
The Frontier Research Initiative is managed under the theme adopted by the Uni-
versity of Tokyo, “Promotion of Independence for Young Investigators” (representa-
tive: President Hiroshi Komiyama), funded by “Program for Improvement of Re-
search Environment for Young Researchers” from the Ministry of Education, Cul-
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within the Institute of Medical Science supports the research and training of mainly
two Frontier Research Team Leaders and four Frontier Researchers. Various pro-
fessors from within the Institute serve as mentors, offering guidance and advice
on research and training matters.

‹Tae-Hwa Chun Group›

Proteolytic tissue remodeling defines the pro-
gression of metabolic diseases, such as obesity,
diabetes and cardiovascular diseases as well as
cancer. A cohort of proteolytic enzymes
uniquely regulates cell shape and function in
three-dimensional (3-D) microenvironment. Our
research efforts are focused on identifying the
molecular mechanisms by which proteolytic ma-
chinery regulates 3-D cell shape and function
during the progression of metabolic diseases.

1. Role of Pericellular Collagenolysis in Obe-
sity Initiation

Tae-Hwa Chun, Mayumi Inoue1: 1University of
Michigan

Membrane-type matrix metalloproteinase (MT
1-MMP) is the major pericellular collagenase

that plays a critical role in regulating the differ-
entiation and morphogenesis of mesenchymal
cells (Chun et al., Cell 2006; JCB 2004). To define
the role of MT1-MMP as a potent modifier of
adipose tissue mass and function, we employed
high fat diet-induced obesity model. Upon high
fat diet (45% fat) feeding for two weeks, both in-
guinal and perigonadal fat pads significantly in-
crease in their sizes (2-2.5 folds) in wild-type, 3
months old, male C57BL/6 mice. At this stage,
massive degradation of type I collagen fibers
was detected. Interestingly, type I collagen deg-
radation was coupled with increased de novo
synthesis of type I and type III collagens reflect-
ing active remodeling of collagenous scaffold in
vivo. In MT1-MMP haploinsufficient (＋/－)
mice, however, high fat diet-induced increase of
adiposity was suppressed by 50%. Concurrently,
type I collagen cleavage was blocked almost
completely. Scanning electron microscopy re-
vealed disrupted thick type I collagen fibers that
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enwrap adipocytes and dysmorphic adipocytes
of variable diameters in wild-type mice, while
intact collagen fibers and uniform appearance of
adipocytes were noted in MT1-MMP＋/－ mice.
Transcriptome analyses revealed that lipid bio-
synthetic process was overrepresented together
with collagen catabolism and integrin signaling
pathway in wild-type inguinal fat pads. Con-
trary to the functional coupling of collagen ca-
tabolism and lipid biosynthesis found in wild-
type mice, gene expression profile of MT1-
MMP＋/－ inguinal fat pads was uncoordinated
and dispersed among diverse pathways. These
results suggest a central role played by MT1-
MMP in regulating adipose tissue function via
pericellular collagenolysis at a very early stage
of obesity progression. We are currently investi-
gating the role of insulin-dependent signaling
pathway acting at the downstream of colla-
genolysis in regulating adipose tissue size. Some
of these results were presented in the symposia
at Keystone Symposium, NIH Workshop, and
Endocrine Society in 2008.

2. Epigenetic Regulation of Adipocyte Differ-
entiation by Collagenolysis

Kaori Sato Kusubata, Tae-Hwa Chun

Our preliminary data suggest that MT1-MMP-
dependent collagenolysis regulates both cell
shape and tension in collagen-rich microenvi-
ronment. Meanwhile, nuclear shape and chro-
matin structure are known to be coordinated
with cell shape and tension. As such, we hy-
pothesize that MT1-MMP-dependent pericellular
collagenolysis may regulate adipogenesis by
modifying the dynamic linkage of cell shape to
nuclear structure and function. Adipocyte pre-
cursor cells (3T3L1 preadipocytes) change their
cell shape at an early stage of adipogenesis. We
observed rapid nuclear condensation and the
acetylation of histone H3 lysine 9 (H3K9) fol-
lowing the cell shape change. H3K9 acetylation
triggers a cascade of adipogenic gene expres-
sion. This induction of H3K9 acetylation, how-
ever, was not affected in the presence of a broad
spectrum metalloenzyme inhibitor (GM6001)
when preadipocytes are cultured atop regular
plastic plates. When cultured atop type I colla-
gen fibers, preadipocytes were still able to un-
dergo the same pattern of cell shape change and
H3K9 acetylation. However, on top of collagen
fibrils, H3K9 acetylation in response to adipo-
genic mix was markedly inhibited by GM6001.
This inhibition was further recapitulated by an
endogenous MMP inhibitor, TIMP-2, indicating
MMPs as responsible modifiers of adipogenic
histone acetylation in collagen-rich microenvi-

