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molecule(s) for neural stem cells.

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 system. For this
purpose, we are focusing on; 1) the mechanism of self-renewal in embryonic stem
cells, 2) identification of master regulator(s) for kidney development using animal caps
of Xenopus embryos and knockout mice, and 3) identification of self-renewal

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-
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

Tadayuki Akagi, Masayuki Usuda, Saied A. Jara-
dat!, Minoru Ko!, Hitoshi Niwa2, Takashi Yokota:
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INational Institute on Aging, NIH, USA, 2Center
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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).

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).

a. Zfp57

Embryonic stem (ES) cells can be maintained in
the presence of leukemia inhibitory factor (LIF). Two
transcription factors, STAT3 and Oct-3/4, play a cru-
cial role in the self-renewal. To clarify the molecular
mechanism of the self-renewal, we performed DNA
chip analysis to screen a gene(s) whose expression
was decreased upon differentiation and yeast two-
hybrid screening to isolate Oct-3/4-interacting
proteins.

By DNA chip analysis, we previously obtained
zinc finger protein (Zfp) 57 and confirmed by North-
ern- and Western-blot analyses that this protein is
expressed specifically in the undifferentiated state.
In the present study, we examined if the expression
of Zfp57 is regulated by STAT3 and/or Oct-3/4.
Forced expression of a dominant-negative STAT3
mutant in ES cells decreased the level of Zfp57
mRNA. On the other hand in ZHBTc4 ES cells where
tetracycline (Tet) leads to the down-regulation of
Oct-3/4, the Tet induced no drastic change of Zfp57
mRNA expression. These results indicate that Zfp57
is not a target gene of Oct-3/4, but of STAT3. In addi-
tion, we showed that the POU domain of Oct-3/4
interacted with the zinc finger region of Zfp57. Next,
to perform a reporter assay using a promoter region
of Rex-1, a target gene of Oct-3/4, we constructed re-
porter plasmids carrying five repeats of the RoxOct
element that consists of binding sites for Oct-3/4 and
uncharacterized Rox-1. Transcriptional activity of
Oct-3/4 was enhanced in the presence of Zfp57, and
this enhancing activity was not affected even when a

mutation was introduced into Rox-1 binding. These
results suggest that Zfp57 is not Rox-1 and acts as a
co-factor of Oct-3/4.

From yeast two-hybrid screening, we obtained a
nuclear hormone receptor DAX-1 as an Oct-3/4-in-
teracting protein. The interaction was confirmed by
co-immunoprecipitaion assay with HEK293 cells. It
was also found that the expression of DAX-1 mRNA
was specific for the undifferentiated state in ES cells.
To clarify whether STAT3 and/or Oct-3/4 regulate
the expression of DAX-1, the expression of DAX-1
was determined in two cell-lines, STAT3ER express-
ing ES cell line, in which 4-hydroxytamoxifen (4HT)
stimulation leads to activation of STAT3, and ZH-
BTc4 ES cell line. As a result, either an inactivation of
STAT3 following removal of 4HT or a decrease of
Oct-3/4 by Tet stimulation induced a drastic de-
crease in DAX-1 mRNA expression. These results
indicate that the expression of DAX-1 is regulated by
both STAT3 and Oct-3/4. It has been reported that
the expression of DAX-1 is regulated by nuclear hor-
mone receptor SF1 in gonad and adrenal tissue.
However, since expression of SF1 was not detected in
ES cells, there may be another mechanism for regula-
tion of DAX-1 expression in ES cells.

We are now trying to disrupt Zfp57 and DAX-1
genes in ES cells.

b. Eed

While it is well-established that the undifferentiat-
ed state of mouse embryonic stem (ES) cells can be
maintained by LIF, its molecular mechanism is not
fully understood. By using Atlas™ c¢DNA array, we
searched for genes that show higher expression in
the undifferentiated state of ES cells than the differ-
entiated state. We found that expression of a
polycomb group gene, embryonic ectoderm develop-
ment (eed), was not only reduced during
differentiation induced by removal of LIF, but also
increased by LIF stimulation. It is well known that
the polycomb group genes repress expression of var-
ious genes at the organogenesis stage. In this study,
we therefore tried to identify a gene(s) whose expres-
sion is reduced by eed. Althouth preliminary, we
found that ehox might be downregulated by eed.
ehox is a novel homeobox gene which facilitates ES
cell differentiation into hematopoietic, endothelial or
cardiac cells. When we induced the differentiation of
ES cells by removal of LIF, expression of eed was re-
duced, while that of ehox was increased. Moreover,
eed-overexpressing ES cells did not produce cardiac
cells when their differentiation was induced by form-
ing embryoid body. We are now confirming these
results, as well as searching for other genes whose
expressions are suppressed by eed. We are also es-
tablishing eed-/- ES cells to clarify the role of eed in
the maintainance of undifferentiated state of ES cells.



124

2. Organogenesis — Molecular mechanisms of
kidney development

Ryuichi Nishinakamura, Yuko Matsumoto, Akira
Sato, Kenji Osafune, Yuki Kataoka3, Nobuaki
Yoshida®, Makoto Asashima*, Takashi Yokota:
3Laboratory of Gene Expression and Regulation
IMSUT, “Department of Life Sciences, The Univer-
sity 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 potentially 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 murine sal
family from the developing kidney, which proved to
be a mouse homolog of human SALLI.

SALL1 is a mammalian homolog of the Drosophila
region-specific homeotic gene spalt (sal) and het-
erozygous mutations in SALLI in humans lead to
Townes-Brocks syndrome. We isolated a mouse ho-
molog of SALL1 (Salll) and found that mice deficient
in Salll die in the perinatal period and that kidney
agenesis or severe dysgenesis are present. Salll is ex-
pressed in the metanephric mesenchyme
surrounding ureteric bud and homozygous deletion
of Salll 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 Salll deficient mesenchyme is competent regard-
ing epithelial differentiation. Therefore Salll is
essential for ureteric bud invasion, the initial key
step for metanephros development.

We also generated mice lacking Sall2, another Sall
family gene. Though Sall2 is expressed mostly in an
overlapping fashion to that of Salll, Sall2-deficient
mice show no apparent abnormal phenotypes. Mor-
phology and gene expression patterns of the mutant
kidney were not affected. Mice lacking both Sall1 and
Sall2 show kidney phenotypes comparable to those
of Salll knockout, thereby demonstrating the dis-
pensable roles of Sall2 in embryonic and kidney
development.

We are currently examining molecular functions
of Salll. In addition, we are trying to establish an in-
duction system of kidney progenitors from a variety

of cell sources, and also in vitro and in vivo assays for
kidney progenitors. Our final goal is to understand
molecular mechanisms of kidney development and
to utilize the knowledge for derivation of kidney
progenitors for cell therapy.

3. Neural stem cells

Norikazu Mizuno, Mie Ogasawara, Reina Aoki,
Toshio Heike’, Takao Arai®, Takashi Yokota: De-
partment of Pediatrics, Kyoto University, *Applied
Biological Science, Science University of Tokyo

Neural stem cells can proliferate in response to
EGF and FGF-2, exhibit self-maintenance, they 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 responded 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 to 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
expressed in neural stem cell, such as nestin and
Musashi have been reported. However, since these
molecules are localize within cells, antibodies
against those cannot recognize that intact cells. Re-
cently CD133, which is a five transmembrane protein
and have been used to enrich for hematopoietic stem
cells, was reported to recognize neural stem cells. To
identify the membrane molecules on the neural stem
cells involved in the maintenance of self-renewing of
neural stem cells, we generated a monoclonal anti-
body by immunizing mouse with neurosphere from
rat striatum as an antigen.

One antibody specifically recognized neural stem
(-like) cells in the neurosphere, although it did not
bind to neuron and astrocyte in vitro. The localization
of this antigen was restricted on the ventricular zone
in fetal rat brain. Western blotting of neurosphere
homogenates showed that this antibody recognized
170 kDa protein, but not recognized EGFR. Using
this antibody and FACS, the cells possessed sphere-
initiating activity could enrich in neurosphere cells.
Moreover, this antibody could enhance proliferation
of neurosphere. It was concluded that this antibody
may recognize a specific antigen on the neural stem
cells, and will be useful tool for the direct isolation of
neural stem cells.
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Division of Cell Processing was established in IMSUT on September 1995 to support
three projects. The first one is to establish the Tokyo Cord Blood Bank. Our bank now
is the biggest cord blood bank in Japan. In addition of enlargement of banking scale,
we acquired 1SO 9002 as the cell processing and cryopreservation facility in March
2001. Upon the request of cord blood from abroad, we are now proceeding procedure
to join international NetCord, and also AsiaCord. The clinical evaluation has been per-
formed about the affective factors on engraftment and survival post cord blood
transplantation. Homing ability of cord blood was also studied for the understanding of
engraftment. The second one is to manage cell therapy. We have been supporting the
clinical departments through dendritic cell therapy for patients with malignancies,
such as melanoma and thyroid cancer. Since 2001, we started to investigate the ex-
pansion of NK/T cells derived from CB as the immunotherapy. The third project is
regenerative medicine. In spring, 2001, we started research for placenta-derived mes-
enchymal cells and we are now getting several new findings.

