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　The dynamics of chromatin structure regulate fundamental 
eukaryotic processes such as DNA transcription, replication and 
repair. While numerous studies have revealed that events such as 
nucleosome remodelling and histone modifi cations are intimately 
tied into cellular energetics and redox state, our understanding of 
the complex global relationships between phenotype, chromatin 
dynamics and metabolic states remain rudimentary. To study this 
aspect, we are using continuously-grown yeast cultures, which 
auto-synchronise their respiratory activity to produce stable 
oscillations, where cellular events are temporally separated into 
reductive and oxidative processes.
　Previous data showed that a majority of transcripts and 
metabolites oscillate with phase relationships to this respiratory 
cycle.  Recently, a Discrete Fourier Transform analysis method 
was used on two oscillatory transcriptome sets to define 7 
consensus clusters of gene expression. When compared 

with a large compendium of high-throughput data, differential 
promoter structures and nucleosome occupancy patterns (and 
the energetic requirements for remodeling) were implicated in 
temporal cluster development. 
　By supplementing previous datasets with experimental global 
nucleosome positioning, histone modification and metabolome 
data over several oscillation cycles, we are studying the role of 
cellular energetic state in shaping the transcriptional landscape. 
Our results support the hypothesis that mass nucleosome 
repositioning events occur during high-energy states (during the 
oxidative phase of the respiratory cycle), facilitating the switching 
between different steps of the transcriptional program.
　Taken together our data provides a simplified view of the 
global transcriptional regulation driven by the energetic state of 
the cells attenuating chromatin structure. 

BACKGROUND: Histone modifications play an important role in gene 
regulation. Acetylation of histone 3 lysine 9 (H3K9ac) is generally 
associated with transcription initiation and unfolded chromatin, thereby 
positively infl uencing gene expression. Deep sequencing of the 5' ends of 
gene transcripts using DeepCAGE delivers detailed information about the 
architecture and expression level of gene promoters. The combination of 
H3K9ac ChIP-chip and DeepCAGE in a myeloid leukemia cell line (THP-
1) allowed us to study the spatial distribution of H3K9ac around promoters 
using a novel clustering approach. The promoter classes were analyzed 
for association with relevant genomic sequence features.

RESULTS: We performed a clustering of 4,481 promoters according to 
their surrounding H3K9ac signal and analyzed the clustered promoters for 
association with different sequence features. The clustering revealed three 
groups with major H3K9ac signal upstream, centered and downstream of 
the promoter. Narrow single peak promoters tend to have a concentrated 
activity of H3K9ac in the upstream region, while broad promoters tend to 
have a concentrated activity of H3K9ac and RNA polymerase II binding 
in the centered and downstream regions. A subset of promoters with high 
gene expression level, compared to subsets with low and medium gene 
expression, shows dramatic increase in H3K9ac activity in the upstream 
cluster only; this may indicate that promoters in the centered and 
downstream clusters are predominantly regulated at post-initiation steps. 
Furthermore, the upstream cluster is depleted in CpG islands and more 
likely to regulate un-annotated genes.

CONCLUSIONS :  Clustering core promoters according to their 
surrounding acetylation signal is a promising approach for the study of 
histone modifi cations. When examining promoters clustered into groups 
according to their surrounding H3K9 acetylation signal, we fi nd that the 
relative localization and intensity of H3K9ac is very specifi c depending on 
characteristic sequence features of the promoter. Experimental data from 
DeepCAGE and ChIP-chip experiments using undifferentiated (monocyte) 
and differentiated (macrophage) THP-1 cells leads us to the same 
conclusions.
Figure 1

Four simplified instances of typical acetylation patterns. Cartoon 
representation of typical situations around single peak and broad 
promoters. In the upstream cluster of H3K9 acetylation, around ~40% 
of the promoters have a single peak architecture (A) while ~60% have a 
broad architecture (B). In the centered (C) and downstream (D) cluster, 
the broad architecture is even more prevalent with ~80% of all cases.

Comments on G-COE: The meetings and symposia of G-COE were a 
fantastic opportunity to meet more experienced scientists, as well as other 
Ph.D. program students and become acquainted with their research. 
For me as a non-Japanese graduate student at Keio University, G-COE 
made the experience of studying and doing research in Japan even more 
memorable.

Current research:Neurogenomics: my current research as a post-
doctoral researcher in the Functional Genomics Technology Team of 
RIKEN Omics Science Center, is a characterization of the transcriptome 
profi le of Purkinje neurons during memory formation and neuronal stress, 
using high-throughput sequencing. The goal is to identify genes which 
are regulated in neuronal plasticity. This project is conducted in close 
collaboration with the Launey Research Unit of Brain Science Center, 
RIKEN Wako.

Figure 1

Cluster for Metabolomic Networks

Cluster for Metabolomic Networks
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Elucidation of the disorder of CNP/NPR-B signal in idiopathic 
short stature
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Gene analysis of DUOX2 mutations as a cause of Congenital 
Hypothyroidism
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<Background>
CNP is important regulator of skeletal growth. CNP binding to 
NPR-B activates a guanylyl cyclase domain, generating cGMP-
dependent proteins, including ion channels, protein kinases, and 
phosphodiesterases. In humans, loss-of-function mutations in the 
NPR-B gene (NPR2) cause acromesomelic dysplasia, Maroteaux 
type (AMDM; OMIM 602875). This autosomal recessive skeletal 
dyaplasia has characteristic radiological changes and results 
in extreme, disproportionate short stature. Interestingly, parents 
of patients with AMDM (obligate heterozygotes) are noted to 
be shorter than expected for their population of origin. So it is 
thought that heterozygous mutations of NPR2 reduce linear 
growth, resulting in the phenotype of idiopathic short stature. But 
it is not revealed what is the fraction of NPR2 mutation carriers in 
the general population with idiopathic short stature. 

<Objective>
 The objective of my research is to reveal the fraction of NPR2 
mutation carriers in the Japanese general population with 
idiopathic short stature. 
<Result>
We obtained DNA samples of 112 patients with idiopathic short 
stature, and of their parents. We designed the primers of two 
genes, NPPC and NPR2. We fi nished direct sequencing of NPPC 
and NPR2 gene. We found no sequence variation in NPPC gene. 
But in NPR2 gene, we found three sequence variations, R110C, 
V187I, and Q417E. We generated expression vector, pcDNA3.1/
HA-NPR-B wild-type (HA-WT), and the mutant clones by site-
directed mutagenesis. Now we are analyzing the functions of the 
NPR2 mutant clones by western blotting, confocal microscopy 
and cyclic GMP assay.

　The most common congenital endocrine disorder is congenital 
hypothyroidism (CH). Permanent primary CH occurs in 1 in 
3,000 to 4,000 births worldwide. Thyroid hormone biosynthesis 
is mediated by multiple molecules, including sodium/iodine 
symporter, pendrin, thyroglobulin (Tg), dual oxidase 2 (DUOX2), 
and thyroid peroxidase. Genetic defects of these molecules 
are collectively referred to as thyroid dyshormonogenesis has, 
which accounts for 15-20% of CH cases. Identifi cation of genetic 
defects in patients with thyroid dyshormonogenesis has played 
a crucial role in understanding of physiology of the thyroid. 
The DUOX2 protein produces H2O2, an essential molecule for 
appropriate iodination of Tg, and acts as a core component 
of the Tg metabolism system in the thyroid. To date, more 
than 20 different mutations have been reported in the DUOX2 
gene (DUOX2). The prevalence of CH associated with DUOX2 
mutations has not yet been established. DUOX2 mutations 
can cause both transient and permanent CH, and it has been 

suggested that biallelic mutations and monoallelic mutations 
produce permanent and transient CH, respectively (Moreno et 
al. N Engl J Med 2002). However, a recent study from Japan has 
showed that biallelic mutations could cause transient CH (Maruo 
et al. J Cline EndocrinolMetab 2008). At present, the genotype-
phenotype correlation of the DUOX2 mutations remains to be 
clarifi ed. 
　The purposes of the present study are (i) to determine the 
frequency of DUOX2 mutations among patients with CH, and (ii) 
to clarify the phenotypic spectrum of DUOX2 mutation carriers.
　We plan to screen DUOX2 mutations in the subjects using 
PCR-based sequencing. After the mutation detection, we 
will evaluate clinical phenotypes of mutation carriers (e.g., 
family history, physical findings, biochemical thyroid functions, 
radiological fi ndings and scintigraphic fi ndings). 
To verify the pathogenesis of mutant DUOX2, we will examine the 
functional properties of them in vitro.
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　Epidural anesthesia is useful to reduce surgical pain, and 
recently it is said that epidural anesthesia will reduce surgical site 
effect (SSI). SSI is one of the severe side effect of intraoperative 
period.The overall incidence is 1-3%, but the risk is 10% or 
more for colon resectons. One general approach for reducing 
infection risk is to use anesthetic strategies that maintain or 
even enhance host defense. Use of neuraxial brock is better 
than general anesthesia. At least three potential mechanisms 
make the strategy plausible. The first is that neuraxial anesthesia 
moderates the inflammatory response to surgery. A second 
mechanism by which neuraxial anesthesia might reduce 
infection is via vasodilation and consequent improvement in 
tissue oxygenation. The third mechanism by which neuraxial 
anesthesia, especially epidural anesthesia, could reduce 
infection risk is by providing excellent postoperative analgesia. 

Thus, we planned the new study to search the mechanism of 
epidural anesthesia reducing postoperative SSI. We took notice 
of neutrophil gelatinase-assosiated lipocalin (NGAL). NGAL is 
expressed and secreted by immune cells, hepatocytes, and 
renal tubular cells in various pathologic states. NGAL exerts 
bacteriostatic effects, which are explained by its ability to capture 
and deplete siderophores, small iron-binding molecules that are 
synthesized by certain bacteria as a means of iron acquisition. 
Consistently, NGAL deficiency in genetically modified mice 
leads to an increased growth of bacteria. We hypothesized that 
epidural anesthesia  moderates the inflammatory response to 
surgery and control serum concentration of NGAL... if we can 
clarify the effectiveness of epidural anesthesia,it will be great 
progress in anesthesiology.