ronment. Moreover, underscoring the impor-
tance of MMP/type I collagen axis, when pread-
ipocytes were cultured atop degraded type I col-
lagen, the inhibitory effect of TIMP-2 was no
longer observed. These results suggest that
MMP family regulates the histone modification
necessary for adipocyte differentiation via deg-
radation of type I collagen fibers. We aim to fur-
ther define the molecular mechanisms underly-
ing the collagenolysis-dependent regulation of
chromatin structure and function in collagen-
rich microenvironment.

3. MMP-Dependent Regulation of Mesenchy-
mal Stem Cell Differentiation in 3-D Mi-
croenvironment

Tae-Hwa Chun, Jennfer H. Elisseeff1, Shuichi
Takayama2: 1Johns Hopkins University, 2Uni-
versity of Michigan

Recent advance in stem cell biology has wid-
ened the prospect of regenerative medicine for
the treatment of chronic and devastating dis-
eases. The behavior of stem cells in 3-D mi-
croenvironment, however, has not been defined.
When human bone marrow stem cells are cul-
tured in 3-D collagen matrix, we observed MMP
plays a key role in determining the cell differen-
tiation and gene expression. We hypothesized
that extracellular tensile force and intracellular
contractile force demine the cell shape and dif-
ferentiation. As such, incorporating the dynamic
cell-ECM interaction into static artificial nano-
materials, we should be able to expand the im-
pact of tissue engineering on stem cell-based re-
generative medicine. Our collaborative efforts
with researchers in the field of tissue engineer-
ing are now providing us new insights into the
roles of physical 3-D parameters that define
MMP-dependent stem cell differentiation. We
aim to identify the molecular mechanisms for
stem cell function and differentiation in 3-D mi-
croenvironment and apply the knowledge to the
development of proteolytically interactive 3-D
nano-scaffold that maximizes the regenerative
function of stem cells in the body.

‹Susumu Nakae Group›

Role of CCRL2 in IgE-dependent inflamma-
tion

Susumu Nakae, Brian A. Zabel1, Luis Zuniga1,
Ji-Yun Kim1, Takao Ohyama1, Carsten Alt1,
Junliang Pan1, Hajime Suto1, Dulce Soler2,
Samantha J. Allen3, Tracy M. Handel3, Chang
Ho Song1, Stephen J. Galli1, Eugene C.
Butcher1: 1Department of Pathology, Stanford
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University School of Medicine, Stanford, CA,
2Millennium Pharmaceuticals, Inflammation
Department, Cambridge, MA, 3Skaggs School
of Pharmacy and Pharmaceutical Sciences,
University of California, San Diego, La Jolla,
CA

We generated novel monoclonal antibodies
(mAb) specific for the orphan G-protein coupled
receptor (GPCR) mCCRL2, and demonstrated
that freshly isolated mouse peritoneal mast cells
selectively express the receptor. mCCRL2-
deficient mice displayed no overt phenotype
and had normal numbers of mast cells in the tis-
sues analyzed. When tested in vitro, bone
marrow-derived cultured mast cells (BMCMCs)
of mCCRL2-deficient mouse origin exhibited re-
sponses to IgE and specific antigen-mediated
crosslinking of FceRI that were statistically in-
distinguishable from those of wild type
BMCMCs. In IgE-dependent passive cutaneous
anaphylaxis reactions in vivo, a model of IgE-
mediated local anaphylaxis, mast cell-expressed
CCRL2 was not required for the development of
cutaneous inflammatory responses in mice sen-
sitized with a high dose of antigen-specific IgE.
However, mast cell-expressed CCRL2 was re-
quired for the development of optimal cutane-
ous tissue swelling and leukocyte infiltrates in
mice sensitized with a low dose of antigen-
specific IgE. We also identified CCRL2 ligands
“chemerin” as a novel, non-signaling protein
ligand for both human and mouse receptors. As
opposed to chemokine interceptors that serve as
a sink for chemokines upon their ligand-induced
internalization, chemerin is not rapidly internal-
ized by CCRL2; rather, CCRL2 concentrates the
chemoattractant and increases local chemerin
concentrations available to interact with
chemokine like receptor-1 (CMKLR1). Therefore,
CCRL2 is a novel attractant receptor, serving to
focus chemerin localization in vivo and contrib-
ute to CMKLR1-mediated processes that in turn
regulate pathways leading to increased vascular
permeability, tissue swelling, and leukocyte re-
cruitment.

