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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 dif-
ferentiation 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.

1. Gene expression analysis of hematopoietic
stem cells

Gene expression profiling of hematopoietic stem cells
(HSCs) would be worthwhile to elucidate the regulatory
mechanisms of self-renewal and preservation of multi-
lineage differentiation potential of HSCs. We have car-
ried out gene expression profiling by microarray in rig-
orously purified long-term self-renewing HSCs (LT-HSCs)
and short-term self-renewing HSCs (ST-HSCs). Genes
that seem to play an important role in self-renewing HSCs
will be analyzed by transferring cDNA or siRNA (small
interfering RNA) of corresponding genes into HSCs using
lentiviral vectors.
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2. Studies on the plasticity and reprogramming
of tissue-specific stem cells

(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 gen-
erate 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 transdifferen-
tiate into other cell types. To determine whether HSCs
have plasticity, a single HSC from GFP transgenic mice
was transplanted into lethally irradiated non-transgenic
mice and analyzed various tissues from engrafted recipi-
ents. GFP-positive cells were hardly detected in the non-
hematopoietic cells analyzed. Our results indicate that
transdifferentiation of HSCs into nonhematopoietic cells is
an extremely rare event even if HSCs have plasticity. We
are now evaluating the therapeutic effect of bone marrow
transplantation on renal failure of mice carrying mutant
mitochondrial DNA.

(2) Reprogramming of tissue-specific stem cells by nu-
clear transfer

Cloning by nuclear transfer has enormous potential ap-
plications. However, somatic cell cloning has been ineffi-
cient and developmental abnormalities are frequently ob-
served. So far ES cells have proven to be the most effective
cell type for somatic cloning. It has been therefore sug-
gested that tissue-specific stem cells may serve as efficient
nuclear donors. To address this issue, we performed nu-
clear transfer using HSCs as donors. The results showed
that the cloning efficiency of HSCs was lower than that
of the differentiated somatic cell types tested. HSC nuclei
may rarely be reprogrammed on transfer into the oocyte.

3. Development of lentiviral vectors for basic
research

Lentiviral vectors have been developed for gene therapy
targeting nondividing cells. We have made several modi-
fications to lentiviral vectors for use in basic research. It
is important to choose an optimal promoter for transgene
expression. We have shown that lentiviral vectors are ca-
pable of efficient gene transfer into mouse and monkey ES
cells and the EF-1a promoter facilitates efficient expres-
sion of the GFP transgene. We have generated transgenic
mice by injecting lentiviral vectors with several promot-
ers into the perivitelline space of single-cell embryos, and
analysis of each promoter activity in various tissues is now
in progress.

Using siRNA expressing lentiviral vectors, we have
shown that downregulating PPAR~y gene expression re-
sulted in inhibition of preadipocyte-to-adipocyte differen-
tiation. To facilitate tetracycline-regulated expression of
siRNA, we have constructed lentiviral vectors containing
the tetracycline operator site in the H1 promoter and the
tetracycline repressor gene.

4. Functional analysis of Fc a/u receptor in IgA
nephropathy

Fc a/uR, which binds both IgM and IgA, is expressed
on the majority of immune cells and is involved in the pri-
mary stages of the immune response to microbes. There-
fore, Fc a/puR may play an important role in the initial
stages of immunity. Fc¢ a/uR is also detected in non-
hematopoietic organs including the kidney. IgA nephropa-
thy is the most common form of glomerulonephritis, lead-
ing to progressive renal failure in almost one third of pa-

PR 16 R



tients. The disease is characterized by mesangial deposits
of IgA, though the pathogenesis of IgA nephropathy re-
mains unknown. Accordingly, we examined the potential
function of Fc¢ a/uR leading to IgA nephropathy. First,
we identified isoforms of Fc¢ a/uR that may have several
functions in kidney. Subsequently, we have generated mice
lacking the Fc a/uR gene, and histological and molecular
analysis of the kidney in Fc a/uR-deficient mice is now in
progress.
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