MiR-145a-5p attenuates MASLD progression through downregulation of FoxO1 in obese mice
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Introduction. Metabolic dysfunction-associated steatosis liver disease (MASLD) progression from simple steatosis to steatohepatitis involves complex dysregulation of hepatic immune-metabolic signaling. Emerging evidence suggests that extracellular vesicles (EVs) mediate intercellular communication within the liver microenvironment. However, the molecular mechanisms governing macrophage-hepatocyte crosstalk during steatohepatitis development remain poorly characterized.
Aims. This study aimed to investigate the role of EV-derived microRNAs in mediating macrophage-hepatocyte feedback signaling during steatohepatitis progression. We sought to identify key regulatory miRNAs involved in this crosstalk, elucidate their functional mechanisms in modulating hepatic inflammation and metabolism, and evaluate their therapeutic potential in MASLD.
Methods. We analyzed liver tissues and circulating EVs from MASLD patients and high-fat diet-induced obese mice. EV-mediated macrophage-hepatocyte communication was examined using in vitro co-culture systems. MicroRNA profiling identified miR-145a-5p as a critical regulator, and its functional role was validated through gain- and loss-of-function studies. Liver-targeted delivery of miR-145a-5p-enriched EVs was evaluated in a murine steatohepatitis model. Mechanistic studies focused on identifying downstream targets and signaling pathways.
Results. MASLD patients and obese mice exhibited disrupted macrophage polarization with significantly reduced miR-145a-5p levels. EVs derived from M2-like macrophages suppressed Kupffer cell inflammatory activation and reduced hepatocyte lipid accumulation, effects recapitulated by restoring miR-145a-5p in hepatocytes. Liver-targeted delivery of miR-145a-5p-enriched EVs attenuated steatohepatitis and improved insulin sensitivity in high-fat diet-fed mice. Mechanistically, miR-145a-5p directly suppressed FoxO1, downregulating hepatocellular lipogenic gene expression and modifying inflammatory feedback to Kupffer cells. Hepatocyte-specific FoxO1 silencing phenocopied these metabolic and inflammatory benefits.
Discussion. Our findings identify EV-derived miR-145a-5p as a central regulator of macrophage-hepatocyte feedback signaling in steatohepatitis. By suppressing FoxO1-mediated lipogenesis and modulating inflammatory crosstalk, miR-145a-5p orchestrates the liver inflammatory microenvironment to ameliorate disease progression. This immune-metabolic regulatory circuit represents a critical mechanism in MASLD pathogenesis and offers a potential therapeutic target.
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