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ES and iPS cells are pluripotent stem cell lines
which undergounlimited growth with pluripotency
and can give rise to various cell lineages including
three germ layers. However, in vitro cell
differentiation culture is still very complex as
various cell types are simultaneously generated in
the culture. This is one of disadvantage of this
system. Our lab is studying the differentiation and
manipulation of pluripotent stem cells, in particular,
is focusing on three specific aims;

(1)To elucidate the differentiation pathways and
molecular mechanisms of tissue stem cells including
mesenchymal stem cells (MSCs)

(2) To apply the insight obtained from our study for
clinical medicine

(3) To establish disease-derived iPS cells from
intractable diseases and to develop new therapeutic
concepts based on the results of iPS cell studies
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Fig. 2 MSC differentiation from ES cells
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Fig. 3 Studying for gene function in MSC
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Fig. 4 Establishment of skin fibroblasts

from intractable diseases

Bone

"Differentiation pathways and mechanisms of
Mesenchymal stem cell"

The transplantation of stem cells capable of
generating various descendants is useful for
compensating for a loss of tissues after the
chemotherapy of malignant diseases. However, it is
limited to isolate somatic stem cells from human
tissues due to the lack of accessibility and difficulty
in obtaining sufficient cell numbers for the
replacement of adult tissues. Instead of somatic
stem cells, pluripotent stem cells such as embryonic
stem (ES) or induced pluripotent stem (iPS) cells
have been expected as a source for cell replacement
therapy. ES cell is a pluripotent cell line which can
give rise to various cell lineages including three
germ layers. When cultured in the presence of LIF
and serum, ES cell undergo unlimited symmetrical
self-renewal divisions. Thus, it is reasonable to use
these cells because of their characters containing the
pluripotency and unlimited growth.

We are especially interested in the question of
how we manipulate pluripotent stem cells to
achievethe induction of the descendants that
sufficiently compensate for the defect of human
tissues. However, in vitro ES cell differentiation
culture is still very complex as various cell types are
simultaneously generated in the culture. This is
one of disadvantages of this system. In order to
overcome this problem, we have attempted to
establish molecular markers for defining the cell
lineages generated in cultures. Using such markers
for identifying the point of lineage divergence, we
were able to show that Vascular endothelial growth
factor receptor 2 (VEGFR2, FLKI) and
Platelet-derived growth factor
receptor-o. (PDGFRa) are useful surface markers
that prospectively distinguish lateral and paraxial
mesoderm, respectively (Fig.1). More recently, we
showed that another set of mesoderm cells
expressing  goosecoid (Gsc’), PDGFRa.'(aR"),

E-cadherin (ECD") was generated from Gsc',aR’,
ECD mesendoderm and was able to be induced
from ES cells under an Activin-containing defined
culture condition(Fig.1).

Mesenchymal stem cells (MSCs) are defined
by their ability both to undergo sustained
proliferation in vitro and to give rise to multiple
mesenchymal cell lineages including bone, cartilage,
and fat cells. We wish to define the differentiation
pathways of MSCs. Using ES cell culture, we show
that Sox 1 neuroepithelial cells generate MSCs at the
highest efficiency. In early embryos, we can induce
MSCs from Sox1” cells but not from PDGFRo."
mesoderm. However, as the developmentproceeds,
neuroepithelium-derived MSCs gradually decrease
and most MSCs in postnatal bone marrow are
derived from other origins, which are also enriched
in the PDGFRo." population. Thus, at least, MSCs
are generated from two sources, neuronal and
non-neuronal, with  those derived  from
neuroepithelium constituting the earliest wave
(Fig.2).

As they can be easily isolated from bone
marrows, MSCs are expected to be applied for
clinical medicine. However, the fate and expression
genes of MSCs have not elucidated yet. To answer
the question, we have generated knock-in mice
which can be realized to analyze the MSC fate and
function of genes of interest in MSCs.Initially, we
generated knock-in mice which specifically express
Crerecombinase in MSCs. Since this Cre is fused
with mutant estrogen receptor, its activity can be
controlled by tamoxifen injection. The generated
mice were mated with ROSA26 LacZrepoter mice
to investigate the MSC fate during mouse
development. Additionally, when these mice are
mated with various floxed mice, that system can
provide us to examine the function of genes specific
for MSCs. To achieve this idea, we have also
generated the flox mice and mated with the knock-in
mice.

