Extracellular vesicle metabolic signatures in type 2 diabetes and diabetic cardiomyopathy
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Introduction. Extracellular vesicles (EVs) mediate intercellular communication through the transport of metabolites reflecting disease-specific metabolic states. However, their metabolic alterations and functional relevance in type 2 diabetes mellitus (T2DM) and diabetic cardiomyopathy (T2DM-CM) remain insufficiently characterized.
Aims. This study applies integrated targeted and non-targeted metabolomics to characterize plasma and EVs-associated metabolic alterations in T2DM and T2DM-CM and to evaluate their functional metabolic impact on skeletal muscle homeostasis.
Methods. Plasma samples were obtained from healthy controls, T2DM, and T2DM-CM groups (n=15 per group). Targeted metabolomics of amino acids, polyamines, and tricarboxylic acid (TCA) cycle metabolites was performed using liquid chromatography-tandem mass spectrometry, while non-targeted metabolomics was conducted using ultrahigh-performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry. Functional metabolic responses were evaluated in skeletal muscle cells treated with patient-derived EVs.
Results. Plasma metabolomics analysis revealed decreased levels of TCA cycle metabolites and altered phosphatidylcholine composition in patients with T2DM and T2DM-CM. EVs metabolomics identified disease-specific enrichment of amino acid-related pathways, particularly the arginine-ornithine axis, and EVs-treated cells exhibited alterations in the arginine-ornithine axis, which directly correlated with impaired insulin sensitivity and diminished glucose uptake.
Discussion. These findings indicate that circulating EVs harbor disease-specific metabolic signatures in T2DM and T2DM-CM and may functionally contribute to metabolic dysregulation in tissue-specific pathophysiology.
