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The major aims of Stem Cell Biology Group are (1) to
understand the molecular basis of stem cell niche that reg-
ulate stem cell activity, and (2) to understand the molec-
ular basis underlying mesoderm cell specification from the
early multipotent progenitor.

Concerning the first aim, we have specified the bulge
region of hair follicle as the localization of melanocyte stem
cells. Thus far, we showed that the melanocyte in the bulge
bear all necessary attributes for stem cells. Namely, MSC
in the bulge represent the stem cell compartment that is;
(1) slow cycling, (2) produce a large number of progenies,
and (3) reconstitute a new stem cell system. In addition,
we have shown for the first time that stem cell that are in-
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troduced into transit amplifying compartment (TAC) can
go back to stem cell stage when they are associated with
niche.

In this year, we investigated the mode of stem cell self-
renewal and activation. Using molecular markers that can
distinguish stem cell compartment (SC) from TAC, we
stains hair follicles during its initial stage of hair follicle
activation. Our analysis demonstrated clearly that there
is no self-renewal of stem cells in the melanocyte system.
Instead, when stem cells are activated, all of them differ-
entiate into TAC, but some of which can differentiate back
to SC.

We are currently establishing a system that is required
for determining the molecular basis underlying this mode
of stem cell maintenance and activation. We have estab-
lished three novel methods. First, we established a con-
dition to prepare the hair follicle with intact melanocytes
associated. Secondly, we established a strain of mouse in
which melanocytes are specifically labeled by GFP. Fi-
nally, we have established a method of cDNA preparation
from a single cell without contamination of genomic DNA
amplification. Using these newly developed methods, we
are currently comparing the gene expression profiling of
SC and TAC. We hope to identify the molecule involved in
stem cell maintenance in the niche. In parallel, we are at-
tempting to produce mouse strains that allows us to intro-
duce null mutation melanocyte specifically and inducibly
by tamoxifen addition. This strain of mouse will be useful
for assessing the function of molecules in future.

ES cell is useful to dissect the cell specification pro-
cess that occur in the earliest stage of embryogenesis. For
the last couple of years, we have developed surface mark-
ers that can define paraxial and lateral mesoderms. In
addition, we established a culture system that allows ES
cell differentiation to these mesoderm cells without for-
mation of embryoid body. These innovations that we
have brought in ES cell differentiation culture enabled us
to dissect the process of mesoderm differentiation from
multipotent progenitors. We wanted to use this system
for identifying molecules that are involved in the diver-
gence to each mesoderm lineages. We have been attempt-
ing to determine the genes that are involved in diver-
gence of mesoderm subsets by gene subtraction between
Flk1+PDGFR V-E-cadherin- lateral mesoderm and Flk1-
PDGFR V+E-cadherin- paraxial mesoderm. In addition,
gene expression pattern of each population was analyzed
by using DNA chips. We have obtained both known and
unknown genes, and the latter group is being analyzed in
terms of expression. A list of genes cloned from these at-
tempts will be presented in the review meeting. We have
identified a number of genes that are expressed specifically
in paraxial mesoderm as well as lateral mesoderm. To an-
alyze the function of a molecule that is expressed in the
mesenchyma cells in the tail bud, gene knock out is under
progress.

As our previous method to define mesoderm subset can
not cover axial mesoderm, we established a ES cell line to
which a GFP gene was knocked into the goosecoid gene.
As expected, this ES cell line allows us to define and purify
gooscoid+ mesoendoderm cells that can give rise to axial
mesoderm and endoderm. As the proportion of GFP+
cells induced in our serum-containing culture condition is
less than 1%, we developed a serum free condition that
allows selective generation of GFP+ cells. Those cells are
now being analyzed by cDNA array technology.

All these progresses now allowed us to investigate the
molecular mechanisms underlying the diversification of
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mesoderm subsets from primitive ectoderm.
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