degenerated retina. However the new visual system
formed by ChR2 is expected to be different from the
native visual system in the retina. Now we are trying
to characterize the properties of ChR2-produced visual
system by using electrophysiological and behavioral
methods.
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Hl Research works

Recently, various studies on the brain have been
intensively performed such as the medical treatment
for brain diseases, the analysis of brain functions, and
the brain-machine interface. In this situation, different
kinds of neural probes have been developed to record
neuronal action potentials and other brain activities.
We have also proposed an implantable intelligent Si
neural probe system which has a multifunctional
properties: a double-sided recording, a fluid delivery,
and an in-vivo neural recording.

In this project, we are developing a novel Si neural
probe with optical waveguide for the optical
stimulation of neurons. Our neural probe with optical
waveguide, called OptBMI probe, optically stimulates
the neuron and electrically records the neuronal
signals, simultaneously. As the OptBMI probe can
control both position and direction of stimulus light
irradiation, accurate and direct optical stimulation of
genetically targeted neurons expressing the light
sensitive channel protein (Channelrhodopsin-2: ChR2)
can be achieved. The OptBMI probe was fabricated
and the blue laser light successfully propagated and
irradiated through SiN waveguide. We are aiming to
realize a bidirectional information exchange system
between the brain and outside world.

Front-side Si

Optical 5
stimulation |

Back-side Si

Wiring  Optical waveguide

// Optical outlet
[ 2% Fluidic outlet
=" Recording sites

Microfluidic channel

Cross—section of Si neural probe

Optical waveguide

-....Si neural probej

Optical outlet
Opm 200pm

AT - LY BMI &SI (14 452nm)

Fig. Schematic drawing of OptBMI probe and photographs of laser irradiation
experiment
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Hl Research works

<Behavioral evaluation of the visual acuity of
monkeys with a biological visual prosthesis after the
retinal degeneration of photoreceptors>

We developed a behavioral testing system for
monkeys with visual prostheses and a photo-stimulation
method for neurons expressing the channelrhodopsin.

First, we developed a visual discrimination task that
requires monkeys to detect a change in optotype, a
standardized symbol for testing vision. We used the
Landolt “C” ring as the optotype. In this task, a trial began
when the monkey pressed the hold key. The Landolt ring
was displayed on a screen in front of monkey repeatedly
from 2 to 5 times. When the monkey detected changes in
the position of the opening in the Landolt ring from the
position of the first ring, and released the hold key, the
animal was rewarded with juice. To test visual acuity, we
conducted tests with different-sized Landolt rings and
determined the smallest size that could be identified.

Second, to evaluate the responses of neurons
expressing the channelrhodopsin to photostimulation
involving various parameters, such as the magnitude
and temporal pattern, we developed a blue laser
photostimulator with a bass driver or power supply
modulator, which allows us to apply photostimulation
following the output of function generators. We can
scan the neuronal responses to photostimulation
modulated by the Zap function with a continuous
increase or decrease in frequency or magnitude. We
attempted to use this optical stimulation system to
conduct opto-current clamp analysis to characterize

the neuronal response in the local circuit.
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Low Invasive, High Spatial Resolution, Silicon Whisker-Based Neuroprobe Arrays
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Bl Research works

The goal of this project is to develop technologies
for integration of out-of-plane, low-invasive, high
spatial resolution, silicon microprobe arrays using a
“selective vapor-liquid-solid (VLS) growth” technique
and microfabrication processes, for use in
neurophysiological applications, including brain-
machine interfaces (BMIs).
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Fig. An silicon microprobe-based neuroprobe array.
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Development of Retinal Prosthesis Devices with High Resolution
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Bl Research works

A final goal for a retinal prosthesis as BMI is to realize
a visual ability to read characters. In the present stage,
however, a retinal stimulator with Pt electrodes can
achieve only a visual acuity of counting finger due to
the low charge injection capacity of Pt. Electrode
materials with higher charge injection capacity such as
IrO,, TiN, and Ta,Os have potential to realize high-
resolution stimulator, although they are still in the
development stage. Our research aims to develop a
high-resolution retinal stimulator with biocompatibility
and long-term operation capability by using
semiconductor ultra-fine fabrication and circuits
technologies, which is validated thorough animal
experiments collaborated by Osaka University
Medical School.

We have already fabricated retinal stimulators with Pt
bulk electrodes and successfully demonstrated to
obtain EEP signals by animal experiments of rabbits
implanted by the stimulator. In addition, we have
proposed and verified a novel method to effectively
control high-resolution electrodes and fabrication
technologies of thin films of TiN and IrOx.

By using these developed technologies, we will realize
aretinal prosthesis device for visual acuity of character

recognition.
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Bl Research works

We are developing a CMOS-LSI-based intelligent
neural stimulator toward retinal prosthesis technology.
We have proposed and demonstrated “multi-chip
architecture” which enables intelligent and physically
flexible retinal stimulator.

We are also working on high-performance and
biocompatible electrode materials that are required for

retinal prosthesis technology.

X RVFF0 T T —F T I F VI KB HERT S A 2D

Fig. A retinal stimulator with multi-chip architecture.
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ECoG-based BMI for Decoding Object-Vision Information
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“Brain-Dream Network”

Bl Research works

My main research subjects:

1. Dynamics of distributed cortical networks for visual
and cognitive functions.

2. Brain-machine interface to decode visual object

information in the visual association cortex.

Working hypothesis:

Visual object information is distributed among neural
networks centered on the inferior temporal cortex
(Hasegawa et al Science 1999).

<Strategies>

A. Array of flexible ECoG electrodes

B. BMI-associated ethical issues

C. Combined ECoG and depth recordings
D. Decoding object-vision information

E. ECoG from wide brain regions including sulci

<Approaches>

1. From animal model to clinical study

2. Development of flexible ECoG array

3. Decoding-based analyses

4. Integration of system neurophysiology and clinical

neurosurgery
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Hl Research works

Feasibility studies of high-density film electrode
arrays for electrocorticogram (ECoG) recording,
mainly in the visual cortices of pigmented rats. ECoG

analyses of the rat visual system, especially of object

vision. Colaborating with Suzuki lab. (Univ. Tokyo),
we developed high-density thin film electrode arrays
(ECoG mesh) for ECoG recording (A), An ECoG
mesh has many insterelectrode fenestrae to improve

fitting to the brain surface and enable simulaneous

2 )ﬁ)

application of other probes (B). In C, contraletaral-
eye-dominant visually evoked responses from ECoG
mesh and conventional ball ECoG electrode (SB) are
compared. Trial-to-trial variabilities in ECoG mesh
were less than SB recording while signals from ECoG
mesh were comparable to SB signal, reflecting good
fitting of ECoG mesh and less DC fluctuations. ECoG
meshes are applicable to other cortical areas. In D,
prelimary results of rat temporal ECoGs to natural
image are shown. Kamitani lab. (ATR) proved these
response were distinguishable to the response to
another image (watermelon) in 70% of trials by SVM
(Support Vector Machine).

A B Spike /icLFP

0.02 mm-thick,
Interelectrode-
Interval : 1 mm

acquisition PC
SB-ECoG

fenestra =€

electrode 4

A
stimulation C

controller

C o e———y - mosh ECoG Binocular Occluded - mesh ECoG:
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Interelectrode interval : 0.5 mm » rostral

A: An example of a Flexible ECoG Electrode Array. This array has 32 i

for simulatenuous application of ECoG array and other probes. 7&#/7}!&006!&7[«4 om R2DEHATEERS.
BEMICEHAEHLHD, COBN LMD BEERIAL. FFRRETICENTED,

B: Experimetal Setup. REBDtvh7v7,

C: ECoGs recorded simultaneously from a ﬁexlble ECoG electrode array (Mesh-ECoG) and conventional silver ball ECoG
(SB) in rat V1 with (contra) or i (ipsi) eye or under binocular occlusion. Mean + S.E.M
(mV), horizontal bar : stimulation period (500 ms). ZL-¥< 7 )L &8 (Mesh-ECoG) &4t F 548 £ BHE(SB)IZ L HECOGIES
FFRHETHHBERETRY, £LYIREHAI(contra) R, B (ipsi) Rl . FIRER, K TR T (500ms),
D: An example of stimull lective ECOG from rat temporal cortex. XN RIZARR M DRGSR
ECoG{ES O —l, BB 0.5 mmeLr=,
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Bl Research works

My role in the brain-machine interface (BMI) project
is to understand the principled method to decode
visual objects and further out imagery objects from the
electrocorticogram (ECoG) signals. We currently
focus on decoding the neural activity in monkey
inferior temporal cortex recorded by a 128 channel
filmy electrode. It has been shown that we can
successfully decode visual objects from these signals.
Future research focuses on real time extension of this
system to develop a cognitive BMI system as a
communication tool.
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Fig.1 An example of the visual evoked response recorded by the flexible filmy
ECoG electrode.
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Development of Electrodes and Devices for Deep Brain Stimulation towards the Brain-Machine Interface

in Humans
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Hl Research works

Stimulation of local neural circuits within the brain,
employing intracranial electrodes (A) and implantable
pulse generator devices (B), can dramatically control
various brain dysfunctions that are refractory to
conventional therapies. This procedure is called deep
brain stimulation (DBS). We began studies on DBS
during the 1970’s, developed DBS as a therapeutic
option for various types of neuropathic pain and
involuntary movements, such as Parkinson's disease
and dystonia, and established one of the foremost DBS
centers in the world. We also found that stimulation of
the motor cortex (MCS) employing intracranial
electrodes could improve the rigospasticity associated
with post-stroke motor weakness.

In the present program, we are developing a closed
loop DBS/MCS system, in order to overcome various
post-stroke movement disorders. This is regarded as an
input/output type BMI (BMI-DBS/MCS) in which on-
demand type DBS/MCS is switched on or off by
integrating neuromuscular signals detected through
EEG, NIRS and EMG. We are attempting to utilize this
system for the feed-forward control of involuntary
movements induced by certain actions or postures, and
contingent control of the rigospasticity associated with
motor weakness.

