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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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Mission, Objectives

Integrated Research on Neuropsychiatric Disorders

Recently, increased prevalence of depression and related
mental disorders or autism and related developmental disorders
has become a large social problem. Depression causes large
social burden by long term absence from work and death by
suicide. Autism hampers occupational life throughout the life.
In addition, accompanied by the rapid progress of aging of
the society, increase of dementia and related neuropsychiatric
disorders has also become a large social problem. Dementia

With the Strategic Research Program for Brain Sciences
Field F, "Integrated Research on Neuropsychiatric Disorders",
we formed three research teams as a main target among
neuropsychiatric  disorders;  developmental  disorders,

Q© Research Team for
Developmental
Disorders

Summary of Research Promotion Organization

O Research Team for
Mood Disorders

causes loss of quality of life (QOL) and increased need for
nursing care. Under such social background, the role that brain
science research should play is increasing compared with the
past.

Thus, it is extremely important to promote a research to
elucidate the pathogenetic mechanisms of neuropsychiatric
diseases and to promote the development of early diagnosis,
treatment, and prevention methods.

mood disorders and dementia. We aim at elucidation these
mechanisms of pathogenesis and establishment of early
diagnosis, treatment and preventive methods.

O Research Team for
Brain Aging

Elucidation of mechanisms of

Elucidation of biological factors

and pathogenic mechanism
involved in developmental
disorders from infancy to early
childhood

Understanding the molecular,

cellular and neurocircuitry
mechanism underlying patho-
physiology of mood disorders

deviation of brain health and
abnormal aging by genetic
backgrounds
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FEBEZEF — L Research Team for Developmental Disorders

FEEERT —LDENIFERNEANY b T LEE (autism
spectrum disorder: ASD) & & 6Tz FZEEE DR - fmisz fiFaaL,
WA NNEERR T B EICHYET, ASD Idttarnazaz
= 3 P REEERORES, 118 B EEI DR I e
REEHAZFEE LE T BRERII 1% EHRETNTOET,
BEEDON ATV Lldd LEBRClda <, EMEaigigic
EOCEZMBEMBHII SN TOETAAHRF— LTINS
EFMGEREICSA HEFEHRNET,

HEREORIEICEGERNERCEE T 2T EH5, FIEIGE
W E SR AEEDRENEECY . ASD HHIMES - TAD
A SRERIESGHL FR - mRE LS EE T AT LITEBLT,
HHBARFIET / LOC—HEERTD SREICREDSER
FEREEL, fMRENFHFASELTHREET ) VOTEIRRITIC
KO TR - FRREDMERRE BIEL £ 9, K /e, BEMIIKFIE L v

MEREED CADABHBIDETI VY > —0 T ABTH 5

FIEICBD DB FERE L E TR mahIiI R
L, BE LIEROEET )L 2/ER L, #ifah51TEL b
T COUENGRETZ R L & T EMER AR LR RIB T
BEVPRHEMAOEERBIEREICER LIBnEDRRE, v/ L
VBT N VRV ORRADRREZ R L & I, RS
PET ZAWTHAR=Z 7O ) 7RO b Z Y SV AR—2—EE
ST LE T ARARIE O N oY AR—2—DEERITIC
B9 20 FHFOREMT, BHARFIES +2 b2 2V ZBOORRED
WXL EZDRFA D ZALOIRSY, 51T 177V IMRIZRW e
SR Z ZE L T RAFAIIHRAE, EERKE, BH
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The purpose of "Research Team for Developmental Disorders"
is to elucidate pathogenesis and pathophysiology of
developmental disorders including autism spectrum disorders
(ASD), and develop diagnostic and intervention methods. ASD
is characterized by impaired social communication/ interaction
and by restricted, repetitive patterns of behavior, interests,
or activities. Prevalence is reported to be around 1%. Autism
intervention programs are not always effective and diagnostics
based on biological marker have not been established. The
research team has responsibility to solve these medical
problems.

Because genetic factors are associated with the onset of
developmental disorders, it is important to identify genetic
variants with large effect. Considering comorbidity between
ASD and intellectual disability, epilepsy, schizophrenia and
overlap in pathogenesis and pathophysiology among them,
Nagoya University conducts genome wide copy number
variants screening to identify relevant genes and eventually
elucidate pathogenesis and pathophysiology using cell
biological models and genetically engineered animals.
Yokohama City University conducts whole exome sequencing

for autistic patients comorbid with Rett syndrome or epilepsy,
and identify disease-associated genes. RIKEN in collaboration
with Yokohama City University, are developing animal models
based on genetic findings and analyze them comprehensively-
from cellular to behavioral level. Hamamatsu University School
of Medicine tries to apply eye tracker and abnormality of
lipid metabolism for diagnosis and develop y -linoleic acid
or oxytocin-based therapy. At the same time, they examine
activation of microglia and binding of serotonin transporters
by positron emission tomography (PET). Osaka University
explore the molecular mechanism for membrane trafficking
of serotonin transporters, while University of Fukui is trying to
establish oxytocin therapy, exploring molecular mechanism
of their effectiveness and conduct pathophysiological study
using dual function MRI. Kanazawa University is also involved
in development of oxytocin therapy in collaboration with The
University of Tokyo, Hamamatsu University School of Medicine
and University of Fukui and conduct magnetoencephalography
(MEG) study. Tohoku University aims to clarify molecular
mechanism of ASD and mechanism of action of oxytocin using
oxytocin/oxytocin receptor-deficient mouse.
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Research Team for Mood Disorders
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The number of patients with mood disorders such as
depression or bipolar disorder has exceeded one million. The
increasing of the patients is a contributing factor for over
30,000 suicide victims a year and a large number of long-term
absences from work in Japan, and is causing the estimated
economic loss of 2.7 trillion yen. In this situation, understanding
the biological mechanism underlying the pathophysiology of
mood disorder and developing an objective diagnostic tool
and a novel treatment should be considered as one of national
priorities. The purposes of this project by the leading research
team on mood disorder in Japan are to identify the associated
molecule in genome-wide analysis including an interaction
with crucial environmental factors and to search biomarkers
predicting for onset and clinical phenotypes of depression
by using biological samples from mood disorder patients.
We also aim to identify abnormal neural networks associated
with symptoms of depression such as depressive mood and
anhedonia with neuroimaging techniques such as functional
magnetic resonance imaging (fMRI) in the untreated patients

with depression and to investigate the association between the
molecular pathophysiology and the neural networks by using
the imaging genomics.

At the same time we perform the molecular
pathophysiological and behavioral analyses using animal
models with depression, bipolar disorder and refractory
depression, and compare them for verification with the
abnormal neural circuit and molecular pathophysiology in the
patients with mood disorder.

