Ligusticum cycloprolactam attenuates metabolic dysfunction-associated steatohepatitis by preventing NEDD4-mediated FXR ubiquitination
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Introduction. Metabolic dysfunction-associated steatohepatitis (MASH) is globally prevalent, highlighting an urgent need for new therapeutical strategies.

Aims. The aim of our present study is to investigate the effects and mechanism of ligusticum cycloprolactam (LIGc), a derivative of Ligustilide (LIG) with enhanced stability and bioavailability on MASH.
Methods. Hepatocytes and human-derived 3D liver spheroids were used to evaluate the hepatoprotective effects of LIGc. MASH mice were induced by feeding with a high-fat, cholesterol, and fructose (HFCF) diet or the administration of streptozotocin (STZ) plus western diet (HFD). Integrated multi-omics approach and limited proteolysis-mass spectrometry (LiP-MS) were used to identify the direct molecular targets of LIGc. Molecular dynamics simulations and proximity ligation assay were used to elucidate the molecular mechanism of LIGc in the treatment of MASH.
Results.  LIGc attenuated PA/OA-induced MASH in human-derived 3D liver spheroids. In vivo, oral administration of LIGc protected against MASH mice induced by HFCF diet or diabetes. Using LiP-MS technology, FXR was identified as the direct target of LIGc, and this finding was further confirmed by SPR, DARTS, and CETSA assays. Notably, LIGc inhibits FXR protein degradation without affecting its transcriptional activity. NEDD4, an E3 Ub ligase, was identified as the mediator of FXR ubiquitination. Knockdown of NEDD4 reduced FXR ubiquitination, whereas NEDD4 overexpression increased FXR ubiquitination. Furthermore, the interaction between FXR and NEDD4 was inhibited by LIGc.
Discussion. These findings indicate that LIGc serves as a stabilizer of FXR and ameliorates MASH by inhibiting NEDD4-mediated ubiquitination, offering a potential therapeutic strategy for MASH.
