Plasma and extracellular vesicle metabolic signatures in type 1 diabetes mellitus
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Introduction. Extracellular vesicles (EVs) transport metabolites reflecting cellular metabolic states. Although type 1 diabetes mellitus (T1DM) is characterized by systemic dysregulation of amino acid and phospholipid metabolism, the specific metabolic alterations within the EVs compartment remain poorly defined relative to the plasma metabolomics.
Aims. This study aimed to systematically characterize and compare metabolic profiles of plasma and plasma-derived EVs in T1DM through an integrated targeted and non-targeted metabolomics and lipidomics.

Methods. Plasma and plasma-derived EVs from patients with T1DM and healthy controls were analyzed following size-exclusion chromatography-based EVs isolation. Targeted metabolomics using liquid chromatography-tandem mass spectrometry quantified amino acids, polyamines, and tricarboxylic acid cycle metabolites. Non-targeted metabolomics and lipidomics were performed using a hybrid acquisition mode on ultrahigh-performance liquid chromatography coupled with quadrupole time-of-flight mass spectrometry.
Results. Plasma analysis revealed limited alterations in targeted metabolites and lipid classes in T1DM. In contrast, EVs-specific metabolomics demonstrated more pronounced and distinct metabolic alterations, including enrichment of membrane-associated lipids and broad disease-associated metabolic alterations of amino acids and polyamines.
Discussion. Collectively, these findings indicate that circulating EVs display metabolic alterations distinct from plasma that are not fully captured by plasma metabolomics in T1DM. Consequently, EVs-based metabolomics represents a promising frontier for identifying localized biomarkers and understanding the systemic propagation of metabolic stress in T1DM.
