
1. Long-term, immunosuppression free glycemic
control by transplantation of islets generated
by inter-species organogenesis

Yamaguchi T1, Sato H1, Kato-Itoh M1, Goto T2,
Hara H2, Sanbo M2, Kobayashi T3, Mizuno N1,
Yanagida A1, Umino A1, Ota Y5, Hamanaka S1,
Masaki H1, Tamir R D4,6, Hirabayashi M2,
Nakauchi H1,6: 1Division of Stem Cell Therapy,
Center for Stem Cell Biology and Regenerative
Medicine, Institute of Medical Science, University
of Tokyo, 2Center for Genetic Analysis of Behav-
ior, National Institute for Physiological Sciences,
3Wellcome Trust/Cancer Research UK Gurdon In-
stitute, University of Cambridge, 4Centre of Stem
Cells and Regenerative Medicine and Institute of
Liver Studies, King's College London, 5Depart-
ment of Pathology, Research Hospital, Institute of
Medical Science, University of Tokyo, 6Institute for
Stem Cell Biology and Regenerative Medicine,
Stanford University School of Medicine

The islet transplantation is one of the most prom-
ising treatments for the type 1 diabetes patients. Al-
though chronic immunosuppression is necessary to
achieve successful engraftment and long-term func-

tion of allogenic islets, immunosuppression reagent
has beta-cell toxic effects and diabetogenecity.
Therefore the generation of pancreas from patient
derived pluripotent stem cells for islet transplanta-
tion is ideal strategy for immunosuppression free
treatment and this is an ultimate goal for regenera-
tive medicine.
To achieve this, we have recently reported "blas-

tocyst complementation" for in vivo generation of
organs which is completely derived from PSCs us-
ing chimera forming ability of PSCs. In the report,
we have generated rat pancreas in mouse by inter-
specific blastocyst complementation and we found
that this pancreas was structurally and functionally
comparable to in vivo pancreas. However, in other
our report, we have found that the supporting tis-
sues such as blood vessels or nerve cells were chi-
meric in the organ which was generated by blasto-
cyst complementation. The effect of these xenogenic
supporting tissues on engraftment of organ has not
been elucidated yet.
To analyze this issue, we transplanted mouse

PSCs derived islets which were generated in apan-
creatic rat by interspecific blastocyst complementa-
tion into STZ induced diabetic mouse and meas-
ured the blood glucose level over time.
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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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The blood glucose level of the interspecific chi-
mera which possess mouse PSCs derived pancreas
was controlled normally and glucose tolerance test
revealed no abnormality in glucose clearance. As
we expectedly, the endocrine and the exocrine cells
in pancreas in interspecific chimera were entirely
derived from mouse PSCs, on the other hand, the
FACS analysis of enzymatically dispersed islets re-
vealed that vascular endothelial cells and other
supporting cells in islets were chimeric. We trans-
planted these islets that contain "xenogenic support-
ing cells" into diabetic mice and we found that the
control of normal blood glucose level can be
achieved over 370 days without chronic immuno-
suppression.
These results indicate that "xenogenic supporting

cells" do not influence the successful engraftment
and function of islets which are generated in xeno-
genic animal.

2. Inhibition of Apoptosis Overcomes Stage-Re-
lated Compatibility Barriers to Chimera For-
mation in Mouse Embryos

Masaki H1, Kato-Itoh M1, Takahashi Y2, Umino
A1, Sato H1, Ito K1, Yanagida A1, Nishimura T2,
Yamaguchi T1, Hirabayashi M3, Era T4, Loh KM5,
Wu SM6, Weissman IL5, Nakauchi H7: 1Center for
Stem Cell Biology and Regenerative Medicine, In-
stitute of Medical Science, University of Tokyo,
2Institute for Stem Cell Biology and Regenerative
Medicine, Department of Genetics, Stanford Uni-
versity School of Medicine, 3Center for Genetic
Analysis of Behavior, National Institute for Physi-
ological Sciences, 4Department of Cell Modulation,
Institute of Molecular Embryology and Genetics,

Kumamoto University, 5Institute for Stem Cell Bi-
ology and Regenerative Medicine and Ludwig
Center for Cancer Stem Cell Biology and Medi-
cine, Departments of Pathology and Developmen-
tal Biology, Stanford University School of Medi-
cine, 6Stanford Cardiovascular Institute, Division
of Cardiovascular Medicine, Department of Medi-
cine, Institute for Stem Cell Biology and Regen-
erative Medicine and Child Health Research Insti-
tute, Stanford University School of Medicine

Cell types more advanced in development than
embryonic stem cells, such as EpiSCs, fail to con-
tribute to chimeras when injected into pre-implan-
tation-stage blastocysts, apparently because the in-
jected cells undergo apoptosis. Here we show that
transient promotion of cell survival through expres-
sion of the anti-apoptotic gene BCL2 enables
EpiSCs and Sox17＋ endoderm progenitors to inte-
grate into blastocysts and contribute to chimeric
embryos. Upon injection into blastocyst, BCL2-ex-
pressing EpiSCs contributed to all bodily tissues in
chimeric animals while Sox17＋ endoderm progeni-
tors specifically contributed in a region-specific
fashion to endodermal tissues. In addition, BCL2
expression enabled rat EpiSCs to contribute to
mouse embryonic chimeras, thereby forming inter-
species chimeras that could survive to adulthood.
Our system therefore provides a method to over-
come cellular compatibility issues that typically re-
strict chimera formation. Application of this type of
approach could broaden the use of embryonic chi-
meras, including region-specific chimeras, for basic
developmental biology research and regenerative
medicine.
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1. An assessment of the effects of ectopic gp91
phox expression in XCGD iPSC-derived neu-
trophils

Huan-Ting Lin, Makoto Otsu, Hideki Masaki, To-
moyuki Yamaguchi, Taizo Wada, Akihiro Yachie,
Ken Nishimura, Manami Ohtaka, Mahito Nakani-
shi, Hiromitsu Nakauchi

For the treatment of monogenetic hematological
disorders, restoration of transgene expression in af-
fected cell populations is generally considered to
have beneficial effects. However, X-linked chronic
granulomatous disease (XCGD) is unique since the
appearance of functional neutrophils in the periph-
eral blood following hematopoietic stem cell gene
therapy is transient only. One contributing factor
could be the occurrence of detrimental effects sec-
ondary to ectopic gp91phox expression in neutro-
phils, which has not been formally demonstrated
previously. This study uses iPSCs to model XCGD,
which allows the process of differentiation to be
studied intensely in vitro. Alpharetroviral vectors
carrying a ubiquitous promoter were used to drive
the "ectopic" expression of codon optimized gp91
phox cDNA. In the mature fraction of neutrophils
differentiated from transduced XCGD-iPSCs, cellu-

lar recovery in terms of gp91phox expression and
ROS production was abruptly lost before cells had
fully differentiated. Most critically, ectopic gp91
phox expression could be identified clearly in the
developing fraction of the transduced groups,
which appeared to correspond with reduced cell vi-
ability. It is possible that this impedes further dif-
ferentiation of developing neutrophils. Therefore af-
fording cellular protection from the detrimental ef-
fects of ectopic gp91phox expression may improve
XCGD clinical outcomes.

2. Application of droplet digital PCR for estimat-
ing vector copy number states in stem cell
gene therapy

Huan-Ting Lin, Takashi Okumura, Yukinori Ya-
tsuda, Satoru Ito, Hiromitsu Nakauchi, and Mako-
to Otsu

Stable gene transfer into target cell populations
via integrating viral vectors is widely used in stem
cell gene therapy (SCGT). Accurate vector copy
number (VCN) estimation has become increasingly
important. However, existing methods of estima-
tion such as real-time quantitative PCR are more re-
stricted in practicality especially during clinical tri-

Center for Stem Cell Biology and Regenerative Medicine

Stem Cell Bank
ステムセルバンク

Associate Professor Makoto Otsu, M.D., Ph.D.
Project Assistant Professor Chen-Yi Lai, Ph.D.

