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~The number and frequency of HSCs significantly increased in old mice,

although repopulating ability was reduced. Wild-type mouse
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H Development of lentiviral vectors and theiruse in  stem cell research
|,

Development of lentiviral vectors Generation and analysis of iPS cells

*Generation of transgenic monkeys
*Gene transfer into

germline stem cells, |
HSCs, T cells, etc.

*Generating iPS cells from fibroblasts
*Generation and analysis of iPS cells from
senescent cells

*Shuttle vectors for cDNA and siRNA expression
*Vectors containing various marker genes
*Vectors with various promoters

Tet-inducible and Cre-loxP vector system

Stem cells are defined as primitive cells capable of both self-renewal and multi-lineage differentiation. In recent years, stem
cells have received much attention for their use in regenerative therapy. We study the molecular mechanisms that regulate

stem cell fate and hopes to develop technologies for manipulating stem cells in vitro.
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(1) Development of methods for ex vivo expansion
of hematopoietic stem cells

Hematopoietic stem cell (HSC) function is known to decline

during replicative stress such as serial transplantation, ex vivo

culture with cytokines, or even normal aging. This may

represent a difficulty of ex vivo expansion of HSCs without loss
of stem cell activity. Therefore, understanding the mechanisms
of HSC aging would provide useful information in achieving ex
vivo expansion of HSCs. We investigated age-related changes in
the functional and phenotypic properties of murine HSCs. The
number and frequency of HSCs significantly increased in old
mice, although repopulating ability of HSCs was reduced, which
is consistent with other previous studies. HSCs in old mice
exhibited a significant delay in cell cycle progression. When
cultured in vitro, HSCs from old mice showed a greater capac-
ity to give rise to cells with a primitive cell surface phenotype
and reduced HSC activity. These results suggest that the
increased number of HSCs in old mice may compensate for the
decline in individual HSC activity and thus maintain steady-
state hematopoiesis.

To investigate the hematopoietic cell-specific effect of mitochon-
drial respiration defects, we performed transplantation analysis
using a mouse model of mitochondrial disease. The results
showed that mitochondrial respiration defects resulted in a
significant decrease in the total number and repopulating
activity of bone marrow cells, although the number of hemato-
poietic stem and progenitor cells (HSPCs) increased. Our
findings indicate that mitochondrial respiration defects modu-
late differentiation but not proliferation of HSPCs.
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*Non-integrating vectors
Vectors for generating iPS cells

Human fibroblasts

iPS cells
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(2) Investigation of the molecular mechanisms under-
lying cellular senescence

Most mammalian somatic cells have a limited replicative
potential and therefore they undergo a terminal growth arrest
after a finite number of divisions in culture, a process termed
cellular senescence. To establish conditions for stable and
infinite expansion of cultured cells, we study the molecular
mechanisms underlying cellular senescence using the technol-
ogy for reprogramming cells. Currently, we generate induced
pluripotent stem (iPS) cells from senescent human fibroblasts
and characterize global gene expression profiles and epigenetic
status.
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(3) Development of lentiviral vectors and their use in
stem cell research

We have made many modifications to lentiviral vectors for
using basic research and distributed these vectors to more than
350 Japanese and overseas scientists. In recent years, we have
constructed several lentiviral vectors for generating iPS cells.
Using non-integrating lentiviral vectors for transient expression
of SV40 large T antigen or shRNA targeting p53, we were able
to significantly increase the efficiency of iPS cell generation. We
have also developed an “all-in-one” tetracycline-inducible lentivi-
ral vector system for inducible ¢cDNA expression, and have
demonstrated that this vector system can be used to generate
iPS cells.

One of the successful results from collaborative work is the
generation of transgenic monkeys by injecting a lentiviral
vector containing the GFP transgene into embryos of the
common marmoset, and the transgene has been passed to the
next generation for the first time in the world.

42

43



