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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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Development of Technology in 2012-2013
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(1) Development of methods for ex vivo
expansion of hematopoietic stem cells
Ex vivo expansion of hematopoietic stem cells (HSCs) has long
been a challenging and important goal for wide clinical use.
However, little is known about the molecular mechanisms
underlying HSC growth and differentiation. We generated
transgenic mice expressing a fluorescent ubiquitination-based
cell-cycle indicator (Fucci), which consists of mKO2-hCdt1
(G1-Red) and mAG-hGeminin (S/G2/M-Green), for a better
understanding of the biology of HSCs. Analysis of HSC fraction
(CD34-KSL: CD34-/c-Kit+/Sca-1+/Lineage-) confirmed that
more than 95% of the cells are in GO/G1 phase although

mKO2-hCdtl (G1-Red) was heterogeneously expressed. An in
vivo competitive repopulation assay revealed that repopulating
activity resided largely in the Red++ cell population. This result
indicated that HSCs can be further purified on the basis of the
fluorescence intensity of the Fucci.
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Fig. 1A Analysis of HSC fraction in Fucci transgenic mice

(2) Investigation of the molecular mechanisms
underlying 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
technology for reprogramming cells. We succeeded in
generation of iPS cells using lentiviral vectors expressing five
factors (Oct3/4, Sox2, K1f4, c-Myc, and Lin28) and
non-integrating lentiviral vector for transient expression of
SV40 large T antigen together with two chemical compounds,
though the efficiency of iPS cell generation was quite low.
There was no difference between iPS cells from senescent cells
and control iPS cells for cell growth and morphology up to
passage 50 as well as global gene expression profiles and DNA
methylation status. We now analyze cellular senescence of
fibroblasts differentiated from iPS cells.

Werner syndrome (WS) is an autosomal recessive disease
characterized by premature aging and relatively common in
Japan. We succeeded in generation of iPS cells from fibroblasts
derived from a WS patient using lentiviral vectors expressing
four factors and Glis1. Fibroblasts differentiated from WS iPS
cells showed increased accumulation of DNA damage as seen in
fibroblasts from WS patients. WS iPS cells could be useful for
investigating the pathogenic mechanisms of WS and cellular
senescence.
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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 74
scientists in 2012 via DNA Bank. We have constructed a variety
of lentiviral vectors for generating iPS cells and succeeded in
generating iPS cells from various cells in collaboration with
many laboratories inside and outside of BRC.
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Fig. B

Results of in vivo competitive repopulation assay
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