准教授 大 津 真
特任助教 頼 貞 儀

Stem cells represent a valuable cell source in the field of regenerative medicine.
Pluripotent stem cells are newly emerging types of stem cells that may be utilized
either for the basic research or to cure the diseases. In this laboratory, we have
been focusing especially on the utilization of induced pluripotent stem cells as a
research platform to elucidate pathophysiology of intractable diseases based on
their proper modeling. Our eventual goal is to establish safe and efficacious treat-
ment for the patients suffering from various types of diseases currently with no
curative treatment available.
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als, given the limited availability of sample materi-
als from patients. This study demonstrates the ap-
plication of an emerging technology called droplet
digital PCR (ddPCR) in estimating VCN states in
the context of SCGT. Induced pluripotent stem cells
(iPSCs) derived from an X-linked chronic granulo-
matous disease patient were used as clonable target
cells for transduction with alpharetroviral vectors
harboring codon-optimized CYBB cDNA. Precise
primer-probe design followed by multiplex analysis
conferred assay specificity. Accurate estimation of
per cell VCN values was possible without reliance
upon a reference standard curve. Sensitivity was
high and the dynamic range of detection was wide.
Assay reliability was validated by observation of
consistent, reproducible, and distinct VCN cluster-
ing patterns for clones of transduced iPSCs with
varying numbers of transgene copies. Taken to-
gether, use of ddPCR appears to offer a practical
and robust approach to VCN estimation with a
wide range of clinical and research applications.

3. Multiple allogeneic progenitors in combina-
tion function as a unit to support early tran-
sient hematopoiesis in transplantation

Takashi Ishida, Satoshi Takahashi, Chen-Yi Lai,
Masanori Nojima, Ryo Yamamoto, Emiko Takeu-
chi, Yasuo Takeuchi, Masaaki Higashihara, Hiro-
mitsu Nakauchi, and Makoto Otsu

Cord blood (CB) is a valuable donor source in
hematopoietic cell transplantation. However, the in-
itial time to engraftment in CB transplantation
(CBT) is often delayed because of low graft cell
numbers. This limits the use of CB. To overcome
this cell dose barrier, we modeled an "insufficient
dose" CBT setting in lethally irradiated mice and
then added hematopoietic stem/progenitor cells
(HSCs/HPCs; HSPCs) derived from 4 mouse alloge-
neic strains. The mixture of HSPCs rescued recipi-
ents and significantly accelerated hematopoietic re-
covery. Including T cells from one strain favored
single-donor chimerism through graft versus graft
reactions, with early hematopoietic recovery unaf-
fected. Furthermore, using clinically relevant proce-
dures, we successfully isolated a mixture of CD34＋
cells from multiple frozen CB units at one time re-
gardless of HLA-type disparities. These CD34＋

cells in combination proved transplantable into im-
munodeficient mice. This work provides proof of
concept that when circumstances require support of
hematopoiesis, combined multiple units of?alloge-
neic?HSPCs are capable of early hematopoietic re-
constitution while allowing single-donor hema-
topoiesis by a principal graft.

4. Pre-transplantation blockade of TNF--medi-
ated oxygen species accumulation protects
hematopoietic stem cells

Takashi Ishida, Sachie Suzuki, Chen-Yi Lai, Sato-
shi Yamazaki, Shigeru Kakuta, Yoichiro Iwakura,
Masanori Nojima, Yasuo Takeuchi, Masaaki Hi-
gashihara, Hiromitsu Nakauchi, and Makoto Otsu

Hematopoietic stem cell (HSC) transplantation
(HSCT) for malignancy requires toxic pre-condition-
ing to maximize anti-tumor effects and donor-HSC
engraftment. While this induces bone marrow
(BM)-localized inflammation, how this BM environ-
mental change affects transplanted HSCs in vivo re-
mains largely unknown. We here report that, de-
pending on interval between irradiation and HSCT,
residence within lethally irradiated recipient BM
compromises donor-HSC reconstitution ability.
Both in vivo and in vitro we demonstrate that,
among inflammatory cytokines, TNF- plays a role
in HSC damage: TNF- stimulation leads to accu-
mulation of reactive oxygen species (ROS) in highly
purified hematopoietic stem/progenitor cells (HSCs/
HSPCs). Transplantation of flow-cytometry - sorted
murine HSCs reveals damaging effects of accumu-
lated ROS on HSCs. Short-term incubation either
with an specific inhibitor of tumor necrosis factor
receptor 1 signaling or an antioxidant N-acetyl-L-
cysteine (NAC) prevented TNF--mediated ROS ac-
cumulation in HSCs. Importantly, pre-transplanta-
tion exposure to NAC successfully demonstrated
protective effects in inflammatory BM on graft-
HSCs, exhibiting better reconstitution capability
than that of non-protected control grafts. We thus
suggest that in vivo protection of graft-HSCs from
BM inflammation is a feasible and attractive ap-
proach, which may lead to improved hematopoietic
reconstitution kinetics in transplantation with
myeloablative conditioning that inevitably causes
inflammation in recipient BM.

Publications

1. Ishida T, Suzuki S, Lai CY, Yamazaki S, Kakuta
S, Iwakura Y, Nojima M, Takeuchi Y, Higashi-
hara M, Nakauchi H, Otsu M. Pre-Transplanta-
tion Blockade of TNF-alpha-Mediated Oxygen
Species Accumulation Protects Hematopoietic
Stem Cells. Stem Cells. 2016 10.1002/stem.2524.

2. Ishida T, Takahashi S, Lai CY, Nojima M,
Yamamoto R, Takeuchi E, Takeuchi Y, Higashi-
hara M, Nakauchi H, Otsu M. Multiple alloge-
neic progenitors in combination function as a
unit to support early transient hematopoiesis in
transplantation. J Exp Med. 2016; 213: 1865-80.
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tive preconditioning with ACK2 (anti-c-kit anti-
body) is efficient in bone marrow transplantation
for murine models of mucopolysaccharidosis
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2016.08.003.
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Yumiko Ishii, Sayaka Yamane, Azusa Fujita

Center for Stem Cell Biology and Regenerative Medicine
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教 授 中 内 啓 光
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The FACS Core Laboratory provides high quality, cost effective state-of-art flow
cytometry services for internal and external researchers. The facility has three BD
FACSAria cell sorters, a SONY SH800 cell sorter for sorting, a BD FACSCalibur
and a BD FACSVerse for analysis. We offer assistance in the following areas: (1)
initial project planning, (2) antibody panel design and optimization, (3) instrument
operation and maintenance, and (4) data analysis.
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1. An assessment of the effects of ectopic gp91
phox expression in XCGD iPSC-derived neu-
trophils

Huan-Ting Lin, Makoto Otsu, Hideki Masaki, To-
moyuki Yamaguchi, Taizo Wada, Akihiro Yachie,
Ken Nishimura, Manami Ohtaka, Mahito Nakani-
shi, Hiromitsu Nakauchi

For the treatment of monogenetic hematological
disorders, restoration of transgene expression in af-
fected cell populations is generally considered to
have beneficial effects. However, X-linked chronic
granulomatous disease (XCGD) is unique since the
appearance of functional neutrophils in the periph-
eral blood following hematopoietic stem cell gene
therapy is transient only. One contributing factor
could be the occurrence of detrimental effects sec-
ondary to ectopic gp91phox expression in neutro-
phils, which has not been formally demonstrated
previously. This study uses iPSCs to model XCGD,
which allows the process of differentiation to be
studied intensely in vitro. Alpharetroviral vectors
carrying a ubiquitous promoter were used to drive
the "ectopic" expression of codon optimized gp91
phox cDNA. In the mature fraction of neutrophils
differentiated from transduced XCGD-iPSCs, cellu-
lar recovery in terms of gp91phox expression and

ROS production was abruptly lost before cells had
fully differentiated. Most critically, ectopic gp91
phox expression could be identified clearly in the
developing fraction of the transduced groups,
which appeared to correspond with reduced cell vi-
ability. It is possible that this impedes further dif-
ferentiation of developing neutrophils. Therefore af-
fording cellular protection from the detrimental ef-
fects of ectopic gp91phox expression may improve
XCGD clinical outcomes.