At a later stage of this research, performing the integrated
pattern analysis of various data obtained from the patients by
machine learning techniques, we try to establish an objective
diagnostic classification based on the neuroscience of
depression. We finally attempt to conduct the research leading
to the development of a novel therapeutic drug based on the
molecular pathophysiology, and/or a self-cognitive behavioral
therapy as an innovative non-pharmacological treatment by
using a neurofeedback method.
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Abnormal protein accumulation is one of molecular bases for
brain aging and dementia disease, however the pathological
meanings are still obscure. And the current therapeutics
targeting to only abnormal protein accumulation, are
insufficient. For example, some disease modifying therapies
for amyloid 3 have been already developed, while no one is
clinically successful until now. Itis thought that the patients were
treated at inappropriate time, and that therapies should have
been carried out at a more early stage. And more primary targets
rather than amyloid itself, might be more useful for therapeutics.
Therefore, in this study, we aim to elucidate the mechanisms of
“upper stream” of abnormal protein accumulation, rather than
downstream of the cascade. The “upper stream” of the cascade
includes the involvement of regulatory factors of amyloid 342
production, the mechanisms of participation of lipids or proteins
inaggregation processes of amyloid, tau and other aggregation-
prone protein, and the involvement of genetic backgrounds. In
"Analysis of amyloid 342 production”, we aim to elucidate the

mechanisms of regulation of production-ratio of amyloid 342,
and also we aim to establish useful blood biomarker (e.g. APLT 3
and APL2 3) for Alzheimer disease. In “Analysis of abnormal
aggregation of protein”, the roles of micro-domain of cellular
membrane in aggregation of amyloid, will be studied, and we
aim to develop new therapeutics based on this mechanism. In
“analysis of protein modification of tau”, interaction of modified
tau and apoptosis-related protein, new protein kinases which
phosphorylate tau protein, and degradation processes of tau,
will be investigated, and we aim to develop new biomarkers and
new therapeutics related to tau pathology. In “genetic analysis
of brain dysfunction by aging”, KLC1 splicing variants will be
analyzed as genetic regulatory factors of amyloid production,
and we aim to elucidate interactive mechanisms in “upper
stream” of abnormal protein accumulation between genetics
and environments. As a whole, we are going to accomplish a
new strategy for development of diagnostics and therapeutics
for dementia.

~
F—LMRREHART —
Team Formation
Hxee | [ G RTRR || e | [ i
saka Univ. NCGG NIBIO RIKEN
FHHRMZERL, MBIk 2RI%EET & REERERICOARN 5 KER
E@tﬁ%iﬁ* * ﬁgﬂﬁ L/ mufﬂro)ﬂfﬂ/&u/&ﬁV h— t %%%Eﬁ%?‘é
EShve 7 Wfé »u. EiREFER
LEBXRE B w2 Sy
[Nagoya Unlv} [l:ﬁﬁﬁ,\;;z‘,\i/g oshlsha Univ. [H%I\EG/GQ j
RIERIAEZ HEDRERBICE DL
disease-modifying therapy D% L= 05l
J




TBEREANRY b5 LEE (ASD) EMEKRMMEDNY / LEMEERE LT, HERIC
ESCMERBOZHARBREDINEFARZBELLZME  SEXRMONRZETS

7/ LaE—HER (W) IZEB LT

Research aiming at redefinition of diagnostic system and development of diagnostic method for pervasive
developmental disorder (autistic spectrum disorder: ASD) and schizophrenia based on pathogenesis
elucidated by genome analysis: Focusing on copy number variants (CNVs) with pleiotropic effects
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Several studies reported that large-scale copy number
variants (CNVs) in the genome are associated with
developmental disorders. The CNVs often affect large
numbers of genes and it is challenging to determine
which gene or combination of genes is connected to
which phenotypic effect and symptom.

Specifically, the association with pervasive
developmental disorder and schizophrenia is
consistently replicated at: 1q21.1 (deletion), 2p16.3
(deletion), 3q29 (deletion), 7q36.3 (duplication),
15q13.2 (deletion), 16p11.2 (duplication), 16p13.11
(duplication) and 22ql11 (deletion). Although these
genetic risk variants are clearly associated with
psychiatric conditions, the combinations and severity
of symptoms vary widely between patients with no
apparent genetic basis to such variability, and for most
symptoms there is no clear candidate gene.

Our hypothesis is that in each patient with
developmental disorder there are genetic modifiers to
the main large CNV that cause this variability and that
understanding them will allow to determine a genetic
basis for the neurodevelopmental symptoms. Our
goal is to identify such genetic risk variants and, in
collaboration with basic neuroscience laboratories, to
characterize the effects of these risk variants in order
to reorganize the diagnostic system and develop the
diagnostic method.
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Fig. The flowchart of the research.
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Developmental studies of new diagnosis and therapy for autism spectrum disorders with
mental deficits based on neuroendocrinological hypothesis
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Medicine.
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Our goal is to understand the social impairment
of autism spectrum disorder (ASD), to develop a
new diagnosis method and a new treatment for ASD,
especially for the subgroup of ASD with mental
defects. Neuroendocrinological studies have revealed
that oxytocin in the brain improves social interaction,
social memory and social recognition in healthy
subjects. However, it is less clear that oxytocin has
similar effects on ASD patients. Here, we performed a
clinical trial of oxytocin as a potential therapeutic agent
by repeated intranasal administration of oxytocin on
the ASD subgroups with mental defects. Usually, most
of standard scales to estimate the patient’s condition
and behavior by answering with words, therefore, it is
not easy to apply to such subgroup of ASD patients.
It is necessary to develop new scales for behavioral
changes by oxytocin for such patients. The custom-
made child-sized sensors of MEG markedly improved
signal-noise ratio, and made a possible diagnosis with
80% of specificity and accuracy. In addition, studies on
molecular, cellular and epigenetic mechanisms of the
brain oxytocin system and DNA analysis of oxytocin
related molecules may lead to the endocrinological
features of ASD.

