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Consensus holds that hematopoietic stem cells
(HSCs) give rise to multipotent progenitors (MPPs)
of reduced self-renewal potential and that MPPs
eventually produce lineage-committed progenitor
cells in a stepwise manner. Using a single-cell
transplantation system and marker mice, we unex-
pectedly found myeloid-restricted progenitors with

long-term repopulating activity (MyRPs), which are
lineage-committed to megakaryocytes, megakaryo-
cyte-erythroid cells, or common myeloid cells
(MkRPs, MERPs, or CMRPs, respectively) in the
phenotypically defined HSC compartment together
with HSCs. Paired daughter cell assays combined
with transplantation revealed that HSCs can give
rise to HSCs via symmetric division or directly dif-
ferentiate into MyRPs via asymmetric division
(yielding HSC-MkRP or HSC-CMRP pairs). These
myeloid bypass pathways could be essential for fast
responses to ablation stress. Our results show that
loss of self-renewal and stepwise progression
through specific differentiation stages are not essen-
tial for lineage commitment of HSCs and suggest a
revised model of hematopoietic differentiation.
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Recent great progress in stem cell biology has brought about increase in the pros-
pect for application of stem cell-based therapy. Especially the discovery of iPSCs,
a great step forward in stem-cell research, holds out the promise of development
of novel therapeutic strategies by generating iPSCs from patients. The goal of this
laboratory is to provide new insights into stem cell biology as well as approaches
to novel therapeutic intervention for various intractable diseases.
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In vitro generation of hematopoietic stem cells
(HSCs) from induced pluripotent stem cells (iPSCs)
has the potential to provide novel therapeutic ap-
proaches for replacing bone marrow (BM) trans-
plantation without rejection or graft versus host
disease. Hitherto, however, it has proved difficult
to generate truly functional HSCs transplantable to
adult host mice. Here, we demonstrate a unique in
vivo differentiation system yielding engraftable
HSCs from mouse and human iPSCs in teratoma-
bearing animals in combination with a maneuver to
facilitate hematopoiesis. In mice, we found that
iPSC-derived HSCs migrate from teratomas into the
BM and their intravenous injection into irradiated
recipients resulted in multilineage and long-term
reconstitution of the hematolymphopoietic system
in serial transfers. Using this in vivo generation sys-
tem, we could demonstrate that X-linked severe
combined immunodeficiency (X-SCID) mice can be
treated by HSCs derived from gene-corrected clonal
iPSCs. It should also be noted that neither leukemia
nor tumors were observed in recipients after trans-
plantation of iPSC-derived HSCs. Taken our find-
ings together, our system presented in this report
should provide a useful tool not only for the study
of HSCs, but also for practical application of iPSCs
in the treatment of hematologic and immunologic
diseases.
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Pluripotent stem cells (PSCs) can be classed as
either naïve or primed. Mouse embryonic stem cells
(ESCs) are naïve PSCs derived from inner cell mass
(ICM) of pre-implantation blastocysts. Their naïve
state is maintained in an appropriate culture me-
dium containing leukemia inhibitory factor (LIF).
Epiblast stem cells (EpiSCs) are primed PSCs de-
rived from post-implantation epiblasts; their self-re-
newal ability is maintained by activin A and basic
fibroblast growth factor (bFGF) signaling. Naïve
and primed PSCs are distinguished from one an-
other by differences in signaling pathways that
maintain pluripotency. In contrast to mouse ESCs,
however, mouse EpiSCs are barely able to contrib-

ute to chimeras when injected into blastocysts, sug-
gesting that a definitive difference between naïve
and primed PSCs exists with respect to ability to
contribute to chimeras.
Transition of mouse EpiSCs to ES-like cells

(rESCs) rarely occurs even after stimulation with
LIF-STAT3 signaling. This finding suggest that deri-
vation conditions affect pluripotent features of
mouse EpiSCs. However, the cellular mechanisms
that limit reversion efficiency remain unclear. Pluri-
potency in non-rodent PSCs is more like that in ro-
dent primed-PSCs, so that chimeric animals derived
from PSCs are reported only in work with rodents.
Non-rodent PSCs thus are expected not to contrib-
ute to chimeras (one reason why knockout or trans-
genic studies have not been done using non-rodent
mammals). Therefore, we investigated the condi-
tions for efficient reversion of primed PSCs to na-
ïve-like PSCs as part of generation of non-rodent
naïve PSCs.
Here we demonstrated dramatic improvement of

reversion efficiency from primed to naïve-like PSCs
through up-regulation of E-cadherin in the presence
of the cytokine LIF. Analysis revealed that attenu-
ation of Wnt/-catenin signaling with small-mole-
cule inhibitors significantly enhances reversion effi-
ciency of mouse EpiSCs. We showed reverted
EpiSCs contributed extensively to development and
succeeded in germline transmission. Although acti-
vation of Wnt/-catenin signals has been thought
desirable for maintenance of naïve PSCs, this study
provides the first evidence that inhibition of Wnt/-
catenin signaling enhances reversion of mouse
EpiSCs to naïve-like PSCs (rESCs). Our investiga-
tions thus provide insight into the significance of E-
cadherin and Wnt/-catenin signaling as well as
into approaches for increasing efficiency of rever-
sion of primed PSCs to naïve-like PSCs.
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Primordial germ cells (PGCs) are stem cells of
germ cell lineage in genital ridge of fetus. As fe-
male PGCs give rise to definitive oocytes that con-
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tribute to next generation. Recently induction of ar-
tificial PGC from pluripotent stem cell or genera-
tion of gonad-like tissue by co-transplantation of
PGCs with fetal gonadal somatic cells has been re-
ported. To apply these technologies to zootechnics,
it is necessary to establish xeno transplantation of
PGCs.
In this study, we tried to generate ovary-like tis-

sue in immune deficient animals to establish xeno
transplantation model. We transplanted rat PGCs
together with gonadal somatic cells under the kid-
ney capsule of immune deficient mice and trans-
planted mouse PGCs together with gonadal somatic
cells under the kidney capsule of immune deficient
rat. The transplanted cells constructed ovary-like