2. Application of droplet digital PCR for estimat-
ing vector copy number states in stem cell
gene therapy

Huan-Ting Lin, Takashi Okumura, Yukinori Ya-
tsuda, Satoru Ito, Hiromitsu Nakauchi, and Mako-
to Otsu

Stable gene transfer into target cell populations
via integrating viral vectors is widely used in stem
cell gene therapy (SCGT). Accurate vector copy
number (VCN) estimation has become increasingly
important. However, existing methods of estima-
tion such as real-time quantitative PCR are more re-
stricted in practicality especially during clinical tri-
als, given the limited availability of sample materi-
als from patients. This study demonstrates the ap-

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell Processing
幹細胞プロセシング分野

Associate Professor Makoto Otsu, M.D., Ph.D.
Project Assistant Professor Chen-Yi Lai, Ph.D.

准教授 大 津 真
特任助教 頼 貞 儀

Stem cells represent a valuable cell source in the field of regenerative medicine.
Hematopoietic stem cells represent a valuable cell sorce for transplantation medi-
cine, with which many diseases including primary immunodeficiency and hema-
tologic malignancies can expect life-long cure by reconstitution of healthy hema-
topoiesis. Our eventual goal is to establish safe and efficacious transplantation
strategies in a form of either allogeneic transplantation or gene therapy using au-
tologous hematopoietic stem cells after gene correction.
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plication of an emerging technology called droplet
digital PCR (ddPCR) in estimating VCN states in
the context of SCGT. Induced pluripotent stem cells
(iPSCs) derived from an X-linked chronic granulo-
matous disease patient were used as clonable target
cells for transduction with alpharetroviral vectors
harboring codon-optimized CYBB cDNA. Precise
primer-probe design followed by multiplex analysis
conferred assay specificity. Accurate estimation of
per cell VCN values was possible without reliance
upon a reference standard curve. Sensitivity was
high and the dynamic range of detection was wide.
Assay reliability was validated by observation of
consistent, reproducible, and distinct VCN cluster-
ing patterns for clones of transduced iPSCs with
varying numbers of transgene copies. Taken to-
gether, use of ddPCR appears to offer a practical
and robust approach to VCN estimation with a
wide range of clinical and research applications.

3. Multiple allogeneic progenitors in combina-
tion function as a unit to support early tran-
sient hematopoiesis in transplantation

Takashi Ishida, Satoshi Takahashi, Chen-Yi Lai,
Masanori Nojima, Ryo Yamamoto, Emiko Takeu-
chi, Yasuo Takeuchi, Masaaki Higashihara, Hiro-
mitsu Nakauchi, and Makoto Otsu

Cord blood (CB) is a valuable donor source in
hematopoietic cell transplantation. However, the in-
itial time to engraftment in CB transplantation
(CBT) is often delayed because of low graft cell
numbers. This limits the use of CB. To overcome
this cell dose barrier, we modeled an "insufficient
dose" CBT setting in lethally irradiated mice and
then added hematopoietic stem/progenitor cells
(HSCs/HPCs; HSPCs) derived from 4 mouse alloge-
neic strains. The mixture of HSPCs rescued recipi-
ents and significantly accelerated hematopoietic re-
covery. Including T cells from one strain favored
single-donor chimerism through graft versus graft
reactions, with early hematopoietic recovery unaf-
fected. Furthermore, using clinically relevant proce-
dures, we successfully isolated a mixture of CD34＋
cells from multiple frozen CB units at one time re-
gardless of HLA-type disparities. These CD34＋
cells in combination proved transplantable into im-

munodeficient mice. This work provides proof of
concept that when circumstances require support of
hematopoiesis, combined multiple units of alloge-
neic HSPCs are capable of early hematopoietic re-
constitution while allowing single-donor hema-
topoiesis by a principal graft.

4. Pre-transplantation blockade of TNF--medi-
ated oxygen species accumulation protects
hematopoietic stem cells

Takashi Ishida, Sachie Suzuki, Chen-Yi Lai, Sato-
shi Yamazaki, Shigeru Kakuta, Yoichiro Iwakura,
Masanori Nojima, Yasuo Takeuchi, Masaaki Hi-
gashihara, Hiromitsu Nakauchi, and Makoto Otsu

Hematopoietic stem cell (HSC) transplantation
(HSCT) for malignancy requires toxic pre-condition-
ing to maximize anti-tumor effects and donor-HSC
engraftment. While this induces bone marrow
(BM)-localized inflammation, how this BM environ-
mental change affects transplanted HSCs in vivo re-
mains largely unknown. We here report that, de-
pending on interval between irradiation and HSCT,
residence within lethally irradiated recipient BM
compromises donor-HSC reconstitution ability.
Both in vivo and in vitro we demonstrate that,
among inflammatory cytokines, TNF- plays a role
in HSC damage: TNF- stimulation leads to accu-
mulation of reactive oxygen species (ROS) in highly
purified hematopoietic stem/progenitor cells (HSCs/
HSPCs). Transplantation of flow-cytometry - sorted
murine HSCs reveals damaging effects of accumu-
lated ROS on HSCs. Short-term incubation either
with an specific inhibitor of tumor necrosis factor
receptor 1 signaling or an antioxidant N-acetyl-L-
cysteine (NAC) prevented TNF--mediated ROS ac-
cumulation in HSCs. Importantly, pre-transplanta-
tion exposure to NAC successfully demonstrated
protective effects in inflammatory BM on graft-
HSCs, exhibiting better reconstitution capability
than that of non-protected control grafts. We thus
suggest that in vivo protection of graft-HSCs from
BM inflammation is a feasible and attractive ap-
proach, which may lead to improved hematopoietic
reconstitution kinetics in transplantation with
myeloablative conditioning that inevitably causes
inflammation in recipient BM.

Publications

1. Ishida T, Suzuki S, Lai CY, Yamazaki S, Kakuta
S, Iwakura Y, Nojima M, Takeuchi Y, Higashi-
hara M, Nakauchi H, Otsu M. Pre-Transplanta-
tion Blockade of TNF-alpha-Mediated Oxygen
Species Accumulation Protects Hematopoietic
Stem Cells. Stem Cells. 2016 10.1002/stem.2524.

2. Ishida T, Takahashi S, Lai CY, Nojima M,

Yamamoto R, Takeuchi E, Takeuchi Y, Higashi-
hara M, Nakauchi H, Otsu M. Multiple alloge-
neic progenitors in combination function as a
unit to support early transient hematopoiesis in
transplantation. J Exp Med. 2016; 213: 1865-80.
10.1084/jem.20151493.

3. Koso H, Tsuhako A, Lai CY, Baba Y, Otsu M,
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Ueno K, Nagasaki M, Suzuki Y, Watanabe S.
Conditional rod photoreceptor ablation reveals
Sall1 as a microglial marker and regulator of mi-
croglial morphology in the retina. Glia. 2016; 64:
2005-24. 10.1002/glia.23038.

