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Division of Stem Cell Regulation
(Amgen)

Functional cells of blood, immune system, ner-
vous system and skin have a relatively short life
compared to an individual. To supply these cells,
functional cells are maintained and generated from
stem cells of various lineage during embryonic de-
velopment or adult, resulting in the formation,
maintenance, repair and regeneration of tissues and
organs. Stem cells are defined by virtue of their func-
tional attributes as (a) undifferentiated cells (i.e.
lacking certain tissue-specific differentiation mark-
ers), (b) capable of proliferation, (c) able to
self-maintain the population (self-renewal), (d) able
to produce a large number of differentiated, func-
tional progeny, (e) able to regenerate the tissue after
injury, and (f) flexible use of these options.

A major impetus here has been the desire to iden-
tify these stem cells in tissues so that strategies for
targeting these permanent lineage ancestor cells for
gene therapy may be developed. Also there has been
an increased interest in manipulating the tissue stem
cells in various clinical situations including, for ex-
ample, the normal tissue stem cells during cancer
therapy. It is still not possible to identify stem cells in
most tissues by either their morphological character-
istics or by the use of a specific marker. Numerous
attempts have been made to find stem cell specific
markers, but the problem here may be that what
characterizes these cells is more likely to be the ab-
sence of specific features than the presence of
something that can be identified by a marker or
probe. So far, there are no established stem cell lines
and self-renewal factors for stem cells, except embry-

Our research interest is to characterize functional molecules of
stem cells, particularly 1) signaling molecules that regulate
proliferation and differentiation of stem cells, and 2) genetic
manipulation of stem cells by appropriate gene transfer sys-
tem. For this purpose, we are focusing on; 1) the mechanism of
self-renewal in embryonic stem cells, 2) identification of mas-
ter regulator(s) for kidney development using animal caps of
Xenopus embryos and knockout mice, and 3) identification of
self-renewal molecule(s) for neural stem cells.

onic stem (ES) cells and leukemia inhibitory factor
(LIF), respectively. Therefore, identification, estab-
lishment and in vitro expansion of stem cells is
essential not only for analyzing their self-renewal
mechanism, but also for a variety of clinical applica-
tions, such as bone marrow transplantation, tissue
regeneration, and gene therapy.

We have been working on (1) the mechanism of
self-renewal in ES cells, (2) identification of essential
genes for kidney development, and (3) identification
and establishment of neural stem cells from mouse
fetal brain.

1. Self-renewal mechanism of embryonic stem
cells

Hiroshi Koide, Tadayuki Akagi, Masayuki Usuda,
Masayo Sakaki, Manabu Watanabe, Megumi Wa-
tanabe, Saied A. Jaradat1, Minoru Ko 1, Takashi
Yokota:1National Institute on Aging, NIH, USA

The self-renewal of ES cells is maintained in the
presence of LIF. LIF binds to a cell surface receptor
complex composed of LIF receptor and gp130,
through which several signaling molecules includ-
ing ERK and STAT3 are activated. We previously
demonstrated that STAT3 activation is sufficient for
the self-renewal of ES cells, using a fusion protein
composed of the entire region of STAT3 and the
ligand binding domain of estrogen receptor
(STAT3ER).
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To understand the molecular mechanism of the
STAT3-dependent self-renewal, we are now search-
ing for a target molecule(s) of STAT3 in ES cells. For
this cDNA subtraction and cDNA array analyses
were performed using mRNAs prepared from undif-
ferentiated and differentiated ES cells. We identified
more than 30 clones whose expression levels are
down-regulated upon inactivation of STAT3. Of
them, we focused our attention on two proteins, zinc
finger protein (Zfp) 57 and embryonic ectoderm de-
velopment (Eed). In addition, we searched for a
serum factor(s) that is essential for survival of ES
cells.

a) Zfp57

Oct-3/4, a pluripotent stem cell-specific transcrip-
tion factor, plays a critical role in the self-renewal of
ES cells. Several evidences suggest that gene expres-
s ion via  Oct-3/4 requires  an unidenti f ied
co-factor(s). We found that Zfp57 is expressed dur-
ing the self-renewal of ES cells, while its expression is
reduced upon differentiation. By co-immunoprecipi-
tation assay, it was also found that Zfp57 interacts
with Oct-3/4. Furthermore, Zfp57 enhanced the
transcriptional activity of Oct-3/4 towards the pro-
moter of rex-1, an Oct-3/4 target gene, in human
embryonic kidney 293 cells. Our data suggest that
Zfp57, a target of STAT3, is one of the Oct-3/4 co-
factors, and raise the possibility that this protein may
cooperate with Oct-3/4 in induction of Rex-1, which
in turn may play an important role in the self-renew-
al of ES cells.

b) Eed

Recent studies revealed that gene expression is
tightly associated with acetylation of histone, which
is controlled by histone acetyltransferases and his-
tone deacetylases (HDACs). Eed, a member of the
polycomb family, is known to bind with HDAC. We
found that Eed is one of the downstream molecules
of STAT3. Treatment of ES cells with trichostatin A,
an HDAC inhibitor, led to the initiation of differenti-
ation, suggesting that histone acetylation is involved
in regulation of the self-renewal. Interestingly, we
found that Eed forms a complex also with Rex-1.
Since deacetylation of histone generally results in re-
pression of gene expression, these results suggest the
possibility that the Eed•Rex-1•HDAC complex may
maintain the undifferentiated state of ES cells by
suppressing the expression of a differentiation-in-
ducing gene(s).

c) Survival factor in serum

Although known as a self-renewal factor of ES
cells, LIF alone is not sufficient to support prolifera-
tion of ES cells, and ES cells undergo apoptosis in the

absence of serum. Thus, we have searched for a se-
rum factor(s) that supports survival of ES cells. When
serum was fractionated by gel filtration or ion-ex-
change chromatography, the survival-supporting
activity was eluted with bovine serum albumin
(BSA). Furthermore, addition of BSA into the medi-
um inhibited the apoptosis of ES cells upon serum
deprivation, indicating that serum can be substituted
by BSA. On the other hand, lipid-free BSA could not
replace serum. These results suggest that a lipid that
binds to BSA is the survival factor for ES cells.

2. Murine homolog of SALL1 is essential for ure-
teric bud invasion in kidney development

Ryuichi Nishinakamura , Yuko Matsumoto , Akira
Sato, Kenji Osafune, Kazuki Nakao2, Kenji Naka-
mura2, Motoya Katsuki2, Yuki Kataoka3, Nobuaki
Yoshida3, Makoto Asashima4, Takashi Yokota:
2Laboratory of DNA Biology and Embryo Engi-
neering, 3Laboratory of Gene Expression and
Regulation IMSUT, 4Department of Life Sciences,
The University of Tokyo

The kidney develops in three stages: pronephros,
mesonephros, and metanephros. Many of the genes
expressed in the metanephros are also found in the
pronephros. Animal caps, a presumptive ectoderm
of Xenopus embryos at the blastula stage, differenti-
ate into three-dimensional pronephric tubules in
three days in chemically defined saline solution
upon treatment with activin and retinoic acid. We
have used this system to identify molecules ex-
pressed in  pronephros  and potent ia l ly  in
mesonephros and metanephros. One of the genes we
isolated was Xsal-3, a newly identified sal member of
Xenopus, which was expressed in the pronephros
and the brain. We then cloned a member of the mu-
rine sal family from the developing kidney, which
proved to be a mouse homolog of human SALL1.
Here we report cloning, expression patterns and loss-
of-function studies of mouse Sall1. Our data show
that murine Sall1 is essential for initial inductive
events for kidney development.

SALL1 is a mammalian homolog of the Drosophila
region-specific homeotic gene spalt (sal) and het-
erozygous mutations in SALL1 in humans lead to
Townes-Brocks syndrome. We isolated a mouse ho-
molog of SALL1 (Sall1) and found that mice deficient
in Sall1 die in the perinatal period and that kidney
agenesis or severe dysgenesis are present. Sall1 is ex-
pressed  in  the  metanephr ic  mesenchyme
surrounding ureteric bud and homozygous deletion
of Sall1 results in an incomplete ureteric bud out-
growth, a failure of tubule formation in the
mesenchyme and an apoptosis of the mesenchyme.
This phenotype is likely to be primarily caused by
the absence of the inductive signal from the ureter, as
the Sall1 deficient mesenchyme is competent regard-
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ing epithelial differentiation. Therefore Sall1 is es-
sential for ureteric bud invasion, the initial key step
for metanephros development.

We are currently examining molecular functions
of Sall1, in addition to upstream and downstream
molecular events of Sall1. We are also generating
Sall2 KO, and eventually mice lacking all the Sall
genes. In addition, we are establishing an induction
system of kidney progenitors from a variety of cell
sources, and in vitro and in vivo assays for kidney
progenitors. Our final goal is to understand molecu-
lar mechanisms underlying kidney development
and to utilize the knowledge for manipulating kid-
ney progenitors for cell therapy of kidney diseases.

