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Abstract

Coronary atherosclerosis serves as the primary pathological basis for acute coronary syndromes (ACS), including myocardial
infarction and angina pectoris, with plaque instability being the critical factor underlying acute events. Plaque rupture and subsequent
thrombosis are closely associated with endothelial dysfunction, inflammatory responses, lipid metabolism disorders, and phenotypic
transformation of vascular smooth muscle cells (VSMCs). Building on recent advancements in cardiovascular pathology and
molecular biology, this study systematically analyzes the molecular mechanisms underlying plaque formation and stability in
coronary atherosclerosis. Key mechanisms explored include inflammatory immune regulation, apoptosis and autophagy, extracellular
matrix remodeling, oxidative stress, and lipid metabolism pathways. The research further investigates the therapeutic mechanisms and
clinical potential of multi-level intervention strategies, including statins, anti-inflammatory drugs, antioxidants, PCSK9 inhibitors,
and stem cell therapy. The findings highlight that maintaining endothelial integrity, reducing inflammation, and improving metabolic
pathways are crucial for enhancing plaque stability. Future efforts should integrate imaging and molecular diagnostic approaches to
achieve personalized precision prevention and treatment, providing a theoretical foundation for cardiovascular disease management.
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