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, Michiko Sugo, Yan Cui,
Mika Shioya, Masako Hirai, Atsuko Takahashi, At-
sushi Taguchi, Kenji Takahashi, Kei Takada
Hideki Kodo!, Shigetaka Asano?, Tsuneo A. Taka-
hashi: Division of Cell Processing, and 2Department
of Hematology/Oncology, The Institute of Medical
Science, The University of Tokyo, Tokyo, Japan,
IBlood Transfusion Department, Fuchu Metropoli-
tan Hospital, Tokyo, Japan

Tokyo Cord Blood Bank collected 4,500 units of
cord blood cells and has registered 2,450 units in Net-
work (Japan cord blood bank organization) and also

NetCord (one of the international cord blood bank or-
ganizations) by December 2002. Out of them, we have
shipped 140 units for 134 patients with hematopoietic
malignancies, congenital immunodeficiencies and
congenital metabolic disorders including 7 units to
foreign countries by December 2001. In Japan there
are now 10 CB banks and more than 700 CB transplan-
tations have been performed by the end of last year.
For these rapid expanding requests of cord blood and
the need to show the quality assurance, Tokyo Cord
Blood Bank adopted the international quality assur-
ance system, ISO (International Organization for
Standardization and Organization) 9002, and the in-
ternational CB networks; NetCord, AsiaCORD, and
Eurocord. To establish the quality assurance system,
we applied our processing and cryopreservation sys-
tem based on “Guidelines for the Practice of Umbilical
Cord Blood Transplantation, 1998” developed by Ja-
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pan Umbilical CBT Working Group (Japan Ministry of
Health, Labor and Welfare) and Network, and got cer-
tified as ISO 9002 reviewed by BVQi on March 16,
2001. We a re now working in this system and prepar-
ing to renewal ISO 9001,2000 series in this spring,
2003. In addition to the ISO quality assurance system,
we joined NetCord, which requires very high cord
blood bank processing standards (FAHCT-NetCord
standards) and bypasses the search requests from
transplantation centers and releases of the cord blood
worldwide. Another international cord blood net-
work, we have established AsiaCORD to get more
advantage to search the appropriate donor in Asia in
July 2001. In relation to AsiaCORD, we have support-
ed 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 clin-
ical study. Tokyo Cord Blood Bank keeps the great
effort to grow with high quality valid to the world.

2. CBT clinical analysis from the aspect of Cord
Blood Bank: Effect of wash-out of DMSO and
dose of nucleated cells number, CD34* cells,
colony counts on the speed of engraftment of
cord blood transplantation: follow-up of 46
adult patients with units shipped from a single
cord blood bank, Tokyo Cord Blood Bank

Tokiko Nagamura-Inoue, Mika Shioya, Michiko
Sugo, Yan Cui, Masako Hirai, Atsuko Takahashi,
Atsushi Taguchi, Kei Takada and Tsuneo A. Taka-
hashi

The number of adult patients who receive unrelat-
ed cord blood transplantation (CBT) has been
rapidly increasing. We analyzed the factors influenc-
ing the incidence and speed of engraftment in 46
adult patients compared with 55 children who re-
ceived CBT from September 1998 to March 31, 2002
with units shipped from the Tokyo Cord Blood Bank,
Japan. All adults had hematopoietic malignancies. In
the adults, the mean+SD of nucleated cells (NC) was
2.6+0.6x107/kg, that of colony-forming cells (CFC)
5.3£2.7x10*/kg, and that of CD34+ cells
0.89+0.6x10°/kg, all less than half of those of the chil-
dren. NC dose showed no significant difference of
the engraftment in adults. The patients who received
CB of CFC>5x10*/kg showed median neutrophil re-
covery of 22 days with cumulative incidence of
engraftment of 85.0%, and for the patients with CB of
CFC<5x10*/kg 29 days and 69.6%, respectively
(P<0.01). The patients infused with CD34+ cell dose
> 0.8x10°/kg had significantly faster neutrophil re-
covery (median 21 days) than those with <0.8x10°/
kg (median 29days)(P<0.02). We also analyzed the
effect of wash-out of DMSO by the two-fold dilution

method, on the engraftment in the above adult pa-
tients. Twenty-four patients were directly infused
(non-washed) and 22 were patients infused with
washed CB units (washed). Median neutrophil re-
covery was not different, being 24 days in the
non-washed group and 25 days in the washed group.
In conclusion, we suggest that the doses of CFC and
CD34+ cells, but not wash-out of DMSO are predic-
tive factors for the incidence and speed of
engraftment in adult patients.

3. Expansion of NK/NKT/T cells

a. Different proportional expansion of umbilical cord
blood mononuclear cell derived natural killer cells
and T cells dependent on the dose of Interleukin 15
with FIt3L

Tokiko Nagamura-Inoue T., Yuka Mori, Zheng
Yizhou, Nobuyuki Watanabe, Tsuneo A. Takahashi

We investigated the effect of Interleukin-15 (IL15)
with Flt3 ligand (F1t3L) on the expansion and activa-
tion of NK cells derived from umbilical cord blood
(UCB) mononuclear cells (MNCs). Materials and
Methods. UCB-derived MNCs were cultured at vari-
ous dose of IL15 plus FIt3L (10ng/ml) or IL2 plus
FIt3L(10ng/ml). Cultured cells were assessed for
surface marker and calculated absolute number of
NK cells and T cells. The cytotoxic activity was ana-
lyzed with purified NK. Results. After 2
weeks-culture with 5ng/ml and 10ng/ml of IL15
plus 10ng/ml of FIt3L, the fold inductions of NK
cells vs. T cells were 17.0+9.3 folds vs.10.0=4.1 folds
that of the number of NK cells of day0, while with
50ng/ml and 100ng/ml of IL15, the inductions of NK
cells vs. T cells were 4.1+2.2 folds vs. 32.4+9.9 folds
and 3.3+2.9 folds vs. 38.9+21.2 folds, respectively (ra-
tio of NK/T cells: 5ng/ml vs. 50 or 100ng/ml of IL15;
P<0.005, 10ng/ml vs. 50 or 100ng/ml of IL15;
P<0.05)(n=6). On the other hand, the various dose of
IL2 with FIt3L did not show this phenomenon. Im-
munophenotypes of CD56, CD16, LFA1, CD%4, CD8
and perforin of cultured NK cells with 10ng/ml of
IL15 and FIt3L showed the same pattern of those
with 112 and FIt3L. Cytotoxic activity against K562 of
cultured NK cells displayed the same level as adult
peripheral blood (PB)-derived NK cells, although
that of pre-cultured UCB-derived-NK cells was ex-
tremely low. Conclusions. Low, but not high dose of
IL15 with FIt3L showed higher induction of UCB-
MNCs into NK cells with cytotoxic activity.

b. Expansion and characterization of Va24*Vb11* NKT
cells derived from umbilical cord blood mononuclear
cells

Natural killer T (NKT) cells, a novel T cell popula-
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tion firstly defined as NK1.1 positive and TCRab posi-
tive cells in mice act as one of the innate immune
mechanism, interacting with NK cells and T cells. We
succeeded in expanding Va24*Vb11* NKT cells from
cord blood-derived mononuclear cells (CBMNCs)
2,300 fold in the presence of IL-15, IL-7 and FIt3-L with
a-Galactosylceramide (KRN7000). The addition of
100ng/mL of aGalCer on day 0 compared to day 8 and
day 15 induced a significantly more proliferative po-
tential of Va24"Vb11*NKT cells. A control experiment
with a vehicle of aGalCer showed no induction of
Va24*Vb11*NKT cells. The maximal induction was
observed after 16 days of culture, when aGalCer was
added on day 0. Then the absolute number of NKT
cells decreased slowly. This decrease seemed to corre-
spond to the disappearance of CD1d positive cells.
According to the depletion experiment of CD14*
monocytes, CD19* B cells and CD1a* dendritic cells,
there was a trend that CD14" monocytes were respon-
sible for the NKT expansion in our system. We
observed that the expanded Va24*Vb11*NKT cells
were CD4 positive and produced both IL-4 and IFN-g.
In this system, CD3*T cells and CD3"CD56* NK cells
were also expanded. While NK cells of the innate im-
mune system can be directly activated without prior
sensitization, and T cells are more specific and effi-
cient for targeted responses, NKT cells seem to play an
important role in immunoregulation and as a media-
tor between innate and adaptive immunity. Our
method for expanding NKT cells derived from CB-
MNC s is simple and these expanded cells might be
considered for future clinical applications.

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 Tojo?,
Shigetaka Asano?, Yoichi Takaue3, Shin-ichiro
Okamoto?, and Tsuneo A. Takahashi: Division of
Cell Processing, and ?Department of Hematology/
Oncology, Institute of Medical Science, University
of Tokyo, Tokyo, Japan, *Department of Medical
Oncology, Stem Cell Transplantation Unit, Nation-
al Cancer Center Hospital, Tokyo, Japan, “Division
of Hematology, Department of Medicine, School of
Medicine, Keio University, Tokyo, Japan

The cause(s) for delayed hematopoietic reconstitu-
tion after umbilical cord blood transplantation
(UCBT) remains controversial. We hypothesized that
hematopoietic stem/progenitor cells (HS/PCs) from
UCB have some defects of the homing-related mole-
cules responsible for their slow engraftment. Using
flow cytometry, we compared expression levels of

homing-related molecules on HS/PCs from UCB,
mobilized peripheral blood (mPB) and bone marrow
(BM). Expression levels of CD49e, CD49f, CD54 and
CXCR-4 on UCB-derived CD34"isht cells were signif-
icantly lower than those on mPB- and BM-derived
(except CD54) CD34Prisht cells. Cryopreserved UCB-
derived CD34Prisht cells expressed significantly
further lower levels of CD49e, CD49f, CXCR-4 and
CD62L, accompanying lower ex vivo transmigration.
mPB-derived CD34* cells exhibited significantly
higher ex vivo transmigration than UCB- and BM-de-
rived CD34* cells, which were largely blocked by
neutralizing antibodies to CD49e or CD49f. Only
mPB-derived CD34b"sht cells expressed the matrix
metalloproteinases MMP-2/-9. Recombinant human
tumor necrosis factor (rHuTNF)-a treatment resulted
in significantly higher expression levels of MMP-2/-
9 and enhanced ex vivo transmigration of CD34" cells
from UCB and BM, the latter was completely blocked
by MMPs inhibitor KB8301. Short-term stimulation
of UCB-derived CD34* cells with rHu-stem cell fac-
tor (rHuSCF) up-regulated their expression levels of
the homing-related molecules with increased ex vivo
transmigratory potential. Furthermore, rHuSCF
treatment accelerated human hematopoietic recov-
ery in xenotransplantated NOD/SCID mice. Our
results indicated that defective transmigratory be-
havior of HS/PCs from UCB, which might partly
explain the cause(s) of delayed reconstitution after
UCBT, could be reversed by an ex vivo manipulation.

