
Genetic mapping in MASLD identifies INPP1 as a regulator of hepatic lipid flux and metabolic remodelling

Abstract content:
Given the rising global burden of metabolic dysfunction-associated steatotic liver disease (MASLD) and limited therapeutic options, identifying metabolic regulators that drive hepatic lipid accumulation remains a major need. MASLD is characterized by dysregulation of hepatic lipid metabolism, including increases in fatty acid uptake and de novo lipogenesis, as well as impairments in fatty acid oxidation and lipid export. This study aimed to identify genetic regulators that confer resistance to MASLD and define their metabolic mechanism of action. 

Aim:
To identify genetic regulators that confer resistance to MASLD and interrogate their metabolic mechanism of action.

Methods:
We employed quantitative trait loci (QTL) mapping in eight common mouse strains exposed to a western diet and identified single nucleotide polymorphisms (SNPs) in inositol polyphosphate-1-phosphatase (INPP1) that may confer protection against diet-induced MASLD and liver fibrosis. INPP1 was functionally interrogated using CRISPR-mediated deletion in human hepatocytes and liver-targeted knockdown or overexpression in mice. Metabolic flux was assessed using radiolabelled and stable-isotope tracers, complemented by proteomics, lipidomics, and metabolomics. 

Results:
Loss of INPP1 markedly reduced hepatic lipid accumulation (up to 90%) in vitro and in vivo. Metabolic flux analysis revealed profound suppression of fatty acid uptake and glucose-derived de novo lipogenesis, alongside enhanced lipid export. Glucose uptake was increased but preferentially diverted toward glycogen metabolism rather than oxidation. Mechanistically, INPP1 inhibition suppressed inositol phosphate and phosphatidylinositol (PI) availability, impairing glycosyl-phosphatidylinositol (GPI) anchor synthesis and lipid raft–mediated nutrient transport. Restoration of PI content or disruption of GPI-anchored proteins reversed the metabolic changes observed following INPP1 deletion. Hepatocyte-specific INPP1 knockdown improved hepatic steatosis in diet-induced obese mice without adverse systemic metabolic effects, while hepatic overexpression exacerbated lipid accumulation. 

Conclusion:
Overall, this study identifies a novel link between inositol phosphate metabolism, lipid raft-mediated nutrient uptake and MASLD pathogenesis, and highlights that targeting INPP1 is likely to simultaneously restore four of the major defects in lipid metabolism in MASLD.