BMI-DBS/MCS represents a hybridization of
original and artificial neural circuits, which induces
reorganization (or re-learning) of neural networks.
Since this is one of the common principles of BMI, we
anticipate that our study will provide new insights into
BML
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Bl Research works

Chronic stimulation of thalamic nucleus ventralis
intermedius (Vim) and nucleus ventralis oralis
posterior (Vop) is useful for the treatment of intractable
tremor, and Chronic stimulation of motor cortex is
useful for the treatment of motor weakness.

The corticospinal motor evoked potential (MEP)
evoked by direct stimulation of the motor cortex can
be recorded from the epidural space of the spinal cord,
and Corticospinal MEP is useful to decide the location
of cortical electrode.

We clinically apply BMI-DBS for the control of
intractable action tremor, and BMI-MCS for the
treatment of motor weakness. For BMI-DBS and
BMI-MCS, we are developing new instruments

employing EMG and NIRS technology.

BB AR (TR T
B ORI R BRI (ARG im0

Upper: Deep Brain Stimulation (DBS)
Lower: Motor Cortex Stimulation (MCS)
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Hl Research works

The purpose of this research is to provide
communication tools for sever motor disabilities in
totally- locked in state. In order to realize this goal, we
have developed a non-invasive single-channel near-
infrared spectroscopy (NIRS) — based BMI system
featuring an easy probe attachment and a short measuring
time.

Figure 1 shows a NIRS-based BMI system consisting
of single-channel probe, a BMI controller, and an
Infrared-emission apparatus (IrDA standard compliant).
The BMI controller uses one laser module as a light
source and one Avalanche Photo Diode (APD) as a
detector. The laser module has two laser diodes (one for
wavelength of 780 nm, and one for 830 nm), and their
intensities are modulated at 1 KHz and 5 KHz,
respectively. Mixed lights are transmitted to a probe
through optical fibers, and the light scattered by the brain
is detected at the APD. The output of the APD is
distributed as two signals and sent to locked-in amplifiers,
where signals are separated into signals corresponding to
two original wavelengths. The separated signals are then
sent to an A/D converter, and sent to a computer at a
sampling rate of 10 Hz. Experimental results for 22
participants show that the average switching time to
change the TV programs or get forward the toy robot is
12.1 s. The signals are then analyzed by Sparse Logistic
Regression for the multi-class classification method and
it is clarified that they are categorized into four patterns,
suggesting better switching time.

Current studies involve the new switching method for
motor imagery tasks and  multiple-command
transmission. We hope these technologies would open
the way to well-being information devices.

Single-channel Probe
Connector

-
=
Infrared- CR
BMI emission Toy
Controller Apparatus Robot

B 1 AR GEZ VT BML S AT L
Fig.1 NIRS-based BMI system

8- )ﬁ)

RO (—Z W) N—HU—QU A AUATY,

58



[KEEEFOERERFBECLSIEREBM | OFRHE]

Auditory Cortex Prosthesis by Intracranial Electrical Microstimulation

e e 1
ALK LR
HiE

%, Mt (=)

1974 SRR ELTREARIR S, FILERSERIREE S
RN FET, 1995 X DB,

SATO, Yu, MD, PhD

Professor, Department of Physiology,
Interdisciplinary Graduate School of Medicine and
Engineering, University of Yamanashi

1970-1974 M.D. Faculty of Medicine, Niigata University. 1984-
1995 Associate Professor, Department of Physiology, Toyama
Medical and Pharmaceutical University. 1995- Present position.

B FERE

TLAY VYAV EZ—=T2—ZX(BMDIZ, &
WZEMNTZCLickD, e O RERE & 2 Al 7 3
%o RAIMANEH G2 A 195 AT)8BMI EL TR
M B8 BRI D A\ D KSR D &, 7z EH21C
EBRAET 270V M EfTo TV, BRI
(1) 22 SR 2 BIE AN B R 5 0D 25 i 380 S i 72 Bl ) 52 Bk
THIZEL, (2) TE#RMRIED KIS DBIET IV 2 1E
BRL, 3) ET IV EMRLTE ROV RSINZEHT S
AVR—=T 2 —RAEHFEL, (4) EERWIFRHED K%
EREETRRL, &2 R S8 %, KO A K
ARG Y RTINS K ORI T %

CTTR)EHMFRICONWTIRRS, Q)13 /NEE
Al, Q) EARR, (HIEEEZ SN TV HEORFD
MREBHEELTIRES, @, ERO=EEND S,
CDIBREEIIRIBL I E, & X3P,
BT HAGER & 2 RIE & UCRIREE T B O )i
BRI ARIEZS TS & LTS EA R & 3 |5
TBIVTHE T ER T 5% T, flI o
T2 FHIRED B 2 Ml il 72 A 78+ 27 51| e ) o i 1S &k
DRI, SOSFHAZ FARTASHR, FE LA TR
BN OGS BB ARA 7B K DT E(LE NS
TEMP I o To o — MRS M IR 08 15 O B i
HIBIC B2 EREE 2 A 7HEEE UTRIS(ET
%o FREHEEICITEVERKIGE T, RE EDHKIS
T % RS RS RIS LT, Rt SR Y

H OO JE BB BRI E D A - Te & DRI
T %o — iV IS HIRE I IS BT DY A O FBRIC %
I8 9 %o REE RIBHIC 720 U RO %
JVF—JEEE RV~ > MEREO IS T %,

Db, EORESFZDEDAXRTMVICHY TS
B DT Z0SA 7B 1IEHE LT, B O @ S EER T
DOIEBIG T G RE LT, BEIE T AV~ 2 MEP
A S5 TEBIG AT O A G HE IEHE LTMKIC
R b N B Al REEDNASIC RS T2, TOREE, &
&, BREEEHITANCIB N TER OV AR O THE |,
TR, TSRO A G DR NCH Y T 2T ENRE
TN,

Bl Research works

Brain Machine interface connects between the brain
and machine and complement the brain function. I
develop technologies for transmitting acoustic
information directly to the primary auditory cortex (A1)
based on the neural response characteristics of the
neurons. The research is organized by (1) physiological
study, (2) modeling study, (3) interface construction, and
(4) direct electric stimulation study. Here I mention (1)
physiological study. For (2), (3), and (4), refer to K
Ozawa, Y Suzuki, and L Qin, respectively. I used
amplitude modulation (AM), frequency modulation
(FM), and vowels as stimuli. I found that AM information
is encoded as spike rate information of the tonic response.
Phasic response also encodes the rise slope of AM as
onset firing rate. FM is encoded as the sequential active
places in the brain. Vowel is encoded as a combination of
the active places. Thus, pulse rate, place, and combination
of places of stimulus current pulses correspond to AM,

FM and vowels in auditory cortex prosthesis.

&= tonotopic axis of Al —

7N

—

AM: spike rate
FM: place

vowel: combination of places l I

< isofreq. axis —

B 0 RI—REER I IC 31 % S SRS E

Fig. Sound information encoding in Al
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Bl Research works

To realize an auditory Brain-Machine Interface
(BMI), it is required that the responses of the primary
auditory cortex (Al) neurons are estimated with
respect to an input sound. We have developed an
auditory model, consisting of six stages: the inner hair
cell (IHC), the primary auditory nerve (AN), the
ventral cochlear nucleus (VCN), the inferior colliculus
(IC), the medial geniculate body (MGB), and the Al
neuron. The model output successfully replicated
physiological data of the phasic- and tonic-type
responses of Al neurons by tuning the parameters in
the model blocks. Then, to simulate the responses to a
Frequency Modulated (FM) signal, the model was
extended by including the basilar membrane model
and weighted summation of responses of auditory
paths for other frequencies where the neural weighting
was represented with a combination of excitatory and
inhibitory weightings. The model output successfully
replicated some features of the responses to FM tones.

————————————————————————

Neural weighting

Basilar membrane

DAL PRERADISE 2 )9 B BEET )V

Fig. Block diagram of our auditory model that simulates the responses of an A1
neuron.
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Bl Research works

We develop Brain-Machine Interface (BMI)
technologies for entering acoustic information directly
to the primary auditory cortex (A1) based on the neural
response characteristics of the neurons. The research
is organized by (1) physiological study, (2) modeling
study, (3) interface construction, and (4) direct electric
stimulation study.

Here I mention (3) interface construction. The
interface consists of microphone, A/D converter,
digital signal processor, and isolated amplifier. Sounds
are converted to stimulus current signals to brain.
Based on the results of (1) physiological study and (2)
modeling study, the signal processing was designed.
In the Al neuron responses, Amplitude Modulated
(AM) sound is encoded as spike rate information of
the tonic response, and Frequency Modulated (FM)
sound is encoded as the order of active place in brain.
In signal processing, the sound signals were divided
into frequency bands by digital filter bank to deal with
FM. The divided signals were then converted to pulse
train signals to deal with AM. The time of occurrence
of a pulse was calculated by amplitude information.
Currently, the utility of the interface is examined by

(4) direct electric stimulation study.