5. Phase | clinical trial of autologous monocyte-
derived dendritic cell therapy for STAGE IV
thyroid carcinoma patients

Eiji Akagawa, Mariko Morishita®, Kaoru Uchima-
ru’, Kaoru Sato®, Naohide Yamashita’ and Tsuneo
A. Takahashi: Division of Cell Processing, SDepart-
ment of Advanced Medical Science, and ®Division
of Molecular Therapy, The Advanced Clinical Re-
search Center, Institute of Medical Science,
University of Tokyo, Tokyo, Japan

To clarify the feasibility and efficacy of adminis-
tering autologous monocyte-derived dendritic cell
(DCs) for thyroid carcinoma, we used tumor lysate-
pulsed DCs as tumor vaccine in five stage IV
patients. Autologous monocytes were harvested
from 15 litters of pheresis products and culture with
GM-CSF (50 ng/ml) and IL-4 (50 ng/ml) for 7 days to
generate immature DCs. Immature DCs were then
pulsed with autologous tumor lysate (100 mg/ml)
and subsequently cultured with TNF-alpha (50 ng/
ml) for another 4 days for maturation. 1x107 of load-
ed DCs were injected intradermly once a week for
four times and subsequently once in two weeks for
four times. This clinical trial is now in progress.
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6. Expression of corticotropin releasing factor
receptors on human monocyte-derived den-
dritic cells

Eiji Akagawa and Tsuneo A.Takahashi: Division of
Cell Processing, The Institute of Medical Science,
The University of Tokyo, Tokyo, Japan

Dendritic cells (DCs) are most potent antigen pre-
senting cells required for initiation of the immune
response toward foreign proteins. During physiologi-
cal events of DCs, they are thought to undergo
mediations by soluble factors, such as cytokines, en-
docrine hormones and neuropeptides. Among them,
corticotropin releasing factor (CRF) is one of neu-
ropeptides that plays an important role in response to
stress. CRF has been shown that it not only stimulates
the activation of hypothalamic-pituitary-adrenal, but
also has immunomodulating properties. Although
CREF is known to stimulate monocyte and leukocyte to
produce adenocorticotropic hormone (ACTH), there
is no evidence about the interaction between CRF and
DCs so far. In this study, we have investigated the ef-
fect of CRF on human monocyte-derived DCs
function in vitro. To establish whether the expression
of receptor for CRF is present on DCs, we used flow
cytometric analysis, immunohistochemical analysis or
reverse transcription-PCR (RT-PCR). In flow cytomet-
ric and immunohistochemical analysis, result showed
that CRF receptor type I (CRF-RI) and type II (CRF-
RII) were found on immature and mature DCs.
Sequence analysis, RT-PCR, confirmed the expression
of mRNA for CRF-RI and CRF-RII alpha, whereas
CRF-R II beta was not detected. Incubation of imma-
ture DCs with CRF (107M) for 24 hours resulted in
decrease (>30%, n=3) of the migratory response to in-
flammatory chemokine, RANTES. This reduction was
recovered dose dependently by using inhibitor for
CRF, Astressin. Mature DCs treated with CRF also
decreased the migratory response to MIP-3 beta as
well as immature DCs. Moreover, CRF-treated imma-
ture DCs were down regulated production of mRNA
for IL-12p35 and IL-12p40. In conclusion, these data
are the first evidence for expression of CRF receptors
on human DCs and suggested that CRF may inhibit
migratory behavior and functions of DCs.

7. Human placenta-derived mesenchymal stem
cells differentiate into neural cells

Koichi Igura, Nobukazu Watanabe, Tokiko Naga-
mura-Inoue, Kenji Takahashi, Ushio Iwamoto, Kei

Takada, Ayako Mitsuru, and Tsuneo A. Takahashi:
Division of Cell Processing, The Institute of Medi-
cal Science, The University of Tokyo, Tokyo, Japan

Mesenchymal stem cells (MSCs) are primary, mul-
tipotent cells derived from different tissues, capable
of differentiating to at least osteocytic, chondrocytic,
adipocytic lineages when stimulated under appro-
priate conditions. Neural lineages developed from
MSCs derived from bone marrow stromal cells in-
clude neurons, astrocytes, oligodendrocytes, and
Schwann cells in vivo and in vitro in recent reports.
Here, we present that different unique tissue; human
placenta-derived MSCs could differentiate into neu-
ral lineages. Human placenta consists of fetal part
and maternal part. The fetal part of the placenta in-
cludes amnion and chorion, umbilical cord and
chorionic villi with the covering trophoblast, while
maternal part consists of the deciduas and the inter-
villous space. Placentae were obtained from the
mothers whose cord blood cells were also donated
for Tokyo Cord Blood Bank with informed consent.
We isolated adherent cells from fetal part (chorionic
villi) and maternal part (deciduas) of placenta using
the explants method. The cellular isolates were cul-
tured in DMEM (low glucose) plus 10% fetal bovine
serum (FBS). To generate neural differentiation, both
of the MSCs from fetal and maternal part in placenta
were cultured on poly-L-lysine coated culture dishes
in DMEM/F12 (1:1) plus B27 supplement with 100
mM BHA/0.5 mM IBMX/1mM dbcAMP/1.5%
DMSO and 20 ng/ml bFGF for 24 h. We could ex-
pand the MSCs expressing CD13 from both fetal and
maternal part in placenta. To confirm the origin of
MSCs, we used the placenta from male and investi-
gated XY chromosome by FISH analysis. Both fetal
and maternal MSCs in placenta could differentiate
into neural lineage cells with a typical dendritic mor-
phology. Characteristic markers of neural cells were
positive for neuron specific enolase (NSE) and glial
fibrillary acidic protein (GFAP), but negative for 2'3'-
cyclic nucleotide 3'-phosphodiesterase (CNPase).
These cells also expressed tyrosine hydroxylase,
which is seen in dopamine secreting neurons. These
data suggest that human placenta-derived MSCs
have a plasticity differentiating into neurons and as-
trocytes under the conditions of increased
intracellular cAMP level and antioxidant properties.
Placenta should be an attractive source for clinical
use with several reasons including non-harmful bur-
den for donors.

Publications

Igura, K., Watanabe, N., Nagamura-Inoue, T.,
Takahashi, K., Iwamoto, U., Takada, K., Mitsuru,

A. and Tsuneo A. Takahashi. Human Placenta-De-
rived Mesenchymal Stem Cells Differentiate into
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Neural Cells. Blood, 100, Suppl. 1: 517a, 2002. Tsujimura H., Nagamura-Inoue T., Tomohiko
Watanabe, N., Igura, K., Nagamura-Inoue, T., Tamura and Keiko Ozato. IFN consensus sequence
Iwamoto, U., Takada, K., Mitsuru, A. and Tsuneo binding protein/IFN regulatory factor-8 guides
A. Takahashi. Multilineage Potential of Human bone marrow ICSBP guides bone marrow progeni-
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Our major projects are (1) identification and characterization of novel cytokines and
cytokine receptors (2) analysis on the molecular mechanism of leukemogenesis, par-
ticularly in leukemias resulted from chromosomal translocations, and development of
therapeutic small molecules against the leukemic cells, (3) investigation of signal
transduction through cytokine receptors, (4) study on the roles of small GTPases and
GAPs, 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 and cytokine receptors using retrovirus-
mediated expression cloning strategies, (2) to
identify and characterize transforming genes and to
relate these to in vivo leukemogenesis, (3) to develop
various retrovirus vectors and packaging cell lines,
(4) to clarify the molecular mechanism of intracellu-
lar signal transduction in cell proliferation,
differentiation, and transformation, and (5) to eluci-
date the molecular mechanisms of biologically
interesting phenomena such as cytokinesis, self re-
newal, gastrulation, and so on.

1. Characterization of constitutively active
forms of signaling molecules

Tetsuya Nosaka, Toshiyuki Kawashima, and
Toshio Kitamura': 'Division of Cellular Therapy,
Advanced Clinical Research Center, Institute of

Medical Science, 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. For example, we intro-
duced random mutations into the STAT (signal
transducer and activator of transcription) 5A se-
quence followed by retrovirus-mediated screening for
constitutively active forms of STAT5A, and identified
the mutant STAT5A that can induce autonomous pro-
liferation of IL-3-dependent cell lines. Two mutations,
one (H298R) in the DNA binding domain and the oth-
er (5710F) in the effector domain were required for the
constitutive activity of STAT5A. The active STAT5A
mutant showed constitutive tyrosine phosphoryla-
tion, nuclear localization, and transcriptional
activation, and were able to induce factor-indepen-
dency in IL-3-dependent cell lines. Interestingly, the
mutant STAT5A also induced differentiation and/or
apoptosis in Ba/F3 cells after IL-3 stimulation. We in-
vestigated the mechanisms of this pleiotropic
functions of the constitutively active STAT5A by ex-
pressing each target gene of STAT5A using a
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bicistronic retroviral vector having IRES-GFP. Pim-1,
p21WAF1/Cipl and SOCS1 (suppressor of cytokine sig-
naling 1) were found to be responsible for inducing
proliferation, differentiation, and apoptosis, respec-
tively. In addition, we have identified another
constitutively active STATSA mutant which harbors a
single point mutation in the SH2 domain (N642H) that
shows the same phenotype as the STAT5A mutant
with the two mutations. Interestingly, the SH2 muta-
tion resulted in restoration of the conserved critical
histidine which is involved in the binding of phospho-
tyrosine in the majority of SH2-containing proteins.
Dimerization was required for the activity of the SH2
mutant of STAT5A as was the case for the wild type.
These findings demonstrate that different mutations
rendered STAT5A constitutively active, through a
common mechanism, which is similar to that of phys-
iological activation. The same things were also true for
the STAT5B.