tissues under the kidney capsule. Histological ex-
aminations of ovary-like tissues are performed.
These tissues are similar to normal gonad in sight
of immunohistological examinations that reveals
Mouse VASA homologue, Stella. Gene expression
profile of rat GV stage oocyte-like cell collected
from rat ovary-like tissue in mouse is similar to rat
GV stage oocyte. Mouse GV stage oocyte-like cells
(OLCs) collected from rat. GV stage OLCs were
matured to M2 stage. Intracytoplasmic sperm injec-
tion (ICSI) was performed to M2 stage OLCs. Em-
bryo from OLC developed to full term offspring.
Our studies clarify that rat/mouse female PGC

and gonadal somatic cells can develop and recon-
struct ovary- like structure in ectopic xeno niches.
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1. Phenotypic analysis of ATL cells and predic-
tion of the onset of ATL from human T-lym-
photropic virus type 1 (HTLV-1) asymptomatic
carriers
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Among the one million HTLV-1 carriers in Japan,
approximately one thousand progress to ATL every
year. Through collaborations with the Research
Hospital and two laboratories at IMSUT, we are
analyzing ATL cells using a flow cytometry-based
method of phenotypic analysis [HTLV-1 analysis
system (HAS)-Flow] to monitor disease condition.
In addition, we are analyzing peripheral blood
from HTLV-1 carriers to find a predictable pheno-
typic change of peripheral blood cells just before
ATL onset in order to begin more effective treat-
ment.

2. Analysis of ATL cells and immune cells after
hematopoietic cell transplantation, DC ther-
apy and anti-CCR4 antibody therapy in pa-
tients with ATL.

Eri Watanabe, Natsuko Sato, Ilseung Choi4, Yoko
Suehiro4, Nobuaki Nakano5, Yoshitaka Inoue6, Sei-
ichiro Kobayashi, Kaoru Uchimaru, Atae Utsuno-
miya5, Takahiro Fukuda6, Naokuni Uike4 and No-
bukazu Watanabe: 4Department of Hematology,
National Kyushu Cancer Center; 5Department of
Hematology, Imamura-bunin Hospital; 6Stem Cell
Transplantation Division, National Cancer Center
Hospital

In a Japanese study group of cell therapy for
ATL, hematopoietic cell transplantation, DC ther-
apy and anti-CCR4 antibody therapy are planned
for patients with acute ATL. We are joining this
study group and analyzing engraftment and ATL
cells using HLA-Flow and HAS-Flow methods. In
addition,we are analyzing ATL cells and normal
regulatory T cells with their expression levels of
CCR4 which is the target of anti-CCR4 antibody
therapy using 12-color flow cytometer.

Center for Stem Cell Biology and Regenerative Medicine

Laboratory of Diagnostic Medicine
病態解析領域

Project Associate Professor Nobukazu Watanabe, M.D., Ph.D. 特任准教授 医学博士 渡 辺 信 和

The Laboratory of Diagnostic Medicine was established in January 2009 as a divi-
sion of the Center for Stem Cell Biology and Regenerative Medicine. Our major
purpose is to conduct clinical research and develop analytical methods of patho-
genic conditions during infectious disease, cancer and hematopoietic stem cell
and organ transplantations. Through collaborations with hospitals in Japan, we
have performed several problem-based clinical studies to tackle the issues of
adult T cell leukemia (ATL) and pathogenic conditions after transplantation, e.g.
cytomegalovirus infection, graft failure, acute graft versus host disease (GVHD),
relapse of leukemia, and recurrence of hepatitis.
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3. Studies for the mechanisms underlying per-
sistent chimerism and late rejection after cord
blood transplantation in patients with severe
combined immunodeficiencies (SCID).

Eri Watanabe, Nobukazu Watanabe, Kosuke
Imai7, Tomohiro Morio7: 7Department of Pediat-
rics, Tokyo Medical Dental University

Although T cells and NK cells are lacked in pa-
tients with SCID, persistent chimerism and late re-
jection sometimes occur after cord blood transplan-
tation. We analyze subpopulation-specific chimer-
ism using HLA-Flow method and investigate the
underlying mechanisms of these pathogenic condi-
tions.

4. Studies for the mechanisms underlying recur-
rence of type C hepatitis and rejection after
living-donor liver transplantation

Nobukazu Watanabe, Akinobu Takaki8, Kazuko

Koike6, Takahito Yagi9: 8Department of Gastroen-
terology and Hepatology, 9Department of Gastro-
enterological Surgery, Transplant and Surgical
Oncology, Okayama University Graduate School
of Medicine and Dentistry

Since the 2004 approval of insurance coverage for
living-donor liver transplantations (LDLT), more
than 6,000 LDLTs have been performed in Japan.
Although most recipients have a good prognosis,
patients with hepatitis C virus (HCV) infection still
face the recurrence of hepatitis after transplantation.
In addition, rejection is an important issue because
immunosuppressive agents are needed to suppress
anti-graft immune reactions. Long-term use of im-
munosuppressants, however, can worsen HCV in-
fections and future malignancies. To understand the
mechanism underlying these pathologic conditions,
we are investigating the following: chimerism
analysis/HLA-Flow method, detection of regulatory
T cells and allospecific T cells, and identification of
HCV-specific CD8＋ T cells using tetramers.
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1. Recapitulation of pathophysiological features
of Wiskott Aldrich Syndrome using induced
pluripotent stem cells (iPSCs)

Mozhgan Kharaj, Haruna Takagi, Chieko Ko-
nishi, Miki Ando, Huang-Ting Lin, Takashi
Ishida, Chen-Yi Lai, Tomoyuki Yamaguchi,
Makoto Otsu, Hiromitsu Nakauchi

