
Division of Cell Processing was established in 1995 to develop cell-processing
technology and support the clinical departments of IMSUT through cell therapy.
This division established cord blood bank in 1997 (Tokyo Cord Blood Bank) and
has registered 3,900 units in Japan Cord Blood Bank Network, International Cord
Blood Organization NETCORD, cord blood association AsiaCORD and Bone Mar-
row Donor Worldwide, and shipped more than 390 units to transplant centers by
the end of 2005. This facility obtained the certification of ISO 9002:1994 in March
2000 and ISO 9001:2000 in May 2003. We support the clinical departments
through cord blood transplantation for patients with hematological malignancies.
We study the expansion of hematopoietic stem cells including CD34＋ cells, NK,
NKT progenitor cells in cord blood. Using this cord blood banking system, we
have started the research on regeneration medicine using placenta-derived mes-
enchymal progenitor cells and those could differentiate into osteoblasts, chondro-
cytes, adipocytes and neural cells. The study has extended to mesenchymal stem
and progenitor cells in cord blood, and those placenta-derived and cord blood
mesencyhmal cells should be considered as one of the possible allogeneic cell
sources for cell therapies and tissue engineering.

1. Cord Blood Banking in IMUST:

Tokiko Nagamura-Inoue1, Yan Cui, Masako
Hirai, Kei Takada, Tsuneo A. Takahashi: 1De-
partment of Cell Processing and Transfusion
Medicine, IMSUT

Since 1977 we have started collecting and pro-
cessing cord blood for clinical use. The collec-
tion, processing and cryopreservation are based
on the “Guidelines for Umbilical Cord Blood
Processing and Transplantation, 2002” devel-
oped by Japan Cord Blood Bank Network and

the standards of FACT and NETCORD organi-
zation. In order to meet the requirements of
these standards, we established Tokyo Cord
Blood Bank with the Donated Blood Distribu-
tion Foundation and Nihon University.

Our facility adopted the international quality
assurance system, ISO (International Organiza-
tion for Standardization and Organization) 9002:
1994 and upgraded ISO9001:2000. We have es-
tablished NETCORD and AsiaCORD with major
banks in the world. Through these networks,
more than 13 CB units were shipped to foreign
countries, such as USA, Chile, Vietnam, New
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Zealand, UK and Australia. As it is important to
analyze the CBT result as one of the validation
of the cord blood units and improvement, we
analyzed CBT result with CB processed in To-
kyo CBB, in collaboration with Eurocord (Euro-
pean Research on Cord Blood Banking and Use
for Transplantation) and JCBN. This cord blood
bank will keep the effort to grow with high
quality valid to the world by developing new
technology for processing and other measures.

2. Development of new system for cord bl-
ood processing

Mikitomo Yasutake, Tokiko Nagamura-Inoue1,
Eiji Akagawa, Tsuneo A. Takahashi

Cord blood transplantation has been perfor-
med to date, and the results suggest that human
umbilical cord blood (UCB) is an excellent
source of hematopoietic stem cells for transplan-
tation in patients with various malignant and
nonmalignant diseases. However, there are still
many patients who cannot receive cord blood
transplantation owing to the cell dose in cord
blood and/or HLA mismatch. Expansion of the
cord blood registry with high quality cord blood
and HLA library with extension of clinical cord
blood banks would therefore be desirable. Cord
blood processing requires sophisticated proce-
dures and manpower. Several centrifugation
technologies for cord blood processing have
been developed and have contributed to estab-
lishment of a foundation for clinical cord blood
banking worldwide. In contrast, many kinds of
filter devices, such as leukoreduction filters,
have been developed and used for processing of
blood in the field of blood transfusion medicine.
We applied the filtration technology to UCB vol-
ume reduction and adopted an innovative
closed circuit filter system that lends to simple
handing and reproducible performance for cord
blood processing. We compared the functions of
cryopreserved UCB cells processed by the filter
and by the hydroxyethyl starch (HES) sedimen-
tation method that has been used worldwide
from the aspect of the graft quality. UCB speci-
mens were divided into two portions, processed
in parallel by the filter or HES, and then cryo-
preserved in the clinical setting. The thawed
UCB specimens containing 1×105 CD34＋ cells
were injected into nonobese diabetic/ShiSCID
mice, and the engraftment capacity in primary
and secondary transplants was assessed. The
functions of natural killer (NK) cells and
monocyte-derived dendritic cells (DCs) were
also assayed in vitro. The percentage of recovery
of CD34＋ cells by both methods was equiva-
lent. In the marrow of the primary transplant re-

cipients, the percentage of hCD45＋ cells in the
filter group and HES group was 58.2±31.6 and
46.5±28.4 percent, respectively (p＝0.016). The
engraftment capacity and multilineage differen-
tiation in the secondary transplantations were
equal in both groups. The cytotoxic activity of
the NK cells and phagocytosis activity of the
DCs from both the groups were similar. The fil-
ter yielded a desirable percentage of recovery of
hematopoietic cells with engraftment ability in
the clinical setting. Thus, it is considered that
the filter system may be useful for UCB banking
for cord blood transplantation.

3. Expansion of NKT cells from cord blood
mononuclear cells using IL-15, IL-7 and Flt
3-L

Hikaru Okada, Tokiko Nagamura-Inoue1, Yu-
ka Mori, Tsuneo A. Takahashi

It is important to prevent rejection of cord
blood graft and GVHD on cord blood transplan-
tation as bone marrow transplantation. We have
studied to expand immunological cells in cord
blood for the purpose. Human Va24＋Vb11＋
NKT cells are a unique T cell population specifi-
cally and potently activated by agalactosylcera-
mide (aGalCer; KRN7000) presented by CD1d.
We developed a simple and efficient method for
expanding Va24＋Vb11＋NKT cells from human
cord blood mononuclear cells (CBMNC) using a
GalCer in the presence of interleukin (IL)-15,
IL-7 and Flt3-L. The addition of aGalCer from-
day 0, compared to its addition from 8 day or
day 15, induced a greater expansion of NKT
cells. The maximal expansion of NKT cells was
observed after 15 days (2300-fold). Thereafter,
the number of NKT cells decreased slowly, a de-
creased that was correlated with the diminution
of CD1d-positive cells. NKT cell proliferation in-
duced by a aGalCer was not observed when CD
1d-expressing monocytes were depleted from
CBMNC, whereas B cell and dendritic cell de-
pletions had no effect. Expanded NKT cells
were CD4＋CD8 and secreted both IL4 and IFN-
c. In this system, CD3＋T cells and CD3 CD56＋
NK cells were also expanded. However, the ex-
pansion of NKT cells had no significant func-
tional effect on T and NK cells. This expansion
method of CBMNC-derived NKT cells is simple
and may be helpful for clinical use.

4. Chondrogenic differentiation of mesenchy-
mal progenitor cells derived from chori-
onic villi of human placenta

Xiaohong Zhang, Ayako Mitsuru, Koichi Igu-
ra, Kenji Takahashi, and Tsuneo A. Takahashi
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Human mesenchymal stem cells (MSCs) are
currently being studied extensively because of
their capability for self-renewal and differentia-
tion to various connective tissues, which makes
them attractive as cell sources for regenerative
medicine. We report the isolation of human
placenta-derived mesenchymal cells (hPDMCs)
that have the potential to differentiate into vari-
ous lineages (Igura et al.: Isolation and charac-
terization of mesenchymal progenitor cells from
chorionic villi of human placenta. Cytotherapy
6, 1-11, 2004).