‹Beate Heissig Group›

Stem cells can differentiate into tissue-specific
cells to repair damaged tissue, a process con-
trolled in part by proteases. The major focus of
our laboratory is to understand how stem cells
are regulated and how one can apply this
knowledge for stem cell-based regenerative
medicine. We studied the mechanism how the
fibrinolytic pathway regulates myeloid-cell de-
pendent neoangiogenesis during tissue regenera-
tion (1) and examined the role proteinase inhibi-

tors for the in vitro generation of embryonic cell
-derived platelets (2).

1. Tissue type plasminogen activator regu-
lates myeloid-cell dependent neoangio-
genesis during tissue regeneration

Makiko Ohki, Yuichi Ohki, Haruyo Akiyama,
Makoto Ishihara, Chiemi Nishida, Yoshihiko
Tashiro, Hiromitsu Komiyama1, Leif R. Lund2,
Atsumi Nitta3 Kiyofumi Yamada3, Zhenping
Zhu4, Hideoki Ogawa1, Hideo Yagita1, Ko Oku-
mura1, Zena Werb5, Beate Heissig, Koichi Hat-
tori: 1Atopy (Allergy) Research Center, Jun-
tendo University School of Medicine, Japan
2Finsen Laboratory, Rigshospitalet, 2100 Co-
penhagen , Denmark 3Nagoya University
Graduate School of Medicine, Nagoya, Japan
4ImClone Systems, NY 5Department of Anat-
omy, University of California, San Francisco,
San Francisco, USA.

Here, we report that tissue-type plasminogen
activator (tPA), by activating the extracellular
protease plasmin and matrix metalloproteinase-9
(MMP-9) mobilized CD11b＋ myeloid cells, a
process dependent on kit ligand and vascular
endothelial growth factor (VEGF) signaling. tPA
mobilized CD11b＋ cells readily incorporated
into ischemic tissues during ischemic recovery.
Transplantation of BM-derived tPA-mobilized
CD11b＋ cells, and VEGFR1＋ cells, but not carrier
-mobilized cells or CD11b- cells accelerated ne-
ovascularisation in part by augmenting the angi-
ogenic factor VEGF-A. Inhibition of VEGF sig-
naling suppressed tPA-induced neovascularisa-
tion in a model of hindlimb ischemia. tPA might
be useful to induce therapeutic neovascularisa-
tion in the growing field of regenerative medi-
cine.

2. Metalloproteinase regulation improves in
vitro generation of efficacious platelets
from mouse embryonic stem cells

Hidekazu Nishikii, Koji Eto, Noriko Tamura1,
Koichi Hattori, Beate Heissig, Taisuke Kanaji2,
Akira Sawaguchi3, Shinya Goto1, Jerry Ware4,
Hiromitsu Nakauchi: 1Division of Cardiology,
Tokai University School of Medicine, Japan
2Division of Hematology/Oncology, Kurume
University School of Medicine, Japan 3Depart-
ment of Anatomy, University of Miyazaki Fac-
ulty of Medicine, Japan 4Dep. of Physiology &
Biophysics, University of Arkansas for Medical
Sciences, USA

Here, we describe the generating of mouse
embryonic stem cells-derived platelets (ESPs)
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that contribute to hemostasis in vivo. We show
that administration of metalloproteinase inhibi-
tors during differentiation increased the expres-
sion of GPIb alpha, improving both thrombo-
genesis in vitro and posttransfusion recovery in
vivo. Thus, the regulation of metalloproteinases
in culture could be useful for obtaining high-
quality, efficacious ESPs as an alternative plate-
let source for transfusions.

