Modeling cellular senescence in UVA-irradiated skin fibroblasts to study the anti-aging approach
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Introduction. Skin aging is characterized by a gradual decline in epidermal and dermal cell functions, mainly driven by cellular senescence. Among extrinsic factors, chronic ultraviolet A (UVA) exposure is a significant inducer of cellular senescence in dermal fibroblasts, primarily through DNA damage and oxidative stress. These mechanisms subsequently exaggerate hallmarks of cellular senescence, including permanent cell-cycle arrest, enlarged and flattened cell morphology, and senescence-associated secretory phenotypes (SASPs).
Aims. We aimed to establish the study model of UVA-induced cellular senescence in skin fibroblasts for evaluating the anti-aging approach.
Methods. Human dermal fibroblast CCD-966SK cells were irradiated with 2 or 5 J/cm² UVA to induce cellular senescence. Cell viability was assessed based on resazurin reduction, and oxidative stress was evaluated using 2′,7′-dichlorodihydrofluorescein diacetate (H₂DCFDA). Senescence-associated β-galactosidase (SA-β-gal) activity was detected through 5-dodecanoylaminofluorescein di-β-D-galactopyranoside (C12FDG) staining. Immunofluorescence and immunoblotting were applied to analyze senescence-associated proteins. Statistical analyses were performed using one-way ANOVA.
Results. UVA irradiation significantly reduced cell viability and promoted a dose-dependent accumulation of ROS. Cellular senescence was evidenced by the downregulation of the nuclear lamina proteins lamin B1 and A/C, accompanied by the upregulation of cell cycle inhibitor proteins p16 and p21, as well as elevated SA-β-gal activity. Nuclear factor erythroid 2–related factor 2 (Nrf2) signaling is a key cellular defense mechanism against oxidative stress by activating antioxidant responses and maintaining redox balance. Omaveloxolone (RTA 408), an FDA-approved Nrf2 activator, effectively attenuated UVA-induced viability loss and ROS accumulation, underscoring its anti-aging potential.

Discussion. The study model of UVA-induced cellular senescence was successfully established in human dermal fibroblasts. Assessments of cell viability, ROS, and senescent biomarkers provide a reliable platform for developing the anti-aging approach.