Epidural anesthesia will reduce surgical site effect; participation 
with NGAL

総合医科学研究センター研究員
G COE RA
医学研究科
麻酔科学

Cluster for Biodefense Metabolism
Toru Igarashi
五十嵐　達

　In G-COE program, my research topic is construction of 
the glycopeptide library using the expanding genetic code.  
Glycosylation of protein is one of the most important post-
translational modifications, which affects the folding, stability, 
intracellular traffic, adhesion, and metabolism.  But, the 
functional analysis of glycosylated peptide/protein was less well 
understood because of difficulty to obtain uniformly-glycosylated 
protein.
　I have developed a novel method to attach an O-glycan at 
the N terminus of proteins through an amber codon-mediated 
incorporation of glycosylated amino acid in a cell-free translation.  
This method is a potential tool for construction of uniformly 
O-glycosylated proteins.

　I am currently a research resident of foundation for promotion 
of cancer research and research on leukemogenesis and B-cell 
maturation in department of pediatric hematology and oncology 
research, National Research Institute for Child Health and 
Development.  Especially, I investigate the function of Burkitt’s 
lymphoma specific zinc finger protein that we identified by gene 
expression profiling of clinical specimens of childhood leukemia.  
One and a half years experience as an RA in has given me the 
confidence to jump in medical research.

理工学研究科
基礎理工学専攻

独立行政法人 国立成育医療研究センター
研究所 小児血液・腫瘍研究部

Constructing of the glycopeptide library using the expanding 
genetic code

Kazutoshi Iijima
飯島　一智 Cluster for Biodefense Metabolism
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　Human brain utilizes only D-glucose for its energy production 
and ATP produced by oxidative metabolism of glucose 
maintains its normal function. The measured ratio of cerebral 
metabolic rate of oxygen(CMRO2) and cerebral metabolic rate 
of glucose(CMRglc) is approximately 5. The theoretical value of 
CMRO2/CMRglc is 6 when D-glucose is metabolized to CO2 by 
complete oxidation. Therefore, the brain always utilizes excess 
amount of glucose.
　A fate of this excessive glucose remains to be enigmatic. One 
reason for this excess consumption of glucose could be ascribed 
to pentose-phosphate pathway (PPP), a shunt pathway branched 
from glycolysis that provides NADPH. As brain depends on 
oxidative glucose metabolism, it is important to reduce oxygen 
stress. PPP activity in astrocytes is high, which facilitates the 
supply of reduced form of glutathione (GSH), a major defense 
mechanism to reduce oxygen stress. Furthermore, PPP protects 
an ischemic brain as well as a normal brain.
　PPP act iv i ty  is  regu la ted by g lucose 6-phosphate 
dehydrogenase (G6PDH), a rate-limiting enzyme of PPP and its 
transcription is under control of the Keap1/Nrf2 system, which is 
a master regulator of phase-2 detoxifying enzymes. Moreover, 
it is reported that sulforaphane, a natural isothiocyanate that 

activates the Keap1/Nrf2 system exerts a protective role in 
an ischemic brain in vivo. At present, we have found that PPP 
activity is enhanced under hypoxic condition (1% O2 for 12 h) 
in cultured astroglia but not in neurons and this augmentation is 
reduced, but not eliminated in cultured astroglia prepared from 
Nrf2-/- mice. 
　The brain metabolism is so interesting and this field is still 
full of unsoloved issues. Through my research work, I wish to 
understand the brain metabolism in vivo more clearly and wish to 
contribute to the clinical stroke medicine by basic research of the 
ischemic brain disorder. 

総合医科学研究センター研究員
G COE RA
医学研究科
内科学（神経）

Neuroprotection in ischemic brain and the regulation of pentose-
phosphate pathway by Keap1/Nrf2 system in astroglia

Cluster for Biodefense Metabolism
Takuya Iizumi
飯泉　琢矢

　Reelin is one of the most well-known molecules which play 
important roles in the cortical development. Preplate splitting is 
the first event during the early corticogeneis and is considered 
to require Reelin. However, the relationship between the 
function of Reelin and the mechanisms of preplate splitting 
are not fully understood. Thus, we aimed to investigate the 
function of Reelin in the early cortical development. Firstly, to 
visualize the preplate splitting in mice, we performed in utero 
electropolation with a green fluorescent protein expression 
vector at embryonic day (E) 10.5. In these experiments, we 
could label the neurons in the preplate (Subplate neurons 
and Cajal-Retzius cells). Secondly, we introduced the plasmid 
vectors that could manipulate the target genes into the preplate 
neurons, and analyzed the phenotypes in vivo. So far, there 
have been several findings in our study. The brains that were 
electropolated with Dab1 (downstream molecule of Reelin) 
suppression vector at E 10.5 exhibited abnormal distribution 
of the subplate neurons. On E15.5, some subplate neurons 
remained in the superficial layer (the marginal zone), and others 
formed aggregation within the subplate layer. It is suggested that 
the Reelin signaling might directly regulate the subplate neurons. 
Thus, we hypothesized that the Reelin signaling regulates the 
migration and cell-adhesion of the subplate neurons during the 

early corticogenesis. Based on this hypothesis, we are further 
investigating the function of Reelin on the regulation of the 
subplate neurons during the preplate splitting.
(Comments on G-COE program)
　There have been several advantages for me to participate 
in the G-COE program. Listening  to the famous researchers’ 
lectures at the G-COE seminar series encouraged me to proceed 
to our own research. I feel sad that the G-COE program will end 
on this year. I’m going to make beneficial use of this program in 
the remaining term.

総合医科学研究センター研究員
G COE RA
医学研究科
解剖学 The analysis of the Reelin function

Kazuhiro Ishii
石井　一裕 Cluster for Cell  Cycle,  differentiat ion and metabolism
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　Sepsis still is a major cause of mortality in the intensive 
care unit, despite advances in supportive therapy.  Even with 
adequate antibiotics treatment, it is not possible to prevent 
systematic inflammatory response syndrome which often leads 
to multiple organ failure.  Current anti-inflammatory therapy has 
not only been ineffective, it could even be detrimental since it 
could aggregate infection. Lipoxin A4, an anti-inflammatory lipid 
mediator derived from arachidonic acid, has been identified at 
the site of acute inflammation during the resolution phase, and 
has a potential to suppress inflammation and promote resolution 
without damaging host defense. 
　Our aim is to clarify the role of Lipoxin A4 in sepsis and its 
possible benefit on the disease.We used an E.coli induced 
peritonitis murine model to evaluate the efficacy of Lipoxin A4 
in vivo.  A single dose of Lipoxin A4 did not show any beneficial 
effect on survival. Lipoxin A4 inhibited the production of IL-1β, 

IL-6, TNF-α, IFN-γ, MCP-1, and MIP1-α in serum.  Production 
of IL-6 and TNF-α were also reduced in the peritoneal lavage 
fluid.  Lipoxin A4 also reduced bacterial growth in blood culture. 
The growth of E.coli in the peritoneal cavity was similarly reduced 
by ATL, but there was no statistical significance.
　Peritoneal macrophage was also studied.  In E.coli and LPS 
stimulated macrophages, Lipoxin A4 dampened the secretion 
and expression of IL-6 and TNF-α. Our results suggest Lipoxin 
A4 possess an anti-inflammatory effect in a murine model of 
severe peritonitis without worsening infection.  We aim to clarify 
the specific mechanism of its anti-inflammatory action and its 
role in sepsis.

総合医科学研究センター研究員
G COE RA
医学研究科
麻酔科学

Anti-inflammatory effect of lipoxin A4 in a murine peritonitis 
model 

Cluster for Metabolomic Network
Tomomi Ueda
上田　朝美

　It has become clear that increases in neuronal activities, 
which occur during learning or experiencing a new environment, 
can induce considerable morphological changes in synapses, 
even in the mature brain. Identification of molecules that 
influence synapse formation and function has importance for 
our understanding of the mechanisms contributing to neuronal 
development and information processing in the nervous system.
The Cbln subfamily belongs to the C1q and tumor necrosis 
factor superfamily, and consists of four members,Cbln1-Cbln4. 
Cbln1 plays clucial roles as a cerebellar granule cell-derived 
transneuronal regulator for synapse integrity and plasticity in 
PF-Purkinje synappse. Recent study showed that, Cbln1 was 
a ligand for a ?2 glutamate receptor (GluD2) expressed by 
Purkinje cells. Since Cbln1 is also expressed in various brain 
regions where GluD2 is not expressed,Cbln1 should bind to 
other receptors in those regions, probably with different binding 

affinities and characteristics. Although it has been known 
that Cbln2-Cbln4 are also expressed in the brain and form 
heteromeric complexes with Cbln1, their presice expression 
patterns and functions still remain unclear. I will investigate 
the roles of Cbln subfamily members in synaptic plasticity and 
formation/maintenance by electrophysiolosical, behavioral and 
molecular biological approaches, in Cbln2 and Cbln4 knock 
out mice. These molecules could potentially contribute to the 
pathogenesis of neurological and neuropsychiatric disorders, 
such as autism, schizophrenia, dementia, and brain ischemia 
leads to development of new therapeutic targets or entities. 
Recent findings showed some kind of relationships between 
“Pain” and synaptic plasticity at "the Pain Matrix“ in the brain 
of  patient with chronic pain. These molecules may contribute 
some of the mechanisms about chronic pains  which have been 
difficult to overcome so far, and lead to new therapies.

総合医科学研究センター研究員
G COE RA
医学研究科
生理学

The Roles of Cbln subfamily members in synaptic function and 
morphology.