‹Riu Yamashita Group›

Analysis of multiple and alternative promot-
ers using huge number of 5’end cDNA se-
quences

Riu Yamashita1,2, Yutaka Suzuki3, Hiroyuki
Wakaguri3, Sumio Sugano3, Kenta Nakai2:
1Frontier Research Initiative, Inst. of Med. Sci-
ence, Univ. of Tokyo, Japan 2Human Genome
Center, Inst. of Med. Science, Univ. of Tokyo,
Japan 3Department of Medical Genome Sci-
ences, Graduate School of Frontier Sciences,
Univ. of Tokyo, Japan

In order to study transcriptional regulation,
we have constructed a database, DataBase of
Transcriptional Start Sites (DBTSS: http://dbtss.
hgc.jp), which includes a number of 5’-end se-
quences produced by oligo-capping method. Re-
cently, the database contains not only 1,540,411
mapped sequences from conventional cDNA
clones, but also 296.5 million tags from eight
kinds of cells (15 kinds of experimental condi-
tions).

From these data, we could obtain 14,831,367
TSSs. After removing the TSS with less than 1
ppm tags, the number of TSSs decreased to
341,049 TSSs. Clustering these TSSs with 500 bp
windows, we could obtain 75,918 promoters.
These promoters could be classified into 36,251
gene regions and 39,667 intergenic regions. The
promoters in gene region are in 14,307 genes.
Among them, 5,428 genes have one promoter,
and 8,879 genes have multiple promoters. This
gives that 2.5 promoters per one gene.

To analyze the usage of promoters, we de-
fined the promoters with the largest number of
tags as the ‘1st promoters’ and the 2nd highest
promoters as the ‘2nd promoters’ for each gene.
For example, tumor protein p53 (TP53) has four
promoters at around 7,531,532 (AP1: 41.4 ppm),
7,521,906 (AP4: 1.1 ppm), 7,521,565 (AP2: 9.8
ppm), 7,513,176 (AP3: 1,2 ppm) on chromosome
17. Comparing between HEK293 and ES cells,
we observed that the ratio of tags for AP1/AP2
are 54.5 and 0.542, respectively. In total, 1,027
genes (14.1%) had different 1st and 2nd promot-
ers, and 6,236 genes had the same 1st and the 2

nd promoter. Then we analyzed whether the 1st
promoter and the 2nd promoter are the same
among different samples. Among the other cell
types, the average percentage of the inversion
was 28.3%, and 9.6% of difference for promoters
expressed in the same cell types with different
conditions. These numbers may correspond to
potential alternative promoters which are regu-
lated in the specific cells.

‹Katsuyoshi Yamamoto Group›

Negative feedback regulation in the SHO1
branch of the yeast HOG osmoregulatory
MAPK pathway by induced dissociation of
the Ste50 adaptor protein from the Opy2
membrane anchor

Katsuyoshi Yamamoto, Kazuo Tatebayashi1,
Keiichiro Tanaka1, and Haruo Saito1: 1Division
of Molecular Cell Signaling, Institute of Medi-
cal Science, University of Tokyo

To cope with severe external high osmolarity,
the budding yeast (Saccharomyces cerevisiae) acti-
vates the HOG MAPK pathway, which regulates
synthesis and intracellular retention of the com-
patible osmolyte glycerol, as well as more gen-
eral stress responses. The HOG pathway is com-
posed of two functionally redundant upstream
signaling pathways, termed the SLN1 branch
and the SHO1 branch. Mutants that are defec-
tive in both the branches of the HOG pathway
cannot survive in high osmolarity environments.

A signal emanating from either branch con-
verges on the common Pbs2 MAPKK, which ac-
tivates the Hog1 MAPK. In the SHO1 branch,
two putative transmembrane osmosensors, Msb2
and Hkr1, detect osmotic stress, and, together
with the membrane anchor protein Sho1, gener-
ate an intracellular signal that leads to activation
of the Ste11 MAPKKK, which then activates Pbs
2.

