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Background & O

tline

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

Brain Science Committee

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.

In October 2007, MEXT Minister requested the report “Long-term Vision
and Promotion Measures 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

O Targeted Research Areas

Brain Science for a Healthier Life
(Health)

|
~ Brain Science for Safety, Security, Comfort
. (Information)

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.

O Research Topics of SRPBS

Understanding of Integrated Research on
Molecular and Neuropsychiatric
Environmental Bases Disorders

for Brain Health

Primate gor][Str:JfCt'r? ?f Al Bioinformatics
YRRy SYstem ior opread o for Brain Sciences
Primate Model Animals

SRPBS History

(fiscal) 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017~

Brain Machine Interface Development

Field A

513/ | 2§ Brain Machine Interface Development

Field C | @isa, Tadashi (NIn)

i Development of Biomarker Candidates for Social Behavior
Field D
Promoting
Brain Science
which
Contributes to
Society

Field E

© MIZUSAWA, Hidehiro (Tokyo Medi

Field F

Field G

Development of BMI Technologies for
[Yd W Clinical Application

Primate Models

(@) S+SAKI,Erika(Cen‘ral Institute for Lperimental An1mals)
O:Field Leader
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Research and Development of BMI Technologies for Independence Support and
Conquest of Mental and Neurological Disorders” (BMI Technologies Base)

The mission and purposes of the “BMI Technologies Base” is
to promote researches that will lead to the development of
innovative preventive, diagnostic and therapeutic strategies
for independence support and conquest of mental and
neurological disorders. To achieve these goals, researchers
of the 3 groups comprising 18 research institutions are
promoting the following researches.

“The Compensatory BMI Group” aims at practical
application of compensatory BMI technologies to substitute
for motor and communication disabilities. The group is
developing minimally invasive implantable BMI and non-
invasive BMI applying decoded neurofeedback (DecNef). In
addition, the group is challenging for efficient information
extraction from big data, sophistication of decoding
techniques, and simultaneous restoration of motor and
sensory functions.

“The Restorative BMI Group”, based on systems
understanding of the brain, aims at developing innovative
rehabilitation technologies to restore disturbance of
complex multi-joint movements (reaching and gait) in

patients with stroke, for which effective treatments have
not yet been established, with BMI robotics. The group will
also embark on elucidating mechanisms of brain plasticity
with multi-dimensional brain imaging.

“The Mental and Neurological Diseases Treatment Group”
consists of two themes. The first theme aims at developing
DecNef technologies and unraveling their principles,
developing biomarkers of various mental disorders and
quantifying drug efficacy, and developing treatments for
autism, depression and pain with DecNef and rTMS. The
second theme aims at elucidating the effects of rTMS
and establishing safe and effective neuromodulation
methods by measuring the changes of neuronal firing and
neurotransmitters with rTMS.

The BMI Technologies Base, paying due regard to ethical
issues related with clinical application of novel technologies,
will strive for research and development with the aims
of exerting synergistic effects through intra-group and
inter-SRPBS-bases collaborations and transmitting world’s
cutting-edge scientific achievements visible to the public.
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O The Compensatory BMI Group

“The Compensatory BMI Group” aims at clinical
application of invasive and non-invasive BMIs to restore
motor and communication functions in patients with
disabilities. Osaka University, NINS, UEC and NICT are
incorporated in this group. Osaka University is engaged
in decoding electrocorticograms (ECoGs) and in clinical
application of invasive BMIs. NICT is responsible for
developing fully-implantable wireless BMI devices.
NINS is in charge of animal studies for simultaneous
restoration of sensory and motor functions. UEC is
engaged in the development of intelligent robotic
prosthesis and also in the clinical application of non-
invasive BMIs using magnetoencephalograms and
electroencephalograms. The project as a whole is
organized by Osaka University.