Kanazawa University
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Contribution by designing trial and providing assessment tools to the next stage clinical trial
testing oxytocin’s effect on autistic social dysfunction.
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Based on our previous studies testing single dose
and long-term treatment effect of oxytocin on autistic
social dysfunction, our research team will design the
next stage trial and provide assessment tools to provide
proof of concept. The concept will be addressed in the
study project can be summarized as follows: Individual
differences in genetically determined factors related to
oxytocin in humans and knockout mice shape individual
differences at the neural level such as function and
structure in the so-called brain regions. Individual
differences in these brain functions and structures
should generate behavioral characteristics ranging
from normal to extremes, including various social
behaviors such as pair-bonding, parental care, mate-
guarding, selective partner preference, monogamy,
empathy, trust, ethno-centrism, social anxiety, social
withdrawal and ASD’s social dysfunctions. Although
human and animal studies are in different streams,
genetic factors related to oxytocin and their neural and
behavioral phenotypes are homologous at each level.
It is expected that the therapeutic effects of exogenous
oxytocin or its agonists can improve the behavioral and
neural phenotypes associated with oxytocin-related
genetic factors.
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Fig. Testing effect of oxytocin on behavioral phenotype

and neural endophenotype of oxytocin-related genetic
factors

The University of Tokyo
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Molecular Study of the Action Mechanism of Oxytocin in the Brain
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Professor, Laboratory of Molecular Biology,
Graduate School of Agriculture, Tohoku University
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Inst. of Applied Microbiol., the Univ. of Tokyo. Moved to Graduate
Sch. of Agric. Sci, Tohoku Univ., as an Associate Prof., in 1988.
Promoted to the current position in 2001.
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We have found that the system composed of oxytocin (oxt)
and oxytocin receptor (oxtr) is an important factor regulating
social behaviors, such as maternal behavior, social memory
and so on. Relationship between an impairment of oxtr system
and the onset of ASD has been spotlighted, and elucidation of
the effect of OXT administration to ASD patients is a central
theme in this project F. We consider that “Molecular Study of
the Action Mechanism of Oxytocin in the Brain.” using various
mutant mice lines with modification in their OXT and OXTR
genes, is an important study leading to the bases of elucidating
the etiology and pathology in ASD, and diagnosing and curing
ASD. We are carrying out experiments shown below.

(1) Clarification of the role of oxtr, expressed in
several brain nuclei, on the regulation of social behaviors,
with employing several oxt and oxtr genes-modified
mice including oxtr-cre knockin mice. First we develop
neurotransmitter-dependent analytical systems, such as
analyzing the function of oxtr expressed in GABAergic
neurons (Fig) in several social behaviors-related nuclei,
clarifying the function of the serotonin neurons, which
express OXTR in raphe nuclei, and so on. Moreover, by the
methods of region-specific gene deletion and gene rescue, we
elucidate the behavioral function of oxtr in nuclei related to
social memory and maternal behavior, such as LS, mPOA,
MeA and hippocampus. (2) Using oxtr-cre mice, we analyze
the projection circuits of social behavior-related neurons
expressing OXTR. (3) By optogenetics, we directly clarify
the role of OXTR expressed in the nuclei mentioned above.

CYEEHIRE] (Dentate Gyrus) @ GABA =2 —1ThD
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Fig. Expression of OXTR in GABAergic neurons in DG.
Immunostaining by anti-GABA Ab (red) and by anti-GFP
(green) of brain sample from DG of OXTR-Venus knockin
mice showed expression of OXTR in GABAergic neurons.

Tohoku University
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Pathogenetic Research and Development of New Clinical Procedures (Diagnosis, Prevention,

and Treatment) for Autism
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The aims of our research are the following 3 issues.
First, we will develop an early diagnostic system for
autism by means of biological and medical techniques.
As an initial step for this purpose, we have developed an
eye-tracking apparatus, which can assess gaze behavior
in infants. The device will enable us to screen infants
for autism. Subsequently, we will determine the profiles
of lipid metabolism in plasma as biomarkers in autistic
children, improving accuracy for early diagnosis of
autism. We will also explore putative mutations in
certain genes that are associated with changes in mRNA
levels in lymphocytes. All the observations will be
integrated into the early diagnostic system for autism.
The quantitative biological measures, i.e., profiles of
lipid metabolism and mRNA levels in lymphocytes,
are examined in samples from umbilical cord blood,
which could lead to a system for autism diagnosis
at birth. Second, we will make an effort to prevent
and treat emergence of clinical symptoms of autism.
For autistic children before school age, supplement
of a certain fatty acid may be effective, while nasal
administration of oxytocin may be useful in later
school age children and adults. Third, we will gain new
insights into pathogenesis of autism. Specifically, we
will examine mechanisms underlying reduced density
of serotonin transporters in the brains of subjects
with autism, which was demonstrated by Nakamura
et al (2010) with positron emission tomography. The
function of receptors for oxytocin in the brain will also
be examined.

The above-mentioned clinical researches are
currently being carried out in cooperation with the
“Asupe-Erude-no-Kai” and “Hamamatsu Birth Cohort
for Mothers and Children”. The former is a self-support
group of individuals with developmental disorders and
their parents, while the latter is composed of newborns
born at the Hamamatsu University Hospital.

Hamamatsu University
School of Medicine
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Understanding the mechanism underlying abnormalities in serotonin transporter of the brain

in autistic individuals, and the diagnostic application
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Autism is a neurodevelopmental disorder, clinically
characterized by impairments in social interactions and
communication, and repetitive and obsessive interests
and behavior. There is currently no medical treatment
for the core features of autism and “educational
treatment” is the most effective treatment for autistic
behavior. Educational treatment is known to be
effective in autistic patients when administered at an
early stage. Therefore, early and biological diagnosis
of autism is required. However, the pathogenesis of
autism is poorly understood. Based on the results of
research from the Hamamatsu laboratory showing that
serotonin transporter (SERT) binding is significantly
lower throughout the brain in autistic individuals
compared with controls. Using PET, we aimed to
identify SERT-binding molecules in the brain to
examine possible abnormalities of SERT binding in
autistic individuals and the potential application of
assessments of such abnormalities for diagnosing
autism. We have shown that SERT expression in
autistic brains is unchanged at the mRNA and protein
levels. For this reason, abnormalities of SERT binding
are thought to be due to disturbances of SERT-binding
molecules involved in the transport of SERT to the
membrane. Here, we screened for binding partners of
SERT in mouse brain using the following approach: 1.
time-controlled transcardiac perfusion cross-linking (in
vivo cross-linking) in normal mice; 2. high stringency
affinity pull-down of SERT protein complexes using
an optimized SERT antibody; and 3. reduction of
sample complexity and identification by LC-MS/MS.
We focused on SERT-binding molecules involved in
transport of SERT to the membrane. Moreover, we
aimed to examine the relevance of these molecules to
autism, as well as the potential application of analysis
of these molecules for early diagnosis of autism.