3. Neural stem cells

Norikazu Mizuno, Mie Ogasawara, Reina Aoki,
T o s h i o  H e i k e5,  T a k a o  A r a i 6,  T a k a s h i
Yokota:5Department of Pediatrics, Kyoto Universi-
ty, 6Applied Biological Science, Science University
of Tokyo

Neural stem cells can proliferate in response to
EGF and FGF-2, exhibit self-maintenance, and retain
their multipotency to differentiate into neurons, as-
trocytes and oligodendrocytes. Our previous study
showed that EGF and FGF-2 have different effects on
proliferation and differentiation of neural stem cells.
Neural stem cells initially respond to FGF-2 only,
and then acquire EGF responsiveness during the in
vitro culture. Compared with FGF-2-generated neu-
rosphere, EGF-generated neurosphere showed
accelerated differentiation to glial cells, suggesting
that EGF induces the proliferation of not only neural

stem cells, but glial cells.
The lineage relationship between the EGF- and

FGF-2-responsive neural stem cells is unknown.
Moreover, the specific cell surface marker for neural
stem cell is little found. Several specific molecules ex-
pressed in neural stem cell, such as nestin and
Musashi have been reported. However, since these
molecules are localized within cells, antibodies
against those cannot recognize intact cells. Recently
CD133, which is a five transmembrane protein and
have been used to enrich for hematopoietic stem
cells, was reported to recognized neural stem cells.
To characterize intact neural stem cells, we intend to
make monoclonal antibodies that recognize the sur-
face antigen of FGF-2 generated neural stem cells.

BALB/c mice were immunized in the footpad
with rat neurosphere for a month. The popliteal
lymph node cells were fused with mouse PAI myelo-
ma cells. Approximately 230 hybridomas were
selected, expanded, and further tested. 122 indepen-
dent clones recognized neurosphere cells prepared
from rat fetal brain. Of them, 51 clones recognized
adherent neural stem (-like) cells maintained in the
presence of FGF-2, and 52 clones stained differentiat-
ed cells, which contained neurons, astrocytes, and
oligodendrocytes. Among the former 51 clones, two
clones showed characteristic staining pattern of em-
bryonic brain section for neural stem cells. These
antibodies recognized 180 kDa proteins in the mem-
brane fraction of neurosphere. Moreover, these
could synergistically enhance proliferation of neuro-
sphere with FGF-2. These antibodies will be useful
tool for the direct isolation of neural stem cells using
FACS and the identification of cell surface markers of
neural stem cells.
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Division of Cell Processing
(Asahi Kasei and Nipro)

Division of Cell Processing was established in IMSUT on Sep-
tember 1995 to support the institute through cell therapy and
gene therapy. After establishment of Tokyo Cord Blood Bank on
September 1997, more than 3,000 units of cord blood (CB)
have been stored in this bank by the end of 2001. In addition of
enlargement of banking scale, we have made two progresses;
quality management and internationalization. Our bank ac-
quired ISO 9002 on March 2001, and are proceeding procedure
to join international NetCord. We are also supporting the clini-
cal departments through dendritic cell therapy for patients with
malignancies. Expansion of NK cells and homing of stem cells
are studying to improve the results of CB transplantation. In
addition, we have started research for regenerative medicine
using placenta-derived mesenchymal cells.

Cord blood (CB) has recently been found to be an
efficacious alternative source of hematopoietic stem
and progenitor cells for transplantation. In Japan 500
unrelated cord blood transplantation (CBT) were re-
ported by the end of 2001. According to increasing
number of transplantation, two problems in CBT are
becoming clear; relatively weak graft versus of leuke-
mia response (GVL) and delayed hematopoietic
reconstitution following CBT. In 2001, we started new
projects to dissolve these problems; NK/NKT cell ex-
pansion for induction of GVL, and analysis of homing
ability of CB-derived hematopoietic stem cells for in-
duction of early hematopoietic reconstitution
following CBT. Another new project, regenerative
medicine, was also started using placenta-derived
mesenchymal cells in last year to investigate the pos-
sibility to expand variety of cell source for future
tissue/organ bank.

1. Quality management and internationalization
of Tokyo Cord Blood Bank: International Stan-
dardization and Organization (ISO) 9002 (JIS
Z9902), NetCord, AsiaCORD and Eurocord

Tokiko Nagamura-Inoue, Mika Shioya, Michiko
Sugo, Yan Cui, Hiromi Kikuchi, Atsuko Takahashi,
Hideki Kodo1, Shigetaka Asano2, Tsuneo A. Taka-

hashi.: Division of Cell Processing, and 2Depart-
ment of Hematology/Oncology, The Institute of
Medical Science, The University of Tokyo, Tokyo,
Japan; 1Blood Transfusion Department, Fuchu
Metropolitan Hospital, Tokyo, Japan

Tokyo Cord Blood Bank collected 3,352 units of
cord blood cells and has registered 1,565 units in
Network (Japan cord blood bank organization) and
also NetCord (one of the international cord blood
bank organizations) by December 2001. Out of them,
we have shipped 102 units for 96 patients with
hematopoietic malignancies, congenital immunode-
ficiencies and congenital metabolic disorders
including 4 units to foreign countries by December
2001. In Japan there are now 9 CB banks and more
than 500 CB transplantations have been performed
by the end of last year. For these rapid expanding re-
quests of cord blood and the need to show the quality
assurance, Tokyo Cord Blood Bank adopted the in-
ternat ional  qual i ty  assurance system, ISO
(International Organization for Standardization and
Organization) 9002. To establish the quality assur-
ance system, we applied our processing and
cryopreservation system based on “Guidelines for
the Practice of Umbilical Cord Blood Transplanta-
tion, 1998” developed by Japan Umbilical CBT
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Working Group (Japan Ministry of Health, Labor
and Welfare) and Network, and got certified as ISO
9002 reviewed by BVQi on March 16, 2001. We have
passed the follow-up review in September 2001 and
we are now working in this system. In addition to the
ISO quality assurance system, we joined NetCord,
which requires very high cord blood bank process-
ing standards (FAHCT-NetCord standards) and
bypasses the search requests from transplantation
centers and releases of the cord blood worldwide.
Another international cord blood network, we have
established AsiaCORD to get more advantage to
search the appropriate donor in Asia in July 2001. In
relation to AsiaCORD, we supported to establish the
first national CB bank in Vietnam. In another aspect
of analyzing CBT results, we have been participating
in Eurocord (European Research on Cord Blood
Banking and Use for Transplantation) and reporting
CBT results for the collaboration of clinical study.
Tokyo Cord Blood Bank keeps the great effort to
grow with high quality valid to the world.

2. Effect on the Rate of Engraftment of the Re-
moval of Cryoprotectant from Thawed Cord
Blood Units

Tokiko Nagamura-Inoue, Mika Shioya, Michiko
Sugo, Yan Cui, Hiromi Kikuchi, Atsuko Takahashi
and Tsuneo A. Takahashi

In CB transplantation, washing out of DMSO (dim-
ethyl sulfoxide) from cryopreserved CB unit has been
recommended to insure the early engraftment. We
showed previously, direct exposure of the 10%
DMSO containing unit against large volume of saline
after thawing in vitro resulted in the lower recovery of
colony forming unit, although no difference of en-
graftment of human CD45+ cells in mice model. The
removal of cryoprotectant from thawed cord blood
unit by the step-by dilution method (wash) is original-
ly recommended by New York Blood center to reduce
the osmotic injury of cells by DMSO. However, none
of the clinical follow-up studies has been done about
it. To prove the effect of washing out DMSO in clinic,
we analyzed eighty-five patients aged from 0.5 to 58
years old, who received CBT from September 1998
to September 30, 2001 released from Tokyo Cord
Blood Bank. Thawed CB cells were washed with a
2.5% human albumin and 5% Dextran 40 solution. In
thirty five adult patients, 14 patients were directly in-
fused (non-washed) after thawing with mean
nucleated cells (NCs)/kg; 2.6±0.8/kg and twenty
one patients infused the step-by diluted unit
(washed) after thawing with mean NCs/kg; 2.6±0.5/
kg. In fifty children, 34 patients received non-washed
CB with NCs 5.6±3.8/kg and 16 patients were in-
fused washed CB with mean NCs/kg; 6.8±3.2/kg,
respectively. We did not see the significant differ-
ence of the incidence of engraftment and speed of

myeloid and platelet recovery among the two groups
in adults. Over all survival and event free survival
(EFS) was also not significantly different in non-
washed vs. washed group. Only we could see some
tendency of the effect of total colony forming counts
(CFC)/kg on the incidence and engraftment speed,
although not significant yet. In children, the speed of
recovery was not significant different between two
groups. But the incidence of engraftment in children
aged from 2 to 5 years including high-risk group
showed 40%, significant lower than other ages. We
found also neutrophil recovery in children was de-
layed in high-risk leukemia group (Standard group
was 26 days of median recovery vs. high risk group
was 34 days respectively). Overall we found that the
status of leukaemia at CBT strongly affects on the
EFS. Conclusively our data suggested

that two-step dilution washing method did not af-
fect the speed of engraftment itself clinically,
although follow-up studies are necessary because of
multiple backgrounds.