Digital Signal Processor Isolated Amplifier Stimulating

Electrode

Sound  microphone

V. 2.

—# Waveform to Pulse I } Ch.1 I

seens
teeee

filter -bank

—b‘ Waveform to Pulse : } Ch. Ny

%,

[X] © 3 — R OV RZ A >V Z—T 21—

Fig. Construction of the interface
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Bl Research works

Directly stimulating the auditory cortex is a potential
method of the auditory prosthesis. I established an
animal model to examine its efficiency and safety. |
have developed implantable stimulation electrodes
which can evoke long-term behavioral responses in
free-moving cats. Before the implantation, cats were
initially trained to detect tones using go/no-go
procedure. I then presented current pulses through the
implanted electrodes coupled with a brief sound
After 1-2 weeks of
training, the cats could detect the electrical stimuli in

stimulus from the speakers.

the absence of the acoustic stimuli. Once the cats
established a stable capability to detect the electrical
stimuli, [ systematically changed the amplitude, rate,
and number of stimulus current pulses to find the
optimal parameters to evoke a clear sensation. I also
explored whether the cats can discriminate two
different electrical stimuli, such as two pulse trains at
different repetition rates, or those delivered through
spatially separated electrodes in different temporal
sequence. The results will help us to design the
auditory BMI to transmit the key acoustic signals for
voice discrimination, including amplitude modulation,

frequency modulation and formant structure.
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Object Category Information represented by the Averaged Neural Activity from 1 mm Region of

Association Cortex
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Hl Research works

To reveal mechanisms of higher brain functions such
as recognition and decision making, we are conducting
experiments with non-human primates and functional
MRI with a 4T system on normal human subjects. In
the research with non-human primates, the animals are
trained with various behavioral paradigms, and single-
cell recordings are conducted from the prefrontal and
inferotemporal association cortical areas during the
task performance. We are focusing on the mechanisms
of visual object recognition in the inferotemporal
cortex and those of goal-directed behavior in the
prefrontal cortex. To relate research results in human
subjects with those in experimental animals, we are
also making efforts to increase the spatial resolution of
fMRI with human subjects.
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Developing Large-Scale Interactive Brain Communication System
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Hl Research works

For long-term use of invasive brain machine interface,
we have to develop interactive brain communication
system that should work over years. This project aims
to develop the system by implanting large-scale multi-
electrode array in Japanese macaque and use the array
for recording neural activity from multiple brain
regions as well as stimulating these regions.

There are three major developmental directions in our

project.

1)Developing long-lasting and large-scale electrode
array that covers multiple brain regions (Figure 1)

2)Developing stimulation technology that can
stimulate multiple brain regions independently

3)Developing low invasive surgical method

These three technologies are essential for realistic
brain machine interface that can be used in our daily
life.

1 SPERET ECoG FEMiE EBRDA > TS5 Ml

Fig.1 Chronic ECoG array and actual implantation
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Bl Research works

Neuroscience aims at clarifying the mechanism of higher
brain function and neurological diseases. Development
of appropriate animal models is a key issue for making a
breakthrough in the research. During the past decades,
molecular genetics in mice has made powerful
contribution in many fields of life sciences. Now,
introduction of molecular genetical tools to the primate
brain is expected to make significant contribution to
open up a new field in neuroscience research. In Theme
C of the SRPBS, which aims at developing the methods
to manipulate gene expression in the primate brain, the
National Institutes of Natural Sciences (NINS), as the
Core Research Organization, is developing (1) the
optogenetical tools into the macaque monkey brain, (2)
RNA interference technology for silencing the gene
expression, (3) a transgenic marmoset line which will be
widely used as a comprehensive animal model in
neuroscience research and (4) other useful tools of virus
vectors available in primate brain, in collaboration with
other Cooperative Research Organizations. Especially
in(1), we have succeeded in establishing the methodology
to optogenetically suppress the neuronal acitvity of the
primary motor cortex (M1) of macaque monkeys with
AAV-enhanced harorhodopsin (eNpHR) vector. We aim
at studying the neural mechanisms of dexterous motor
control by M1 and also short term plasticity and learning
by M1 with this technique.

virus vector
(eNpHR)
injection

laser illumination
L~ & unit recording by optorode

0 200 400 ms

CNHERY YV EFREI GV EE T = a0 OIEH DL —
P KM

Fig. Optogenetical suppression of neurons in macaque M1 by activating eNpHR
with yellow laser
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Hl Research works

Central nervous system of primates, including
human beings, is well developed. Each neuron in each
nucleus projects individually to other nuclei. Thus, it
is very difficult to investigate functions of the specific
neuron or specific pathway by using conventional
methods. Recent progresses of gene transfer techniques
using virus vectors have made possible to stimulate or
block the specific pathway.

We attempt to understand functions of each pathway
of the basal ganglia using the optogenetic or
immunotoxin-mediated cell targeting (IMCT) method
in monkeys. A lentivirus vector of retrograde transport
type with gene of channelrhodopsin-2, halorhodopsin
or human interleukin 2 receptors is injected into the
input station of basal ganglia. By applying laser light
or immunotoxin to the cortex, cortical neurons
projecting to the injections site are expected to be
stimulated, inhibited or eliminated. Then, activity
changes in the basal ganglia with behavioral changes

will be analyzed.

hyperdirect
parhwa

=>

pathwa/

UL KBEIE AT TBND T AW ARG Z—DFEA 2. AJTEBNRES LT
WS I Z L — TR % 3. RIMFL AL CREBR IR A7 L 721G
W2t zRlid %

Fig.1. injection of virus vector into the input station of basal ganglia 2.application
of laser light 3.recording neuronal activity in the basal ganglia

)W)J

HIEOFE NIHT IS

66



e & 7 K

IR iR 2L W 2 e 2
FEZEEM

‘ . Wy, A
B &

1974 FERUERRAFAEE AR 3E, 1981 FERUHOR A+, O
07 RAEGE . 1986 E /D) T4V =7 TREKEAWIZE B,
1991 R 2 SEFT T > T4 TR EZ2 5T, 1994 KD
B, 2008 RO LA ATBRE (HHE).

YAMAMORI, Tetsuo, PhD

Professor, Division of Brain Biology,
National Institute for Basic Biology,
National Institutes of Natural Sciences

1974 Graduate from Kyoto University, Faculty of Science. 1981
Dr. Sci., Kyoto University. 1981 Research fellow, Colorado
University. 1986, Research fellow, California Institute of
Technology. 1991, Frontier Research fellow, RIKEN. 1994,
Professor, National Institute for Basic Biology. 2008, Concurrent
Professor, NIPS.

Y O & RS RE S B SO RS fE ROt 21T 91
i, EMOEWEEEZEFIVEIIE LI Z1TS
WENH D, EHFESTAD B T HIEE D REHAIC
BOTEHRELOWKRZH T TWEH, F o
DO FEREHOM T2 GEICEIFZI1CiE, 2D
XI7RB L T OREEEN 5 THIA TE D XS IR HEHEN
WIRZDOhEMBREND D, HKLIE, BREHEOME
TR THEICHE R ZDD S BT EHBITL, HE
PR NICHEI T 20O LA TR RICHEITS 2
OB 2R L (FRBR), coRx—2IF,
EEFKMEEICEATHEN, 2l T
HY, TNHOBEETFHREAZERBETHRIFETZCLIC
XoT, EEHEE O &S RMFEEED R Z AL MIC
TEREEZTMEEIT>T VS, KT ODEREL
T, X—EkvbEHWT, LUFOZELFETIT>
TW3a,

1, RNA F¥iE2 AWWIREE OB T O WRE R I8
R AVANCEEIP A )

2, IEERIFN RN O —X—% ORI
AT LOKE (st

3, X—E Y MATA R WA TR O B 7
CESHEE ),

4, X—ELYMIBIIHRIANTZ—ZRDOHFERE
GEFARES ),

B, TNSDOREANIZ—ZROFEEZNRILTE
BE3BNHN I VAV 2w IR —FER YRS A VD
FFEZ e A AR Z O EL (R, JEERE B,
INBE AN L EHFETIT > T3,

Bl Research works

The primate research is important to understand
higher cognitive function and mental disorders of
humans. Because studies on genetically engineered
mice increasingly contribute to neuroscience, it would
be necessary to know what gene functions are similar
and what gene functions are different in the brain
between mice and primates. Our approach has been to
isolate and characterize the genes specifically expressed
in primate neocortical areas. We have found that the
genes specifically expressed in certain neocortical
areas can be classified into two classes: One group is
specific in primary sensory areas, particularly the
primary visual area. The other group is specific in
association fiber receiving areas (see the figure below).
These patterns are primate specific and the genes that
show such patterns are very rare. We therefore think
that it would be very helpful to explore the methods to
manipulate the function of genes in primate.

My specific aims in SRPBS are following with the
collaborators listed.

1. Establish gene interference methods in primates (Dr.
Masafumi Takaji).

2. Establish an activity dependent gene manipulation
method in primates (Dr. Katsusuke Hata)

3. Establish a marmoset slice system for plasticity
study (Dr. Osamu Sadakane)

4. Establish expression vector systems in primates (Dr.
Akiya Watakabe).

We also plan to establish a transgenic marmoset line
to be able to use for general use for neuroscientists
(Drs Yusuke Komatsu, Akiya Watakabe, Erika Sasaki).

occl
tetsican-1
tetstican-2

D\ SHTIB [ % A S AR B
\ 5HT2A =

Fig. Area specific genes
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Hl Research works

Lentiviral vector is a kind of retrovirus vector that
can infect non-dividing cells and is expected to be
useful for neuroscience research. The aim of my
research is to develop and improve the lentiviral vector
for gene transfer into marmoset brains. In particular,
I am interested in using TET-OFF lentiviral system
developed by Hioki, Kaneko and others (Hioki et al.
Neurosci Res. 2009). This vector system can achieve
very high level of gene expression and can be used for
Golgi-like neuron staining by expressing fluorescent
marker proteins such as GFP. 1 am now testing how
this system works in the marmoset brain. I am also
trying to combine this system with retrograde infection
system developed by Kato, Kobayashi and others
(Kato et al. Hum Gen Ther., 2008) to transduce
corticothalamic and corticocortical neurons for
morphological analyses and gene manipulation.
Furthermore, lentiviral vectors can be used to make
transgenic (TG) marmoset. In collaboration with Dr.
Erika Sasaki in Central Institute for Experimental
Animal, we are trying to establish a useful multi-

purpose TG marmoset line for brain research.
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Bl Research works

To understand how the cerebral cortex of primate
works, our laboratory has searched for genes which
show specific expression patterns in different cortical
areas. We found one group of genes which are
expressed specifically in primary sensory areas, and
also found another group of genes which are abundant
in association areas.