Summary of Research Promotion Organization

Outline

O The Restorative BMI Group

Based on brain systems theory, we will develop
innovative and clinically applicable BMI rehabilitation
technologies to restore post stroke reaching and gait
disturbances. Keio University (project management and
building of clinical bases), National Center of Neurology
and Psychiatry (multidimensional visualization of brain
plasticity), Tokyo Institute of Technology (development
of decoding and control technologies) and Advanced
Telecommunications Research Institute International
(development of upper and lower extremities
exoskeletal robots) collaborate closely to promote
the two projects: In the “upper extremity functional
restoration project”, we will develop innovative BMI
rehabilitation strategies that enable neural-pathway-
selective rehabilitation by determining the flow of
neural information in the brain. In the “gait restoration
project”, we will establish a comprehensive gait
restoration strategy by combining robotic assistance
triggered by brain activities, spinal stimulation and
hybrid orthosis.

cooperation with each other

O The Mental and Neurological Diseases Treatment Group

Our first theme is to clarify the principles and thus
improve the performance of the DecNef (Decoded
Neurofeedback) method, which effectively controls
the patterns of brain activity by using a mathematical/
statistical technique. We are building a clinical base for
DecNef work in Tokyo. Furthermore, we are developing
biomarkers of multiple psychiatric disorders based on data
measured at multiple sites. We promote the quantification
of drug efficacy by using a multi-dimensional evaluation
method, based on biomarkers of multiple psychiatric
disorders, and the development of DecNef treatment
based on a multi-dimensional evaluation method. Toward
this aim, we will develop such biomarkers using a machine-
learning sparse algorithm based on BMI technology. We
will perform DecNef and apply it in treatment based on
the biomarkers. We will confirm the safety and efficacy
of DecNef through animal experiments using rodents
and primates. Consequently, we will improve the DecNef
method to make it more secure, low-cost, and efficient, and
thus applicable to a variety of experimental frameworks.

Our second theme is to measure changes in neuronal
activity and neurotransmitters in the brains of behaving
macaque monkeys following rTMS; their brains have
features common to those of human. The results will be
used to read out the rTMS effect, and optimize it for the
treatment of neuropsychiatric disorders.

Repetitive transcranial magnetic stimulation (rTMS) is a
noninvasive method to stimulate the brain, and is one of
the treatment tools available for neuropsychiatric disorders
such as depression. However, how TMS works has not been
well elucidated. The physiological and cognitive effects of
rTMS with different parameters such as stimulation sites
and parameters have not been systematically examined
either. It has been suggested that TMS affects not only
local cortical stimulation sites, but also subcortical brain
structures especially the monoamine and acetylcholine
system in the midbrain and brain stem, which in turn
widely affect their projection sites.
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YOSHIMINE, Toshiki, MD, PhD

Professor and Chairman, Department of
Neurosurgery, Osaka University Medical School

1975 Graduated from Osaka University Medical School. 1980
Research Fellow, Neurology, Mayo Clinic, U.S.A. 1983 Chief
Neurosurgeon, Yukioka Hospital, Osaka. 1987 Assistant Professor,
Neurosurgery, Osaka University Medical School. 1994 Associate
Professor, Neurosurgery, Osaka University Medical School. 1998
Present position.
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Our project focuses on the development of brain
machine interfaces (BMIs) which helps patients with
severe motor and communication disability. With this
technique, the brain signals obtained with intracranial
electrodes are decoded in real-time in order to operate a
robotic arm or a cursor of PC display. We will develop
high density multichannel intracranial electrodes
and novel techniques of high-volume data decoding,
intelligent robotic control and decoded neuroelectric
stimulation (DecNES) for sensory feedback.

The goal of this project is to develop practical, fully-
implantable wireless BMI system to support motor
and communication activity of people with severe
neurologic disability such as with amyotrophic lateral
sclerosis (ALS).

A = S/ NIpY iy
Fig. Outline of the project
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Sensory-Motor Bi-directional Neuroprothesis
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NISHIMURA, Yukio, PhD
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Completed the doctoral course in University of Chiba, faculty
of Medicine. 2003 Postdoctral Fellow in National Institute for
Physiological Sciences. 2007 Visiting Scientist in University of
Washington. 2011 Associate Professor in National Institute for
Physiological Sciences
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Functional loss of limb control in individuals
with spinal cord injury or stroke can be caused by
interruption of descending and ascending pathways,
whereas the neural circuits located above and below
the lesion maintain most of their functions. Neural
interface bridges the lost pathway and connects
cortical to spinal circuits has potential to ameliorate the
functional loss.

This project would develop and test bi-directional
neural interface that bridge between the neuronal
structures beyond the impaired both sensory and motor
pathways, then establish the system that can “Control”
and “Feel” paralytic extremities in animal model of
brain injury. Somatosensory signals from the paretic
hand will be encoded as electrical stimuli used to
activate somatosensory system in monkeys carrying
out brain-controlled functional electrical stimulation in
paretic muscles.