4. Lin HT, Okumura T, Yatsuda Y, Ito S, Nakauchi
H, Otsu M. Application of Droplet Digital PCR
for Estimating Vector Copy Number States in
Stem Cell Gene Therapy. Hum Gene Ther Meth-

ods. 2016; 27: 197-208. 10.1089/hgtb.2016.059.
5. Yokoi T, Yokoi K, Akiyama K, Higuchi T, Shi-

mada Y, Kobayashi H, Sato T, Ohteki T, Otsu M,
Nakauchi H, Ida H, Ohashi T. Non-myeloabla-
tive preconditioning with ACK2 (anti-c-kit anti-
body) is efficient in bone marrow transplantation
for murine models of mucopolysaccharidosis
type II. Mol Genet Metab. 2016 10.1016/j.ymgme.
2016.08.003.
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1. Second allogeneic transplantation using unre-
lated cord blood for relapsed hematological
malignancies after allogeneic transplantation.

Konuma T, Kato S, Ooi J, Ebihara Y, Mochizuki
S, Ishii H, Takei T, Oiwa-Monna M, Tojo A,
Takahashi S.

The efficacy of second allogeneic stem cell trans-
plantation (SCT2) using cord blood (CB) for pa-
tients with relapsed hematological malignancies af-
ter initial allogeneic stem cell transplantation (SCT
1) is unknown. We analyzed the results of SCT2 us-
ing single-unit unrelated CB in 34 adult patients
with relapsed hematological malignancies after SCT
1 in our institution. The patients had acute myeloid
leukemia (n＝23), acute lymphoblastic leukemia (n
＝7), chronic myelogenous leukemia (n＝2), and
myelodysplastic syndrome (n＝2). The cumulative
incidence of neutrophil and platelet engraftment
was 81.6％ at 30 days and 68.5％ at 100 days, re-
spectively. With a median follow-up of 40 months,
the probability of overall survival at 3 years was
29.0％. The cumulative incidence of relapse and
transplant-related mortality at 3 years were 60.7％
and 27.2％, respectively. The use of CB could offer
the opportunity to receive SCT2 for patients who
experienced disease relapse after SCT1 without

HLA-identical related or unrelated donors.

2. Breakthrough fungemia due to Candida fer-
mentati with fks1p mutation under micafungin
treatment in a cord blood transplant recipient.

Konuma T, Takahashi S, Kiyuna T, Miharu Y,
Suzuki M, Shibata H, Kato S, Takahashi S, Tojo
A.

The prophylactic use of antifungal drugs in allo-
geneic hematopoietic cell transplant recipients has
revealed that the rate of non-albicans candidemia
has increased. We herein report the case of a pa-
tient with adult T-cell leukemia who developed
candidemia due to Candida fermentati during mi-
cafungin treatment after cord blood transplantation.
The isolate was identified on day 47 by sequencing
of the internal transcribed spacer region of the ribo-
somal RNA gene. The sequencing of the hot spot
region of fks1p of isolate revealed naturally occur-
ring amino acid substitutions, which conferred re-
duced echinocandin susceptibility. This case high-
lights that breakthrough candidemia due to C. fer-
mentati occurred in a patient receiving micafungin
treatment.

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell Transplantation
幹細胞移植分野

Professor Arinobu Tojo, M.D., D.M.Sc.
Associate Professor Satoshi Takahashi, M.D., D.M.Sc.

教 授 医学博士 東 條 有 伸
准教授 医学博士 高 橋 聡

We are conducting clinical stem cell transplantation, especially using cord blood
as a promising alternative donor for clinical use and investigating optimal strate-
gies 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 therapeutic
option and to extend for older patients.
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3. Generation of multivirus-specific T cells by a
single stimulation of PBMCs with a peptide
mixture utilizing serum free medium

Fujita Y, Tanaka 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). The degree of risk for infection is dic-
tated by the degree of tissue mismatch between do-
nor and recipient, and the resultant degree of im-
munosuppression. Reactivation of latent viruses
such as cytomegalovirus (CMV), Epstein-Barr virus
(EBV), herpes simplex and herpes zoster are com-
mon and often cause symptomatic disease. Respira-
tory viruses such as adenovirus, influenza and res-
piratory symptomatic virus also frequently cause
infection. While pharmacological agents are stan-
dard therapy for some, they have substantial toxici-
ties, generate resistant variants, and frequently inef-
fective and costly. Moreover, immune reconstitution
is necessary for long-term protection especially after
HSCT. As the delay in recovery of virus-specific
cellular immune response is cleary associated with
viral reactivation and disease, cellular immunother-
apy to restore virus-specific immunity offers an at-
tractive alternative to conventional drugs. Adoptive
transfer of virus-specific lymphocytes (VSTs) from
stem cell donors has been proved to be safe and ef-
fective to treat viral infection.
Manufacture of VSTs requires preparation of spe-

cialized antigen presenting cells (APCs), uses vi-
ruses or viral vectors to provide vial antigens to
present on APCs. Recent report from a group of
Baylor College of Medicine has introduced a new

method to generate multiple VSTs by direct stimu-
lation of peripheral blood mononuclear cells
(PBMCs) with peptides to replace the complex and
lengthy process above.
By this method, VSTs can be prepared by single

stimulation with non-viral products and contain
polyclonal mixture of T cells specific for a large
number of epitopes in a multiple pathogenic vi-
ruses, which reduces the risk of immune escape by
viral escape mutants and meet the requirement to
treat viral infection after HSCT which occurs by
broad pathogens. Moreover this method is as sim-
ple and fast as possible and takes only 10-14 days
for preparation which makes it clinically useful.
With this method, polyclonal CTLs specific for mul-
tivirus antigens can be produced after single stimu-
lation of PBMCs with a peptide mixture spanning
the target antigens in the presence of IL4 and IL7.
We have introduced and verified this system to

apply for clinical use in Japan.
The culture media for T cell expansion used in

the studies reported by Baylor College of Medicine
are supplemented with fetal bovine serum (FBS).
While these serum products are traditionally used
to expand T cells to promote cell growth and vi-
ability, there are some countries which the use of
serum product is not allowed. Also, uncharacter-
ized elements contained in the serum products may
cause inconsistency in results from batch to batch.
Cell expansion in serum-free media would there-
fore be preferable.
To meet the requirement for the viral infections

after HSCT by broad viral antigens and in terms of
regulation by the Japanese FDA, we established the
method to generate multivirus-specific T cells tar-
geting 7 viruses (CMV, EBV, AdV, HHV-6, BKV,
JCV, and VZV) in serum-free medium.

Publications

Konuma T, Kato S, Ooi J, Ebihara Y, Mochizuki S,
Ishii H, Takei T, Oiwa-Monna M, Tojo A, Taka-
hashi S. Second allogeneic transplantation using
unrelated cord blood for relapsed hematological
malignancies after allogeneic transplantation.
Leuk Lymphoma. 2016; 57(1): 103-9. doi: 10.3109/
10428194.2015.1045900. Epub 2015 May 25.

Ishii H, Konuma T, Kato S, Oiwa-Monna M, Tojo
A, Takahashi S. Impact of hematogones on the
long-term outcomes of single-unit cord blood
transplantation for adult patients. Leuk Lym-
phoma. 2016 May 17: 1-9.

Ishida T, Takahashi S, Lai CY, Nojima M,
Yamamoto R, Takeuchi E, Takeuchi Y, Higashi-
hara M, Nakauchi H, Otsu M. Multiple allogeneic
progenitors in combination function as a unit to
support early transient hematopoiesis in trans-

plantation. J Exp Med. 2016 Aug 22; 213(9): 1865-
80. doi: 10.1084/jem.20151493. Epub 2016 Aug 8.

