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Advances in basic and clinical research on vascular aging

ZHANG Le, ZHANG Cun-Tai"

(Key Laboratory of Vascular Aging, Ministry of Education, Department of Geriatrics, Tongji Hospital, Tongji
Medical College, Huazhong University of Science and Technology, Wuhan 430030, China)

Abstract: Vascular aging is a pivotal pathophysiological process underlying cardiovascular morbidity and is increasingly
recognized as a "central hub” (Senohub) that initiates and drives systemic organismal aging. This review aims to synthesize
recent breakthroughs in the molecular mechanisms, innovative assessment technologies, and emerging therapeutic
interventions for vascular aging, providing a strategic roadmap for future translational research and clinical practice. At
the basic research level, we establish the theoretical framework of the vasculature as a "Senohub” that broadcasts aging
signals to distant organs via secreted senoproteins (e.g., GAS6). The review moves beyond traditional signaling pathways to
detail a hierarchical regulatory network: upstream epigenetic drivers (e.g., METTL14-mediated RNA m®A modification), core
metabolic executors (e.g., TRAP1-mediated histone lactylation), and downstream amplifiers involving complex immuno-
vascular crosstalk. Specifically, we highlight how senescent vascular cells recruit and interact with T cells, polarized
macrophages, and neutrophil extracellular traps (NETs) to sustain a pro-inflammatory microenvironment. In the clinical
domain, assessment strategies are shifting from single hemodynamic metrics to Al-driven multi-modal profiling. We evaluate
innovations such as artificial intelligence-derived vascular age (AI-VA), retinal aging clocks, and ultra-high-field MRI, which
offer superior sensitivity for early detection. Regarding interventions, the field is evolving from managing downstream risk
factors to targeting upstream aging biology. We critically evaluate the potential of Senolytics (e.g., Dasatinib+Quercetin) to
reverse arterial stiffness, while emphasizing the need to address safety concerns such as off-target effects and tissue repair
impairment. Furthermore, we discuss the anti-aging pleiotropy of SGLT2 inhibitors, GLP-1 receptor agonists and Terazosin,
providing specific guidance on mitigating risks like drug-induced sarcopenia in elderly populations. The field is undergoing a
paradigm shift from "reactive disease treatment” to "proactive vascular health management”. Future directions should focus
on integrating spatial multi-omics and Al to construct digital models for precise risk stratification. Ultimately, safely targeting
the "Senohub” via immune-modulation or precision senotherapeutics represents a promising breakthrough for extending
healthspan and combating age-related multimorbidity.
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Figure 1 Multidimensional regulatory network of vascular aging

(a) Mechanisms of vascular endothelial cell (VEC) senescence. Epigenetic remodeling: METTL14 enhances the stability of
TLR4 mRNA by promoting m°A modification, thereby inducing persistent chronic SASP. Ferroptosis: The NARFL protein inhibits
ferroptosis by regulating iron-sulfur cluster assembly; NARFL deficiency in the senescent state leads to lipid peroxidation (LPO)
accumulation and endothelial cell death. Adhesion molecule expression: Increased expression of molecules such as VCAM-
1 mediates the recruitment of circulating immune cells to the vascular wall. Metabolic imbalance: Downregulation of Aplnr leads to
impaired oxidation-phosphorylation in VEC and reduced angiogenic capacity. Mitochondrial damage: EPHB4 deficiency disrupts the
MAPK/PGC-10/TFAM signaling axis, resulting in mitochondrial damage. FGF21 resistance: Increased ADAM10 on the membranes
of senescent cells promotes the cleavage of B-Klotho, the membrane receptor for FGF21, thereby blocking the intracellular
transmission of FGF21’s beneficial signals. (b) Phenotypic transition and regulation of vascular smooth muscle cell (VSMC).
VSMC transits from a contractile to a secretory phenotype, secreting matrix metalloproteinases (MMPs) and SASP factors, which
accelerate vascular stiffness and calcification. Epigenetic remodeling leads to metabolic and mitochondrial damage: TRAP1 drives
aerobic glycolysis in VSMC, resulting in massive intracellular lactate accumulation, which promotes histone H4K12la lactylation and
subsequently enhances SASP expression. Gas signaling regulation: Endogenous H,S activates Foxm1 via sulfhydryl modification,
thereby inhibiting VSMC senescence; endogenous SO, modifies the transcription factor IRF1 via sulthydryl modification, which in
turn suppresses p21 transcription and delays VSMC senescence. Intercellular communication: VSMC secretes exosomes rich in miR-
107-3p, which inhibit the proliferation and repair capacity of VEC, thereby exacerbating endothelial dysfunction; within
atherosclerotic plaques, activated VSMC releases exosomes carrying miR-497-5p. Upon uptake by VEC, these exosomes inhibit the
mitochondrial antioxidant protein UCP2, triggering oxidative stress and NLRP3 inflammasome activation in VEC. Senohub effect:
Secretory VSMC releases large amounts of SASP (GAS6, MMPs, etc.) proteins into the bloodstream, affecting the function of distant
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organs. (¢) Immune cell-vessel interactions. Immune infiltration and injury: Senescent T cells secrete IFN-y and TNF-a, inducing

endothelial injury; Neutrophils release neutrophil extracellular traps (NETs), which exacerbate inflammation and calcification via

DNA and histone scaffolds. Macrophage dysfunction: The aged microenvironment induces macrophage polarization toward the pro-

inflammatory M1 phenotype, while simultaneously impairing their efferocytosis function, leading to the accumulation of necrotic

debris in the vascular microenvironment and persistent inflammation, thereby promoting vascular aging.
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