Yoriko Ida
井田　頼子 Cluster for Cell  Cycle,  differentiat ion and metabolism
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　My current work concerns the relat ionship between 
glycoconjugates (glycolipids, glycoproteins) and cancer 
metastasis. It has been reported that glycoconjugates are 
implicated in the regulation of various biological phenomena 
such as cell growth, differentiation, apoptosis and metastasis. 
GD1a, one species of glycolipids, is thus shown to suppress the 
metastatic capability of mouse FBJ-virus-induced osteosarcoma 
cells. However, the more defined signaling pathway which 
GD1a regulates FBJ cell metastasis remains to be clarified. 
Exploring that mechanism is one of my research objectives. 
The expression of hepatocyte growth factor, known as a potent 
inducer of metastasis, was found to be inversely proportional to 
GD1a content in FBJ-cell variants. Moreover, to determine the 
involvement of other glycans in the metastasis of mouse FBJ 
osteosarcoma cells, analysis of glycosylated products were 
carried out. Patterns of glycans obtained from poorly metastatic 
FBJ-S1 and highly metastatic FBJ-LL cells following the treatment 
with different types of saccharide primers, were analyzed by LC-
MS/MS. Nα-lauryl-O-(β-D-xylopyranosyl)- -L-serine-amido (Xyl-
Ser-C12), which initiates elongation of glycosaminoglycan chains 
using the biosynthesis system within cells, was administered 
to FBJ cells with different metastatic capacities. Production 
of glycosylated products with longer chains derived from Xyl-
Ser-C12 was detected in poorly metastatic FBJ-S1 cells more 
than in highly metastatic FBJ-LL cells by LC-MS. Further 
studies indicated that GAGs expressed by Ext1 could affect the 
migration of FBJ cells.

　For us students, G-COE program for Human Metabolomic 
Systems Biology provides a valuable platform that we could 
obtain and exchange academic experience, knowledge and 
experimental skill in study of metabolism. The program gathers 
many outstanding scholars in multiple fields, so we students 
could get the advice from different visions. And we are all 
encouraged and supported to experience short-term study 
periods and attend academic conferences overseas, which 
contribute to our life science research.

Studies on metastasis-related molecules regulated by GD1a in murine FBJ 
osteosarcoma cells and analysis of glycan structures in FBJ cells revealed by the 
saccharide primer method

Cluster for Metabolomic Network
Yinan Wang
王　毅楠

　Gd-EOB-DTPA is a liver-specific contrast material for magnetic 
resonance (MR) imaging. Most hepatocellular carcinomas 
(HCCs) are detected as hypointense to the surrounding liver 
in the hepatocyte phase, about 15-20 minutes after injection 
of Gd-EOB-DTPA, but some HCCs become hyperintense or 
isointense. Elucidating the mechanisms of this difference in 
imaging appearance may be important for the detection and 
characterization of HCCs.  To clarify the mechanisms of Gd-
EOB-DTPA transport in hepatocellular carcinoma, correlation 
analyses between MR imaging findings and the expression of 
the transporters were performed with molecular biological and 
pathological procedures. First, candidate hepatic uptake and 
efflux transporter were screened using gene expression profiles 
of hepatocellular carcinoma in online available database and 
previously reported articles. And 9 ABC transporters and 8 SLC 
transporters were chosen. Confirm those mRNA expressions 
using reverse transcription polymerase chain reaction (RT-

PCR) with surgically resected frozen sections of hepatocellular 
carcinoma and background liver tissue. Then correlation 
analysis between these transporter gene expression and MRI 
data was performed. Next to evaluate protein expression of 
these transporters, immunohistochemistry of surgically resected 
hepatocellular carcinoma samples were done with 9 antibodies(6 
for ABC transporters and 3 for SLC transporters) and again 
correlation analysis with MRI was performed. Only OATP1B1 
and OATP1B3 were correlated well both with mRNA expression 
and immunohistochemistry. In these two transporters, OATP1B3 
was thought to be the key molecule for the tumor enhancement 
in Gd-EOB-DTPA enhanced MRI and its decreasing expression 
was important for detecting very early stage hepatocellular 
carcinoma.
　It was great pleasure and wonderful experience for me to 
have a chance to contact with researchers in other fields on this 
G-COE program. Thank you.

Elucidation of the transporting mechanism of Gd-EOB-DTPA 
in human hepatocellular carcinoma.

総合医科学研究センター研究員
G COE RA
医学研究科
放射線科学 / 病理学

Cluster for Biodefense Metabolism
Akihisa Ueno
上野　彰久
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　Brain edema remains to be a big problem in diverse types of 
pathological conditions. Due to the lack of knowledge about the 
detailed molecular mechanisms for the development of brain 
edema, what we can do is limited. However, the discovery of 
aquaporin-4 (AQP4), a water channel specifically expressed 
in astrocyte endfoot surrounding capillary vessels, opened 
the new door for pharmacological approach to brain edema. 
To date, no AQP4 functional modulators that are suitable for 
clinical use have been identified. Thus, my ultimate research 
goal is to find an AQP4 functional modulator and develop a 
novel therapeutic approach against brain edema. In my first 
year, I mainly engaged in establishing a drug screening system 
using AQP4 proteoliposome system. I could establish AQP4 
protein expression system using baculovirus-Sf9 cell (Fig.1)  

and successfully developed AQP4 proteoliposome functional 
assay system. Unfortunately, no single AQP4 inhibitor has not 
been identified so far. However, I happened to find an interesting 
phenomenon that a general anesthetic propofol profoundly 

enhanced the inhibitory effect of zinc, which reportedly has a 
weak inhibition of AQP4 (Fig. 2). 

Furthermore, we found that effects on lipid membrane fluidity by 
propofol which lead to high-order clustering of AQP4 may accout 
for the strong enhancement effects. These findings surely give a 
new insight into the functional regulation of AQP4 and lead us to 
the identification of AQP4 inhibitor. Based on these findings, I am 
now conducting further studies to ask whether the similar results 
could be obtained in living cells. 
　The opportunity as a research assistant of GCOE has been 
really a worthwhile experience. Through the 2 years, I have 
visited many places and acquainted with a lot of people. These 
opportunities are not only helpful for my experiments but also 
inspirational. Taking advantage of this opportunity, I will devote 
myself in further studies to achieve my ultimate goal. Finally, I 
would like to thank all people who have supported my research 
through GCOE program.

 Aquaporin 4 inhibitor drug screening 

Jungo Kato
加藤　純悟

総合医科学研究センター研究員
G COE RA
医学研究科
整形外科学

Eri Katsuyama

To elucidate the mechanism of cell-cell fusion in foreign body 
giant cells.

Cluster for Cell  Cycle,  differentiat ion and metabolism勝山　詠理

　Foreign body giant cells (FBGCs) are known to be generated 
in response to foreign bodies at the site of implantation. FBGCs 
and osteoclasts, which are both derived from hematopoietic 
stem cells or monocyte/macrophage lineage cells, have the 
similar characteristic feature each other. That is “cell-cell fusion” 
of mononuclear cells, and these cells may be share a similar 
mechanism to fuse to FBGCs or osteoclasts, however, the 
essential molecule for the system was not identified.
　We have successfully isolated a multinuclear osteoclast 
speci f ic molecule,  DC-STAMP (dendri t ic cel l  speci f ic 
transmembrane protein), and provided evidences that DC-
STAMP was essential for cell-cell fusion of both osteoclasts and 
FBGCs(J Exp Med. 2005). We generated DC-STAMP-deficient 
mice and demonstrated a complete lack of the formation of 
multinuclear osteoclasts and FBGCs both in vivo and in vitro. 
We also demonstrated that the regulations of DC-STAMP 

expression and cell-cell fusion were completely different between 
osteoclasts and FBGCs (J Bone Miner Res. 2007). We are going 
to apply these facts to classify the mechanisms of cell-cell fusion 
in FBGCs.
　So, the purposes of my present research are; ① to characterize 
the nature of FBGCs, and ② to identify the molecules which 
regulates cell-cell fusion of FBGCs and elucidate the mechanism 
of cell-cell fusion.
　To date we found FBGCs and osteoclasts are reciprocally 
regulated in the inflammation condition and FBGCs seem to play 
a role of body defense rather than attacking the biomaterials 
and cause implant failure. In terms of fusion related molecules, 
we identified one molecule, which is essential for cell-cell fusion 
for FBGCs and osteoclasts like DC-STAMP. Now we analyze the 
molecule to find its adapting protein and classify the downstream 
molecules for the fusion with knocked out mice.

Cluster for Biodefense Metabolism
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Sayaka Kusuzawa

　Aquaporin-4(AQP4) is the major water-channel in the brain and 
is localized at the endfeet of astrocytes plasma membrane. This 
localization will be concerned with brain water regulation , such 
as brain edema , but the mechanism of the regulation of AQP-
4 localization is still unknown. My project aim is to investigate 
the regulation of AQP-4 expression and localization at astrocyte 
endfeet , by in-vivo gene-transfer , such as  transfection of 
adenovirus-vector which stably express GFP-AQP4 fusion 
protein. Now I established the vector with the GFP-AQP4 fusion 
DNA , and will amplify the adenovirus-vector which express the 
fusion protein. And next step of my project is gene-transfer by 
intraventricular injection of the GFP-AQP4 fusion DNA to the 
fetuses of mouse with electroporation. And also , adenovirus-
vector which express the GFP-AQP4 fusion protein will be 
applied to the mouse by intraventricular injection ,and I will 
investigate the control of in-vivo AQP4 expression or localization. 
　Brain edema is more frequent in the term baby , compared 
with the preterm baby. But , the detail of human fetal AQP4 
expression is still unknown , except the expression in the later 
period (over 30weeks) of the human fetus is known a little. I am a 
neonatologist and I wonder what the difference is occurred from 
between the two. The rat AQP4 expression in the brain is still 

matured after birth , so the rat AQP4 expression may be similar 
to that of preterm baby. Through this AQP4 project , I want to 
know the difference of AQP4 expression or function between 
term and preterm baby.