3. Activation and expansion of natural killer cells
in umbilical cord blood with interleukin-15 in
combination with Flt3-ligand

Tokiko Nagamura-Inoue T., Yuka Mori, Zheng
Yizhou, Tsuneo A. Takahashi.: Division of Cell
Processing, The Institute of Medical Science, The
University of Tokyo, Tokyo, Japan

Graft versus leukemia/tumor (GVL/T) effects after
stem cell transplantation has been focused on re-
cently, because of high incidence of relapse in
high-risk leukemia patients. Unlike cytotoxic T cell,
natural killer (NK) cells are known as non-HLA re-
stricted, non-tumor specific cytotoxic activity.
Expansion and activation of NK cells might greatly
contribute to GVL/T effects and engraftment after
stem cell transplantation. On the other hands, gene
targeted mice of Flt3 ligand (Flt3L) and interleukin-15
(IL-15) reported to have the low number of NK cells,
while the targeted mice of interleukin-2 (IL-2) known
as activator of NK cells showed normal NK cells. We
have studied the effect of IL-15 and Flt3L on NK cell
expansion and activation. CB-derived mononuclear
cells (MNCs) or NK cells sorted by depletion of non-
NK cells (NK cell Isolation kit, Miltenyi Biotec, ISA)
using AUTOMACS were cultured for 2 to 3 weeks
with RPMI containing various dose of Flt3L and IL-
15. After 15 days and 22days, we counted the viable
cell number and performed flow cytometric analysis.
RT-PCR was done for the expression of functional
molecules after sorting. MNCs rather than purified
NK cells responded to proliferate more efficiently,
showing attachment to the bottom of the culture
dishes. Maximal folds induction of NK cell are 5 to 10
in 2 weeks culture 40 to 80% of total viable cells. Sur-
face markers after culture with IL-15 and Flt3L are
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strong CD56 positive, LFA-1 positive, VLA-4 posi-
tive and perforin positive. RT-PCR showed the
induction of FasL and Granzyme B. Cytotoxic activi-
ty against K562 and Jurkat was also recognized,
which was inhibited by Concanamycin A (perforin
inhibitor). These results indicated that CB-derived
NK cells may contribute to the clinical use for anti-
leukemia therapy.

4. Different expressions of adhesion molecule
and chemokine receptor repertoire among
umbilical cord blood-, mobilized peripheral
blood-, and bone marrow-derived CD34bright

cells

YehZuo Zheng, Nobukazu Watanabe, Tokiko Nag-
amura-Inoue, Hitomi Nagayama, Arinobu Tojo2,
Shigetaka Asano2, Yoichi Takaue3, Shin-ichiro
Okamoto4, and Tsuneo A. Takahashi: Division of
Cell Processing, and 2Department of Hematology/
Oncology, Institute of Medical Science, University
of Tokyo, Tokyo, Japan; 3Department of Medical
Oncology, Stem Cell Transplantation Unit, Nation-
al Cancer Center Hospital, Tokyo, Japan; 4Division
of Hematology, Department of Medicine, School of
Medicine, Keio University, Tokyo, Japan

Both adhesion molecules and chemokine recep-
tors play a critical role in hematopoietic stem/
progenitor cells (HS/PCs) engraftment and hemato-
poietic reconstitution. We herein hypothesized that
some defects of adhesion molecules and chemokine
receptors expressed on HS/PCs in umbilical CB
might account for delayed hematopoietic reconstitu-
tion of CB transplantation (CBT) recipients. So we
compared levels of the following adhesion molecule
and chemokine receptor expressions on CB-, mobi-
lized peripheral blood (mPB) and bone marrow
(BM)-derived CD34bright cells using four-color FACS
analysis. CB-, mPB- and BM-derived CD34bright cells
expressed strongly CD44, CD11a, CD18, CD62L,
CD31 and CD49d; meanwhile, significantly lower ex-
press ions  of  CD49e ,  CD49f  and CD54 on
UCB-derived CD34bright cells, compared with those of
mPB-, and BM-derived CD34bright cells, were ob-
served as follows: CD49e, 21.1±12.7% vs 81.5±19.8%
(p<0.001, compared to the former, same for follows)
vs 75.0± 25.5% (p<0.005); CD49f, 4.2± 6.5% vs
72.5±13.3 (p<0.001) vs 64.5±20.2% (p<0.001); and
CD54, 26.0±21.4% vs 75.1±11.5% (p<0.005) vs
37.2±16.1% (p<0.05). Different chemokine receptor
expression patterns were revealed: CB (but not for
mPB- and BM)-derived CD34bright cells expressed
CCR-3, CCR-2 and CCR-1; the most striking finding
is the significantly different expressions of CXCR-4
among them: 5.4±5.3% vs 20.7±11.9% (p<0.05) vs
67.6±5.8% (p<0.001). None of them expressed CCR-5,
CXCR-1, CXCR-2, CXCR-3, and CXCR-5. Our results
indicate that different adhesion molecule and

chemokine receptor expression patterns among CB-,
mPB- and BM-derived CD34bright cells might partly
explain the cause(s) of delayed recovery after CBT.

5. Phase I clinical trial of autologous monocyte-
derived dendritic cell therapy for STAGE IV
malignant melanoma and thyroid carcinoma
patients

Eiji Akagawa, Mariko Morishita 5, Kaoru Uchima-
ru6, Tokiko Nagamura-Inoue, Naohide Yamashita5

and Tsuneo A. Takahashi: Division of Cell Process-
ing, 5Department of Advanced Medical Science,
and 6Division of Molecular Therapy, The Advanced
Clinical Research Center, Institute of Medical Sci-
ence, University of Tokyo, Tokyo, Japan

To clarify the feasibility and efficacy of administer-
ing autologous monocyte-derived dendritic cells
(DCs) for patients with malignant melanoma and thy-
roid carcinoma, we used tumor lysate-pulsed DCs as
tumor vaccine in ten and five stage IV patients, re-
spectively. Autologous monocytes were harvested
from 15 liter of pheresis products and cultured with
GM-CSF and IL-4 for 7 days to generate immature
DCs. Immature DCs were then pulsed with autolo-
gous tumor lysate (10 mg/ml) and subsequently
cultured with TNF-α for another 4 days for matura-
tion. 1x107 of mature DCs were injected intradermly
once a week for ten times. These clinical trial are now
in progress.

6. Phenotypic and functional characterization of
umbilical/placental cord blood monocyte-de-
rived dendritic cells

Eiji Akagawa, Makoto Enomoto and Tsuneo A Ta-
kahashi: Division of Cell Processing, The Institute
of Medical Science, The University of Tokyo, To-
kyo, Japan

Dendritic cells (DCs) are important antigen-pre-
senting cells required for initiation of the immune
response and potentially valuable tools for immuno-
therapy. We compared phenotypic and functional
characteristics of cord blood monocyte-derived DCs
(CBMo-DCs) and peripheral blood monocyte-derived
DCs (PBMo-DCs) to clarify whether CBMo-DCs are
available for DC therapy. Immature CBMo-DCs gen-
erated from adherent monocytes cultured for 7 days
in the presence of 50 ng/ml GM-CSF and 50 ng/ml
IL-4 showed that the expression levels of CD1a,
CD11c and CD40 were lower (CD1a; 98±50, CD11c;
323±38, CD40; 43±25 at each MFI value) than imma-
ture PBMo-DCs (CD1a; 130±25, CD11c; 463±41,
CD40; 56±28), while the levels of CD86 and HLA-DR
revealed higher (CD86; 910±31, HLA-DR; 1150±28)
than immature PBMo-DCs (CD86; 430±51, HLA-DR:
916±36). Mature CBMo-DCs subsequently cultured
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with 50 ng/ml TNF-α for another 4 days had similar
intensities of these two molecules to immature
CBMo-DCs and mature PBMo-DCs. Immature
CBMo-DCs had almost the same capacity of endocy-
tosis for FITC-Dextran and LY as immature
PBMo-DCs. The chemotactic migratory responses of
CBMo- and PBMo-DCs to RANTES or MIP-3β indi-
cated the same activities. The ability of mature
CBMo-DCs to stimulate T cells in an allogeneic
mixed lymphocyte reaction was significantly higher
(p<0.05) than that of mature PBMo-DCs. Further-
more, this result was also observed in immature
stage. Determination of cytokine mRNA levels by
RT-PCR revealed that both immature CBMo- and
PBMo-DCs stimulated by LPS induced the produc-
tion of IFN-γ, GM-CSF, IL-6 and IL-12 p40. These
results suggested that CBMo-DCs appear to function
as well as PBMo-DCs and possibly to be an accept-
able source for DC therapy.

7. Multileneage potential of Human Placenta-De-
rived Mesenchymal Cells

Nobukazu Watanabe, Kouichi Igura, Ushio Iwamo-
to, Ayako Mitsuru, Tokiko Nagamura-Inoue, Kei
Takada, Kenjiro Matsuno7, and Tsuneo A. Taka-
hashi: Division of Cell Processing, The Institute of
Medical Science, The University of Tokyo, Tokyo,
Japan;7Department of Macro-anatomy, The Dok-

kyou Medical University, Tochigi, Japan

We cultured freshly isolated mesenchymal cells
from human placenta, and analyzed their cell biolog-
ical features in vitro. Cells separated using trypsin/
EDTA were cultured for 10-14 days, then stained by
fluorescence-conjugated antibodies for flow cyto-
metric analyses. Placenta-derived cells were
separated into 3 populations; CD34-CD45+ cells,
CD34+CD45dull cells, and CD34-CD45-SH2+ cells.
CD34-CD45-SH2+ cells showed the fibroblastic
shapes after sorting following by few days culture.
Most of these CD34-CD45-SH2+ cells were stained
by Hoechst 33342 (G0/G1) and less than 1% of these
cells belonged to Hoechst Red (660/20)/Hoechst
Blue (424/20 nm) double negative cells (side popula-
tion, SP). These CD34-CD45-SH2+ cells could be
introduced to the neuronlike cells. RT-PCR analysis
showed that these placenta-derived cells expressed
constitutionally mRNA of some growth factor recep-
tors; bone morphogenic protein 4 receptor type II
(BMP4RII), c-met, and retinoic acid receptor type α,
in addition to rennin mRNA. Taken together, we
showed that there were mesenchymal progenitor
cells with multilineage potential in human placenta.
These cells must be very useful as the mesenchymal
cell source for regenerative medicine in addition to
CB hematopoietic stem cells with known informa-
tion about HLA type and infectious disease.
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Division of Hematopoietic Factors
(Chugai)

Our major projects are (1) investigation of signal transduction
of cytokine receptors, (2) identification and characterization of
novel cytokines, cytokine receptors, soluble factors, and tran-
scription factors, (3) study on the roles of small GTPases and
GAPs, (4) analysis on the molecular mechanism of leukemo-
genesis, particularly in leukemias resulted from chromosomal
translocations, and (5) study on the stem cell biology.

