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Abstract
The skin and hair follicles are pioneering model organs in the field of stem cell biology. Due to their unique ability to 

undergo cyclical regeneration throughout life, stem cells were identified in these tissues early on, thereby contributing sig-
nificantly to the development of the field. However, the developmental origin and inductive processes that give rise to hair 
follicle stem cells remain insufficiently explored. To address this, we established a novel, data-driven analytical framework 
with single-cell resolution that integrates long-term, three-dimensional (3D) live imaging with single-cell transcriptomics. 
This approach enabled us to reconstruct the complete developmental trajectory of the mouse hair follicle epithelium, captur-
ing dynamic changes in both cell lineage and gene expression with high spatiotemporal resolution. As a result, we estab-
lished a four-dimensional developmental cell lineage atlas. Our analysis uncovered a previously unrecognized developmental 
origin of hair follicle stem cells, distinct from conventionally proposed models. Furthermore, we discovered a new mode of 
hair follicle morphogenesis, which we termed the “telescope model.” This model explains how compartmentalization within 
the organ and stem cell fate specification can occur simultaneously, offering a new perspective on how tissue architecture and 
stem cell niches form during development. In the presentation, I introduced these findings along with our ongoing efforts to 
further investigate the mechanisms of hair follicle development and stem cell specification. I also discussed the potential ap-
plications of these fundamental discoveries in the context of cosmetic and skincare product development, demonstrating how 
basic research can inform and inspire innovation in applied fields.
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皮膚・毛包は，生涯を通じて再生を繰り返すというユ
ニークな特徴から早期に幹細胞の存在が特定され，幹細
胞生物学の発展を牽引してきた先駆的なモデル器官で
ある。しかしながら，これまで毛包幹細胞の発生起源や
誘導過程については十分に解析されていなかった。私
達は，長期3Dライブイメージングと単一細胞トランス
クリプトミクスを組み合わせた，独自の1細胞解像度の
データ駆動型解析手法を用いて，マウス毛包上皮組織全
体の発生過程における細胞系譜と遺伝子発現の変化を捉
え，四次元的な細胞系譜の発生アトラスを構築した。そ
の結果，従来提唱されていた細胞とは異なる毛包幹細胞

の発生起源を明らかにするとともに，器官内のコンパー
トメント形成と幹細胞誘導を同時に可能とする，新しい
毛包発生の様式「テレスコープモデル」を見いだした。
本発表では，私達のこれまでの研究から得られた知見と
現在の取り組みを紹介するとともに，基礎研究の成果を
今後の香粧品開発にどのように応用していけるのかにつ
いて議論した。
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