Wiskott Aldrich Syndrome (WAS) is an X-linked
disorder, which is characterized by thrombocy-
topenia, immunodeficiency, eczema and autoimmu-
nity. Patients have mutations in the gene encoding
WAS protein (WASp), leading to the absence or
dysfunction of this molecule specifically in their he-
matopoietic cells. As severe reduction in platelet
numbers with their small sizes is one of the most
obvious features for the disease, which is associated
with a significant risk of life-threatening hemor-
rhage, elucidation of its precise cause has been the
subject of interest for researchers for many years.
Although both platelet production and consump-
tion are reportedly affected by WASp-deficiency, it
has been an issue of debate whether defective pro-
platelet release from megakaryocytes and/or de-
struction of platelets in the spleen constitutes major
cause of this phenomena. Because murine WASp-
null models are poor phenocopies of the disease,

showing relatively unaffected numbers and sizes of
platelets comparing to those in wild type mice,
more accurate investigation for the mechanisms un-
derlying thrombocytopenia needs a reliable model,
which can mimic the disease features as precisely
as possible. Induced Pluripotent Stem Cells (iPSC)
have recently been successful to model several
monogenic diseases in vitro, we thus sought to util-
ize this technology for our purpose. We first estab-
lished iPSC lines of two WAS patients (with differ-
ent mutations) using hematopoietic progenitor cells
in peripheral blood and the Sendai virus (SeV) vec-
tor harboring four reprogramming factors (OCT3/4,
SOX2, KLF4 and c-MYC), then investigated possible
defects in the processes of megakaryocyte and
platelet production in patient cells and their under-
lying mechanisms. In brief, iPSCs were allowed to
differentiate into hematopoietic progenitors (HPCs)
for 14 days. Megakaryocyte/erythrocyte progenitor
cells (CD34＋CD41＋) were then sorted by flow cy-
tometry, and cultured on feeder cells with fixed in-
put numbers for another 9 days in the presence of
appropriate cytokines. Absolute counts of
megakaryocytes and platelets were estimated by
flow cytometry analysis using fluorescent beads. To
avoid the issue of clonal variation that may signifi-
cantly compromise the results, we have used at
least five different iPSC clones from each patient
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Stem cells represent a valuable cell source in the field of regenerative medicine.
Hematopoietic stem cells provide a good example of such usefulness of stem cell
research, showing many successful cases in both hematopoietic cell transplanta-
tion and gene therapy. Pluripotent stem cells have become another possibility of
cell sources in regenerative medicine that may be utilized either for the basic re-
search or to cure the diseases. Our eventual goal is to establish safe and effica-
cious treatment for the patients suffering from various types of intractable dis-
eases with no curative treatment available.
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and those from healthy individuals. First, we did
not detect any considerable difference in the effi-
ciency of iPSC generation between patient and con-
trol samples. Both patients' iPSCs were shown to
exhibit the pluripotent states by detailed characteri-
zation, and were confirmed to maintain each pa-
tient-specific gene mutation after the process of so-
matic cell reprogramming. In the process of HPC
generation, both patient-iPSCs and control-iPSCs
showed comparable capability to form cells with
hematopoietic cell lineages. As expected, the num-
bers of both platelets and megakaryocytes obtained
from WAS iPSCs showed a significant decrease
comparing to those from healthy iPSCs. Although
still preliminary, the data so far demonstrate that
there is an intrinsic defect in megakaryocyte and
platelet production machineries in WAS patient
cells and that the reduced platelet number seems to
be due to a proplatelet production deficiency. This
finding so far can support the utility of iPSC-based
approaches in a pathophysiological studies for
WAS, for which proper disease-modeling is other-
wise not feasible, thus providing a promising meas-
ure to develop effective treatment with maximal
safety for this intractable genetic disorder.

2. Alpharetroviral vectors: demonstration of safe
and efficacious gene therapy using X-CGD
iPSCs.

Huang-Ting Lin, Hideki Masaki, Tomoyuki Yama-
guchi, Haruna Takagi, Mozhgan Kharaj, Chieko
Konishi, Miki Ando, Takashi Ishida, Chen-Yi Lai,
Makoto Otsu, Hiromitsu Nakauchi

Alpharetroviral vectors are of a newly developed
design that is both replication-deficient and self-in-
activating. Comparative integrome analysis has re-
vealed its integration profile to be more neutral
than that of lenti- or gammaretroviral vectors in ad-
dition to having minimal genotoxic risk. However,
previous studies were carried out using either ani-
mal models or immortalized cell lines the physi-
ological relevance of which to humans may be

questionable. Using induced pluripotent stem cells
(iPSCs) it is possible to recapitulate disease pheno-
types whilst permitting precise cell manipulation in
vitro. Chronic granulomatous disease (CGD) is a
condition characterized by impaired neutrophil
(NEU) functionality. It represents a "worst case"
scenario in hematopoietic gene therapy given that
no clinical trial has successfully achieved sustained
persistence gene marked cells and a certain number
of patients even developed myelodysplastic
changes. In this study, the objective is to demon-
strate safe and efficacious alpharetroviral mediated
gene therapy using iPSCs as a modeling platform.
To generate patient autologous iPSCs, peripheral
blood (PB) CD34＋ cells were reprogrammed using
a Sendai virus vector expressing OCT4/SOX2/KLF4/
c-MYC. Alpharetroviral vectors were used to insert
codon optimized gp91 cDNA into iPSCs. Neutro-
phil differentiation was induced using G-CSF. The
maturation status was determined by assessing cell
morphology and immunophenotype. The ROS gen-
erating capacity was determined by the DHR flow
cytometry assay and the formation of neutrophil
extracellular traps (NETs). Identification of insertion
sites was attempted using PCR-based methods and
the vector integration profile was assessed through
Southern blotting. Overall, the validity of using
iPSCs as a disease model was established by dem-
onstrating that differentiated NEUs (control) are
functionally comparable to PB NEUs. Addition of
the gp91 transgene to CGD-iPSCs led to functional
recovery. Using these techniques, it was possible to
correlate the efficiency of transduction to the level
of transgene expression with the extent of func-
tional recovery. Similar to previous findings, it was
found that transgene expression could be sustained
in the absence of any clonal expansion. Taken to-
gether, it is hope these data may act as an impor-
tant pre-clinical assessment step that facilitates the
application of these vectors in clinical trials. In the
future, it is hoped that alpharetroviral vectors may
also be utilized to treat other congenital hemato-
logical disorders through hematological gene ther-
apy.
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1. Bone marrow-derived CD11b＋Jagged2＋
cells promote epithelial-to-mesenchymal tran-
sition and metastasization in colorectal can-
cer.