To explore the possibility of using these cells
for regeneration of cartilage, we first evaluated
the chondrogenesis of hPDMCs in vitro and
then embedded the hPDMCs into an atelocolla-
gen gel to make a cartilage-like tissue with cho-
ndrogenic induction media. Our results sugges-
ted the possibility that hPDMCs might be usable
as an alterative cell source for this cellular ther-
apy because the number of chondrocyte isolates
from the knee is limited. For in vivo assay, tra-
nsplantation of the preinduction hPDMC-loaded
collagen sponge into node mouse subcutaneous
result in production of cartilage tissue with cells
within lacunae surrounded by a large amount of
metachromatic matrix compared to in vitro cul-
ture, indicated that differentiated hPDMCs co-
uld produce a substantial cartilage matrix in the
in vivo environment. In the osteochondral defect
transplantation, the original defect was covered
with stiff reparative tissue, which was white,
and had a smooth surface at 6 weeks after sur-

gery Histological analysis showed that the carti-
lage formation within reparative tissue. The re-
sults of these in vivo and in vitro studies sug-
gested that hPDMCs can be one of the possible
allogeneic cell sources for tissue engineering of
cartilage.

5. Isolation of mesencyhmal stem cells from
cord blood

Kouichi Igura, Xiaohong Zhang, Ayako Mit-
suru, Yuko Mizushima, Tadashi Yamashita,
and Tsuneo A. Takahashi

The mesencyhmal stem cells in bone marrow
have been studied extensively and now being
used for clinical trials to support hematopoietc
stem cell transplantation by reducing GVHD, to
treat ischemia, and treat myocardial damage etc.
Cord blood contains mesencyhmal stem cells
but the number of these cells is estimated to be
less than 1％ of those in the marrow. We have
started isolating mesenchyhmal stem and pro-
genitor cells from cord blood collected after de-
livery of neonates. The cord blood was collected,
shipped to the facility, mononuclear cells were
isolated on Ficoll and these cells were adhered
to plates and cultured. The preliminary data in-
dicates that time between delivery and isolation
of mononucleated cells is important for the high
recovery of these cells as well as the volume of
cord blood units. These cells could differentiate
to bone and cartilage cells.
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Our ultimate research goal is to develop personalized therapies for the common
metabolic diseases of civilization by direct application of accumulating genomic in-
formation to basic and clinical medicine. As a first step, we try to understand com-
plexity of human genome by studying linkage disequilibrium and haplotype struc-
ture. Next, we try to map the disease gene loci using non-parametric linkage
study and linkage disequilibrium analysis. Accordingly, we try to identify suscepti-
bility genes for common or otherwise clinically relevant diseases of metabolism
such as asthma, ossification of posterior longitudinal ligament of the spine, and in-
tracranial aneurysm and analyze the molecular causality.

1. Genetic susceptibility of intracranial aneu-
rysm

Hiroyuki Akagawa, Haruhiko Yamada, Boris
Krischek, Atsushi Tajima, Ituro Inoue

Subarachnoid hemorrhage (SAH) is most
often the result of a ruptured intracranial aneu-
rysm (IA). Patients who survive the acute phase
are often left with a substantial disability and
impaired quality of life as a result of major neu-
rological deficits. The annual incidence of SAH
due to ruptured IA is 18 to 23 per 100,000,
whereas the prevalence of unruptured IA de-
tected by MR angiography, CT angiography, or
digital subtraction angiography in the Japanese
population has been reported to be much hi-
gher, around 6 to 7％. Epidemiological studies
demonstrate a strong genetic influence: the pre-
valence of unruptured IA is significantly higher
(10.5％ to 13.5％) in a Japanese subgroup with a
family history of IA. The risk of SAH is 4 times
higher in first degree relatives of patients with
SAH than in the general population, and 6 times
higher in siblings. Several studies have at-
tempted to identify genes contributing to sus-

ceptibility to IA, focusing on candidates for alle-
lic association in genes that encode mostly ma-
trix proteins such as endoglin, lysyl oxidase, and
matrix metalloproteases, but did not yield con-
sistent results. Genetic linkage study of IA fami-
lies represents a more systematic approach. In
the first genome-wide linkage study of IA with
104 Japanese affected sib pairs, we identified a
significant linkage to chromosome 7q11 (MLS＝
3.22 near D7S2472). The elastin gene (ELN ) a
positional and functional candidate gene located
within the linkage region, has been investigated
for allelic association with IA, but the results are
divergent.

Lysyl oxidase, encoded by LOX located on
chromosome 5q31 that showed suggestive link-
age to IA, is an extracellular copper-containing
enzyme that initiates cross-linking of collagen
and elastin by oxidative deamination of lysine
residues. It plays an essential role in the forma-
tion of the extracellular matrix and connective
tissue. LOX is considered to enhance the stren-
gth of the blood vessel wall, and is therefore a
plausible positional and functional candidate for
IA. Four SNPs (single nucleotide polymorphi-
sms) of LOX were analyzed for allelic and hap-
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lotype-based associations in Japanese IA pati-
ents, but no association was detected. LOX was
also screened in Central European IA patients
and not associated with IA. Four novel genes
encoding LOX-like proteins 1 through 4 (LOXL
1 , LOXL2 , LOXL3 , and LOXL4), assigned to
chromosome 15q22, 8p21.3-2, 2p.13-3, and 10q
24, respectively, are categorized to be the “LOX
family”. Members of the LOX family proteins
have a highly conserved amino acid sequence at
the C-terminus and have amine oxidase activity.
In transgenic mice lacking Loxl1 , it was shown
that LOXL1 targets to sites of elastogenesis and
is essential to maintain elastic fiber homeostasis.
Accordingly, LOX family genes should also be
considered to be functional candidates for IA,
we evaluated allelic associations between IA and
SNPs of the LOXL1~4 . We found that a synony-
mous SNP in exon 5 of LOXL2 was significantly
associated with IA, especially with familial cases
(P＝0.0011) and the association was confirmed
in Korean IA patients (P＝0.034). These impli-
cate that the polymorphism of LOXL2 could be
a genetic risk to IA and account for a part of the
pathogenesis of IA.

2. Gene-Expression profiles of human nasal
polyp tissues from aspirin intolerant as-
thma patients

Takashi Sekigawa, Atsushi Tajima, and Ituro
Inoue

In a subset of asthmatic patients, aspirin and
several other non-steroidal anti-inflammatory
drugs (NSAID) that inhibit cyclooxygenase
(COX) enzymes induce severe asthmatic attack
generally termed aspirin intolerant asthma
(AIA). In 198 unrelated AIA patients, we identi-
fied prostaglandin E2 receptor subtype 2 gene is
a susceptibility to AIA, however, the etiology of
AIA can not be approached simply by genetic
factor. Symptoms of AIA are characterized by
aspirin sensitivity, asthma, and nasal polyposis
known as Sameter’s triad. It is known that rhi-
nosinusitis or nasal polyp is frequently observed
before the onset of asthmatic attack. Therefore,
hyperplastic rhinosinusitis associated with aspi-
rin intolerance should play important roles in
the development of AIA. We determined the
gene-expression profiles of nasal polyp tissues
from 18 patients including ten aspirin intolerant
asthma and five eosinophilic sinusitis and two
chronic sinusitis using Agilent Human Oligo 1A
ver2 comprising approximately 18,000 unique
DNA oligonucleotides for gene-expression de-
tection. We identify 52 genes whose expression
were significantly different (2 fold up-regulated
45 genes or 0.5 fold down-regulated 7 genes

were defined as differential expression, T-test P-
values ware less than 0.05) between AIA and
eosinophilic sinusitis. For clustering purpose,
nonnegative matrix factorization (NMF) was ap-
plied and the expression profile was classified
into three groups. One group was particularly
rich in genes participating arachidonic acid
metabolic cascade and inflammatory response.
These groups would help to identify susceptibil-
ity and pathophysiolosical pathway underlying
AIA. The study will now being proceeded to
disclose expression profiles and individual ge-
nes related to AIA that would illustrate the bio-
pathway and genetic abnormality of AIA.