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

Yuichi Ikeda, Wing-Chun Bao!, Toshihiko Oki!,
Yu Seok Moon, Tetsuo Kojima, Hidetoshi Kuma-
gai?, Yoshihiro Morikawa?, Tetsuya Nosaka, and
Toshio Kitamural: 2Takada Research Labs,
Chugai Pharmaceutical Co., Ltd., 3Department of
Neurobiology and Anatomy, Wakayama Medical
School of Medicine, Wakayama

Secreted and cell-surface proteins play essential
roles in cell-cell interaction. We established a novel
and efficient signal sequence trap method (SST-
REX), in which cDNA fragments fused to an
extracellular deletion mutant of the constitutively ac-
tive 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 meth-
ods. In addition, type II membrane proteins, which
had never been isolated by the previous SST meth-
ods, were also obtained by our SST-REX.

Several interesting genes have been isolated by
this method from various tissues including he-
mopoietic stem or progenitor cells, AGM
(aorta-gonad-mesonephros) cells, mast cells, and
cardiocytes, and their functions are currently being
investigated. One of the most interesting novel mole-
cules we have isolated is vasorin. We have found that
Vasorin is a cell-surface modulator of TGF-f signal-
ing in vascular smooth muscle cells.

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

Tetsuya Nosaka, Sumiyo Morita, Hidetomo Kita-
mura®, Hideaki Nakajima!, Fumi Shibata,

Yoshihiro Morikawa?, Yuki KataokaS, Yasuhiro
Ebihara!, Toshiyuki Kawashima, Tsuneo Itoh*,
Katsutoshi Ozaki, Emiko Senba’, Kohichiro Tsuji!,
Fusao Makishima?, Nobuaki Yoshida®, and Toshio
Kitamura': “Fuji Gotemba Research Labs., Chugai
Pharmaceutical Co., Ltd., Gotemba, Laboratory
of Gene Expression and Regulation, Center for Ex-
perimental Medicine, Institute of Medical Science,
The University of Tokyo

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 morphoge-
netic protein) signaling. Although the Xenopus TSG
has recently been reported to bind BMP-4 and its an-
tagonist Chordin, biological function of the TSG
protein is still unknown. To elucidate the biological
role of TSG in mammals, we have generated TSG-
deficient mice. The mice displayed dwarfism with
delayed endochondral ossification and lymphoid de-
ficiency with small thymus and spleen. Since BMP-4
promotes skeletogenesis and inhibits thymus devel-
opment, our findings suggest that TSG acts as both a
BMP-4 agonist in skeletogenesis and an antagonist in
T-cell development. These findings may also provide
a clue for understanding the pathogenesis of human
dwarfism with immunodeficiency.

4. Functional Characterization of the mouse sep-
tin family genes that are fused to MLL in infant
leukemias with chromosomal translocations

Ryoichi Ono, Yasuhide Hayashi®, Hideaki Nakaji-
ma'!, Tomohiko Taki®, Yuki Kataoka®, Nobuaki
Yoshida®, Toshio Kitamura!, and Tetsuya Nosaka:
®Department of Pediatrics, Graduate School of
Medicine, The University of Tokyo

We have recently identified a human homolog to
mouse Septiné as a fusion partner of MLL (ALL-1,
HRX) in three cases of de novo infant acute myeloid
leukemia with complex chromosomal abnormalities
involving 11g23 and Xq22-24 (Ono, R. et al., Cancer
Res. 62, 333-337, 2002). Septins comprise a eukaryotic
GTPase subfamily and are known to be involved in
cytokinesis. Among septin family genes, nearly com-
plete ORFs of septin6, CDCREL1, and septin9 (MSE/
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 transfor-
mation-responsible genes downstream of the
MLL-Septin. Furthermore, septin6-deficient mice are
being generated by gene targeting experiments to
define the biological roles of this gene in vivo.
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5. Functional Characterization of the mouse ALF4
gene, a homolog of the human AF5g31 that is
fused to MLL in infant acute lymphoblastic leu-
kemia by chromosomal translocation

Atsushi Urano!, Katsutoshi Ozaki, Yasuhide Ha-
yashi®, Tomohiko Taki®, Yuki Kataoka’, Nobuaki
Yoshida®, Toshio Kitamura', and Tetsuya Nosaka

We identified a gene AF5431 from an infant early
pre-B acute lymphoblastic leukemia (ALL) with
ins(5;11)(q31;q13q23) as a fusion partner of MLL. The
AF5g31 gene, which encoded a protein of 1163 amino
acids, is homologous to AF4-related genes, including
AF4, LAF4, and FMR2 (Taki T et al., PNAS 96, 14535,
1999). The AF4 is directly involved in infant ALL
with t(4;11)(q21;q23) of poor prognosis, and AF4
knockout mice display altered lymphoid develop-
ment. 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 early
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
function, thereby determining the phenotype of the
leukemia. To clarify the role in leukemogenesis and
the biological function of AF5q31, we are generating
the ALF4 (AF5g931) knockout mice. We are also
searching for the target genes of MLL-ENL and MLL-
AF9 which are generated by t(11;19) and t(9;11),
respectively, through the transforming potential in
mouse primary bone marrow cells.

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

Sumiyo Morita, Fumi Shibata, Yuko Gotoh-Koshi-
no!, Dan Wang!, Toshihiko Oki!, Tetsuo Kojima,
Hideaki Nakajima!, Kohichiro Tsuji!, Tetsuya
Nosaka, Hidetoshi Kumagai?, and Toshio Kitamu-
ral

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 (10°-107/ml) retrovi-
ruses which gave 100% infection efficiency in
NIH3TS3 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 retrovirus-
es are rather unstable during culture. In order to
establish more stable packaging cell lines, we used the
IRES sequence which allows simultaneous expression
of both gag-pol or env gene and drug resistance gene
from one transcript. We used the strongest promoter
EF-1a in making packaging constructs. In addition, to
avoid inclusion of retrovirus sequences as much as
possible, we used only coding sequence of gag-pol and
env genes for the packaging constructs, which will not
allow the formation of replication-competent retrovi-
ruses by recombination in packaging cell lines. We
established high-titer ecotropic (PLAT-E) and ampho-
tropic (PLAT-A) packaging cell lines where the
EF-1a-gag-pol-IRES-puro’ together with the corre-
sponding EF-la-env-IRES-bs" were introduced into
293T cells. We have also established another new
packaging cell line (PLAT-F) for efficient infection to
human hematopoietic stem cells by using env gene of
feline endogenous retrovirus RD114, and the efficien-
cy of infection of the viruses produced by PLAT-F,
into human CD34 positive cells, is being investigated
by a long term reconstitution assay in SCID mice.

7. 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!, Ying Chun Baol,
Tetsuya Nosaka, Kentaro Semba’, Takaya SatohS3,
Masaki Inagaki’®, and Toshio Kitamura!: "Depart-
ment of Cellular and Molecular Biology, Institute
of Medical Science, The Univertsity of Tokyo, 3Di-
vision of Molecular Biology, Department of
Molecular and Cellular Biology, Kobe University
Graduate School of Medicine, Kobe, *Laboratory
of Biochemistry, Aichi Center Cancer Research In-
stitute, Nagoya

In the search for key molecules that prevent murine
M1 leukemic cells from undergoing IL-6-induced dif-
ferentiation into macrophages, we isolated an
antisense 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 domain
were indispensable for growth suppression and mac-
rophage differentiation. Interestingly, MgcRacGAP
localized to the nucleus in interphase, accumulated to
the mitotic spindle in metaphase, and was condensed
in the midbody during cytokinesis. Overexpression of
an N-terminal deletion mutant resulted in the produc-
tion of multinucleated cells in HeLa cells. This mutant
lost the ability to localize in the mitotic spindle and
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midbody. MgcRacGAP was also found to bind a-, -,
and y-tubulins through its N-terminal myosin-like do-
main. These findings indicate that MgcRacGAP
dynamically moves during cell cycle progression
probably through binding to tubulins and plays criti-
cal 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 required for normal progression of cytokine-
sis. We have recently found that MgcRacGAP is
phosphorylated by Aurora B that is known to work in
the midbody, and expression of a kinase defective
mutant of Aurora B inhibited the phosphorylation of
MgcRacGAP at Ser387 in the midbody during M-
phase. MgcRacGAP colocalized with Racl on the
mitotic spindles in metaphase and with RhoA on the
contractile ring in cytokinesis. These findings indicate
that MgcRacGAP is functionally converted to a RhoG-
AP through phosphorylation induced by Aurora B
and plays essential roles in the completion of cytoki-
nesis.

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

Ken Murata, Hidetoshi Kumagai?, Toshiyuki Ka-
washima, Kaori Tamitsu?, Mariko Irie?, Hideaki
Nakajima!, Tetsuya Nosaka, Shigetaka Asano!®
and Toshio Kitamura': 1’Division 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 FIt-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 FIt-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 FIt-3, thereby suppress-
ing 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
negative 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
activation 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
STATS5 activation and autonomous cell growth, but
the corresponding tyrosine residues of the intracellu-
lar domain of the wild type Flt-3 were dispensable
for cell growth.