総合医科学研究センター研究員
G COE RA
医学研究科
小児科学

Regulation of aquaporin-4(AQP4) expression and localization in 
the brain astrocytes

Cluster for Humanized animal models
Nobuyoshi Kurihara
栗原　伸芳

　The cerebral cortex contains two major populations of neurons, 
excitatory projection neurons and inhibitory interneurons. The 
interneurons have been found to migrate tangentially from 
the ganglionic eminence (GE) in the ventral telecephalon to 
the developing cortex. The GE is subdivided into the medial 
(MGE), lateral (LGE), and caudal ganglionic eminence (CGE). 
In a previous study, we found that COUP-TF II is expressed in 
the CGE and the migrating cells in the caudal migratory stream 
(CMS). COUP-TF II is also necessary and sufficient for their 
caudal migration. Since COUP-TFII is a transcription factor, it 
was expected that some downstream molecules of COUP-TFII 
should regulate the direction of migration in the CMS.  To test 
this predication we screened for the downstream molecules of 
COUP-TFII as candidates for regulating the direction of migration 
in the CMS.  We have identified several candidates, which 
were expressed in both the CGE and the cells in the CMS. Of 
the augmented genes in cDNA microarray analysis and also 
the genes which have a similar distribution of mRNA as COUP-
TFII, we were interested in leucine-rich, glioma inactivated 1 
(Lgi1) in relation to COUP-TFII overexpression in MGE cells. Lgi1 
mRNA is coexpressed with COUP-TFII mRNA in CGE region 
including CMS migrating cells. We also found out that COUP-TFII 

is necessary for Lgi1 to be expressed and also activates Lgi1 
expression in CGE/MGE cells. Take together these data suggest 
that COUP-TFII acts upstream of Lgi1. 
  Through the GCOE program, I had many opportunities 
to interact with instructors and other enthusiastic science 
researchers from overseas that stimulated my motivation to go 
abroad to share more views of my research, which is another 
program that G-COE really supports.

総合医科学研究センター研究員
G COE RA
医学研究科
解剖学

Molecular mechanisms regulating the caudal migratory 
stream in the developing mouse telencephalon

楠澤　さやか Cluster for Cell  Cycle,  differentiat ion and metabolism
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　Most transmembrane and secreted proteins are translated 
and modifi ed in the endoplasmic reticulum (ER). The quality of 
the proteins is severely regulated. If the proteins are properly 
modifi ed, transported to their destination via the Golgi apparatus, 
but if not, they are translocated to cytosol and degraded with 
the machinery called ER-associated degradation (ERAD). 
Imbalance among protein load, transportation and degradation 
causes protein accumulation in the ER and activates “unfolded 
protein response” (UPR). ER transmembrane proteins, ATF6, 
IRE1 and PERK, which are called UPR sensors, regulate UPR via 
transcriptional induction of the numerous UPR target genes. 
　My research aimed classification of UPR, which induced by 
various stimuli, e.g. inhibition of glycosylation, blockage of ER-
to-Golgi transport and so on. To achieve my concept, I treated 
seven UPR inducing compounds to HeLa cells, measured the 
expression of nine UPR target genes (ATF4, CHOP, EDEM, 
ERdj4, GADD34, GRP78, GRP94, PDI and p58IPK) chronologically 
with real-time RT-PCR, and analyzed the similarity of the pattern 
of expressions by hierarchical clustering. The analysis showed 
that seven compounds divided into two clusters, named cluster 
A and B . Compounds belonging to cluster A disrupt the steps 
of protein folding and may accumulate not-properly-folded 

proteins. On the other hand, most of compounds belonging to 
cluster B are known to disrupt ER-to-Golgi transportation and 
may accumulate folded proteins. Therefore, the achievement of 
modifi cation of accumulated proteins is different between cluster 
A and B. This difference might affect sensing for accumulated 
proteins and make UPR different.
　Now researching whether difference of mode of action of 
compounds refl ects the activation pattern of UPR sensors with 
visualization using fl uorescent protein.

Analysis of machinery for ER stress response induced by small 
molecular compounds

Cluster for Cell  Cycle,  differentiat ion and metabolism
Satoko Shinjo
総合医科学研究センター研究員
G COE RA
理工学研究科
基礎理工学専攻

新荘　聡子

　AQP4 is the predominant water channel in the brain, and 
concentrated at astrocyte endfeet. Previous studies have 
suggested that AQP4 contributes to some physiological aspects 
of brain functions, such as potassium buffering, extracellular 
space volume regulation, gap junctional coupling of astrocytes 
and neuronal plasticity. In addition, AQP4 plays a fundamental 
role in pathophysiological conditions like brain edema formation. 
However, at this point, these observations are fragmented, and 
little is known about how AQP4 contributes to brain functions 
under physiological or pathophysiological conditions. This is 
partly due to the diffi culties in the evaluation of AQP4 functions 
and also to the lack of knowledge in the physiology of astrocyte. 
Therefore, we set out two strategies to examine the role of AQP4 
in the brain function in parallel. 1. To examine phenotypes of 
AQP4 knockout mice, 2. To examine physiology of astrocyte.
　To evaluate physiology of astrocyte, we have employed 2 
photon calcium imaging of cortical brain slices combined with 
several pharmacological or pathological stimulation. While we 
are in the middle of investigation, some informative data have 

been acquired.
　I have participated in G-COE program "Center for Human 
Metabolomic System Biology"as RA since May 2011. It has 
provided me with numbers of wonderful opportunities such as 
financial supports and profound lectures about cutting-edge 
fi ndings. Thanks to these supports, I could have concentrated on 
my research and covered a broad range of scientifi c fi elds.

総合医科学研究センター研究員
G COE RA
医学研究科
薬理学 Astrocytic calcium dynamics in AQP4-defi cient mice

Cluster for Biodefense Metabolism
Takanori Shinotsuka
篠塚　崇徳
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総合医科学研究センター研究員
G COE RA
医学研究科
解剖学

　N-Methyl-D-Aspartate receptors (NMDARs) are one of the most 
important receptors for glutamatergic neurotransmission, which 
is associated with memory formation and synaptic formulation. 
When not only glutamate but also D-serine binds to NMDARs, 
they are activated and induce some kinds of intracellular signal 
cascade. Strong activation of NMDARs enhances synaptic 
connection and weak activation of NMDARs attenuates it. 
　D-serine binds to NR1 subunit and regulate receptor activation 
in dose dependent manner. Thus, regulation of D-serine 
concentration in synaptic cleft is essential for normal synaptic 
activity. 
　Most of previous studies to understand D-serine regulation 
were focused on feedback mechanisms after glutamatergic 
neurotransmission, but I make a point to focus on energetic 
metabolism because D-serine is one of amino acids and 
synthesized from L-serine. L-serine is glycogenic amino acid and 
synthesized from down stream metabolite of gycolysis. 
　I searched novel protein interacting with SRR. GST-tagged 
SRR was mixed with murine brain homogenate and pulled down 

with glutathione beads. After SDS-PAGE, silver staining showed 
37kDa protein that specifically interacts with SRR. MALDI-TOF 
mass spectrometry analysis revealed that the interacting protein 
is glyceraldehyde-3-phosphate dehydrogenase (GAPDH). I 
clarified augmentation of interaction by ATP but not NADH and 
activation of SRR by GAPDH in vitro. These results indicated that 
GAPDH interacts with SRR, when intracellular energetic level is 
sufficient, and strengthen SRR activity. 
　Then, to clarify the effect of low energy on interaction between 
SRR and GAPDH, I checked whether AMP affects interaction 
between SRR and GAPDH. Contrary to my expectation, AMP but 
not ADP augments the interaction more potently than ATP. This 
result inspired me that interaction of GAPDH in low energy has 
different physiological significance from that in high energy. Now 
I’m studying an effect of AMP on SRR activity.
I expect that this study will reveal the relationship between SRR 
activity and GAPDH, moreover, clarify D-serine production and 
intracellular energetic level.

regulation of D-serine by energetic metabolism

Cluster for Metabolomic Networks
Masataka Suzuki
鈴木　将貴

　I am investigating the mechanisms of mammalian neocortical 
development, especially focusing on the role of Reelin-Dab1 
signaling for neuronal migration and layer formation. Mammalian 
neocortex, including human, consists of 6-layered neuronal 
alignments, and this layered structure shows the birth-date-
dependent “inside-out” pattern; late-born neurons are located 
more superficially than early-born neurons. Although Reelin-Dab1 
signaling is essential for the establishment of this “inside-out” 
pattern, the mechanisms of this signaling is largely unknown.
　We and other groups reported that Reelin-Dab1 signaling 
is required for the “terminal translocation” mode at the end 
of neuronal migration. I investigated the role of terminal 
translocation for layer formation in vivo and found that the 
“inside-out” neuronal alignments are mainly formed at the 
outermost region of the developing cortex through terminal 
translocation. I named this region as “primitive cortical zone 
(PCZ)” because this region showed several histologically distinct 
features and because migrating neurons need to pass through 
this region using molecularly and behaviorally different migratory 
mechanisms. These findings are published in “The Journal of 
Neuroscience”, and my figure was also selected as a cover 
image.

　I am now trying to elucidate the molecular mechanism 
of terminal translocation. Currently, I  found that Dab1 
phosphorylation pathway regulates terminal translocation in vivo 
through the activation of specific cell adhesion molecule. Reelin 
stimulation up-regulates the cell adhesion to an extracellular 
matrix protein through this cell adhesion molecule, and this 
molecule also controls terminal translocation. I am now doing 
some experiments to confirm my hypothesis.
(Comments of GCOE program)
　Our GCOE program gave me several great opportunities 
to study the roles and mechanisms of neuronal migration for 
mammalian neocortical development in vivo. I was very pleased 
to present and discuss my preliminary data with Drs. Tom Curran 
and Jeffery Golden in the U.S. Their warm and critical comments 
highly motivated me to carry out my project. 