Yasu T, Konuma T, Kato S, Kurokawa Y, Takahashi
S, Tojo A. Different effects of lansoprazole and
rabeprazole on the plasma voriconazole trough
levels in allogeneic hematopoietic cell transplant
recipients. Ann Hematol. 2016 Aug 18. [Epub
ahead of print]

Konuma T, Miyazaki Y, Uchida N, Ohashi K,
Kondo T, Nakamae H, Takahashi S, Mori T,
Ozawa Y, Kato C, Iwato K, Fukuda T, Ichinohe
T, Atsuta Y, Ishiyama K; Adult Myelodysplastic
Syndrome Working Group of the Japan Society
for Hematopoietic Cell Transplantation (JSHCT).
Outcomes of Allogeneic Hematopoietic Stem Cell
Transplantation in Adult Patients with Myelodys-
plastic Syndrome Harboring Trisomy 8. Biol
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Blood Marrow Transplant. 2016 Oct 21. pii: S
1083-8791 (16) 30429-3. doi: 10.1016/j.bbmt.2016.
10.015. [Epub ahead of print]

Konuma T, Takahashi S, Kiyuna T, Miharu Y,
Suzuki M, Shibata H, Kato S, Takahashi S, Tojo

A. Breakthrough fungemia due to Candida fer-
mentati with fks1p mutation under micafungin
treatment in a cord blood transplant recipient.
Transpl Infect Dis. 2016 Nov 15. doi: 10.1111/tid.
12634. [Epub ahead of print]
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1. Developing Analysis Tools for Cell Cycle and
Cell Division of Hematopoietic Stem Cells:
MgcRacGap - hmKusabiraOrange 2 ( MRG -
hmKuO2) fusion protein for midbody marker.

Yosuke Tanaka, Takeshi Fukushima, Toshihiko
Oki, Kotarou Nishimura, Asako Sakaue-Sawano1,
Atsushi Miyawaki1, Toshio Kitamura: 1Laboratory
for Cell Function Dynamics, RIKEN, Wako, Sai-
tama and ERATO Miyawaki Life Function Dy-
namics Project, JST.

Previously, we reported that MgcRacGap is a
marker for midbody and that MgcRacGap-mVenus
fusion protein visualized asymmetric inheritance
and release of midbody during cytokinesis
(Nishimura et al., 2013). We retrovirally introduced
MRG-hmKuO2 into hematopoietic stem cells
(HSCs), in order to examine whether midbody
asymmetric inheritance and release is involved with
asymmetric division of HSCs. HSCs showed high
frequency of midbody release during cytokinesis in
culture. Interestingly, one daughter cell releasing
midbody differentiated earlier than the other
daughter cell inheriting midbody. We generated
Cre-inducible MRG-hmKuO2 mouse line. Briefly,
the MRG-hmKuO2 fusion gene is inserted into Rosa
26 locus following a loxP-NEO-STOP-loxP cassette,
in order to visualize asymmetric inheritance and re-

lease of midbody in vivo without retroviral infec-
tion. Crossing MRG-hmKuO2 mice with Vav-Cre
mice, MRG-hmKuO2 nicely marked midbody
asymmetric inheritance and release in HSCs in cul-
ture. We are planning to do paired-daughter assay
using HSCs from MRG-hmKuO2 mice to examine
whether inheritance and release of midbody link to
asymmetric division of HSCs.

2. Developing Analysis Tools for Cell Cycle and
Cell Division of Hematopoietic Stem Cells: A
novel G0 marker, mVenus-p27K- and its
transgenic mouse

Takeshi Fukushima, Yosuke Tanaka, Toshihiko
Oki, Kotarou Nishimura, Asako Sakaue-Sawano1,
Atsushi Miyawaki1, Toshio Kitamura: 1Laboratory
for Cell Function Dynamics, RIKEN, Wako, Sai-
tama and ERATO Miyawaki Life Function Dy-
namics Project, 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.
We have developed a novel G0 marker, mVenus-

p27K- (Oki et al, 2013). The mVenus-p27K- clearly

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell Signaling
幹細胞シグナル制御部門

Professor Toshio Kitamura, M.D., D.M.Sc. 教 授 医学博士 北 村 俊 雄

Our major interest is to elucidate the mechanisms of pluripotency, self-renewal
and the control of cell division and differentiation of hematopoietic stem and pro-
genitor cells. We have developed the retrovirus-mediated efficient gene transfer
and several functional expression cloning systems, and utilized these system to
our experiments. We are now conducting several projects related to stem cells to
characterize stem cells, clarify underling mechanisms of maintenance of pluripo-
tency, and differentiation.
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marked G0 and very early G1 in NIH3T3 cells. To
examine G0 status in HSCs, we generated a Cre-in-
ducible mVenus-p27K- mouse line that carried
mVenus-p27K- fusion gene in Rosa26 locus follow-
ing a loxP-NEO-STOP-loxP cassette. After crossing
with Vav-Cre mice, we analyzed mVenus-p27K- ex-
pression in HSCs. We expected most of the HSCs
are mVenus-p27K- positive because most of the
HSCs are dormant. However, three different popu-
lations (mVenus-p27K-high (70％), mVenus-p27K-
low (20％), mVenus-p27K-negative (10％)) were
given from HSC fraction (CD150＋CD48-cKit＋Sca-
1＋Lineage-). These three populations were in G0
stage judged by Pyronin Y/Hoechst double-staining.
To examine difference among these three popula-
tions, we performed bone marrow reconstitution as-
say. To our surprise, only mVenus-p27K-high
population showed bone marrow reconstitution
ability. Moreover, mVenus-p27K-high population
was only detected in HSC fraction in the bone mar-
row, not in other hematopoietic fractions. This indi-
cates that our mVenus-p27K- marker could be a
good marker for isolation of transplantable HSCs.
To characterize differences among the three frac-
tions in HSCs, we are now performing single-cell
RNASeq analysis. We plan to do small-cell Mass
Spec and metabolome analysis for these cell frac-
tions. We also plan to examine where mVenus-p27
K-high HSCs locate in bone marrow using 4D im-
aging.

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

Toshihiko Oki, Kohtaro Nishimura, Yousuke Ta-
naka, Takeshi Fukushima, 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.

Publications

Kadono, M., Kanai, A., Nagamachi, A., Shinriki, S.,
Kawata, J., Iwato, K., Kyo, T., Oshima, K., Yoko-
yama, A., Kawamura, T., Nagase, R., Inoue, D.,
Kitamura, T., Inaba, T., Ichinohe, T., and Matsui,
H. (2016) Biological implications of somatic DDX
41 p.R525H mutation in acute myeloid leukemia.
Exp Hematol 44: 745-754.

Inoue, D., Nishimura, K., Matsumoto, M., Nagase,
R., Saika, M., Fujino, T., Nakayama, K-I. and
Kitamura, T. (2016) Truncation mutants of ASXL1
observed in myeloid malignancies are expressed
at detectable protein levels. Exp. Hematol. 44:
172-176.

Matsukawa, T., Izawa, K., Isobe, M., Takahashi, M.,
Maehara, A., Yamanishi, Y., Kaitani, A., Oku-
mura, K., Teshima, T., ＊Kitamura, T. and ＊Kita-
ura, J. (2016) Ceramido-CD300f binding sup-
presses experimental colitis by inhibiting ATP-
mediated mast cell activation. Gut 65: 777-787.

