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Role of abnormal mitochondrial permeability transition
pore opening in endothelial cell senescence and injury
in atherosclerosis
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[ Abstract ] Objective Atherosclerosis (AS) is an aging-related disease characterized by vascular endothelial
injury, inflammation, and endothelial cell senescence. Recent studies increasingly indicate that abnormal opening
of the mitochondrial permeability transition pore (mPTP) not only causes severe mitochondrial dysfunction but

also plays a critical role in cellular senescence. However, the relationship and role of mPTP in vascular endothelial
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cell senescence during the pathogenesis and progression of AS remain insufficiently clear. This study aims to
elucidate the role of mPTP in vascular endothelial cell senescence and to determine whether targeted intervention
of mPTP can effectively mitigate endothelial cell senescence and injury. Methods An in vitro model of
atherosclerosis-related endothelial injury was established using lipopolysaccharide (LPS)-induced human coronary
artery endothelial cells (HCAECs). Senescence status and mitochondrial function were systematically evaluated
using SA-fB-gal senescence staining, Western blotting, mPTP fluorescence staining, ATP level measurement, and
quantitative real-time PCR. Furthermore, by inhibiting mPTP opening, its regulatory effects on mitochondrial
function, endothelial cell senescence, and associated inflammatory responses were investigated. Results In the in
vitro LPS-induced HCAEC injury model, abnormal mitochondrial mPTP opening was observed, accompanied by
a significant decrease in cellular ATP levels and a marked increase in mtDNA release into the cytosol.
Concurrently, SA - - gal staining intensity was significantly enhanced, protein levels of senescence-associated
markers P16, P21, and P53 were significantly upregulated, and the expression of the senescence-associated
secretory phenotype (SASP) marker gene IL-6 was significantly elevated. Inhibition of mPTP using the inhibitor
VBIT-4 in this model restored mitochondrial membrane potential and ATP levels. Furthermore, VBIT-4 treatment
reversed the LPS-induced upregulation of senescence-associated P16, P21, P53, and IL-6. Conclusion During the
pathological process of AS, abnormal mPTP opening in vascular endothelial cells contributes to endothelial
dysfunction by promoting cellular senescence. Inhibition of mPTP alleviates endothelial cell senescence, reduces
inflammatory levels, and ameliorates mitochondrial function. These findings provide new insights into potential
diagnostic and therapeutic strategies for AS.
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Figure 1 LPS-induced atherosclerotic endothelial cell injury model shows a significant increase

in senescent cells along with significantly elevated IL-6 levels
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Figure 2 In vitro-induced atherosclerotic endothelial cell injury model shows decreased ATP levels,

abnormal mPTP opening, and increased mtDNA release
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