My research aim in this project is to clarify the
function of these area-specific genes by physiological
and morphological methods. My main experiments
are as follows.

1) Experiments using in vitro brain slices from normal
adult marmoset. Because some of the area-specific
genes are presumably involved in the regulation of
plastic property of neural circuit, we are investigating
the area-difference in plastic property such as LTP in
different cortical areas.

2) Experiments about the effects of overexpression or
knockdown of area-spefic genes in marmoset brain.
By means of virus vectors, our lab members are trying
to manipulate gene expression in marmoset brain, and
we are going to examine the effects of gene
manipulation physiologically and morophologically.
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Hl Research works

Application of the activity-dependent response

element in primate brain

Recently, minimum synaptic activity response
element was reported in mice (Kawashima, Okuno et
al. PNAS, 2009). This element consists of an only 100
bp, and is conserved in its promoter region of primates,
for example, human, macaque monkey and marmoset.
We would like to apply this element in monkey brain
and establish the system which regulates the brain
function by neuronal activity. Specifically, we aim the
expression of reporter genes under the control of this
activity element in marmoset brain, then, will
challenge to express arbitrary genes (ex. ChR2,
eNpHR, DTT etc.), to elucidate the causal relationship
between the neuronal activity and the behavior in
primates.
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Hl Research works

The aim of our research is to develop useful viral
vectors to investigate gene functions in primate brains.
We developed vectors that synthesize shRNAs for
gene silencing, and we are trying to confirm their
effectiveness. We are also developing systems to force
express target genes. Furthermore, we developed a
gene silencing system that utilizes RNA polymerase I1
promoter for cell-type specific gene inhibition.
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l Research works

We aim to shed light to the cognitive functions of
association areas, which have especially evolved in the
primate brain, from the viewpoint of development and
aging of gene expressions and neural connectivity, taking
advantage of accessibility to several-hundred house-bred
Japanese and rhesus monkeys in the Primate Research
Institute, Kyoto University.

Cognitive functions decline with aging even in
macaque monkeys. To clarify the molecular basis of this
decline, we comprehensively analyzed gene expressions
in the hippocampus and the prefrontal cortex of aged and
young macaque monkeys. Sexual difference was observed
in the age-related expression change of functional gene
groups. In the female monkeys, decrease in the expression
of gene groups involved in neuronal processes both in the
hippocampus and the prefrontal cortex, and increase in
the expression of homoeostasis-related genes in the
hippocampus were observed. No functional gene groups
in the brain of male monkeys showed significant age-
related change in the expression level. Decline of estrogen,
known to act neuroprotectively, in the female brain after
menopause may lead to the result.

Cognitive functions subserved by the prefrontal area
develop slowly after birth. We hypothesized that slow
accomplishment of neuronal connectivity of prefrontal
area is a reason of the prolonged development. By using
retrograde tracing method, we revealed that connections
from posterior cingulate area and upper bank of the
superior temporal sulcus to the dorsal area 46 are not fully
developed in infants. To elucidate the contribution of such
connections to the specific aspects of cognitive functions,
we are going to conduct behavioral analyses of monkeys
whose specific connection, such as temporofrontal
connection is removed by means of projection-specific

neurotargeting method.
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Bl Research works

We aim at elucidating the mechanisms of higher
brain functions and the pathophysiology of psychiatric
and neurological disorders by developing primate
models in which target genes are delivered with viral
vectors in a site- and age-specific fashion. Using an
HIV-1-based lentiviral vector pseudotyped with
modified glycoprotein of rabies virus (RV-G) that
permits retrograde transfer, we attempt to establish
two novel experimental systems to achieve pathway-
selective genetic manipulation: pathway-selective
gene expression with  Cre-loxP  site-specific
recombination and pathway-selective cell ablation
with immunotoxin. For the former system, the
pseudotyped lentiviral vector expressing Cre
recombinase was combied with an adeno-associated
virus (AAV) vector carrying a target gene followed by
the stop cassette flanked by the loxP sequence. The
pseudotyped lentiviral vector is injected into a region
containing axon terminals of single neurons, while the
AAV vector is injected into a region containing their
cell bodies. Then, the target gene is expressed in dually
infected neurons alone. For the latter system, the
modified lentiviral vector expressing the human
interleukin type 2 receptor is combined with
immnotoxin to result in selective cell ablation. Thus,
the application of the modified RV-G-pseudotyped
lentiviral vector to Cre-loxP site-specific recombination
or immnotoxin-mediated cell ablation enables us to
induce target gene expression in or loss of a specific
neuronal population that constitutes a particular
pathway, respectively. These novel systems may
provide us with new approaches to functional analyses

of neural networks.
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Hl Research works

We are developing new apparatuses and behavioral
paradigms for assessment of cognitive and motor
abilities of marmoset monkeys. We developed a new
apparatus specifically designed for assessment of
cognitive and motor abilities of small monkeys, such
as marmoset monkeys. The apparatus could be easily
attached to each home cage of marmosets (See Figure).
So far, we also developed several behavioral
paradigms, including a visual pattern discrimination
task, its reversal learning task, a delayed matching-to-
sample task, and a serial learning task. We applied
these behavioral tasks to marmoset monkeys and
confirmed that they could learn all of these tasks. We
continue to develop new apparatus and behavioral
paradigms for marmoset monkeys. In addition, we
start to assess cognitive and motor abilities of model

marmosets, including transgenic marmosets.
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Fig. Newly developed experimental apparatus for marmoset monkeys
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Hl Research works

Development of viral vector-mediated gene transfer
technologies for primates:

Non-human primates, especially macaques and
marmosets, are important model animals for
understanding sensory perception, motor expression,
and high-order cognitive process, as well as studying
human neurological and psychiatric disorders. We
develop recombinant viral vectors optimized for gene
transfer to primate's central nervous system, in
collaboration with other teams in group C. These
recombinant gene transfer technologies will enable us
to manipulate neural activities in primate brain at
various time scale (ranging from milliseconds to
several weeks), to elucidate circuit operation and
neuronal plasticity in brain function. In order to study
brain function involved in social behaviors such as
visual and vocal communication, it is essential to
analyze neural activities in natural states. Therefore,
We also devise light-weighed systems for chronic

neural recoding without disturbing behavior.
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Transgenic Marmoset expressing
fluorescent protein.

Bl Research works

Common marmoset (Callithrix jacchus), being a

primate model animal, is becoming increasingly
popular in biomedical research, because of'its advantage
for translation to genetically close human systems.
They share with humans, not merely biological features
but also higher brain functions including perception,
cognition, as well as social abilities. Moreover, by
having smallest-ranged body size and high reproduction
rate among primates, marmosets are suitable for
transgenic modification. Recently, transgenic marmoset
was successfully produced from our laboratory by gene
transduction into embryos using lentivirus system. This
success creates greatly advantageous animal models,
genetically close to humans, to study human physiology,
neurodegenerative diseases such as Parkinson’s disease
and ALS, drug development and safety assessment. By
combining with our newly developed MR imaging
system, this small primate will open entirely novel
possibilities to challenge neurobiological bases of
higher cognitive brain functions and disorders directly
extrapolatable to humans, which had never been
possible with other experimental animals.

For past few years, we have been utilizing marmoset
in various neurobiological studies, including spinal
cord injury, Parkinson's disease, brain ischemia and
These

characteristics and propensities extendable to a wide

adult neurogenesis. studies proved their
range of research as a model of human disease and
physiology, and even to higher cognitive brain
functions.
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B Research works

Marmoset characteristics and propensities will enable
them to be used in a wide range of research as a model
of human disease and physiology. Because it is practical
to use marmoset for various research purposes, a focus
on marmoset model system would have huge impact on
future opportunities and progress in biomedical
research.

(1) Primate model of human neurodegenerative
diseases: Good animal model will play a key role in a
significant breakthrough that will greatly impact studies
for neurodegenerative diseases aimed at understanding
their pathophysiology. However, no suitable model
system has been available that reflects human
symptoms. Recently, we are attempting to produce
transgenic marmoset model of humanneurodegenerative
diseases by forced expression of dominant mutant genes.
(2) New MR imaging system: Diffusion-tensor
tractography (DTT) is a new imaging technique that
takes advantage of the anisotropic nature of water
diffusion in biological tissue to obtain detailed
microstructural information. DTT can follow the
orientation of nerve fibers to trace specific neural
pathways in the brain, spinal cord and peripheral
nerves. This non-invasive technology raises the
possibility for visualizing rearrangements of neuronal
fiber caused by development, learning or pathological

condition in primate brain.
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Development of Brain Function Control Technology Using AAV (Adeno-Associated Virus) Vectors
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B Research works

Application of gene transfer technology is useful
for the development of non-human primate models for
brain research. AAV (adeno-associated virus) vectors
are utilized in this study, because they are known to be
appropriate for gene transfer to neurons. First, various
AAV serotypes and promoters are investigated using
reporter-gene expressing AAV vectors in terms of
levels, ranges, and periods of gene expression in order
to determine the most appropriate structure of AAV
vectors for brain research. Self-complementary AAV
vectors and repetition of a siRNA expression unit are
also investigated to augment the expression. The
research team of Jichi Medical University (JMU team)
is in charge of AAV vector production, and the research
teams of core institutions (National Institutes of
Natural Sciences) investigate the efficacy of gene
transfer into the brains of Japanese macaques and
marmosets. Second, the JMU team produces siRNA-
expressing AAV vectors that will suppress specific
gene expression, and the teams of core institutions
verify the suppression of gene expression at the
specific sites of brain. (The person in charge: Hiroaki
Mizukami — Assistant Professor of the Division of
Genetic Therapeutics.)
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shRNA CMV

Promoter for shRNA expression
(H1, U6, CMV..., etc.)
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* shRNA FEH AAV 72— D Z5E RS 9 % SRR
Fig. Basic studies of optimal genome structure of shRNA-expressing AAV
vectors
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B Research works

1. Adeno-associated viral vectors.

Recombinant adeno-associated virus (AAV) vectors
are based on a non-pathogenic virus and rarely
integrate into the host chromosome. Efficient and
long-term (>7 years) in vivo gene expression has been
achieved without significant toxicity using these
vectors. Our laboratory has been interested in
developing various AAV vectors, including vectors
that express Cre recombinase, and vectors that can
deliver genes into the neurons in broad regions of the
brain. These vectors are used as powerful tools in
neuroscience research. In the SRPBS, we are
constructing siRNA expressing AAV vectors for
modulating striatal function and for generate novel
animal models.