9. A critical role for IL-21 in regulating immuno-
globulin production

Katsutoshi Ozaki, R. Spolski'l, C.G. Feng!!, C.F.
Qi'l, J. Cheng!!, A. Sher!!, H.C. Morse 3rd!!, C.
Liu'l, P.L. Schwartzberg'!, and W.J. Leonard'!:
UNatinal Institue of Health, Bethesda, MD, USA

The cytokine interleukin-21 (IL-21) is closely relat-
ed to IL-2 and IL-15, and their receptors all share the
common cytokine receptor gamma chain, y_, which is
mutated in humans with X-linked severe combined
immunodeficiency disease (XSCID). We demon-
strate that, although mice deficient in the receptor for
IL-21 (IL-21R) have normal lymphoid development,
after immunization, these animals have higher pro-
duction of the immunoglobulin IgE, but lower IgG1,
than wild-type animals. Mice lacking both IL-4 and
IL-21R exhibited a significantly more pronounced
phenotype, with dysgammaglobulinemia, character-
ized primarily by a severely impaired IgG response.
Thus, IL-21 has a significant influence on the regula-
tion of B cell function in vivo and cooperates with
IL-4. This suggests that these y -dependent cytokines
may be those whose inactivation is primarily respon-
sible for the B cell defect in humans with XSCID.

Publications

Tulin, E.E., Onoda, N., Hasegawa, M., Nosaka, T.,
Nomura, H. and Kitamura, T. Genetic approach
and phenotype-based complementation screening
for identification of stromal cell-derived proteins
involved in cell proliferation. Exp. Cell Res.
272:23-31, 2002.

Nakamura, T., Ouchida, R., Kodama, T., Kawashima,
T., Makino, Y., Yoshikawa, N.,Watanabe, S.,
Morimoto, C., Kitamura, T. and Tanaka, H.
Cytokine receptor common f subunit-mediated
STATS5 activation confers NFkB activation in mu-
rine pro B cell line Ba/F3 cells. J. Biol. Chem.

277:6254-6265, 2002.

Nosaka, T. and Kitamura, T. Pim-1 expression is suf-
ficient to induce cytokine independence in murine
hematopoietic cells, but is dispensable for BCR-
ABL-mediated transformation. Exp. Hematol.
30:697-702, 2002.

Nosaka, T. Jaks and normal hematopoiesis. In the
Jak-Stat pathway in hematopoiesis and disease.
edited by Ward, A.C. (Landes Bioscience Eurekah
Com.) pp1-9, 2002.

Nosaka, T., Morita, S., Kitamura, H., Nakajima, H.,
Shibata, F., Morikawa, Y., Kataoka, Y., Ebihara, Y.,
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Kawashima, T., Itoh, T., Ozaki, K., Senba, E., Tsuji,
K., Makishima, F., Yoshida, N. and Kitamura, T.
Mammalian Twisted gastrulation is essential for
skeleto-lymphogenesis. Mol. Cell. Biol. in press.
Minoshima, Y., Kawashima, T., Hirose, K., Tonotsuka,
Y., Kawajiri, A., Bao, Y.C., Deng, X., Tatsuka, M.,
Narumiya, S., May Jr., W.S., Nosaka, T., Semba, K.,
Inoue, T., Satoh, T., Inagaki, M. and Kitamura, T.
Phosphorylation by Aurora B converts MgcRacGAP

to a Rho GAP during cytokinesis. Dev. Cell in press.

Ozaki, K. and Leonard, W.]J. Cytokine and cytokine
receptor pleiotropy and redundancy. (Review) J.
Biol. Chem. 277:29355-29358, 2002.

Ozaki, K., Spolski, R., Feng, C.G., Qi, C.-F., Cheng, J.,
Sher, A., Morse 1II, H.C., Liu, C., Schwarzberg,
P.L. and Leonard, W.]. A Critical Role for IL-21 in
regulating immunoglobulin production. Science
298:1630-1634, 2002.
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analyze the molecular causality.

Our ultimate research goal is to develop personalized therapies for the common meta-
bolic diseases of civilization by direct application of accumulating genomic information
to basic and clinical medicine. As a first step, we try to understand the complexity of
human genome by studying linkage disequilibrium and haplotype structure. Accord-
ingly, we try to identify susceptibility genes for common or otherwise clinically relevant
diseases of metabolism such as asthma, hypertension, and intracranial aneurysm and

As the Human Genome Project is close to accom-
plish its goal of a completed human DNA sequence,
research interests rapidly shift from the common nu-
cleotide sequences to nucleotide diversities in
human populations. The nucleotide diversities rep-
resented by single nucleotide polymorphisms
(SNPs), and their linkage disequilibrium and haplo-
type structures in the human genome provide
important implications for gene-mapping underly-
ing complex disorder and for understanding of
human population history or human evolution. Es-
pecially, a great deal of recent attention to LD in
humans is due in large to the prospect of large-scale
association studies to localize susceptibilities under-
lying complex diseases. Our priority is analyses of
the molecular causality of the common metabolic
disorders of civilization, in other word, identification
of the causal gene for complex trait. Although genet-
ic and environmental factors play equally crucial
roles in the pathogenesis of the common diseases of
civilization, genetic factor is directly involved in the
causality and molecular mechanism. Elucidations of
the molecular etiology provide specific molecular
targets for therapeutic drugs even at the individual
level. We will identify individual and group poly-
morphisms in the genome relevant to the treatment
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, diagnosis, prognosis,
and treatment of a patient is determined by the pa-
tient’s individualized genomic information. Diseases
of current interests are asthma, essential hyperten-
sion, subarachnoid hemorrhage, and ossification of
the posterior longitudinal ligament of the spine.

1. Linkage disequilibrium analysis and mapping
of disease gene

Takuro Sakagami, Nobuyoshi Jinnai, Toshiaki Na-
kajima, and Ituro Inoue

Linkage disequilibrium (LD) has recently become
the focus of interest in the mapping of complex dis-
ease loci through genome-wide association studies.
To better understand the pattern of LD in the human
genome, the refined structure of LD in a 25.6 kb re-
gion covering the entire human interleukin 13 gene
(IL-13) and interleukin 4 gene (IL-4) was evaluated
among African, Caucasian, and Japanese, based on
104 single nucleotide polymorphisms (SNPs). IL-13
and IL-4 locate adjacently on chromosome 5q31
where susceptibility loci for several allergic diseases
were reported. Two LD blocks, one spanning 0.8 kb
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in IL-13 and the other spanning at least 20 kb in IL-4,
were identified in Caucasian and Japanese, but not in
African. Within LD blocks at IL-13 and IL-4, very lim-
ited number of distinct haplotypes, which were
shared between Caucasians and Japanese, were ob-
served. Neutrality test was performed on the regions
within and outside LD blocks, which allowed us to
infer that a selective sweep could be one of factors to
generate and maintain LD block. Understanding the
structure and composition of LD in whole genome
takes on importance increasingly for genotype-phe-
notype association study and human population
genetics.

2. Natural selection of the human angiotensino-
gen gene

Toshiaki Nakajima and Ituro Inoue

The human angiotensinogen gene (AGT) repre-
sents an important locus whose variation is involved
in the predisposition to essential hypertension. AGT
might be a target for natural selection, because of the
extreme pattern of the geographic distribution of
protective G-6/M235 allele, associated with less so-
dium retention, for essential hypertension. The
relationships between genetic distance and frequen-
cies of G-6/M235 allele showed that the more distant
from African, the higher frequencies of G-6/M235
occur in the Middle East and Europe. Under modern
conditions of high salt intake, the protective G-6/
M235 allele may have been selectively advantageous
outside Africa. To evaluate natural-selection signa-
ture we determined the structure of linkage
disequilibrium (LD) and haplotype of AGT based on
334 complete sequences of 14.4-kb genomic regions
covering AGT from worldwide samples. The rela-
tionships between G-6/M235 and CA-repeats alleles
located downstream of exon 5 showed the tight link-
age disequilibrium between G-6/M235 and a specific
CA-repeats allele-197 in non-African populations.
Thirty G-6/M235 homozygotes in 167 worldwide
samples also have the low nucleotide diversity in an-
alyzed genomic regions (7=2.02 x 10 and 6=4.20 x
10 in thirty G-6/M235 homozygotes). These obser-
vations indicate that the recent bottleneck might
cause the predominance of G-6/M235 allele before
modern humans were geographically spread outside
Africa and the recent expansion of G-6/M235 allele
might occurred in the Middle East and Europe, that
cannot be explained by random genetic drift. The es-
timated age for the origin of G-6/M235 allele based
on inter-haplotype variation, 20,000~40,000 years
ago, was consistent with the age when modern hu-
mans were present throughout most of Europe. In
addition, Fay and Wu H test for the promoter region
of AGT showed the large difference between 0_and
0, in the sample from the Middle East and Europe,
suggesting the directional selection of AGT. Other

neutrality tests, such as Tajima’s D, Fu and Li’s D¥,
Fu and Li’s F*, and HKA tests, was consistent with
the directional selection of AGT. Taken together,
these results support the directional selection signa-
ture of AGT in the human evolution, especially in the
Middle East and Europe.

