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Abstract

Objective: To investigate the effects of biomechanical injury on the TGF -3/Smad3 signaling
pathway, oxidative stress, and mitochondrial autophagy in fibroblasts, and to elucidate the underlying
mechanisms. Methods: Mouse fibroblast 1.929 cells were used as the model. Mechanical stretching
was applied to simulate biomechanical injury. Cells were divided into a control group, a mechanical in-
jury group, and a mechanical injury+TGF-81 group. The expression levels of TGF-3/Smad3 sig-
naling molecules, oxidative stress markers (ROS, MDA, Nrf2, and SOD2), mitochondrial autopha-

gy-related molecules (PINK1 and Parkin), and collagen-associated proteins (collagen I and collagen
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Ill) were measured. Experimental techniques included Western Blot, flow cytometry, MDA colori-
metric assay, laser confocal microscopy, and transmission electron microscopy. Results: Mechanical
injury significantly downregulated the TGF-B/Smad3 signaling pathway in 1.929 cells, accompanied
by increased ROS and MDA levels and decreased Nrf2 and SOD2 expression, indicating oxidative
stress imbalance. Simultaneously, PINK1 and Parkin were upregulated, suggesting enhanced mito-
chondrial autophagy. After TGF-A1 intervention, the expression levels of TGF-f and Smad3 were re-
stored, oxidative stress indicators were markedly improved, mitophagy activity was attenuated, and
the expression of collagen I and collagen [l was significantly upregulated, indicating restored extra-
cellular matrix synthesis capacity in fibroblasts. Conclusion: The TGF-8/Smad3 signaling pathway
plays a protective role in biomechanical injury-induced oxidative stress and mitochondrial autophagy.

Its regulation may provide a novel therapeutic target for the prevention and treatment of pelvic floor
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