The adaptor protein Ste50, which binds con-
stitutively to Ste11, and the transmembrane pro-
tein Opy2 are essential components in the SHO1
branch. Our results have suggested that Opy2
binds Ste50 to recruit the Ste50-Ste11 complex to
the plasma membrane, and that the membrane
localization of Ste50 is essential for activation of
the SHO branch. More recently, we found that
Ste50 was phosphorylated at multiple sites fol-
lowing osmotic stress. Interestingly, Ste50 was
phosphorylated not only by the Hog1 MAPK
but also by the Fus3 and Kss1 MAPKs, which
are components of other yeast MAPK signaling
pathways activated by the mating factor or by
glycosylation defects. The phosphorylated form
of Ste50 had much lower affinity to Opy2 in in
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vitro binding assays. The yeast cells expressing
the Ste50-23456A mutant protein, in which all
the phosphorylation sites (Ser or Thr) were mu-
tated to Ala, showed a prolonged Hog1 MAPK
phosphorylation after osmotic stress. The same
mutant was also more sensitive to activation of
the HOG pathway by hyperactive Hkr1/Msb2
osmosensor mutants. These and other data sug-
gest that the Ste50 phosphorylation following
osmotic stress or mating factor stimulation leads
to dissociation of the Ste50-Ste11 complex from
Opy2 to negatively regulate the HOG pathway.

‹Kazumasa Yokoyama Group›

Analysis of the NYAP family-mediated signal-
ing pathway in neurons

The Src family protein tyrosine kinases are
implicated in various neural functions such as
neuronal development, myelination, and synap-
tic plasticity. To analyze roles of Src family
kinases, we have been trying to identify binding
partners and substrates of the kinases in the
brain. To identify substrates of Src family tyro-
sine kinases in the brain, we performed solid-
phase phosphorylation screening and identified
a novel protein family, which we termed NYAP.
We demonstrated that the NYAP family regu-
lates both upstream and downstream of the PI3

K signaling in developing neurons. Upon stimu-
lation of Contactin family membrane proteins,
NYAP family proteins were tyrosine phospho-
rylated by Fyn, thereby providing the major
binding sites for phosphoinositide 3-kinase (PI3
K) in neurons. Disruptions of Nyap family
members decreased Rho, Rac and Akt activity,
and affected neuronal morphology and nurtur-
ing behaviors. Furthermore, NYAP family pro-
teins associated with the NCKAP1/CYFIP com-
plex which is an essential link between Rac and
actin polymerization. Thus, we proposed that
the NYAP family is the central scaffold of PI3K,
tightening a molecular link between cell surface
Contactin family proteins and neuronal morpho-
genesis through Fyn and PI3K. Many proteins
containing phospho-Tyr-x-x-Met (YxxM) motifs
have been reported to bind with and activate PI
3K p85, but their relative contributions to PI3K
activation have not been studied. In this study,
we revealed that the NYAP family accounts for
almost all of PI3K p85-binding phosphoproteins
in the brain. This means that previously re-
ported YxxM proteins have relatively small con-
tributions to PI3K activation in spatially- and
temporally-restricted situations in neurons. Pre-
vious models of PI3K activation and function,
therefore, would be refined to take into account
contributions of NYAP family proteins in neu-
rons.

Publications

‹Susumu Nakae Group›
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2. Nakae, S., Oboki, K. and Saito, H. Mast cells
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Our major goal is to establish personalized medicine for patients with infectious
diseases or cancers, especially those of gastrointestinal and hepatic fields, based
on human or pathogenic microbe genome information.

1. Hepatitis C virus and innate immunity

Naoya Kato

It has been estimated that more than 170 mil-
lion people worldwide are chronically infected
with hepatitis C virus (HCV). The most impor-
tant sequel of chronic HCV infection is progres-
sive liver fibrosis leading to cirrhosis, and hepa-
tocellular carcinoma (HCC), which is responsible
for significant morbidity and mortality through-
out the world. HCV is a positive-sense, single-
stranded RNA virus, consisting of an approxi-
mately 10-kb genome containing a large open
reading frame, encoding a polyprotein precursor

of 3010-3033 amino acids and an untranslated
region at the 5′and 3′ends. The putative or-
ganization of the HCV genome includes the 5′-
untranslated region, 3-4 structural proteins
(core, E1, and E2/p7), 6 non-structural proteins
(NS2, NS3, NS4A, NS4B, NS5A, and NS5B), and
the 3′-untraanslated region.

