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and H-rTRIM59 groups were significantly lower 
(P<0.05).

Discussion

High-fat feeding is the main means to establish 
AS mouse models, but the vascular plaques 
formed by the ApoE gene in normal AS mice  
are relatively stable, therefore, ApoE (-/-) mice 
became one of the most commonly used ani-
mals to establish vulnerable plaque AS models 
[7]. In this study, 6-week-old male ApoE (-/-) 
mice were fed by high-fat diet for 8 weeks, and 
it was found that the intima of the aortic root of 
the mice showed atherosclerotic plaque pro-
truding to the lumen, and the collagen in the 
plaque was significantly reduced, confirming 
the initial formation of AS. Continue feeding for 
8 weeks, atheromatous plaques were more 
typical and partially ruptured, confirming that 
persistent high-fat feeding could establish a 
vulnerable plaque AS model.

There are several theories about the patho- 
genesis of atherosclerosis: the theory of lipid 
infiltration, the theory of thrombosis, the th- 
eory of smooth muscle hyperplasia and the 
theory of immune inflammatory response [8]. 
Research has suggested that the progres- 
sion of AS is actually a chronic inflammatory 

site further develops into atherosclerotic pla- 
ques [10]; Kanters et al. [11] showed that spe-
cifically knocked out NF-κB in macrophage of 
LDLR -/- mice can reduce the degree of plaque 
damage. Therefore, inhibition of the NF-κB sig-
naling pathway activity to inhibit the inflamma-
tory response can achieve the purpose of pre-
venting and treating AS diseases. However, 
there are certain limitations and side effects of 
non-selective or complete inhibition of NF-κB, 
exploring new targets to regulate the activity of 
NF-κB signaling pathway may provide new ide- 
as for the treatment of many diseases associ-
ated with abnormal NF-κB signaling pathways. 
Studies have shown that the ubiquitin protea-
some participates in the regulation of apopto-
sis, gene transcription and lysosomal digestion 
by acting on NF-κB signaling pathways [13], and 
thus participates in the development of cardio-
vascular diseases [14]. Versari et al. [15] found 
that inhibition of ubiquitin protease activity in 
atherosclerotic plaques can exacerbate inflam-
mation and oxidative stress and destroy plaque 
stability, suggesting that the ubiquitin protease 
system is a protective factor for atherosclero-
sis. Other related studies have also shown that 
ubiquitin proteases can degrade damaged pro-
teins and inhibit the process of atherosclerosis 
[16], and promote the formation of foam cells 
by degrading low-density lipoprotein, promoting 

Figure 5. Effect of TRIM59 recombinant protein on the level of inflammatory 
mediators in ApoE (-/-) mice. Compared with ND group, *P<0.05, **P<0.01; 
compared with HFD group, #P<0.05, ##P<0.01.

response involving many in- 
flammatory cells and inflam-
matory mediators. The tran-
scription factor NF-κB signal-
ing pathway involves various 
pathological processes such 
as lipid metabolism, inflam-
matory immune response, ap- 
optosis, and vascular remod-
eling, and is a common path-
way for many factors to pro-
mote the development of AS 
[9]. For example, LDL, angio-
tensin II (Ang II), macrophages, 
and Chlamydia pneumoniae 
infection can activate NF-κB-
related signaling pathways to 
initiate inflammation and pro-
mote AS. Animal studies have 
shown that NF-κB activation 
was found in macrophages 
and endothelial cells in the 
aortic roots of LDLR -/- mice 
fed with high-fat diet, and this 
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macrophage apoptosis [17], and affected the 
lipid metabolism by regulation of apolipopro-
tein expression [18]. E3 ubiquitin ligase is one 
of the components of the ubiquitin protease 
system. TRIM59, as a member of the RING fam-
ily of E3 ubiquitin ligase, plays an important 
role in ubiquitination and participates in vari-
ous physiological processes, such as tumors, 
inflammation, and autoimmune disorders [19], 
so it is speculated that it may play a role in  
the process of atherosclerosis. In this study, 
TRIM59 recombinant protein was used to treat 
ApoE -/- AS mice, and TRIM59 recombinant pro-
tein could improve the atherosclerotic lesions 
in AS mice, reducing the atherosclerotic plaque 
at the root of the aorta by increasing the colla-
gen content in the plaque and reducing the 
extracellular lipid and macrophage infiltration. 
It has been suggested that the increased ac- 
tivity of TRIM59 can effectively inhibit the pro-
cess of atherosclerosis, inhibiting the forma-
tion of foam cells by reducing the accumulation 
of extracellular lipids, promoting the deposition 

of collagen fibers, increasing the stability of 
plaque.

In the process of AS, mononuclear cells infil-
trate the endothelium and induce local inflam-
matory reaction, which is an important patho-
genesis of AS and the main cause of vulnerable 
plaque formation. Chemokines, adhesion mol-
ecules and inflammatory factors play an im- 
portant role in this process an important pro-
inflammatory mediators [20]. In the results of 
this study, the chemokine MCP-1, the adhesion 
molecule ICAM-1, and the inflammatory factors 
TNF-α, IL-1β in the HFD group were significantly 
higher than those in the blank group. At the 
same time, inflammatory mediators of TRIM59 
recombinant protein intervention group decre- 
ased, suggesting that the improvement effect 
of TRIM59 on the stability of atherosclerotic 
plaques in AS mice may be related to the in- 
hibition of immune inflammatory response. In- 
flammatory mediators can activate the NF-κB 
signaling pathway, and activation of this signal-

Figure 6. Effect of TRIM59 recombinant protein on NF-κB signaling pathway in ApoE (-/-) mice. A: Immunohisto-
chemical analysis of NF-κB expression in aortic tissue; B: Western blot analysis of TLR4, NF-κB p65, and PARP-1 
protein expression; C: Western blot quantitative analysis. Compared with ND group, *P<0.05, **P<0.01; compared 
with HFD group, #P<0.05, ##P<0.01.
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