Osaka University
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Studies on possible medication for autism spectrum disorders (ASD) and the underlying

mechanisms

e g =
BHRFFELOIZADIE
o 24—k,
[] R 5 [ 2 R i T g
e AR BRI
B, EFEL
1982 4 HURU R 5 Lol st B LBl 7o 24, 1987 4R RBRK
FEHEE SR AR, 1991 4 R PR 7R E B E 5 R
ZERHE T, EF M, [WB)F, Salk Institute Research
Associate, RIRHINZ R 5B B 418 C, 1998 4F 2 H KB,

SATO, Makoto, MD, PhD

Director, Research Center for Child Mental
Development, University of Fukui,
Professor, Division of Cell Biology and
Neuroscience, Faculty of Medical Sciences,
University of Fukui

1982 Graduated from Department of Mathematical Engineering
and Information Physics, Faculty of Engineering, the University of
Tokyo, 1987 Graduated from Faculty of Medicine, Osaka University.
1991 Completed the doctoral course and obtained Ph.D. degree from
Osaka University Graduate School of Medicine. 1991 Research
Associate, Osaka University (1991-1993 Research Associate, The
Salk Institute). 1994 Associate Professor, Osaka City University,
1998 Professor, Fukui Medical University (Faculty of Medical

Sciences, University of Fukui).

HEEL THFOXEHBREZ N300, [HE
HAL T E 2 8 O BB 20 b DI F 2B LA FF
D) FOFERE R T HERET T, ZNOOIERITAETE
ZELCREL, 2 4AIR EICELVWREEZES, B
FASE DOFEFEE| G 13D T, ARD 1.0 ~2.5%¢&
REELON TV, BIEDELZA, HEEICKT56%)
IR PRERCIRIERIEIT L, AW FNEEE R\ =22
HIEGHENL STV, ZDXI7eH1 T, AF by
VI EPEICKH S8 AR K CTh o TRt a fe i
S, ZORIEVBRGESNS>DOHD, £IT, Fx (1@
HRF-ESDZZADFREM T Z—) 1E, (1) A%
TRATOWTEBRITIEREZ ZITL, EORREZRHR
FELTWD, (2) [RIERS, A% b OVERIZOWT,
FRZZEDOERZEE®R (GEICXiEs) SeHszen
TENE, AXVM o AR THAIEDE
ZDTF, XU OBRERBLOE At 2R 5
HZEE BIEEULFRA EBL T\D,

(D 220 TE, BIRRFEEBIFEIL, EHA%TE
£ DT T AHDFEEMGEY > 2 —/INRUEBE 2 USRI T
TNTHL, Vb3 EEERNO AEEEF A (BR
MTI 15U E) ZHRICAFY by OHERE,
Mkt 5 ORI 22 L T b, (2) IZDWVTI,
BN A 2 b & 2R BRI FILIP 73 AN 68
% T &, FILIP 73 T3S RIcE OFR 25 I 4
VHRTHBZIAT Y 2b DRIE - (FERERET S LD
BAOMEOMRICHETSE, FILIP p &N LA+ b+
¥ MEFDBHIORE T DOV TR Z D TV B,

Autism, or autism spectrum disorders (ASD), is
a category of disorders possibly due to damages to
neural developmental processes. It is characterized by
impaired social interaction and communication, and
by restricted and repetitive behavior. Prevalence of
autism is increasing and is estimated approximate 1.0-
2.5 % or higher, yet no truly effective medication has
not been discovered. Recently, oxytocin has attracted
much attention; since evidence is accumulating that the
behaviors of ASD patients became better by oxytocin
medication. Considering these circumstances, we,
members of the Research Center for Child Mental
Development University of Fukui, have been tackling
on oxytocin treatment and its underlying mechanisms.

We are currently carrying out clinical studies on
oxytocin, especially focusing on ASD patients 15 years
old or older with at least average 1Q. Also, we are
pursuing the mechanisms that can modify the oxytocin
treatment. For the latter experiment, we are currently
focusing on myosin 2b, which is an essential modulator
for synaptic function, as well as on myosin2b-associated
FILIP molecule.

: oxytocin SR BLMIE (/2) & FILIP J8 B
fa (o), WFIXELIEFT D (merge 8, £).

<7 A entorhinal cortex

Fig. Colocalization of oxytocin receptor (left) and FILIP
(middle). Right: merged image. mouse entorhinal cortex.
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Molecular Basis of Developmental Disorders
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Brain development depends on normal brain
activity. Various factors affecting normal brain activity
potentially cause developmental disorders. It is well
known that 30 % of intellectual disability and autistic
spectrum disorder are complicated with epilepsy. Thus
it is important to analyze exhaustive genes related
to normal brain development for comprehensively
understanding developmental disorders.

In this project, focusing on epilepsy, intellectual
disability, and autistic spectrum disorder, we will find
many genes causing developmental disorders by use of
next-generation technologies.

Recent advent of next generation sequencing
technologies enables us to sequence exhaustive
genes (even all human genes). In this project, we use
a microdroplet technology for multiplex PCR (up
to 20000 amplicons in one tube) and whole exome
capture technologies for next generation sequencing to
detect many genes related to developmental disorders.

X WD
Fig. Project scheme.

Yokohama City University



[TADAIZEHT DREERESFEBR O]

Investigation of the Molecular Pathomechanism of Developmental Disorder Associated with

Epilepsy

e Ji Faosh

HUYLERTIERT IR R B2
Y — MREEIGHTIET — L
VETF L) =4 —, it (E)

1984 4E mUAR K P BLAE 253, 1992 4F R K22 KPR E S
RFERME T, L (B22), 1994 FEKEAY T 4L =T K
Futh B AAKELRFIEE, 1996 4R % BB Bu% A ik
T, 1997 4E 10 H X0ELRE,

YAMAKAWA, Kazuhiro, PhD

Laboratory Head, Laboratory for Neurogenetics,
RIKEN Brain Science Institute

1984 Graduated from Kyoto University, Faculty of Science. Ph.D.
degree in Medical Genetics from Osaka University, Graduate School
of Medicine in 1992, postdoctoral fellow of University of California,
Los Angeles from 1994, served as an adjunct assistant professor
from 1996, and was transferred to the current position in 1997.