2. Gene therapy and in vivo imaging

We have been developing gene therapy for treating
neurodegenerative diseases including Parkinson’s
disease (PD), Alzheimer's disease, and Amyotrophic
Lateral Sclerosis using AAV vectors. For PD, we have
developed gene therapy aimed at the local production
of dopamine via the introduction of dopamine-
synthesizing enzyme genes into the putamen.
Transgene expression has been analyzed in vivo by
positron emission tomography (PET) with multi-
tracers. Based on favorable results in a primate model
of PD, we conducted a clinical study, and demonstrated
the alleviation of motor symptoms in 6 PD patients. In
the SRPBS, we are now applying PET in order to
access the striatal function after gene delivery.
(Collaboration with Tsukuba Primate Research Center
and Hamamatsu Photonics)

B S—=F Y IROETILVYILO 0
G RSS2 B IIFER DB R T2 5 LTz

AAV X7 2 —T21E ALTz, [''C] L-dopa D
R M"RHHND (KHD)

Fig. PET image obtained using ["'C]L-dopa in a
primate model of PD. Uptake of ["'C]L-dopa is
increased after gene transfer of the dopamine-
synthesizing enzymes (red arrow).
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Improvement of Basic Reproductive Biological Techniques for Generating Transgenic Marmosets
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l Research works

Genetically modified mice have been contributed to
biomedical science as human disease model or for
understanding gene functions. However, some kinds of
basal ganglia disease models such as Parkinson’s disease
model mice do not show similar symptom as human
patients and some experimental results from human
disease model mice cannot be extrapolated to human
being directly. Thus, it is clear that nonhuman primate
experimental animals that mimic the human being in
various aspects are essential for further advances in
biomedical research. In particular, genetically modified
primates would be powerful experimental animals in
biomedical science especially in brain science.
Recently, our research group has been established a
method to produce transgenic marmosets using injection
of a lentiviral vector into marmoset embryos. In the
transgenic marmosets, the transgene expressed in
several somatic tissues and germline transmitted into
next generation. To apply these techniques to produce
human disease model marmosets, we have to establish
more efficient protocols to reduce animal numbers or
embryos.

In this project, we are studying to establish non-invasive
embryo collection or transfer methods, efficient culture
systems of oocyte maturation, in vitro fertilization and
early embryo development. Furthermore, we will
develop several human neural disease models and/or

transgenic marmosets that useful in brain science.

DEGBRFORIAUADBEL R DS VAV =y I~ —E v b

Fig. The first offspring of transgenic marmoset with the transgene
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Basic Research on Gene Manipulation Technology in the Common Marmoset (by the Application of

the ES / Somatic Cell Cloning Technique)
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Bl Research works

Studies on developmental engineering technologies in
mammals, especially in experimental and domestic
animals: Development of the animal cloning system
using a micromanipulation and nuclear transfer
techniques, and investigation of developmental
mechanism in the early stage embryos.

We take a comprehensive approach including the
development of primate model systems by utilizing
gene transfer and modification techniques, and brain
science research using the developed model systems.
To accomplish this, we apply developmental
engineering technologies to create genetically
modified marmosets as model experimental animals
valuable for research on psychiatric and neurologic
disorders and brain function. In particular, we employ
nuclear-transfer techniques using transgenic or knock-
out/knock-in (KO/KI) ES cells or somatic cells as
donor cells for the construction of cloned embryos and
the production of cloned animals, thereby allowing
research and development related to the production of
transgenic marmosets. To achieve this aim, we embark
on the following areas necessary for the creation of
cloned marmosets: 1) establishment of culturing
techniques for somatic and ES cells and of recombinant
DNA technologies, 2) establishment of technological
infrastructures for oocyte collection, in vitro
fertilization, and embryo transfer, and 3) establishment
ofanuclear transfer protocol specific for the production

of cloned embryos.

Gene modification

In vitro maturation

Enucleation

ES/Somatic cells

In vitro culture
& Embryo transfer

Cloned embryo

Genetically modified marmosets
as model experimental animals valuable for
research on psychiatric and neurologic
disorders and brain function

LA —= VI KA EIEFRHBA Y —E 1y FOER
Fig. Strategy for the generation of the genetically modified marmosets by animal
cloning technique.
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Development of Novel Lentiviral Vector System and its Application for Cell Targeting
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Hl Research works

Our institute aims to develop a new technology for
generating animal models (monkeys), in which the
genes of interest are introduced into specific brain
regions and at desired time by using viral vector
systems, and to elucidate the mechanisms underlying
higher brain functions and pathophysiology of
neurological/neuropsychiatric diseases. For this goal,
we will develop a novel lentiviral vector strategy and
apply this strategy for immunotoxin cell targeting,
Cre-loxP
recombination, and tetracycline-dependent gene

channelrhodopsin photostimulation,
activation systems to control the activity of specific
neural pathways in the brain and manipulate the
function of the genes which are expressed in the
targeted pathways.

So far, we have established the lentiviral vector that
shows highly efficient retrograde transport in the
central nervous system by pseudotyping with a fusion
glycoprotein (FuG) containing a part of rabies virus
glycoprotein fused to a part of vesicular stomatitis
virus glycoprotein. By using the FuG vector, we
succeeded in expression of human interleukin-2
receptor a—subunit for immunotoxin cell targeting
and channelrhodopsin-2 for photostimulation as well
as Cre recombinase and tetracycline-dependent
transcription factor for gene manipulation. These
systems will provide a powerful strategy for studying

monkey brain functions.

RS PIERIAAN T 2 —T F O T REE iR R OB AE L 38 n 1%
REDHIEH

Fig. Cellular and genetic manipulation of specific neural pathways by using
highly efficient retrograde transport vector.
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Research on Neural Circuit Bases for the Development of Social Brain Function and Abnormal

Social Behavior

o S I

REUR AR B R AR TSR
FH REZE Y 22 S B e A 2
]

Az, R

1982 4F o PERF R AR 225 5. 1986 TR ZE RS
BEBE AR e R 2 3 FR LR S 1 1986 E TR ERIR
AEHPEEE GBI T, 1990 “E[AlRSRT, 1995 AL ERFSEHT
70y T4 T AT LF— L) —X—, 1997 E[Afif
RN RIEER AT v B —F — L) — & —, 1998 FEEIRK
SRR EER AR PR AR AR AIR . 2001 FERIKRFRFRE 5
WHZERE S 7 ZFEE - BEEEZE D B, 2005 A RKPCRZEKR
AR R R R R A 0 B B, 2007 4E KD Bl

KANO, Masanobu, MD, PhD

Professor, Department of Neurophysiology, Graduate
School of Medicine, The University of Tokyo
1976-1982 Tokyo Medical and Dental University, School of
Medicine. 1982 M. D. degree (License for clinical doctor). 1982-
1986 Ph. D. Course, The University of Tokyo, Faculty of Medicine,
Department of Physiology (Under the supervision of Dr. Masao
Ito). 1986 Ph. D. degree. 1986-1990 Research Associate,
Department of Physiology, Jichi Medical School. 1990-1995
Assistant Professor, Department of Physiology, Jichi Medical
School. 1990-1992 Visiting Scientist, Abteilung Zelluldre
Neurophysiologie Max-Planck-Institute fiir biophysikalische
Chemie. 1995-1997 Laboratory Head, Laboratory for Neuronal
Signal Transduction, Frontier Research Program, RIKEN. 1997-
1998 Laboratory Head, Laboratory for cellular Neurophysiology,
Brain Science Institute, RIKEN. 1998-2001 Professor, Department
of Physiology, Kanazawa University School of Medicine. 2001-
2005 Professor, Department of Cellular Neurophysiology,
Graduate School of Medical Science, Kanazawa University. 2005-
2007 Professor, Department of Cellular Neuroscience, Graduate
School of Medicine, Osaka University . 2007- Present position.

HEWROMTIE, AICY FTANERE N, B R T
WBAERBRRAATAIE—=IZMZEH, Z D% EFE Ik
VFTAMBREINTF T ANMDIAR), AL T
RN DA EE N FERR T B o FEEIAD > F 7 Z MDA
F D FLH DY E PARE S #E & R FRAE D FIEICBIE T 5 &
JEKEZBNTWVWB B, ¥ F 7 ZAADIAH D5
HIZERT BT R HNE LT, Mg B — 7L+
YIMREYF T AEETIVELTHOT WS, #EAE
HBORTARTY NTIE, TIVEFr TG 4ARLL ED
RIS SZ B S NT VB DY, T O%E T 78 iR HE
VI T AMREEIN, &I THRE DT )V F > THil
IARDE FHRRHEIC K> TR ENE KI1I1CxB. 2D

WFEDOBEREZIBR L, 2T ZANDIAHDFRIERFEIC
BIF2CZHIBL TV, E5IC, fh b, ki
e 38 U 72 5 + 47 B D 2555 08 R o Rz R J) i [ B8 s
RBEEICE DX R B 525072, It T
MBI KD ERNT F T AEHA A=Y T KD
N, VT ARBEFGE DI R Z HIEL TV %,
FT/z, RATBIEERE, RKAFIE, N REICEHITHNIA
WA FE /A RROERNZF NS LT, 2T
FUH O RE HIE LTV %, BAKIICIZ, HIALR,
DRGER, R IRE DY F 7 2RI B
WA > FE /A RROEEIZBEIL, NIKTEED >
C /A RDE BRI RIFR DB FRERTAD
MRATEN 2RI 217> T 2,

Bl Research works

Massive synaptogenesis occurs in neonatal brain,
which reaches its peak around 12 month of age in
humans. Surplus synapses are eliminated during the
course of postnatal development. It is widely thought
that disorders of synapse elimination in developing
brain are related to autism and schizophrenia. We aim
at elucidating principles of synapse elimination in the
developing brain by using the climbing fiber to Purkinje
cell synapse in the rodent cerebellum as a model. In
neonatal rats and mice, each Purkinje cell is innervated
by more than 4 climbing fibers which supply excitatory
synapses on Purkinje cells. Elimination of redundant
climbing fiber synapses occurs subsequently and most
Purkinje cells become innervated by single climbing
fibers in the third postnatal week. We pursue
mechanisms of climbing fiber synapse elimination to
develop possible biomarkers for synapse elimination
in developing brain. Furthermore, we investigate how
social environment and its perturbation during
postnatal development influence the development and
functions of local neural circuits in the neocortex by
imaging activities of individual synapses with two-
photon microscopy.