Francisco Caiado1, Tânia Carvalho1, Isadora
Rosa1, Leonor Remédio1, Ana Costa2, João Matos2,
Beate Heissig3,4, Hideo Yagita3, Koichi Hattori4,5,
João Pereira da Silva2, Paulo Fidalgo2, António
Dias Pereira2, Sérgio Dias1: 1Instituto de Medicina
Molecular, Edificio Egas Moniz, Faculdade de
Medicina da Universida de Lisboa, 2Portuguese In-
stitute of Oncology, IPOLFG, 3Division of Stem
Cell Dynamics, Institute of Medical Sciences, Uni-
versity of Tokyo, 4Atopy Center, Juntendo Univer-
sity, and 5Laboratory of Stem Cell Regulation,
Center for Stem Cell Biology and Regenerative
Medicine, Institute of Medical Sciences, University
of Tokyo

Timely detection of colorectal cancer metastases
may permit improvements in their clinical manage-
ment. Here, we investigated a putative role for
bone marrow-derived cells in the induction of epi-
thelial-to-mesenchymal transition (EMT) as a
marker for onset of metastasis. In ectopic and or-
thotopic mouse models of colorectal cancer, bone
marrow-derived CD11b(Itgam)(＋)Jagged2 (Jag2)

(＋) cells infiltrated primary tumors and sur-
rounded tumor cells that exhibited diminished ex-
pression of E-cadherin and increased expression of
vimentin, 2 hallmarks of EMT. In vitro coculture
experiments showed that the bone marrow-derived
CD11b(＋)Jag2(＋) cells induced EMT through a
Notch-dependent pathway. Using neutralizing anti-
bodies, we imposed a blockade on CD11b(＋) cells'
recruitment to tumors, which decreased the tumor-
infiltrating CD11b(＋)Jag2(＋) cell population of in-
terest, decreasing tumor growth, restoring E-cad-
herin expression, and delaying EMT. In support of
these results, we found that peripheral blood levels
of CD11b(＋)Jag2(＋) cells in mouse models of col-
orectal cancer and in a cohort of untreated patients
with colorectal cancer were indicative of metastatic
disease. In patients with colorectal cancer, the pres-
ence of circulating CD11b(＋)Jag2(＋) cells was ac-
companied by loss of E-cadherin in the correspond-
ing patient tumors. Taken together, our results
show that bone marrow-derived CD11b(＋)Jag2(＋)
cells, which infiltrate primary colorectal tumors, are
sufficient to induce EMT in tumor cells, thereby
triggering onset of metastasis. Furthermore, they ar-
gue that quantifying circulating CD11b(＋)Jag2(＋)
cells in patients may offer an indicator of colorectal
cancer progression to metastatic levels of the dis-
ease.
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The goal of our laboratory is to identify novel therapeutic targets for diseases like
cancer or inflammatory diseases by studying the role inflammatory and adult stem
cells. Persistent inflammation is associated with diseases, including cancer, athe-
rosclerosis, arthritis and autoimmune diseases. We show that CD11b＋ Jagged＋
inflammatory cells aid in the proliferation, survival and epithelial-to-mesenchymal
transition process of malignant cells, promoting angiogenesis and metastasis. We
identified inflammatory cells as drivers of hematopoietic stem cell transplantation-
associated graft-versus-host disease.
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1. Novel method for efficient production of mul-
tipotential hematopoietic progenitors from hu-
man pluripotent stem cells

Feng Ma, Yasuhiro Ebihara1, Shinji Mochizuki,
Sachiyo Hanada, Emiko Matsuzaka, Yuji Zaike2,
Hiromitsu Nakauchi3, Kohichiro Tsuji4, Makoto
Otsu; 1Department of Pediatric Hematology-Oncol-
ogy, and 2Department of Laboratory Medicine, Re-
search Hospital, 3Division of Stem Cell Therapy,
Center for Stem Cell Therapy and Regenerative
Medicine, 4Department of Pediatrics, National
Hospital Organization Shinshu Ueda Medical Cen-
ter

ESC are pluripotent cells derived from the inner
cell mass of preimplantation embryos, and iPSC are
induced from somatic cells by nuclear reprogram-
ming. Since both have the ability to be maintained
in culture indefinitely as undifferentiated cells, yet
they are capable of forming more differentiated cell
types, they are expected as a novel source of hu-
man transplantable cells for the regenerative medi-
cine. We then planed to produce hematopoietic
stem cells (HSC) for therapeutic HSC transplanta-
tion and functional blood cells for transfusion
medicine from these human pluripotent stem cells.
In result, we developed a novel method for the effi-

cient production of hematopoietic progenitor cells
(HPC) from hESC and hiPSC by co-culture with
AGMS-3 stromal cells, which originate from murine
aorta-gonad-mesonephros (AGM) region at 11 to 12
dpc. In the co-culture, various hematopoietic pro-
genitors were generated, and this hematopoietic ac-
tivity was concentrated in cobblestone-like (CS)
cells within differentiated human ESC or iPSC colo-
nies. A fraction of CS cells expressed CD34 and re-
tained a potential for endothelial cells. They also
contained HPC, especially erythroid and multipo-
tential HPC at high frequency. The multipotential
HPC abundant among the CS cells produced all
types of mature blood cells, including adult type β
globin-expressing erythrocytes and tryptase and
chymase-double positive mast cells (MC). They
showed neither immature properties of PSC nor po-
tentials to differentiate into endoderm and ecto-
derm at a clonal level. The developed co-culture
system of hPSC can provide a novel source for he-
matopoietic and blood cells applicable to cellular
therapies and drug screenings.

