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Introduction. Metabolic dysfunction-associated steatohepatitis (MASH)-associated liver fibrosis remains a major clinical challenge. Current anti-fibrotic strategies often target pathways with broad physiological functions and may therefore cause substantial adverse effects. Emerging evidence suggests that disruption of membrane homeostasis in hepatic stellate cells (HSCs) increases their responsiveness to pro-fibrotic stimuli.
Aims. This study aimed to identify novel regulators of HSC membrane homeostasis involved in the development of MASH-associated liver fibrosis.
Methods. Candidate regulators were identified through integrated analysis of mouse and human liver bulk RNA sequencing datasets together with mouse liver single-cell RNA sequencing data. The pathobiological role of selected candidates was further examined in the human activated HSC line LX-2.
Results. In the choline-deficient, amino acid-defined, high-fat diet (CDAHFD)-induced mouse model of liver fibrosis, syndecan-4 (SDC4), a cell-surface proteoglycan, was identified as one of the top 20 differentially expressed genes and was markedly downregulated. Reduced SDC4 expression was further confirmed in human liver bulk RNA sequencing data from patients with established MASH. Single-cell RNA sequencing analysis of mouse liver showed that SDC4 was downregulated across major hepatic cell populations, with the most prominent reduction observed in HSCs. In parallel, expression of the SDC4 sheddases (MMP7, MMP9 and MMP14) was increased, suggesting enhanced hepatic SDC4 shedding under MASH conditions. In vitro, SDC4 expression was significantly reduced in LX-2 cells after stimulation with transforming growth factor-β1 (TGF-β1). Moreover, silencing of SDC4 in LX-2 cells significantly increased cell viability and proliferation.
Discussion. These findings suggest that loss of SDC4 contributes to the pathogenic activation of HSCs and promotes liver fibrogenesis. SDC4 may therefore represent a novel regulator of HSC membrane homeostasis and a potential therapeutic target in MASH-associated liver fibrosis.