We also aim at developing possible biomarkers for
abnormal social behaviors including addiction,
dependency and anxiety by investigating roles of
endocannabinoid signaling in modulation of synaptic
transmission and social behaviors in mouse models.

33



HRNE . s

FEOREERABER 2R ZER
PRI o0 B
Bz, RN

1986 £ LUK A AR 22 R AR S, (R 4F R Bill S /P TS
1992 SE PR ARSI GREUR AR FBER A RTZERD
1998 SEHUEUR AR AE R A BEEBI T 1993 AEKIEE AR
fERTZERT (NIH) ZEWI7EE, 1996 410w EE A TR B
Re il 2 TSRS AR ZE E . 1999 R L ER
FHREBEAAT R A BER B, 2004 FEHUGTIERFHERER AR
SAREIE bR AR YIS R 2 BT . 2007 SR R D Bl

OKABE, Shigeo, MD, PhD

Professor, Department of Cellular Neurobiology,
Graduate School of Medicine,
The University of Tokyo

1979-1986 School of Medicine, University of Tokyo. M.D.
awarded in March 1986. 1992 Ph.D. awarded from Division of
Medical Science, The Graduate School, University of Tokyo.
1988-1993 Assistant Professor, Department of Anatomy and Cell
Biology, Tokyo University, Tokyo. 1993-1996 Visiting Associate,
National Institute of Neurological Disorders and Stroke, National
Institutes of Health, Bethesda. 1996-1999 Principal Investigator,
National Institute of Bioscience and Human-Technology, Tsukuba.
1999-2007 Professor, Department of Cell Biology, Tokyo Medical
and Dental University, Tokyo. 2007- Present position.

UL B2 WITEN 2 S A% FiE Al O FE
7 @il 9 & ZE VD AR RE DB FE

R B B R B & R A B IS 38 W) T e T MR IC
KBV FTADA A=Y TN B B, AR B X
UM I E 2R OBIE T WEFYICE T %
T AERED LA 2 RIS B CDOXKIITREMN D,
PAERI QYN BN, S HEITENCREE T S K
Rz B REIIC BT, D KB & LEig U Tt
NI — O DFHZFEICE DK TR FEIET 5D, #H
IS fTENCEE R OB OB, BHET S
KM BT B W TR RN RSN D2 L E JER B
KK EERICBWTRESIN2ZkzThTh
[FET %, B FEEIC T T B A PRI B L f= ik [a]
HOFEDBEEY T TADVETY VT EFEEEL
TR L, B2 O R # 2 KT KM S 2 F ik 2
RVAC

Hl Research works

Development of biological parameters for evaluation
of neural circuit development involved in social

behaviors of mice

By using in vivo two-photon microscopy of synapses
in the sensory cortex and the prefrontal cortex, we
plan to analyze alterations in synapse remodeling in
wild type mice and mutant mice showing defects in
social behaviors. From these analyses, we will extract
dynamic properties specific to the prefrontal cortex in
wild type mice, which may underlie the development
of social abilities, and also will discriminate alterations
specific in the prefrontal cortex in mutant mice and
those present in both prefrontal and sensory cortex.
The latter analysis will help us identify developmental
process important for proper functions of neural
network associated with social behaviors. We will
evaluate the process of neural network development
associated with social behavior in the postnatal period
by using synapse remodeling as a biological marker,
and will develop a method of detecting impairment in
network formation specific for the social abilities with
high sensitivity.
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Bl Research works

Psychiatric disorders are characterized by high
prevalence, early onset, and enduring impairment in
social functioning. The burden of disease statistics
such as the Disability Adjusted Life Years (DALYSs)
clearly indicate that early intervention and prevention
of psychiatric disorders is of top priority for every
nation. Our research team is devoted to identify social
brain markers for schizophrenia and developmental
disorders (autism spectrum disorders, attention deficit
hyperactivity disorder [ADHD]) by using a
combination of neuroimaging, genetics, and animal
model research.

This study has been approved by the ethical
committee, Faculty of Medicine, University of Tokyo.
All participants give written informed consent after a
full explanation of the experimental procedure.

We will recruit help-seeking people at ultra-high
risk for developing psychosis and measure multi-
modality neuroimaging (MRI, optical topography, and
event-related potentials), blood protein and amino
acid levels, and epigenomic data to identify social
brain markers for early intervention and prevention of
schizophrenia. We will also analyze animal model
based on the data from clinical studies.

We will investigate molecular basis of dysfunction
of social brain circuit in children and adults with
developmental disorders by using the imaging-
genetics method. Then, we will develop social brain
marker for objective diagnosis and therapeutic
decision making in autism spectrum disorders and

attention-deficit hyperactivity disorder.
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Hl Research works

I have mainly engaged in clinical research projects
employing multimodal Magnetic resonance imaging
(MRI) to uncover neural mechanisms of interpersonal
perception and behavior and their disturbances.

Using combination of volumetric MRI, voxel-based
morphometry, diffusion tensor imaging, and functional
MRI, our research group have revealed functional and
anatomical correlates of pathophysiology in various
psychopathological conditions (e.g. Yamasue et al.,
PNAS 100,9039-43,2003; Ann Neurology 61,37-
46,2007).

The research of interest has recently been focused
on neural basis of human social behavior and its
disorders. The sexually-dimorphic neuroanatomical
correlates of cooperativeness (Figure 1: Yamasue et
al., Cereb Cortex 18,2331-40,2008) and structural
abnormalities in mirror neuron system of subjects with
autism-spectrum disorders (Yamasaki et al., Biological
Psychiatry, in press) have been reported.

Rapidly accumulating evidence has recently
demonstrated that neuropeptide oxytocin could shape
the development of social behavior and cognition not
only in experimental animals but also in humans
(reviewed in Yamasue et al., Psychiatry Clin Neurosci
63,129-40,2009). The research project identifying
neural basis of association between Oxytocin and
interpersonal behavior is also ongoing (Inoue et al.,
Biol Psychiatry, in press).

Fig. 1
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Fig.1 Sex dimorphism in brain volumes and individual difference in
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ARAKI, Tsuyoshi, MD, PhD

Assistant Professor,
Department of Neuropsychiatry, Graduate School of
Medicine, The University of Tokyo

1998 Graduated from University of Tokyo, Faculty of Medicine.
2005 Inviting Researcher, Department of Psychiatry, Harvard
Medical School. 2007 Completed the doctoral course in medical
science in University of Tokyo. 2007 Instructor in University of
Tokyo. 2009 Assistant Professor in University of Tokyo.
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Bl Research works

In this program, I participate in the study called
"Development and application of social brain marker
of the social dysfunction" of which Prof. Kasai in
Tokyo University Hospital takes charge. Specifically,
for studies in understanding, prevention and treatment
of social dysfunction, we perform "multi-modality
non-invasive measurement system" for measuring the
brain function. Our first aim is to find the specific brain
change in patients with autism and schizophrenia. Our
second aim is to track the longitudinal changes in
brain function and morphology. Among the non-
invasive multi-modality measurement systems, I am
responsible for the event-related potentials (ERPs)
using electroencephalography. We perform ERPs
mainly on the patients with schizophrenia. I am also
responsible for the longitudinal studies of prodromal

and first episode schizophrenia patients.
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KAKIUCHI, Chihiro, MD, PhD

Associate Professor,
Department of Neuropsychiatry, Graduate School of
Medicine, The University of Tokyo

1990-1996 School of Medicine, University of Tokyo. 1996 M. D.
degree. 1996-2000 Ph. D. Course, University of Tokyo, Faculty of
Medicine, Department of Pathology. 2000 Ph. D. degree. 2000-
2001 Department of Neuropsychiatry, The University of Tokyo
Hospital. 2001-2007 Research Scientist, Laboratory for Molecular
Dynamics of Mental Disorders, RIKEN Brain Science Institute.
2007 Visiting Scientist, University of Massachusetts medical
school. 2007-2009 Department of psychiatry, Ebara Hospital.
2009-2010 Lecturer, Department of Neuropsychiatry, Graduate
School of Medicine, University of Tokyo. 2010- Present position.
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Hl Research works

Searching for the genes contributing to Autism

Spectrum Disorder and Schizophrenia

Our aim in this project is to understand the molecular
basis of social abnormalities by studying for the
pathophysiology of schizophrenia and autism spectrum
disorder. The contribution of genetic factors for both
of the

epidemiological studies. First, we will attempt to

diseases has been demonstrated by
identify the genes contributing to the illness using
genome-wide and hypothesis-driven approaches.
Recently, some genome-wide association studies
using SNPs array etc. with large sample sizes have
been reported, but the pathophysiology of the diseases
remains unclear. This is possibly due to the genetic
heterogeneity of the diseases. In this project, we will
analyze multiplex families of the disease and
monozygotic discordant twins for the diseases to
identify the strong genetic factors, as well as large

sample size.
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MANABE, Toshiya, MD, PhD

Professor, Division of Neuronal Network,
Institute of Medical Science,
The University of Tokyo

M. D.: Faculty of Medicine, Kyoto University, 1985. Ph. D.
(Physiology): Faculty of Medicine, Kyoto University, 1989.
Associate Professor: Faculty of Medicine, University of Tokyo
1996-1999. Professor: Faculty of Medicine, Kobe University,
1999-2003. 2001- Present position.
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Hl Research works

The hippocampus has been thought to be the center for
the formation of memory of events and place, while
the amygdala, which has a dense connection with the
hippocampus, has been thought to be the center for the
formation of fear memory and the expression of
emotion. Symptoms in psychiatric and neurological
disorders are often associated with abnormalities in
the functions of the hippocampus and/or the amygdala;
however, the expression mechanisms of these
abnormalities are largely unknown. In this research
project, in order to search for candidate brain markers,
we examine electrophysiologically and behaviorally
the mechanisms for abnormalities of synaptic
transmission in the hippocampus and amygdala of
mutant mice exhibiting impairments in memory
formation, emotion and stress responses. Furthermore,
we newly generate mutant mice in which the expression
of the molecules related to memory and emotion is
regulated specifically in the amygdala and
hippocampus, and proceed with functional analyses of
these mutant mice at molecular, cellular, network and
whole-animal levels. Through these studies, we try to
understand the brain functions that underlie the basis
for sociality and social behaviors and to search for the
candidate brain marker with which we can measure

and evaluate the brain functions.