D EE) - RO I T T V& T
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Fig. Sensory-Motor bi-directional neuroprothesis in
animal modeél of brain injury
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Development and application of multi-channel recording system and decoding technology

for BMI
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Tokyo. Doctor of Engineering from the University of Tokyo in 1998.
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Our group is developing basic brain-machine
interface (BMI) technologies for next generation basic
and clinical neuroscience applications.

Our research is focusing on electrocorticogram
(ECoG) signals which is electrical activity recorded
directly on the surface of the brain. It has recently
been attracting increased attention as a source signal
for clinical BMI because it offers a good balance of
features: less invasive than penetrating electrode
methods, and a higher spatial resolution than EEG.

In collaboration with several research groups
(Osaka University, NINS, and University of Electro-
Communications, etc.), we are developing hardware
technologies including multi-channel flexible electrode
arrays, wireless BMI data transmission systems using
UWB (Ultra Wide Band). Our group also works on
methodological aspects of BMI technology, including
decoding algorithms for large-scale BMI, sensory
feedback for BMI.

For anext generation BMI system, we are developing
a novel super multi-channel recording system for
BMI, involving ECoG signal recording from 1024-
4096 channels, signal amplification, and wireless
transmission by UWB (Ultra Wide Band). We hope
these technologies will provide valuable applications
and new directions in basic and clinical neuroscience.

: B AL BMI 2 AT LMl & X
Fig. Super multi-channel BMI system
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Development of Intelligent Electrical Assist Devices to Be Controlled through Brain-Machine

Interface (BMI)
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For realization of BMI electrical assist devices such
as prosthetic arms to rehabilitate the function of upper
limbs in severely paralyzed patients, we aim to develop
intelligent electrical assist devices, and con-struct the
method which enables patients to control the prosthetic
arm at will. The intelligent prosthetic arm should have
ability to choice appropriate posture according to the
shape of the target, and to realize the chosen posture.
Our research tasks are as fol-lows: (1) Development
of prosthetic hands which can take various gripping
posture, (2) Implementa-tion of fine operation control
of intelligent power electrical assist devices, (3)
Improvement of tem-poral and special precision by
hierarchically estima-tion of motor intention, (4)
Induction of brain activ-ity state by sensory feedback,
and (5) Induction of appropriate brain activities to use
BMI devices by neural decoding technique. Especially,
we have al-ready developed some prosthetic arms
which have multiple degrees of freedom in research task
(1). Then, substantiative experiments are conducted
by using them in Osaka Univ., NICT, and NINS. In
ad-dition, the research task (5) is performed on the
initi-ative of Dr. Kenji Kansaku, visiting professor
from National Rehabilitation Center for Persons with
Disabilities.

D AT VY MRS A ) R E PR FE ORI X

Fig. Overview of Development of Intelligent Electrical
Assist Devices
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Development of innovative BMI rehabilitation device and method based on brain systems theory and

its clinical application - with emphasis on hemiparetic stroke
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Torestore complex multi-joint movements in patients
with hemiparetic stroke, we will build clinical fields to
perform clinical trials integrating decoding and robotic
technologies developed by participating laboratories to
test the efficacy of BMI rehabilitation. Furthermore,
we will combine clinical and electrophysiological
assessment with  noninvasive multi-dimensional
brain imaging techniques to clarify evidence of the
intervention effects. In the “upper extremity functional
restoration project”, we will develop innovative BMI
rehabilitation strategies that enable neural-pathway-
selective rehabilitation by determining the flow of
neural information in the brain with the aid of BMI
that can estimate and feedback the state of brain
activation. In addition, we will investigate the effects
of BMI interventions on the brain system as a whole
based on connectomic analyses of MRI functional and
structural imaging. In the “gait restoration project”,
we will identify event-related potentials in the motor
cortex related with initiation of the swing phase and
establish a comprehensive gait restoration strategy by
sequentially using robotic assistance triggered by brain
activities, spinal stimulation to facilitate swing phase
muscle activities and hybrid orthosis combined with
patterned stimulation.