2. Derivation of blood cells from human pluripo-
tent stem cells in culture without animal se-
rum or cells

Yasuhiro Ebihara1, Feng Ma, Shinji Mochizuki,
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Our major goal is to cure patients suffering from life-threatening diseases by the
treatment with processing of various stem cells. Currently our efforts are directed
toward the establishment of novel therapies using human pluripotent stem cells
(hPSC), such as embryonic stem cells and induced pluripotent stem cells (ESC
and iPSC, respectively), and the analysis of pathogenesis of a variety of disorders
based on disease-specific iPS cells.
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Sachiyo Hanada, Emiko Matsuzaka, Yuji Zaike2,
Hiromitsu Nakauchi3, Kohichiro Tsuji4, Makoto
Otsu

It is inevitable to establish an in vitro culture
method for the induction of hPSC, such as hESC or
hiPSC, to differentiate into mature blood cells with-
out animal serum and cells. To achieve this, we
first induced hPSC to differentiate into mesenchy-
mal stem cells (MSC). When human ES or iPS cells
cultured on murine embryonic fibroblast (MEF)
feeder cells were recultured on gelatin-coated cul-
ture dishes with platelet lysate (PL)-containing me-
dia in the absence of MEF feeder cells. Cells were
passaged several times with PL containing media,
and then MSC were induced after 6 to 8 weeks. The
MSC were spindle-like shaped, revealed a pheno-
type of CD45－, CD34－, CD14－, CD105＋, CD166＋,
CD31－, and SSEA-4－, and had the ability to dif-
ferentiate into mesenchymal tissues such as bone,
cartilage and fat in vitro. Murine MEF and undif-
ferentiated hPSC were undetectable in the hPSC-de-
rived MSC by reverse transcription polymerase
chain reaction analysis. We then cocultured hPSC
with MSC derived from hPSC themselves under se-
rum-free condition. Two weeks later, a number of
HPC appeared in the coculture. These HPC were
cultured in hematopoietic colony assay using hu-
man serum. In result, hPSC-derived HPC produced
various hematopoietic colonies, such as myeloid,
erythroid and multilineage colonies, including all
types of blood cells. The novel culture method must
be useful for the clinical application of hPSC-de-
rived blood cells.

3. Differential production of connective tissue-
type and mucosal mast cells from hESC for
anti-allergy drug screening

Feng Ma, Yang Wenyu, Yanzheng Gu, Yasuhiro
Ebihara1, Shinji Mochizuki, Sachiyo Hanada,
Emiko Matsuzaka, Hiromitsu Nakauchi3, Koh-
ichiro Tsuji4, Makoto Otsu

MC function as effector cells in allergy and atopic
disease. Therefore, anti-allergy drugs have been es-
tablished to diminish MC function. However, since
the acquisition of an abundance of human MC
(hMC) is difficult because of no culture method
producing massive hMC, most anti-allergy drugs
targeted animal MC. Thus, efficient discovery of ef-
fective anti-allergy drugs needs to establish the cul-
ture system of massive hMC. Then, hESC are con-
sidered as a potential cell source for hMC. In hu-
man, two types of MC have been characterized;
connective tissue-type and mucosal MC (CTMC
and MMC, respectively). CTMC contain tryptase,
chymase, MC carboxypeptidase and cathepsin G in
their secretory granules, are predominantly located

in normal skin and in intestinal submucosa, and in-
volve in atopic dermatitis. MMC contain tryptase in
their secretory granules, but lack the other pro-
teases, are the main type of MC in normal alveolar
wall and in small intestinal mucosa, and involve in
allergic rhinitis or bronchial asthma. Although MC
can be generated from human adult CD34＋ HPC in
vitro, these MC are mainly MMC. So far, there lacks
an evidence for the direct derivation of CTMC from
adult HPC. We achieved successful production of
hESC-derived CD34＋ HPC, using coculture with
AGMS-3 cells for 1-2 weeks. In suspension culture
favoring MC differentiation within 3 weeks, hESC-
derived progenitors generated mature MC that
shared a chymase/tryptase double positive pheno-
type and strongly expressed c-Kit, similar to human
skin derived CTMC. On the other hand, hESC-de-
rived multipotential hematopoietic progenitors ob-
tained in clonal culture developed into MC for a
longer time (over 5 weeks) and only expressed
tryptase, with no or few chymase, similar to human
CD34＋ cell-derived MMC. Since the current culture
system of hESC can produce differentially a large
number of CTMC and MMC, our study may high-
light a new understanding for MC development
and finally benefit the screening for anto-allergy
drugs.

4. Generation of disease-specific human iPS
cells

Yasuhiro Ebihara1, Shinji Mochizuki, Sachiyo
Hanada, Emiko Matsuzaka, Hiromitsu Nakauchi3,
Kohichiro Tsuji4, Makoto Otsu

Using developmental technics regarding to hu-
man pluripotent stem (iPS) cells, disease-specific
iPS cells are generating from patients with a variety
of disease. We have generated some disease-specific
iPS cells. Apart from iPS cells derived from patients
with DS or SCN mentioned above, one is from the
patient with juvenile myelomonocytic leukemia
(JMML). We employed hiPS cells derived from pa-
tients with JMML (JMML-hiPS cells). 3 JMML-hiPS
cell lines were all created from bone marrow cells
and reprogrammed by the defined 4 reprogram-
ming factors (OCT3/4, KLF4, SOX2, and c-MYC).
We generated blood cells from JMML-hiPS cells
with coculture system using AGMS-3 cells. Hema-
topoiesis especially myelopoiesis was quite facili-
tated in cells derived from JMML-iPS cells, and the
response to granulocyte macrophage-colony stimu-
lating factor (GM-CSF) for hematopoietic colony
formation was highly promoted like the recipient
BM cells. These results indicated that JMML-iPS
cells might reflect the pathophysiology of JMML.
The other is from a patient with acute myeloid leu-
kemia (AML) developed from 8p11 myeloprolifera-
tive syndrome (EMS). EMS is an aggressive chronic
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myeloproliferative disorder frequently accompanies
with T or B lymphoblastic lymphoma, and rapidly
transforms into AML. Fibroblast growth factor re-
ceptor 1 (FGFR1) has critical role in the pathogene-
sis of EMS. We produced hiPS cells derived from
this patient (EMS-hiPS cells). One EMS-hiPS cell
lines was created from bone marrow cells fibro-
blasts and reprogrammed by the defined 4 repro-
gramming factors (OCT3/4, KLF4, SOX2, and c-
MYC). We generated blood cells from EMS-hiPS

cells with coculture system using AGMS-3 cells.
EMS-iPS cells produced five-fold more hematopoie-
tic colonies (especially monocyte and erythroid line-
age) than control iPS cells. When some of FGFR1
signal inhibitor was added to the hematopoietic
culture, colony formation was suppressed with
dose increase at 1/7 level. These results indicated
that EMS-iPS cells might reflect the pathophysiol-
ogy of EMS, and EMS-iPS cells might be useful for
drug sensitivity test for treatment of EMS.
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1. Effect of ABO Blood Group Incompatibility on
the Outcome of Single-Unit Cord Blood
Transplantation after Myeloablative Condition-
ing.