BEAEORBLEZ 30% N TANAVESIETHZEM
5, TAMNAEBRBEICIZIE T3 E BN EE
Ehd, ARFETIE, () TADABPRRERERE
DNA #1282 BEB AR 7[R E / Hrefigtr €7 1
~ 7 AERL /AT, (2) TAMA /KRR / B BE
FRIERZ D Dravet JEBEREET L ~UAFHTICE D B
PASEARATENFIE 1 A — R O [RE D 2 FREEIZ DV T
W5, BE0) TIE, TA»A/ A BIESGHES]
930 BlZDWTARY ) DERREUTfRNT (227 /2
DNA ElFIfiERE, =27 —Lf#fT, CNV f#fr7ed) %
R TNL RS 1L TATHZ 8T, IE BB
T - B#ELRTEREEL, S5, Fabna—Rg
DR R DBSRERENT, TT N~ AER / iR E
IZEDZENSDOBRFE2I LT3 IE D A — R Ofif i %
B9, i Q) T, EERTANASIEMHE,
H BARATEI 2 {45 Dravet JEMERED RN EIE T THY
PNNTTIVT IV BRI MR (PV AER) (2
L BB T DENMEKAFNEF NI AF v /L Navl.1 &
a—R93 Senla DAL T 4at )V ) I T IR A%
AW, BEEICETEA T DM, R
DOREZ BT, PV MO O CHEIEDIKT
%, BPBAE, SARIIE, Bl oG hE

THIIFERE DD, AT, ZhOREBOHEMEIC
HFGTHZEnWIFIND,

Approximately 30% of patients with autism show
epilepsy, and therefore common pathological cascades
can be assumed. In this study, we have two projects. In
project 1, we will identify genes responsible for autism
and epilepsies by whole genome analyses (full genomic
DNA sequencing, exome sequencing, CNV analyses)
on DNAs from patients with autism associated with
epilepsies in a collaboration with Yokohama-City
University, will characterize their functions and
establish mouse models for those genes, and will
pursue the understanding of molecular pathological
cascade of autism associated with epilepsies. In project
2, we will investigate the molecular pathological
cascade of Dravet syndrome which is an intractable
infantile epilepsy associated with autistic features and
severe mental decline by using conditional knock-out
mice of Scnla gene that is mutated in patients with
Dravet syndrome and encodes voltage-gated sodium
channel Nav1.1 dominantly expressed in parvalbumin-
positive (PV) inhibitory interneurons. These studies
may also contribute to the understanding of autism,
schizophrenia, and manic depression those show
impairments of PV cells.
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Fig. Families with developmental disorder associated
with epilepsy.
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Understanding the neurocircuit — molecular mechanism underlying pathophysiology of
depression and the development of its neuroscience-based diagnosis and treatment
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The rapidly increasing number of patients
with depression has become a major factor for
over 30,000 suicide victims a year, causing the
estimated economic loss of 2.7 trillion yen in Japan.
Understanding the biological mechanism of the
pathophysiology of depression and developing an
objective diagnostic tool and a novel treatment are
urgent tasks.
by clinical symptoms such as depressive mood
and anhedonia, and there is no diagnostic criterion

Depression is currently diagnosed

based on its pathophysiology. In this research, we
hypothesize that the symptoms of depression develop
interdependently by the malfunction of information
processing and neural network dynamics responsible
for emotion and motivation in the brain, and by the
molecular pathophysiological changes in such brain
areas caused from genetic and environmental factors.
Based on this hypothesis, the experts in psychiatry
and computational neuroscience work together on
neuroimaging, molecular pathophysiology including
biomarker and genome analyses of depression, and
conduct an integrated analysis of these results and
the clinical assessments in order to elucidate the
neural network and its molecular pathophysiological
changes responsible for each symptom of depression.
Finally, by the machine learning technique, we attempt
to develop an objective diagnostic tool based on the
neuroscience of depression, and an innovative non-
pharmacological, self-cognitive behavioral therapy
using a neurofeedback method.
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Machine Learning and Computational Modeling Approaches to Identification of Depression Subtypes,
Understanding of Disease Mechanisms, and Derivation of Therapeutic and Preventive Methods

=

==X

o 4

iR RS S TN S N S
PR R =

#fz, Bl7miR—Ah,
it (%)

1986 4F B K7 K77 e LR/ e LRRRRE T, L)
Fo 1991 FHRILKFRFPE, L (L), UCSD #f5E
B, 1993 4E Salk Institute fiff9E 8, 1994 4= ATR E(EWFIEE,
2003 4E ATR W92 R £, 2004 4F 8Bk B 1 R 2 e R 27
FEATARFEREMIEE 2R C, 2011 4L BUR,

DOYA, Kenji, PhD

Professor, Neural Computation Unit, Okinawa
Institute of Science and Technology Graduate
University (OIST)

1986 MSc and Research Associate of University of Tokyo. 1991
Ph.D. from University of Tokyo. Research Associate at UCSD. 1993
Research Associate at Salk Institute. 1994 Senior Researcher at ATR,
2003 Department Head at ATR. 2004 Principal Investigator of Initial
Research Project, OIST. 2011 Professor of Neural Computation Unit
and Vice Provost for Research of OIST.

AWFZED BEEI, 5O BE OME 7L 2Rt
F R RIS 7 LAY X B AT A28
X0, 29ROV T HATEFEEL, BITZNLDIIE
HAELIRIE, T FIEEITEN S OMRRE K ET L
ZHEITALNTTHZETH D,

FRAATENRRE, AMAEIE MRI, FEBEAY MRI, s+
SR PR~ — T —, BHEOBK, &S
BiEDZIRTOT —HIZRL T, HhlilaLFE 7L
VA LEZHHTHIETIDROYTEATHREL,
Hblid 0BT ATV O I L2 ke T 1% Tl
2179,

Fiz, R—r3 - ab=2ROH 2 >
BOAPRIG BN EAE, MRA A IF0ER, ~ Ay
ATV AL D FFHANC LT 35, Zhabiig,
R—/33 - Brh=0D=a—nlF K, [mEWE K
HEFREDIA I, BEGTEmpiRE BE OE S, = ARAED
ISR ZATENC SRS EBET VAREEL, i
M R LERBEARL ADYH ETHI DR MIIE T DL
fiEAL, =a—m74—R o7& ETelamE TR Tk
DOBRBEAREICTHZEEHIE T,

The goal of this research is to identify the subtypes
of depression by application of statistical machine
learning algorithms to multi-dimensional subject data
and to understand the mechanisms of dysfunction
and methods for therapy and prevention through
computational modeling.

We apply unsupervised learning algorithms to
the high-dimensional data from behavioral tasks,
functional MRI, structural MRI, genotypes, blood
markers, expert’s diagnosis, and drug responses for
identification of disease subtypes, and supervised
learning algorithms for diagnosis and prognosis.