総合医科学研究センター研究員
G COE RA
医学研究科
解剖学

Investigating the role of Reelin-Dab1 signaling for the cortical 
development

Katsutoshi Sekine
関根　克敏 Cluster for Cell  Cycle,  differentiat ion and metabolism
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　The purpose of this study is to observe the plasticity of 
neuronal activities, function of second messengers, and 
synthesis of new proteins in neurons while only several specific 
neurons are stimulated in the neuronal network. For this purpose, 
we have developed the micro total analysis systems (μ-TAS) with 
micro fluid channels of PDMS, which can construct the small 
neuronal network, and also stimulate only pre-synaptic neurons. 
However, it is difficult to fabricate the narrow PDMS channels 
(<10μm). We therefore, focus our study on electrical stimulation 
and we have designed and developed a specific culture device 
for electrical stimulation to many neurons simultaneously and 
non-invasively. To visualize neurons on the stimulating electrodes 
with an inverted microscope, we used ITO (indium-tin-oxide) 
glass, which has electric conductivity and clarity, for stimulating 
electrodes. The electric conductive region of ITO glass was 
patterned with an etching technique, and Ca2+ responses were 
used as the main index for neural responses. In hippocampal 
neurons, Ca2+ responding neurons increases transiently 
depending on applied current strength. However, when 
current strength was increased again, the responding neurons 
increased. We illustrated the temporally repeated patterns 
of responses among neighboring neurons (Ca2+ propagation 

between neurons). According to STDP (Spike-timing-dependent 
plasticity) rule, synaptic plasticity by control of stimulus timing 
of each neuron has been reported. In conclusion, this device is 
the best tool to observe the change of the plasticity of neuronal 
synaptic connection by controlling stimulus timing of multiple 
electrode lines, and can observe second messenger (Ca2+, Mg2+, 
cAMP, cGMP, etc) activity. And, for pharmacological stimulation, 
we will try to design and fabricate the PDMS device again.
　We would like develop this device to metabolome technology 
which have been developed at the G-COE program.

The study on the plasticity of neural activities and signal 
transduction in neuron with micro-device

総合医科学研究センター研究員
G COE RA
理工学研究科
基礎理工学専攻

Cluster for Metabolomic Networks
Ryo Tanamoto 
棚元　亮

　The G-COE program is very attractive and provides me a 
great opportunity to meet with experts from various fields and 
countries. This program stimulated my motivation and enlarged 
the view of my research.
　The NF-κB is homo or heterodimer of Rel family proteins and 
regulates expression of various genes involved in development, 
immune response, inflammation, and anti-apoptosis. Canonical 
and noncanonical NF-κB pathways are known (Fig. 1). Canonical 
NF-κB is mainly consists of p65/p50 heterodimer and important 
for natural immunity and inflammation. In one hand, noncanonical 
NF-κB is mainly consists of RelB/p52 and more important for 
autoimmune diseases. We focused on the noncanonical NF-κB 
activation pathway and revealed a novel inhibitory mechanism of 
an NF-κB inhibitor, dehydroxymethylepoxyquinomicin (DHMEQ). 
We found that DHMEQ covalently bound to Cys144 of RelB 
which is essential for DNA binding (Fig. 2) and inhibited DNA 
binding of noncanonical NF-κB as that of canonical one. In adult 
T-cell leukemia MT-1 cells RelB/p52 was found to be major NF-κ
B component. (-)-DHMEQ completely inhibited its activation 
via DNA binding inhibition. Moreover, we found that (-)-DHMEQ 
induced destabilization and inhibition of nuclear accumulation of 
RelB/p52 in MT-1 cells. We then prepared a RelB mutant which 

lacked DNA binding activity, and also mutant that had inactivated 
NLSs. When these mutated proteins were overexpressed in 
cultured HeLa cells, we found that these mutant proteins were 
greatly unstable.  
　In inflammation, cancer, and diabetes, excessive activation 
of transcription factors, such as NF-κB, AP-1 and STAT3, is 
observed in macrophages and cancer cells. In treatment of 
these diseases, inhibitors of these transcription factors should 
be useful. Our findings indicated that DNA binding activity 
of transcription factors is crucial function on stability and 
intracellular localization. Thus, a small molecule that can inhibit 
DNA binding activity has a great advantage on the suppression 
of transcription factor activations. I will research more precise 
mechanism of the stability and intracellular localization of 
transcription factors.

総合医科学研究センター研究員
G COE RA
理工学研究科
基礎理工学専攻 Reveals a novel inhibitory mechanism of NF-κB inhibitor.

Masatoshi Takeiri
竹入　雅敏 Cluster for Biodefense Metabolism
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　In this program, I have established a novel mouse model 
that mimics pathophysiology of immune thrombocytopenia 
(manuscript submitted). Then, as a next plan, I am trying to 
develop a fundamental treatment based on the pathophysiology 
of immune thrombocytopenia using this mouse model. 

　The members of G-COE program specialize in different fields 
respectively. Therefore, opinions from the aspect not seen in 
own field can be obtained. I think that it is the best advantage of 
G-COE program.

A critical role of CD4+CD25+ regulatory T cells in murine 
autoantibody-mediated thrombocytopenia.

総合医科学研究センター研究員
G COE RA
医学研究科
内科学 ( リウマチ )

Cluster for Humanized animal models
Tetsuya Nishimoto
西本　哲也

　Congenital hypothyroidism (CH) is the most frequent 
congenital endocrine disorder. Molecular pathogenesis of CH 
had been largely unknown. My colleagues and I enrolled more 
than 300 CH patients, and analyzed ten genes implicated in 
CH [e.g., TSH receptor (TSHR), thyroid-specific transcription 
factors, thyroglobulin etc.]. As a result, we found that about 25% 
of CH patients have genetic defects (1-3), which was threefold to 
fivefold higher than previously supposed (4).
　Furthermore, we identified several patients with peculiar 
clinical features. One example was TSHR mutation carriers with 
high thyroidal iodine uptake. Because thyroidal iodine uptake is 
positively regulated by TSH, high uptake despite defective TSHR 
seemed to be paradoxical. We found that the R450H mutation, 
which was detected in patients with the phenotype, has the 
Gq-protein selective coupling defect, likely explaining the 
paradoxical phenotype (termed as nonclassic TSH resistance) 
(5). Another example was an individual with a somatic mosaic 
mutation in PAX8, which encodes a thyroid-specific transcription 
factor. This individual had two children with severe CH. Of 
interest, she received left hemithyroidectomy due to a benign 
thyroid nodule, giving us an opportunity to investigate the 
pathology of a mutation-carrying thyroid. The mutation-carrying 
tissue was characterized by very small thyroid follicles, implying 
that PAX8 plays a crucial role in the late phase of histological 
development of the thyroid (6).

　 I  am now trying to clari fy yet-unidentif ied molecular 
mechanism(s) underlying CH patients harboring no apparent 
mutations. I believe that a breakthrough will be made by 
combinatory uses of new ideas and new technologies.

1 Narumi S et al. J Clin Endocrinol Metab. 2009;94:1317-1323.

2 Narumi S et al. J Clin Endocrinol Metab. 2010;95:1981-1985

3  Narumi S et al J Clin Endocrinol Metab. 2011 Sep 7. [Epub ahead of print]

4 Krude H, Gruters A. Horm Res. 2000;53 (Suppl 1):12-18.

5 Narumi S et al. J Clin Endocrinol Metab. 2011;96:E1340-5

6 Narumi S et al. J Clin Endocrinol Metab. 2011 (in press)

医学研究科
小児科学

慶應義塾大学医学部小児科学（助教）

Comprehensive Genetic Analysis of Japanese Patients with 
Congenital Hypothyroidism.

Cluster for Humanized animal models
Satoshi Narumi
鳴海　覚志
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長谷川　雅巳

Background: The initial events of mammalian sex determination 
are genetically determined with SRY as the master regulatory 
switch that triggers the formation of the testes. 46, XY Disorders 
of Sex Development(DSD) constitute a group of rare heritable 
disorders affecting the genito-urinary tract and in most instances 
also the endocrine-reproductive system. Although many genes 
that occur downstream of SRY action in 46, XY DSD have been 
characterized, the frequency of monogenic causes of 46, XY DSD 
with ambiguous genitalia is not understood. G146A polymorphism 
in NR5A1 has been reported to reduce the activity of the protein 
in vitro. Objective:i) To estimate frequency of monogenic causes 
(SRY, SOX9, NR5A1, WT1, GATA4, LHX9, CBX2, DAX1, DMRT1, 
DHH, MAMLD1, AR, SRD5A2, CYP17A , CYP11A1, HSD17B3).ii) 
To analyze whether G146A polymorphisms in NR5A1 constitute 
susceptibility factor with 46, XY DSD. Subjects: i) We enrolled 
95 Japanese index patients with 46,XY DSD with ambiguous 
genitalia.i) We studied 84 Japanese patients with 46, XY DSD 
with ambiguous genitalia enrolled in the subjects i) and 171 
fertile male people as control. The patients proven to have 
monogenic causes in i) were excluded. Methods:i) All exons 

and exon-intron boundaries of the those 16 genes were amplified 
by polymerase chain reaction and directly sequenced in the 
subjects i). ii) We determined alleles of the three polymorphisms 
in the subjects 2) and subsequently compared the range or 
frequency of alleles in the three polymorphisms between patients 
and control statistically. Results:i) Monogenic mutations were 
found in 11 patients (12% of index patients). We detected 
novel mutations (NR5A1 C55F, MAMLD1 419-429 del3Q, AR 
D605N) which showed loss of function in vitro. ii)【Genotype of 
G146A】GG:GA:AA(%)=41:50:9 (Control 65:27:8) p=0.0002, 
AA+GA/GG OR=2.7 (95%CI:1.5-4.7) p=0.0003, GG+GA/AA 
OR=1.1 (95%CI:0.4-3.1) p=0.86 Conclusions: We estimated the 
prevalence of monogenic causes in Japanese 46,XY DSD with 
ambiguous genitalia to be 12%. G146A in SF1 polymorphism is 
likely to be a susceptibility factor in Japanese 46,XY DSD with 
ambiguous genitalia.                                                                                            
　I would like to express my special thanks of gratitude to this 
GCOE program which gave me the golden opportunity to do this 
wonderful project.