3. Subarachnoid hemorrhage due to rupture of
intracranial aneurysm

Taku Yoneyama, Toshiaki Nakajima, and Ituro In-
oue

Rupture of intracranial aneurysms (IA) causes
subarachnoid hemorrhage, with high morbidity and
mortality, which remains to be one of major public
health problems. Although genetic and environmen-
tal factors are thought to play equally important
roles in the pathogenesis of IA, recent advances in
molecular genetics make it possible to dissect the ge-
netic determinants responsible for TA. We
extensively studied the associations between IA and
the candidate-genes located around chromosome
5q22-31,7q11, and 14q22, where positive evidence of
linkage were observed based on 104 Japanese affect-
ed sib-pairs analysis. The genes for either vascular
components or vascular formation, such as Lysyl ox-
idase (LOX), fibrillin 2 (FBN2), fibroblast growth
factor 1 (FGF1), collagen type 1 alpha-2 (COL1A2),
and transforming growth factor beta-binding protein
(LTBP2), were analyzed as the candidate-genes. We
have now identified a common variant at the 459
amino acid position of the collagen typel alpha-2, in
which an alanine is replaced by a proline, in signifi-
cant association with IA. Circular dichroism analysis
suggested that this amino acid substitution causes
the structural and biochemical change of a triple he-
lix of type 1 collagen. These observations provide
some biological insights about the possible mecha-
nism of a genetic predisposition to IA.

4. Genetics of ossification of the posterior longi-
tudinal ligament of the spine

Toshihiro Tanaka, Ryuji Ikeda, Kenichi Yoshida,
and Ituro Inoue

Ossification of the posterior longitudinal ligament
of the spine (OPLL) is the predominant myelopathy
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
susceptibilities associated with OPLL, we performed
an extensive non-parametric linkage study with 126
affected sib-pairs using 420 microsatellite markers,
which cover the entire genome at 8 cM interval in
average. Non-parametric linkage was evaluated by
two distinct analyses, SIBPAL and GENEHUNTER.
A positive evidence of linkage was observed on chro-
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mosome 21 with peak lod score of 3.6 at D215263.
The linkage region, spanning 10 cM, was extensively
screened for causality by use of SNPs for association
study.

5. Association studies of single nucleotide poly-
morphisms 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 resulted from a combination of detrimental
factors, both environmental and genetic. One ap-
proach to address the genetic factors associated with
BA is to undertake extensive surveys of candidate
genes to search for variations, and to test allelic asso-
ciation studies. We selected genes as candidates that
may relate to inflammation or apoptosis, such as
genes encoding proteins related to cell-cell interac-
tions (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. One of our interests is to identify
susceptibility for aspirin induced asthma (AIA). AIA
is a distinct clinical syndrome characterized by ad-
verse respiratory reactions to aspirin and other
non-steroid anti-inflammatory drugs. Because of the
pharmacological action of aspirin, candidate genes
for AIA could be easily listed on arachidonic acid
cascade. We screen candidate genes in the pathway
to identify the causality of AIA.

6. Genetic approach to dissect the molecular
mechanism of initiation of DNA replication in
human cells

Kenichi Yoshida and Ituro Inoue

Toward a better understanding of how DNA rep-
lication is initiated or regulated in human cells, we
have employed a genetic approach that efficiently
produces suitable assay system of replication initia-
tion. Because commonly applied knocking out of an
essential gene only resulted in cell mortality, we
have developed a domain specific disruption meth-
od through homologous recombination in human
cell line. We obtain a hypomorphic or minimal func-
tional domain disrupted mutant cells that restrain
DNA replication of chromosome and of viral epi-
somes in cultured cells. We have focused on several
new mammalian proteins implicated in replication
initiation and are examining their roles in DNA rep-
lication and regulation throughout the cell cycle.

As a first example, targeting disruption of the de-
struction box of Geminin, an inhibitor of the
mammalian DNA replication initiation complex, in a
human cancer cell line through homologous recom-
bination stabilizes Geminin protein levels during the
G1-S phase. The diminished level of the chromatin
loading of MCM complex resulted in inhibition of
DNA replication and the cells accumulated in G1
phase of the cell cycle. In vivo tumorigenicity as well
as in vitro cell growth was suppressed by endoge-
nous level of truncated Geminin. Cells carrying this
mutation failed to support the replication of a plas-
mid bearing the oriP replicator of Epstein Barr virus
but not the origin of human papilloma virus. Activa-
tion of the DNA damage/checkpoint signaling
pathway was manifested in the mutated cells with
the increased level of p53 protein accompanying the
phosphorylation of Ser 20 and p21 protein, and this
was rescued by overexpression of Cdtl. Therefore, a
functional mutation that alters the cell cycle depen-
dent regulation of Geminin induces the DNA
damage/checkpoint pathway in human cells.
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Our main interest is to study molecular mechanisms to maintain 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 regulated
proliferation and differentiation. Dysfunction of caretakers in HSCs will lead to devel-
opment of hematopoietic disorders such as bone marrow failure, myelodysplastic
syndrome and leukemia. To approach this subject, we are studying molecular patho-
genesis of Fanconi anemia (FA), an autosomal recessive disease with progressive
bone marrow failure, leukemia susceptibility and chromosomal instability. FA has at
least eight different complementation groups (FA-A to FA-G). Growing evidence indi-
cates that multiple FA gene products function in a common pathway, termed the FA
pathway. In a current model, a nuclear multiprotein complex including FANCA, C, E, F
and G converts FANCD2 into an active form, which regulates DNA damage response in
collaboration with the BRCA1 machinery. Furthermore, FANCD1 was recently shown to
be identical with BRCA2. We are studying the regulatory mechanism of the FA path-
way. In addition, we have identified and are studying functions of novel
molecules:(i)HSH2, an SH2 domain-containing protein which is likely to regulate cyto-
ine signaling in hematopoietic cells, and (ii) ABT1/ABTAP, a nuclear protein complex
localized in nucleoli and Cajal bodies, which is likely to regulate RNA metabolism.

1. Stable complex formation of the Fanconi ane-
mia (FA) proteins is not essential for
activation of the FA pathway

D Adachi, T Oda, H Yagasaki, T Yamashita

In a current model of the FA pathway, nuclear for-
mation of multiprotein complex including FANCA /
C/E/F/G is critical for activation of FANCD?2 into a
monoubiquitinated form, which is linked to normal
cellular response to MMC. This model is mainly
based on the following observations: (i) FANCA, C,
G, E and F assemble into a stable nuclear complex,

detected by means of co-immunoprecipitation; and
(ii) deficiency and point-mutations of either of FAN-
CA, C, E, F or G abolish nuclear complex formation
of the FA proteins, monoubiquitination of FANCD2
and normal cellular sensitivity to MMC. Exceptional-
ly, the FANCA/FANCG binding is not affected by
these pathogenic mutations. FANCG directly binds
to the N-terminal region (amino acids 1-35) of FAN-
CA, which includes a bipartite nuclear localization
signal (NLS) constituting of two separate sequences
rich in Arg and Lys, NLS1 (R"¥R!R?’) and NLS2
(R¥K3IR¥K34). However, functional significance of
the FANCA /FANCG binding has not been fully un-
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derstood. To address this question, we characterized
FANCA mutants with amino acid substitution in the
N-terminal region, shown in Table, in comparison
with patient-derived dysfunctional mutants H1110P
and delF1263. The results have demonstrated that,
contrary to the current model of the FA pathway, sta-
ble complex formation is not essential for nuclear
localization of FANCA, FANCD2 monoubiquitina-
tion or correction of MMC sensitivity. Unstable
interaction among FA proteins, which is not detect-
able in co-immunoprecipitation assays, may be
enough to activate the FA pathway. Dysfunction of
patient-derived mutants is not attributed simply to
disruption of the FA protein complex. Our present
findings provide novel insights into regulatory
mechanisms of the FA pathway.

2. Characteristics of FANCA and FANCG muta-
tions in Japanese Fanconi anemia (FA)
patients

H Yagasaki, T Oda, D Adachi, T Nakajima, T Na-
kahata!, T Yamashita: 'Department of Pediatrics,
Kyoto University School of Medicine

Extensive mutational analyses of FA genes in
Western countries revealed that subgroup preva-
lence and mutational spectrum vary depending on
the ethnic background. However, much less is
known about Asian populations. We therefore
screened 45 unrelated FA families in Japan for FAN-
CA and FANCG mutations. We identified 29
carrying FANCA mutations and 10 carrying FANCG
mutations, and further characterized these muta-
tions .

To detect FANCA mutations, six overlapping
cDNA fragments obtained by RT-PCR and each exon
amplified from genomic DNA were sequenced. Since
such routine analyses are inadequate for detection of
large deletions which were reported to be frequent in
the FANCA gene, we employed a real-time quantita-
tive PCR assay to determine copy numbers of each
exon of the gene. This technique gave highly reliable
results to identify deleted exons. As a result, we
identified 42 mutant alleles (13 frameshifts, 12 splice

mutations, 9 missense mutations, 7 large deletions, 1
nonsense mutation, and 1 in-frame deletion) includ-
ing 24 novel mutations. About 60% of the mutations
were detected in a single patient, i.e. ‘private muta-
tion’, while some mutations were recurrent. A
frameshift mutation 2546delC was detected in 14% of
the mutant alleles but has not been reported in West-
ern countries, thus it may be a founder mutation in
the Japanese population. Missense variants were
functionally inactive and identified breakpoints of
two large deletions, one of which was presumably
generated by Alu-mediated recombination.

Mutations of FANCG were screened by direct se-
quencing of cDNA, with subsequent confirmation by
analysis of genomic DNA. We identified 10 unrelat-
ed FA-G families. A splice mutation IVS3+1G>C was
detected in 9 Japanese families, (4 homozygous and 5
heterozygous) accounting for 65% of mutant alleles.
Among the heterozygotes, three carried 1066C>T in
the second allele. Of note, a patient homozygous for
1066T>C was of Korean ethnicity. Haplotype analy-
sis using 9 polymorphic microsatellite markers
spanning the FANCG locus showed that IVS3+1G>C
and 1066T>C were associated with distinct founder
haplotypes. Thus, the two founder mutations de-
rived from distinct ancestries cause most of FA-G
patients in Japan. Our results suggest that
IVS3+1G>C arose in the Japanese population, where-
as 1066T>C migrated from Korea.