Goyama, S., Schibler, J., Gasilina, A., Shrestha, M.,
Lin, S., Link, KA., Chen, J., Whitman, SP., Bloom-
field, C.D., Nicolet, D., Assi, S.A., Ptasinska, A.,

Heidenreich, O., Bonifer, C., Kitamura, T., Nas-
sar, N.N., Mulloy, J.C. (2016) UBASH3B/Sts-1-
CBL axis regulates myeloid proliferation in hu-
man preleukemia induced by AML1-ETO. Leuke-
mia 30: 728-739.

Kitamura, T., Watanabe-Okochi, N., Enomoto, Y.,
Nakahara, F., Oki, T., Komeno, Y., Kato, N.,
Doki, N., Uchida, T., Kagiyama, Y., Togami, K.,
Kawabata, K.C., Nishimura, K., Hayashi, Y.,
Nagase, R., Saika, M., Fukushima, T., Asada, S.,
Fujino, T., Izawa, Y., Horikawa, S., Fukuyama, T.,
Tanaka, Y., Ono, R., Goyama, S., Nosaka, T.,
Kitaura, J., and Inoue D. (2016) Novel working
hypothesis for pathogenesis of hematological ma-
lignancies: combination of mutations-induced cel-
lular phenotypes determines the disease (cMIP-
DD). J. Biochem. 159: 17-25.

Moritake H, Obara M, Saito Y, Kashimada A, Taka-
gi M, Funakoshi-Tago M, Fukuyama T, Yoshioka
M, Inoue A, Komatsu, Nishitoh H, Kataoka H,
and ＊Nunoi H. Mouse model identifies major fa-
cilitator superfamily domain containing 2a as a
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critical transporter in the response to tunicamy-
cin. Human Cell in press.

Goyama, S., Shrestha, M., Schibler, J., Rosenfeldt,
L., Miller, W., O'Brien, E., Mizukawa, B., Kita-
mura, T., ＊Palumbo, JS., and ＊Mulloy, J.C. Pro-
tease-activated receptor 1 inhibits proliferation
but enhances leukemia stem cell activity in acute

myeloid leukemia. Oncogene (in press)
Shan, L., Mulloy, J.C., and ＊Goyama, S. AML1-ETO
leukemia. RUNX Proteins in Development and
Cancer. (in press)

＊Goyama, S. and Kitamura, T. Epigenetics in Nor-
mal and Malignant Hematopoiesis: An Overview
and Update 2017. (in press)
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1. Fibrinolytic crosstalk with endothelial cells
expands murine mesenchymal stromal cells

Douaa Dhahri1, Kaori Sato-Kusubata1, Makiko
Ohki-Koizumi1, Chiemi Nishida1, Yoshi Tashiro2,
Shinya Munakata2, Hiroshi Shimazu2, Yousef
Salama1 , Salita Eiamboonsert1 , Hiromitsu
Nakauchi1, Koichi Hattori2, and Beate Heissig1.:
1Division of Stem Cell Dynamics, Center for Stem
Cell Biology and Regenerative Medicine, The In-
stitute of Medical Science, The University of To-
kyo, 2Division of Stem Cell Regulation, The Insti-
tute of Medical Science, The University of Tokyo;
Center for Genome and Regenerative Medicine,
Juntendo University School of Medicine, Tokyo.

Tissue plasminogen activator (tPA), aside from its
vascular fibrinolytic action, exerts various effects
within the body, ranging from synaptic plasticity to
control of cell fate. Here, we observed that by acti-
vating plasminogen and matrix metalloproteinase-9,
tPA expands murine bone marrow-derived CD45
(－)TER119(－)Sca-1(＋)PDGFR(＋) mesenchymal

stromal cells (PS-MSCs) in vivo through a cros-
stalk between PS-MSCs and endothelial cells.
Mechanistically, tPA induces the release of Kit
ligand from PS-MSCs, which activates c-Kit(＋)
endothelial cells to secrete MSC growth factors:
platelet-derived growth factor-BB (PDGF-BB) and
fibroblast growth factor 2 (FGF2). In synergy, FGF2
and PDGF-BB upregulate PDGFR expression in
PS-MSCs, which ultimately leads to PS-MSC ex-
pansion. These data show a novel mechanism by
which the fibrinolytic system expands PS-MSCs
through a cytokine crosstalk between niche cells.

2. Cancer therapy targeting the fibrinolytic sys-
tem

Beate Heissig1, Salita Eiamboonsert1, Yousef
Salama1, Horoshi Shimazu1, Douaa Dhahri1, Shin-
ya Munakata2, Yoshi Tashiro2, Koichi Hattori2.:
1Division of Stem Cell Dynamics, Center for Stem
Cell Biology and Regenerative Medicine, The In-
stitute of Medical Science, The University of To-
kyo, 2Division of Stem Cell Regulation, The Insti-

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell Dynamics
幹細胞ダイナミクス解析分野

Associate Professor Beate Heissig, M.D. 准教授 医学博士 ハイジッヒ，ベアーテ

Proteases perform highly selective and limited cleavage of specific substrates in-
cluding growth factors and their receptors, cell adhesion molecules, cytokines,
apoptotic ligand and angiogenic factors. The goal of our laboratory is to identify
novel therapeutic targets for diseases like cancer or inflammatory diseases by
studying the role of proteases and microenvironmental cells for inflammation, tis-
sue regeneration and adult stem cells. Blood cell generation (hematopoiesis), tis-
sue regeneration during wound healing or cancer growth depend on the establish-
ment of a cellular microenvironment. Mesenchymal stem cells (MSC) are part of
this cellular microenvironment, where they functionally modulate cell homing, angi-
ogenesis, and immune modulation. We demonstrated that the fibrinolytic system
with its main representative, the serine protease plasmin modulates the hema-
topoietic microenvironment by expanding MSC and endothelial cells, and thereby
is an active "niche modulator".
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tute of Medical Science, The University of Tokyo;
Center for Genome and Regenerative Medicine,
Juntendo University School of Medicine, Tokyo.

The tumor microenvironment is recognized as a
key factor in the multiple stages of cancer progres-
sion, mediating local resistance, immune-escape
and metastasis. Cancer growth and progression re-
quire remodeling of the tumor stromal microenvi-
ronment, such as the development of tumor-associ-
ated blood vessels, recruitment of bone marrow-de-
rived cells and cytokine processing. Extracellular
matrix breakdown achieved by proteases like the fi-
brinolytic factor plasmin and matrix metallopro-

teases is necessary for cell migration crucial for can-
cer invasion and metastasis. Key components of the
fibrinolytic system are expressed in cells of the tu-
mor microenvironment. Plasmin can control growth
factor bioavailability, or the regulation of other pro-
teases leading to angiogenesis, and inflammation.
In this review, we will focus on the role of the fibri-
nolytic system in the tumor microenvironment
summarizing our current understanding of the role
of the fibrinolytic factors for the modulation of the
local chemokine/cytokine milieu, resulting in
myeloid cell recruitment, which can promote
neoangiogenesis.

Publications

<Beate Heissig Group>
1. Dhahri, D,. Sato-Kusubata, K,. Ohki-Koizumi,

M,. Nishida, C,. Tashiro, Y,. Munakata, S,. Shi-
mazu, H,. Salama, Y,. Eiamboonsert, S, .
Nakauchi, H,. Hattori, K,. and Heissig, B. Fibri-
nolytic crosstalk with endothelial cells expands

murine mesenchymal stromal cells. Blood, 128:
1063-75, 2016.

