Vascular smooth muscle cell heterogeneity: New insights into coronary artery atherosclerosis.
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Introduction. Myocardial infarction remains the leading global cause of death, primarily driven by coronary artery atherosclerosis (CAA). CAA involves plaque formation through lipid accumulation, immune cell infiltration, and vascular smooth muscle cell (VSMC) phenotype changes. Up to 70% of infarctions result from plaque rupture due to fibrous cap instability, yet the mechanisms driving this instability are poorly understood.
Aims. To identify key cell types involved in fibrous cap formation and degradation in human coronary arteries. We hypothesised that synthetic VSMCs contribute to cap formation, and that their transition to a lipid-scavenging, macrophage-like phenotype underlies plaque instability in advanced disease.
Methods. Eight cryopreserved human left anterior descending (LAD) coronary artery samples with varying CAA severity were analysed using single-cell RNA sequencing (scRNAseq), spatial transcriptomics, and imaging mass cytometry. Transcriptomic data were processed using the Seurat package in R to assess cellular heterogeneity, localization, and interactions.
Results. Analysis of 32,481 cells revealed nine major cell clusters, including four VSMC subtypes: contractile, synthetic, proinflammatory, and macrophage-like. Gene ontology analysis showed distinct biological roles for each subtype. Synthetic VSMC signatures were enriched in early-stage plaques, particularly within the fibrous cap, but diminished in advanced disease. In contrast, macrophage-like VSMCs were absent in healthy arteries, appeared in early plaques, and were highly enriched in the fibrous cap of advanced lesions.
Discussion. Our findings reveal dynamic VSMC heterogeneity in human CAA and suggest that synthetic VSMCs may drive plaque instability by transitioning to a macrophage-like phenotype. Targeting these cellular transitions could offer new therapeutic strategies to prevent plaque rupture and myocardial infarction.