To our knowledge, this is the first report of FAN-
CA and FANCG mutations in a single ethnic group.
The FANCA gene shows a wide spectrum of muta-
tions, consistent with previous results obtained in
Western countries. By contrast, most of FANCG mu-
tant alleles are derived from a few founders.

3. ABT1-associated protein (ABTAP), a novel nu-
clear protein conserved from yeast to
mammals, represses transcriptional activa-
tion by ABT1

T Oda, H Hagiwara!, Y Masuho?, M Muramatsu?,
T Yamashita: !Cellular laboratory, The Institute of
Physical and Chemical Research (RIKEN), 2Labo-
ratory of Drug Discovery Genomics, Faculty of

Table
FANCA mutant FANCG- |FANCCand [Nuclear FANCD2- MMC
binding [F-binding localization  |Ubiquitination  |resistance
WT ot +++ ++ ot +++
L25P - - ++ ++ ++
LL25/26AA - - ++ ++ ++
NLSI-mut (RRR>AAA) + + + +++ +++
NLS2-mut (RKRK>AAAA) - - + + +
NLS1/NLS2-mut - - - - -
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Pharmaceutical Science, Tokyo University of Sci-
ence, *Department of Molecular Epidemiology,
Medical Research Institute, Tokyo Medical Dental
University

Various TATA-binding protein (TBP)-associated
proteins are involved in the regulation of gene ex-
pression through control of basal transcription
directed by RNA polymerase (Pol) II. We recently
identified a novel nuclear protein, activator of basal
transcription 1 (ABT1), which binds TBP and DNA,
and enhances Pol II-directed basal transcription. To
better understand regulatory mechanisms for ABT1,
we searched for ABT1-binding proteins using a yeast
two-hybrid screening from a rat brain cDNA library
and we isolated a cDNA clone encoding a novel pro-
tein of 842 amino acids, termed ABT1-associated

protein (ABTAP). Like ABT1, ABTAP has homolo-
gous counterparts in humans, yeast, Caenorhabditis
elegans, and Drosophila melanogaster. In Sacchaaromy-
ces cerevisiae, the ABTAP homolog was, like the ABT1
homolog, essential for cell growth, and the interac-
tion between these two homologs was conserved. In
mammalian cells, ABTAP formed a complex with
ABT1 and suppressed the ABT1-induced activation
of Pol II-directed transcription. Furthermore, ABT1
and ABTAP colocalized in the nucleoli and nucleo-
plasm and were concomitantly relocalized into
discrete nuclear bodies at higher expression of
ABTAP. Taken together, these results suggest that
ABTAP binds and negatively regulates ABT1. The
ABT1/ABTAP complex is evolutionarily conserved
and may constitute a novel regulatory system for
basal transcription.
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Our laboratory aims to understand functional signaling networks of proteins in cells.
The major strategy is functional proteomics; large-scale analysis of protein expression
and comprehensive analysis of protein-protein interactions to reveal the functional

linkage among proteins.

One of the major ways to elucidate cell function at
the molecular level is a large-scale analysis of the ex-
pression and interactions of proteins. Current
methods being applied to these problems include the
use of microarrays for analyzing expression profiles
of genes, and yeast 2-hybrid screens for systematic
protein interaction analysis. Proteomics probes pro-
tein expression and interaction by direct analysis of
proteins from cells or tissues. Proteomics analyses
are exemplified by large-scale determination of
quantitative changes in protein concentrations, often
comparing two or more cell populations, to assess
the effects of a wide variety of perturbations to cells
and comprehensive analysis of protein-protein inter-
actions by mass identification of components in
functional protein complexes, membrane domains
and cellular organelles. Besides the conventional
methods for proteomics based on two-dimensional
polyacrylamide gel electrophoresis and mass spec-
trometry, our laboratory is equipped with advanced
liquid chromatography based technologies to serve
for functional proteomics. Using these technologies
as analytical platforms, we are dissecting the signal-
ing networks of proteins and their spatiotemporal
regulation during fundamental cellular processes
such as differentiation, growth, and apoptosis of
cells.

1. Proteomic analysis of leukemia inhibitory fac-
tor signaling in mouse embryonic stem cells

Kohji Nagano!, Kazuto Nunomura!, Chiharu Ita-
gaki!, Takashi Shinkawa?, Nobuko Okamura'?,
Hiroaki Miki4, Tadaomi Takenawa®, Tomonori
Izumi!, and Toshiaki Isobe!2: 1Division of Pro-
teomics Research (ABJ & Millipore), IMSUT,
2Graduate School of Science, Tokyo Metropolitan
University, Nihon Millipore K.K., “Division of
Cancer Genomics, IMSUT, SDivision of Biochemis-
try, IMSUT

Embryonic stem (ES) cells are cultured cells derived
from the inner cell mass of blastocysts. ES cells display
two cardinal features. First, they are maximally pluri-
potent in that they can differentiate into cells of all
lineages. Second they are capable of dividing to pro-
duce maximally pluripotent daughter cells, a process
referred to as renewal. Undifferentiated mouse ES cells
can be maintained in the presence of the cytokine, leu-
kemia inhibitory factor (LIF), while removal of LIF can
cause cell differentiation. This shows that under certain
conditions, LIF signaling is important to maintain the
pluripotency of the ES cells. However, the molecular
mechanism of LIF function remains unknown. We
have addressed this problem by proteomic analyses of
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mouse ES cells using two-dimensional gel electro-
phoresis and mass spectrometry (MS) to identify
LIF-dependent proteins. In this way, 22 ES-cell-derived
protein spots have been identified whose intensity
clearly correlated with growth in the presence or ab-
sence of LIF. Reduction of the Oct-3/4 level upon LIF
withdrawal was confirmed by Western blotting. Of
these 17 were identified by MS. For example, we found
that the expression of glia maturation factor f and nu-
clear autoantigenic sperm protein were reduced to a
significant extent upon removal of LIF, whereas impor-
tin B, dihydrolipoamide S-acetyltransferase, succinate
dehydrogenase Fp subunit, myo-inositol 1-phosphate
synthetase Al, leukotriene A, (LTA,) hydroxylase, ER-
60 protease, Y-box binding protein, and phospholipase
A, (PLA,) were increased upon LIF withdrawal. Nota-
bly, this group includes a subset of enzymes involved
in the leukotriene B, metabolism, such as PLA,, LTA,
hydroxylase, and myo-inositol 1-phosphate synthetase
A1, suggestive of a role for inositol phospholipid bio-
genesis, membrane homeostasis or phosphoinositide
signaling in the differentiation of mouse ES cells.

2. Large-scale identification of proteins in
mouse embryonic stem cells by multi-dimen-
sional liquid chromatography-tandem mass
spectrometry

Kohji Nagano!, Yoshio Yamauchi?, Takashi
Shinkawa?, Masato Taoka?, Kazuto Nunomural,
Chiharu Itagaki!, Nobuko Okamura!-, Hiroaki
Miki%, Tadaomi Takenawa®, Tomonori Izumi!, and
Toshiaki Isobe!?: 'Division of Proteomics Research
(ABJ & Millipore), IMSUT, 2Graduate School of
Science, Tokyo Metropolitan University, *Nihon
Millipore K.K., “Division of Cancer Genomics, IM-
SUT, *Division of Biochemistry, IMSUT

Embryonic stem (ES) cells are uniquely pluripotent,
although studies of the underlying molecular nature of
this trait have focused on specific molecules such as leu-
kemia inhibitory factor (LIF) and its receptor, LIFR,
STATS3, and Oct3/4. However, little is known about glo-
bal protein expression in ES cells. We have addressed
this shortfall by attempting to catalog mouse ES cell pro-
teins. To this end, we performed proteomic profiling of
ES cells by an integrated liquid chromatography (LC)-
based protein identification system (LC-MS). This
comprised microscale two-dimensional LC coupled
with electrospray ionization mass spectrometry on a
high-resolution hybrid mass spectrometer and an auto-
mated data analysis system. Whole cell extracts were
digested with trypsin, and the resulting complex peptide
mixture was subjected to this system. We identified 1,233
and 987 proteins in ES cells respectively grown in the
presence or absence of LIF. These include more than 500
cytosolic enzymes and other proteins, cytoskeletal pro-
teins, and transmembrane and membrane-associated

proteins such as cell surface receptors and cell adhesion
molecules. Semi-quantitative analysis of the LC-MS data
suggested that among the identified proteins, approxi-
mately 100 showed notable differences in the level of
expression between the cells grown in the presence or
absence of LIF. These results imply that the expression
and/or modification of a subset of proteins in ES cells is
regulated by LIF signaling; such proteins are candidate
determinants of ES cell pluripotency.