1D KERBSIC K 2 TR DT A

Fig.1 A test for spatial learning using a water maze
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HIROSE, Kenzo, MD, PhD

Professor, Department of Neurobiology, Graduate
School of Medicine, The University of Tokyo

1992 Graduated from The University of Tokyo, Faculty of
Medicine. 1996 Completed the doctoral course in The University
of Tokyo. 1997 Research Associate, 1999 Lecturer, and 2002
Associate Professor in The University of Tokyo (Department of
Pharmacology). 2005 Professor, Nagoya University (Department
of Cell Physiology). 2008 —Present position.
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Hl Research works

Although it is generally thought that disorders of brain
functions cause social disorders, a biological basis of
the disorders remains unclear. We have been
developing new technologies for analyzing functions
of central neuronal cells. By applying our technologies
we address the biological basis of schizophrenia and
autism spectrum disorders, major brain disorders that
causes social disorders, focusing on changes in the
cellular and synaptic functions. One of our key
technologies is imaging technique to directly visualize
spatiotemporal dynamics of molecules which regulate
functions of neuronal circuits at subcellular and
synaptic level. To date, we have developed fluorescent
probes for intracellular messengers as well as
neurotransmitters including glutamate. Use of these
new probes enables us to understand the dynamic
roles of the molecules in the neuronal functions.
Another core technology is an RNAi technology
named EPRIL technology, by which siRNA expression
vector libraries are constructed from DNA as a source.
EPRIL technology enables highly efficient knock
down for any genes of interest. We combine these
technologies to identify genes responsible for changes
in synaptic function in schzophrenia and ASD from
many candidate susceptible genes revealed by genome-
wide association studies. We also try to find out
biological markers for social disorders by analyzing
effects of the identified genes on synaptic function.
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Fig. Exploring social brain markers by synapse function imaging techniques
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TOUHARA, Kazushige, PhD

Professor, Graduate School of Agricultural and Life
Sciences, The University of Tokyo

1989 B.Sc. (Department of Agricultural Chemistry, The University
of Tokyo, Japan), 1993 Ph.D. (Department of Chemistry, State
University of New York at Stony Brook, U.S.A.), 1993-1996 Post
doctoral fellow, Duke University Medical Center, 1996-1998
Assistant Professor, The University of Tokyo, School of Medicine,
Department of Neurochemistry, 1998-1999 Assistant professor,
Kobe University, Biosignal Research Center, 1999-2009 Associate
Professor, The University of Tokyo, Department of Integrated
Biosciences, 2009- Present position.
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Hl Research works

Social behaviors in many mammals are regulated by
chemical signals such as odorants and pheromones.
On the other hand, an odor spectrum released from
animals change depending on a metabolic or
physiological condition. Therefore, the change in
emitting volatiles likely reflects the level of metabolic
disease or disorder in each individual. In this study, we
focus on odorants and pheromones as a possible
marker for social behavior and disorder. First, we will
identify an odorant or pheromone involved in social
behavior and will understand molecular mechanisms
underlying recognition of such information at the level
of brain in mice. Second, we examine a change in the
body odor associated with mental disorders and reveal
the cause of the change in the neuroendocrine system
in human. Our prospective output includes whether
the olfactory system can be utilized as a social brain
marker. The originality in the current study is to look
at volatile or exocrine chemicals as a marker for
various disorders, which is in contrast to a typical

genetic approach.
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Fig. Strategies for the study and prospective output
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The Development of Measuring Method of Social Behavior and Intertemporal Decision-Making

based on Neuroeconomics
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OHTAKE, Fumio, PhD

Professor, Institute of Social and Economic Research,
Osaka University

1983 Kyoto University B.A. in Economics. 1985 Osaka University
M.A. in Economics. 1996 Osaka University Ph.D. in Economics.
1985 Research Associate in Osaka University. 1988 Lecturer,
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TANAKA, C. Saori, PhD
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Fig. A scheme of the research

Hl Research works

Our research aim is to develop a novel measuring
method of social behavior in intertemporal decision-
making, in which subjects choose small rewards
immediately or larger future rewards. We investigated
the experimental protocols of intertemporal decision-
making for healthy subjects and psychiatric patients,
and make clear the relationship between biological
and behavioral data measured in intertemporal choice
tasks, and individual social attribute, for example age,

sex, social position, and education.
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Development of New Technologies to Evaluate and Control Social Communication Behaviors

in Mammals
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Hl Research works

In order to survive in the natural environment, it is
necessary for mammals to exhibit appropriate social
communication behaviors between conspecific and
interspecific animals 1in various situations. For
example, dams should show maternal behaviors to
their offsprings, and they should exhibit fearful
behaviors to their predators. Emotions are motivational
factors for animal behaviors. Therefore, in order to
exhibit appropriate social communication behaviors in
individuals, it is necessary to arouse appropriate
emotions in their brain that is suitable for objects and
contexts in the environment.

We have previously found the neural pathways
which innately regulate odor-evoked emotions and
behaviors in the mouse brain. In this project, we will
analyze the neural mechanisms to generate maternal,
aggressive, sexual and fearful emotions that are
evoked by specific odorant molecules which are
released from conspecific and predator animals.
Furthermore, we will make a comparable analysis of
neural pathways for odor-induced learned and innate
fear responses. Through the analysis of neural
mechanisms to regulate learned and innate emotions,
we are developing emotional brain markers to measure

specific emotions quantitatively.

B © SeRIE % RIS Bh 2 I 2 Rl al i
Innate versus learned odor processing in the mouse olfactory bulb

=3 Innate fear response to TMT
=3 Odor-reward associative learning A

A predator’ s odorant, TMT, activates two sets of glomeruli, one in the D
domain and the other in the V domain of the olfactory bulb. We propose
that TMT activates two different neuronal pathways: one for the innate
fear response (blue) and the other for the odour-reward association
learning (red). For TMT, the D-domain glomeruli activate the olfactory
cortex (OC), and, subsequently, the BST-MA, which is thought to activate
the HPA axis and increase the plasma ACTH concentration.
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Exploration of Neural Basis of Social Cognition and its Developmental Process by Means of the

Quantitative Measurements

E e B ek

SRR s 20/
AT B B A RERT TSR D
BEABEFEARI

Az, R

SRR A ARZE, FRAGHE 7, B, KIE NIH
KAMEE, EHERRZET VT —ELIE S 2—
T, BIBERERET 1999 XD B,

SADATO, Norihiro, MD, PhD

Professor, Division of Cerebral Integration,
National Institute for Physiological Sciences,
National Institutes of Natural Sciences

1983 Graduated from Kyoto University School of Medicine. 1994
Completed the doctoral course in Medical Sciences, Kyoto
University. 1993-95 Visiting Research Fellow, NINDS, NIH. 1995
Lecturer, Fukui Medical University. 1998 Associate Professor,
Fukui Medical University. 1999 Professor, NIPS.

KO MEETENCE I SRR EHRIE T E L
T, DO REBERE - AR - TEE AL Z B LE T B
NI, EEBOMEADHEBEERZ, fADRT 51k
BNESEHRBROBEL UTHZ, ERIOEE AWz
S RBREF A ITS CLIC KD, SR OALE L 5
2R/ T — 2L UTalek UE 9 B R SR BEFRIC KL
DSV RIEHET IV E R W T 52 EIck
D, EBOEEKBOMHEERZER®T 5/, Thb
DITENC KBLE N T 20 R FE OO P 52 LA 7 i 1
T 572D, 26 DMRIZE W, #HR% & AR O
HAEHZES 1T 8 2 51T LT 2 I W O ik TG E)
2 LR . MR OFGE LI A BB 1) 21T
WEAMCYIL DD, IBSEEA A— > F 2 HREINIC
HAGbELLICKD, AL MEDORMFREZRL
DOTEIZ RE LTS AN DEERESIAY, S
FLANIUHSIRIAEN R8I, HEEZIZUHET
BB IEEORREMIIICE T AN TREEN
F9MABENOZHEBELTONHIAZI A= —g
VT H T B BEBEMIMRIC X % # B 7K oD [ e F 1 1
WEZHALNTEL T, (S MRERZISH LW R
ZHTENHRFENE T,

B Research works

The purpose of our project is to develop the system for
quantitative measurements of the interaction of
multiple individuals by means of behavior, eye-gaze,
and neural activity. Specifically, interactions between
multiple individuals are observed in terms of social
signals that individuals generate through their eye
movements. Time-series data of eye position and
movement

direction are recorded by optical

measurements using infrared light. Interactions
between multiple individuals are analyzed and
quantified using time-series analysis models based on
dynamic causality. To extract the neural substrates of
mental processes that give rise to these activities, we
use two magnetic resonance imaging (MRI) scanners
to assess participants while they perform behavioral
tasks associated with interpersonal activities that
include eye contact. By utilizing functional
neuroimaging along with conventional behavioral
observation techniques used in developmental
psychology, we elucidate the neural substrates of
social skills that guide behavior by enabling
consideration of the relationship between oneself and
others. Consequently, we anticipate that our methods
will shed light on the pathophysiology that leads to
social disabilities such as autism. An elementary
process of social skill development can be investigated
in face-to-face communication. To date, no
simultaneous measurement of multiple individuals
during practice of face-to-face communication has
been assessed by functional MRI (fMRI). The dynamic
evaluation of social skill using visual interactions and
functional neuroimaging is a novel approach that will

spawn a new phase of social neuroscience.
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Hl Research works

We investigate human brain functions non-invasively
mainly using magnetoencephalography (MEG) and
electroencephalography (EEG), but recently we have
also used functional magnetic resonance imaging
(fMRI), transcranial magnetic stimulation (TMS) and
near infrared spectroscopy (NIRS). Integrative studies
using various methods are necessary to understand the
advantages and disadvantages of each method.

