
    

 
Title of Project ： Characterization of repetitive sequences by 

epigenetic and epigenomic approache 
 

 

Tetsuji Kakutani  
(National Institute of Genetics, 
Department of Integrated Genetics, Professor) 
 

Research Area：Genetics, genome dynamics 
Keyword：transposon, DNA methylation, chromatin, evolution 
【Purpose and Background of the Research】 

 Epigenetic regulation is involved in diverse 
biological phenomena, such as development, 
aging, and cancer. The progress of epigenetics in 
the last decade is partly due to the power of 
molecular genetics using model organisms. In 
addition, “epigenomic” approaches to examine 
DNA methylation and other chromatin 
modifications have accelerated the progress of 
this research field. 
 On the other hand, recent results by multiple 
groups have implicated that epigenetic control is 
important for chromosome behavior and genome 
evolution. Repetitive sequences are not only 
potential threat to the genome stability but also 
involved in more complex biological phenomena 
such as genomic imprinting, reproduction, and 
development. Here, through molecular genetics 
and genomics of Arabidopsis, we will investigate 
the mechanisms to confine DNA methylation in 
repetitive sequences and the dynamics of 
repetitive sequences at the genome-wide level. 
 
【Research Methods】 

 (1) Characterization of transposon behavior at 
genome-wide level. Using genomic tilling array, 
we will examine modification and proliferation 
of transposons after external stimuli such as 
chromosome breaks and dedifferentiation. In 
addition, using mutants affecting epigenetic 
state, we will dissect the molecular mechanisms 
of the effects on the transposons. Furthermore, 
using natural strains of A. thaliana and other 
species in the genera Arabidopsis, we will try to 
understand the behavior of these transposons 
in the context of epigenetic controls. 
(2) Mechanisms to exclude DNA methylation 
from genic regions. DNA methylation 
contributes to stabilization of genome through 
silencing of transposons. On the other hand, 
DNA methylation is excluded from active genes, 
which depends on a jmjC-domain containing 
protein IBM1. We will study the mechanisms 
that IBM1 distinguishes genes and transposons 
through genetic and genomic approaches. 

【Expected Research Achievements and 
Scientific Significance】 

We aim to understand transposon dynamics 
and genome evolution in the context of 
epigenetic controls. We also try to understand 
how the differential DNA methylation patterns 
between transposon and active genes are 
generated.  
 
【Publications Relevant to the Project】 

1. Tsukahara S, Kobayashi A, Kawabe A, 
Mathieu O, Miura A, and Kakutani T 
(2009) Bursts of retrotransposition 
reproduced in Arabidopsis.  Nature 303, 
423-426 

2. Miura A, Nakmura M, Inagaki S, 
Kobayashi A, Saze H, and Kakutani T 
(2009) An Arabidopsis jmjC domain protein 
protects transcribed genes from DNA 
methylation at CHG sites.  EMBO J. 28, 
1078-1086 

3. Saze H, Shiraishi A, Miura A, and 
Kakutani T (2008) Control of Genic DNA 
methylation by a jmjC domain-containing 
protein in Arabidopsis thaliana.  Science 
319, 462-465 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 106, 700 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.nig.ac.jp/labs/AgrGen/home-j.html 
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Title of Project：Demonstration of Novel Brain Molecular 
Mechanisms Regulating Reproduction 

 
 

Kazuyoshi TSUTSUI 
(Waseda University, Department of Biology, Professor) 

                 
Research Area：Comparative Endocrinology, Neuroendocrinology, Reproductive Biology 
Keyword：Hypothalamic hormone, Pituitary hormone, Reproduction 
【Purpose and Background of the Research】 

 Background:The long history of 
"neuroendocrine science" teaches us that the 
identification of "novel neuropeptides" 
regulating the reproductive axis is essential for 
the progress of this research field. Reproductive 
function of vertebrates depends on the 
stimulatory action of gonadotropin-releasing 
hormone (GnRH), secreted by the 
hypothalamus. Until 2000, a hypothalamic 
neuropeptide inhibiting gonadotropin secretion 
was unknown in vertebrates. At this time, 
Tsutsui and colleagues discovered a novel avian 
hypothalamic neuropeptide that inhibits 
gonadotropin release, named 
gonadotropin-inhibitory hormone (GnIH). GnIH 
acts on gonadotropes in the pituitary and on 
GnRH neurons in the hypothalamus via 
GPR147, a novel G protein-coupled receptor for 
GnIH, to inhibit gonadal development and 
maintenance by decreasing gonadotropin 
release and synthesis in birds. Subsequently we 
found GnIH in the hypothalamus of a variety of 
vertebrates from fish to humans. Thus, GnIH is 
considered to have an evolutionarily conserved 
role in controlling reproduction across 
vertebrate species.  
  Purpose: A gonadotropin inhibitory system is 
an intriguing concept and provides us with an 
unprecedented opportunity to study the 
regulation of reproduction from an entirely 
novel standpoint. In this project, we will 
identify GnIH in the brain of protochordates 
and invertebrates as well. We will demonstrate 
novel brain molecular mechanisms regulating 
reproduction by GnIH actions. In this project, 
we will further analyze the mode of action and 
functional significance of GnIH underlying the 
regulation of reproduction. Finally, we will 
obtain novel therapeutic opportunities for 
reproductive dysfunction. 
【Research Methods】 

  This project will conduct the following 
researches. 
(1) GnIH signaling cascade in the target cells, 
gonadotropes (T3) and GnRH neurons 
(GT1-7).  
(2) Molecular mechanisms inducing GnIH 
expression by melatonin and DIO2, a new key 
gene regulating reproduction, and stress. 

(3) Molecular mechanisms regulating 
reproductive behavior by GnIH. 
(4) Effects of GnIH gene silencing by RNA 
interference (RNAi) in the brain on 
reproduction and reproductive behavior. 
(5) Roles of GnIH and its receptor in human 
reproductive dysfunction. 
(6) Identification of GnIH in the brain of 
protochordates and invertebrates to 
characterize evolutionary origin and history of 
GnIH.  
【Expected Research Achievements and 

Scientific Significance】 
  This project will demonstrate novel brain 
molecular mechanisms of the regulation of 
reproduction by GnIH. The generality of these 
novel mechanisms across animal species 
including humans will be obtained. This project 
will also demonstrate the presence of GnIH in 
the brain of protochordates and invertebrates 
and the evolutionary origin of GnIH based on its 
structural analyses. This project will be 
beneficial for the development of new 
therapeutic drugs against reproductive 
disorders in humans. 
【Publications Relevant to the Project】 

Tsutsui et al. (2000) BBRC 275, 661-667 
Yoshimura et al. (2003) Nature 426, 178-181 
Ukena & Tsutsui (2005) Mass Spectrom Rev 24,   
   469-486 (review) 
Ubuka et al. (2005) Proc Natl Acad Sci USA 102,  
   3052-3057 Nat Reviews Highlight 
Kriegsfeld et al. (2006) Proc Natl Acad Sci USA 

103, 2410-2415 
Ubuka et al. (2008) Endocrinology 149, 
268-278.   
Nakao et al. (2008) Nature 452, 317-322 
Kagami et al. (2008) Nat Genetics 40, 237-242  
Sekita et al. (2008) Nat Genetics 40, 243-248 
Ubuka et al. (2009) PLoS ONE 4, e8400 
Tsutsui (2009) Prog Neurobiol 88, 76-88 
    (review)  
Doi et al. (2010) Nat Medicine 16, 67-74 
Tsutsui et al. (2010) Front Neuroendocrinol  
    (review), in press 
【Term of Project】   FY2010-2014 
【Budget Allocation】 167,400 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://www.f.waseda.jp/k-tsutsui/ 
k-tsutsui@waseda.jp 

Biological Sciences (Biology) 
【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Elucidation of the mechanism of the control of protein  
trafficking at mitochondrial membranes 

 
Toshiya Endo 
( Nagoya University, Graduate School of Science, Professor ) 

 
 

Research Area：Biology, Biological science, Structural biochemistry 
Keyword：Protein, Organelles 
【Purpose and Background of the Research】 

Mitochondrial functions in yeast cells rely on the 
elaborate system that controls the trafficking of 
over 1000 different mitochondrial proteins.  
Our view on the mitochondrial protein traffic 
has been changing significantly due to recent 
findings of the mitochondrial internal structures, 
relationship between lipid compositions and 
mitochondrial protein traffic, redox control of the 
intermembrane space, mitochondrial-ER 
connections etc.  In the present project, we are 
aiming at revealing the entire picture of the 
mitochondrial protein traffic control system, 
highlighting the emerging concept of 
mitochondrial internal structures, connection 
with other organelles, new roles of membrane 
lipid compositions and redox state within 
mitochondria etc.  By doing so, we anticipate 
that a new paradigm of the relationship between 
intracellular structures and cellular functions 
will be unveiled. 

 
 
【Research Methods】 
(1) Search for components of the 
mitochondrial-ER tethering complex, (2) search 
for components of the contact site between the 
outer and inner mitochondrial membranes, (3) 
elucidation of the roles of Tim21-Qcr6 
interactions in protein sorting between the 
inner boundary membrane and cristae 
membrane, (4) search for new outer membrane 
factors mediating assembly of TA (tail-anchor) 
proteins into the outer membrane by 

identifying the crosslinking partners for Tom22, 
(5) elucidation of the functional network of 
components involved in protein and lipid 
biogenesis by characterizing the functions of 
Art5, a multi-copy suppressor for the 
maintenance factor Tam41, (6) revealing the 
structural basis of the functions of redox 
translocators including Tim40/Mia40 in the 
intermembrane space, and (7) determination of 
the structures of the translocator components 
including membrane-embedded ones. 
 
