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Abstract
Aging leads to tissue dysfunction through phenotypic changes in cells. The human dermal fibroblast is one of the targets 

of studies that have explored the relationship between cellular status and skin condition. Dermal fibroblasts are crucial in 
maintaining homeostasis of the dermal environment by producing extracellular matrix. Age-related changes in dermal fibro-
blasts cause various structural alterations in the dermis, such as loss of dermal papilla, fragmentation and disorganization of 
collagen fibrils, and replacement with abnormal elastic fibers. These changes are involved in impaired wound healing and a 
decrease in skin strength and elasticity. The skin is affected by a variety of exogenous and endogenous factors, such as UV 
exposure, smoking, pollutants, habitual facial expressions, race, and hormonal changes. These factors vary widely between 
individuals, making it challenging to capture cellular alterations that are purely due to aging. However, given the important 
findings that removing senescent cells from the body can extend lifespan and alleviate symptoms associated with aging, it 
will become more important to understand the mechanisms behind cellular senescence and accumulation of senescent cells 
in vivo. Technological progress has enabled the identification of spatially and functionally distinct fibroblast subpopulations 
in various skin samples. In particular, single-cell RNA sequencing is a powerful tool in aging research. For example, it has 
shown that human dermal fibroblasts from the sun-protected inguinal region consist of four major subpopulations, whose 
differences were found to be obscure in the elderly. We investigated transcriptional and phenotypic changes in a unique 
fibroblast cell line obtained from an adult male donor over 35 years at a single-cell level and identified a possible model of 
cellular aging and a novel gene related to suppression of cellular senescence. These findings may provide us with clues for 
developing new cosmetic approaches to prevent skin aging.
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加齢は細胞の表現型変化により，組織の機能低下を引
き起こす。ヒト真皮線維芽細胞も細胞状態と皮膚状態の
関係性が多面的に解析されている研究対象のひとつであ
る。真皮線維芽細胞は細胞外マトリックスを産生するこ
とで，真皮環境の恒常性を維持する上で極めて重要な役
割を果たしている。真皮線維芽細胞の加齢に伴う変化
は，真皮乳頭の消失，コラーゲンの断片化および無秩序
化，異常エラスチン線維への置き換え等，さまざまな真
皮構造変化を引き起こし，創傷治癒力の低下や皮膚強度
と弾力性低下をもたらす。外界とのインターフェイスで
ある皮膚は，紫外線暴露，喫煙，汚染物質，表情習慣，

人種，ホルモンの変化など，外因性および内因性の多く
の要因に影響を受ける。これらの因子は個人差が大きい
ため，加齢に伴う真皮線維芽細胞の挙動を正確に捉える
ことは困難といえる。しかしながら，生体から老化細胞
を除去することが寿命を延ばし，加齢に伴う諸症状を改
善するという近年の重要な知見に照らせば，生体内にお
いて細胞老化が生じ，蓄積するメカニズムを理解するこ
とは，今後より一層重要となるであろう。
技術の発展に伴い，さまざまな皮膚サンプル（創傷，
炎症性疾患，線維症，加齢）において，空間的・機能的
に異なる線維芽細胞亜集団が同定されている。特にシン
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