We now focus on the study concerning ‘social brain’,
in particular, human face perception. Face perception
is a very important ability for humans in terms of
social communication. Disorders of face perception
may cause serious communication problems in daily
life, in particular, problems in education for children
due to poor communication may cause serious
problems in preparing for their future. However, there
have been not any systematic research groups for
studying basic mechanisms and clinical problems of
face perception. Therefore, the main objective of this
research project is a multidisciplinary approach to
understanding the face processing mechanism by
researchers in various fields such as basic and clinical
medicine, psychology, cognitive science and
engineering. For example, recently we focused on the
development of brain function in infants and children.
EEG and NIRS are useful in this study, since these
methods can be applied to infants and children who
can not hold their heads still for a long time.

DELICHO NIRS T —T 25 LT, BREHIRF O MRIE
Fig. Hemodynamic change during face perception is measured by NIRS with
special probe for infants
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Neuronal Basis and Control of Decision and Action in Primates
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B Research works

AIMS Aims of our team study are to investigate

neuronal basis and control of decision and action in
primates, and to find and establish candidates for
social brain marker.

RESEARCH PROJECTS AND METHODS We
investigate neuronal basis and control of reward- and

punishment-based decision and action in the basal %
ganglia systems using macaque monkeys. We aim to 9]
find and establish candidates for social brain marker 17
by focusing on the cortico-basal ganglia system, nigro- %:j]
striatal dopamine system, thalamo-striate system and v
amygdala system. To this end, we record neuronal A
activity, stimulate and inactivate the brain systems and Hélﬁi
synaptic transmission of monkeys performing H
behavioral tasks. Furthermore, we study roles of BE
human basal ganglia and amygdala in social decision- g)
making by using functional brain imaging (fMRI). We :ﬁu

also make theoretical models of the basal ganglia and
amygdala. By complementary effort of these projects,

S

we aim to make comprehensive understanding of

neuronal basis and control of decision and actions, and gg
to establish methodology and technology of these £
functions. 2

COLLABORATION We make collaborative efforts
with the team of Dr. Kano (Tokyo Univ.) for the study
of endocannabinoids in the basal ganglia, and with the
team of Drs. Otake and Tanaka (Osaka Univ.) for the
study of human brain imaging.

DRI BENC D RRVVE LA TERE IR A KM S
Fig. A schematic illustration of neuronal basis of reward- and punishment-based
decision and actions.
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Development of Neurodevelopmental Analyses and Molecular Markers for the Pathogenesis and

Pathophysiology of Schizophrenia
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Bl Research works

In this mission, to get further insights into the
molecular basis of the novel diagnosis and treatments
for schizophrenia, our research team will intend to
explore “the social brain markers” associated with
maturation of the specific social behavior that is
disturbed in schizophrenia from the pharmacological
and developmental views. The schizophrenomimetic
actions of dopamine agonists and NMDA type
glutamate receptor antagonists may be explained by
the possibility that these drugs disturb the molecular

and cellular equipment in an information processing

system or neuron circuit that specifically malfunctions
in schizophrenia. Although the exact causative
mechanism for schizophrenia remains unclear, the
pathophysiological changes in the information
processing system might be associated with the
development-dependent nature of schizophrenia and a
schizophrenomimetic-induced mental symptoms.
Thus, the onset of schizophrenia typically occurs after
adolescence. It has been consistently reported that
schizophrenomimetic drugs often induce psychotic
symptoms in adults, but not in children. In experimental
animals, the psychotomimetic effects of dopamine
agonists and NMDA receptor antagonists have also
been observed after the critical period around postnatal
week three. The late-developing features of
schizophrenia and its pharmacological models indicate
that maturation of the specific neuronal systems could
be required for their onsets. The hypothetical human
system and its animal homologue should contain
molecules  that are  responsive to  the
schizophrenomimetic drugs only after the adolescence
and the critical period for the animal model of
schizophrenia. We therefore will focus our efforts on
seeking such critical period-regulated genes and on
clarifying their expressional and/or genomic features
to obtain candidates for “the social brain markers”

Schizophrenia-specific Postnatal development
system > Novel hypothesis |

=Y Maturat Starting after maturation
S S é around puberty
| NGl
' = Onset
Schizophreni: [ Molecular disturbances in
Post-puberty onset the matured system
Puberty

Drug-induced disturbances in
Drug-induced psychoses: the d schizophreni:
Post-puberty onset specific system

Puberty

Critical period-regulated
genes in the matured animal
homologue of schizophrenia-
specific system

Pharmacological animal
model:

Post-critical period onset Critical period

B o A I OO FEE R A (5
Fig. The new developmental and pharmacological hypothesis of schizophrenia
for the present mission
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Screening of Functional Molecules Related to Neonatal Social Isolation Stress
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Hl Research works

There is considerable interest in the influence of
mental stress on neuronal function such as learning,
memory and emotional stability. However, the
molecular and cellular mechanisms underlying these
effects are poorly understood. We examine the effect
of neonatal social isolation on development of cortical
circuits and function. We find neonatal social isolation
disrupts trafficking of AMPA receptors into synapses
in the barrel cortex at a subsequent period, P12-P14,
when robust synaptogenesis is normally occurring.
This results in the disruption of the sensory mapping
onto cortex and a whisker-dependent behavior in
juvenile animals. Furthermore, these effects are
mediated by stress glucocorticoid hormone. Thus,
prolonged stress with neonatal social isolation alters
the proper circuit formation by a glucocorticoid-
mediated disruption of experience-dependent synaptic
AMPA receptor delivery.

Model in vivo

P12-P14

——s Disruption of map

and behaviors

]
gocial isolation

B tEEAIPREEE AMPA SZAMAS T ARBITRILE T %,
Fig. Social isolation prevents synaptic AMPA receptors delivery.
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Comprehensive Genetic Analyses of Schizophrenia and Autism
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Bl Research works

In the contemporary societies of Japan and other

countries, schizophrenia and autism spectrum
disorders (ASD) are the two major mental illnesses
that give heavy burden to people. Schizophrenia
develops around puberty and the life-time prevalence
is about 1%. The occurrence of ASD is reported to
increase dramatically in recent days, and some studies
have reported its prevalence as near 1%. The etiologies
of both disorders remain still elusive, but multiple risk
factors are deem to predispose to the manifestation.
Among them, genetic contribution is estimated to be
high, although each genetic polymorphism has only
limited efect. Therefore the genetic analyses of those
mental illnesses need a large number of samples to
draw statistically valid conclusions. Our laboratories
currently have thousands of DNA samples from
schizophrenia, autism and healthy controls, and will
continue to recruit additional samples. Using these
samples, we will perform comprehensive genetic
analyses by examining dense polymorphisms. In
addition, we will support the studies done by the
University of Tokyo, which aim to elucidate the causal
relationship between brain imaging measures and
genetic polymorphisms in schizophrenia and ASD. We
will perform replication studies to see whether their
findings can be extended to large cohorts. Tokyo
Medical and Dental Univerisity is studying aminal
models of schizophrenia by focusing on a “critical
period”. We will analyze the candidate genes that they
identify, using our human samples. By such scientific
endeavor, we will aim to develop measures helpful for

preventing and treating sufferes.
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Fig. Illsutration of potential mechanisms
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Hl Research works

Our goal is to identify the genetic pathways
predisposing to individuals with schizophrenia and
autism spectrum disorders (ASD), and develop
clinically helpful information.

Epidemiological  studies  demonstrate  that
schizophrenia affects nearly 1% of the population
worldwide, and surprisingly the reported prevalence
of ASD is still increasing (it might be higher than
previous estimates of 0.6~0.9%). However, the exact
etiologies of both diseases remain largely elusive.
Schizophrenia and ASD are highly heritable disorders.
Recent studies have identified over a dozen of risk
genes for each disease. However, they have only
limited effects on the disease development and there
are no single genes that can elicit the diseases except
for very rare cases. Currently conceivable scenario is
that multiple genes interact synergistically to each
That is,

combinations of molecular pathways would underlie

other to evoke the diseases. certain
the disease susceptibility. Therefore, it is important to
decipher which set of genes and signaling cascades are
responsible for disease development.

In this project, we will undertake integrative genetic
approaches to search for the mechanisms of target
illnesses. Moreover, to clarify detailed gene -
phenotype relationships, we work together with The
of Tokyo by their

neuroimaging measures into our genetic analyses. And

University incorporating
we will examine the schizophrenia candidate genes
using a large number of human samples, which The
Tokyo Medical and Dental University group will
identify using pharmacological animal models.

The Molecular Network of Schizophrenia ?
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Fig. A putative molecular pathway in schizophrenia
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