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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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Outline

ERETTIV/ Primate Models

Mission, Objectives

Maintenance of Systems for Creation and Spread of Primate Model Animals

Brain science is an important science for understanding
and developing new therapy for brain development
disorder, regulatory mechanism for aging and neurologic
diseases.

The brain science contributes improvement of medical
care and welfare because this research field enables
recovery or supplement of lost body function. To apply
these techniques for clinic, pre-clinical study to assess safety
and efficacy using non-human primate models are essential.

Common marmoset is expected to be useful non-
human primate model in brain science because this
animal can produce genetically modified animals with
germline transmission. On the other hand, many researcher
hope to use marmoset as laboratory animals, however
marmoset is not well spread because insufficient analysis
tools, high cost and lack of inbred animals. In this project,
genetically modified marmoset such as required mental
and nervous disease model will be produced and these

transgenic marmoset low cost supply system will be
established. To achieve this aim, in this project will develop
marmoset research tools, brain research model animals
and optimization of transgenic production techniques.
For development of marmoset research tools, marmoset
genome information and whole cytochrome P450 that is
important enzymes for drug metabolisms will be analyzed.
In development of brain research models, new transgenic
technology such as target gene knock-out or knock-in
will be improved. Furthermore, new analysis technics
will be developed using existing transgenic marmosets
and prove usefulness of transgenic marmoset models in
brain science. In addition, cost reduction technologies for
production transgenic marmoset such as optimization or
developing non-invasive of reproductive technologies will
be performed to spread transgenic marmoset in the brain
science community.

Research Works

© Improvement of
analysis tools

To analyze transgenic
marmoset, marmoset genome
information is essential. In this
project, marmoset genome
analysis will be performed
and genome browser will be
established. Furthermore, global
analysis of marmoset cytochrome
P450 that is important enzymes
for drug metabolisms, will be
performed to elucidate marmoset
drug metabolism characteristics.

© Development of
marmoset models

To develop useful transgenic
marmoset models in brain
science, new transgenic
technology such as target
gene knock-out or knock-in
will be improved. Furthermore,
new analysis technics will
be developed using existing
transgenic marmosets and
prove usefulness of transgenic
marmoset models in brain
science.

© Development of cost
reduction technology

To spread transgenic
marmoset, cost reduction
technologies for production
transgenic marmoset such as
optimization or developing
non-invasive of reproductive
technologies will be performed.
Animal care techniques,
providing marmoset tissues/
organs and research support will
be offered for new marmoset
user.

Transgenic marmoset spread
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Maintenance of Systems for Creation and Spread of Primate Model Animals
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SASAKI, Erika, PhD

Director, Center of Applied Developmental Biology,
Central Institute for Experimental Animals

1989 Graduated from Tsukuba University. Ph.D. degree in
Agriculture and Forestry from the University of Tsukuba in 1995,
Research Associate at University Tokyo, Institute of Medical
Science from 2001, Director of the Center of Applied Developmental
Biology since2013.
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To understand the mechanism of higher brain
function, onset of neurological disease and develop
therapy or  prophylaxis, non-human primate
experimental animals play important role because their
similarity to human. Especially, common marmoset
(Callithrix jacchus) is usefulness as an experimental
animal because they also has higher brain function
that is similar to human but they are small body
size and prolific animals. Furthermore, transgenic
marmosets have successfully produced since 2009
and only transgenic marmosets shown the transgene
transmission to the next generation. To utilize transgenic
non-human primate models in brain science, we will
challenge to generate endogenous target gene knock in
marmoset using genome editing techniques that would
be important models to uncover the gene function of
primate brain specific gene and mechanisms of higher
brain function. Furthermore, we will develop several
new non-invasive technics to produce transgenic
marmosets. These will contribute to not only reducing
the model cost but also to comply with animal ethics.
Together with these techniques, transgenic marmoset
would be a powerful model in brain science.

X - AR e KRB = e ~—Fkvh
Fig. Common marmoset is useful experimental animal
in brain science
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Development of gene targeting technology and establishment of genome information infrastructure

in common marmoset
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OKANO, Hideyuki, MD, PhD

Professor, Department of Physiology,
Keio University School of Medicine

1983 M.D. Keio University School of Medicine. 1988 Ph.D. (Dr.
of Medical Science), Keio University. 1994-1997 Professor,
Department of Molecular Neurobiology, Institute of Basic Medical
Sciences, University of Tsukuba. 1997-2001 Professor, Division
of Neuroanatomy, Department of Neuroscience, Osaka University
Graduate School of Medicine. 2001- Present Professor, Department
of Physiology, Keio University School of Medicine. 2007 Present
Chair, Graduate School of Medicine, Keio University. 2001
Nakaakira Tsukahara Award (from Brain Science Foundation). 2006
Minister Award of Ministry of Education, Culture, Sports, Science
and Technology. 2009 A Medal of Honor with Purple Ribbon.
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The common marmoset (Callithrix jacchus), a type
of new world monkey, has several advantages for use
as an experimental primate including their small size
(250400 g), ease of breeding, and high reproductive
efficiency. Moreover, we have recently developed
transgenic marmosets with germ line transmission.
The marmoset is expected to be useful as a nonhuman
primate model for human diseases in preclinical studies
and for the analysis of primate-specific, human-like
genetic functions.

