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The role of ubiquitination in the pathogenesis and progression of
atherosclerosis
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Abstract: Atherosclerosis (AS) constitutes the primary pathological substrate of cardiovascular diseases (CVDs). Given its high
global morbidity and mortality, AS imposes a substantial burden on public health systems and socioeconomic development.
Although current therapeutic strategies, such as lipid-lowering statins and antiplatelet agents, can partially mitigate the risk of
adverse cardiovascular events, approximately 20%-30% of patients still exhibit residual risk, and existing interventions fail to
reverse established atherosclerotic plaques, which remain a major trigger of acute CVD events. Thus, deciphering the intricate
pathological regulatory mechanisms underlying AS progression and identifying novel, effective therapeutic targets and early
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diagnostic biomarkers are of profound theoretical significance and urgent clinical imperative. Ubiquitination, a pivotal and
highly conserved post-translational modification in eukaryotes, precisely modulates the stability, subcellular localization, and
functional activity of target proteins via the ubiquitin-proteasome system (UPS). Accumulating evidence has corroborated that
ubiquitination serves as a key regulatory node across all stages of AS, offering a promising frontier for clinical intervention. This
review aims to systematically synthesize and update the regulatory roles and molecular mechanisms of ubiquitination in AS
pathogenesis, focusing on its involvement in core pathological processes and potential clinical translational value. Specifically,
we elaborate on how ubiquitination orchestrates lipid metabolic disorders and foam cell formation. We highlight how key
receptors and transporters are targeted by specific E3 ubiquitin ligases and deubiquitinating enzymes (DUBs), including the
degradation of LOX-1 by TRIM31, the stabilization of CD36 by USP14/UCHL1, and the negative feedback of LDLR by IDOL
or RNF130. Conversely, we discuss protective pathways such as LTN1-mediated K63-linked ubiquitination of ABCA1 and
USP18-mediated deubiquitination of ABCG1, both of which preserve cholesterol efflux. Additionally, we dissect the regulatory
role of ubiquitination in vascular inflammation, analyzing how the Rnd3/TRAF6 and MVP/TRAF6 axes constrain the NF-kB
pathway, and how NLRP3 inflammasome activation is directly controlled by TRIM31-mediated degradation or triggered by
BRCC3-mediated deubiquitination. Based on current evidence, we propose that while ubiquitination-related molecules (e.g.,
RNF128, Pelil, TRIM25) hold considerable promise as diagnostic biomarkers and therapeutic targets, several critical
bottlenecks must be addressed. Currently, evidence is predominantly confined to preclinical models, and clinical translation faces
challenges such as low cell-type specificity and a lack of high-throughput, standardized detection methods. To bridge this gap,
future research should prioritize multi-center prospective validation and leverage multi-omics integration. Crucially, innovative
pharmacological strategies should be explored, such as drug repurposing (e.g., Remdesivir targeting TRAF6 K63-ubiquitination)
and the development of substrate-domain competitive peptides (e.g., FBXW2-P3). Advancing these technological and
translational frameworks will be essential to elevate personalized medicine and precision workflows for AS, ultimately
mitigating the global burden of CVDs.
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Figure 1 Composition, catalytic, and functional mechanisms of the ubiquitin-proteasome system (UPS)

The ubiquitin-proteasome system (UPS) is mainly comprised of ubiquitin, El activating enzymes, E2 conjugating enzymes,
E3 ligases, the 26S proteasome, and deubiquitinating enzymes. This core cascade initiates with the ATP-dependent activation of
ubiquitin by E1, followed by its transfer to E2. Ultimately, E3 specifically catalyzes the covalent conjugation of ubiquitin to specific
amino acid residues on the target protein, achieving substrate ubiquitination. Driven by variations in ubiquitin chain linkages, this
modification displays profound diversity, thereby mediating distinct biological outcomes.
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Figure 2 Ubiquitination regulation of lipid metabolism disorders and foam cell formation
Ubiquitination modification influences lipid metabolism by regulating scavenger receptor-mediated lipid uptake, promoting low-

density lipoprotein receptor-mediated cholesterol clearance, and maintaining the stability of cholesterol efflux-related transporters,
thereby intervening in the pathological progression of atherosclerosis.
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Figure 3 Ubiquitination regulation of vascular inflammatory responses

Ubiquitination modification regulates vascular inflammation by targeting the NF-kB pathway or modulating NLRP3 inflammasome

activation, thereby intervening in the progression of atherosclerosis.
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Table 1 Summary of ubiquitination regulation in the core mechanisms of atherosclerosis
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Figure 4 Challenges in the clinical application of ubiquitination-related biomarkers

While the aberrant expression of ubiquitination-associated biomarkers offers valuable clinical translation potential, substantial

bottlenecks remain to be addressed in real-world implementation.
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