Division of Hematopoietic Factors was estab-
lished in September 1996. In the lab, we apply a
retrovirus-mediated expression screening system
and gene targeting strategy to study hematopoiesis,
signal transduction, leukemogenesis, embryogene-
sis, and so on. Our goals are (1) to clone novel
cytokines, cytokine receptors, and transcription fac-
tors using retrovirus-mediated expression cloning
strategies, (2) to identify and characterize oncogenic
forms of signaling molecules and to relate these to in
vivo leukemogenesis, (3) to develop various retrovi-
rus vectors and packaging cell lines, (4) to clarify the
molecular mechanism of intracellular signal trans-
duction in cell proliferation, differentiation, and
transformation, and (5) to elucidate the molecular
mechanisms of biologically interesting phenomena
such as cytokinesis, self renewal, gastrulation, and
so on.

1. Characterization of constitutively active
forms of signaling molecules

Tetsuya Nosaka, Toshiyuki Kawashima, Kouichi
Ariyoshi, Mayumi Onishi 1, Atsushi Miyajima2, and
Toshio Kitamura: 1Third Department of Internal
Medicine, The University of Tokyo, and 2The Insti-
tute of Molecular and Cellular Biosciences, The
University of Tokyo

We combined retrovirus-mediated screening sys-
tem and PCR-driven random mutagenesis to identify
activating mutations in cytokine receptors, kinases,
and other signaling molecules. As a first target, we
chose the receptor for thrombopoietin MPL. We in-
troduced random mutations into the MPL sequence

followed by retrovirus-mediated screening for con-
stitutively active forms of MPL, and identified the
mutant MPL which can induce autonomous prolifera-
tion of IL-3-dependent cell lines. The mutant MPL
harbored a point mutation in the transmembrane do-
main, and constitutively activated the Ras-Raf-MAPK
and Jak (Janus kinase)-STAT (signal transducer and
activator of transcription) pathways. In addition, Ba/
F3 cells expressing the mutant MPL were oncogenic
in syngeneic mice. Using the same method, we also
identified the constitutively active form of STAT5A
and STAT5B. Two mutations, one (H298R) in the
DNA binding domain and the other (S710F) in the ef-
fector domain were required for the constitutive
activity of STAT5s. The active STAT5 mutants
showed constitutive tyrosine phosphorylation, nucle-
ar localization, and transcriptional activation, and
were able to induce factor-independency of IL-3-de-
pendent cell lines. Interestingly, the mutant STAT5s
also induced differentiation and/or apoptosis in Ba/
F3 cells after IL-3 stimulation. We investigated the
mechanisms of this pleiotropic functions of the con-
stitutively active STAT5s by expressing each target
gene of STAT5 using a bicistronic retroviral vector
having IRES-GFP. Pim-1, p21WAF1/Cip1, and SOCS1
(suppressor of cytokine signaling 1) were found to be
responsible for inducing proliferation, differentiation,
and apoptosis, respectively. In addition, we have
identified another constitutively active STAT5 mutant
which harbors a single point mutation in the SH2 do-
main (N642H) that shows the same phenotype as the
STAT5 mutant with the two mutations. Interestingly,
the SH2 mutation resulted in restoration of the con-
served critical histidine which is involved in the
binding of phosphotyrosine in the majority of SH2-
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containing proteins. Dimerization was required for
the activity of the SH2 mutant of STAT5 as was the
case for the wild type. These findings demonstrate
that different mutations rendered STAT5 constitutive-
ly active, through a common mechanism, which is
similar to that of physiological activation.

2. Isolation and characterization of new genes
by a novel signal sequence trap method SST-
REX

Yuichi Ikeda, Wing-Chun Bao3, Toshihiko Oki,
Tetsuo Kojima, Takuya Sugiyama, Keishi Fujio,
Hidetoshi Kumagai3, Sizhou Feng3, Kaori Tamit-
su3, Yoshihiro Morikawa 4, Tetsuya Nosaka, and
Toshio Kitamura: 3Takada Research Labs, Chugai
Pharmaceutical Co., Ltd., 4Department of Neurobi-
ology and Anatomy, Wakayama Medical School of
Medicine

Secreted and cell-surface proteins play essential
roles in cell-cell interaction. We have recently estab-
lished a novel and efficient signal sequence trap
method (SST-REX), in which cDNA fragments fused
to an extracellular deletion mutant of the constitutive-
ly active MPL were transduced into IL-3-dependent
cells via retrovirus infection followed by the selection
of factor-independent clones. Our method is quick
and more accurate than the previously published
methods. In addition, type II membrane proteins,
which had never been isolated by the previous SST
methods, were also obtained by our SST-REX.

Several interesting genes have been isolated by
this method from various tissues including hemopoi-
e t i c  s t e m  o r  p r o g e n i t o r  c e l l s ,  A G M
(aorta-gonad-mesonephros) cells, mast cells, and
cardiocytes, and their functions are currently being
investigated.

3. Development of retrovirus vectors and pack-
aging cell lines

Sumiyo Morita, Fumi Shibata, Dan Wang5, Toshi-
hiko Oki, Tetsuo Kojima, Hideaki Nakajima,
Tetsuya Nosaka, Carol Stocking6, Wolfam Oster-
tag6, Koichiro Tsuji 5 and Toshio Kitamura:
5Division of Cellular Therapy, Advanced Clinical
Research Center, Institute of Medical Science, The
University of Tokyo, 6Heinrich-Pette Institute,
Hamburg University

We previously developed an MuLV-derived effi-
cient retrovirual vector pMX which is suitable for
library construction. Combination of transient retro-
virus packaging cell lines such as Bosc23 and the
pMX vector produced high titer (106-107/ml) retrovi-
ruses which gave 100% infection efficiency in
NIH3T3 cells, 10-100% infection efficiency in various
hemopoietic cell lines, and 1-20% in primary culture

cells including T cells, monocytes, and mast cells.
However, pMX did not work well in immature cells
such as EC cells and ES cells. We have now devel-
oped pMY and pMZ vectors that utilize PCMV’s LTR
and primer binding site, and can express GFP in EC
cells and ES cells.

Recently, usefulness of transient packaging cells
has been recognized, however the titers of retrovi-
ruses are rather unstable during culture. In order to
establish more stable packaging cell lines, we used
the IRES sequence which allows simultaneous ex-
pression of both gag-pol or env gene and drug
resistance gene from one transcript. We used the
strongest promoter EF-1α in making packaging con-
structs. In addition, to avoid inclusion of retrovirus
sequences as much as possible, we used only cod-
ing sequence of gag-pol and env genes for the
packaging constructs, which will not allow the forma-
tion of replication-competent retroviruses by
recombination in packaging cell lines. We estab-
lished high-titer ecotropic (PLAT-E) and amphotropic
(PLAT-A) packaging cell lines where the EF-1α-gag-
pol-IRES-puror together with the corresponding
EF-1α-env-IRES-bsr were introduced into 293T cells.
We have also established another new packaging
cell line (PLAT-F) for efficient infection to human he-
matopoietic stem cells by using env gene of feline
endogenous retrovirus RD114, and the efficiency of
infection of the viruses produced by PLAT-F, into hu-
man CD34 positive cells, is being investigated by a
long term reconstitution assay in SCID mice.