Konuma T, Kato S, Ooi J, Oiwa-Monna M, Ebi-
hara Y, Mochizuki S, Yuji K, Ohno N, Kawamata
T, Jo N, Yokoyama K, Uchimaru K, Tojo A,
Takahashi S.

ABO blood group incompatibility between donor
and recipient has been associated with poor trans-
plant outcomes in allogeneic hematopoietic stem
cell transplantation. However, its effect on the out-
come of cord blood transplantation (CBT) has yet to
be clarified. We retrospectively analyzed 191 adult
patients who received single-unit CBT after
myeloablative conditioning for malignant disease in
our institute. Major mismatch showed a signifi-
cantly lower incidence of platelet engraftment com-
pared with ABO match as a reference (hazard ratio,
.57; P=.01). Nevertheless, there was no increase in
graft-versus-host disease, transplant-related mortal-
ity, and overall mortality after ABO-incompatible
CBT. These data suggested that donor-recipient
ABO incompatibility does not have a significant im-
pact on outcome after myeloablative CBT for hema-
tological malignancies

2. Single-Unit Cord Blood Transplantation after
Granulocyte Colony-Stimulating Factor-Com-
bined Myeloablative Conditioning for Myeloid
Malignancies Not in Remission.

Konuma T, Kato S, Ooi J, Oiwa-Monna M, Ebi-
hara Y, Mochizuki S, Yuji K, Ohno N, Kawamata
T, Jo N, Yokoyama K, Uchimaru K, Asano S,
Tojo A, Takahashi S.

High disease burden in myeloablative allogeneic
hematopoietic stem cell transplantation is associ-
ated with adverse outcomes in patients with acute
myelogenous leukemia (AML) and myelodysplastic
syndrome (MDS). Quiescent leukemia stem cells
could be induced to enter cell cycle by granulocyte
colony-stimulating factor (G-CSF) administration
and become more susceptible to chemotherapy. We
report on the outcome of unrelated cord blood
transplantation (CBT) using a conditioning regimen
of 12 Gy total body irradiation, G-CSF-combined
high-dose cytarabine, and cyclophosphamide in 61
adult patients with AML or advanced MDS not in
remission. With a median follow-up of 97 months,
the probability of overall survival and cumulative
incidence of relapse at 7 years were 61.4% and
30.5%, respectively. In multivariate analysis, poor-
risk cytogenetics and high lactate dehydrogenase
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We are conducting clinical stem cell transplantation, especially using unrelated
cord blood as a promising alternative donor for clinical use and investigating opti-
mal strategies to obtain the best results in this area. We are also generating pre-
clinical study to utilize virus-specific CTL for immune competent patients such as
post-transplantation. Our goal is as allogeneic transplantation to be safer thera-
peutic option and to extend for older patients.
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values at CBT were independently associated with
inferior survival. These data demonstrate that CBT
after G-CSF-combined myeloablative conditioning
is a promising curative option for patients with
myeloid malignancies not in remission.

3. Generation of Multivirus-specificT Cells by a
Single Generation of PBMCs with a Peptide
Mixture Utilizing Serum-free Medium.

Fujita Y, Takahashi S.

Extension to donors other than HLA-matched
siblings following advanced immunosuppressive
treatment has resulted in the emergence of viral in-
fections as major contributors to morbidity and
mortality after hematopoietic stem cell transplanta-
tion (HSCT). While pharmacological agents are
standard therapy for some, they have substantial
toxicities, generate resistant variants, and are fre-
quently ineffective. Moreover, immune reconstitu-
tion is necessary for long-term protection against
pathogens after HSCT. Restoration of virus-specific
immunity offers an attractive alternative to conven-
tional drugs. Adoptive transfer of virus-specific
CTLs from stem cell donors has been proved to be
safe and effective in treatment of viral infection. Re-
cently, the system for rapid generation of multivi-
rus-specific T cells has been reported (Gerdemann,
U, 2012). With this technique, polyclonal CTLs spe-
cific for multivirus antigens can be produced after
single stimulation of PBMCs with a peptide mix-
ture spanning the target antigens in the presence of
IL4 and IL7. We introduced and verified this sys-
tem to apply for clinical use in Japan. To confirm
regulation by the Japanese FDA, we attempted to
generate multivirus-specific T cells in serum-free
medium. To meet the requirement for the viral in-
fections after HSCT by broad virus species, we ex-
tended the target antigens to cytomegalovirus
(CMV), EBV, adenovirus (AdV), HHV-6, BKV, JC
virus and VZV. 20×106 of PBMCs were stimulated

