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Goal

Stem cells are defined as undifferentiated cells capable of making identical copies of
themselves and giving rise to specialized cells that make up the tissues and organs of the body.
The potential use of stem cells for regenerative therapy is enormous, but before they can be
used clinically, the mechanisms that regulate their proliferation and differentiation must be
clarified. We are studying to identify the signals that control hematopoietic stem cell fate and
hope to develop technologies for manipulating stem cells in vitro.

Activities

1. Molecular basis of hematopoietic stem cell proliferation and differentiation (Figure 1)
2. Studies on stem cell plasticity (Figure 2)
3. Development of technology for manipulating embryonic stem cells
4. Development of lentiviral vectors for stem cell biology (Figure 1)
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Figure 1.
Stem cells are defined as undifferentiated cells capable of both self-renewal and
committed differentiation into one or more lineage subsets. Before they can be used
clinically, it is important to understand the molecular mechanisms that control their
proliferation and differentiation.
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1. Plasticity of Hematopoietic Stem Cells
In many adult tissues, self-renewing multipotent stem cells are maintained and serve to
replace cells that have a limited life span or to regenerate cells after injury. Such tissue-specific
stem cells were believed to be limited to generate the specific types of cells present in the
tissue in which the stem cell resides. However many recent reports have suggested that
tissue-specific stem cells can transdifferentiate into other cell types, termed ‘stem cell plasticity’
. To determine whether hematopoietic stem cells (HSCs) have plasticity, a single HSC from
GFP transgenic mice was transplanted into lethally irradiated non-transgenic mice and
analyzed various tissues form engrafted recipients. GFP-positive cells were hardly detected
in all nonhematopoietic cells analyzed including endothelial cells in tumor angiogenesis
and regenerated muscle and liver. Our results indicate that transdifferentiation of HSCs into
nonhematopoietic cells is extremely rare event even if HSCs have plasticity.

2. Correlation Between Telomere Length and Proliferative Capacity of Hematopoietic
Stem Cells
Hematopoietic stem cells (HSCs) are defined as clonogenic cells capable of both self-renewal
and multilineage differentiation. Telomeres are thought to be involved in chromosomal
integrity and cellular proliferative capacity. Although progressive telomere shortening
has been observed in human hematopoietic cells during aging and after bone marrow
transplantation, a correlation between telomere length and proliferative capacity of HSCs
remains to be elucidated. To investigate this issue, we measured telomere length by flow-FISH
after HSC transplantation and assessed repopulating activity by competitive repopulation
assay using HSCs from wild-type mice and mice lacking the telomerase catalytic subunit
(TERT) gene. Telomere length decreased with increasing generations of TERT-/- mice and
even TERT+/- mice. Surprisingly, the rate of telomere shortening after transplantation was
not significantly different between mice reconstituted with single HSC from wild-type mice
and TERT-/- mice. Telomere length did not much shorten when transplanted with 100
HSCs from wild-type mice or TERT-/- mice. Competitive repopulation assay revealed that
the repopulating activity decreased along with telomere shortening in HSCs. Single HSC
and 10 HSCs from third generation TERT-/- mice failed to reconstitute mice. Our results
indicate that telomere length in HSCs constantly shorten with cell divisions because of an
incomplete telomerase activity although TERT mRNA could be detected in HSCs by RT-PCR.
The proliferative capacity of HSCs is inversely correlated with telomere length. Telomere
shortening to a critical length may limit the life span of HSCs.
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3. Development of Technology to Direct the Differentiation of Mouse Embryonic
Stem (ES) Cells into Hematopoietic Cells
It is well known that ES cells can differentiate into hematopoietic cells in vitro. However,
primitive hematopoietic progenitors derived from ES cells have been failed to repopulate
hematopoiesis in lethally irradiated mice. Recently, it has been reported that ectopic expression
of HoxB4 in primitive progenitors from ES cells promotes the expansion of hematopoietic
populations with definitive hematopoietic stem cell potential. We are trying to confirm the
result and trying to improve the technology as well.

4. Development of Technology to Manipulate Primate ES Cells
ES cells have the potential to generate replacement cells for damaged or diseased tissues
and organs. Although more is known about mouse ES cells, all of that information cannot
be translated to the understanding of human ES cells. Experiments using other primate ES
cells will be required before direct patient application of therapies using human ES cells is
realized. We are developing technologies to maintain primate ES cells and trying to direct their
differentiation.

5. Development of Lentiviral Vectors for Basic Research
Lentiviral vectors have been developed for gene therapy targeting nondividing cells. We
have made several modifications to lentiviral vectors for using basic research. Introduction
of cPPT (central polypurine tract) and WPRE (woodchuck hepatitis virus posttranscriptional
regulatory element) resulted in increasing of transduction efficiencies and expression levels,
respectively. We have constructed tet-inducible vectors and cre-lox vectors to control transgene
expression. We have also developed siRNA expressing vectors. Now we are trying to put
cDNA library into lentiviral vectors and establish expression cloning system.
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Figure 2.
Many recent reports have suggested that tissue-specific stem cells, especially bone
marrow-derived stem cells, can transdifferentiate into other cell types, termed 'stem
cell plasticity'. However, the phenomenon is not thoroughly understood.
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