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[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 1s 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 SETDBI1, 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.
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[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 GPS/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

-122-



Grant-in-Aid for Scientific

Research (S)

-123-