【Expected Research Achievements and 

Scientific Significance】 
Our goal is to understand the mechanism of the 
control of mitochondrial protein trafficking by 
revealing the entire network and interplay of 
the translocators and related soluble factors as 
well as shedding light on the roles of 
mitochondrial internal membrane structures, 
redox control and tethering with other 
organelles such as the ER.  This will pave the 
way to complete understanding of the principle 
of biogenesis of mitochondrial structures, and 
hopefully to the new technology of ‘organelle 
engineering’ that will allow us to alter and 
design new organellar functions.  
 
【Publications Relevant to the Project】 

S. Kawano, K. Yamano, T. Endo et al. (2009) 
Structural basis of yeast Tim40 as an oxidative 
translocator in the mitochondrial 
intermembrane space.  Proc. Natl. Acad. Sci. 
USA 106,14403-14407. 
Y. Tamura, Y. Harada, T. Endo et al. (2009) 
Tim23-Tim50 pair coordinates functions of 
translocators and motor proteins in 
mitochondrial protein import. J. Cell Biol. 184, 
129-141 (2009) 
 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 162, 000 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://biochem.chem.nagoya-u.ac.jp/ 

Biological Sciences (Biology) 
【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Structural and functional study of membrane 
proteins based on electron crystallography 

 

 

 

Yoshinori Fujiyoshi 
( Kyoto University, Graduate School of Science, Professor ) 
 

Research Area：Comprehensive fields 
Keyword：Molecular and cellular neuroscience 
【Purpose and Background of the Research】 

Our long-term goal is to understand molecular 
mechanisms forming human ability and 
personality. Membrane proteins, such as water 
channels, ion channels, connexin, acetylcholine 
receptor and ATPases, are key components to 
almost all fundamental processes in the 
nervous system from the propagation of nerve 
impulses to the integration and storage of 
information. Together with various research 
techniques, structural analyses of membrane 
proteins by electron microscopy are thus 
important for understanding of brain function. 
 
【Research Methods】 

Electron microscopy provides biological 
information over a wide range of resolutions. 
At the higher resolution, the more insight can 
be obtained on the structure-function 
relationship of the biomolecules. To minimize 
radiation damage restricting resolution of 
biological structure analysis, we developed a 
low-dose imaging system as well as an original 
cryo-electron microscope (EM) equipped with a 
very stable, helium-cooled specimen stage. By 
electron crystallography and the cryo-EM, we 
are going to analyze structures of membrane 
proteins of water channels, ion channels, 
connexin and H+,K+-ATPase. We are 
particularly interested in AQP4, the 
predominant water channel in the brain. It 
has been implicated in serious human diseases, 
such as bipolar disorder and mesial temporal 
lobe epilepsy, constituting AQP4 as a 
membrane protein of high biomedical 
importance. Using electron crystallography, 
we determined the structure of AQP4 and 
found that it has an adhesive function. This 
finding led us to propose the concept of 
“adhennels”, membrane channels with 
adhesive properties. We are currently working 
on the structure of several other adhennels, 
including gap junction channels (Cx26). We 
analyzed the structure of Cx26M34A mutant 
at 10Å resolution, which allowed us to propose 
the plug gating mechanism. We also solved the 

atomic structure of Cx26 by X-ray 
crystallography and proposed a model for a 
gating mechanism of transjunctional voltage. 
We are analyzing structure of Cx26M34A 
mutant at higher resolution for understanding 
complex gating mechanisms of gap junction 
channels. To solve channel structures, we are 
also studying bacterial voltage-sensitive 
Na+-channels. After many trials, we 
established a cysteine double mutant and are 
growing two-dimensional crystal, while the 
crystal quality does not yet suffice for 
high-resolution structure analysis. 
 
【Expected Research Achievements and 

Scientific Significance】 
In this project, we will advance research in 
“structural physiology” by studying structure 
and function of AQP4, AQP6, Na+-channels, gap 
junction channels and H+,K+-ATPase. 
 
【Publications Relevant to the Project】 

S. Maeda, S. Nakagawa, M. Suga, E. Yamashita, 
A. Oshima, Y. Fujiyoshi and T. Tsukihara; 
“Structure of the connexin-26 gap junction 
channel at 3.5 Å resolution.” Nature, 458, 
597-602 (2009). 
K. Tani, T. Mitsuma, Y. Hiroaki, A. Kamegawa,  
K. Nishikawa, Y. Tanimura and Y. Fujiyoshi; 
“Mechanism of Aquaporin-4's Fast and Highly 
Selective Water Conduction and Proton 
Exclusion.” J. Mol. Biol., 389, 694-706 (2009). 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167,100 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://em.biophys.kyoto-u.ac.jp/ 
yoshi@em.biophys.kyoto-u.ac.jp 

Biological Sciences (Biology) 
 

【Grant-in-Aid for Scientific Research(S)】                       
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Title of Project：Regulatory basis for biomotility: Chemo-mechanical  
feedback loop 

 

Shin’ichi Ishiwata 
( Waseda University, Faculty of Science and Engineering,  
Professor ) 

Research Area：Biophysics 
Keyword：Biomolecular motors, Auto-oscillation of the contractile system, Cell division 
【Purpose and Background of the Research】 

For many years we have been studying the 
functions of biomotile systems, focusing on their 
structural and functional hierarchy. We have 
clarified, in particular, the existence of the 
mechanochemical coupling between the 
intramolecular load and the enzymatic activity 
during the movement of single molecular motors 
such as kinesin and myosin V. In the present 
project, we will focus on the intracellular 
movement, auto-oscillation of the contractile 
system of muscle, and cell division as typical 
examples of biological movement, and try to 
make clear whether the forces produced by the 
molecular motors play an important role in the 
regulation of the elementary processes of motion 
such as transport/oscillation/division. That is, we 
will show that the chemo-mechanical feedback 
loop (CMF loop) exists throughout the whole 
hierarchical organization. 
 
【Research Methods】 

On the single-molecule level, we will examine 
the role of the CMF loop in the mechanisms of 
the motility and depolymerization/severing of 
cytoskeletal tracks, by measuring rupture force 
and determining binding mode of various 
myosins and regulating proteins with actin, as 
well as kinesins (such as MCAK) with 
microtubules. In the myofibrils we will focus on 
the molecular mechanism of the auto-oscillation 
(SPOC), especially in cardiac muscle, coupled 
with the construction of the theoretical model. 
Concerning cell division, we will concentrate on 
the balance of tension in the mechanism of 
chromosome segregation, perturbing it by 
applying external forces to the mitotic cells. 
This approach will allow us to confirm the 
existence of the CMF loop and make clear its 
mechanism on various levels of biological 
hierarchy. 

 
【Expected Research Achievements and 

Scientific Significance】 
To show clearly, on the molecular level, the 
existence of the CMF loop (acting in the 
direction as shown top right, as well as in the 
opposite direction), within the hierarchy of 
bio-motile systems, from single molecules and 
ensembles to supramolecular organizations, 
cells, and tissues. This will clarify the (common 

regulatory) mechanism of the biological motility 
and will possibly become a prime achievement 
of the biophysical research. 

CMF loop: <enzymatic activity  active 
conformational change  force generation  
passive deformation of molecules / molecular 
ensembles and architecture  modulation of 
enzymatic function> 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
【Publications Relevant to the Project】 

"Robust processivity of myosin V under off-axis 
loads." Y. Oguchi, S. V. Mikhailenko, T. Ohki, 
A. O. Olivares, E. M. De La Cruz & S. 
Ishiwata (2010). Nature Chem. Biol. 6, 
300-305. 

"Inter-sarcomere coordination in muscle 
revealed through individual sarcomere 
response to quick stretch." Y. Shimamoto, M. 
Suzuki, S. V. Mikhailenko, K. Yasuda & S. 
Ishiwata (2009). Proc. Natl. Acad. Sci. U.S.A. 
106, 11954-11959. 

"Probing the mechanical architecture of the 
vertebrate meiotic spindle." T. Itabashi, J. 
Takagi, Y. Shimamoto, H. Onoe, K. Kuwana, I. 
Shimoyama, J. Gaetz, T. M. Kapoor & S. 
Ishiwata (2009). Nature Methods 6, 167-172. 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167,500 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.ishiwata.phys.waseda.ac.jp/ 

Biological Sciences (Biology) 
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Title of Project：Post-transcriptional regulation associated with RNA 
modifications responsible for higher order biological 
processes 

 

Tsutomu Suzuki  
(The University of Tokyo, Graduate School of Engineering,  
Professor ) 

 
Research Area：Biology 
Keyword：RNA modification, RNA editing, mRNA, non-coding RNA 
【Purpose and Background of the Research】 

Higher order biological processes including 
development, differentiation and diseases are 
generated by sophisticated regulation of gene 
expression. Thus, it is critical to reveal the 
regulatory mechanism of gene expression for 
understanding the biological processes. It is a 
common knowledge that transcriptional 
regulation is a major factor in determining the 
gene expression. Recent genome wide analyses 
including transcriptome and proteome have 
revealed little correlation between the 
steady-state levels of mRNA and the level of the 
correnponding proteins. Meanwhile, non-coding 
RNAs, such as miRNAs or antisense RNAs, have 
emerged as key regulatory elements in gene 
expression. In addition, alternative splicing of 
mRNAs play a critical role to be involved in 
various regulation of gene expression and 
diversifying transcriptome. These facts indicated 
the presence of  post-transcriptional regulation 
as another major factor in determining the gene 
expression. This project aimed to study 
post-transcriptional regulation associated with 
RNA modifications responsible for higher order 
biological processes. This project consists of the 
following subprojects: (1) Exploring RNA 
modifications and their functional analyses, (2) 
Analyzing the terminal modifications and 
mechanism of selective stabilization of small 
RNAs, (3) Studying on genes responsible for 
RNA modifications and investigation of 
molecular pathogenesis of human diseases 
associated with RNA modification disorder. 
 