Pathway selective
modulation of brain
networks with BMI

Allocation of brain resources

+Distal muscles:
affected hemisphere

- Proximal muscles:
unaffected hemisphere

: BN AR N — 2 DRI TS % BIE G B D i
Fig. Restoration of complex multi-joint movement
based on the understanding of brain networks
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Development of Lower and Upper Limb Exoskeleton Robots for BMI Rehabilitation
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In this study, we develop multi-degrees-of-freedom
exoskeleton robots to assist upper and lower limb
movements for BMI rehabilitation. We focus on
developing a light, high-performance actuator system
that can directly control joint torque and that has
mechanical compliance to safely assist user movements.
[Development of upper limb exoskeleton robot]

We focus on developing an upper limb exoskeleton
robot to assist shoulder movements. We use our hybrid
actuation system that is composed of a pneumatic
actuator and an electric motor. To constantly and
compliantly support the upper limb’s weight of users,
a pneumatic actuator is useful; a small, lightweight
electric motor is used for precise joint movement
control. In addition, we develop a machine learning
algorithm to extract user movement intentions from
measured brain activities to control the exoskeleton
robot.

[Development of lower limb exoskeleton robot]

We develop an exoskeleton robot that can
automatically maintain balance and generate large
torque at each joint to assist user lower limb movements.
In particular, we design control algorithms and safe
and comfortable mechanisms to help patients recover
walking ability.

: BMIUAND 720 DAV E a7 > h
Fig. Exoskeleton Robot for BMI Rehabilitation
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Multidimensional Imaging of Neuroplasticity underlying BMI Rehabilitation for Stroke

Patients
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New evidence has indicated that brain-machine
interfaces (BMIs) may be useful not only as neuro-
prostheses but also as a tool for rehabilitation after
stroke. However, the mechanisms by which BMlIs
induce neuroplasticity to an impaired brain and thereby
improve its function are poorly understood. Here, in
collaboration with Keio University, we are performing
longitudinal, multi-modal neuroimaging studies to
visualize structural and functional changes induced
by BMI rehabilitation. To achieve this purpose, we
combine volumetry of gray matter, assessment of white
matter tract integrity with diffusion-weighted images,
and simultaneous measurement of functional MRI and
electroencephalography-based BMI using mu rhythms.
Additionally, we aim at creating a database describing
a range of neuroplastic changes that can be induced
by BMI-based rehabilitation. This is a necessary step
to overcome problems resulting from a diversity of
stroke lesions and symptoms. We are hoping to use this
database information to develop a system predicting a
possible functional recovery after BMI rehabilitation.
This study will cast new insights into mechanisms of
neuroplasticity and will enhance development of BMI-
related medical devices.

: BMIUADSBERERIE 26 72 O 3R rT M M ATy =
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Fig. Multi-dimensional imaging to understand
mechanisms by which BMIs induce neuroplasticity

NCNP



(FHEBRETILERAWVETIO—T 4 VI FEDEHE]

Development of new decoding methods based on musculo-skeletal model for motor control
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A complex motion, including a reaching movement,
grasping an object, and manipulation of the object, is
dealing with rehabilitation. In addition, force control
is another objective function for rehabilitation.
Neuroscience knowledge can help to understand those
mechanisms. These complex motions are caused by
the cooperative activation of many muscles. We have
been developing the decoding methods to estimate the
muscle activities from the brain signals. Noninvasive
method, such as fMRI, EEG, has some limitations in
time or spatial resolution. In order to compensate this
limitation, we used these signals and estimate neuron
activities.

We will innovate a new idea to increase the accuracy
and stability of motion and apply these techniques to
upper arm motion and lower limb motion.

D FRIEFHNC LA TE B L E B OHEE
Fig. Muscle activation patterns and motion estimation
from brain signals
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Application of DecNef for development of diagnostic and cure system for mental disorders and

construction of clinical application bases
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Ouraimistoclarify the principlesand thusimprovethe
performance of the DecNef (Decoded Neurofeedback)
method, which effectively includes the patterns of brain
activity by using a mathematical/statistical technique.
We are building a clinical base for DecNef work in
Tokyo. Furthermore, we are developing biomarkers of
multiple psychiatric disorders based on data measured
at multiple sites. We promote the quantification of
drug efficacy by using a multi-dimensional evaluation
method, based on biomarkers of multiple psychiatric
disorders, and the development of DecNef treatments
based on a multi-dimensional evaluation method.

Toward achieving our goals, we must pursue three
key projects: (1) developing biomarkers of multiple
psychiatric disorders by using a machine-learning
sparse algorithm borrowed from BMI technology, (2)
performing DecNef and applying it in treatment based
on the biomarkers, and (3) confirming the safety and
efficacy of DecNef through animal experiments using
rodents and primates. Accorgingly, we will improve
the DecNef method to make it more secure, low-
cost, and efficient, and thus applicable to a variety of
experimental frameworks.