総合医科学研究センター研究員
G COE RA
医学研究科
小児科学

Investigation of the molecular pathogenesis and pathophysiology 
of 46, XY Disorders of Sex Development 

Mie Hayashi
林　美恵

　In the drug development, it is very important to examine 
the drug metabolism and its pharmacokinetics, therefore the 
pharmacokinetics study is firstly carried out in most of phase 
I studies. If the drug pharmacokinetics could be predicted in 
preclinical study, it would be useful to determine the treatment 
regimen in clinical study. To predict the human pharmacokinetics 
in animal model, we tried to generate the humanized liver mice 
(hu-Liver mice), the liver of which is repopulated with human 
hepatocytes, because liver is one of the most important organs 
for drug metabolism, pharmacokinetics and accumulation. 
Hu-Liver mice were successfully generated by transplanting 
human hepatocytes into transgenic mice of herpes simplex 
virus-thymidine kinase (HSV Tk) or urokinase-type plasminogen 
activator (uPA) in severe immunodeficient mice (NOG mice). 
Human hepatocytes were found in the liver of hu-Liver mouse 
by immunohistochemical staining with anti-human albumin 
antibody or anti-human cytokeratin 8/18 antibody, and then 
the chimeric ratio, which is calculated by the occupied area of 
human hepatocytes per liver section, was correlated with human 
albumin levels in mouse blood. Pharmacokinetics study of 
debrisoquine (DEB) was performed using the hu-Liver mice with 
the chimeric ratio to over 60%. Then, 4-hydroxydebrisoquine (4-

OH DEB), a metabolite of debrisoquine, was detected in hu-Liver 
mice at higher levels in comparison with that in control mice. 
This result indicates debrisoquine was metabolized by human 
CYP2D6 efficiently because of the relative deficiency of this 
enzyme activity in mice. Hu-Liver mice might be useful to predict 
the pharmacokinetics in human, and they would also be available 
for infectious model such as HCV. Furthermore, transgenic mice 
generated in this study, HSV Tk-NOG and uPA-NOG mice, would 
be useful tool for hepatic stem cell research.
　Researchers tend to immerse themselves in particular subject. 
GCOE program provided a lot of opportunities of discussing with 
experts in various fields. I think this is nice educational program.

Establishing humanized liver mice and their application in 
pharmacokinetics study

総合医科学研究センター研究員
G COE RA
医学研究科
医化学

Masami Hasegawa
Cluster for Humanized animal models

Cluster for Humanized animal models
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　It is my great honor to be a research assistant of Keio 
University Global COE Program(Center for Human Metabolimic 
Systems Biology). There were many chances for members in 
this program to access front researches of life science and to 
communicate with excellent researchers.These opportunities 
complemented my doctoral study and enriched my academic 
works.
　The aim of our study is to improve understanding on 
coordination between energy metabolism and cell-cycle 
progression. Cancer cells obtain cellular energy to proliferate 
mainly from glycolysis rather than mitochondrial oxidative 
phosphorylation. This has been known as aerobic glycolysis 
or Warburg effect. Although cell growth involves both energy 
metabolism and cell cycle control, l ittle is known about 
mechanisms of their relationship. In this study, we tried to 
clarify how energy metabolism is modulated during cell cycle 
progression. A human colon cancer cell line, HCT116, was 
labeled with a cell-cycle phase-dependent fluorescent marker 
system, Fucci (provided by Dr. A. Miyawaki, RIKEN). The 
resulting cells showed red fluorescence in G1 to early S phases 
and green fluorescence in S to G2/M phases, being consistent 
with the results of their cellular DNA amounts. They were 
synchronized with double-thymidine block method to isolate 
cells in G1, S, and G2/M phases. Metabolites of cells in these 
phases were quantitated using mass spectrometry coupled with 

capillary electrophoresis. The results suggest that cells in G1 
phase had higher amounts of glycolytic metabolites than those in 
S and G2M phases. Further studies revealed that mitochondrial 
membrane potential and oxidative phosphorylation decreased 
in G1 phases, though there was no change among phases 
in relative copy numbers of mitochondrial DNA copy number 
to genomic DNA. Taken together, the dependence of energy 
production on glycolysis further increased when cancer cells 
entered G1 phase after progression through S and G2M phases.

総合医科学研究センター研究員
G COE RA
医学研究科
医化学

Dependence of cellular energy production on glycolysis increased 
in G1 phase of  human colon cancer cells

Cluster for Cell  Cycle,  differentiat ion and metabolism

Yan Bao
鮑　彦

　Bone metabolism is mainly regulated by osteoclasts, bone 
resorbing cells, and osteoblasts, bone forming cells. Bone 
is continuously remodeled by osteoclast bone resorption 
and osteoblast bone formation. Acceleration of osteoclast 
differentiation/function or downregulation of osteoblast 
function resulted in reduced bone mass. Thus, controlling 
osteoblastogenesis is critical in preventing osteoporosis 
and pathological fractures. We have tried to identify the key 
molecules, which play key roles in osteoblast differentiation and 
function, and  identified Bcl6, as a key transcriptional repressor 
expressed in osteoblasts. The Bcl6 expression in osteoblasts 
during differentiation was stable, but we found that the Bcl6 
knockout mice exhibited severely decreased bone mass 
compared with wild-type mice due to reduced osteoblast bone 
formation. Now we are going to identify the target molecules of 
Bcl6 in osteoblasts to clarify the mechanisms of the regulation of 
osteoblast differentiation via Bcl6.

総合医科学研究センター研究員
G COE RA
医学研究科
整形外科学 controlling osteoblastogenesis by regulating Bcl6

Atsuhiro Fujie
藤江　厚廣

Figure: Glycolysis was activated in G1 phase of HCT116 colon cancer cells.
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Background: Pseudohypoparathyroidism type Ia (PHP-Ia) is 
characterized by parathyroid hormone (PTH) resistance and 
Albright’s hereditary osteodystropy (AHO), which includes short 
stature, obesity, round face, characteristic brachydactyly and 
subcutaneous calcification. About 70% of patients with PHP-
Ia have a point mutation in GNAS (encoding Gsα). To date, no 
case with total deletion of GNAS has been reported. 

Patients: Probands were a 17-year-old girl (Patient 1) and a boy 
(Patient 2), who were dizygotic twins. Patient 1 had full AHO and 
compensated PTH resistance (normocalcemia and increased 
PTH). Contrastingly, Patient 2 had partial AHO and overt PTH 
resistance leading to hypocalcemia. The mother of the probands 
also had AHO without PTH resistance.(FIG.1)

Methods & Results: To clarify the molecular mechanism of the 
PHP-Ia of the family, we first searched a point mutation in the 
coding exons of GNAS by PCR-based direct sequencing, but 
found no mutation. Next, we screened deletion or duplication 
by the multiplex ligation-dependent probe amplification method, 
and found that the whole GNAS locus was likely to be deleted. 
This putative deletion was confirmed by oligonucleotide array 
comparative genomic hybridization, which revealed an about 
850-kb deletion at 20q13.32 encompassing known 11 genes 
including NESP55, NESPAS, GNASXL, GNAS exon1-13 and the 
other 7 genes in the two affected children and their mother.(FIG.2)

Conclusions: we identified the first PHP-Ia patients with a total 
GNAS deletion. We could find no recognizable phenotypic 
difference between our patients and previously reported ones. 
This implies that a subset of patients with 'GNAS point mutation-
negative' PHP-Ia patient might have GNAS deletion.

A Family of Pseudohypoparathyroidism Type Ia with an 850-kb 
Deletion Encompassing the Whole GNAS locus.

総合医科学研究センター研究員
G COE RA
医学研究科
小児科学

Toshikatsu Mitsui
三井　俊賢

The role of autophagy in the inner ear

　Autophagy is an evolutionarily conserved process that is 
essential for cellular homeostasis and organismal viability in 
eukaryotes. In this study, we aimed to elucidate the function 
of autophagy in the inner ear sensory cells.We analyzed 
the molecular mechanism which induced autophagy and 
endoplasmic reticulum stress (ER stress) in the inner ear sensory 
cells.
　ER stress and the stress response in cells that cause the 
accumulation of denatured proteins to the endoplasmic reticulum 
in the cell is not properly folded. ER stress is thought to induce 
diseases such as ischemic disease, neurodegenerative disease 
and cancer. 
　In addition, autophagy and the collapse of ubiquitin-
proteasome pathway has been shown to be deeply involved in 
the development of cancer and neurodegenerative disorders; 
however, their role in the function of sensory cells in the inner ear 
is unknown. Loss of autophagy(atg)4 or atg5 in mice, molecules 

involved in autophagy, have been reported to disturb equilibrium 
with hypoplasia of the mouse otolith, which causes disorder of 
rotating balancer and make them difficult to go straight.
In this study we hope to clarify the relationship between hearing 
loss, balance disorders and diseases such as autophagy in 
sensory mechanisms.As a preliminary experiment we performed 
a cell viability assay of the inner ear sensory cells under oxidative 
stress. Next, the ER stress responses in the inner ear sensory 
cells, made cell viability assay.
　In the future, to confirm the localization of ER stress markers 
and morphological changes over time in cultured cells, 
confocal laser scanning microscope and electron microscopy 
(TEM) observations will be made.Furthermore, morphological 
observations of immunological stained knockout mice atg7 
inner ear paraffin sections will be made using transmission and 
scanning electron microscopy.  