The results of our study will become the bases
of developmental biology and regenerative
medicine.

""Application of new concepts to the investigation
of clinicalmedicine"
One of our major aims is to apply the new concepts
obtained from the studies on ES cell culture for
clinical medicine. Recently, we isolated ARID3B, a
member of the AT-rich interaction domain (ARID)
family, and Phfl14, a member of PHD family, from
the analysis of ES cell culture.

TheARID3B-null mice have shown embryonic
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lethality due to the severe defect of neural crest.
ARID3B was specifically expressed in advanced
stage of neuroblastoma (NB) that is one of major
tumors in childhood. ARID3B by itself
immortalized mouse embryonic fibroblasts (MEF)
in vitro and confers malignancy to MEF in
combination with MYCN, the best characterized
oncogene for NB. In vitro growth of NB cell lines
was significantly inhibited by the suppression of
ARID3B expression.Our study demonstrates that in
vitro ES cell culture is powerful for identifying
novel molecules to play an essential role in
oncogenesis as well as embryogenesis.

Phfl4-null mice died just after birth due to
respiratory failure. Histological analyses of the
lungs of these mice showed interstitial hyperplasia
with an increased number of
PDGFRa ‘mesenchymal cells. PDGFRo. expression
was elevated in Phf14-null mesenchymal fibroblasts,
resulting in increased proliferation. Based on these
results, we used an antibody against PDGFRa to
successfully treat mouse lung fibrosis. This study
shows that Phfl4 acts as a regulator of PDGFRa
expression in mesenchymal cells undergoing normal
and abnormal proliferation, and is a potential target
for new treatments of lung fibrosis.

"Study for iPS cells derived from intractable
diseases"

Samples collected from the patients with intractable
diseases are useful and indispensable for both
studying the molecular mechanism of diseases and
developing new therapeutic agents. However, as the
number of samples is limited, it is necessary for us
to build a system in which researchers can fairly
receive samples on their request. To attain this aim,
we are studying for the cell bank of the
induced-pluripotent stem cells (iPS cells) from the
intractable diseases. Since the iPS cells established
are able to be easily expanded and stored in deep
freezer for a long term, we can widely supply the
iPS cells to the researchers on their request.

In order to generate exogenous factors-free iPS
cells, we took an advantage of temperature-sensitive
Sendai-virus vector carrying the reprogramming
factors including Oct3/4, Sox2, KLF4 and c-Myc.
The method is powerful and useful for establishing
iPS cells because the frequency is higher than
previously conventional ones and the genes of four
factors are not at all integrated into chromosome of
iPS cells.

Until now, we generated more than 700 iPS cell
lines from 70 cases of intractable diseases. We are

focusing on congenital and metabolic diseases and
trying to establish the cellular model of the diseases
with the differentiated iPS cells Distribution of iPS
cell from the cell bank enhances the opportunities in
which the researchers face and study the intractable
diseases, thereby accelerates to develop the new
therapies that can cure them.

We have generated various kinds of intractable
disease-specific iPS cells from the patients’ skin
fibroblasts by Sendai virus (SeV) vector. Among
these diseases, we found that some diseases are
difficult in generatingiPS cells.

One of those diseases is a rare congenital
disorder and is caused by the dysregulation of some
signaling. The inefficiency of iPS cell generation
was markedly improved by the treatment with the
drugs. Inefficient production of iPS cells is useful
for studying the molecular mechanisms underlying
iPS  reprogramming.Finally  thereprogramming
status of the disease-derived fibroblastsis shown to
be incomplete, despite the appearance of
pluripotency marker expression in these cells. These
iPS cell lines can not be maintained in the absence
of the drugs. We are developing new chemical
candidates for drug using these phenotypes of iPS
cells.
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