3. Genomic approach to Ossification of the
posterior longitudinal ligament (OPLL):
PLZF and TSG-6 identified by gene expres-
sion analysis play roles in the pathogene-
sis of OPLL

So Tsukahara, Ryuji Ikeda, and Ituro Inoue

Ossification of the posterior longitudinal liga-
ment (OPLL) of the spine is a subset of “bone
forming” diseases, characterized by ectopic ossi-
fication in the spinal ligaments. OPLL is a com-
mon disorder among elderly populations in East
Asia, and is the leading cause of spinal myelo-
pathy in Japan. We performed a genomewide
linkage study with 142 affected sib-pairs to
identify genetic loci related to OPLL. The best
evidence of linkage was detected near D21S1903
on chromosome 21q22.3 (maximum Zlr＝3.97),
therefore the linkage region was extensively in-
vestigated for linkage disequilibrium analysis
with single nucleotide polymorphisms (SNPs)
covering 20 Mb. Extensive linkage disequilib-
rium and association studies of the 4 genes indi-
cated that SNPs in the collagen 6A1 gene (COL6
A1) were strongly associated with OPLL (P＝
0.000003 for SNP in intron32 (-29)). Pinpointing
the susceptibility to OPLL by genomewide link-
age and linkage disequilibrium studies permits
us to investigate the pathogenesis of OPLL,
which might lead to the development of novel
therapeutic tools.

To understand the molecular pathogenesis of
OPLL, we performed cDNA microarray analysis
on cultured ligament cells from the OPLL pati-
ents to understand the molecular pathogenesis
of OPLL. We identified Zinc finger protein 145
(PLZF) as one of up-regulated genes and tumor
necrosis factor-α stimulated gene 6 (TSG-6) and
one of down-regulated gene during osteoblastic
differentiation. We investigated the roles of PLZF
in the regulation of osteoblastic differentiation of
hMSCs and C2C12 cells. siRNA-mediated gene-
silencing of PLZF resulted in a reduction of the
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expression of osteoblast-specific genes such as
the alkaline phosphatase (ALP), collagen 1A1
(COL1A1), Runx2/cbfa1 (CBFA1), and osteocal-
cin (OCN) genes in the presence of OS in
hMSCs. The overexpression of PLZF can induce
CBFA1 induction suggestiong PLZF is an up-
stream regulator of CBFA1 and thereby might
participate in promoting the ossification of spi-
nal ligament cells in OPLL patients. Adenoirus-
mediated TSG-6 overexpression in hMSCs re-
sulted in suppression of oseoblastic differentia-
tion induced by either BMP-2 or OS. TSG-6 can
bind to BMP-2 directly, thereby could inhibit
BMP-2 signaling. Taken together, these findings
indicate that PLZF and TSG-6 play important
roles in early osteoblastic differentiation.

4. Systematic sequencing approach to iden-
tify the pattern of nucleotide polymor-
phisms in human microRNA genes

Atsushi Tajima and Ituro Inoue

Expression of every gene is mainly regulated
at the transcriptional level, whereas the importa-
nce of post-transcriptional regulation has been
increasingly recognized. MicroRNAs (miRNAs)
are one of the most abundant classes of post-
transcriptional regulators in the human genome.
The small (~22-nucleotide) RNAs are derived
from hairpin-shaped precursor transcripts (pre-
miRNAs), and can work as post-transcriptional
gene silencers by base-paring with the target
mRNAs. Recent bioinformatics analyses have pre-
dicted multiple protein-coding mRNA targets for
each miRNA, suggesting the large portions of
the transcriptome (~30％ of the human mRNAs)
are under the control of cellular miRNA netwo-
rks and possible associations between miRNA

dysregulation and human diseases. Although
miRNA biogenesis and miRNA-mediated regu-
lation of target expression are thought to be
highly controlled in a sequence-dependent man-
ner, there has been little attempt to characterize
miRNA diversities within human populations at
the nucleotide level. To obtain the genetic basis
for the extent and pattern of DNA polymor-
phisms in human miRNA genes, we intended to
resequence a total of 30 subjects from three hu-
man populations (10 each from African Ameri-
can, European American and Japanese popula-
tions). We identified a total of 103 SNPs on
30,967-bp comparisons excluding indel polymor-
phisms by sequencing 10 selected genomic regi-
ons, which are composed of 20 types of miRNA
genes and their flanking regions. Among the 103
polymorphic sites, three SNPs (‘precursor SNPs’)
were observed in three distinct pre-miRNA se-
quences, but none in mature ones. Within-diver-
sity estimate for concatenated sequences of 20
pre-miRNA regions was comparable to those of
the adjacent surroundings such as 5’- and 3’-
flanking regions, whereas between-species com-
parison revealed that the 20 orthologues were
highly evolutionarily conserved between hu-
mans and chimpanzees. FST -based analysis in-
dicated that all of the precursor SNPs exhibited
low levels of genetic differentiation between
three human populations. Considered together
with additional results regarding the suppres-
sive effect of a particular precursor SNP on in
vitro miRNA processing and the SNP locations
in hairpin structures of pre-miRNAs, the present
observations suggest that purifying and/or bal-
ancing selection has shaped the pattern of nu-
cleotide polymorphisms in human miRNA
genes.
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We analyze intracellular signaling pathways using proteomic approaches. Since
resolution power of current proteomic technologies is not sufficient to analyze low
abundance proteins such as components of signal transduction, we established
the protocols to prefractionate phosphoproteins and proteins in lipid raft. Combin-
ing these protocols with fluorescence difference two-dimensional gel electrophore-
sis (2-D DIGE), we identified many novel kinase substrates and raft proteins that
are involved in signal transduction.

Proteomic investigation of extracellular
signal-regulated kinase (ERK) transduction
pathways

Kosako, H., Yamaguchi, N., Machida, M.,
Ushiyama, M.＊, Inagawa, J.＊, Hirano, J.＊, Hat-
tori, S.: Division of Cellular Proteomics (BML),
Institute of Medical Science, University of To-
kyo, ＊Amershambiosciences, KK.

Recently the novel technology to analyze cel-
lular proteome, proteomics, is emerging. This
technology greatly depends on the information
provided by human genome project. The protein
in a single spot or single band on a gel is now
identified rapidly by a mass spectrometer, by
comparing the molecular weights of the pro-
tease-digested peptides to the predicted values
from genome database. However, the resolution
power of 2-D gel electrophoresis is not enough
to resolve total cellular proteins. Especially, the
proteins of lower abundance such as the compo-
nents of signal transduction could not be identi-
fied on such analyses.

Suppose there are two samples in front of
you, one from cancer and one from the adjacent

normal tissue. Did simple 2-D analyses reveal
the cause of the cancer? Two-D gel was devel-
oped by Dr. O’Farrell in 1975, since then over
millions of 2-D gels were performed to compare
the protein profiles between cancer and normal
tissues. However, these analyses gave rise to es-
sentially no results in regard to the cause of the
cancer. Instead, the answer was provided by
“transformation assay” described by Dr. Wein-
berg et al in 1979. The latter approach identified
more than 100 so-called “oncogenes.” The can-
cer arises from the malfunction of growth con-
trol machinery, the contents of which are not
enough to be detected by simple 2-D gel.