2. Heissig, B,. Eiamboonsert, S,. Salama, Y,. Shi-
mazu, H,. Munakata, S,. Tashiro, Y,. and Hattori,
K#. Cancer therapy targeting the fibrinolytic sys-
tem. Adv Drug Deliv Rev, 1: 99: 172-9, 2016.
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1. Probing the Metabolic Heterogeneity of Live
Euglena gracilis with Stimulated Raman Scat-
tering Microscopy

Yoshifumi Wakisaka1, Yuta Suzuki2, Osamu
Iwata3, Ayaka Nakashima3, Takuro Ito4,5, Misa Hi-
rose6, Ryota Domon6, Mai Sugawara6, Norimichi
Tsumura6, Hiroshi Watarai7, Tomoyoshi Shi-
mobaba8, Kengo Suzuki3, Keisuke Goda1,9,10 and
Yasuyuki Ozeki2: 1Department of Chemistry, Uni-
versity of Tokyo, 2Department of Electrical Engi-
neering and Information Systems, University of
Tokyo, 3Research & Development Department,
Euglena Co., Ltd, 4Institute for Advanced Bi-
osciences, Keio University, 5Graduate School of
Media and Governance, Keio University, 6Depart-
ment of Information Processing and Computer
Science, Chiba University, 7Division of Stem Cell
Cellomics, Center for Stem Cells and Regenerative
Medicine, University of Tokyo, 8Department of
Electrical and Electronics Engineering, Chiba Uni-
versity, 9Department of Electrical Engineering,
University of California, 10Japan Science and Tech-
nology Agency.

Understanding metabolism in live microalgae is
crucial for efficient biomaterial engineering, but
conventional methods fail to evaluate heterogene-
ous populations of motile microalgae due to the la-
belling requirements and limited imaging speeds.
Here, we demonstrate label-free video-rate metabo-
lite imaging of live Euglena gracilis and statistical
analysis of intracellular metabolite distributions un-
der different culture conditions. Our approach pro-
vides further insights into understanding microal-
gal heterogeneity, optimizing culture methods and
screening mutant microalgae.

2. Zinc Transporter SLC39A7/ZIP7 Promotes In-
testinal Epithelial Self-Renewal by Resolving
ER Stress.

Wakana Ohashi1,2, Shunsuke Kimura3, Toshihiko
Iwanaga3, Yukihiro Furusawa4,5, Tarou Irie6, Hi-
ronori Izumi7, Takashi Watanabe8, Atsushi Hiji-
kata9 , Takafumi Hara10 , Osamu Ohara8,11 ,
Haruhiko Koseki12, Toshiro Sato13, Sylvie Robine14,
Hisashi Mori7, Yuichi Hattori2, Hiroshi Watarai15,
Kenji Mishima6, Hiroshi Ohno16, Koji Hase4,5,
Toshiyuki Fukada1,6,10: 1RIKEN Center for Integra-

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell Cellomics
幹細胞セロミクス分野

Project Associate Professor Hiroshi Watarai, Ph.D. 特任准教授 医学博士 渡 会 浩 志

Single cell analysis has become increasingly important for cellular biologists doing
basic, translational, and clinical research. It was once believed that cell popula-
tions were homogeneous, but the latest evidence shows that heterogeneity does
in fact exist even within small cell populations. Gene expression measurements
based on the homogenized cell population are misleading averages and don't ac-
count for the small but critical changes occurring in individual cells. Individual cells
can differ dramatically in size, protein levels, and expressed RNA transcripts, and
these variations are key to answering previously irresolvable questions in cancer
research, stem cell biology, immunology, and developmental biology. We are also
trying to develop new advanced techniques by the integration of photonics, chem-
istry, electrical engineering, mechanical engineering, bioinformatics, and others.
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tive Medical Sciences, 2Department of Molecular
and Medical Pharmacology, Graduate School of
Medicine and Pharmaceutical Sciences, University
of Toyama, 3Laboratory of Histology and Cytol-
ogy, Graduate School of Medicine, Hokkaido Uni-
versity, Sapporo, Hokkaido, Japan, 4Division of
Biochemistry, Faculty of Pharmacy, Keio Univer-
sity, 5Division of Mucosal Barriology, International
Research and Development Center for Mucosal
Vaccines, The Institute of Medical Science, The
University of Tokyo, 6Division of Pathology, De-
partment of Oral Diagnostic Sciences, School of
Dentistry, Showa University, 7Department of Mo-
lecular Neuroscience, Graduate School of Medicine
and Pharmaceutical Sciences, University of
Toyama, 8Laboratory for Integrative Genomics,
RIKEN Center for Integrative Medical Sciences,
9Nagahama Institute of Bio-Science and Technol-
ogy, Tamura, Nagahama, 10Molecular and Cellular
Physiology, Faculty of Pharmaceutical Sciences,
Tokushima Bunri University, 11Department of
Technology Development, Kazusa DNA Research
Institute, 12Laboratory for Developmental Genetics,
RIKEN Center for Integrative Medical Sciences,
Yokohama, Kanagawa, Japan, 13Department of
Gastroenterology, School of Medicine, Keio Uni-
versity, 14Equipe de Morphogenese et Signalisation
cellulaires UMR 144 CNRS/Institut Curie, 15Divi-
sion of Stem Cell Cellomics, Center for Stem Cells
and Regenerative Medicine, The Institute of Medi-
cal Science, The University of Tokyo, 16Laboratory
for Intestinal Ecosystem, RIKEN Center for Inte-
grative Medical Sciences

Zinc transporters play a critical role in spatiotem-
poral regulation of zinc homeostasis. Although dis-
ruption of zinc homeostasis has been implicated in
disorders such as intestinal inflammation and aber-
rant epithelial morphology, it is largely unknown
which zinc transporters are responsible for the in-
testinal epithelial homeostasis. Here, we show that
Zrt-Irt-like protein (ZIP) transporter ZIP7, which is
highly expressed in the intestinal crypt, is essential
for intestinal epithelial proliferation. Mice lacking
Zip7 in intestinal epithelium triggered endoplasmic
reticulum (ER) stress in proliferative progenitor
cells, leading to significant cell death of progenitor
cells. Zip7 deficiency led to the loss of Olfm4＋ in-
testinal stem cells and the degeneration of post-mi-
totic Paneth cells, indicating a fundamental require-
ment for Zip7 in homeostatic intestinal regenera-
tion. Taken together, these findings provide evi-
dence for the importance of ZIP7 in maintenance of
intestinal epithelial homeostasis through the regula-
tion of ER function in proliferative progenitor cells
and maintenance of intestinal stem cells. Therapeu-
tic targeting of ZIP7 could lead to effective treat-
ment of gastrointestinal disorders.

3. Invariant Natural Killer T Cells Play Dual
Roles in the Development of Experimental
Autoimmune Uveoretinitis.

Masashi Satoh1, Ken-ichi Namba2, Nobuyoshi Ki-
taichi3, Noriko Endo1, Hirokuni Kitamei2, Daiju
Iwata2, Shigeaki Ohno2, Susumu Ishida2, Kazunori
Onoe4, Hiroshi Watarai5,6, Masaru Taniguchi7, Ta-
tsuro Ishibashi8, Joan Stein-Streilein9, Koh-Hei
Sonoda9,10, Luc Van Kaer11, Kazuya Iwabuchi1:
1Department of Immunology, Kitasato University
School of Medicine, 2Department of Ophthalmol-
ogy, Hokkaido University Graduate School of
Medicine, 3Department of Ophthalmology, Health
Sciences University of Hokkaido, 4Division of Im-
munobiology, Research Section of Pathophysiol-
ogy, Institute for Genetic Medicine, Hokkaido Uni-
versity, 5Division of Stem Cell Cellomics, The In-
stitute of Medical Science, The University of To-
kyo, Tokyo, Japan, 6Precursory Research for Em-
bryonic Science and Technology (PRESTO), Japan
Science and Technology Agency (JST), 7RIKEN
Research Center for Allergy and Immunology,
8Department of Ophthalmology, Faculty of Medi-
cine, Kyushu University Graduate School of Medi-
cal Science, 9Schepens Eye Research Institute,
Harvard Medical School, Boston, 10Department of
Ophthalmology, Yamaguchi University Graduate
School of Medicine, 11Department of Pathology,
Microbiology and Immunology, Vanderbilt Uni-
versity School of Medicine, Nashville, TN, USA

