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Biogenesis and biological functions of extracellular vesicles
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[ Abstract] Extracellular vesicles (EVs) are nanoscale vesicles with a phospholipid bilayer membrane structure,
actively secreted by cells, and widely present in body fluids, serving as key carriers for mediating intercellular
communication. Based on their biogenesis pathways and sizes, they are primarily classified into subtypes such as
exosomes, microparticles, and apoptotic bodies. Exosomes originate from multivesicular bodies formed by cellular
endocytosis, with their biogenesis precisely regulated by mechanisms such as endosomal sorting complexes.
Microparticles are mainly produced through direct budding from the plasma membrane. These vesicles carry and
deliver a rich array of bioactive molecules, including proteins, nucleic acids, and lipids, playing an indispensable role
in physiological and pathological processes. Under physiological conditions, EVs participate in immune regulation,
tissue homeostasis maintenance, and regeneration and repair. In pathological processes, they act as facilitators of
disease progression, playing important roles in tumor microenvironment remodeling, pre-metastatic niche formation,
metabolic disorders, neuroinflammation, and infectious diseases. Due to their natural delivery properties and rich
biological information, EVs have become highly promising disease biomarkers, prognostic assessment tools, and
novel drug delivery systems. This article systematically reviews the different biogenesis mechanisms of EVs, their
core functions in various biological processes, and explores cutting-edge advancements from isolation and
characterization to engineering applications, aiming to provide a comprehensive perspective for understanding the
biological significance of EVs and advancing their clinical translation.
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