【Research Methods】 

We employ a highly sensitive detection system 
for cellular RNA molecules using mass 
spectrometry (RNA-MS) to determine the 
chemical structure of novel modifications and 
identify the position of modifications in RNA 
strands. We also explore RNA-modifying 
enzymes, and try to reconstitute the formation of 
RNA modifications in vitro, leading to our better 
understanding how to synthesize RNA 
modifications at a molecular level.  
 

【Expected Research Achievements and 
Scientific Significance】 

We expect to reveal a hidden layer of gene 
expression involved in biological processes by 
identifying novel RNA modifications. In addition, 
identification of genes responsible for RNA 
modifications enables us to study them by 
biochemical and genetic approach. Genome-wide 
determination of inosine sites will enable us to 
rapidly identify alteration in status of inosines 
caused by cerebropathies and neurological 
disorders as a means to elucidate the molecular 
pathogenesis or to be used as diagnostic 
markers. 
 
 
 
 
 
 
 
 
 
 
       

 
 
 
【Publications Relevant to the Project】 
・Ikeuchi et al. Agmatine-conjugated cytidine in 
tRNA anticodon essential for AUA decoding in 
archaea. Nat Chem Biol., 6, 277-282 (2010) 
・ Katoh et al. Selective stabilization of 
mammalian microRNAs by 3’-adenylation 
mediated by the cytoplasmic poly(A) 
polymerase GLD-2. Genes Dev., 23, 433-438 
(2009) 
・ Ohara et al. The 3’-termini of mouse 
piwi-interacting RNAs are 2’-O-methylated 
Nat Struct Mol Biol., 14, 349-350 (2007) 
【Term of Project】   FY2010-2014 
【Budget Allocation】 167, 300 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://rna.chem.t.u-tokyo.ac.jp/index_e.html 
ts@chembio.t.u-tokyo.ac.jp 

Biological Sciences (Biology) 
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Title of Project：Development Mechanism and Physiological 

                   Roles of Brown Fat Regulating Energy 
                   Expenditure 
 

Teruo Kawada 
(Kyoto University, Graduate School of Agriculture, Professor ) 

 
Research Area：Agriculture 
Keyword：Food function, Metabolic physiology, Nutritional biochemistry 
【Purpose and Background of the Research】 

  White adipocyte configures body fat, while brown 
adipocyte (brown fat) is the only cell in the human 
body engaged in specialized in heat production (Fig). 
Brown fat, which actively consume fat (triglyceride). 
Brown fat loss and depression have been shown to 
cause lifestyle-related diseases such as obesity and 
diabetes associated with it.  
  In order to clarify the differentiation mechanism 
and physiological role of histological distinct brown 
fat depots, the present study exploits develop- 
mental engineering techniques, fluorescence and 
magnetic resonance (MRI) detection techniques at 
the level of whole animals. And a novel cell base 
technique system has been designed to analyze the 
detailed differentiation molecular mechanism using 
pluripotent stem cells of human origin.The aim is to 
help improve the prevention of obesity related 
diseases such as diabetes and metabolic syndrome. 

 
  Fig. Shema of Heat production in brown fat 
 
【Research Methods】 

  In this study, we develop the research results of 
previous representatives, analyzed at the cellular 
level and an individual development mechanism 
occurs in the different type of brown adipose 
tissues capable of producing heat. 
 Therefore, we have investigated (1) the 
preparation of transgenic mice expressing brown 
fat-specific reporter gene with fluorescent protein, 
(2) the transgenic mice expressing brown 

fat-specific reporter gene with lysine rich protein, 
and (3) fluorescence and MRI techniques for novel 
imaging detection in whole animal to promote the 
development of functional evaluation of brown fat, 
(4) clarification of the molecular mechanism of 
brown fat differentiation by using the world's first 
human brown adipose cell lines. 
 
【Expected Research Achievements and 

Scientific Significance】 
  The differentiation mechanism and physiological 
roles of white fat have already accumulated a lot of 
knowledge. However, on the brown fat, there are 
many questions about the mechanisms determining 
the difference between white fat and brown fat.  
  We have found the brown fat inducing factors 
more than 15 years ago. The first result expected in 
this study is to be able analyze the mechanism of 
brown fat inducing factor in the whole animal level 
by a high-resolution techniques.  On the second 
result, brown fat cells by human pluripotent stem 
cells can elucidate the detailed molecular 
mechanisms of brown fat differentiation.  
  By contributing to elucidation of differentiation 
mechanism and physiological roles of brown fat, this 
study will promote the development of novel 
therapies for obesity-related common diseases such 
as diabetes, metabolic syndrome. 
 
【Publications Relevant to the Project】 
・Obesiry and fat energy metabolism：Strategy to 

metabolic syndrome（Kawada, T, Saito M, Ogawa T. 
eds）Kenpakusha Co. 2008 
・Nagase I, Yoshida T, Kumamoto K, Umekawa T, 

Sakane N, Nikami H, Kawada T, Saito M.  
Expression of uncoupling protein in skeletal 
muscle and white fat of obese mice treated with 
thermogenic beta 3-adrenergic agonist.  J Clin 
Invest. 97:2898-2904 (1994) 

【Term of Project】   FY2010-2014 
【Budget Allocation】 151, 600 Thousand Yen 
【Homepage Address and Other Contact 

Information】 
http://www.foodfunc.kais.kyoto-u.ac.jp 

Biological Sciences (Agricultural sciences)                   
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Title of Project：Elucidation of Sensory Systems for Food  
                Factors in View of Molecular  
                Epidemiology and Chemical Biology 
 

Hirofumi Tachibana 
(Kyushu University, Faculty of Agriculture, Associate Professor) 

 
Research Area：Food science 
Keyword：Food factor, Molecular epidemiology, Sensing molecule, Chemical biology 
【Purpose and Background of the Research】 

Organisms are exposed to a variety of 
exogenous signals including pathogens and 
foods in their environments. Sensory molecules 
such as Toll-like receptors play critical roles in 
pathogen-sensing and innate immune 
responses to maintain homeostasis.  In this 
context, the understanding of sensory systems 
for food factors is quite important both 
physiologically and biologically.  However, no 
systematic information is available regarding 
the molecular rationale for functionality of food 
factors. 
  We previously identified the cell-surface tea 
polyphenol (−)-epigallocatechin-3-gallate 
(EGCG) receptor that confers EGCG 
responsiveness to tumor cells including 
hepatoma, melanoma, multiple myeloma, and 
acute myeloid leukaemia.  The EGCG receptor 
has been shown to mediate the physiological 
activities of EGCG in basophils, adipocytes and 
aortic endothelial cells.   We further identified 
several signaling molecules that govern the 
EGCG action. We, therefore, focus the 
intracellular factors underlying sensitivity of 
our body to food factors with functionality.   
  In this research project, our goal is to identify 
novel molecules, novel pathways, and novel 
networks of sensory systems for food factors.   
 

 
 
 

【Research Methods】 
 To achieve our research objectives, we plan to 

carry out the following works. 
1) Identification of sensing molecules for 

functional food factors by using genetic 
suppressor element methodology. 

2) Imaging analysis of physiological actions of 
functional food factors. 

3) Collaborative analysis of the sensory 
systems and the spatiotemporal behaviors of 
food factors by using in situ metabolomic 
imaging. 

4) Validation of sensory systems for food factors 
in view of molecular epidemiology. 

 
【Expected Research Achievements and 

Scientific Significance】 
The understanding of sensory systems for food 
factors may be useful for development of 
personalized foods for health promotion, and 
give a molecular basis for food factor-food factor 
interactions which are important in food design.  
Research achievements of this project will 
provide the fundamental principles of 
functionality of foods in daily life.   
 
【Publications Relevant to the Project】 
・ Tachibana, H., et al. A receptor for green tea 
polyphenol EGCG.  Nat. Struct. Mol. Biol., 11, 
380-381 (2004). 
・ Umeda, D., Tachibana, H. et al. Green tea 
polyphenol epigallocatechin-3-gallate signaling 
pathway through 67-kDa laminin receptor.   
J. Biol. Chem., 283, 3050-3058 (2008). 
・ Byun, E.H., Tachibana, H. et al. TLR 4 
signaling inhibitory pathway induced by green 
tea polyphenol epigallocatechin-3-gallate 
through 67-kDa laminin receptor. J. Immunol., 
in press. 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 143,300 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.agr.kyushu-u.ac.jp/biosci-biotech/sy
okuryo/ 
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Title of Project：Risk Perception and Risk Communication,  
and the Establishment of Food and Agricultural  
Ethics/ Profession 

  

NIIYAMA, Yoko 
(Kyoto University, Graduate School of Agriculture, Professor) 

 
Research Area：Agricultural Economics 
Keyword：risk perception, risk communication, food communication, ethics of food business 
【Purpose and Background of the Research】 

The establishment of reguratly science for food 
safety, especially for support risk analysis, is the 
major subject in the world countries. This 
research takes a part of its. 
 This research focus risk communication is the 
most important element of risk analysis for food 
safety, and analysis the follows; [1]the analysis 
of risk perception of stakeholders by 
cross-cultural research for the improvement the 
gaps of risk communication, [2] the summary of 
the information of risk assessment/ risk 
management measures and the method/ 
examples of risk communication, and 
experiments of communication with our model, 
[3]the analysis of consumer recognition on food, 
agriculture, and environment by the method of 
behavioral economics, the summary of the  
texts of food communication in Japan, EU 
countries and north America, and the making  
food communication text, [4]the research on 
professional ethics of food business and 
agriculture and making a plan of the text, [5]the 
research on the systems of profession of food 
safety and making a plan of professional system 
for food safety in Japan. 
 