We also perform rodent experiments to identify
the dynamic control mechanisms of the dopaminergic
and serotonergic systems through optogenetic
manipulations, spike  recording,
microdialysis measurement of transmitter release while
animals perform reward acquisition or punishment
avoidance tasks. We will construct a dynamic models
of dopamine and serotonin neuron firing, transmitter

neural and

release and reuptake, target neural modulation, receptor
up/down regulation, and behavior to reproduce the
process of dysfunction upon genetic predispositions
and environmental stresses. The models will also be
used for exploration of therapy and prevention methods,
including estimating the target of neuro-feedback.

D BIRTET —Z OO FE B LD DR T
AT DRIELZWr - T8

Fig. Identification of depression and
diagnosis/prognosis through machine learning using

multi-dimensional data.

subtypes
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Research on the responsible brain regions and neurochemical mechanisms of depression
related symptoms
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The current diagnosis of depression is based on the
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the hypothesis of the mechanism of depression related
symptoms. The symptom specific treatment would be

considered from those results.
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Fig. The schematic drawing of our proposed research.
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Study for Biomarkers and Molecular Pathophysiology of Depression Diversity
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A central problem of clinical psychiatry is that in
the absence of objective diagnostic biomarkers for
mental disorders, psychiatrists depend on subjective
examinations in order to properly diagnose their
patients. Many researchers have studied genetics and
investigated objective tools such as magnetic resonance
imaging for use as diagnostic markers to aid subjective
examinations. None of these findings, however, have
been replicated consistently enough to merit widespread
clinical application. Our own investigation has focused
on the differential diagnoses of depressive states, using
a Near Infrared Spectroscopy (NIRS) technique. NIRS
was approved in 2009, by the Japanese Ministry of
Health, Labour and Welfare as one of several Advanced
Medical Technology options available, although more
supportive evidence is required to determine its clinical
usefulness. There is considerable heterogeneity in
clinical presentation of depressive disorder across the
life cycle, and substantial consensus exists that elderly
patients with late-onset depression are associated with
a lower family load for depressive disorder, more
vascular risk factors, white matter hyperintensities on
MRI T2 imaging and resistance to initial antidepressant
mono-therapy, as compared to elderly patients with
carly-onset depression. In light of these findings,
our investigations have focused on the identification
of clinically useful biomarkers related to stress
vulnerability and for clinical and pathophysiological
heterogeneities of depression diversity, as well as on
the translation of human findings to animal models,
and vice versa.
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The comprehensive analysis of the depression with middle or aged onset mimic model of rat

induced by endothelin-1 injection into internal capsule
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Recently the number of patients with depression
has been increasing according with the dynamic
change of the social structure. Depression has
become more common diseases and given a negative
impact to the society enormously. We have focused
on the pathogenesis of the depression with middle
or aged onset patients. This is because these patients
frequently suffer the white matter lesion detected by
MR T2 imaging. The onset of depression and chronic
ischemic lesion seems to have close relation. Then we
have hypothesized that the vulnerability to the stress
exaggerated by the white matter lesion attributes the
onset of the depression.

Then, we have introduced the lacunar infarction
model of the rat induced by the injection of endothelin-1
into the internal capsule, which provided the mimic
of white matter lesion of the middle or aged patients
detected by the MR T2 imaging.

Firstly we have evaluated the rat model under
restraint stress to see if the symptom of depression was
occurred or not in terms of the behavior, physiological
and hormonal assessment. Secondly we have explored
the specific and sensitive biomarker and related
genes for the depression. Moreover, we plan the
comprehensive analysis of molecular change by using
imaging mass spectrometry to profile the depression
related molecular change.
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Exploration of the biological markers for discrimination of heterogeneous pathophysiology of

major depressive disorder in elderly patients
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Considering the heterogeneity of major depressive
disorder (MDD), such as early- and late-onset, the
goal of our study is to identify biomarkers involved
in the pathophysiology of two different types of MDD
in elderly patients. This study will be conducted
in collaboration with Gunma University and The
University of Tokyo. We will analyze the alteration of
gene expression in the leukocytes of elderly patients
with early- and late-onset depression. We will also
examine structural and functional changes in the brains
of these patients by using magnetic resonance imaging
and near-infrared spectroscopy.

We have previously studied the pathophysiology
of MDD in animal models, such as C57BL/6 (B6)
and BALB/c (BALB) mice. Our previous study had
shown that BALB mice were vulnerable to chronic
stress, while B6 mice were resilient to stress; therefore,
we will examine gene expression in the brains of the
stressed-BALB mice treated as a model of early-onset
depression. We will then identify candidate genes whose
expression is altered in the BALB mice and in patients
with MDD. The alteration of gene expression will be
confirmed in MDD patients in the second cohort and in
mice models of depression-like behavior induced using
genetic manipulation. These findings could be helpful
for differential diagnosis and for developing novel
treatment strategies for elderly patients with early- and
late-onset MDD.

s MR
Fig. Overview of this project.

Yamaguchi University

24

> — W O




b — WSRO

NEGIREFREGTFHUHEERRREBINICL S2[PBETOREA H Z X LDEH]

Breakthrough for mechanisms for pathophysiology in mood disorder by ‘statistical’

gene-environment analysis
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A core symptom of mood disorders-depression and
mania-has been perplexing for long time. Personal and
social burden of mood disorders (depression, bipolar
disorder) is increasing for many years, to conquer these
disorders by innovate prevention and new treatment is
now urgent needs for our society. However, despite
considerable effort have been undertaken in the past
century, the robust mechanism and/or neural system
have not been identified. At the moment, only drugs
which were founded by a chance are widely used in
clinical, but the efficacy of the current treatment is
insufficient. It is now a pressing issue to find new
pathophysiology of mood disorder and develop novel
effective countermeasure.

In this project, we focus on a search for clinical
human samples. For such occasions to escape for
preliminary hypothesis, genome-wide association
study to survey comprehensive genes consist as a
basis. For bipolar disorder, which has strong genetic
components, GWAS for large Japanese sample will be
conducted to identify new ‘disease gene’.

For depression, this has more interaction between
gene and environment factor, genome survey cohort
in occupational setting will be carried on for several
years, then analyze ‘statistical’ gene-environmental
interaction to reveal the core architecture of the disease.

BEAY Y TIVH 5 OHRENRF 2 27 LRAE

[PBEE L7/ LIRRT— 2 — 2 DIBE- 20

» Next Gen Sequencing

Extreme case
Heavy family history
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with family-based
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Fig. Breakthrough for pathophysiology of mood
disorder by “statistical’ gene-environment analysis.
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Study of Mechanism of Mood Disorder by Large-scale Genotyping and Informatics
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Mood disorder such as bipolar disorder/depression,
is one of the social problem. It is considered that
mood disorder has environmental and genetic
factors. Therefore for early diagnosis, treatment and
prevention, one of the important things is to identify
the genes associated with disease. Genome wide
association study (GWAS) which uses single nucleotide
polymorphism (SNP) as marker has been rapidly
developed for last decade, and established as one of
the powerful method to identify genes associated with
disease. We have identified many genes associated with
common diseases such as type Il diabetes by genome
wide association study, until now. In the theme F of
the SRPBS, we are doing the following research in
collaboration with Fujita Health University.