To overcome such difficulty, it is necessary to
purify and concentrate the components of inter-
est. One approach is to isolate organella such as
mitochondria and ribosomes or purify subcellu-
lar components biochemically. The second is to
immunoprecipitate the protein of interest with
associating proteins. The third approach is to
purify phosphorylated proteins. We have estab-
lished a protocol to analyze phosphorylated pro-
teins.

Immobilized metal affinity chromatography
(IMAC) using Fe3＋ has been shown to be useful
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to purify phosphopeptides. We improved this
method using Ga(III) ion instead of Fe(III). We
also optimized the conditions varying pH and
ionic strength of the chromatography. By our es-
tablished procedure, phosphorylated ERK (ex-
tracellular signal-regulated kinase) or proteins
phosphorylated by Akt kinase were recovered
with relatively good yield. By this affinity col-
umn procedure, nearly ten-fold purification of
these phosphoproteins was achieved. Commer-
cially available phosphoprotein purification col-
umn was also found to be as useful as our
homemade IMAC, but it can not be combined
with other biochemical fractionation because the
conditions are not open.

Phosphoproteins were then analyzed on a two
-dimensional fluorescence difference gel electro-
phoresis (Ettan DIGE, Amersham Biosciences).
By comparing the patterns of ERK-activated and
ERK-suppressed samples, we identified more
than 70 spots the intensity of which differ be-
tween the two samples. Some of them corre-
sponded to the components of ERK signaling
cascade, ERK, MEK, and RSK, demonstrating
the feasibility of our approach. Known ERK sub-
strates such as nuclear lamin and heterogenous
nuclear ribonucleoprotein K were also identi-
fied. We have identified most of the proteins in
these spots. We also carried out similar compari-
son between total cellular extracts from ERK-
activated and ERK-suppressed cells. However,
due to low abundance of these proteins, such
spots were hidden under more abundant pro-
teins. The result suggests that the prefractiona-
tion procedure may be necessary to get mean-
ingful results. Therefore, the combination of pre-
fractionation of phosphorylated proteins and 2-
D Ettan DIGE system is suitable to identify com-
ponents of signal transduction

By two-dimensional western blot we con-
firmed that identified substrates are phospho-
rylated in living cells when ERK was activated.
We also showed that these substrates were
phosphorylated in vitro by activated ERK. Com-
paring peptide fingerprints of phosphorylated
and unphosphorylated substrates, we could
identify the phosphorylation sites of these sub-
strates by ERK.

Mutagenesis of these sites into unphospho-
rylatable residue abolished the phosphorylation
of these substrates in vitro and in living cells in-
dicating that these sites are indeed phosphoryla-
tion sites by ERK. We also made antibodies
against these sites and demonstrated that these
antibodies specifically stain the cells in which
ERK is activated.

Proteomic analyses of p38 MAP kinase path-
ways

Naoyuki Iida, Masayuki Fujita, and Seisuke
Hattori.:

The p38 MAP kinase cascade is activated by
various stresses or cytokines. At downstream of
p38 MAP kinase there are diversification and
extensive branching of signaling pathways. Flu-
orescent two-dimensional difference gel electro-
phoresis of phosphoprotein-enriched samples
from HeLa cells in which p38 MAP kinase activ-
ity was either suppressed or activated enabled
us to detect many spots unique to p38 MAP
kinase-activated cells. Among these candidates,
we identified last year four proteins including
Bcl-2 associated athanogene 2 (BAG2) by pep-
tide mass fingerprintings. We identified other
signaling molecules including p50RhoGAP and
serine/arginine rich splicing factors. We also
started a project to determine all cellular phos-
phorylation sites. By enrichment of phosphopep-
tides by IMAC from total cellular protein di-
gests followed by LC-MS (liquid chromato-
graphy-mass spectrometry), we identified more
than 100 phosphorylation sites from anisomycin-
treated HeLa cells. The identified sites included
a phosphorylation site of Hsp27, which is
known to be phosphorylated upon anisomycin
treatment.

Identification of T-cell raft proteins involved
in T-cell signaling

Kobayashi, M., and Hattori, S.:

Recently accumulating evidence shows that
various signaling molecules are recruited to cel-
lular lipid raft fractions where that they function
as signal transducers. We employed Jurkat T-
cells as a model system to establish a protocol to
analyze raft proteins. In T-cells, it is shown that
T-cell receptor forms so-called immune synapse
in lipid raft fractions. To identify factors in-
volved in T-cell signaling, raft fractions were
isolated by sucrose density gradient centrifuga-
tion and proteins were subjected to a fluores-
cence difference 2-D gel electrophoresis. We
found that numerous proteins are recruited to
lipid raft fraction upon T-cell receptor stimula-
tion. Among them, we identified several factors
that posses PH domain that binds to phospha-
tidylinositol-1,4,5-phosphate (PIP3). Since PI3-
kinase is essential for T-cell signaling, these re-
sults show that these factors are recruited to raft
fractions by binding to PIP3. We are currently
studying the function of these factors in T-cell
signaling.
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Our main project is to regenerate tooth using the methods of tissue engineering.
To accomplish this goal, we are focusing on the following subjects; 1) identifica-
tion and characterization of stem cell in epithelial or mesenchymal tissue from
tooth germ, 2) search for molecules to affect the differentiation of the stem cell, 3)
assembly of these stem cells on artificial scaffold.

Our division was established in July 2003 to
accelerate the research on oral tissue regenera-
tion, especially tooth regeneration, with the sup-
port of accumulated knowledge about genomic
science and stem cell biology at IMSUT. We are
trying to regenerate not only teeth but also the
other oral tissue including bone and mucous
membrane. There are three important elements
in tissue regeneration; stem cells, signal mole-
cules, and scaffold. We are focusing on the re-
search of mesenchymal stem cell, bone morpho-
genetic protein (BMP), and synthetic polymer
scaffold as an each element.

We have also started the clinical trial “Alveo-
lar bone regeneration using osteoblastic cells de-
rived from autogenous bone marrow” with the
cooperation of Research Hospital of IMSUT this
year.

1. Bone regeneration

(1) Mandibular reconstruction using a combi-
nation graft of rhBMP-2 with bone marrow
cells expanded in vitro.

Seto I, Marukawa E, Asahina I.: Division of
Stem Cell Engineering IMSUT, Tokyo Medical
and Dental University Graduate School

The aim of the study was to evaluate the effi-
cacy of a combination graft, using recombinant
human bone morphogenetic protein-2 (rhBMP-2)
with culture-expanded cells derived from bone
marrow, on bone regeneration in a non-human
primate mandible.

Bone marrow was obtained from the tibia of
Japanese monkeys and was plated into culture
flasks. Adherent cells were cultured until near
confluence, then the proliferated cells were tran-
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sferred to a three-dimensional culture system
using collagen beads as the cell carrier. After
further proliferation on beads, the cells were mi-
xed with collagen sponge that was impregnated
with rhBMP-2, and were grafted into surgically
created segmental bone defects of the monkey
mandibles. The animals were sacrificed 24 wee-
ks after surgery. The combination graft of cultu-
re-expanded bone marrow cells with rhBMP-2
in collagen sponge regenerated the mandibular
bone completely. By contrast, the graft of cultu-
re-expanded cells alone resulted in only a small
amount of bone formation, and the implantation
of collagen beads alone led to no bone forma-
tion.