【Research Methods】 

In this research, the following research 
methods are used;  
[1]The cross-cultural survey research and 
psychological experiments on the perception of 
food related risks and public understanding 
risk information, 
[2]The experiments of communication on the 
information of risk assessment and risk 
management measures, 
[3] The analysis of consumer recognition on food, 
agriculture, and environment by the method of 
behavioral economics, 
[4] The cross-cultural survey research on the 
ethics of food business and agriculture,  
[5] The comparative survey research on the 
professional systems of food safety between 
Japan, EU countries and U.S...  
 
 
 
 
 

【Expected Research Achievements and 
Scientific Significance】 

In this research, expected achievements are 
following; 
[1] The probing heuristics in the public 
perception of food related risks and some parts 
of its reasons, 
[2] Cost-benefit analysis of a risk management 
measure and establishing a model of 
inter-active communication of food related 
risks, 
[3] The probing public recognition on food and 
agriculture and making risk communication 
text, 
[4] Making cross-cultural and institutional 
comparative models of a code of food business 
ethics for dealing with uncertainty and 
complexity on the problem in and the 
environments of food system, and making a 
plan of the text support for ethical decision 
making of food hygienic professionals, 
[5] Making a plan of professional system for 
food safety in Japan. 
 The contribution for establishing risk 
communication, food business ethics and 
professional system for food safety will be 
expected by these research achievements.  
 
【Publications Relevant to the Project】 

1. Niiyama, Y.: Reguratly science for 
supporting science based food safety public 
management, Orientation food safety； food 
safety and Science, the series of the Science 
Council of Japan No.16, 2010.   

2. Toshiyuki Tsutsui and Fumiko Kasuga: Assessment 
of impact of cattle testing strategies on human 
exposure to BSE agents in Japan, International 
Journal of Food Microbiology, 2006, 107 

3. Niiyama, Y.:  Theories of Food-Safety- 
System Practices. syo-wa-dou, 2004.3 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】83,100 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.agribusiness.kais.kyoto-u.ac.jp  
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Title of Project：Analysis of epigenome marks and transcriptome  
in the germ line by the next generation sequencer 

                     
     Tomohiro Kono 
     (Tokyo University of Agriculture, Department of Bio-Science,  

Professor) 
 

Research Area：Agriculture 
Keyword：Germ line cells, Epigenome, Transcriptome, DNA methylation 
【Purpose and Background of the Research】 

  To explore mechanisms underlying function of 
the germ cells is an important research theme in 
animal reproduction, reproductive medicine and 
developmental biology. Genome-wide dynamic 
changes of DNA methylation occur throughout 
gametogenesis in mammals.  Acquisition of the 
epigenome marks including the DNA 
methylation is particularly indispensable for 
functions of oocytes and sperm genomes. In this 
study, to gain better understanding of 
re-programming of the epigenome marks in 
mouse germ line, we conduct analysis of the 
genome-wide DNA methlayion status and 
transcriptome in the germ line cells. 
 
 
 

 
 

  Methylome analysis in mouse germ line 
 
【Research Methods】 

  DNA samples, which are prepared from germ 
line cells; PGCs, oocytes, spermprimordial germ 
cells, progonocyte, and non-growing oocytes etc, 
are treated with bisulphite to convert 
non-methylation cytosine to uracil. Using 
illumina Genome Analyzer, the DNA sequences 
are determined by high-throughput shotgun 
bisulphite sequencing method.  The sequenced 
data are mapped to the mouse genome 
reference to show each CpG methylation status 
in the whole genome. To evaluate regulation of 
gene expression, the transcriptome analysis is 
also conducted in germ line cells. 
 
 
 
 
 

【Expected Research Achievements and 
Scientific Significance】 

  This project provides the first extensive and 
high-resolution DNA methylome maps in 
mouse germ line cells.  Using these data, we 
can look over the whole reprogramming of 
epigenome marks.  This would contribute to 
progress of further understanding in various 
research fields such as animal production, cell 
differentiation and growth, stem cells function, 
gamete biology, and reproductive medicine, etc.  
Furthermore, if the obtained enormous data are 
up-loaded on database and open for public, the 

information will be extremely valuable.  
 DNA methylation map in chromosomes  
 
【Publications Relevant to the Project】 
 Kobayashi H, Kono T. et al. Identification of 

the mouse paternally expressed imprinted 
gene Zdbf2 on chromosome 1 and its imprinted 
human homolog ZDBF2 on chromosome 2. 
Genomics 93. 461-472, 2009. 

 Hiura H, Kono T. et al. Oocyte growth- 
dependent progression of maternal imprinting 
in mice. Genes to Cells 11. 353-361, 2006. 

 Kono T, Obata Y. et al. Birth of 
parthenogenetic mice that can develop to 
adulthood. Nature 428. 860-864, 2004. 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167,400 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.liaison-net.com/ridb/ridb?ucode=189
&usno=101221 
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Title of Project：Host cell response network in mononegavirus 
infection 

 

Chieko Kai 
(The University of Tokyo, Institute of Medical Science, Professor ) 

 
 

Research Area：Agricultural Sciences 
Keyword：Pathogenic microorganism 
【Purpose and Background of the Research】 

Nonsegmented negative-strand RNA viruses 
(mononegavirales) often cause systemic 
pathogenesis in patients with high fatality.  
Pathogenicity is a result of the battle between 
virus and host immunoresponse, and its entire 
picture is, despite the numerous intensive 
researches, hardly elucidated. 
  We have been studying three morbilliviruses 
belonging to mononegavirales and closely 
related Nipah virus (NiV) to decipher the 
mechanisms of pathogenicity. We have revealed 
that gene expression profiles of viral infected 
cells differ greatly, seemingly depending on the 
cell types and the viral strains. 
  In our research, the transcription regulatory 
network and protein interactions in the host 
cell response induced by viral infection will be 
studied for morbilliviruses, mainly rinderpest 
virus (RPV), and NiV using new 
whole-transcriptome technologies. Furthermore, 
effect of host cell response in viral pathogenicity 
will be assessed by using our established 
reverse genetics technique by which infectious 
virus are generated from genes, and analyses in 
animal models. 
 
【Research Methods】 

We will carry out CAGE and ultra-high- 
throughput sequencing to identify the entire 
population of transcripts induced after 
morbillivirus infection of epithelial and 
lymphoid cells, and decipher the cell 
type-specific regulatory network by 
bioinformatics analyses. Key transcription 
factors will be extracted from the network, and 
viral factors targeting such key factors will be 
identified using recombinant viruses generated 
with reverse genetics. 
  In addition, the interaction between virus 
and host proteins after morbillivirus infection 
will be explored using new transcriptome and 

proteomics technologies, and function of the 
candidate proteins will be analyzed. Similar 
analyses will be carried out for NiV, aiming to 
define the whole aspect of the transcription 
regulatory network. 
 

【Expected Research Achievements and 
Scientific Significance】 
Our research aims to comprehend the host 

cell response network triggered by 
mononegavirus infection for the first time.  
Findings in our research will contribute to the 
understanding of the unknown viral spreading 
strategy in infected bodies, mechanisms of 
pathogenicity in different tissues, 
immunosuppression, and persistent infection. 
 Mononegavirales contain number of emerging 
viruses, and many viruses belonging to the 
order cause significant diseases in animals and 
humans with high fatality. In our research, 
studies on an emerging virus NiV enable us to 
assess the involvement of host-cell response for 
the actual severe pathogenicity. Our findings 
will provide important and new aspects in 
prevention/treatment and drug development 
targeting host responsive factors. 
 
【Publications Relevant to the Project】 

Sato, H. and Kai, C. et al.  Measles virus 
induced cell-type specific changes in gene 
expression. Virology, 321-330, 2008. 
Yoneda, M. and Kai, C. et al. Establishment of a 
Nipah virus rescue system.  Proc. Natl. Acad. 
Sci., USA, 103(44), 16508-16513, 2006. 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167,400 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.ims.u-tokyo.ac.jp/jikkendoubutsu/in
dex.htm 
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Title of Project：Elucidation of regulation mechanism of calcification  
          in marine organisms toward preservation of  
          global environment 

 

Hiromichi Nagasawa 
(The University of Tokyo, Graduate School of Agricultural and 
Life Sciences, Professor) 

Research Area：Boundary agriculture 
Keyword：Environmental analysis 
【Purpose and Background of the Research】 

Fixation of carbon dioxide is classified into two 
groups, photosynthesis and calcification. 
Although the fixed amount of carbon dioxide by 
calcification is about 30-fold less than that by 
photosynthesis, the product, calcium carbonate, 
is put into a long-term global carbon cycle, 
thereby calcification being more important than 
photosynthesis. Calcification by marine 
organisms has been performed for more than 
500 million years and has contributed to the 
dramatic decrease of carbon dioxide content 
(0.04%) in the atmosphere by depositing 
calcium carbonate of their remains. The 
amount of calcium carbonate deposits reaches 
almost 90% of the total carbon on the earth. 
However, the mechanism of calcification by 
marine organisms remains unclear. This 
research aims at clarifying the mechanism of 
calcification in marine organisms to preserve 
global environment. 

 
【Research Methods】 

In general, calcification is presumably 
regulated by organic matrices in calcified 
tissues. To clarify the mechanism of 
calcification, we will determine the structure 
and function of important organic matrices in 
calcified tissues derived from various marine 
organisms including coccolithophores, corals, 
mollusks and crustaceans, which are major 
calcifying organisms, using combined 
techniques of bioorganic chemistry, molecular 
biology and mineralogy. Concerning coccoliths, 
we will focus on characterization of proteins on 
the base plate on which coccolith is formed. 
Since coral calcification has not been studied 
extensively from the standpoint of mechanism 
of calcification, we will search for novel matrix 
proteins responsible for calcification. We have 
been identifying organic matrices in both 
nacreous and prismatic layers of the Japanese 
pearl oyster. In this study, we will continue to 
find novel matrix proteins from the shell 
together with clarification of the 
structure-function relationship. Since 
crustaceans have a characteristic of carrying 
amorphous calcium carbonate in the calcified 
tissues, we will identify organic matrices 

inducing amorphous calcium carbonate. 
Though these studies, we will clarify the 
common mechanism underlying calcification in 
various marine organisms. The possible model 
for the roles of organic matrices is shown in the 
following figure. 