1) Large-scale genotyping

2) Case-control association study

3) Integrative informatics analysis which consider
genetic and environmental factors

Our aim is to identify the genes associated with
mood disorder. We genotype hundreds of thousands
SNPs and perform genome wide association study. We
perform suitable statistical analysis by using genetic
and environmental factors, and aim at the understanding
of the mechanism of mood disorder.
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Integrated Approach to Treatment-Resistant Mood Disorders focusing on the Dopaminergic

System
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We conducted a clinical study which demonstrated
efficacy of a dopamine D2 receptor agonist for
treatment-resistant depression. We also performed
a basic study using animal models, which provided
important evidence that rats chronically treated
with methamphetamine manifest biological rhythm
disturbances which resemble those of bipolar disorder.
Based on these findings we aim to study the neural
etiology of treatment-resistant mood disorders using
an integrated approach that combines clinical studies
and the corresponding basic studies. In particular, we
conduct studies not only seeking a biomarker for a
differential diagnosis of major depression and bipolar
disorder but also having the supportive evidence
focusing on the dopaminergic system and biological
rhythm. To obtain the biomarkers for differential
diagnosis we introduce and conduct an integrated
approach as stated above. In clinical studies, we make
a comparative study of depression and bipolar disorder
to seek a biomarker. We also conduct a comparative
study of responders and non-responders to dopamine
reinforcement therapy to obtain a significant index of
the prognosis. In basic studies, we make animal models
of treatment-resistant mood disorders not only to verify
whether the biomarker obtained from the clinical
study is potentially available for diagnoses but also to
elucidate the pathophysiology of treatment-resistant
mood disorders.

MADRS=Montgomery—Asberg Depression Rating Scale

 EHEME DIRREI TR DR R D2 SRR EBNIEOR R
Fig. Improvement of D2 agonist in treatment-resistant
depression.
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Study of Up-stream Pathological Events Triggering Abnormal Protein Accumulation during
the Early Stage Differentiation Normal and Abnormal Aging, Searching for the Biomarker of

Pathological Brain Aging
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Abnormal protein deposition is observed in dementia
brain, such as beta-amyloid, tau, alpha-synuclein,
and others, whose pathological significance has been
under discussion. In this project, we will concentrate
our effort to clarify the molecular mechanism in the
early stage of pathological brain before the initiation
of abnormal protein deposition. This early stage of
dementia, corresponding to the prodromal stage of
dementia such as mild cognitive impairment (MCI) or
subjective cognitive impairment (SCI), in which the
events of normal brain aging and events related with
pathological dementia onset might be mingled together
without clear differentiation. We will focus into this
early stage of dementia, trying to elucidate the initial
pathological events triggering the abnormal protein
deposition in the brain.

Modification and processing of amyloid precursor
protein (APP) and tau protein will be studied using
the advanced technology of molecular cell biology,
to establish the surrogate biomarker of pathological
gamma-secretase activity, beta-amyloid modification,
and tau protein modification, which will eventually
lead to the discovery of the means to prevent
neurodegenerative dementia.

: APP & APLP1 (33t 7Ly =V A KIS
RS, FEROBEREIZLOFTH SN TS

Fig. APP and APLP1 are both processed by presenilin
complex showing the similar regulation.
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Quantification of plasma surrogate marker for Alzheimer disease
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A key feature of the pathology of Alzheimer disease
(AD) is the accumulation of amyloid-f peptides (AP)
in senile plaques and AP42 is its major constituent.
Thus the level of AB42 in the brain is a potential
biomarker of AD. However, since AB42 is cleared
more rapidly from the soluble pool in the brain, it is
hardly detected in the body fluid such as CSF and
plasma and surrogate markers for estimating AP42
generation in the brain have not yet been identified. We
have previously identified novel APLP1-derived Ap-
like (APLp) peptides in human CSF and demonstrated
that CSF APL1PB28 level is a potential surrogate marker
for the brain AB42 production. However, examination
of CSF is highly invasive for medical screening and
less aggressive procedure such as blood test is needed.

Recent advances in proteomic technology such
as selected/multiple reaction monitoring (SRM/
MRM) enabled the detection and quantification of
specific proteins in complex samples. In this study,
we investigated if APL1B peptides could be detected
in human plasma. Using 1ml of plasma, endogenous
APLI1p peptides were able to detected and quantified
by immuno-SRM. Strikingly, absolute concentration of
APLI1p peptides was identified as a few pg/ml, which
is thousands times lower than those in CSF and the
lowest detection level of endogenous plasma peptides
in our knowledge.

D PERDIMAE S R E DR 213 57M T 1A%
Fig. Our method far exceeds detection potential of
conventional plasma protein measurement.
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Development of a disease-modifying drug for Alzheimer disease through targeting preceding

lipid alteration of neuronal membranes
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Assembly and deposition of amyloid B-protein (AR)
is an invariable feature of Alzheimer disease (AD);
however, it remains to be clarified how soluble A3 starts
to assemble into fibrils or oligomers in AD brains. We
previously identified a novel AB species, characterized
by its tight binding to gangliosides (ganglioside-bound
AB}; GAB), in a human brain that exhibited early
pathological changes of AD. To date, the results of in
vitro and in vivo studies of our group and other groups
suggest that GAB enhances the assembly of soluble AR
by acting as a seed. In this project we aim to investigate
the putative alterations in the lipid composition of
neuronal membranes, which likely facilitate the
formation of GAB, finally leading to A deposition as
amyloid fibrils. We will prepare membrane samples
from different regions of human cerebral cortices,
paying attention to the tendency of AR deposition of
each region. We also take account of the apolipoprotein
E genotype of each individual. We will employ atomic
force microscopy technique to determine the potency
of the membrane samples to enhance AR assembly
though induction of GAB. It is hoped that a strategy
for developing a disease-modifying drug for AD can be
discussed through observations in this study.