We therefore conclude that the combination
graft of rhBMP-2 and culture-expanded cells,
which requires only a small amount of bone
marrow, is a reliable method for the reconstruc-
tion of segmental bone defects of the mandible.

(2) Evaluation of Human Periosteum-Derived
Cells for Bone Regeneration: Comparison
with Human Bone Marrow Stromal Cells

Agata H, Asahina I, Yamazaki Y, Watanabe N,
Ueda M.: Division of Stem Cell Engineering
IMSUT, Kitazato University School of Medi-
cine. Nagoya University Graduate School of
Medicine

Human bone marrow stromal cells have os-
teogenic potential and they are used for bone re-
constructive surgery, while cells from mandibu-
lar periosteum are also used for bone regenera-
tion. However the difference between bone mar-
row stromal cells and periosteum-derived cells
concerning about osteogenic potential remains
unclear. In this study, we evaluated osteogenic
potential of periosteum-derived cells, comparing
with that of bone marrow stromal cells in vitro
and bone forming potential of periosteum-
derived cells in vivo.

Cell proliferation of periosteum-derived cells
was faster than bone marrow stromal cells. The
expressions of mRNA for osteogenic markers
and alkaline phosphatase activity assay indi-
cated that bone marrow stromal cells were more
osteogenic than periosteum-derived. However,
periosteum-derived cells that were pretreated
with bFGF before adding BMP-2 showed more
osteogenic activity than bone marrow stromal
cells treated with BMP-2.

Adding certain growth factors made peri-
osteum-derived cells more osteogenic than bone
marrow stromal cells. The shorter culture period
and more osteogenic potential of periosteum-
derived cells are preferable in the clinical prac-
tice of bone regeneration. These data suggest

that an appropriate osteogenic-inducing tech-
nique makes periosteum a highly useful source
for bone regeneration.

2. Tooth-tissue engineering

(1) Histological and Immunohistochemical
Studies of Tissue Engineered Odontogen-
esis

Honda M, Sumita Y, Kagami Y＊, Ueda M.: Di-
vision of Stem Cell Engineering IMSUT, ＊Na-
goya University Graduate School of Medicine

We have examined the regeneration process
of tissue engineered teeth with histochemistry to
determine the cell types that give rise to these
engineered tooth structures. Porcine third molar
tooth buds were dissociated into single-cell sus-
pensions and seeded onto a biodegradable poly-
glycolic acid polymer scaffold. Following vary-
ing periods of growth in rat hosts, the speci-
mens were evaluated by histology and immuno-
histochemistry. Aggregates of epithelial cells
were first observed 4-6 weeks after implanta-
tion. The aggregates formed three different
shapes: a natural tooth germ-like shape, circle
shape or bilayer- bundle. Based on the structure
of the stellate reticulum in the dental epithe-
lium, the circular and bilayer- bundle aggregates
could be clearly classified into two types; one
with extensively developed stellate reticulum
and the other with negligible stellate reticulum.
The epithelial cells in the circular aggregates dif-
ferentiated into ameloblasts. The continuous bi-
layer bundles eventually formed the epithelial
sheath, and dentin tissue was evident at the
apex of these bundles. Finally, enamel-covered
dentin and cementum-covered dentin formed,
and this was probably mediated by epithelial-
mesenchymal interaction. These results suggest
the development of these engineered teeth
closely parallels that of natural odontogenesis
derived from the immature epithelial and mes-
enchymal cells.

(2) A Novel Culture System for Porcine Od-
ontogenic Epithelial Cells Using a Feeder
Layer

Honda MJ, Shimodaira T＊, Ogaeri T＊, Shino-
hara Y, Hata K＊, Ueda M.: Division of Stem
Cell Engineering IMSUT, ＊Nagoya University
Graduate School of Medicine

The growth of cells in vitro can provide useful
models for investigating their behavior and im-
proving our understanding of their function in
vivo. Although the developmental regulation of
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enamel matrix formation has been comprehen-
sively analyzed, the detailed cellular characteris-
tics of ameloblasts remain unclear because of the
lack of a system of long-term in vitro culture.
Therefore, the establishment of odontogenic epi-
thelial cell lines has taken on a new significance.
Here we report on a novel porcine odontogenic
epithelial cell-culture system, which has permit-
ted serial culture of these cells. Epithelial cells
were harvested from third molar tooth buds in
the fresh mandibles of 6-month-old pigs, and
seeded on dishes in D-MEM containing 10％
FBS. Before the cells reached confluence, the me-
dium was changed to LHC-9 to select the epi-

thelial cells. When trypsinized epithelial cells
were plated together with 3T3-J2 cells as a
feeder layer, the epithelial cells grew from single
cells into colonies. The colonies then expanded
and became confluent, and could be sub-cultu-
red for up to 20 passages. The established cell
line expressed mRNA for amelogenin and amel-
oblastin, as well as enamelysin (MMP-20), which
is a tissue-specific gene product unique to ame-
loblasts. These results show that the system is
capable of sustaining the multiplication of odon-
togenic epithelial cells with the characteristics of
ameloblasts.
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Nano scale biology studies of functional and structural changing molecules in neu-
ral signaling pathway are our research interest. We are studying the following sub-
jects by introducing molecular imaging, atomic force microscope (AFM), molecular
and cellular biology, and glycobiology. We normalized the AFM to observe the
membrane protein structure changing without fixation. N-linked sugar chain struc-
tures were identified of this protein. The other hand, we are focusing on Na＋／
HCO3

－ co-transporter protein that functioning in brain.

A High-speed atomic force microscopy (AFM)
observation of calcium-induced conforma-
tional change of inositol 1,4,5-trisphosphate
receptor (IP3R) tetramer structure reconsti-
tuted into lipid bilayer

Hidetoshi Miyashita, Wakako Suhara, Keiichi
Torimitsu1, Katsuhiko Mikoshiba and Ichiro
Fujimoto: 1Materials Science Laboratory, NTT
Basic Research Laboratories, Nippon Tele-
graph and Telephone Corporation

Inositol 1,4,5-trisphosphate (IP3) and Ca2＋ ion
are important second messenger in most species.
Inositol 1,4,5-trisphosphate receptor (IP3R) is an
IP3-gated Ca2＋ release channel localized in the
endoplasmic reticulum (ER). The IP3R forms ho-
motetrameric Ca2＋ channels and involved in in-
tracellular Ca2＋ storage. Binding of the two co-
agonists IP3 and Ca2＋ induces the IP3R channel
to open, which results in Ca2＋ release from the
ER into the cytoplasm. The IP3R plays pivotal
roles in neuronal transmission via Ca2＋ signaling
and for many other functions that relate to mor-
phological and physiological processes in living

organisms, such as memory, learning, behavior,
fertilization, cell proliferation, cell division, de-
velopment and apoptosis.

In previous studies, IP3R protein purified from
mouse cerebella has been used to reveal its te-
trameric structure. By analyzing the negative-
stained IP3R by electron microscopy (EM), three-
dimensional structure was reconstituted. It was
demonstrated that its tetramer structure strik-
ingly different depending on Ca2＋ concentration
in the cell. IP3R was square-shape in un-
liganded state and windmill-shape in the pres-
ence of Ca2＋ induced state. However, these im-
ages were constructed by analyzing thousands
of them. The significance of two different struc-
tures has also been discussed; however, it has
not been solved.