3) Soluble organic matrices
（Regulation of crystal growth
and morphology)

1) Insoluble organic matrices 
such as chitin, collagen and cellulose    
(Scaffold for crystallization)

2) Insoluble organic matrices
(Regulation of nucleation, 
crystal polymorphism and 

Orientation of crystals)

Crystal growth

3) Soluble organic matrices
（Regulation of crystal growth
and morphology)

1) Insoluble organic matrices 
such as chitin, collagen and cellulose    
(Scaffold for crystallization)

2) Insoluble organic matrices
(Regulation of nucleation, 
crystal polymorphism and 

Orientation of crystals)

Crystal growth

 
 
【Expected Research Achievements and 

Scientific Significance】 
The common mechanism of calcification among 
various calcareous marine organisms is 
expected to be clarified, and important organic 
matrices associated with calcification are 
identified. 
 
【Publications Relevant to the Project】 

1. L. Addadi & S. Weiner: Proc. Natl. Acad. Sci. 
USA, 82, 4110 (1985). 

2. H. A. Lowenstam & S. Weiner: On 
Biomineralization, Oxford Univ. Press (1989). 

3. K. Simkiss & K. M. Wilbur: 
Biomineralization- cell biology and mineral 
deposition, Academic Press (1989) 

4. N. Tsutsui et al.: Zool. Sci., 16, 619 (1999). 
5. H. Inoue et al.: Biosci. Biotechnol. Biochem., 

65, 1840 (2001). 
6. M.Suzuki et al.: Biochem. J., 382, 205 (2004). 
7. N. Ozaki et al.: Biochem. Biophys. Res. 

Commun., 357, 1172 (2007). 
8. M. Suzuki et al.: Science, 325, 1388 (2009). 
 
【Term of Project】   FY2010-2012 

 
【Budget Allocation】 117,500 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
Under construction 
E-mail: anagahi@mail.ecc.u-tokyo.ac.jp 
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Title of Project：Road to Gene Therapy with MEND: from gene carrier  
          to Nanomachine 
 
 

Hideyoshi Harashima  
( Hokkaido University, Faculty of Pharmaceutical Sciences,  
Professor ) 
 

Research Area：Boundary medicine 
Keyword：Drug delivery 
【Purpose and Background of the Research】 

The purpose of this study is to establish 
cutting edge technology that will permit gene 
therapy to be used successfully as the next 
generation nanomedicine. This novel 
technology allows for the control of, not only the 
biodistribution of nucleic acids but also 
intracellular trafficking as well as 
intra-organelle disposition (gene 
expression/gene correction), which means that 
these techniques achieve the level of 
nano-machine from a gene carrier.  

In this study, we plan to construct a 
TF-MEND(Triple Fusion-Multifunctional 
Envelope-type Nano Device) and functional 
nucleic acids as a core technology of 
nano-machine (as an intermediate goal), and 
then optimize these systems for nuclear 
targeting as well as mitochondrial targeting.  
In addition, a second goal is to extend their 
function to achieve the level of nano-machine, 
in the latter period. The ultimate goal of this 
project is to develop a system in which the 
TF-MEND selectively and efficiently delivers 
functional nucleic acids to 
nucleus/mitochondria  and to perform gene 
expression/gene correction in each organelle. 

 

【Research Methods】 
This study is involves the following aspects:1) 

construction of the TF-MEND, 2) design/ 
evaluation of functional nucleic acids, 3) 
Nanomachine for controlled intranuclear 
disposition, 4) the development of a 
nanomachine for mitochondrial gene therapy. In 
the first year, we plan to develop a new 

packaging method for the TF-MEND, optimize 
nuclear and mitochondrial delivery. In 2011, we 
plan to design a series of functional nucleic acids 
and evaluate their functions. Our intermediate 
goal is to have a core technology of 
nano-machines by encapsulating functional 
nucleic acids into the TF-MEND. We then plan 
to optimize our system with respect to the 
nucleus and mitochondria to achieve our final 
goal. 
 
【Expected Research Achievements and 

Scientific Significance】 
The TF-MENHD is a new system created in 

our laboratory.  It has the capability to 
overcome the rate-limiting steps associated with 
our preliminary systems such as the original 
MEND, the T-MEND and the MITO-Porter and 
is the top technology in the world by which not 
only biodistribution but also intracellular 
trafficking are controlled. In addition, functional 
nucleic acids encapsulated into the TF-MEND 
are endowed with abilities to perform gene 
expression/gene correction in the nucleus or 
mitochondria, which has never been achieved to 
date. Therefore, the new system proposed in this 
study could serve as both a “gene carrier” and  
a nanomachine, which has the potential to serve 
as a core technology for gene therapy originating 
from Japan. 

 
【Publications Relevant to the Project】 
1. H. Akita, et al. Multi-layered nano 

particles for penetrating the endosome and 
nuclear membrane via a step-wise 
membrane fusion process. Biomaterials 
30(15): 2940-9 (2009).  

2. Y. Yamada, et al. MITO-Porter: A 
liposome-based carrier system for delivery 
of macromolecules into mitochondria via 
membrane fusion. Biochim. Biophys. Acta 
1778(2): 423-32 (2008). 

 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 166,700 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】 
http://www.pharm.hokudai.ac.jp/yakusetu/inde
x.html 

Biological Sciences (Medicine, dentistry, and pharmacyⅠ)  
 

【Grant-in-Aid for Scientific Research(S)】                       

-113-

G
rant-in-Aid for Scientific

Research (S)



 

  

Title of Project ： Studies of alternative macroautophagy and    
its application for “Autophagic Diseases”  

 
                 Shigeomi Shimizu  
                 (Tokyo Medical and Dental University, Medical Research Institute,   
                  Professor ) 

 
Research Area：Cell Biology, Biochemistry 
Keyword：Autophagy, Cell Death 
【Purpose and Background of the Research】 
Macroautophagy is a process that leads to the 
bulk degradation of subcellular constituents 
through the creation of autophagosomes/ 
autolysosomes. This process contributes to the 
turnover of cytoplasmic components, and has 
important roles in tumor suppression, 
prevention of neuron degeneration, and so on. 
Previously, it was believed that Atg5 and Atg7 
are essential for induction of macroautophagy. 
However, recently we found that cells lacking 
Atg5 can still form autophagosomes/ 
autolysosomes, indicating that mammalian 
macroautophagy can occur via at least two 
different pathways (Fig. 1).  
 
 
 
 
 

 
 
 
 
 
 

Therefore, for better understanding of 
macroautophagy, we clarify both types of 
macroautophagy, particularly focusing on 
molecular mechanisms, physiological relevance, 
and pathological roles.     
 
【Research Methods】 

To achieve our objectives, we plan to carry out 
the following studies. 
(1) Molecular mechanisms of Alternative 
macroautophagy 
 First, we will classify autophagy-related 
molecules according to the type of 
macroautophagy in which they are involved. We 
will also identify novel molecules that are 
specifically involved in the alternate process of 
macroautophagy by using chemical biology 
methods.  
(2) Physiological roles of macroautophagy 
 Gene deficient mice in which alternative 
macroautophagy is impaired, will be studied to 
elucidate the physiological roles of alternative 

macroautophagy. 
(3) Analysis of “Autophagy Diseases” 
 We will identify the autophagy-related 
diseases, and elucidate their pathogenesis. 
(4) Drug Discovery against “Autophagy 
Diseases” 
 We will discover autophagy-inducing small 
compounds for applying “Autophagy Diseases”.     
 
【Expected Research Achievements and 

Scientific Significance】 
 We will carry out the study elucidating both 
conventional and alternative macroautophagy 
that are based on our innovative achievements.  
We will establish a new disease concept called 
“autophagy diseases”, and begin to develop its 
treatment method.  
 We expect the following results. (1) 
Elucidation of physiological and pathological 
roles of macroautophagy. (2) Contribution of 
diagnosis and therapy for autophagy-related 
diseases.    
 
【Publications Relevant to the Project】 
・ Nishida, Y., Arakawa, S., Fujitani, K., 

Yamaguchi, H., Mizuta, T., Kanaseki, T., 
Komatsu, M., Otsu, K., Tsujimoto, Y. and 
Shimizu, S. Discovery of Atg5/Atg7- 
independent alternative macroautophagy. 
Nature 461, 654-658 (2009) 

・ Shimizu, S., Kanaseki, T., Mizushima, N., 
Mizuta, K., Arakawa-Kobayashi, S., 
Thompson, C.B. and Tsujimoto, Y. Role of 
Bcl-2 family proteins in a non-apoptotic 
programmed cell death dependent on 
autophagy genes. Nature Cell Biol. 6, 
1221-1228 (2004) 

 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167, 200 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
http://www.tmd.ac.jp/mri/pcb/index.html 
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Title of Project：Study of the metabolic regulation based on the  
elucidation of molecular function of Klotho family 

 
Yo-ichi Nabeshima M.D. & Ph.D. 
(Foundation for Biomedical Research and Innovation, President) 

 
 

Research Area：Medicine, dentistry, and pharmacy 
Keyword：Biomolecular medicine, Aging medicine, Molecular pathogenesis, Klotho, FGF19 

subfamily 
【Purpose and Background of the Research】 
The discovery of -Klotho, -Klotho and 
FGF19 subfamily has brought a new 
system that covers regulations of mineral, 
lipid, glucose and energy metabolisms. In 
this project, we will analyze molecular 
functions and physiological roles of above 
members asfollows. 
Project 1：Study the molecular mechanism 
required for the tissue specific signal 
transduction of FGF23 and FGF19 by 
analyzing how -Klotho and -Klotho 
specifically and distinctly recognize FGF23 
and FGF19, respectively.  
Project 2:Identification of third molecules 
required for the tissue specific signaling of 
FGF21 and the analyses of biological roles 
of the new factor and FGF21 complex. 
Project 3:Study the mechanism that 
controls -Klotho・Na+,K+ATPas complex 
formation. 
Project 4: Study the molecular roles of 
-Klotho complexes in the regulation of 
lipid and cholesterol metabolism. 

