Regulated mobilisation of a sequestered GLUT4 pool is selectively impaired in insulin resistance


Background/Aim:
Insulin resistance (IR) is widely interpreted as a defect in insulin signalling. However, insulin’s central metabolic action, recruitment of GLUT4 and other proteins to the plasma membrane, ultimately depends on membrane trafficking. This raises a fundamental question: does IR primarily reflect signalling failure, or a breakdown in regulated membrane trafficking capacity? To address this, we sought to define the kinetic architecture of endogenous GLUT4 trafficking and determine which steps in the trafficking cycle become dysregulated in IR.

Methods:
We combined high-content live-cell imaging with quantitative mathematical modelling to measure endogenous GLUT4 trafficking dynamics in 3T3-L1 adipocytes under basal and insulin-stimulated conditions, comparing control and insulin-resistant states across extended time courses. Rate constants governing exocytosis, endocytosis, and recycling-pool size were estimated directly from the data.

Results:
Basal trafficking revealed a limited recycling pool, whereas insulin stimulation expanded both pool size and exocytosis rates, consistent with mobilisation of a previously sequestered GLUT4 population. In insulin-resistant adipocytes, the insulin-stimulated exocytosis rate constant was reduced to ~60% of what is observed in control conditions, while basal trafficking remained largely preserved. Total GLUT4 abundance was unchanged, but the insulin-responsive pool was reduced by ~15%, indicating GLUT4 redistribution into an insulin-insensitive compartment with altered trafficking dynamics.

Conclusion:
These findings support a model in which insulin regulates both trafficking kinetics and the size of a dynamically recruitable GLUT4 pool, showing that IR arises from selective impairment of regulated exocytic mobilisation rather than global trafficking collapse. More broadly, this work reframes IR as a defect in regulated membrane trafficking capacity, linking insulin signalling to the physical organisation of intracellular transport systems that control metabolic flux.