Atomic force microscopy (AFM) is a powerful
technique to observe structures in nanometer
scale. The resolution mainly depends on the in-
teracting forces between a cantilever and sam-
ple, and the mechanical stability of the sample.
There are two representative modes in AFM op-
eration: contact and tapping mode. In contact
mode, a tip simply scans across the surface. On
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the other hand the tip in tapping mode is being
excited in resonance oscillation while being
scanned across the surface. In this way, the lat-
eral force is significantly reduced making it
more applicable for observation of protein sam-
ples without damage. To confirm that the IP3R
actually change its structure, tapping mode
AFM is expected to be a suitable method. Com-
monly used AFM can take an image for few
minutes. But it is too slow to follow up moving
of a protein. By High-speed AFM system it need
less than one second to take an image.

The IP3R was purified from cerebella of ddY
adult mice. One-step immuno affinity column
made with an antibody against C-terminal re-
gion of IP3R was employed. IP3R protein purity
was confirmed by silver-staining of SDS PAGE
gels without contaminant protein. We tried to
reconstruct the purified IP3R into liposome that
was made of phosphatidyl serine and phosphat-
idyl choline by dialysis method. For AFM imag-
ing, samples were suspended in cytosol-like im-
aging buffer. The solution containing purified
IP3R or the liposome-reconstituted IP3R were
placed on mica. It was incubated for more than
30 min at 4 ℃ before images were taken. The
high-speed AFM system (NVB500, Olympus
Corporation) was used. A cantilever that has
about 10 nm radius tip and the spring constant
of 0.1 N/m was used at resonance frequency of
about 600 kHz in buffer. The images in tapping
mode were taken at a rate of up to 10 frames
per second. In this study typically the images
were taken at a rate of 2 frames per second and
the size were 144×192 pixels.

The AFM image of the purified IP3R revealed
many grain-like structures whose size was rela-
tively regular. This was very consistent with the
previous data obtained by EM. Patches of lipid
bilayer with IP3R were succeed to observe in the
AFM images of the reconstituted IP3R. In the im-
ages of the reconstituted IP3R, we analyzed the
lipid thickness and the height of the protruding
domain of IP3R that we assigned as a cytoplas-
mic domain.

For the high-speed AFM system, the resolu-
tion is usually lower than common AFM. In our
study, we adjusted our High-speed AFM system
to get enough resolution for single protein imag-
ing. We performed a statistical analysis and
compared the data to those obtained with nega-
tive staining EM. The calculated size distribu-
tion clearly confirmed that the particle heights
and the cytoplasmic domain were very consis-
tent with those of side-viewed IP3R estimated
with negative staining EM. This is the first time
that a reliable single channel image of liposome-
reconstituted IP3R has been obtained using a
high-speed AFM system.

Interaction between sodium-bicarbonate co-
transporter 1 (NBC1) and IP3R interacting pro-
teins

Kyoko Shirakabe, Hideomi Yamada2, George
Seki2, Katsuhiko Mikoshiba, and Ichiro Fuji-
moto: 2Department of Internal Medicine, Fac-
ulty of Medicine, The University of Tokyo.

The sodium-bicarbonate cotransporter 1 (NBC
1) is a plasma membrane localized transporter
protein which transports Na＋ and HCO3

－ with
stoichiometric ratio of 1 Na＋: 2 HCO3

－

(extracellular-＞intracellular) or 1 Na＋: 3 HCO3
－

(intracellular-＞extracellular). Cause HCO3
－ plays

important role in the regulation of the pH ho-
meostasis, NBC1 is thought to be a crucial regu-
lator of pH. Actually, several mutations in NBC
1 gene (SLC4A4) have been identified in the pa-
tients of proximal renal tubular acidosis. This
fact strongly suggests that NBC1 is indispensa-
ble for pH homeostasis of serum.

Recently we found that a particular IP3R inter-
acting protein interacts with NBC1 in mouse
brain membrane fraction. This IP3R interacting
protein is a cytoplasmic protein thus we thought
that this IP3R interacting protein could regulate
NBC1 activity through the interaction with cyto-
plasmic region of NBC1. NBC1 has two major
splicing variants (kNBC1 and pNBC1) which
have the differences only in their small N-
terminal region which is exposed to cytoplasm.
kNBC1 expresses mainly in kidney and pNBC1
expresses relatively many organs including pan-
creas, brain, liver, and colon. We first tried to
identify which NBC1 could interact with the IP3

R interacting protein using recombinant proteins
of cytoplasmic region of pNBC1 and kNBC1.
We found that p-type specific region of NBC1
(85 amino acid) is required and sufficient for the
interaction with the IP3R interacting protein.
Furthermore we found that the phosphorylation
of the IP3R interacting protein is required for the
interaction with pNBC1.

We next examined the effect of the IP3R inter-
acting protein on NBC1 activity using Xenopus
oocytes. We first injected pNBC1 or kNBC1
cRNA in Xenopus oocytes and examined the ac-
tivity of these NBC1s. We could find the NBC1
activity in kNBC1 cRNA injected oocyte but
could not find that in pNBC1 cRNA injected oo-
cyte, although pNBC1 protein expressed well as
kNBC1 protein did. We further injected the IP3R
interacting protein cRNA together with pNBC1
or kNBC1 cRNA, and found that co-expression
of the IP3R interacting protein enhances the ac-
tivity of pNBC1. In other hand, co-expression of
the IP3R interacting protein does not change the
activity of kNBC1. These results strongly sug-
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gest that the IP3R interacting protein enhances
the activity of pNBC1 through the intracellular
interaction with p-type specific 85 amino acid
sequence. We are now examining the molecular
mechanism through which the IP3R interacting
protein regulates pNBC1 activity.

Structural Analysis of N-linked sugar chain
on IP3R

Ichiro Fujimoto, Hidetoshi Miyashita, and Kat-
suhiko Mikoshiba:

The expression patterns of N-linked sugar
chains are believed spatiotemporally regulated
in the central nervous system. We constructed a
two-dimensional (2D) HPLC map of pyridylami-
nated sugar chains to separate most of the N-
linked sugar chains and to reliably quantify
them. However, identification of each spot on
the 2D map is requisite. We determined their
structures using a combination of MALDI-TOF/

MS and exoglycosidase digestion, followed by
HPLC 2D mapping. The results show that 2D
mapping of pyridylaminated sugar chains is a
powerful method for glycomic analysis. We
identified the 4 different structures of N-linked
sugar chains on IP3R glycoprotein that purified
from mouse cerebellum. Among these four
structures, three were High-Mannose type and
the rest one was complex type, A2G0F. This
complex type sugar chain is modified in protein
at Golgi compartment; even this IP3R is the ER
protein. These results suggest this ER protein go
through the ER-Golgi system and return to the
ER membrane. Sialic acid does not appear to be
a major component of this receptor (less than
4％) that the existence was previously reported.
These finding suggested the specific structures
of N-linked sugar chain would modulate the
function of this protein. We are going to analyze
the functional change of current activity of this
receptor channel after removing sugar chains
using lipid bilayer method.
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Our long-term goal is to understand the molecular mechanisms which coordinately
regulate growth and differentiation of stem cells as well as differentiated cells with
emphasis on intracellular signal transduction. For this purpose, we are using sys-
tems ranging from zebrafish, mouse and culture cells. The major research areas
of interest are on: 1) development and regeneration of eye, 2) roles of cytokines
and their receptors in hematopoietic stem cells, 3) Use of dendritic cells for cell
therapy. On the basis of these efforts, we intend to develop technologies to ma-
nipulate growth and differentiation of various stem cells with high fidelity, which is
important for cell and gene therapy.