 
【Research Methods】 
Project 1：We will analyze the sugar chain 
structures of FGF23 and FGF19 which 
contribute to the formations of 
-Klotho/FGF23 and -Klotho/FGF19 
complexes. We will also determine 
three-dimensional structures of putative 
enzyme active centers of -Klotho and 
Klotho, and next study how -Klotho and 
-Klotho specifically recognize sugar 
chains of FGF23 and FGF19, respectively.  
Project 2: We will analyze the fully active 
and functional form of FGF21 and next 
identify the new factor by analyzing the 

molecular components of active 
FGF21/FGFR/ unknown factor complex required 
for the FGF21 signaling. Then, we analyze the 
roles of post-translational modifications of 
FGF21 in complex formation and the roles of new 
factor in FGF21 signaling and metabolic 
regulation. 
Project 3: We will characterize structures 
required for the complex formation of -Klotho 
Na+,K+ATPase to clarify -Klotho dependent 
recycling mechanism of Na+,K+ATPase.  
Project4: We have identified Klotho binding 
proteins. Next, we analyze the effects of 
administrations of amino acids, insulin, fatty 
acid, bile acids and high fat diet, and fasting on 
the functions of Klotho complexes. By using 
genetic modifications of newly identified binding 
factors, we will discuss the roles of Klotho 
complexes in lipid and cholesterol metabolism. 
【Expected Research Achievements and 

Scientific Significance】 
The regulations of mineral, lipid, glucose 
and energy metabolisms are essential for 
the maintenance and survival of animals 
and closely involved in the occurrence of 
life-style related disease and aging 
mechanism. This study will contribute to 
establish new insights into this field and 
thus is tremendously important for basic 
life science and biomedical applications 
and innovations.      
【Publications Relevant to the Project】 

1. Tomiyama K. Maeda R. Imura A. Nabeshima 
Y. et al. Relevant use of Klotho in FGF19 
subfamily signaling system in vivo.  Proc. Natl. 
Acad. Sci. USA 107; 1666-1671 (2010) 
2. Imura A. Tsuji J. Murata M. Nabeshima Y. et 
al. -Klotho as a regulator of Calcium 
homeostasis. Science 316, 1615-1618 (2007)  
3.Ito S. Fujimori T. Nabeshima Y. et al. 
Impaired negative feedback suppression of bile 
acid synthesis in mice lacking -Klotho.  J. 
Clin. Invest. 115, 2202-2208 (2005) 
4. Kuro-o M.Mutation of the mouse Klotho gene 
leads to a syndrome resembling ageing.  
Nature 390, 45-51 (1997) 
【Term of Project】   FY2010-2014 
【Budget Allocation】167,300 Thousand Yen 
【Homepage Address and Other Contact 
 Information】http://www.ibri-kobe.org 
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Title of Project：Functional analysis of newly identified 
       “Natural Helper” cells 
 

 

 Shigeo Koyasu 
(Keio University, School of Medicine, Professor) 
 

Research Area：Immunology 
Keyword：Cytokines, lymphocytes, Innate immunity, Allergy/immune-related disorder 
【Purpose and Background of the Research】 

   We have identified a new type of innate 
lymphocyte present in a novel lymphoid 
structure associated with adipose tissues in the 
peritoneal cavity, which we named “FALC” for 
fat-associated lymphoid cluster. FALC contains a 
cell population expressing c-Kit, IL-2R, IL-7R 
and IL-33R without lineage (Lin) markers. 
These cells proliferate in response to IL-2 and 
produce Th2 cytokines, IL-5 and IL-13 in 
response to IL-33. A combination of IL-2 and 
IL-25 can also induce Th2 cytokine production. 
IL-5 produced by these cells supports 
self-renewal of B1 cells in the peritoneal cavity. 
IL-13 produced by these cells induces intestinal 
goblet cell hyperplasia upon helminth infection. 
Based on these characteristics, we named these 
cells “natural helper (NH)” cells. The aim of this 
study is to uncover the developmental pathway 
of NH cells, their functions in helminth infection 
and allergic disorders. 
 
【Research Methods】 

1) Developmental pathway of NH cells. 
   It was suggested that both IL-7 and SCF are 
involved in the development of NH cells. We 
will determine the functional relationship of 
these pathways by examining mice deficient for 
these molecules and neutralizing antibodies for 
these molecules. We will also determine the 
characteristics of precursor cells, trafficking of 
precursor cells, chemokines and adipokines in 
order to elucidate the developmental pathway 
leading NH cells to adipose tissues. 
2) Role of cytokines on NH cell functions.   
   IL-33 produced by epithelial cells, 
endothelial cells and adipocytes induces Th2 
cytokine production by NH cells. Although 
IL-25 has been reported to induce rapid Th2 
cytokine production by non-T/non-B cells upon 
helminth infection, IL-25 alone is insufficient 
for Th2 cytokine induction by NH cells. A 
combination of IL-2 and IL-25 can induce Th2 
cytokines by NH cells, suggesting the 
involvement of T cells. To uncover the role of 
IL-33 and IL-25, we will use mice deficient for 
IL-2 and IL-33R and examine the role of these 
cytokines in Th2 cytokine production upon 
helminth infection.  

3) Functional interaction between NH cells and 
adaptive immunity 
   To further examine the relationship of NH 
cells and adaptive immune response, we will 
employ c-/-Rag2-/- mice lacking T, B, NK and NH 
cells. We will adoptively transfer various types 
of cells into c-/-Rag2-/- mice and infect the 
recipient mice with helminth or induce food 
allergy. We expect these experiments will give 
us information how NH cells and adoptive 
immune response by T and B cells cooperate 
during helminth infection and allergic 
reactions. 
 
【Expected Research Achievements and 

Scientific Significance】 
   Although it has been known that helminth 
infection rapidly induces Th2 cytokine 
production by non-T/non-B cells but the identity 
of such non-T/non-B cells has been unknown. 
Our previous study strongly indicates that 
those cells are NH cells. Our proposed study 
will uncover the role of NH cells in helminth 
infection. The mechanisms how NH cells and 
adaptive immune responses cooperate will also 
be revealed. Because IL-5 andIL-13 are 
important mediator of various allergic diseases: 
IL-5 induced eosinophillia and IL-13 induces 
goblet cell hyperplasia. Our study will uncover 
the role of NH cells in allergic diseases as well. 
 
【Publications Relevant to the Project】 

Moro, K., Yamada, T., Tanabe, M., Takeuchi, T., 
Ikawa, T., Kawamoto, H., Furusawa, J.-I., 
Ohtani, M., Fujii, H. and Koyasu, S. (2010) 
Innate production of Th2 cytokines by adipose 
tissue-associated c-Kit+Sca-1+ lymphoid cells. 
Nature 463:540-544. 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 166,800 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】 
 Website: http://www.koyasu.umin.ne.jp  
E-mail: koyasu@sc.itc.keio.ac.jp 
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 Title of Project：Designing and Developing Innovative Use of Newly 

Discovered Colonic Epithelial Culture Method 
Applicable to Clinical Medicine 

 
    Mamoru Watanabe 
    （Tokyo Medical and Dental University, 

Graduate School of Medical and Dental Sciences, Professor） 
 

Research Area：Medical Science 
Keyword：Gastrointestinal Disease, Colonic Disease 
【Purpose and Background of the Research】 

Progress in gastrointestinal stem cell research 
and its clinical application have been hampered 
by the lack of suitable in vitro culture technique 
for gastrointestinal epithelial cells. Recently we 
have developed a novel methodology to isolate 
and maintain normal colonic epithelial cells in 
vitro under serum- and mesenchyme-free 
conditions. In this project, we will apply this 
new technology to investigate the functional 
properties of normal colonic epithelium, and 
also to develop strategies for clinical use of 
these cultured colonic epithelial cells. 
【Research Methods】 

The culture method that we have established 
allows us to maintain and expand 
non-transformed murine colonic epithelial cells 
over a long time period under serum- and 
mesenchyme-free conditions. We will take 
advantage of this technology for the following 
projects by combining various methods of 
molecular biology and cellular biology.  
1) Establishment of a culture system for pure 
colonic epithelial stem cells 
We will advance our technology to establish a 
method that allows us to isolate and expand 
pure colonic stem cells. For this, we will devise a 
tool to visualize the stem cell populations 
employing a fluorescent reporter system in 
combination with the lentiviral vector 
technologies. 
2) Functional analysis of normal colonic 
epithelial cells in vitro 
To date, transformed cells or the cells derived 
from human colorectal cancer tissues have been 
the only materials by which cellular functions of 
colonic epithelium can be investigated. Our 
culture method will for the first time provide 
experimental systems to analyze important 
functions of normal colonic epithelial cells. We 
will study the feasibility of assessing the 
physiological colonic epithelial functions such as 
absorption/secretion, cytokine production, and so 
forth.  
3) Development of a cell based therapy to treat 
colonic epithelial injuries 
We will assess the feasibility of a cell-based 

therapy by transplanting cultured colonic 
epithelial cells into various animal models of 
colonic diseases.  
4) Establishment of an equivalent culture 
method for human colonic epithelial cells 
To develop strategies for clinical use of this 
methodology, we will try to create the technical 
basis of in vitro culture for the human colonic 
epithelial cells. 
【Expected Research Achievements and 