4. Functional analysis of the mouse twisted gas-
trulation (TSG) gene

Tetsuya Nosaka, Sumiyo Morita, Hideaki Nakaji-
ma, Fumi Shibata, Toshiyuki Kawashima, Yuichi
Ikeda, Yuki Kataoka7, Issei Komuro8, Nobuaki
Yoshida7, and Toshio Kitamura: 7Division of Gene
Expression & Regulation, Center for Experimental
Medicine, Institute of Medical Science, The Univer-
sity of Tokyo, 8Department of Cardiovascular
Science and Medicine, Chiba University Graduate
School of Medicine

In the search for soluble factors which are ex-
pressed in the mouse AGM region at 10.5 days p.c.,
by SST-REX, we have identified a mouse homologue
of the Drosophila TSG protein which is known to reg-
ulate dorsal-ventral patterning of the fly development
by modulating BMP (bone morphogenetic protein)
signaling. Although the Xenopus TSG has recently
been reported to bind BMP-4 and its antagonist
Chordin, biological function of the TSG protein is still
unknown. To elucidate the biological role of TSG in
mammals, we are generating TSG-deficient mice. We
are also studying the role of TSG in cardiogenesis by
using the system of in vitro differentiation of embry-
onic carcinoma cells into beating cardiomyocytes.
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5. Molecular cloning and functional character-
ization of a human novel type I cytokine
receptor related to delta1/TSLPR

Yukio Tonozuka, Keishi Fujio, Takuya Sugiyama,
Tetsuya Nosaka, Momoki Hirai9, and Toshio
Kitamura: 9Department of Integrated Biosciences,
Graduate School of Frontier Sciences, The Univer-
sity of Tokyo

In a search for a human sequence related to a re-
cently identified type I cytokine receptor delta1,
which turned out to be a receptor subunit for a cytok-
ine called TSLP (thymic stromal lymphopoietin), we
have now identified a novel human type I cytokine
receptor from a human T lymphocyte cDNA library.
The deduced amino acid sequence of 371residues
has a typical signal sequence and a membrane-
spanning region. The mature protein is predicted to
have a molecular mass of 39,698 Da. It has common
characteristics of type I cytokine receptor family
members, and we tentatively termed this protein
CRLF2, which stands for cytokine receptor-like factor
2. Northern blot analysis revealed CRLF2 mRNA in
liver, kidney, heart, and skeletal muscle. The fetal liv-
er also expresses CRLF2 transcripts. The gene for
CRLF2 was mapped to the pseudoautosomal region,
Xp22.3 and Yp11.3 by FISH analysis, a region where
genes encoding the IL-3 receptor α and the GM-CSF
receptor α chains are also located. CRLF2 has re-
cently been found to constitute the receptor subunit
for human TSLP, together with the α subunit of the
IL-7 receptor.

6. Analysis of the role of MgcRacGAP as a regu-
lator of the small GTPase Rho family in
differentiation and cytokinesis

Toshiyuki Kawashima, Yukinori Minoshima, Koi-
chi Hirose, Yukio Tonozuka, Takaya Satoh10,
Yoshito Kajiro 10, Tetsuya Nosaka, and Toshio
Kitamura: 10Faculty of Bioscience and Biotechnolo-
gy, Tokyo Institute of Technology

In the search for key molecules that prevent mu-
rine M1 leukemic cells from undergoing IL-6-induced
differentiation into macrophages, we isolated an anti-
sense cDNA that encodes full-length mouse
MgcRacGAP through functional cloning. In human
HL-60 leukemic cells, overexpression of the human
MgcRacGAP induced growth suppression and mac-
rophage differentiation. Analysis using the mutants
revealed that the GAP activity was dispensable, but
the myosin-like domain and the cysteine-rich do-
main were indispensable for growth suppression
and macrophage differentiation. Interestingly,
MgcRacGAP localized to the nucleus in interphase,
accumulated to the mitotic spindle in metaphase,
and was condensed in the midbody during cytokine-

sis. Overexpression of an N-terminal deletion mu-
tant resulted in the production of multinucleated
cells in HeLa cells. This mutant lost the ability to lo-
calize in the mitotic spindle and midbody.
MgcRacGAP was also found to bind α-, β-, and γ-tu-
bulins through its N-terminal myosin-like domain.
These findings indicate that MgcRacGAP dynamical-
ly moves during cell cycle progression probably
through binding to tubulins and plays critical roles
in cytokinesis. Furthermore, using a GAP-inactive
mutant, we have disclosed that the GAP activity of
MgcRacGAP is required for cytokinesis, suggesting
that inactivation of Rho family GTPases may be re-
quired for normal progression of cytokinesis. We
have recently found that MgcRacGAP is phosphory-
lated by some of the kinases that are known to work
in the midbody.

7. Identification of a small molecule which inhib-
its leukemic cell growth caused by the internal
tandem duplication mutations of Flt-3

Ken Murata, Hidetoshi Kumagai3, Toshiyuki Ka-
washima, Hideaki Nakajima, Kaori Tamitsu3,
Mariko Irie 3, Shigetaka Asano11, Tetsuya Nosaka,
and Toshio Kitamura:11Division of Molecular
Therapy, Advanced Clinical Research Center, In-
stitute of Medical Science, The University of Tokyo

Internal tandem duplications of the juxtamem-
brane region of the Flt-3 are found in about 20% of
the human acute myeloid leukemia patients. In
screening of the small compounds by the ability to
selectively inhibit leukemic cell growth caused by
such mutations of Flt-3, we have identified several
small chemical compounds. These molecules show
structural similarity to the tyrosine kinase inhibitor.
One of the most effective molecules GTP14564 pref-
erentially inhibited the growth of the Ba/F3 cells
transformed by the mutant Flt-3, thereby suppressing
the tyrosine phosphorylation of STAT5, but not very
much in Ba/F3 cells driven by the Flt-3 ligand/wild
type Flt-3. Forced expression of the dominant nega-
tive STAT5A, but not treatment with the MEK
inhibitors suppressed the mutant Flt-3-driven cell
growth. On the other hand, the proliferative signal
through the wild type Flt-3 was dependent on the ac-
tivation of MAP kinases. We also revealed that the
N-terminal two tyrosine residues of the intracellular
domain of the mutant Flt-3 were responsible for
STAT5 activation and autonomous cell growth, but
the corresponding tyrosine residues of the intracellu-
lar domain of the wild type Flt-3 was dispensable for
cell growth.

8. Functional Characterization of the mouse sep-
tin family genes that are fused to MLL in infant
leukemias with chromosomal translocations
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Ryoichi Ono, Yasuhide Hayashi12, Tomohiko
Taki 12, Yuki Kataoka7, Nobuaki Yoshida7, Toshio
Kitamura, and Tetsuya Nosaka:12Department of
Pediatrics, Graduate School of Medicine, The Uni-
versity of Tokyo

We have recently identified a human homolog to
mouse Septin6 as a fusion partner of MLL (ALL-1,
HRX) in three cases of de novo infant acute myeloid
leukemia with complex chromosomal abnormalities
involving 11q23 and Xq22-24 (Ono R et al., Cancer
Res, in press). Septins comprise a eukaryotic GT-
Pase subfamily and are known to be involved in
cytokinesis. Among septin family genes, nearly com-
plete ORFs of septin6, CDCREL1, and septin9 (MSF/
AF17q25) are fused to 5' half of MLL in leukemic pa-
tients, resulting in formation of chimeric proteins. We
are investigating the oncogenic potentials of these
chimeric proteins in various assay systems in vitro
and in vivo, and trying to identify the transformation-
responsible genes downstream of the MLL-Septin.
Furthermore, septin6-deficient mice are being gener-
ated by gene targeting experiments to define the
biological roles of this gene in vivo.

9. Functional Characterization of the mouse ALF4
gene, a homolog of the human AF5q31 that is
fused to MLL in infant acute lymphoblastic leu-
kemia by chromosomal translocation

Atsushi Urano, Yasuhide Hayashi12, Tomohiko
Taki 12, Yuki Kataoka7, Nobuaki Yoshida7, Toshio
Kitamura, and Tetsuya Nosaka

We identified a gene AF5q31 from an infant early
pre-B acute lymphoblastic leukemia (ALL) with
ins(5;11)(q31;q13q23) as a fusion partner of MLL.
The AF5q31 gene, which encoded a protein of 1163
amino acids, is homologous to AF4-related genes, in-
cluding AF4, LAF4, and FMR2 (Taki T et al., PNAS,
96, 14535, 1999). The AF4 is directly involved in in-
fant ALL with t(4;11)(q21;q23) of poor prognosis, and
AF4 knockout mice display altered lymphoid devel-
opment. The LAF4, a lymphoid-restricted nuclear
protein, is expressed at the highest level in pre-B
cells and is suggested to play a regulatory role in ear-
ly lymphoid development. On the other hand, FRM2
was identified as a gene associated with FRAXE
mental retardation. Although MLL is known to play an
essential role in leukemogenesis by regulating HOX
family gene expression, the fusion partner of MLL
also appears to be important to modify the MLL func-
tion, thereby determining the phenotype of the
leukemia. To clarify the role in leukemogenesis and
the biological function of AF5q31, we are generating
the ALF4 knockout mice.

10.STAT5 induces macrophage differentiation of
M1 leukemia cells through activation of IL-6

production mediated by NF-kB p65

Toshiyuki Kawashima, Ken Murata, Yukio Tono-
zuka, Yukinori Minoshima, Tetsuya Nosaka, and
Toshio Kitamura

Using a constitutively active STAT5A (STAT5A1*6), we
have shown that STAT5 induces macrophage differ-
entiation of mouse leukemic M1 cells through a
distinct mechanism, autocrine production of IL-6.
The supernatant of STAT5A1*6-transduced cells con-
tained sufficient concentrations of IL-6 to induce
macrophage differentiation of parental M1 cells, and
STAT3 was phosphorylated on their tyrosine resi-
dues in these cells. Treatment of the cells with
anti-IL-6 blocking antibodies profoundly inhibited
the differentiation. We have also found that the
STAT5A1*6 transactivated the IL-6 promoter, which
was mediated by the enhanced binding of NF-κB p65
(RelA) to the promoter region of IL-6. These findings
indicate that STAT5A cooperates with Rel/NF-κB to
induce production of IL-6, thereby inducing mac-
rophage differentiation of M1 cells in an autocrine
manner. In summary, we have shown a novel mecha-
nism by which STAT5 induces its pleiotropic
functions.