We are developing biomarkers of ASD, depression,
obsessive-compulsive disorder, and schizophrenia by
using data from multiple sites. With regard to back pain
and intractable pain, we are pursing projects (1) and (2)
described above. As a key R&D hub, ATR is committed
to the advancement and success of these projects.

: DecNef Df15fHAx
Fig. Decoded Neurofeedback “DecNef”
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Development of new treatments of intractable pain with convenient rTMS device and DecNef method
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Medical treatments of intractable Neuropathic
Pain (INNP) often fail to relieve the pain. In 1990,
the electrical motor cortex stimulation (EMCS) was
reported to be effective for about 50% of InNP, and
EMCS has expanded all over the world. In around
2000, rTMS was developed for treatment of several
neurological disorders including InNP. Our RCT
supported by Ministry of Health, Labour and Welfare
showed efficacy and safety of rTMS for the treatment
of InNP, but the responder-rate is 21%. If rTMS therapy
is promising for INNP, rTMS for home-use should be
developed because of the temporary effect of rTMS.
In Japanese MEXT SRPBS, therefore, we will develop
convenient rTMS equipment and perform RCT in 2014,
However, the mechanism of non-responder in this
treatment has been unclear. To clarify the mechanism,
rs-fMRI data of the InNP patients will be accumulated
to find the biomarker. By using MEG and fMRI,
decorded neurofeedback will be tried in INNP patients.
By the research of biomarker of InNP, the efficacy and
success rate of rTMS will be improved.

: TR T O SRR Z R IR T
Fig. rTMS for home-use

Osaka University
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Development of biomarker and neuromodulation techniques for neuropsychiatric disorders based on

BMI technologies
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Diagnosis and treatment evaluation of
neuropsychiatric disorders depend on superficial
behavioral observation and self-report, and are not
supported by biological foundations. For a more precise
diagnosis, the development of biomarkers based on
biologic data is necessary. At first, in cooperation
with other participating institutes and specialists of
informatics, statistics and machine learning, we will
aim to develop the biomarkers of schizophrenia from
multidimensional brain information, mainly based
on resting state functional MRI. We will use not only
supervised machine learning but also non-supervised
machine learning to explore subtypes of schizophrenia.
After the biomarkers established by a cross-sectional
study, we will conduct longitudinal studies to
investigate the effects of conventional treatments, such
as pharmacotherapy and electroconvulsive therapy, on
these biomarkers. At the final state of this project, we
will try to develop novel neuromodulation methods for
treating neuropsychiatric disorders; 1) Utilizing real-
time fMRI and decoded neurofeedback, we will aim
to change the brain activity patterns (biomarkers) of
schizophrenia patients to resemble healthy patterns; 2)
Combining neurofeedback with repetitive transcranial
magnetic stimulation (rTMS), we will aim to develop
more effective and less invasive neuromodulation
methods for treating mood disorders.

Kyoto University
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Development of Innovative Diagnostic and Intervention Methods for Developmental Disorders and
Construction of Clinical Research Center for BMI in Psychiatry
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A recent increase in the prevalence of autism
spectrum disorder (ASD) has stirred public interest in the
development of early diagnosis and intervention of this
disorder. However, the current major medical practices
including the drug treatment and cognitive behavioral
therapies may not be as effective as desired. Our group
aims to develop novel biologically based diagnosis and
intervention methods for ASD using the BMI technology
that decodes brain functional information reflecting
the etiology of ASD. Toward the purpose, we aim to
reveal brain functional abnormalities of ASD using
newly developed analysis algorithms for fMRI data.
Motivated by accumulating evidence for alterations
in functional connectivity between brain regions in
ASD, we will employ sophisticated analysis algorithms
including machine learning to tackle the problem of
identifying abnormal patterns of brain connectivity
that play a role in developing the ASD symptoms.
Then, we will administer the decoded neurofeedback
(DecNef) training to individuals with ASD to induce
brain functional changes in the abnormal functional
network. Lastly, through the collaborations within our
group, we will work on the development of fMRI-based
biomarker across multiple psychiatric disorders and
evaluate the relationship of ASD with other disorders
using a novel biologically based framework.