総合医科学研究センター研究員
G COE RA
医学研究科
耳鼻咽喉科学

Tomoko Hommura
本村　朋子 Cluster for Cell  Cycle,  differentiat ion and metabolism
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　Protect in  D1 (PD1) ,  a  l ip id  media tor  der ived f rom 
docosahexaenoic acid (DHA), acts as an anti-inflammatory 
and/or pro-resolution mediator by controlling inflammatory 
cell functions in vivo. PD1 is also reported to reduce allergic 
symptoms and eosinophilic airway inflammation in murine 
models of asthma, but the molecular mechanism with which 
PD1 modulates airway eosinophi l ia remains unknown. 
Hence we examined the direct action of PD1 on isolated 
eosinophils, namely chemotaxis, adhesion molecule expression, 
degranulation (release of eosinophil-derived neurotoxin), 
superoxide anion generation and survival. Human peripheral 
blood eosinophils from healthy donors were isolated and 
were stimulated with 5-oxo-eicosatetraenoic acid (5-oxo-
ETE), CCL11/eotaxin-1, platelet activating factor (PAF), or their 
combinations. PD1 potently inhibited 5-oxo-ETE or CCL11-
induced eosinophil chemotaxis at low nanomolar concentrations. 
PD1 also downregulated L-selectin shedding and CD11b 
expression in 5-oxo-ETE- or CCL11-stimulated eosinophils. In 
contrast, no significant effect was observed in degranulation, 

superoxide anion generation, and survival. Next, we performed 
liquid chromatography-tandem, mass spectrometry-based, 
lipidomic analysis of human eosinophil-derived metabolites of 
arachidonic acid and DHA derived from human eosinophils, and 
identified PD1 as one of the main anti-inflammatory molecules 
synthesized in this cell type, while exogenous addition of DHA 
reduced the biosynthesis of arachidonic acid-derived pro-
inflammatory mediators such as leukotriene B4 and cysteinyl 
leukotrienes. Compared with the cells harvested from healthy 
donors, we observed a prominent decrease in the synthesis of 
PD1 by eosinophils from severely asthmatic patients, even in 
presence of DHA.These results demonstrate for the first time that 
PD1 is produced by activated human eosinophils, presumably 
via 15-lipoxygenase pathway, and potentially functions as a 
feedback regulator of human eosinophils, and the production of 
PD1 is impaired in severe asthma. Lipidomics is very attractive 
tool to clarify the pathophysiology of inflammatory disease, and 
I learned a lot from G-COE programs to take full advantage of 
lipidomics.

総合医科学研究センター研究員
G COE RA
医学研究科
内科学 ( 呼吸器 )

Biological activities and synthesis of anti-inflammatory lipid 
mediators in human eosinophils

Jun Miyata
宮田　純

　Neuromyelitis optica(NMO) is an inflammatory disease of 
the central nervous system(CNS) selectively affecting the optic 
nerves and spinal cord. Recently, a specific IgG designated 
NMO-IgG was discovered in patients' plasma and relevant 
antigen was found to be aquaporin-4(AQP4), one of the major 
water channel proteins in the CNS. It has been reported that 
binding of NMO-IgG to AQP4 expressed in the astrocytic end-
feet causes disruption of astrocytes followed by demyelinating. 
To investigate the molecular mechanisms underlying the activity 
of anti AQP4-Ab, I examine the binding site for NMO-IgG using 
some mutant human AQP4.  
　Recently, we have developed monoclonal antibodies against 
the extracellular domain of AQP4. I'd like to investigate the 

characteristics of the monoclonal antibodies to determine 
whether the monoclonal Abs can be a theraputic option of NMO 
by interfering with binding of NMO-IgG to AQP4. I examined the 
binding properties of monoclonal antibodies by flow cytometry, 
focusing on the difference between AQP4 M1 and M23 isoforms 
or between humans and mouse. Unfortunately, the monoclonal 
antibodies exhibit complement-dependent cytotoxicity. Therefore, 
I'll make the Fab of the monoclonal antibodies for theraputic 
options.
　I have started the reserach since last April. I have learned 
many technics of experiment through this research. I found doing 
research interesting.

総合医科学研究センター研究員
G COE RA
医学研究科
整形外科学

Identification of the epitope for a specific autoantibody of the 
neuromyelitis optica and development of the new method for diagnosis.

Cluster for Biodefense Metabolism
Kaori Miyazaki
宮﨑　馨

Cluster for Metabolomic Networks
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Tomoaki Mori

　Joint destruction is frequently seen in chronic inflammatory 
diseases, such as rheumatoid arthritis (RA). Osteoclasts are 
implicated in such joint destruction by their bone resorbing 
activity. However, the mechanisms underlying how joint 
destruction in RA develop and are sustained chronically remain 
largely unknown. In this study, we show that STAT3 is the key 
mediator of joint destruction in RA by inducing Receptor activator 
of nuclear factor kappa-B ligand (RANKL).In RA patients, pro-
inflammatory cytokines, such as IL-1β, TNFα and IL-6 are 
upregulated and implicated in disease activity. We found that 
IL-6 cytokine family, such as IL-6, LIF, IL-11 and OSM, and 
RANKL were significantly up-regulated in osteoblastic cells by 
the treatment with these inflammatory cytokines, and such up-
regulation were significantly suppressed in STAT3 -/- MEF cells 
compared with WT. IL-1β, TNFα or IL-6 activated STAT3 either 
directly or indirectly and in turn induced expression of IL-6 family 
cytokines, further activating STAT3 in osteoblastic cells. STAT3 
activation also induced expression of RANKL, and thus STAT3 

is considered a therapeutic target to treat inflammation and joint 
destruction. We screened STAT3 inhibitor, and identified two 
possible inhibitors of STAT3. STAT3 pharmacological inhibition 
promoted significant reduction in expression of both IL-6 
cytokine family and RANKL and inhibited osteoclastogenesis 
in coculture system with primary osteoblasts and bone marrow 
cells. STAT3 inhibition was also effective in treating an RA model, 
collagen induced arthritis (CIA), in vivo, and joint destruction 
was completely improved. In CIA model, by STAT3 inhibition, 
significant reduction in expression of pSTAT3, IL-6 cytokine 
family and RANKL in the joints was evident by immunoblotting 
analysis, ELISA, fluorescent immunohistochemistry and RT-
PCR. Furthermore, the serum level of IL-6 was reduced by the 
administration of STAT3 inhibitor in CIA model. Thus our data 
provide new insight into RA pathogenesis and provide evidence 
that inflammatory cytokines trigger a cytokine amplification 
loop via STAT3 that promotes sustained inflammation and joint 
destruction.

総合医科学研究センター研究員
G COE RA
医学研究科
整形外科学

STAT3 is a novel target for treating bone resorption in 
Rheumatoid arthritis.

森　智章

　Osteoclasts are unique bone-resorbing cells and mice carrying 
a mutant gene responsible for osteoclast formation exhibit the 
osteopetrotic phenotype.Foreign body giant cells (FBGCs) are 
known to be generated in response to foreign bodies at the site 
of implantation. Osteoclasts and FBGCs are both derived from 
hematopoietic stem cells or monocyte/macrophage lineage 
cells. The most characteristic feature of these cells is a cell-cell 
fusion of mononuclear cells, however, the essential molecule 
for cell-cell fusion was not identified. We have successfully 
isolated a multinuclear osteoclast specific molecule, DC-STAMP 
(dendritic cell specific transmembrane protein), and provided 
evidences that DC-STAMP was essential for cell-cell fusion of 
both osteoclasts and FBGCs(J Exp Med. 2005). We generated 
DC-STAMP-deficient mice and demonstrated a complete lack of 
the formation of multinuclear osteoclasts and FBGCs both in vivo 
and in vitro. We also demonstrated that the regulations of DC-
STAMP expression and cell-cell fusion were completely different 

between osteoclasts and FBGCs (J Bone Miner Res. 2007). The 
expression of DC-STAMP and cell-cell fusion was c-Fos and 
NFATc1-dependent in osteoclasts, while these were not c-Fos 
and NFATc1-dependent in FBGCs. However, the nature of FBGCs 
and the roles of cell-cell fusion in FBGCs or the mechanisms of 
cell-cell fusion in osteoclast and FGBCs remain uncharacterized. 
Thus the purposes of present research are; ① to characterize 
the nature of FBGCs, and ② to identify the molecules which 
regulates cell-cell fusion of osteoclasts and foreign body giant 
cells and elucidate the mechanism of cell-cell fusion. 

　To date we found FBGCs and osteoclasts are reciprocally 
regulated in the inflammation condition and FBGCs seem to play 
a role of body defense rather than attacking the biomaterials and 
cause implant failure. In terms of fusion related molecules, we 
identified one molecule, which is essential for cell-cell fusion for 
osteoclasts and FBGCs like DC-STAMP.

総合医科学研究センター研究員
G COE RA
医学研究科
整形外科学

To elucidate the function and mechanism of foreign body 
giant cell. To identify the molecule, regulating cell-cell fusion 
of osteoclasts and foreign body giant cells and to elucidate the 
mechanism of cell-cell fusion.

Hiroya Miyamoto
宮本　裕也 Cluster for Cell  Cycle,  differentiat ion and metabolism
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外科学（呼吸器）

　Malignant pleural mesothelioma is known to be widely resistant 
to therapy and new treatment strategies are needed. Both 
statins and valproic acid are known to suppress the growth of 
multiple cancer lines, but the effects on mesothelioma cells are 
not well defi ned. In the present study we examined the effects 
of lovastatin and valproic acid on ACC-MESO-1, which is a 

human derived mesothelioma cell line. We found that lovastatin 
(2 μM) and/or valproic acid (5 mM) did not reduce cell viability 
nor induce apoptosis, but reduced cell invasion. The effect was 
additive when combined. Furthermore it was speculated that 
induction of autophagic changes was at least in part involved in 
this process.