11.A novel secreted form of immune suppressor
factor with high homology to vacuolar ATPas-
es identified by a forward genetic approach of
functional screening based on cell prolifera-
tion

Edgardo E Tulin, N Onoda13, M Maeda13, M Haseg-
awa13, Hideaki Nakajima, Atsushi Urano, Fumi
Shibata, Tetsuya Nosaka, H Nomura13, Shigetata
Asano11, and Toshio Kitamura:13Chugai Research
Institute for Molecular Medicine

In the search for stromal-derived growth factors,
we have identified a novel secreted short form of im-
mune suppressor factor (ISF) using a combination of
a genetic approach and retrovirus-mediated function-
al screening. This protein, which we termed ShIF,
was isolated based on its ability to support prolifera-
tion of a mutant clone S21, which was established
from Ba/F3 cells that are usually interleukin-3-depen-
dent but became dependent on a stroma cell line ST2
after chemical mutagenesis. ISF, a membrane pro-
tein harboring six transmembrane domains, was
reported to have immunosuppressive functions. The
coding region of ShIF started from the third trans-
membrane domain of ISF. Biochemical analysis
demonstrated that ShIF was expressed in both the se-
creted and membrane-bound forms of 27-kDa
protein, which was supposed to have an internal
ATG present in the third transmembrane domain of
ISF as a start codon. In addition to the full-length
form of ISF, a major protein with a molecular size of
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27 kDa was also expressed through the proteolytic
process of ISF. ShIF resembles this naturally occur-
ring short form of ISF (sISF). Deletion analysis of the
major domains of ISF cDNA revealed that ShIF is an
active functional domain of ISF with a capability to
support proliferation of S21 cells. Enforced expres-
sion of ShIF in MS10 cells, bone marrow stroma cells
that do not express endogenous ShIF or ISF, con-
ferred on the cells an ability to support the growth of
S21 cells as well as bone marrow cells. Interestingly,
ShIF shows a high sequence homology to the C-ter-
minal part of a 95-kDa yeast vacuolar H (+)-ATPase
subunit, Vph1p (39%), and a 116-kDa proton pump
(VPP1) (54%) of the rat and bovine synaptic vesicle.
Therefore, it is possible that ShIF also acts as a pro-
ton pump and somehow prevents the cells from
undergoing apoptosis. We are currently examining
the effects of ISF and ShIF on the growth of hemato-
poietic progenitor cells from bone marrow, and also
trying to identify the molecules that interact with
these factors.

12.Genetic approach and phenotype-based com-
plementation screening for identification of
stroma cell-derived proteins involved in cell
proliferation

Edgardo E Tulin, N Onoda13, M Hasegawa13, Tet-
suya Nosaka, H Nomura13, and Toshio Kitamura

The functional capacities of stromal cell lines to
support stem cell activity are heterogeneous and the
mechanism of how they support bone marrow cul-
tures remains unclear. Recently, we reported a
strategy of functional analysis in which a genetic ap-
proach is  combined with phenotype-based
complementation screening to search for a novel se-
creted growth factor from mouse bone marrow
stroma called ShIF that supported proliferation of
bone marrow cells. To investigate the role of stromal
cells in hemopoiesis, we extended this strategy to
search for stroma-derived proteins that induce cell
proliferation by establishing stroma-dependent Ba/
F3 mutants of three stroma cell lines from two mouse
tissues. Seven stroma-dependent Ba/F3 mutants
were used as responder cells to identify cDNAs from
stroma cell lines whose products supported prolifera-
tion not only to the mutant cells but also to
hemopoietic progenitor cells in vitro.

13.SF20/IL-25, a novel bone marrow stroma-de-
rived growth factor that binds to mouse
thymic shared antigen-1 and supports lym-
phoid cell proliferation

Edgardo E Tulin, N Onoda13, Y Nakata13, M Mae-
da13, M Hasegawa13, H Nomura13, and Toshio
Kitamura

Using a forward genetic approach and phenotype-
based complementation screening to search for
factors that stimulate cell proliferation, we have iso-
lated a novel secreted bone marrow stroma-derived
growth factor, which we termed SF20/IL-25. This
protein signals cells to proliferate via its receptor,
which we have identified as mouse thymic shared
Ag-1 (TSA-1). Enforced expression of TSA-1 in IL-3-
dependent Ba/F3 cells that do not express
endogenous TSA-1 rendered cells to proliferate in a
dose-dependent manner when stimulated with
SF20/IL-25. FDCP2, a factor-dependent hemopoietic
cell line that expresses endogenous TSA-1, could also
be stimulated to proliferate with SF20/IL-25. Binding
of SF20 to TSA-1 was blocked by anti-TSA-1 antibody
and SF20-induced proliferation of TSA-1-expressing
cells was inhibited by anti-TSA-1. In vitro assay re-
vealed that  SF20/IL-25  has  no detectable
myelopoietic activity but supports proliferation of
cells in the lymphoid lineage.

14.Role of co-repressors in STAT5-dependent
transcription

Hideaki Nakajima, Paul K. Brindle14, Makoto Han-
da15, and James N. Ihle14: 14Department of
Biochemistry, St Jude Children’s Research Hospi-
tal, 15Blood Center, Keio University School of
Medicine

STAT5 is a latent transcription factor activated by
a variety of cytokines including IL-3, GM-CSF and
erythropoietin. To gain more insight into the molecu-
lar mechanism how STAT5 regulates the variety of
cytokine responses, we set out to explore the pro-
teins that interact with STAT5 in vivo. We employed
yeast two-hybrid screening to look for STAT5-inter-
acting molecules, and identified silencing mediator
for retinoid and thyroid hormone receptor (SMRT) as
a potential binding partner. SMRT interacted with
both STAT5A and 5B, and the association was de-
tected both in vitro and in vivo. Interestingly, SMRT
strongly repressed STAT5-dependent transcription
both on heterologous and native promoters in report-
er assays. To further clarify the physiological role of
this interaction, we created a stable cell line overex-
pressing SMRT. In clear contrast to parental cell line,
expression of STAT5 target genes in this cell line was
not sustained and was quickly suppressed within 2
hours after normal initial phase of induction. Con-
versely, histone deacetylase inhibitor, Trichostatin A
effectively enhanced and prolonged induction of
STAT5-target genes in a parental cell line. Extensive
mutational and binding analysis revealed that this
interaction was mediated through N-terminal coiled-
coil region of STAT5. Surprisingly, previously
identified point mutation in the coiled-coil region
that makes STAT5 hyperactive, disrupted Stat5-
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SMRT interaction, suggesting overall transcriptional
activity of STAT5 is determined by the balance of co-
activators and corepressors bound to it. In addition,
above data predicts that naturally occurring domi-
nant negative mutant of STAT5 lacking carboxyl-
transactivation domain interacts only with SMRT,
but not with CBP, suggesting that it acts as dominant
negative by actively repressing target genes through
SMRT. Together, this study illuminates the potential
role of SMRT in negative regulation of STAT5-de-
pendent transcription, and reveals a novel crosstalk
between nuclear receptor and JAK-STAT signaling
pathways.

15.Granulocyte colony-stimulating factor regu-
lates myeloid differentiation through CCAAT/
enhancer-binding protein ε

Hideaki Nakajima and James N Ihle14

Granulocyte colony-stimulating factor (G-CSF) is a
major cytokine that regulates proliferation and differ-
entiation of myeloid cells, although the underlying
mechanisms by which G-CSF controls myeloid differ-
entiation are largely unknown. Differentiation of
hematopoietic cells is regulated by lineage-specific
transcription factors, and gene-targeting studies pre-
viously revealed the critical roles of CCAAT/
enhancer-binding protein C/EBPα and C/EBPε, re-
spectively, in the early and mid-late stages of
granulocyte differentiation. The expression of C/
EBPε in 32Dcl3 cells and FDCP1 cells expressing
mutant G-CSF receptors was examined and it was
found that G-CSF up-regulates C/EBPε. The signal
for this expression required the region containing the
first tyrosine residue of G-CSF receptor. Dominant-
negative signal transducers and activators of
transcription 3 blocked G-CSF-induced granulocytic
differentiation in 32D cells but did not block induc-
tion of C/EBPε, indicating that these proteins work
in different pathways. It was also found that overex-

pression of C/EBPε greatly facilitated granulocytic
differentiation by G-CSF and, surprisingly, that ex-
pression of C/EBPε alone was sufficient to make
cells differentiate into morphologically and functional-
ly mature granulocytes. Overexpression of c-myc
inhibits differentiation of hematopoietic cells, but the
molecular mechanisms of this inhibition are not fully
understood. In 32Dcl3 cells overexpressing c-myc
that do not differentiate by means of G-CSF, induc-
tion of C/EBPε is completely abrogated. Ectopic
expression of C/EBPε in these cells induced features
of differentiation, including changes in nuclear mor-
phologic characteristics and the appearance of
granules. The data show that C/EBPε constitutes a
rate-limiting step in G-CSF-regulated granulocyte dif-
f e r e n t i a t i o n  a n d  t h a t  c - m y c  a n t a g o n i z e s
G-CSF-induced myeloid differentiation, at least partly
by suppressing induction of C/EBPε.

