Berberine ameliorates podocyte injury in diabetic nephropathy via the PFAM/miR-23a-5p/EGF/EGFR/AKT/FOXO1 axis
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Introduction. Diabetic nephropathy (DN) is a severe diabetic complication marked by podocyte injury, a key indicator of disease progression. Berberine (BBR) has shown renal protective effects. We previously identified the podocyte-enriched lncRNA PFAM as markedly up-regulated in renal cortex of DN rats and high glucose-stimulated podocytes. Furthermore, BBR was found to inhibit the PFAM/EGF/FOXO1 pathway and alleviate renal injury in DN; however, the precise mechanism remained unclear.
Aims. To clarify the precise mechanism by which PFAM drives podocyte injury and the molecular basis through which BBR exerts its renoprotective effects in DN.
Methods. We used qPCR, RIP, miRNA sequencing, pull-down, and dual-luciferase assays to examine PFAM–EGF regulation. ELISA and western blotting was used to assess EGF–FOXO1 signaling. AAV9-mediated PFAM overexpression and knockdown were applied in rat models. Berberine’s target was identified via cellular thermal shift assay.

Results. We demonstrated that PFAM regulates EGF expression through an intermediate molecule, miR-23a-5p, rather than by direct binding. Excess EGF secreted by podocytes activates EGFR, triggering AKT phosphorylation, which in turn phosphorylates FOXO1 and promotes podocyte migration and apoptosis. Consistent with these mechanistic findings, in vivo experiments revealed that BBR treatment significantly ameliorates renal injury induced by PFAM overexpression in rats. Conversely, knockdown of PFAM partially restored renal function in a rat model of diabetic nephropathy, further supporting the pathogenic role of PFAM. Finally, we identified AKT as a direct molecular target of BBR, providing a mechanistic basis for its protective effects against podocyte injury and renal dysfunction.
Discussion. Our findings further define the pathogenic cascade of DN by demonstrating that PFAM promotes podocyte injury through the miR-23a-5p/EGF/EGFR/AKT/FOXO1 signaling pathway. Additionally, we identified that BBR exerts its renoprotective effects by directly targeting AKT. These findings provide new insights into the pathogenesis of diabetic nephropathy and potential therapeutic approaches for clinical treatment of DN.