Scientific Significance】 
Our research project seeks to analyze the 
functional properties of colonic epithelial cells 
that contain stem cell populations. We expect 
that the output of this project will have 
significant impacts on our understanding of 
how colonic stem cells behave under 
physiological and pathological conditions from a 
new standpoint. In addition, our project is also 
expected to stimulate research toward clinical 
applications of in vitro cultured colonic cells. 
What we will achieve in this project will 
suggest realistic scenarios for therapeutic use of 
these cells in cell-based therapies to colonic 
epithelial injuries in humans, or their 
diagnostic use as a tool for the personalized 
medicine. 
【Publications Relevant to the Project】 

1) Okamoto R, Yajima T, Yamazaki M, Kanai T, 
Mukai M, Okamoto S, Ikeda Y, Hibi T, Inazawa 
J, Watanabe M: Damaged epithelia regenerated 
by bone marrow-derived cells in the human 
gastrointestinal tract. Nature Med. 8: 
1011-1017, 2002. 
2) Tsuchiya K, Nakamura T, Okamoto R, Kanai 
T, Watanabe M: Reciprocal targeting of Hath1 
and β -catenin by Wnt-glycogen synthase 
kinase 3 β in human colon cancer. 
Gastroenterology. 132: 208-220, 2007. 
【Term of Project】    FY2010-2014 
【Budget Allocation】  166, 900 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
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Title of Project：KLF network in chronic diseases and cancer 
 

 

Ryozo Nagai 
( The University of Tokyo Hospital, Professor) 
 
 

Research Area：Medicine, dentistry, and pharmacy 
Keyword：Molecular vascular biology 
【Purpose and Background of the Research】 

The Krüppel-like factor family consists of 17 
zinc-finger-type transcription factors.  KLFs 
are known to play important roles in 
development, cell differentiation, stem cells, and 
various diseases.  KLF4 is required for 
induction of iPS cells. 
  We have demonstrated that KLF5 is one of the 
key molecules involved in development of 
cardiovascular disease and metabolic syndrome.  
Recently, we found that KLF5 also plays a role 
in chronic kidney disease.  Members of the KLF 
family are suggested to interact with each other. 
  In this project, we will analyze the 
transcription factor networks that control 
initiation and development of cardiovascular, 
renal and metabolic diseases, and cancer.  In 
particular, we will focus on KLFs, such as KLF5.  
Our study aims to elucidate the common 
pathological mechanisms underling chronic 
diseases.  We will also develop novel 
therapeutic strategies against the molecular 
mechanisms. 
 
【Research Methods】 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
We will analyze the functional roles of KLF5 
and other KLF members in cardiovascular, 

renal, and metabolic diseases, and cancer using 
technologies, such as tissue-specific genetically 
altered mice.  We will elucidate the common 
molecular mechanisms underling those various 
diseases.  We will focus on cardiac hypertrophy, 
heart failure, chronic kidney disease, metabolic 
syndrome, diabetes, and cancer. 

 
【Expected Research Achievements and 

Scientific Significance】 
  Results of our previous studies strongly 
suggest that KLF5 is a key molecule for 
development of various diseases, including 
cardiovascular and metabolic diseases, and 
cancer.  Our study is aim to elucidate the 
common pathological mechanisms underling 
chronic diseases and cancer.  Our study would 
also lead to development of novel therapeutic 
strategies against the common pathogenic 
mechanisms. 

 
【Publications Relevant to the Project】 
· Takeda N, Manabe I, Uchino Y, Eguchi K, 

Matsumoto S, Nishimura S, Shindo T, Sano 
M, Otsu K, Snider P, Conway SJ, Nagai R. 
Cardiac fibroblasts are essential for the 
adaptive response of the murine heart to 
pressure overload. J Clin Invest 120:254-265, 
2010. 

· Nishimura S, Manabe I, Nagasaki M, Eto K, 
Yamashita H, Ohsugi M, Otsu M, Hara K, 
Ueki K, Sugiura S, Yoshimura K, Kadowaki T, 
Nagai R. CD8+ effector T cells contribute to 
macrophage recruitment and adipose tissue 
inflammation in obesity. Nat Med 15:914-920, 
2009. 

· Oishi Y, Manabe I, Tobe K, Ohsugi M, Kubota 
T, Fujiu K, Maemura K, Kubota N, Kadowaki 
T, Nagai R. SUMOylation of Kruppel-like 
transcription factor 5 acts as a molecular 
switch in transcriptional programs of lipid 
metabolism involving PPAR-[delta]. Nat Med 
14:656-666, 2008. 

 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 167,400 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】  http://plaza.umin.ac.jp/nagai 
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Title of Project： Integrative approaches toward the development of 
next-generation therapeutics for myocardial 
infarction. 

 

Thomas N. Sato 
( Nara Institute of Science and Technology, Graduate School of 

Biological Science, Professor ) 
 

Research Area：Medicine, Dentistry, Pharmacology 
Keyword：Molecular Cardiovascular Science 
【Purpose and Background of the Research】 

Myocardial infarction, commonly known as 
heart attack, is a leading cause of death for men 
and women in all industrialized countries in the 
world.  Myocardial infarction is caused by 
blockage of the coronary artery, one of the major 
arteries in the heart.  This condition leads to 
the oxygen- and nutrients-deprivation of the 
heart, which then causes cardiac muscle cell 
death, and eventually results in cardiac 
dysfunction. 

There are three major therapeutic 
approaches to treat myocardial infarction.  The 
first is to regenerate cardiac muscle cells.  
Another way is to induce new blood vessel 
formation to enhance oxygen and nutrients 
delivery to the damaged heart (i.e., therapeutic 
angiogenesis).  The last, but not the least, is to 
partially suppress cardiac fibrosis, the scar 
tissue formation in the damaged heart.  The 
scar in the heart, not only causes the defects in 
the cardiac functions, but also interferes with 
the cardiac muscle regeneration and the new 
blood vessel formation.   

Development of therapeutics based on each 
of these individual approaches has been 
extensively pursued.  However, very few 
studies have been successful in integrating 
these three approaches to develop effective 
therapies to treat myocardial infarction.  To 
achieve this goal, we propose the following two 
specific aims. 

Aim 1. To uncover mechanisms by which 
three major pathological processes in 
myocardial infarction (i.e.. cardiac muscle death, 
blood vessel formation, and fibrosis) are 
orchestrated. 

Aim 2. To develop a new and effective 
integrative approaches to treat myocardial 
infarction by accomplishing three major 
therapeutic goals (cardiac muscle regeneration, 
therapeutic angiogenesis and controlling 
fibrosis). 
【Research Methods】 

We will use biochemical and cell biological 
methods in combination with mouse and 

zebrafish models to accomplish our proposed 
goals.  We also use these methods and animal 
models to develop gene therapy methods, to 
screen and identify small chemicals, and to 
identify molecular targets, which will be useful 
to accomplish our therapeutic goals to treat 
myocardial infarction. 
【Expected Research Achievements and 

Scientific Significance】 
It is expected that our integrative approaches 

will lead to the invention of new therapeutics to 
effectively treat myocardial infarction (Fig.1).  
Thus, our successful accomplishment of the 
proposed research goals contributes to 
improving our health. 

 
【Publications Relevant to the Project】 
 K. Kobayashi, et. al., (2009) Secreted 

Frizzled related protein 2 is a procollagen 
C-proteinase enhancer with a key role in 
fibrosis associated with myocardial 
infarction.  Nature Cell Biol. 11:46-55. 

 R.P. Visconti, et. al., (2002). Orchestration 
of angiogenesis and arteriovenous 
contribution by angiopoietins and vascular 
endothelial growth factor (VEGF). Proc. 
Natl. Acad. Sci. USA 99: 8219-8224. 

【Term of Project】   FY2010-2014 
【Budget Allocation】 127, 400 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://bsw3.naist.jp/tns/ 

 
Fig. 1. Integrative approaches toward the 
development of next-generation 
therapeutics for myocardial infarction. 
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Title of Project：Establishment of a New Disease Entity as  
Astrocytopathy, and Studies on the Pathogenesis  
and Treatment for Neuromyelitis Optica 

 

Yasuto Itoyama 
(National Center Hospital, National Center of Neurology and 
Psychiatry, Director General) 
 

Research Area：Medicine, dentistry, and pharmacy 
Keyword：Neuroimmunology 
【Purpose and Background of the Research】 

Neuromyelitis optica (NMO) is an intractable 
neurologic disease characterized by recurrent 
severe optic neuritis and transverse myelitis. 
Since NMO has been considered a type of 
multiple sclerosis (MS), and termed optic-spinal 
MS in Japan, there has been much confusion of 
its diagnosis and treatment. However, 
NMO-specific aquaporin 4 (AQP4) antibody was 
discovered through a collaborative study by our 
group and Mayo Clinic, and we have suggested 
that NMO is a distinct entity from MS. Moreover, 
we found an immunohistological loss of AQP4 in 
NMO lesions and proposed that NMO is a new 
disease entity as an immune-mediated 
astrocytopathy. The objectives of the present 
study are to establish this disease entity, 
elucidate the immunopathogenesis, and develop 
preventive measures and therapies for NMO. 
 