16.Identification of factor(s) supporting self re-
newal of primate embryonic stem cells

Takuya Sugiyama, Atsushi Urano, Tetsuya Nosaka,
and Toshio Kitamura

Dissection of molecular nature of embryonic stem
(ES) cells may promote our understanding of cellular
pluripotency and inner cell mass (ICM) development,
and also can assist ES-based tissue engineering.
Both mouse and human ES cells require feeder layer
cells to retain the undifferentiated state. Whereas
mouse ES cells were reported to remain undifferenti-
ated without feeder cells in the presence of leukemia
inhibitory factor (LIF), primate ES cells without feeder
cells do differentiate even in the presence of LIF. Our
goal is to identify the feeder-derived factor(s) sup-
porting undifferentiated state and growth of the
primate ES cells, through cDNA expression cloning.
This project is collaboration with Drs. Suemori and
Nakatsuji at Kyoto University.
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Our ultimate research goal is to develop personalized therapies
for the common metabolic diseases of civilization by direct ap-
plication of accumulating genomic information to basic and
clinical medicine. As a first step, we try to identify susceptibility
genes for common or otherwise clinically relevant diseases of
metabolism such as asthma, hypertension, and intracranial an-
eurysm and analyze the molecular causality.

Our priority is analyses of the molecular causality
of the common metabolic disorders of civilization, in
other word, identification of the causal gene. Al-
though genetic and environmental factors play
equally crucial roles in the pathogenesis of the com-
mon diseases of civilization, genetic factor is directly
involved in the causality and molecular mechanism.
Elucidations of the molecular etiology provide specif-
ic molecular targets for therapeutic drugs even at the
individual level. We will identify individual and group
polymorphisms in the genome relevant to the treat-
ment of individual patients closely related to
susceptibility to disease, prognosis of disease, and
responses to drugs. Our laboratory should establish
personalized medicine in which prevention, diagno-
sis, prognosis, and treatment of a patient is
determined by the patient’s individualized genomic
information. Diseases of current interests are asth-
ma,  essent ia l  hypertension,  subarachnoid
hemorrhage, and ossification of the posterior longitu-
dinal ligament of the spine.

1. Subarachnoid hemorrahge (SAH) due to rup-
ture of intracranial aneurysm (IA)

Taku Yoneyama, Toshiaki Nakajima, and Ituro In-
oue

Rupture of intracranial aneurysms (IA) causes
subarachnoid hemorrhage, a devastating condition
with high morbidity and mortality. Angiographic and
autopsy studies show that IA is a common disorder
with prevalence of 3-6%. Large autopsy studies of
unruptured incidental IA among adults showed the
prevalence of 0.8 to 6 percent and angiographic

studies of them demonstrated the prevalence of 0.5
to 2.7 percent. The annual incidences of aneurysmal
SAH were 10 to 20 per 100,000 people. Approxi-
mately 10 percent of patients died before receiving
medical attention and 40 percent of hospitalized pa-
tients died at one month after the event. Aneurysmal
SAH is still a serious public health problem despite
diagnostic, medical, and surgical advances over past
several decades. Although IA has a substantial ge-
netic component, there has been little attention to the
genetic determinants. We report here a genome-
wide linkage study of IA in 104 Japanese affected
sib-pairs in which positive evidence of linkage at
c h r o m o s o m e  5 q 2 2 - 3 1  ( M L S = 2 . 2 4 ) ,  7 q 1 1
(MLS=3.22), and 14q22 (MLS=2.31) were found.
The best evidence of linkage is detected at
D7S2472, in the vicinity of the elastin gene (ELN), a
candidate gene for IA. Fourteen distinct SNPs were
identified in ELN, and no obvious allelic association
between IA and each SNP was observed. The haplo-
type between the intron 20 and 23 polymorphism of
ELN is strongly associated with IA (P=3.81x10-6),
and homozygote patients are at high risk (P=0.002) ,
with odds ratio of 4.39. These findings suggest that a
genetic locus for IA lies within or close to the ELN
locus on chromosome 7.

2. Ossification of the posterior longitudinal liga-
ment of the spine (OPLL)

Shingo Maeda, Toshihiro Tanaka, Kazuki Shimo-
onoda, Takahiro Nobukuni, and Ituro Inoue

Ossification of the posterior longitudinal ligament
of the spine (OPLL) is the predominant myelopathy
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among Japanese, and is usually diagnosed by ectopic
bone formation in the paravertebral ligament in Jap-
anese and other Asians. In order to detect genetic
determinants associated with OPLL, we performed
an extensive non-parametric linkage study with 126
affected sib-pairs using markers for various candi-
date genes by distinct analyses, SIBPAL and
GENEHUNTER. 88 candidate genes were selected
by comparing the genes identified by cDNA microar-
ray analysis of systematic gene expression profiles
during osteoblastic differentiation of human mesen-
chymal stem cells with the genes known to be
involved in bone metabolism. Of the 24 genes regu-
lated during osteoblastic differentiation, only one, the
alpha B crystalline gene, showed evidence of linkage
(P=0.016, NPL=1.83). Of 64 genes known to be as-
sociated with bone metabolism, 7 showed weak
evidence of linkage by SIBPAL analysis (P<0.05):
cadherin 13 (CDH13), bone morphogenetic protein 4
(BMP4), proteoglycan 1 (PRG1), transforming
growth factor beta 3 (TGFb3), osteopontin (OPN),
parathyroid hormone receptor 1 (PTHR1), and insu-
lin-like growth factor 1 (IGF1). Among these genes,
BMP4 (NPL=2.23), CDH13 (NPL=2.00), TGFb3
(NPL=1.30) ,  OPN (NPL=1.15) ,  and PTHR1
(NPL=1.00) showed evidence of linkage by GENE-
HUNTER. Only BMP4 reached criteria of suggestive
evidence of linkage. Since this gene is a well-known
factor in osteogenetic function, BMP4 should be
screened in further study for the polymorphism re-
sponsible.

3. Linkage disequilibrium in the human genome
for disease-gene discovery

Toshiaki Nakajima and Ituro Inoue

Linkage disequilibrium (LD) mapping for common
diseases explicitly depend upon the persistence of
LD. To understand the organization of LD in the hu-
man gene promises to have great impact on the
strategies for identifying candidate genes. AGT con-
stitutes the locus that consistently has been
associated with essential hypertension (EHT). Vari-
ants associated with EHT, T235 and A(-6), vary in
frequency among major ethnic groups. Sequencing
of angiotensinogen gene in nonhuman primates
shows that the T235 and A(-6) variants are fixed in
these species. The protective M235 and G(-6) vari-
ants for EHT, that were in tight LD, are likely to have
arisen during human evolution. We evaluated the
organization of LD and haplotype in AGT. Haplo-
types based on 21 SNPs showed that Caucasian and

Japanese shared top four frequent haplotypes, even
though the frequencies of them were quite different.
In Caucasians G(-6)/M235 haplotype, protective
haplotype for EHT, was very common. The differ-
ence of demographic history or natural selection
might result in the increased frequency of G(-6)/
M235 haplotype in Caucasian.

We compared LD parameters D’, r2, and d2 based
on the data from 861 possible marker pairs in the
AGT. d2 is an LD measure for an appropriate choice
for association studies. When compared between D’
and d2, the value of d2 varied widely in the marker
pairs with D’=1. In cases with D’=1, the mean
value of d2 is 0.210±0.270 and the proportion of
marker pairs with d2<0.1 (insufficient LD for associa-
tion studies) is 0.473. These results showed that
about half of cases with complete LD in the value
D’ display insufficient LD (d2<0.1) for association
studies. Another common measure r2 is compared
with d2. r2 and d2 were significantly correlated. In
conclusion, an LD measure, r2, is the better parame-
ter than D’ in considering strategies for identifying
genes for common disease.

4. Association Studies of Single Nucleotide
Polymorphisms (SNPs) in Candidate Genes
for Bronchial Asthma

Takuro Sakagami, Nobuyoshi Jinnai, and Ituro In-
oue

Bronchial asthma (BA), one of the most common
of all chronic inflammatory diseases in human popu-
lations, is considered to be resulted from a
combination of detrimental factors, both environmen-
tal and genetic. One approach to address the genetic
factors associated with BA is to undertake extensive
surveys of candidate genes to search for variations,
and to test allelic association studies. While genetic
variations involve insertion, deletion or base substitu-
tion, we chose to examine single-nucleotide
polymorphisms (SNPs) of one-base substitution be-
cause they are the most abundant genetic variation
in the human genome. We selected genes as candi-
dates that may relate to inflammation or apoptosis,
such as genes encoding proteins related to cell-cell
interactions (cytokines and their receptors) and those
involved in the arachidonic acid cascade. These
products are well known to have various biological
activities and some have been shown to induce in-
flammation. The differences in response are likely to
reflect subtle variations among genes encoding the
proteins involved in this pathway.

Nakajima, T., Jorde, LB., Ishigami, T., Umemura, S.,
Emi, M., Lalouel, J-M., Inoue, I. Nucleotide diver-
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Our main interest is to study molecular mechanisms to main-
tain genomic integrity, what is called “caretaker” function, in
hematopoietic stem cells (HSCs). This function is critical for
HSCs to fulfill their capacity for long term repopulation and reg-
ulated proliferation and differentiation. Dysfunction of
caretakers in HSCs will lead to development of myeloid disor-
ders such as bone marrow failure, myelodysplastic syndrome
and leukemia. To approach this subject, we study pathogenesis
of “Fanconi anemia”, a genetic disease characterized by chro-
mosome instability and development of myeloid disorders. In
addition, we have identified and are studying functions of novel
molecules: (i) HSH2, an SH2 domain-containing protein which
is likely to regulate cytokine signaling in hematopoietic cells,
and (ii) ABT1/ABTAP, a protein complex in nucleoli and Cajal
bodies, which is likely to regulate RNA transcription.