Functional connectivity matrix

&
%,
K]

Machine learning
based identification

Abnormal connectivity in ASD

Regions of interest

Decoded Neurofeedback (DecNef)

: BMI £l O a7 8801 - St AFiEDB %
Fig. Development of novel diagnosis and intervention
methods for ASD using the BMI technology
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Clarifying the neural basis of the plasticity induction by the decoded neuro-feedback technique
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Scientific understanding of the relationship between
the brain and the mind is essential for the development
of an appropriate therapy for brain dysfunction. The
recently developed Decoded Neurofeedback (DecNef)
technique is epoch-making because it enables us to
investigate causal relationships between neural activity
and states of mind. We embed ECoG electrodes in the
prefrontal areas (lateral, medial and orbital) of macaques
tosimultaneously record awide range of neural activities.
By decoding the behavior of the macaques from the
recorded neural activity, we will study the relationship
between behavior and the network of neural circuits in
the prefrontal area. Specifically, by analysis of changes
in behavior and changes in the network of neural circuits
in the prefrontal areas, we aim to elucidate the network
of neural circuits necessary for the behavioral changes
that accompany DecNef induction and also to clarify
the neural basis of the DecNef technique. Additionally,
we will examine the long-term and continuous effects
of DecNef on behavior and we thereby aim to develop a
more effective method of feedback. Via these methods,
we will establish whether the DecNef technique is safe
and effective enough for use on human participants
and we will provide the neurophysiological knowledge
necessary for improvement of the technique.

s WFFEPN A DR
Fig. Schematic view of the research
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Developmentofamethodological framework for aneuroimaging-based biomarker of neuropsychiatric
disorders and its clinical application including the decoded neurofeedback (DecNef)
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The etiology and pathophysiology of neuropsychiatric
disorders have remained largely unknown. At present,
there is no biomarker available that can be used as an
aid in determining diagnosis or in planning treatment
strategies for patients. Recently, there have beenanumber
of attempts to characterize neuropsychiatric disorders
through the analysis of neuroimaging data. In particular,
the pattern of inter-regional functional connectivity
measured in resting-state functional magnetic resonance
imaging (rsfMRI) has shown great promise as a means
to delineate the pathological brain. However, to form
an rsfMRI-based biomarker in neuropsychiatry and to
apply it in clinical settings requires that its reliability
and validity be evaluated on a large sample of patients
and normal controls. Here, based on neuroimaging
(primarily rsfMRI) data and its associated clinical
information, we aim to establish a methodological
framework that enables optimal extraction of disorder-
specific features of the brain and thereby to form a
machine-learning-based algorithm for the objective
identification of neuropsychiatric conditions. Regarding
this as a biomarker of a neuropsychiatric disorder, we
will evaluate its efficacy in the diagnosis of autism
spectrum disorder and depression. We will then attempt
to develop a biomarker that can be applied to multiple
disorders by taking the effects of psychotropic drugs into
account. Finally, the use of the biomarker will be further
extended in the therapeutic application of the decoded
neurofeedback (DecNef), specifically, as a means to
select the feedback target and to evaluate its efficacy.

PR BANA A~ — T — DBAFE LR IR G H

Fig. Schematic diagram illustrating development and
clinical application of a biomarker in neuropsychiatry.
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Establishment of Depression Biomarker and Its Application to Decoded Neurofeedback
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The number of patients with mood disorder
including depression has increased by 2.4 times in
the last 10 years and exceeded one million in Japan.
Consequently the sales of antidepressant drug has been
rising by about 10% every year and reached into 130
billion yen. About a third of cases of depression are
considered as treatment-resistant depression, which
prolongs depressive symptoms and requires longer time
to recover. The persistent depressive symptoms cause
economic loss associated with impairment in social and
occupational functioning and result in a higher suicide
risk. Given such situations, it is our urgent task to
develop a more effective treatment for depression and
provide it efficiently. Recently the decoding method
for brain information has been established by using
machine learning algorithm on brain imaging data such
as MRI. Decoded Neurofeedback, which changes brain
activities by external stimuli, is also gaining attention
as one of depression treatments. We, in this Field, aim
at developing depression specific biomarkers using
resting state fcMRI to be utilized at different facilities,
applying them to Decoded Neurofeedback by NIRS-
EEG, relatively simple brain function measurement
device, and eventually undertaking the development of
a new treatment for depression. We also expect our
study in depression specific biomarkers in this Field
will lead to development of cross-disorder biomarkers.

