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Self-renewal and pluripotency

Their ability to self-renew indefinitely and to differen-
tiate into cells of all three germ layer types (a differen-
tiative capacity termed ‘pluripotency’), makes embryonic
stem (ES) cells one of the most promising subjects of study
in regenerative medicine, as well as an attractive model
system for research into a spectrum of developmental pro-
cesses. However, the mechanisms by which ES cells are
able to maintain these capabilities are incompletely un-
derstood, and a better understanding of the stemness of
these cells will be necessary in order to be able to take
best advantage of their remarkable properties.

Two of the biggest challenges that now face stem cell
research are the determination of the factors that allow ES
cells to generate limitlessly self-renewable progeny, and the
identification of molecules that direct the dividing ES cell
to produce daughter cells of specific types. Our research
addresses both of these challenges, with the aims of devel-
oping solid scientific foundations and reliable technologies
to support this exciting field of biomedicine.

Inducing differentiation

The development of methods by which undifferentiated
ES cells can be prompted to commit to a specific cell lin-
eage is a field of central importance to the stem cell re-
search community. Studying factors identified in work on
knockout mice, we have been engaged in the analysis of
transcription factors with potential roles in the develop-
ment of extraembryonic cell lineages, extraembryonic en-
doderm and trophectoderm. Extraembryonic endoderm
derivatives include the parietal and visceral endoderm,
which give rise to the yolk sac covering embryos in utero
during development, and trophectoderm derivatives, the
source of the placenta that sustains the developing mam-
malian embryos.

In previous research, we showed that the overexpression
of GATA transcription factors such as Gata-4 or Gata-6 re-
sulted in the specific conversion of undifferentiated ES cells
into extraembryonic endodermal cells, and that the exoge-
nous expression of either of these factors simultaneously
induced the expression of the other from the endogenous
gene. New work suggests that the homeobox gene Cdx-
2 can serve as a similar trigger for the induction of tro-
phectoderm from ES cells. Using regulable activation of
Cdx-2 in vitro, we successfully induced ES cells to differ-
entiate into trophoblast stem cells. Interestingly, we found
that Cdx-2 can interfere with the function of Oct-3/4 and
vise versa. Such reciprocal inhibition between Oct-3/4 and
Cdx-2 might play an important role in determining tro-
phectoderm in pre-implantation development.

Maintaining pluripotency

The POU-family transcriptional regulator Oct 3/4 was
the first factor found to elicit multiple differentiative out-
comes dependent on its expression level. ES cells express-
ing median levels of Oct 3/4 maintain their pluripotency,
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while overexpression results in differentiation into prim-
itive endoderm and mesoderm; its inhibition causes the
cells to take up a trophectodermal fate. These findings es-
tablished Oct 3/4 as a primary regulator of pluripotency in
ES cells, but the function of this regulator in the commit-
ment of more specific lineages remains an open issue. We
recently identified several candidates of downstream genes
and functional analyses of them are now ongoing.

ES cell growth in culture

This goal of controlling culture conditions to achieve
specific outcomes is important to the growth of ES cells in
vitro as well. We developed a serum- and feeder-cell free
system for culturing mouse ES cells, which necessitates
developing a detailed picture of both the extrinsic factors
and the intrinsic networks that function in these cells in
culture. Using this system, we identified that the TGF-3
superfamily can potenciate growth speed of mouse ES cells
without affecting their pluripotency.

Research Subjects

1. Growth stimulation of mouse ES cells in serum- and
feeder-free culture system
2. Functional analysis of Oct-3/4 in mouse ES cells
3. Evolution of Oct-3/4
4. Establishment of new strategies for gene suppression
in mouse ES cells
5. Cell cycle regulation in mouse ES cells
6. Functional analysis of Sox-2
7. Molecular analysis of differentiation event to primitive
ectoderm
8. Molecular analysis of differentiation event to primitive
endoderm
9. Molecular analysis of differentiation event to trophec-
toderm
10. Relationship between cellular morphology and pluri-
potency
11. Establishment of ideal inducible expression system in
mouse ES cells
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