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Vesicular trafficking in vascular endothelial cells: Mechanisms and
homeostatic control

ZHANG Lin, HAN Yi-Ming, YAO Li-Tao, XU Ning-Jing, JIA Shun-Ji"

(Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Vascular endothelial cells reside at the interface between blood circulation and surrounding tissues, serving as a
central platform for functional crosstalk: on the one hand, they regulate transendothelial exchange and barrier permeability to
maintain local microenvironmental homeostasis; on the other, they engage in the control of vascular tone, inflammatory
responses, and hemostatic balance through signal transduction. Vesicular trafficking provides dynamic support for these
processes by modulating endothelial surface composition and signaling output via the endocytosis, recycling, and transport of
membrane lipids and proteins, thereby enabling plastic control of transendothelial transport and permeability. However,
systematic differences among vascular beds in structure, mechanical forces, and functional demands lead to distinct basal
trafficking activities and stimulus-response profiles. Accordingly, inflammatory, ischemic, or metabolic stress can induce
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tissue-specific alterations in vesicular trafficking, driving endothelial homeostatic imbalance and divergent phenotypes,

ultimately shaping different vascular response patterns and pathological outcomes. Examining endothelial homeostatic

disruption from the perspective of vesicular trafficking may help establish a mechanistic framework to explain the tissue

heterogeneity of vascular disease and reveal potential targets for precision intervention.
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Figure 1 Molecular mechanisms and functions of vesicular transport in endothelial cells

(A) Conserved molecular mechanisms underlying cellular vesicular transport. (B) The endothelial luminal glycocalyx and
intercellular junctions act in concert to maintain barrier homeostasis. (C) Regulated secretion of Weibel-Palade bodies (WPBs) control
hemostasis and inflammatory responses. (D) In liver sinusoidal endothelial cells, fenestrae and endocytic clearance systems are

functionally integrated to regulate molecular transport.
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Figure 2 Dysregulation of vesicular transport in endothelial cells and its association with disease

(A) Dysregulated caveolae-mediated transcytosis drives blood-brain barrier disruption, promotes neuroinflammation, and is
associated with stroke and neurodegenerative diseases. (B) Impaired regulation of caveolae-mediated mechanical buffering and
signaling platforms causes endothelial dysfunction in the pulmonary microcirculation and promotes vascular remodeling, thereby
contributing to the progression of pulmonary fibrosis. (C) Imbalance in the exchange and clearance functions of liver sinusoidal
endothelial cells amplifies sinusoidal inflammation and drives the development and progression of liver fibrosis and portal
hypertension.
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