3. Specific labeling and LC-MS-based protein
identification for the analysis of cell surface
proteins

Kazuto Nunomura!, Chiharu Itagaki!, Yoshio
Yamauchi?, Kohji Nagano!, Nobuko Okamura!-3,
Mayumi Shindo**, Hiroyuki Fukuda*®, Tomonori
Izumi!, Toshiaki Isobe!?: 'Division of Proteomics
Research (ABJ & Millipore), IMSUT, 2Graduate
School of Science, Tokyo Metropolitan University,
3Nihon Millipore K.K., *Division of Molecular Biol-
ogy, IMSUT, SApplied Biosystems Japan

A variety of cellular events are triggered or regulat-
ed by extracellular stimuli via cell surface proteins.
Because these proteins play important roles in funda-
mental cellular processes such as proliferation and
differentiation, the protein profiling of the surfaces of
certain cells should provide valuable information
about the underlying mechanisms. To date, two-di-
mensional polyacrylamide gel electrophoresis
(2D-PAGE) has been widely used for the large-scale
analysis of proteins expressed in a cell. Despite its util-
ity in the analysis of thousands of cellular proteins,
2D-PAGE often fails to identify membrane proteins
due to their hydrophobicity and/or large size. We
therefore developed an alternative method to analyze
the cell-surface membrane proteins using a specific la-
beling reaction coupled with liquid
chromatography-tandem mass spectrometry (LC-
MS/MS). The method consists of (1) biotinylation of
intact cell surfaces, (2) subcellular fractionation of the
cell lysate, (3) tryptic digestion of the membrane frac-
tion and affinity purification of biotinylated peptides,
and (4) protein identification by LC-MS/MS. To eval-
uate this approach, we applied to identifying
cell-surface proteins in mouse embryonic stem (ES)
cells. More than 80% of peptides identified by LC-MS
carried the biotin-label and most were derived from
transmembrane or membrane-associated proteins.
These included alkaline phosphatase, cadherin 1,
CD9, CD98 (solute carrier family 3), CDw92 antigen,
c-kit, embigin, Eph receptor A2, integrin a and f
chains, laminin a1, and transmembrane protein 2. The
advantages of this approach are manifold. First, the
biotinylation of intact cells prior to lysis favours spe-
cific labeling of cell surface proteins, because the
labeling reagent cannot permeate the plasma mem-
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branes of viable cells. Second, subcellular fraction-
ation enriches membrane proteins, thereby reducing
contamination from biotinylated soluble proteins.
Third, tryptic digestion enhances the recovery of solu-
ble peptides from hydrophobic insoluble proteins.
And fourth, LC-based MS/MS analysis identified bi-
otin modifications that corroborated the localization
of proteins within membranes. Cell surface labeling
together with LC-MS-based identification should
therefore prove a powerful combination in the com-
prehensive analysis of cell surface proteins such as cell
surface receptors and cell adhesion molecules.

4. Characterization of phosphotyrosine-contain-
ing protein complexes in malignant tumor
cells during anchorage-independent growth

Kohji Nagano!, Nobuko Okamura'-?, Chiharu Ita-
gaki!, Uchiko Hamaguchi?, Kazuto Nunomural,
Tadaomi Takenawa3, Tomonori Izumi!, and Toshi-
aki Isobe!*#: 'Division of Proteomics Research (ABJ
& Millipore), IMSUT, *Nihon Millipore K.K, 3Divi-
sion of Biochemistry, IMSUT, *Graduate School of
Science, Tokyo Metropolitan University

Anchorage-independent growth is characteristic of
malignant tumor cells. Specific inhibition of this pro-
cess potentially triggers apoptosis in detached,
malignant tumor cells without affecting non-malig-
nant cells, and is thus an attractive target for cancer
therapy. Using a nano flow liquid chromatography
system coupled with high-resolution mass-spectrom-
etry (MS) recently developed in this laboratory, we
seek to explore the protein complexes that play essen-
tial roles in this process. It has been reported that a
variety of tyrosine kinases are constitutively activated

in malignant tumor cells, suggesting that phosphoty-
rosine-containing protein complexes persist in
malignant tumor cells, but not non-malignant ones.
We therefore focused our study on phosphotyrosine-
containing complexes existing in malignant tumor
cells during anchorage-independent growth. First, we
analyzed alterations in tyrosine phosphorylation in
highly metastatic melanoma cells grown in suspen-
sion. Phosphotyrosine-containing proteins were
captured by affinity purification with anti-phosphoty-
rosine antibody and subjected to SDS-PAGE, and MS
identification. Retinoblastoma protein (Rb), a cell cy-
cle inhibitor, was highly phosphorylated at tyrosine in
metastatic melanoma cells during anchorage-inde-
pendent growth as compared to levels of
phosphotyrosyl Rb in its weakly metastatic parental
cell line. The phosphorylation of Rb was also observed
in another metastatic cell line, HeLa S3 cells grown in
suspension. Immunoprecipitation studies revealed
that galectin-3, a galactose-specific lectin, was endoge-
nously associated with Rb in HeLa S3 suspension
cultures. Moreover, c-abl, a non-receptor tyrosine ki-
nase known to bind Rb, was also present in the protein
complex. Both galectin-3 and c-abl co-localized to the
cytoplasm of HeLa S3 cells and both were able to bind
the C-terminal domain of Rb in vitro. Together, these
findings strongly suggest a physiological role for the
Rb-galectin-c-abl complex. Studies are now in
progress to test this and elucidate the mechanism of
the putative complex in anchorage-independent ma-
lignant tumor cell growth.
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Our aim is to reveal intracellular signaling mechanism by using proteomic approaches.
Although 2-D gel electrophoresis is a powerful tool to analyze proteome profile, it is
still difficult to analyze the components of signal transduction due to their low concen-
tration. To overcome this difficulty, we are currently establishing the protocols to
isolate transcriptional machinery and phosphorylated proteins.

Recently the novel technology to analyze cellular
proteome, proteomics, is emerging. This technology
greatly depends on the information provided by hu-
man 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 digested peptides to the predicted
values from genome database. However, the resolu-
tion power of 2-D gel electrophoresis is not enough
to resolve total cellular proteins. Especially, the pro-
teins of lower content such as the components of
signal transduction could not be identified on such
analyses.

Suppose there are two samples in front of you,
one from cancer and one from the adjacent normal
tissue. Did simple Two-D analyses reveal the cause
of the cancer? 2-D gel was developed by O’Farrell in
1975, since then over millions of 2-D gels were per-
formed to compare the protein profile between
cancer and normal tissues. However, these analyses
gave rise to essentially no results in regard to the
cause of the cancer. Instead, the answer was provid-
ed by “transformation assay” described by
Weinberg et al in 1979. The latter approach identi-
fied more than 100 so-called “oncogenes.” The
cancer arises from the malfunction of growth control
machinery, the contents of which are not enough to

be detected by simple 2-D gel.

To overcome such difficulty, it is necessary to pu-
rify and concentrate the components of interest. One
approach is to isolate organella such as mitochondria
and ribosomes or purify membrane raft fraction. The
second is to immunoprecipitate the protein of inter-
est with associating proteins. The third approach is
to affinity purify transcriptional complex formed on
specific recognition sequence by means of oligonu-
cleotides attached to matrices. The fourth approach
is to purify phosphorylated proteins. We are current-
ly focus our efforts to isolate transcriptional complex
and phosphorylated proteins.

Immobilized metal affinity column using Fe3* has
been shown to be useful to purify phosphopeptides. We
applied this simple method to isolate phosphoproteins
and got preliminary successful results. Phosphorylated
ERK (extracellular signal-regulated kinase) or proteins
phosphorylated by Akt kinase are recovered with rela-
tively good yield. By this affinity column procedure,
nearly ten-fold purification of these phosphoproteins
was achieved.

Besides these proteomic projects, we are studying
the role of an SH2-containing adaptor protein, Chat,
in T-cell signaling (Ref. 1, 2). Following are the ab-
stracts of the first two papers published in this year.
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1. A Novel Hematopoietic Adaptor Protein, Chat-H,
Positively Regulates T-Cell Receptor-Mediated
Interleukin-2 Production by Jurkat Cells

A. Sakakibara, S. Hattori, S. Nakamura, and T.
Katagiri

Chat (Cas/HEF1-associated signal transducer) is a
novel adaptor protein with an N-terminal SH2 do-
main and C-terminal Cas/HEF1 association domain.
We report here the molecular cloning of Chat-H, the
hematopoietic isoform of Chat. Chat-H has an ex-
tended N-terminal domain besides the known Chat
domain structures, suggesting a unique function of
Chat-H in hematopoietic cells. Jurkat transfectants
overexpressing Chat-H show a marked increase in
interleukin-2 (IL-2) production following co-stimula-
tion of T-cell receptor and CD28. The degree of JNK
activation is substantially enhanced in the Chat-H
transfectants upon co-stimulation. The SH2 domain
mutant of Chat-H loses this signal modulating activ-
ity. Expression of the Cas/HEF1 association domain
mutant exhibits a dominant negative effect on both
JNK activation and IL-2 production. We further
found that Chat-H forms a complex with Pyk2H and
enhances its tyrosine-402-phosphorylation, an up-
regulator of the JNK pathway. These results suggest
that Chat-H positively controls T-cell function via in-
tegrating the co-stimulatory signals.

2. Chat activates the small GTPase Rap1 via up-
regulation of the Cas-Crk signaling pathway

A. Sakakibara, Y. Ohba, K. Kurokawa, M. Matsu-
da, and S. Hattori

Chat is a novel signaling molecule with an N-termi-
nal SH2 domain and C-terminal Cas/HEF1 association
domain that is implicated in the regulation of cell adhe-
sion. The Cas/HEF1 association domain also shows a
sequence similarity with guanine nucleotide exchange
factors for Ras family small GTPases. In this study, we
found significant activation of Rapl in Chat-overex-
pressing cells. Myr-Chat, a membrane-targeted Chat,
activated Rap1 more efficiently. Certain Cas and Crk
mutants suppressed Rap1 activation by Myr-Chat, in-
dicating the involvement of the Cas-Crk signaling
pathway in Chat-induced Rap1 activation. We also
confirmed the ternary complex formation consisting of
Chat, Cas and Crk. We further demonstrated that Myr-
Chat expression induced a highly spread cell
morphology, and this activity depended on the Cas-
Crk pathway and Rap1 activity. Moreover, expression
of Myr-Chat enhanced integrin-mediated cell adhe-
sion. These findings suggest that Chat-induced Rap1
activation was mediated by up-regulation of the Cas-
Crk signaling pathway rather than direct guanine
nucleotide exchange factor activity of Chat, and that
Chat-Cas complex plays an important role in control-
ling cell adhesion via the activation of Rap1.
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