Experimental autoimmune uveoretinitis (EAU)
represents an experimental model for human endo-
genous uveitis, which is caused by Th1/Th17 cell-
mediated inflammation. Natural killer T (NKT) cells
recognize lipid antigens and produce large amounts
of cytokines upon activation. To examine the role of
NKT cells in the development of uveitis, EAU was
elicited by immunization with a peptide from the
human interphoto receptor retinoid-binding protein
(hIRBP1－20) in complete Freund's adjuvant and
histopathology scores were evaluated in C57BL/6
(WT) and NKT cell-deficient mice. NKT cell-defi-
cient mice developed more severe EAU pathology
than WT mice. When WT mice were treated with
ligands of the invariant subset of NKT cells (-Gal-
Cer or RCAI-56), EAU was ameliorated in mice
treated with RCAI-56 but not -GalCer. IRBP-spe-
cific Th1/Th17 cytokines were reduced in RCAI-56-
treated compared with vehicle-treated mice. Al-
though the numbers of IRBP-specific T cells de-
tected by hIRBP3－13/I-Ab tetramers in the spleen and
the draining lymph node were the same for vehicle
and RCAI-56 treatment groups, RORt expression
by tetramer-positive cells in RCAI-56-treated mice
was lower than in control mice. Moreover, the eyes
of RCAI-56-treated mice contained fewer IRBP-spe-
cific T cells compared with control mice. These re-
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sults suggest that invariant NKT (iNKT) cells sup-
press the induction of Th17 cells and infiltration of
IRBP-specific T cells into the eyes, thereby reducing
ocular inflammation. However, in sharp contrast to
the ameliorating effects of iNKT cell activation dur-
ing the initiation phase of EAU, iNKT cell activa-
tion during the effector phase exacerbated disease
pathology. Thus, we conclude that iNKT cells ex-
hibit dual roles in the development of EAU.

4. Depleting Dietary Valine Permits Nonmyeloab-
lative Mouse Hematopoietic Stem Cell Trans-
plantation.

Yuki Taya1, Yasunori Ota2, Adam C. Wilkinson1,3,
Ayano Kanazawa1, Hiroshi Watarai4, Masataka
Kasai1, Hiromitsu Nakauchi1,3, Satoshi Yamazaki1:
1Division of Stem Cell Therapy, Center for Stem
Cell Biology and Regenerative Medicine, The In-
stitute of Medical Science, University of Tokyo,
2Department of Pathology, Research Hospital, The
Institute of Medical Science, University of Tokyo,
3Institute for Stem Cell Biology and Regenerative
Medicine, Stanford University School of Medicine,
4Division of Stem Cell Cellomics, Center for Stem
Cell Biology and Regenerative Medicine, The In-
stitute of Medical Science, University of Tokyo.

A specialized bone marrow microenvironment
(niche) regulates hematopoietic stem cell (HSC) self-
renewal and commitment. For successful donor-
HSC engraftment, the niche must be emptied via
myeloablative irradiation or chemotherapy. How-
ever, myeloablation can cause severe complications
and even mortality. Here we report that the essen-
tial amino acid valine is indispensable for the pro-
liferation and maintenance of HSCs. Both mouse
and human HSCs failed to proliferate when cul-
tured in valine-depleted conditions. In mice fed a
valine-restricted diet, HSC frequency fell dramati-
cally within 1 week. Furthermore, dietary valine re-
striction emptied the mouse bone marrow niche

and afforded donor-HSC engraftment without
chemoirradiative myeloablation. These findings in-
dicate a critical role for valine in HSC maintenance
and suggest that dietary valine restriction may re-
duce iatrogenic complications in HSC transplanta-
tion.

5. Elucidation and Control of the Mechanisms
Underlying Chronic Inflammation Mediated by
Invariant Natural Killer T Cells.

Hiroshi Watarai: Division of Stem Cell Cellomics,
Center for Stem Cell Biology and Regenerative
Medicine, The Institute of Medical Science, Uni-
versity of Tokyo.

Invariant natural killer T (iNKT) cells are a sub-
population of T lymphocytes with unique specifici-
ties against (glyco) lipids presented in the context
of CD1d belonging to major histocompatibility
complex (MHC) class Ib. They recognize microbi-
ally encoded or synthetic glycolipids directly
through their CD1d-restricted T-cell receptors
(TCRs) other than microbial components or lipids
including pathogen-associated molecular patterns
(PAMPs) and bacterial superantigens. Once acti-
vated, iNKT cells participate as early effectors and/
or regulators of immune responses. Immunoregula-
tory cytokines produced in copious amounts by
these cells target a wide range of downstream effec-
tor cells and help shape the ensuing immune re-
sponses. Mammals comprise various numbers and
isoforms of CD1d molecules, suggesting that (glyco)
lipid presentation is a rapidly evolving component
of the immune system, which adapts to environ-
mental threats. Recent progress in our understand-
ing of CD1d-restricted iNKT cells contributes to
their true potentials in immunotherapeutic applica-
tions for various diseases. Recent findings about
iNKT cell subtypes, iNKT1, 2, 17, 10, and their roles
in pathological inflammation are also introduced
and discussed.

Publications

1. Wakisaka, Y., Suzuki, Y., Iwata, O., Nakashima,
A., Ito, T., Hirose, M., Domon, R., Sugawara, M.,
Tsumura, N., Watarai, H., Shimobaba, T.,
Suzuki, K., Goda, K., and Ozeki, Y. Probing the
metabolic heterogeneity of live Euglena gracilis
with label-free microscopy. Nature Microbiology 1:
16124, 2016. doi: 10.1038/nmicrobiol.2016.124.

2. Satoh, M., Namba, K., Kitaichi, N., Endo, N., Ki-
tamei, H., Iwata, D., Ohno, S., Ishida, S., Onoé,
K., Watarai, H., Taniguchi, M., Ishibashi, T.,
Stein-Streilein, J., Sonoda, K., Van Kaer, L., and
Iwabuchi, K. Protective role of invariant natural
killer T cells in the development of experimental

autoimmune uveoretinitis. Experimental Eye Re-
search 153: 79-89, 2016. doi: 10.1016/j.exer.2016.10.
003.

3. Ohashi, W., Kimura, S., Iwanaga, T., Furusawa,
Y., Irié, T., Izumi, H., Watanabe, T., Hijikata, A.,
Hara, T., Ohara, O., Koseki, H., Sato, T., Robine,
S., Mori, H., Hattori, Y., Watarai, H., Mishima,
K., Ohno, H., Hase, K., and Fukada, T. Zinc
transporter SLC39A7/ZIP7 promotes intestinal
epithelial self-renewal by resolving ER stress.
PLOS Genetics 12(10): e1006349, 2016. doi:
10.1371/journal.pgen.1006349.

4. Taya, Y., Ota, Y., Wilkinson, A.C., Kanazawa, A.,
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Watarai, H., Kasai, M., Nakauchi, H., and
Yamazaki S. Depleting dietary valine permits
mouse hematopoietic stem cell transplantation.
Science 354(6316): 1152-1155, 2016. doi: 10.1126/
science.aag3145.

5. Watarai, H. Elucidation and control of the
mechanisms underlying chronic inflammation
mediated by invariant natural killer T cells.
Springer. Chronic Inflammation. pp345-356, 2016.
doi: 10.1007/978-4-431-56068-5_27.
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