Our project consists of three components.

1) Development of gene targeting technology for
knock-out and knock-in marmosets.

2) Evaluation of mutant a-synuclein and TDP-
43 transgenic marmosets as preclinical models for
Parkinson’s disease and ALS, respectively.

3) Increase the utility of marmoset as an experimental
primate by establishing their genome information
infrastructure of the common marmoset.

D BB TDP-43 N7V AV x =/ ~—F&vh
Fig. Mutant TDP-43 transgenic marmoset



M FHARICEREOEVEGRFREY—ELY ORI

Generation of transgenic common marmosets that are beneficial for neuroscience researches
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MATSUZAKI, Masanori, PhD

Professor, Division of Brain Circuits, National
Institute for Basic Biology

1994 Graduated from University of Tokyo, School of Science. 2001
Completed the doctoral course in Graduate School of Medicine,
University of Tokyo. 2002 Research Associate in National Institute
for Physiological Sciences. 2008 Associate Professor in Graduate
School of Medicine, University of Tokyo. 2010 Professor in NIBB.
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Transgenic common marmosets were the first
non-human primate transgenic lines to be reported.
Transgenic marmosets have potentially wide
applications in the neurosciences. Tet-on and Tet-off
transgenic marmosets could be used to amplify the
expression of exogenously introduced genes, which
would make them useful in models of neurological
disorders.

In this assignment, the main aim is to show that the
expression of Channelrhodopsin-2 (ChR2), a light-
gated cation channel, can be controlled in Tet-on
and Tet-off transgenic marmosets. We aim to use the
transgenic marmosets to establish a general method
to manipulate neuronal activity in the cerebral cortex,
thereby inducing behaviors in this non-human primate.
To speed up the analysis, we will directly introduce a
lentivirus vector carrying the Tre-ChR2 gene into the
Tet-on and Tet-off transgenic marmoset embryos and
perform photostimulation when they become adults.
Alternatively, we will introduce virus vectors carrying
the Tre-ChR2 gene into the cortexes of adult Tet-on and
Tet-off transgenic marmosets, and then after several
weeks, manipulate the neuronal activity. We will also
increase the number of animal lines of Tet-on and Tet-
off transgenic marmosets and then, establish a breeding
colony for their broad diffusion among neuroscientists.
Our final aims will be to develop a method that works
efficiently with gene products introduced into the Tet-
on and Tet-off transgenic marmosets and to establish
a colony of Tet-on and Tet-off transgenic marmosets.
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Comprehensive analysis of cytochrome P450 in Common Marmosets
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YAMAZAKI, Hiroshi, PhD

Professor, Laboratory Drug Metabolism and
Pharmacokinetics, Showa Pharmaceutical University

1985 Graduated from Gifu Pharma Univ Grad Sch, 1992 Ph.D.
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The common marmoset (Callithrix jacchus) is a
non human primate that could prove useful as human
pharmacokinetic and biomedical research models.
The cytochromes P450 (P450s) are a superfamily of
enzymes that have critical roles in drug metabolism and
disposition via monooxygenation of a broad range of
xenobiotics; however, information on some marmoset
P450s is currently limited. Therefore, identification and
quantitative analysis of those of P450s need to be carried
out in detail before the marmoset can be used as an animal
model in drug development. By means of massive parallel
long-read sequencing and short-read technology applied to
marmoset liver, intestine, kidney, and brain, the combined
next-generation sequencing analyses will be able to identify
novel marmoset drug-metabolizing P450 transcripts that
have until now been little reported. The promising results
will provide a foundation for mechanistic studies and pave
the way for the use of marmosets as model animals for
drug development in the future.
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Fig. Dual transcriptomic strategy for qualitative de
novo analysis of cDNA and quantitative analysis of
P450 gene expression in common marmosets



NEEFHREY—EtY FORRMEECH T -ETET 2RI OER - FFE]

Preparation and development of reproductive engineering technologies for effective production

of genetically modified marmosets
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Marmosets are becoming common experimental
animals, especially as next-generation human disease
models in experimental brain research such as that
on higher brain functions. However, genetically
homogeneous breeding colonies, exemplified by inbred
lines in rats and mice, are not available in marmosets.
This means that precise comparison between individual
marmosets is difficult, which presents a disadvantage
to increasing their usage as experimental animals.
To address this problem, we aim to establish the
methodology to create genetically homogeneous
marmoset colonies (identical offspring and clone
animals) by applying technologies for embryonic- and
somatic cell nuclear transfer and fertilized embryo
separation in marmosets, in collaboration with the
Central Institute for Experimental Animals, Japan.
We also aim to develop and improve reproductive
engineering technology, as more effective and
sophisticated technologies are necessary foundation
to achieve our goals. We believe that these initiatives
will promote the effective production of genetically
modified marmosets and their implementation as useful
experimental models in the life sciences.
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Fig. Production of genetic homogeneous marmosets
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