1. Mechanisms of FANCA phosphorylation

H. Yagasaki, D. Adachi, T. Oda, T. Yamashita

Fanconi anemia (FA) is an autosomal recessive
disease characterized by congenital anomalies,
bone marrow failure, and susceptibility to malignan-
cies, especially leukemia. FA cells show chromosome
instability and hypersensitivity to DNA cross-link-
ing agents such as mitomycin C. Recent studies
indicate that there are at least eight genetically dis-
tinct groups (A, B, C, D1, D2, E, F, G). To date, six
genes (for groups A, C, D2, E, F and G) have been
cloned. Increasing evidence indicates that the multi-
ple FA proteins cooperate in a biochemical pathway
and/or a multimer complex: FANCA is phosphory-
lated, forms a complex with other FA proteins
including FANCC and FANCG in the cytoplasm,
translocates into the nuclei, where the protein com-
plex allows DNA damage-induced activation of
FANCD2 into a mono-ubiquitinated isoform.

We previously reported that FANCA was phos-
phorylated in cells from normal controls, whereas
the phosphorylation was defective in cells from mul-
tiple FA patients. In the present study, we have
found that wild-type FANCA protein, exogenously

expressed in FANCA(-) cells, was phosphorylated,
whereas phosphorylation of patient-derived forms
of FANCA, containing missense mutations in the
carboxy terminal region, was abrogated. A physio-
logical protein kinase for FANCA (FANCA-PK) is
likely to bind and phosphorylate the substrate. Fur-
thermore, FANCA-PK as well as phosphorylated
FANCA was contained in the FANCA/FANCG
complex. Taken together, these results suggest that
FANCA-PK is another component of the FA protein
complex and regulates the function of FANCA. We
characterized FANCA-PK as a cytoplasmic serine ki-
nase sensitive to wortmannin. Identification of the
protein kinase is expected to elucidate regulatory
mechanisms which control the FA pathway.

2. Characterization of Patient-derived FANCA
mutant proteins

D. Adachi, T. Oda, H. Yagasaki, T. Yamashita

FANCA, which accounts for a major population
(60-70 %) of FA patients, is a hypermutable gene.
More than 100 different mutations have been identi-
fied, most of which result in premature termination
or large deletions (null-mutations). Group A patients
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homozygous for null-mutations have a more severe
clinical phenotype than those with mutations produc-
ing an altered protein. However, little has been
studied on molecular basis of the genotype-pheno-
type correlation. Although 30 or more missense and
small in-frame deletion mutants which are expected
to produce an altered protein were reported, only a
few have been characterized.

In the present study, twenty of the mutants were
retrovirally expressed in FANCA(-) fibroblasts and
extensively characterized. Some mutants (D598N,
Q1128E, T1131A, F1262L, H1417D : Group I) cor-
rected hypersensitivity to mitomycin C, a marker
phenotype of FA cells, in these cells, whereas other
mutants were inactive (R435C, H492R, L845P,
FQ868-869del ,  R1055L,  H1110P,  F1135del ,
W1174del, F1239-43del, F1263del, W1302R : Group
II) or partially active (L817P, P1324L, D1359Y,
M1360I : Group III) in this function. Analyses of the
FA pathway revealed that Group I mutants were sim-
ilar to wt-FANCA in capabilities of phosphorylation,
association with FANCC, localization to nuclei and
induction of FANCD2 mono-ubiquitination. Pathoge-
nicity of Group I mutants may be explained by
reduced endogenous expression of these proteins.
Alternatively, these mutations, especially when re-
ported without identification of the second mutation,
may be polymorphisms. By contrast, Group II and
Group III mutants showed severe and mild deficien-
cies in the FA pathway, respectively. Activation of the
FA pathway correlates with MMC sensitivity in the
defined system, providing another line of evidence
that this pathway plays a central role in the cellular
phenotype of FA. The present results indicate that
altered FANCA proteins are able to activate the FA
pathway to various degrees, which may partly ac-
count for phenotypic variation of group A patients.

3. Cloning and functional analyses a novel SH2-
containing adapter protein, HSH2

T.Oda, M. Muramatsu1, T. Isogai1, Y. Masuho1, T.
Yamashita

We isolated a cDNA clone encoding a novel Src
homology (SH)2 domain-containing protein of 47 kD
from a human cDNA library. As its transcript was pre-
dominantly expressed in hematopoietic cells, this
gene was termed HSH2 for hematopoietic SH2 pro-
tein. This protein contains several putative
protein-binding motifs, SH3-binding proline-rich re-
gions and phosphotyrosine sites,  but lacks
enzymatic motifs. In a yeast two-hybrid screen, we
identified a cytokine-regulated tyrosine kinase c-FES
and an activated Cdc42-associated tyrosine kinase
ACK1 as HSH2 interactors. HSH2 bound c-FES via
its C-terminal region as well as its N-terminal region

including the SH2 domain, whereas it bound ACK1
via its N-terminal proline-rich region. Furthermore,
these two kinases bound and tyrosine-phosphorylat-
ed HSH2 in mammalian cells. Hence, we postulate
that HSH2 functions as an adapter protein involved
in tyrosine kinase signaling, and possibly regulates
cytokine signaling and cytoskeletal reorganization,
in hematopoietic cells.

4. Identification and Functional analyses of
ABT1/ABTAP, a novel protein complex in nu-
cleoli and Cajal bodies

T. Oda, Y. Masuho1, M. Muramatsu1 and T. Ya-
mashita

A basal transcription machinery constitutes of a
number of proteins including a TATA-binding protein
(TBP), TBP-associated factors (TAFs) and RNA
polymerases. We recently identified a novel TBP-
binding protein, ABT1, which is conserved from
yeasts to mammals. Disruption of an ABT1 ortho-
logue abolished growth/survival in Saccharomyces
cerevisiae, suggesting that this molecule has an es-
sential role in cell growth/survival of higher
eukaryotes. An in vitro cell-free transcription assay
as well as in vivo transcription assay in mammalian
cells indicated that ABT1 stimulates basal transcrip-
tion. However, little is known regarding regulatory
mechanisms of ABT1. To elucidate the mechanism ,
we searched for binding proteins of ABT1 using a
yeast two-hybrid screening. We isolated a cDNA of a
mammalian nuclear protein, termed ABT1 associat-
ed protein (ABTAP) as an interactor of ABT1. Like
ABT1, ABTAP is conserved from yeasts to mam-
mals, and disruption of this gene abolished growth/
survival of yeasts. Furthermore, the yeast orthologue
of ABT1 and that of ABTAP interacted.

ABT1 localized to the nucleoli and small nuclear
bodies, which were identified to be Cajal bodies
based on their containing coilin and survival of motor
neurons (SMN) protein. SMN is involved in genesis
of snRNP and its defect causes a common infantile
neuronal disease, Spinal Muscular Atrophy. When
ABTAP was predominantly co-expressed with ABT1,
the ABT1/ABTAP complex redistributed to small nu-
c lear  bodies  wi thout  co i l in  or  SMN,  and
ABT1-induced activation of Pol II basal transcription
was suppressed. Increasing evidence indicates that
Cajal bodies play an important role in assembly and
transport/recycling of components involved in RNA
transcription and processing. We postulate that the
ABT1/ABTAP complex has an important regulatory
role in RNA transcription and processing by dynamic
translocation among nuclear structures, including
nucleolus and Cajal body.
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Division of Proteomics Research
(ABJ Millipore)

Our laboratory aims to understand functional signaling net-
works of proteins in cells. The major strategy is functional
proteomics; large-scale analysis of protein expression and
comprehensive analysis of protein-protein interactions to re-
veal the functional linkage among proteins.

One of the major ways to elucidate gene function
at the protein level is a large-scale analysis of the
expression and interactions of proteins. Current
methods being applied to these problems include the
use of microarrays of messenger RNA transcripts for
analyzing expression profiles of genes and the use of
yeast 2-hybrid screens for systematic protein interac-
tion analysis. Proteomics probes both of these
problems by direct analysis of proteins in cells or tissues.
Typical studies include large-scale determination of
quantitative changes in the expression levels of pro-
teins to assess the effects of a wide variety of
perturbations to cells, and comprehensive analysis of
protein-protein interactions by mass identification of
protein components in the functional protein com-
plexes, membrane domains, and cellular organelles.

Besides the conventional methods for proteomics
based on two-dimensional polyacrylamide gel elec-
trophoresis (2D-PAGE) and mass spectrometry
(MS), our laboratory is equipped with advanced liquid

chromatography (LC)-based technologies to serve
for functional proteomics.

* Multi-dimensional LC-MS/MS system that allows
automatic identification of nearly a thousand protein
components in functional membrane domains and
organelles.

* Direct nano-flow LC-MS/MS system that allows
identification of ~100 protein components within one
hour, with a femtomole amount of functional com-
plexes pull-downed from cultured cells with tagged
protein as a bait.

* BIA-LC-MS/MS system for real time monitor of
protein interactions by surface plasmon resonance
sensor and simultaneous identification of interacting
molecules by MS.

By use of these technologies as analytical plat-
forms, we will study on the signaling networks of
proteins and their spatiotemporal regulation during
fundamental cellular processes such as differentia-
tion, growth, and apoptosis of cells.