Viral infection intrinsically activates host in-
nate immunity and induces host anti-viral sys-
tem such as interferon (IFN) production. Innate
immune system suppresses viral replication and
finally leads to viral clearance. In case of HCV
infection, the battle between HCV and innate
immunity may be associated with persistent in-
fection of this virus and may contribute to the

Global Centar of Excellence (GCOE) Program

Center of Education and Research for
Advanced Genome-Based Medicine: For
personalized medicine and the control of
worldwide infectious diseases
Unit of Disease Control Genome Medicine
ゲノム情報に基づく先端医療の教育研究拠点
オーダーメイド医療の実現と感染症克服を目指して
疾患制御ゲノム医学ユニット

Project Associate Professor Naoya Kato, M.D., Ph.D. 特任准教授 医学博士 加 藤 直 也
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pathogenesis of hepatitis C. Thus, we have been
investigating interaction between HCV and in-
nate immunity.

IFN-beta plays a leading role in innate im-
mune system as an antiviral response against
HCV. To investigate the influence of HCV on in-
nate immunity, we examined the effect of viral
proteins on IFN-beta induction. Among HCV
proteins, only NS5B, a viral RNA-dependent
RNA polymerase, activated the IFN-beta pro-
moter. NS5B actually phosphorylated IFN regu-
latory factor (IRF)-3 and activated IFN-beta pro-
moter through Toll-like receptor (TLR)-3 and
TIR domain-containing adaptor protein (TRIF)
by its polymerase activity. On the other hand,
NS3, NS4A, NS4B, and NS5A efficiently inhib-
ited this activation. This may contribute toward
the persistence of this virus. We then analyzed
the mechanism of inhibition of IFN-beta activa-
tion by NS3. TRIF and two protein kinases, TBK
1 and IKK-epsilon, play essential roles in TLR3-
mediated IFN-beta production. We found that
NS3 interacted directly with TBK1, and that this
binding resulted in the inhibition of the associa-
tion between TBK1 and IRF-3, which led to the
inhibition of IRF-3 activation. This is one of the
mechanisms of the inhibition of the innate im-
mune responses of HCV infection by NS3.

MxA/PKR/OAS is the most studied IFN
stimulated genes. We therefore examined their
effect on HCV replication. First, we examined
the expression of MxA/PKR/OAS in Huh7
cells. In our Huh7 cells, MxA/PKR was weakly
expressed in innate state and strongly induced
by IFN. However, OAS was hardly expressed
both in innate state and by IFN. Thus, we estab-
lished MxA/PKR knocked-down (KD) cells, and
examined the effect on HCV replication. HCV
replicated better in MxA/PKR KD cells than in
control cells. Furthermore, HCV replication was
suppressed by MxA/PKR overexpression. Al-
though IFN-alpha treatment was less efficient
against HCV in MxA KD cells compared to con-
trol cells, IFN-alpha treatment was similarly effi-
cient against HCV in PKR KD cells and control
cells. As well as MxA/PKR, OAS overexpres-
sion suppressed HCV replication. However,
IFN-alpha treatment was fully efficient in our
Huh7 cells expressing almost no OAS. In con-
clusion, although all of PKR/MxA/OAS sup-
pressed HCV replication, MxA played an impor-
tant role in IFN treatment whereas PKR/OAS
did not.

Finally, 6 OAS SNPs were examined and ana-
lyzed in 409 patients with chronic HCV infec-
tion using TaqMan PCR genotyping method.
The relationship of genotypes of different SNP
and clinical manifestations of the patients was
analyzed. Patients with genotype A/A, A/G

and G/G of a nonsynonymous SNP of OAS at
the exon 3 of its coding sequence was at a gra-
dient increased risk of suffering from higher se-
rum ALT, higher degree of liver fibrosis, and oc-
currence of liver cirrhosis. In experiments with
Huh7 cells, plasmid imitating G/G type showed
lower ability of clearance of virus comparing
with plasmid imitating A/A type. The SNP of
OAS at the exon 3 of its coding sequence was
associated with progression of disease in HCV
infected patients. Patients with lower ability to
inhibit HCV replication may permit disease pro-
gression of hepatitis C.

2. Fusion HBx from HBV integrant in human
hepatoma cell line is implicated in the de-
velopment and progression of hepatocellu-
lar carcinoma

Ryosuke Muroyama1, Naoya Kato2: 1Depart-
ment of Gastroenterology, Graduate School of
Medicine, 2Unit of Disease Control Genome
Medicine, IMSUT

Hepatitis B virus (HBV) is a major risk factor
for HCC, and HBx has been suggested to play
an important role in hepatocarcinogenesis. How-
ever, the molecular mechanism of HBx in the
pathogenesis of HCC remains unclear. In this
study, we identified fusion HBx from HBV inte-
grant in human hapatoma cell line, and investi-
gated its role in the development and progres-
sion of HCC.