The neural retina is a part of the central nerv-
ous system (CNS), and regeneration of the ret-
ina from retinal stem cells or other sources by
transplantation is a critical issue from both clini-
cal and neurobiological points of view. Altho-
ugh reports of successful regeneration of the
CNS from neural stem cells (NSC) have ap-
peared in the literature, such has not been the
case for the vertebrate neural retina. Further-
more, the nature of retinal stem cells has not
been clarified, making it difficult to attempt re-
generation of the retina. Based on the technique
and knowledge that have been accumulated
through works of haematopoietic systems in our
laboratory, we attempt to identify mammalian
retinal stem cells and developmental process.
For developmental biological analyses, we use
zebrafish system in addition to mouse system as
model animals. We are also continue to work on
haematological projects, and bidirectional coop-
erative progress between neurological and hae-
matological works is one of unique features of
our laboratory. Projects which gave major find-

ings during 2005 are as follows.

Identification of cell surface markers that de-
fine temporally and spatially distinct retinal
progenitor subsets

Hirokazu Tabe, Astumi Iida, Mariko Inoue,
Jing Zhao, Tomonori Izumi1, Yoko Tabata,
Hideto Koso, Shinya Satoh, Sumiko Watanabe:
1Division of proteomics research

Neural retina is an important target organ for
regenerative medicine, and isolation and expan-
sion of retinal progenitor cells are critical issues
from both scientific and clinical views. However,
the characters of the immature retinal cells are
not elucidated because of the lack of prospective
approach to identify retinal progenitor cells. We
aimed to identify cell surface markers of retinal
stem or progenitor cells by using cell sorter.

We screened the expression pattern of cell
surface proteins in mouse immature retina by
flow cytometer using a large number of antibod-
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ies against different membrane proteins. Among
them, 25 antibodies recognized sub-populations
of immature retina, and we examined the prolif-
eration and differentiation abilities of purified
those sub-populations of retina by various in vi-
tro assay systems.

Results obtained with SSEA-1 and c-kit posi-
tive populations showed that these molecules
marked temporally and spatially distinct retinal
progenitor subsets. SSEA-1 positive cells are in
the peripheral region of retina of the E17 em-
bryo and then dramatically disappeared along
with retinal development. SSEA-1 strong posi-
tive cells were Ki-67 antigen positive and had
prolonged proliferation activities than that of
SSEA-1 negative cells in reaggregation culture.
Moreover, differentiation of SSEA-1 cells into
late born retinal subtypes took longer period,
suggesting that these cells are at more immature
stage than SSEA-1 negative cells. Differential ex-
pression of Wnt signal-related genes between
SSEA-1 positive and negative subpopulations of
retinal cells was revealed, and involvement of
Wnt signaling pathway for maintenance of
SSEA-1 positive cells was suggested. This obser-
vation was in accordance with our in vitro re-
sults suggesting the role of Wnt as prevention of
premature differentiation of retina. c-kit also la-
beled a subset of progenitor cells, and c-kit/
SSEA-1 double positive cells had more imma-
ture characters than single positive cells. Taken
together, we showed cell surface molecules, c-kit
and SSEA-1, as useful tools not only to mark
temporally and spatially distinct retinal sub-
populations, but also to study the regulation of
differentiation of neural retina.

As a marker for differentiated cells, we identi-
fied CD73 as a such marker in mice neural ret-
ina. CD73 expression was first appeared around
birth. And 5 days after birth, CD73 was ex-
pressed almost all the retinal cells and contin-
ued to be expressed until adult age. CD73 posi-
tive cells do not proliferate and expressed rho-
dopsin, suggesting CD73 positive cells are sub-
population of photoreceptor lineage cells. In
fact, CD73 positive cells expressed transcription
factors nrl and crx, which are known to be spe-
cifically expressed in photoreceptors.

To obtain new cell markers defining retinal
stem cells, we took an approach of proteomics.
Membrane fractions were purified from embry-
onic and adult retina, and the profile of the ex-
pression pattern of membranous proteins were
examined by shotgun analyses on a nanoflow
LC-MS/MS system. Several proteins which were
expressed specifically in embryo or adult retina
were identified, and biological functions of these
proteins are currently examined by RNAi.

Molecular mechanisms controlling photore-
ceptor differentiation by COUP transcription
factors

Shinya Satoh, Mariko Inoue, Sumiko Watan-
abe

During retinal development, progenitor cells
give rise to a wide variety of neurons and glial
cells. It has been shown that nuclear receptors
are involved in specification of retinal subtypes.
For example, nuclear orphan receptor NR2E3 is
expressed exclusively in rod and acts as tran-
scriptional factor to regulate opsin expression.
We are now focusing on chicken ovalbumin up-
stream promoter-transcription factor (COUP-TF),
one of the most extensively studied orphan nu-
clear receptors. COUP-TF family consists of
three genes, COUP-TFI, COUP-TFII, and COUP-
TFIII. Each of them forms homodimer and het-
erodimer with each other or other nuclear recep-
tors, and dimers bind to enhancers present in a
wide range of genes. In retinal studies, only
mRNA expression patterns of COUP-TFI and
COUP-TFII were reported. Initially, we used an
immunofluorescence to assay for COUP-TFs ex-
pression. Each COUP-TF was expressed in spe-
cific retinal subtype and expression pattern of
each protein was different in dorsal-ventral axis,
suggesting that COUP-TFs are involved in speci-
fication of some retinal subtypes and dorsove-
ntral-patterning of retina. To clarify the function
of COUP-TFs in retinal development, we are
currently investigating the effect of overexpres-
sion of each gene in retinal explant culture sys-
tem and obtaining some interesting data. For ex-
ample, COUP-TFII-overexpressed retinal pro-
genitor cells preferentially differentiated to ama-
crine cells, in which COUP-TFII is localized at
differentiated states. Analysis of COUP-TF null
mice is planned, and by combining these data,
we would like to calrify the roles of each COUP-
TF in retinal development.

β-Catenin signaling regulates maturation of
mouse retinal progenitor cells by preventing
premature differentiation

Yasuo Ouchi, Mark M. Taketo2, Sumiko Wa-
tanabe: 2Department of Pharmacology, Gradu-
ate School of Medicine, Kyoto University

Wnt signal is a key factor that controls stem
cells expansion in many tissues. In the retina,
several studies using lower vertebrates show
that Wnt signal plays important roles in the
maintenance and proliferation of CMZ retinal
progenitor cells. Although specific Wnt mem-
bers are expressed in a peripheral region of
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mammalian retina, it remains unknown whether
this region is enriched in immature progenitor
cells. In addition, roles of Wnt signaling in early
retinal development are not clarified in mam-
mals. In this study, we investigate the Wnt-β-
catenin signalling pathway regarding prolifera-
tion and differentiation of retinal progenitor
cells (RPCs).

Using a retrovirus vector, we expressed vari-
ous mutants of Wnt signal members, such as
constitutively active (ca) forms of β-catenin and
LEF, and dominant-negative (dn) form of LEF,
in E17.5 mouse retinal explant cultures. Prolif-
eration, differentiation and cell morphology of
virus-infected cells were analyzed. Molecular
mechanisms were analyzed using PC12 cells.
For in vivo studies, genetically engineered mice
were used to activate or inactivate β-catenin sig-
nals in a tissue specific manner.

The results with retinal explants and PC12
cells suggested: 1) Activation of β-catenin-Lef1
inhibits neurite outgrowth of both retinal and
PC12 cells. 2) Conversely, neurite outgrowth
was enhanced in cells expressing dominant-
negative Lef-1. 3) Proliferation and differentia-
tion remained unaffected in these cells. The
retina-specific activation of β-catenin in mice
suggested: 1) Expansion of the immature pro-
genitor cell region in embryonic mice. 2) Prolif-
erating RPCs remained in retina derived from 7-
week-old mice.

