GPR176 modulates mitochondrial hypometabolism and ferroptosis resistance in fibroblasts 
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Introduction. Fibrosis, a pathological consequence of chronic inflammation and tissue injury, contributes to poor outcomes across multiple organ diseases. We previously identified G protein-coupled receptor GPR176 as a regulator of fibroblast activation and fibrosis progression (Okamoto et al., BBA-MCR, 1871:119798, 2024). However, its underlying molecular mechanisms remain poorly understood.
Aims. This study aimed to elucidate how GPR176 influences fibroblast metabolic adaptation and stress responses, thereby uncovering its novel role in fibrotic pathogenesis.
Methods. Rat kidney fibroblasts (NRK-49F) were engineered to overexpress or knockdown GPR176. Cell proliferation and ATP production were evaluated under low- (1–5%) and normal-serum (10%) conditions. Expression of metabolism- and mitochondrial stress-related genes was assessed by qPCR. Cell death sensitivity to hydrogen peroxide (H₂O₂), staurosporine, and ferroptosis inducers (erastin, RSL3) was determined by WST-8 assay. Fibroblast activation markers (αSMA, Col1a1) upon TGF-β1 stimulation were analyzed by qPCR and Western blotting.
Results. GPR176 overexpression reduced proliferation and ATP levels under low-serum conditions, accompanied by suppression of key metabolic and mitochondrial stress-response genes. Sensitivity to H₂O₂ and staurosporine was unaffected, whereas resistance to erastin and RSL3 was enhanced. Conversely, GPR176 knockdown increased metabolic gene expression and ferroptosis susceptibility. Knockdown also attenuated TGF-β1-induced αSMA and Col1a1 expression, while overexpression did not further potentiate activation.
Discussion. Fibroblasts dynamically transition between basal, proliferative, activated, and quiescent states during fibrosis. Current anti-fibrotic therapies predominantly target proliferative or activated fibroblasts, yet quiescent fibroblasts often persist in advanced lesions and contribute to treatment resistance. Our findings indicate that GPR176 not only regulates fibroblast activation but also sustains a low-activity yet stress-tolerant state resembling quiescent fibroblasts, by dampening metabolic and stress responses. Thus, GPR176 represents a novel regulator of fibroblast plasticity. Targeting GPR176 may help overcome treatment resistance mediated by quiescent fibroblasts in refractory fibrosis.