【Research Methods】 

1. Establishment of a New Disease Entity for 
NMO --Immune-mediated Astrocytopathy-- 
(1)Building clinical entity of NMO:We will 
analyze the clinical and laboratory data of over 
700 NMO cases that we have collected. 
(2)Classification of brain lesions:Brain lesions 
in NMO will be classified to clarify the clinical 
manifestations and frequencies, and the 
relation with spinal cord lesions and they will 
be compared with MS. 
2. Elucidation of Pathogenesis of NMO 
--Astrocytopathy targeting AQP4-- 
(1)Neuropathological analysis: We will examine 
astrocytic damage unique to NMO by light and 
electron microscopic analyses of the autopsied 
brain and spinal cord. (2)Analysis of 
cerebrospinal fluid (CSF):Levels of astrocyte 
proteins like glial fibrillar acidic protein and 
S-100 in CSF will be compared with those of 
myelin basic protein and neurofilament, for 
comparison of damage of astrocytes with those 
of myelins and neurons. (3)Experimental 
studies (in vitro):Cytotoxicity of AQP4 antibody 
to cultured astrocytes will be examined. B cell 
marker analysis and in vitro production of 
AQP4 antibody by lymphocytes will also be 
studied. (4)Experimental studies (in 

vivo):AQP4 antibody will be administered 
under various circumstances in experimental 
autoimmune encephalomyelitis will be 
examined, and the antibody’s role in the 
formation of NMO-like lesions will be analyzed. 
3. Prevention of NMO and establishment of 
therapy 
(1)Why AQP4 antibody is produced and how the 
antibody penetrates the blood-brain barrier 
remain unclear. We will study viral infections 
and antigens homologous to AQP4 to reveal the 
mechanism of the antibody production. 
(2)Building diagnosis and treatment system:We 
will promote early diagnosis of NMO including 
AQP4 antibody tests, and develop therapies, 
such as low-dose corticosteroids to prevent 
relapse, and improve the patients’ QOL.  
 
【Expected Research Achievements and 

Scientific Significance】 
The present study will be of great significance 
by clarification of the pathogenesis of 
astrocytopathy in NMO and by development of 
the preventive measures and new therapies. 
Since the proportion of NMO patients is  
higher in Japan and other Asian countries than 
those in Western countries, the patients and 
families long for the establishment of effective 
prevention and therapy of NMO.  
 
【Publications Relevant to the Project】 
・Misu T, Fujihara K, Kakita A, et al. Loss of 

aquaporin-4 in lesions of neuromyelitis optica: 
distinction from multiple sclerosis. Brain, 
130:1224-1234, 2007. 
・Takahashi T, Fujihara K, Nakashima I, et al. 

Anti-aquaporin-4 antibody is involved in the 
pathogenesis of NMO: a study on antibody titer. 
Brain, 130:1235-1243, 2007. 
 
【Term of Project】   FY2010-2014 
 
【Budget Allocation】 150,600 Thousand Yen 
 
【 Homepage Address and Other Contact 

Information】 
http://www.ms.med.tohoku.ac.jp/index.html 
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Title of Project：The Epigenomic Analysis of Obesity and Insulin 
Resistance 

 

Juro Sakai 
(The University of Tokyo, Research Center for Advanced 

Science and Technology, Professor) 
 

Research Area：Medicine, Dentistry, and Pharmacology 
Keyword：Metabolic syndrome 
【Purpose and Background of the Research】 

Obesity, type 2 diabetes, atherosclerosis, which 
is often clustered and called metabolic syndrome, 
is a multifactorial disease in which inherited 
allelic variation, together with environmental 
variation, determines the predisposition of an 
individual to developing the disease.  
Epigenetics is caused by chromatin 
modifications such as DNA methylations and 
histone modifications not by changes in the 
underlying DNA sequences. Stimuli from cell 
surfaces are transmitted to the nucleus thereby 
induces chromatin modifications.  Recent study 
has suggested that environmental stimuli are 
closely related to obesity and insulin resistance.  
We have recently demonstrated that H3K9 
methylation is related to obesity. In this project 
we further investigate the epigenetic role in the 
development of obesity and glyco-lipid 
metabolism.   

 
【Research Methods】 

In 3T3-L1 adipocyte, using next generation giga 
sequencer and chromatin immuoprecipitaion 
technique (ChIP-seq), we determine the histone 
modifications, using mass spectrometer we 
determine proteome that interacts with histone 
modification enzymes. By combining these data 
together with transcriptome and three 
dimensional chromosome conformation capture 
technique, we analyze dynamic changes of 
histone modifications in adipogenesis.  For 
JHDM2A and SETDB1, we generate adipocyte 
specific knock out mice and examine 

consequence of H3K9 modifications in the 
development of obesity and insulin resistance.   
【Expected Research Achievements and 

Scientific Significance】 
In this project we will reveal the followings: (1) 
the mechanism by which the H3K9 
methylations regulate obesity and metabolic 
syndrome, as shown in JHDM2A-/- mice 
(Inagaki T et al 2009).  We also reveal the 
target genes of JHDM2A in adipocyte. (2) 
histone methyltransferases and demethylases 
as well as histone code involved in adiposity 
and adipogenesis and their pathophysiological 
roles including their enzymatic activity, protein 
complexes to exert their effects, and their 
targets.  These analyses will lead us to find out 
the histone code responsible for the obese 
phenotype.  These findings will also provide us 
the new therapy and treatment for obesity and 
metabolic syndrome.  Epigenetic analyses may 
take over the waist circumference for the 
diagnosis of predisposition to atherosclerosis 
and type 2 diabetes.  
【Publications Relevant to the Project】 

1. Wakabayashi K, Okamura M, Tsutsumi S, 
et al. (2009) The peroxisome proliferator- 
activated receptor  /retinoid X receptor  
heterodimer targets the histone 
modification enzyme PR-Set7/Setd8 gene 
and regulates adipogenesis through a 
positive feedback loop. Mol Cell Biol, 29, 
3544-3555. 

2. Inagaki T, Tachibana M, Magoori K, et al 
(2009) Obesity and Metabolic Syndrome in 
Histone Demethylase JHDM2a Deficient 
Mice. Genes to Cells, 14, 991-1001. 

3. Okamura M, Kudo H, Wakabayashi K, et al 
(2009) COUP-TFII acts downstream of 
Wnt/-catenin signal to silence PPAR gene 
expression and repress adipogenesis. Proc 
Natl Acad Sci U S A. 10, 5819-5824. 

【Term of Project】   FY2010-2014 
【Budget Allocation】159,900 Thousand Yen 
【 Homepage Address and Other Contact 

Information】 
http://mm.rcast.u-tokyo.ac.jp   
http://www.lsbm.org/staff/sakai.html 
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Title of Project：Niche Regulation for Stem Cell Fate 
 

TOSHIO SUDA 
(Keio University, School of Medicine, Professor )  

 

 
Research Area：Medicine, dentistry, and pharmacy 
Keyword：hematopoietic stem cells, niche, self-renewal, radical oxygen, hypoxia 
【Purpose and Background of the Research】 

Stem cells have a capacity for differenciating to 
multilineage and sustaining the undifferentiate 
state. Proliferation and differentiation of stem 
cells are determined not only by intrinsic 
program but by their microenvironment (niche) 
such as niche cells and niche factors.  
To develop the technology for the regulation of 
stem cells, it is critical to understand how niche 
is involved in the determination of stem cell 
fate. In this project, we will re-analyze the 
histological structure for hematopoietic stem 
cell (HSC) niche in the bone marrow and clarify 
which molecules control the stem cell behavior 
in the niche. 
We will analyze how stem cells block the cell 
division and sustain the quiescence in the 
hypoxic niche. Moreover, we will study the cell 
division mode of stem cells by examining the 
gene expression of paired daughter cells from 
single stem cells. Through these studies, we 
will clarify the self-renewal process of stem 
cells. We will search for novel self-renewal 
factors from  pluripotent stem (iPS/ES) cells 
and examine the function and regulation of 
candidate genes in HSCs. In these studies, we 
will reveal the regulation mechanism of stem 
cell fate.  
 
【Research Methods】 

A) Analyses for HSC niche 
We analyze the structure for HSCs niche in the 
bone marrow by immunohistochemistry and 
electronmicroscopy. Especially we focus our 
study on perivascular cells and 
osteoblast-osteoclast interaction and identify 
the niche factors acting on HSCs. 
We analyze the metabolic state of HSCs which 
are located in the hypoxic niche in order to 
clarify the mechanism how HSCs sustain the 
undifferentiated state. 
 
B) Niche reconstruction and regulation 
Based on the studies described above, we try to 
control the cell cycle of HSCs and enhance the 
efficiency of bone marrow transplantation. We 
will study the self-renewal events of stem cells 
by examining the gene expression of single 
stem cells using microfluidics. 
 

【Expected Research Achievements and 
Scientific Significance】 

We will identify the niche structure and 
function for HSCs to manipulate stem cells ex 
vivo and in vivo. Through this project, 
1) We understand the niche structure for 

HSCs. 
2) We control the cell cycle state by analyzing 

the niche signaling. 
3) We understand the characteristics of HSC 

metabolism in the hypoxic niche. 
4) We recapture self-renewal of HSCs in vitro. 
5) We identify the transcriptional regulation 

of self-renew in HSCs.  
We can clarify the regulation of fate decision in 
HSCs, which will be influential to the other 
stem cell systems including cancer stem cells.  
These studies, we will clarify the self-renewal 
process of stem cells. 
 
【Publications Relevant to the Project】  

Arai F, Hirao A, Ohmura M, Sato H, Matsuoka 
S, Takubo K, Ito K, Koh GY, Suda T: 
Tie2/Angiopoietin-1 signaling regulates 
hematopoietic stem cell quiescence in the bone 
marrow niche. Cell, 118: 149-161, 2004  
Ito K, Hirao A, Arai F, Matsuoka S, Takubo K, 
Nakagata N, Ikeda Y, Tak W. Mak, Suda T: 
Regulation of oxidative stress by ATM is 
required for self-renewal of haematopoietic 
stem cells. Nature, 431: 997-1002, 2004 
 
【Term of Project】   FY2010-2014 

 
【Budget Allocation】 167,400 Thousand Yen 

 
【 Homepage Address and Other Contact 

Information】  
http://web.sc.itc.keio.ac.jp/celldiff/index.html 
sudato@sc.itc.keio.ac.jp 
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