CIODRDNAAA = I — DL =a—nT —F
I 7 ~DJGH

Fig. Establishment of Depression Biomarker and Its
Application to Decoded Neurofeedback
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Elucidation of brain stem — cerebral cortex network dynamics by monitoring monoamine

neurotransmitters under transcranial magnetic stimulation and optimization of therapeutic
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Repetitive  transcranial magnetic  stimulation
(rTMS), a noninvasive method to stimulate the brain, is
one of the treatment tools available for neuropsychiatric
disorders. However, how TMS works has not been well
elucidated. The effects of stimulation with different
parameters (sites, frequency, strength, and schedule)
have not been systematically examined either. To this
end, we will measure changes in neuronal activity and
neurotransmitters in the brains of behaving macaque
monkeys following rTMS. The central nervous systems
of monkeys have features common to those of human.
It has been suggested that TMS affects not only local
cortical stimulation sites, but also subcortical nuclei,
which in turn widely affect their projection sites. We
will measure the changes in activity of neurons in the
dorsal raphe nucleus, the source of serotonin, together
with changes in the autonomic nervous system and
behavioral measures during resting and performance of
cognitive tasks, together with the changes in neuronal
activity in the pedunculopontine nucleus, the source
of acetylcholine, midbrain dopamine neurons (Osaka
University), and neuronal activity and concentrations
of neurotransmitters in the frontal cortical areas,
(Tohoku University). Based on these data, we will
examine the effects of rTMS at the circuit level, which
will lead to best optimized rTMS for the treatment of
neuropsychiatric disorders.

: ITMS IR DD 2L EZ DR E
Fig. Measurement of changes in the brain induced by
rTMS
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Development of novel repetitive Transcranial Magnetic Stimulation parameters from investigating the
dynamical cognitive neural loop among the cerebral cortex, dopaminergic and acetylcholinergic systems
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Midbrain  dopamine (DA) and brainstem
acetylcholine (ACh) are implicated in the regulation
of movement, arousal, reward, decision-making and
learning and play an important role in neurological
and psychiatric disorders. Several animal studies have
shown that the cerebral (prefrontal and motor) cortex
significantly influences on context dependent DA and
ACh neural activity and transmitter releases toward
the cerebral cortex. However, little is known about
the importance of the neural loop structure consists of
the cerebral cortex, DA and ACh with dynamical level
beyond anatomical connections.

We will address this issue directly in the monkey
brain. In view of the recent up-growing interest of
non-invasive brain stimulation as potential tool for
treatment of neurological and psychiatric disorders,
it would be key to investigate dynamical interactions
among the cerebral cortex, DA and ACh.

We will investigate how modulation of the focal
cortical area (prefrontal and motor area) influences
monkey’s performance and behavior on psychological
cognitive tasks (eye movement and forelimb reaching
tasks) by using repetitive transcranial magnetic
stimulation (rTMS). Combining this experiment and
unit recording from DA and ACh neurons provides us
with a valuable probe of brain research to investigate
dynamical neural mechanism of behavior control in
high temporal fidelity and to develop ideal rTMS
treatment parameters for patients with neurological and
psychiatric disorders.
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Investigation of the mechanisms of trans-cranial magnetic stimulation (TMS) altering motivation,
alertness, learning and decision making through changes in the prefrontal neural activity
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Transcranial magnetic stimulation (TMS) is a method
for stimulating the brain noninvasively. Although it has
already been used in clinical trials to treat various brain
disorders such as depression, Parkinson’s disease, and
brain injuries, the basic mechanisms of its effects on
brain activity and how those effects might lead to the cure
of such disorders are still unknown. To find out how the
local stimulation of the cortex by TMS can change the
activity of the whole-brain network underlying behavior
and mental activity, it is necessary to conduct animal
experiments and make various invasive measurements.
In this study using the Japanese monkey as experimental
subjects, we use electrophysiological recordings and/or
micro- dialysis within the prefrontal cortex as we apply
repetitive TMS (rTMS) to a part of prefrontal cortex.
Thus we investigate the underlying mechanisms of
rTMS-induced changes in the prefrontal neural activity
altering motivation, alertness, learning, and decision-
making. From the results of these investigations we aim
to construct primate models of various brain disorders
and their cure by rTMS.
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Fig. Disturbnace of spatial short-term memory by
rTMS on the dorsolateral prefrontal cortex (DLPFC)
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