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Stem cell systems play fundamental roles in tissue turnover and homeostasis. The
hair follicle is a mini-organ of the skin that grows a pigmented hair. To understand tissue
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aging mechanisms, we took advantage of hair follicles of which aging-related changes
are commonly seen in mammals. We explored the mechanisms of mutual interactions
between tissue stem cells and their niche microenvironment and the aging-associated
changes. We found that hair follicle stem cells, which surround them and are critical for
cyclic hair follicle growth, are required for melanocyte stem cell maintenance and
renewal. We clarified the underlying mechanisms by identifying multiple genes essential
for stem cell maintenance/renewal and also how these genes are regulated by
exogenous factors secreted from their surrounding microenvironment. These factors
turned out to be essential for stem cell maintenance by promoting their quiescence
and immaturity. It has been controversial whether stem cells age or not in tissues. We
found that tissue stem cells in hair follicles undergo aging-associated changes (stem
cell aging) and the stem cell pools become diminished by aging. The irreparable DNA
damage, as caused by aging and ionizing radiation, abrogates renewal of melanocyte
stem cells in hair follicles in mice and the stemness checkpoint protects melanocyte
stem cells from their premature differentiation by functioning as stemness checkpoint.
We found that the stress sensitivity of the stem cells is regulated in spatio-temporal
manner during the hair cycle and aging.
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