with peptide mixture spanning the target antigens
of 3 (CMV, EBV, AdV) or 7 (CMV, EBV, AdV,
HHV-6, BKV, JC virus and VZV) viruses and cul-
tured in serum-free medium with cocktail of IL4
and IL7 for 9-12 days. 20×106 PBMCs were stimu-
lated with each antigen of CMV, EBV and AdV and
cultured for 9-12 days in serum free medium or in
RPMI1640 ＋ 5% human serum (HS). We obtained
average of 144.9×106 cells in RPMI with 5% HS
and average of 92.0×106 cells in serum-free me-
dium (n=4), which were statistically significant (p=
0.025). Most of the prepared cells were positive for
CD3, mainly consisted of CD4＋ central memory
cells in each condition. The average percentage of T
cell subsets were as follows; CD3＋ 97.7%, CD4＋
84.8%, CD8＋ 11.7%, CD3＋CD62L＋CD45RO＋
89.0% in RPMI＋5% HS and CD3＋98.9%, CD4＋
74.4%, CD8＋ 14.8%, CD3＋CD62L＋CD45RO＋
93.2% in serum-free medium. We observed no sig-
nificant difference in specificity toward the CMV,
EBV and AdV antigens between the cells cultured
in medium with HS and in serum-free medium.
IFN production was observed in average of 9.83%
of the prepared cells (19.1 ×106 cells) in RPMI＋5%
HS and in average of 7.93% (10.0 ×106 cells) in se-
rum-free medium when assessed by intracellular
cytokine staining (ICS). We next tried to generate 7
viruses-specific T cells in the serum-free culture
system. 20×106 PBMCs were stimulated with each
antigens of CMV, EBV, AdV, HHV-6, BKV, JC vi-
rus and VZV and cultured for 10-12 days yielding
151.9±39.6×106 cells (n=5). 95.6% of the cells after
the expansion were CD3＋ and contained both CD4
＋ and CD8＋ cells. The average percentage of CD4
positivity was 74.1% and that for CD8 was 20.8%.
80% of CD3＋ cells expressed central memory phe-
notype. These single stimulated and cultured cells
contained average of 21.2% CD4＋IFN＋ cells and
5.1% CD8＋IFN＋ cells measured by ICS and
showed specificity toward all the 7 virus antigens
(n=4).
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1. RasGRP family proteins and Leukemia

Toshihiko Oki, Jiro Kitaura, Koutarou Nishimura,
Akie Maehara, Tomoyuki Uchida, Fumio Naka-
hara, and Toshio Kitamura

The Ras guanyl nucleotide-releasing proteins
(RasGRPs) are a family of guanine nucleotide-ex-
change factors, with four members (RasGRP1-4),
which positively regulate Ras and related small
GTPases. In the previous study, we identified
RasGRP4 using expression cloning as a gene that
fully transformed IL-3-dependent HF6 cells, and
demonstrated that in a mouse bone marrow trans-
plantation (BMT) model, RasGRP4 induced acute
myeloid leukemia (AML) and/or T-ALL. On the
other hand, it has been reported that RasGRP1
transgenic mice developed thymic lymphoma or
skin tumors.
However, the roles of RasGRP family proteins in

leukemogenesis have not been investigated in de-
tail. We have recently characterized leukemogenic-
ity of RasGRP1 and 4 in details using a BMT model
(Oki et al. Leukemia 2012).
RasGRP1 exclusively induced T-cell acute lym-

phoblastic leukemia/lymphoma (T-ALL) after a
shorter latency when compared to RasGRP4. Ac-

cordingly, Ba/F3 cells transduced with RasGRP1
survived longer under growth factor withdrawal or
phorbol ester stimulation than those transduced
with RasGRP4, presumably due to the efficient acti-
vation of Ras. Intriguingly, NOTCH1 mutations re-
sulting in a gain of function were found in 77％ of
the RasGRP1-mediated mouse T-ALL samples. In
addition, gain-of-function NOTCH1 mutation was
found in human T-cell malignancy with elevated
expression of RasGRP1. Importantly, RasGRP1 and
NOTCH1 signaling cooperated in the progression
of T-ALL in the murine model. The leukemogenic
advantage of RasGRP1 over RasGRP4 was attenu-
ated by the disruption of a PKC phosphorylation
site (RasGRP1(Thr184)) which RasGRP4 is lacking.
In summary, cooperation between aberrant expres-
sion of RasGRP1, a strong activator of Ras, and sec-
ondary gain-of-function mutations of NOTCH1
plays an important role in T-cell leukemogenesis.

2. Development of new retroviral vectors.

Toshikhiko Oki, Jiro Kitaura, Tomoyuki Uchida,
Fumi Shibata-Minoshima, and Toshio Kitamura:

We previously developed an effective retroviral
transduction system consisted of vectors named as
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Our major interest is to elucidate the mechanisms of pluripotency, self-renewal
and the control of cell division and differentiation of stem cells like ES cells, iPS
cells, and hematopoietic stem cells. We have developed the retrovirus-mediated
efficient gene transfer and several functional expression cloning systems, and util-
ized these system to our experiment. We are now conducting several projects re-
lated to stem cells to characterize stem cells, clarify underling mechanisms of re-
programming, maintenance of pluripotency, and differentiation, and eventually to
develop new strategies for regenerative medicine.
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pMXs, pMYs, pMZs and pMCs and packaging cells
named as PLAT-E, PLAT-A, and PLAT-F. Based on
this system, we developed new vectors including
vectors with luciferase maker (pMX-IL), vectors for
GFP or RFP fusion proteins, vectors with lox se-
quences for deletion of inserted genes with Cre-
loxP, Tet-On and Tet-Off systems, vectors for ex-
pression, inhibition, and monitoring the expression
of miroRNA (pMXe series). We utilized these vec-
tors in studying stem cell biology and also in devel-
oping the innovative tools for regenerative medi-
cine

3. Co-ordinate control of cell division and cell
fate of by the Rho family small GTPases.

Toshihiko Oki, Kohtaro Nishimura, Toshiyuki
Kawashima, and Toshio Kitamura:

We previously identified MgcRacGAP through
functional cloning as a protein that enhances or in-
duces macrophage differentiation of leukemic cell
lines M1 and HL60. Interestingly, MgcRacGAP
plays distinct roles depending on the cell cycle. In
the interphase, it plays critical roles in activation
and nuclear translocation of STAT3 and STAT5 as a
Rac-GAP. In the mitotic phase, MgcRacGAP plays
essential roles in completion of cytokinesis as a
Rho-GAP. Interestingly, Aurora B-mediated phos-
phorylation of S387 converts MgcRacGAP from
Rac-GAP to Rho-GAP.
We have recently shown that expression of

MgcRacGAP is regulated by a cell cycle- dependent
manner: MgcRacGAP expression increases in S/G2/
M phase and decreases in early G1 phase, suggest-
ing that MgcRacGAP may play some roles in G1
check point. In addition to the transcriptional con-
trol, MgcRacGAP protein levels are controlled by
ubiquitin-dependent degradation, leading to its de-
crease in G1 phase. Using the proteome analysis
and retroviral transduction, we identified APC/
CDH1 as an E3 ligase involved in regulation of
MgcRacGAP and the degron in MgcRacGAP. Now
we are investigating the physiological roles of this
regulation. In summary, our results implicate
MgcRacGAP in coordination of cell cycle progres-
sion and cell fate determination.

