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Title 

An eGFP-Col4a2 mouse model reveals basement membrane dynamics underlying hair follicle morphogenesis

（eGFP-Col4a2 マウスモデルが明らかにする毛包形態形成を支える基底膜動態） 

論文内容の要旨 

〔目 的(Purpose)〕 

This study investigates the dynamic role of the basement membrane (BM) in hair follicle morphogenesis, 

focusing on Collagen IV turnover and its impact on epithelial progenitor behavior and tissue shape. 

While the BM is known to be essential for morphogenesis, its dynamic characteristics remain poorly 

understood due to limited visualization techniques. To address this, we aimed to develop knock-in mice 

expressing fluorescently tagged endogenous Collagen IV (eGFP-Col4a2) and studied spatial and temporal 

changes in BM structure, turnover, and their contributions to BM expansion, cell division angles and 

organ shaping.  

 

〔方法(Methods)〕 

To visualize BM dynamics in live tissues, Knock-in mice expressing eGFP-tagged Collagen IV were 

developed. Fluorescent Recovery After Photobleaching (FRAP) and 3D confocal imaging of embryonic skin 

explants were used to measure BM turnover and expansion. mKikGR-Col4a2 mice, expressing a 

photoconvertible version of Collagen IV, enabled tracking of pre-existing and newly incorporated 

Collagen IV proteins. To investigate the role of Matrix metalloproteinases (MMP) activity in BM 

remodeling, batimastat was used to inhibit MMP activity. Epithelial progenitor proliferation and cell 

division patterns were assessed with EdU incorporation and live imaging. Hair follicle morphology was 

quantified under control and MMP-inhibited conditions to understand the roles of BM dynamics in 

morphogenesis. 

 

〔成績(Results)〕 

This study revealed region-specific COL4A2 turnover rates in the BM, with the highest turnover 

occurring near the tips of developing hair follicles. BM expansion was closely associated with 

epithelial progenitor proliferation and directional movement. MMP inhibition reduced COL4A2 turnover 

and BM expansion, and caused abnormal hair follicle widening. These changes were linked to an 

increased perpendicular divisions of epithelial progenitors. Experiments with photoconvertible mKikGR-

Col4a2 mice demonstrated that the COL4A2 turnover occurrs via protein replacement, rather than 

diffusion. These findings underscore the critical role of MMP-dependent BM remodeling in normal 

morphogenesis, highlighting the interplay between BM expansion, epithelial cell behavior, and tissue 

shape. 

 

〔総 括(Conclusion)〕 

By establishing a live imaging system for BM molecules in tissues, this study reveals that BM is not a 

static structure but exhibits region-specific molecular turnover and expansion rates. These dynamic 

properties are driven by MMP-mediated extracellular matrix (ECM) cleavage, which plays a critical role 

in BM expansion, epithelial cell division and movement, ultimately shaping tissue structure. The 

development of eGFP-Col4a2 and mKikGR-Col4a2 mouse models provides powerful tools for future in vivo 

investigation of BM dynamics, such as wound healing. These findings enhance our understanding of how 

ECM remodeling orchestrate organ development, underscoring the important role of BM in integrating 

molecular turnover to tissue-level morphogenesis. 
 