1) Using cassette-ligation-mediated PCR and
3′-/5′-RACE, we determined viral-host flanking
sequences and full-length mRNA from HBV in-
tegrant in Hep3B cells, which had been estab-
lished from HBV-related HCC. We identified
full-length mRNA from HBV integrant with the
length of 3725bp containing 1877bp human se-
quences at 3′end, and fusion HBx (3′-truncated
HBx＋human peptides) was supposed to be
translated. 2) We silenced the expression of
mRNA from HBV integrant with siRNA in Hep
3B cells, and established stably knocked-down
clones (KD cells). Using KD cells, we investi-
gated the expression of fusion HBx by im-
munofluorescence staining. Nearly 90％ reduc-
tion of fusion mRNA expression by siRNA was
confirmed using Realtime PCR and Northern
blot analysis, and fusion HBx was disappeared
in KD cells by immunofluorescence staining. 3)
Using KD cells, we evaluated the effect of fusion
HBx on cell growth and invasiveness by MTT/
BrdU assay and matrigel invasion assay. KD
cells demonstrated significant reduction in cell
proliferation and invasion ability compared to
parental cells. 4) We compared the transactiva-
tion activity and the ability to transform cells
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between wild HBx and fusion HBx by luciferase
assay and soft agar assay. Although fusion HBx
had significantly decreased transactivation abil-
ity compared to wild HBx, fusion HBx had
anchorage-independent growth ability in soft

agar whereas wild HBx did not have.
Fusion HBx from HBV integrant may play an

important role in the development and progres-
sion of hepatocellular carcinoma.
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The Institute of Medical Science, University of Tokyo (IMSUT) has established
Japan-China joint laboratories for research on emerging and re-emerging infec-
tious diseases in Asia, in collaboration with the Chinese Academy of Sciences
and Chinese Academy of Agricultural Sciences. In the laboratories, Japanese and
Chinese scientists conduct research on the viral pathogenicity, the genetic vari-
ation of viruses in the field, structure of viral and host proteins, and so on.

BACKGROUND

Historically, China is a very important neigh-
bor of Japan. Official diplomatic delegations
were first sent from Japan during the Sui dy-
nasty some 1400 years ago. Since late 20th cen-
tury, geopolitical and economical interdepend-
ence between Japan and China has developed
substantially and will deepen further in the fu-
ture. China is an enormous country often sym-
bolically referred to as the dragon. While China
is developing and transforming rapidly in the
coastal regions, its rural areas have been left far
behind. With regard to infectious diseases,
China is beset with problems ranging widely
from those of a developing country to those of
dense urban environments. No one can discuss
emerging and re-emerging infectious diseases
(ERID) without mentioning China. Severe acute
respiratory syndrome (SARS) emerged in

Guangdong and shocked the world in 2003.
With Lake Qinghai as a reference point, avian
influenza expanded westward in the Eurasian
continent in 2005 and reached Africa in Febru-
ary 2006. The carrier rate of hepatitis viruses is
very high and HIV infection is rapidly increas-
ing.

Given these situations, academic collaboration
on research in infectious diseases would be
beneficial to both countries, facilitate mutual un-
derstanding, and help strengthen the stable
long-term relationship between the two peoples.
Establishing joint research laboratories in China
is particularly important because this would al-
low Japanese scientists access to possible emerg-
ing pathogens and to have an opportunity to
fight against possible emerging infections. Sup-
ported by a contract research fund from the
Ministry of Education, Culture, Sports, Science
and Technology (MEXT) (Japan-China Collabora-
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tion on Emerging and Re-emerging Infectious Dis-
eases; MEXT Project Director: Aikichi Iwamoto),
IMSUT has established two joint laboratories in
Beijing in collaboration with the Institute of Bio-
physics and Institute of Microbiology, Chinese
Academy of Sciences (IBPCAS and IMCAS, re-
spectively); a collaborative research program
with Harbin Veterinary Research Institute
(HVRI), the Chinese Academy of Agricultural
Science; and IMSUT’s project office in Beijing.

Year 2008 was the year of the Olympic Games
in Beijing. Preparation for the historic national
event caused some inconvenience for the labora-
tories, particularly limited supplies of some re-
search materials. Nonetheless, the year 2008 was
highly productive thanks to the hardworking
scientists from China and Japan.