Figure 1. Morphologically, cell retraction from the culture dish, cell rounding, and 
appearance of vacuole like structures in the cytoplasm was seen particularly in the LV 
group at 48 h. The numbers of rounded cells were counted in four randomly chosen 
fi elds per measurement per group in four independent experiments. L (lovastatin, 2 μ
M), V (valproic acid, 5 mM), LV (combination of lovastatin (2 μ M) and valproic acid (5 
mM)), and C (DMSO alone). *p < 0.05 between the indicated groups.*

Figure 2. Cell invasion was signifi cantly reduced in L, V, and LV groups in comparison to the 
C group at 7 h after material applications. The eff ect appeared to be additive in the LV group. 
The reductions in cell invasion in the LV group was signifi cantly reversed by coadministration 
of 3MA or atg5 siRNAs. L (lovastatin, 2 μ M), V (valproic acid, 5 mM), LV (combination of 
lovastatin (2 μ M) and valproic acid (5 mM)), C (DMSO alone), 3MA (3-methyladenine (2 mM)), 
and atg5 siRNAs (50 picomol per milliliter), si1, si2, and si3.*p < 0.05 between all other groups.

Lovastatin and valproic acid additively attenuate cell invasion in 
ACC-MESO-1 cells.

Cluster for Humanized animal models
Yoshikane Yamauchi
山内　良兼

　The goal of our study is to investigate the role of gaseous 
molecules namely molecular oxygen (O2), carbon monoxide 
(CO) and hydrogen sulfide (H2S) in the control of brain 
microcirculation under hypoxia. Brain can increase blood fl ow in 
response to hypoxia, known as hypoxia-induced vasodilatation. 
It has been explained by many sensing mechanisms involving 
production of vasodilators including lactate, adenosine, 
prostaglandin E2, carbon dioxide and nitric oxide. However, 
molecular mechanisms for this adaptive response have not 
been completely understood. In this study, we try to reveal that 
carbon monoxide derived from heme oxygenase (HO)-2 acts 
as an O2-dependent vasoconstrictor by tonically interfering with 
the ability of astrocytes to generate H2S, a potent vasodilator. 
Immunohistochemical analyses showed that neurons and 
endothelial cells express HO-2 constitutive CO-producing 
enzyme, whereas astrocytes express cystathionine β-synthase 

(CBS), a CO-sensitive enzyme for H2S production. Studies using 
brain slices from mouse neonate showed that suppressing 
endogenous CO production caused arteriolar dilatation via 
mechanisms depend on CBS-derived H2S. Lowering partial O2 
pressure of the superfusate from 400 to 50 mmHg during 10 min, 
arterioles from HO-2 wild-type mice dilated by 64±8%. Extent of 
this hypoxia-induced vasodilatation was signifi cantly reduced in 
the slices prepared from either HO-2 (20±3%) or CBS (31±8%) 
knockout mice. Furthermore, a fall in fractional O2 concentrations 
from 10% to 1% reduces CO contents of brain slices by 60%, 
while HO-2 deletion abolished such O2-dependent reduction in 
CO. These results implicates that HO-2 senses a decrease in O2 

and gaseous metabolic relay involving CO and H2S productions 
play a role in hypoxia-induced dilatation in the neuronal-glial-
vascular unit.

総合医科学研究センター研究員
G COE RA
医学研究科
医化学

Interactions of Multiple Gas-transducing Systems in Brain 
Microcirculation

Cluster for Metabolomic Network
Takayuki Morikawa
森川　隆之
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　Water transport is a major factor in epithelial transport 
comparable to ion transport. However, compared with ion 
transport, the research for water transport has been behind by 
lack of a direct measuring method of water movement.
　Coherent Anti-Stokes Raman Scattering (CARS) laser-
scanning microscopy being developed gives us an image of 
signals originated from vibration energy of inter-atomic bonds in 
molecules. By adjusting the wave length of multi-photon lasers 
best for exciting the O-H stretch vibration, we could obtain H2O 
images from cells and tissues whereas no signal was released 
from D2O under the same condition. With a rapid switching of 
the perfusion solution from H2O-based one to D2O-based one 
vice versa, we could directly observe the water movement across 
epithelia without any staining.
　We applied this technique to cysts formed by MDCK cells and 
succeeded to make a direct observation of H2O/D2O exchange 
process across the MDCK epithelium forming cysts. We analyzed 
the time-lapse image data with a computer simulation model 
and succeeded to determine the diffusional water permeability 
of luminal, basal and paracellular pathways (τextracellular space >τcell 

layer>τLumen). Thus we propose CARS microscope can be a good 
tool for detecting water movement on transepithelial system. 
The goal is to address the “paracellular-transcellular’’ water 
permeation which is a longtime open question in the membrane 
transport physiology.
　I appreciate that G-COE provides financial assistance that 

could help students focus on their research. It also provides us 
very good opportunities to learn from scientists who are experts 
at various fi elds. I am very grateful that I am one of the people 
who had the privilege to undergo this program.

総合医科学研究センター研究員
G COE RA
医学研究科
薬理学

Molecular mechanism of water and ion transport system in cells 
and epithelia system

YingChun Yu
余　盈君

　In previous study, we found that inostamycin enhance TRAIL 
induced apoptosis in cancer cells. In attempt to search for a 
novel strategy to overcome TRAIL resistance, we investigated the 
mechanism by which inostamycin modulated TRAIL sensitivity in 
cancer cells.
　It was reported that TRAIL induced apoptosis through the 
binding to its receptors death receptor (DR) 4 and DR5. Then, 
we tested whether the expression levels of DR4 or DR5 was 
changed by inostamycin. With western blot analysis, we found 
that inostamycin significantly increased DR5 expression in a 
time-dependent manner but not DR4 expression in HeLa cells 
and human colon cancer cells HCT116. On the other hand, it was 
reported that DR5 was bound to TRAIL at cell membrane. Then 
we tested whether DR5 increased by inostamycin was localized 
at cell membrane. By using fl ow cytometric analysis, we found 
that 1 μg/ml inostamycin increased cell membrane-localized DR5 
in HeLa cells and HCT116 cells. These results suggested that 
DR5 up-regulation was critical for inostamycin induced TRAIL 
sensitization.

　Next, we investigated the mechanism by which inostamycin 
increased DR5 expression. It was reported that endoplasmic 
reticulum (ER) stress inducer tunicamycin up-regulated DR5 
expression via the up-regulation of transcriptional factor 
CHOP. Because inostamycin induced ER stress, we tested 
whether inostamycin increased DR5 expression via CHOP up-
regulation. We found that inostamycin up-regulated CHOP and 
knockdown of CHOP suppressed inostamycin-induced DR5 up-
regulation at mRNA levels. Furthermore, knockdown of CHOP 
also suppressed the increase of cell membrane-localized DR5 
in HCT116 cells. These results indicated that inostamycin up-
regulated DR5 expression via CHOP up-regulation.
　In conclusion, we propose the mechanism that inostamycin 
enhanced TRAIL sensitivity via the DR5 increase, which was 
regulated by CHOP. Next question is whether inostamycin-
induced DR5 up-regulation certainly contributes to TRAIL 
sensitivity. To solve the problem, we plan to examine whether 
knockdown of CHOP suppressed inostamycin-induced TRAIL 
sensitization.

総合医科学研究センター研究員
G COE RA
理工学研究科
基礎理工学専攻

Study on the mechanism of DR5 up-regulation induced by 
inostamycin

Cluster for Biodefense Metabolism
Kohta Yamamoto
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　Bone destruction by malignant tumors, tooth extraction and 
periodontal diseases is a serious problem in the maxillo-facial surgery 
field. Bone destruction and resorption are mediated by osteoclasts, 
bone resorbing cells, and thus controlling osteoclast differentiation 
is critical to regulate these symptoms. Bone remodeling depends on 
the precise coordination of bone resorption and subsequent bone 
formation, however, the mechanism of bone remodeling was not 
clarified. Coupling of bone resorption and formation is considered 
induced by release of osteotropic factors, which stimulates bone 
formation, from the bone matrix by osteoclastic bone resorption. Bone 
matrix contains several osteotropic factors including transforming 
growth factor-β1 (TGF-β1), which is abundant cytokine in the bone 
matrix. To date, it has been reported about the role of TGF-β1 in 
osteoblasts. However, the exact role of TGF-β1 in osteoclasts is 
largely unclear. Interestingly, we found that osteoclast differentiation 
induced by M-CSF and RANK ligand is suppressed by TGF-β
1 in a dose-dependent manner and the inhibitory effect of TGF-β

1 is affected at an early phase of osteoclastogenesis. I am going 
to elucidate the roles of TGF-β signaling in osteoclasts, which are 
important for bone metabolism, through the analysis of osteoclast-
specific TβRII, Smad2/Smad3 double knockouts,  and Smad4 
cko mice because TβRII, Smad2 and Smad4 deficient mice are 
embryonic lethal. It is expected that my genetical approaches 
identify the novel mechanisms which are involved in the regulation 
of bone metabolism. TGF-β1 was effective at an early phase of 
osteoclastogenesis. Therefore, to delete Smad4 at an early phase 
of osteoclastogenesis in vitro, we used Mx cre Smad4 cko mice. In 
Mx cre Smad4 cko mice experiments, to delete Smad4 at an early 
phase of osteoclastogenesis, interferon (IFN) was added to the 
cultures. Smad4 was almost deleted in osteoclasts at an early phase 
of osteoclastogenesis. Interestingly in this condition, inhibitory effect 
of TGF-β1 in osteoclastogenesis was rescued. This suggests that 
the signal of TGF-β1 in osteoclasts is Smad dependent at an early 
phase of differentiation.

The role of TGF-β1in osteoclastogenesis and maintenance of 
bone homeostasis

Shigeyuki Yoshida
吉田　重之 Cluster for Cell  Cycle,  differentiat ion and metabolism
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