D AR R AR AL R Db 2 B 55 GA B
ek (A€ )

Fig. Proposed scheme for the GAB generation on
neuronal membranes with altered lipid composition.
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Integrated analysis of human genetic and mouse transcriptome data to identify susceptibility

genes for Alzheimer’s disease
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in RIKEN Center for
Medicine (CGM) are working on the genome-wide

Researchers Genomic
association study (GWAS) of Alzheimer’s disease
using large number of cases and controls. On the other
hand, researchers in Osaka University are working on
the transcriptome analysis of various mouse models
of Alzheimer’s disease. The aim of this study is to
perform the integrated analysis of human GWAS data
and mouse transcriptome data to identify susceptibility
genes for Alzheimer’s disease in collaboration with
the researchers in Osaka University. This strategy is
a new approach to identify the susceptibility genes
of Alzheimer’s disease which cannot be found in the
separate analysis. To perform this new approach, we
need to develop the new statistical and analytical
methods how to apply the genetic association results
to the results of expression profiles of mouse models
at each gene level. If we succeed in the integration
of human genomic analysis and mouse transcriptome
analysis, we will uncover the new mechanisms for the
development of Alzheimer’s disease.

RIKEN Center for Integrative
Medical Sciences

s WFZEE T DL
Fig. Overview of the strategy of this study.
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Development of anti-tauopathy drug
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Thus
(AD) drugs (so called disease-modifier) have been

far, targets of anti-Alzheimer’s disease
exclusively towards the upstream events, that is AR
production and accumulation, according to the amyloid
cascade hypothesis. However, we have recently learned
that once dementia develops, its progression cannot
be blocked even by complete removal of A} deposits,
suggesting that alternative means should be taken to
suppress the formation of neurofibirillary tangles that
have been long suspected to be directly involved in the
cognitive decline in AD. Tau is hyperphosphorylated to
make up neurofibrillary tangles, causing through several
steps synaptic loss and neuron loss, finally resulting in
cognitive decline. We made preliminary observations
using model animals that two compounds, X1 and
Y, are effective to reduce deposited tau and improve
cognitive impairment, and further block neuronal
loss in the model mice. The two compounds are here
subjected to strict assessment for its effectiveness
using a couple of lines of model mice. First, we make
every effort to promote these two compounds to phase
1 clinical test. Second, we further characterize the
newly found function of tau (indispensable for LTD
generation) to find other therapeutic targets in the tau
molecule.

Ay | E-3 N )
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Fig. Development of anti-tauopathy drug.

Doshisha University
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Screening chemical compound using animal model, and finding a mechanism of neuronal

dysfunction
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Director, Department of Aging Neurobiology,
National Center for Geriatrics and Gerontology

1978 Graduated from Kyushu University (BsC). 1986 Ph.D. degree
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R-amyloid deposition is a characteristic feature of
Alzheimer’s disease pathology, while Neurofibrillarly
tangles (NFTs) are seen not only AD but also the other
type of senile dementia. From the genetic study of
familial AD, B-amyloid hypothesis that deposition
of B-amyloid is a cause of AD has been proposed,
and most AD research was directing to mechanism
of AB deposition, and finding toxic AB species for
AD therapy. However, most of clinical trial, which
towards to reducing A deposition, fail in phase III
trial. Because of these failures, new therapeutic target
is keenly demanded in the world.

Brain region, where NFTs are found, is seen neuronal
loss and synapse loss. Because these neuronal and
synapse loss causes brain dysfunction, NFT formation
suggests neuronal dysfunction in the same region. We
have found that soluble tau oligomer and granular
tau oligomer are formed before tau fibril formation.
Furthermore, we have found using different mouse
model that hyperphosphorylated tau including soluble
tau oligomer is involved in synapse loss, and increase
granular tau oligomer causes neuronal loss. These
results suggest that tau is directly involved in neuronal
dysfunction in AD including so called tauopathy.
Therefore, the targeting tau is expected to halt disease
progression by inhibiting neuronal loss and synapse
loss. We are now screening a chemical compound
inhibiting granular tau oligomer formation for therapy
of AD.

D BUBHEAAEINE LT T VY A~ — R IR
Fig. Therapy of AD targeting on tau aggregation.
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Development of disease-modifying therapy for FTLD based on the molecular pathogenesis:

From pathogenesis to therapeutics
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FTLD is the second most common early-onset
dementia. The etiology of the disease remains unclear
and there is no effective therapeutics for the disease so
far.

We have previously aimed at elucidation of
pathogenesis and therapy development for motor
neur on diseases, including ALS and SBMA. We
have conducted clinical research on the natural
history and biomarker, investigated the molecular
mechanism, established the disease-model animals,
and developed the therapeutics in these motor neuron
diseases. Especially for SBMA, we developed disease-
modifying therapies by performing animal studies and
conducting a multi-centric clinical trial of androgen
deprivation therapy.

Recent developments in the research of FTLD and
ALS delineated that these disorders are in the same
disease spectrum. The aim of our research project is
to develop FTLD animal models, clarify the molecular
pathogenesis of FTLD, and identify therapeutic target
molecules. We will also conduct clinical researches
on the natural history of FTLD as well as pathological
analysis of postmortem brain. Our final goal is to
develop biomarkers for early diagnosis of FTLD and
therapies which enable to modify the disease course of
FTLD.

Nagoya University
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Elucidation of the pathomechanisms and development of a therapy for frontotemporal lobar
degeneration (FTLD) using newly-established Drosophila models
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Molecular genetic studies have unveiled key
molecules responsible for most neurodegenerative
diseases such as Alzheimer’s disease and Parkinson’s
disease, and research toward understanding their
pathogenesis and developing therapies is in progress.
Recently, TDP-43 and FUS, RNA-binding proteins,
have been identified as key molecules responsible
for frontotemporal lobar degeneration (FTLD), the
second most common neurodegenerative dementia,
and hence molecular-based research on FTLD has
just started. In this project, toward elucidation of the
pathomechanisms and development of a therapy for
FTLD, we employ Drosophila melanogaster to model
FTLD, taking advantage of its short life-span and
suitability for genetic and drug screening. Based on our
hypothesis that both toxic gain of function triggered
by aggregation of TDP-43 or FUS, as well as their
loss of function caused by mislocalization contribute
to the pathogenesis of FTLD, we will establish both
Drosophila models expressing TDP-43 or FUS, as well
as those deficient in TDP-43 or FUS. By combination
of genetic screening and gene expression analyses,
we will elucidate the candidate genes involved in the
pathomechanisms of FTLD. We will then validate
our data obtained from the Drosophila models, by
comparing them with data from FTLD patients and
mouse models in collaboration with the Nagoya
University group. We will also screen chemical
compound libraries using our Drosophila models, and
further evaluate the therapeutic efficacy of candidate
chemical compounds using FTLD mouse models,
toward developing a therapy for FTLD.
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