Rab11-FIP4 plays essential role for prolifera-
tion and differentiation of neural retina

Akihiko Muto, Yutaka Aoki, Sumiko Watan-
abe

Rab11-family interacting protein 4 (Rab11-FIP
4) was initially identified in human as a Rab11-
binding protein, but its biological function has
remained unknown. We cloned the zebrafish
orthologue of (zRab11-FIP4) and analyzed its
function by using antisense morpholino. zRab11-
FIP4 was expressed as two alternative transcri-
pts, the longer A-form predominantly expressed
in neural tissues including the retina and the
shorter B-form expressed ubiquitously, but in
situ hybridization revealed that the A-form was
dominantly expressed. In the developing retina,
zRab11-FIP4 was first expressed in proliferating
progenitors and then, along with the differentia-
tion, the expression was gradually restricted into
retinal ganglion cells and amacrine cells as well
as ciliary marginal zone. We found that zRab11-
FIP4 knockdown embryos exhibited eye pheno-
types similar to those of the shh mutant, such as
small eye with impaired proliferation and the
retardation of cell cycle exit and differentiation.

Ectopic expression of either p57Kip2 or domi-
nant negative PKA could rescued delayed cell
cycle exit in the zRab11-FIP4 morphant retina,
suggesting functional interaction of zRab11-FIP4
A with the shh signaling during development of
zebrafish retina.

We further analyzed the function of Rab11-
FIP4 in mouse neural retina. Mouse Rab11-FIP4
was expressed predominantly in neural tissues,
whereas an alternative transcript encoding an N
-terminally truncated protein was expressed
ubiquitously as a minor form. Gain of function
of mRab11-FIP4A in retina lead to increased
populations of sub-population of retinal cells
such as bipolar cells and Muller glia which are
localized in inner nuclear layer. In contrast, the
number of photoreceptor was decreased. Inter-
estingly, Rab11-FIP4A promoted cell cycle exit
but not the progression. Accordingly, reversed
phenotype was observed when Rab11-FIP4A
was downregulated by using shRNA. Taken to-
gether, it is suggested that Rab11-FIP4 plays a
role in retinal development also in the mammal-
ian system.

Melk-like kinase plays a role in haematopoi-
esis in the zebrafish

Rika Saito, Yoko Tabata, Ken-ichi Arai3 and
Sumiko Watanabe: 3Tokyo Metropolitan Insti-
tute of Medical Science

A serine/threonine kinase, Melk was initially
cloned in mouse oocytes as a maternal gene, but
whose function was unknown. In adult mice,
Melk was strongly expressed in thymus and
bone marrow, suggesting a role for Melk in hae-
matopoiesis. We cloned a Melk-like gene from ze-
brafish (z). zMelk-like gene was expressed in
brain and lateral mesoderm at 12 hpf and in
several tissues of adult fish including kidney
and spleen, both of which are known to be hae-
matopoietic tissues in zebrafish. Abrogation of
zMelk-like gene function by zMelk-like gene-speci-
fic MO resulted in abnormal swelling around
the tectum region. In addition, the start of blood
circulation was severely delayed, but, in con-
trast, the vessel formation seemed normal. Ex-
pression of scl, gata-1 , and lmo-2 was down
regulated at 12-14 hpf in the zMelk-like gene MO-
injected embryos and co-expression of gata-1
rescued the anemic phenotype induced by zMelk
-like gene MO. Expression of zMelk-like gene in
embryos enhanced gata-1 promoter dependent
EGFP expression, suggesting zMelk-like gene af-
fects gata-1 expression in transcriptional level.
Taken together, our data suggest that the zMelk-
like gene may play a role in primitive haema-
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topoiesis by affecting the expression of genes
critical for haematopoiesis.

Ly49Q is a marker for immature plasmacytoid
dendritic cells

Yumiko Kamogawa4, Makiko Tohma, Naoko
Arai4, Ken-ichi Arai3, Sumiko Watanabe:
4Ginkgo Biomedical Research Institute

Plasmacytoid Dendritic cells (pDC) are the
unique cells that produce large amount of type I
interferon upon viral or bacterial encounter,
thus play an important role for eradication of
infectious organisms. In order to investigate the
biological importance of pDC, we have searched
the molecules that regulate pDC by generating
monoclonal Ab, 2E6 that recognized murine
pDC. We found that Ab, 2E6, recognized type II
C type lectin Ly49Q that is a specific marker for
peripheral pDCs and that expression of Ly49Q

defines two subsets of pDCs in the bone mar-
row. Recent report suggested that B220＋CD11c
＋CD11b-pDC from bone marrow can differenti-
ate into myeloid DC(mDC) upon viral infection.
We hypothesized Ly49Q-pDC might become
mDC upon viral infection. Thus, we purified
either Ly49Q- or Ly49Q＋pDC in bone marrow
after polyIC treatment in vivo by sorting, then
analyzed a marker for mDC few days after puri-
fication. Ly49Q-pDC but not Ly49＋pDC could
differentiate into mDC upon polyIC treatment.
Moreover, those effects diminished by using
type I IFN KO mice bone marrow suggesting
that those effects depend on type I IFN. In con-
clusion, Ly49Q-pDC is immature and can differ-
entiate into mDC upon viral infection by IFN
dependent manner. The conversion of pDC to
mDC may help the viral clearance by more effi-
cient Ag presentation by mDC in vivo.
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本研究部門の目的は，先端医療の確立と普及に
必要な方法論を研究し，新たな先端医療研究遂行
モデルを提示することです．
わが国では新規薬剤の探索的研究は進んでいま
すが，臨床試験を通じた先端医療開発体制の整備
が遅れています．この結果，国内で発見された新
規薬剤，治療法の臨床開発は海外で行われること
が多いです．この原因としては，財源問題，臨床
試験の高コスト，非効率な臨床試験システム，規
制の影響などが指摘されています．また，先端医
療が確立されても，それが国内に普及する速度が
遅く，医療供給のための財源問題，先端医療の担
う人材・情報の流動性が低いことも問題です．し
かしながらこれらの問題点の実態に関しては不明
な点が多いです．
本研究部門では先端医療の確立・普及を阻害す
るボトルネックを明らかにし，その解決策を探
り，具体化していくために以下の諸活動と提案を
行っています．
１）プロテオソーム阻害剤であるBortezomibの日
本人における有効性・安全

２）国内未承認薬について
３）外来患者向けフリーペーパー“lohasmedical”
による患者啓蒙活動

The mission of this division is to create a new
model of translational research (TR). Dramatic
progress has been madeon several fronts to im-
prove the lives of patients afflicted with cancer,
and both new technologies and the pace of sci-
entific discovery have set the stage for rapid ad-
vancement in the years to come, however, the
methodology of TR has not been established yet.
Division of Exploratory Research aims at break-
ing the bottle-neck of TR and hastening the
translation of basic science into innovations in
clinical care.

The focuses of Division of Exploratory Re-
search works are:
1) investigate safety and efficacy of Bortezomib

(Velcade�) in Japanese patients with hemato-
logical malignancy

2) conduct Japanese survey on the clinical use
of anti-cancer drug which is not approved by
MHLW (the Japanese Ministry of Health, La-
bor, and Welfare) and PMDA (the Pharma-
ceuticals and Medical Devices Agency)

3) provide high medical literacy for outpatients
by publishing hospital freesheet “lohasmedi-
cal”
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