4. Molecular therapy targeting signal transduc-
tion pathways using small molecule com-
pounds

Toshiyuki Kawashima, Akiho Tsuchiya, Toshihiko
Oki, Jiro Kitaura, and Toshio Kitamura:

STAT3 is frequently activated in many cancers
and leukemias, and is required for transformation
of NIH3T3 cells. Therefore, we have started search-
ing for STAT3 inhibitors. We already established an

efficient screening protocol for identification of
STAT3 inhibitors, and identified several compounds
that inhibit STAT3 activation. Through the screen-
ing of a library of small molecule compounds, we
found the compounds RJSI-1 and RJSI-2 that inhib-
ited STAT3 activation. RJSI-2 also inhibited activa-
tion of STAT1, STAT5, JAK1 and JAK2, however
RJSI-2 is not a kinase inhibitor. On the other hand,
RJSI-1 inhibited nuclear transport of phospho-
rylated STAT proteins, implicating a novel mecha-
nism in inhibiting STAT proteins. We have also
shown that these compounds are effective in a tu-
mor-burden mouse model. In addition, we collabo-
rate with a US biotech venture company in modifi-
cation of RSJI-1 for optimization to develop anti-
cancer drugs, and have developed JP1156 which
kill the tumor cells with much lower IC50.

5. Development of G0 indicator

Toshihiko Oki, Kotarou Nishimura, Jiro Kitarura,
Fumio Nakahara, Asako Sakaue-Sawano2, Atsushi
Miyawaki2, Toshio Kitamura: 2Laboratory for Cell
Function Dynamics, RIKEN, Wako, Saitama and
ERATO Miyawaki Life Function Dynamics Pro-
ject, JST.

One of the common features of the stem cells is
that they are in quiescent (G0) phase of cell cycle.
Several reports indicate that tissue specific stem
cells like hematopietic stem cells and cancer stem
cells with tumor initiating potentials are in G0
phase.
Recently we have developed the system to indi-

cate cells in G0 phase. It is a system to monitor the
amount of p27, which is destructed during G0 to
G1 phase and is not expressed in S/G2/M phase, us-
ing the cells retrovirally trasduced with the fusion
protein between a fluorescent protein like mVenus
and p27K- (a p27 mutant lacking CDK inhibitory
activities) as a similar cell cycle indicator system,
fluorescent, ubiquitination-based cell cycle indica-
tor, (Fucci). mVenus-p27K- positive cells are Ki67
negative quiescent cells and mVenus-p27K- signals
are enhanced when the cycling cell enter G0 phase
in response to serum starvation or contactinhibi-
tion.
Using this system, we identified genetic signa-

tures of G0 cells. Several genes specifically ex-
pressed in G0 cells are now being investigated in
terms of their functions and biological significance
in G0 phase. The mVenus-p27K- trasgenic mice
have also been generated to track several kinds of
tissue specific stem cells in vivo.
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Bone marrow-derived CD11b＋Jagged2＋ cells
promote epithelial-to-mesenchymal transition
and metastasization in colorectal cancer.

Francisco Caiado1, Tânia Carvalho1, Isadora
Rosa1, Leonor Remédio1, Ana Costa2, João Matos2,
Beate Heissig3,4, Hideo Yagita3, Koichi Hattori4,5,
João Pereira da Silva2, Paulo Fidalgo2, António
Dias Pereira2, Sérgio Dias1: 1Instituto de Medicina
Molecular, Edificio Egas Moniz, Faculdade de
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of Tokyo

Timely detection of colorectal cancer metastases
may permit improvements in their clinical manage-
ment. Here, we investigated a putative role for
bone marrow-derived cells in the induction of epi-
thelial-to-mesenchymal transition (EMT) as a
marker for onset of metastasis. In ectopic and or-
thotopic mouse models of colorectal cancer, bone
marrow-derived CD11b(Itgam)(＋)Jagged2 (Jag2)
(＋) cells infiltrated primary tumors and sur-
rounded tumor cells that exhibited diminished ex-

pression of E-cadherin and increased expression of
vimentin, 2 hallmarks of EMT. In vitro coculture
experiments showed that the bone marrow-derived
CD11b(＋)Jag2(＋) cells induced EMT through a
Notch-dependent pathway. Using neutralizing anti-
bodies, we imposed a blockade on CD11b(＋) cells'
recruitment to tumors, which decreased the tumor-
infiltrating CD11b(＋)Jag2(＋) cell population of in-
terest, decreasing tumor growth, restoring E-cad-
herin expression, and delaying EMT. In support of
these results, we found that peripheral blood levels
of CD11b(＋)Jag2(＋) cells in mouse models of col-
orectal cancer and in a cohort of untreated patients
with colorectal cancer were indicative of metastatic
disease. In patients with colorectal cancer, the pres-
ence of circulating CD11b(＋)Jag2(＋) cells was ac-
companied by loss of E-cadherin in the correspond-
ing patient tumors. Taken together, our results
show that bone marrow-derived CD11b(＋)Jag2(＋)
cells, which infiltrate primary colorectal tumors, are
sufficient to induce EMT in tumor cells, thereby
triggering onset of metastasis. Furthermore, they ar-
gue that quantifying circulating CD11b(＋)Jag2(＋)
cells in patients may offer an indicator of colorectal
cancer progression to metastatic levels of the dis-
ease.
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Proteases perform highly selective and limited cleavage of specific substrates in-
cluding growth factors and their receptors, cell adhesion molecules, cytokines,
apoptotic ligands and angiogenic factors. We demonstrated that protease activa-
tion is necessary for myeloid cell recruitment into ischemic tissues and cancer tis-
sues. In colorectal cancers, we identified bone marrow-derived CD11b＋ Jag-
ged2＋ cells as key regulators for the epithelial-to-mesenchymal transition process
and showed that they are indicative of metastasis.
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