LABORATORIES AND PROJECT OFFICE

a. Laboratory of Structural Virology and Im-
munology (LSVI)

In LSVI, Z. Matsuda’s group is studying the
primate lentiviruses (HIV and SIV), aiming to
analyze the structure-function relationship of the
viral proteins. In order to solubilize insoluble
HIV-1 proteins and facilitate their crystalliza-
tion, his group fused tag proteins derived
fromThermus thermophilus (T.th) to the target vi-
ral proteins, since T.th proteins are known to
crystallize easily. They successfully identified
several T.th tags that solubilized Vpr and gp41,
insoluble HIV-1 proteins. To study the molecu-
lar mechanism of the membrane fusion induced
by the HIV-1 envelope protein (Env), they engi-
neered two sets of split reporter proteins that re-
gained the reporter activities through reassocia-
tion. Membrane fusion was monitored by de-
tecting the signals produced during the fusion
of two cells each expressing one of the pair of
the split proteins. One set of the reporter used a
pair of complementary split GFPs and the other,
the combination of split GFP and split luciferase
(called dual split proteins). Both reporters al-
lowed a real-time monitoring of the Env-
induced membrane fusion.

b. Laboratory of Molecular Immunology and
Molecular Microbiology (LMIMM)

LMIMM was founded in May 2006, set to
work in October 2006 in IMCAS, and moved to
an IM’s new building in the CAS Olympic Sci-
ence Park in January 2007. It is an important
member of the CAS Key Laboratory of Patho-
genic Microbiology and Immunology, which
was newly established in December 2008. Y. Ki-
tamura’s group in LMIMM is currently focusing

on hepatitis C virus (HCV) and human immu-
nodeficiency virus (HIV), to obtain a better un-
derstanding of mechanisms of the viral replica-
tion and to develop antiviral drugs. Using the
human cell line/infectious HCV RNA system,
they are characterizing the adapted virus popu-
lation and in particular, are testing whether
some host genes stimulated by interferon have
anti-HCV functions. To investigate the patho-
genicity of the viruses in the field, they are ana-
lyzing clinical samples from HIV-infected indi-
viduals and chronic hepatitis C patients treated
in some collaborating hospitals in Beijing. They
are also collaborating with Chinese scientists to
study some zoonotic viruses such as avian influ-
enzavirus.

c. Collaborative research program with HVRI

HVRI (Director, Xiangang Kong) serves as a
research center that focuses on the study of
avian influenza viruses in domestic fowl and
wild waterfowl in China. Japanese scientists
from IMSUT (headed by Y. Kawaoka), together
with Chinese scientists at HVRI (headed by
Hualan Chen), studied the pathogenesis of the
highly pathogenic avian influenza H5N1 viruses
in mammals at a BSL3 laboratory at HVRI. They
showed that an H5N1 virus, isolated from a hu-
man in China, replicated in the lower respira-
tory tract of rhesus macaques, causing severe
lung damage. Using a mouse model, they also
determined the molecular basis of the differ-
ences in pathogenicity between two H5N1 iso-
lates from pigs in Fujian Province in southern
China. In addition, the scientists affiliated with
this program have conducted molecular surveil-
lance studies of H5N1 viruses isolated in Asian
countries.

d. IMSUT Project Office

The office (M. Hayashi and K. Yoshiike) is
supporting the activities of the two joint labora-
tories in Beijing and one program in Harbin. It
serves as Secretariat for Steering Committee
Meeting and files MOU and Minutes. It helps
scientists visiting the joint laboratories and pro-
gram for collaborative research. It is gathering
the information about emerging infections in
China from the Chinese mass media and official
announcements, and the gathered information
(in Japanese) is presented and updated on the
website of the Project (www.rcaid.jp).

IMPLEMENTATION OF COLLABORATION

The collaboration is implemented, being based
on MOU and Minutes of Meeting between IM-
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SUT and the Chinese institutes. For the joint
laboratories the implementation was controlled
by the steering committee consisting of Moto-
haru Seiki, A. Iwamoto, George Fu Gao, and

Tao Xu. The collaborative program in Harbin
was implemented by the steering committee
consisting of M. Seiki, Y. Kawaoka, X. Kong,
and H. Chen.
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