Insulin orchestrates global plasma membrane proteome remodelling that is disrupted in adipocyte insulin resistance


Aim: The plasma membrane (PM) is a central metabolic interface that governs nutrient uptake, signalling, and endocrine responsiveness. While insulin-driven GLUT4 translocation is a defining feature of adipocyte insulin action, the broader extent of insulin-dependent PM remodeling and its contribution to insulin resistance remain poorly understood. Here, we aimed to define the insulin-regulated PM trafficking landscape and determine how its disruption may contribute to metabolic dysfunction.

Methods: We conducted a meta-analysis integrating nine independent adipocyte PM proteomic datasets derived from both mouse and human systems using complementary enrichment strategies, including cationic colloidal silica isolation, subcellular fractionation, amino-oxy-biotinylation, and amine-reactive biotinylation. Candidate insulin-regulated cargo proteins were validated using fluorescence microscopy and high-resolution imaging approaches.

Results: This integrative analysis identified 37 insulin-regulated PM proteins detected across multiple datasets, 30 of which had not previously been linked to insulin action. Notably, most cargos were distinct from canonical GLUT4 storage vesicles, indicating broader insulin-controlled trafficking programs. Given the physiological importance of solute carriers (SLCs) in systemic metabolic homeostasis, we identified 52 SLC transporters exhibiting ≥20% insulin-dependent changes in PM abundance, encompassing glucose, amino acid, lipid, and ion transport. KCC1 (SLC12A4) and PIT2 (SLC20A2) showed the most consistent insulin-stimulated PM recruitment and displayed strong associations with clinical metabolic phenotypes in humans. Functional knockdown of either PIT2 or KCC1 showed impaired insulin-stimulated glucose uptake. Imaging revealed multi-endosomal localization, PI3K–AKT–dependent trafficking, and insulin dose responsiveness of PIT2 and KCC1 trafficking. Importantly, adipocyte insulin resistance induced by chronic hyperinsulinemia resulted in impaired transporter mobilization and increased perinuclear retention.

Conclusion: These findings reveal that insulin coordinates a systems-level PM trafficking program that extends beyond GLUT4 and is disrupted in insulin resistance. This work identifies defective plasma membrane cargo mobilization as a candidate cellular mechanism linking adipocyte trafficking dysfunction to whole-body metabolic disease.




























