

Genetic mapping in a heterogeneous mouse population identifies Ets1 as a diet-dependent regulator of adipose insulin-stimulated glucose uptake

Background & Aim: Adipose tissue is central to systemic energy homeostasis, buffering nutrient excess by storing excess lipids and protecting other tissues from lipotoxic stress. When this capacity is compromised, ectopic lipid accumulation promotes insulin resistance and metabolic disease. A key determinant of adipose-mediated metabolic control is insulin-stimulated glucose uptake (GU), which provides substrate for de novo lipogenesis and lipid storage. However, the genetic and environmental regulators of adipose insulin action remain poorly defined. Therefore, this study aims to leverage the genetic heterogeneity of Diversity Outbred Australia (DOz) mice to map the determinants of adipose insulin action. 

Methods: We developed a high-throughput ex vivo GU assay to measure insulin action in white adipose tissue of 559 DOz mice maintained on either a chow or Western-style diet. Quantitative trait locus (QTL) mapping was then performed to identify candidate loci, followed by in vitro validation of the most promising gene.

Results: QTL mapping identified 32 loci associated with GU, including a strong diet-dependent signal on chromosome 9 encompassing the transcription factor Ets1. Functional studies in 3T3-L1 adipocytes demonstrated that silencing Ets1 selectively restored insulin-stimulated GU under insulin-resistant conditions. Quantitative proteomics revealed that Ets1 knockdown reprogrammed heme and iron metabolism, marked by reduced ALAS1, transferrin receptor (TfR), and DMT1 expression, alongside increased HMOX2 and ferritin. These changes normalised TfR trafficking, reduced total heme and labile iron pools, and attenuated mitochondrial oxidative stress in insulin-resistant adipocytes.

[bookmark: OLE_LINK1]Conclusion: Overall, these findings identify Ets1 as a diet-dependent regulator of adipose insulin action and reveal a major link between iron-dependent redox control and adipocyte insulin sensitivity. More broadly, this study demonstrates the power of genetically diverse mouse populations to uncover gene-environment interactions underlying susceptibility to metabolic diseases.
