Metformin ameliorates pulmonary fibrosis by inhibiting autophagy in fibroblast-myofibroblast differentiation via AMPK/FoxO3a pathway
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Introduction
Pulmonary fibrosis (PF) is a progressive and often fatal disease characterized by excessive extracellular matrix deposition and lung architectural distortion. A central process in PF is fibroblast-to-myofibroblast differentiation (FMD), which drives collagen accumulation and tissue stiffening[1-3]. Although autophagy has been implicated in FMD, its regulatory mechanisms remain poorly defined. The AMPK-FOXO3a signaling axis, known to promote autophagy in other diseases[4-6], has not been thoroughly investigated in the context of PF.
Aims
We aimed to evaluate the role of autophagy and AMPK-FOXO3a signaling in a bleomycin-induced murine model of PF and in TGF-β1-stimulated human lung fibroblasts, and to assess the effects of metformin on fibrosis and autophagy.
Methods
Mice were treated with metformin (200 mg/kg per day, ip) to assess its effects on fibrosis and autophagy. Human embryonic lung fibroblasts (HELF and MRC-5) were stimulated with TGF-β1 to induce FMD, with or without metformin. siRNA-mediated knockdown of AMPK and FOXO3a and an autophagy inhibitor were used to clarify functional relationships. Autophagy and FMD markers were evaluated via western blotting and immunohistochemistry.
Results
Lung tissues from PF mice showed impaired autophagy, indicated by decreased LC3 and elevated p62 levels. Metformin treatment enhanced autophagy, reduced collagen deposition, and attenuated FMD. In vitro, TGF-β1 suppressed autophagy and promoted FMD, effects reversed by metformin through AMPK-FOXO3a activation. Silencing AMPK or FOXO3a abolished metformin’s protective effects. Inhibiting autophagy worsened FMD even with metformin.
Discussion
Our study demonstrates that AMPK-FOXO3a activation attenuates FMD and pulmonary fibrosis by promoting autophagy. These results reveal a mechanism linking metabolic signaling to fibrotic remodeling and suggest that targeting the AMPK-FOXO3a-autophagy axis may offer a novel therapeutic strategy for PF.
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