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Abstract
Atherosclerosis (AS) is a chronic and progressive inflammatory disease. Ubiquitin-conjugating enzyme E2G 2 (UBE2G2) 
has been reported to be differentially expressed in subjects with abnormal coronary endothelial function. We intended to 
further explore the effect of UBE2G2 in AS using apolipoprotein E-deficient  (ApoE−/−) mice. Relative UBE2G2 expression 
in aortic sinus tissues was examined by Real-time reverse transcriptase-polymerase chain reaction and immunohistochemical 
staining. Atherosclerotic plaque formation was observed through hematoxylin–eosin staining. The protein levels of adhesion 
biomarkers and inflammatory cytokines was analyzed by western blotting. The direct interaction between UBE2G2 and miR-
204-5p was predicted by bioinformatic analysis, and the correlation was analyzed by Pearson's correlation test, and verified 
by luciferase reporter assay. Human vascular smooth muscle cells (VSMCs) development was detected by 5-ethynyl-2′-
deoxyuridine labeling assay and wound healing assays. UBE2G2 was highly expressed in the aortic sinus tissues of high-fat 
diet-fed  ApoE−/− mice. The atherosclerotic plaque formation was increased in  ApoE−/− mice, while UBE2G2 knockdown 
reduced it. Silencing of UBE2G2 also inhibited the expression and protein levels of adhesion biomarkers and inflammatory 
cytokines in  ApoE−/− mice. MiR-204-5p was the upstream effector of UBE2G2 and miR-204-5p overexpression was found 
to inhibit the proliferation and migration of human VSMCs through regulating UBE2G2 expression. UBE2G2 inhibition 
attenuated AS in  ApoE−/− mice and UBE2G2 expression was negatively regulated by miR-204-5p in human VSMCs.
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Introduction

Atherosclerosis (AS) is characterized by lipids accumula-
tion, inflammatory factor activation and thrombosis in the 
arterial vessel wall, which is a major cause of death and 
disability worldwide [1–3]. The alterations of proliferation, Yangyang Liu, Zhouyu Luo, and Zhendong Wu have contributed 
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migration, and secretion function in vascular smooth mus-
cle cell (VSMCs) also contribute to the AS development [4]. 
Moreover, apolipoprotein E-deficient  (ApoE−/−) is well char-
acterized to develop atherosclerotic lesions similar to those in 
humans [5]. Therefore, we chose  ApoE−/− mice as the model 
of in vivo experiment, and VSMCs were used for in vitro study 
to explore novel research strategy for AS from a molecular 
level.

Ubiquitin-conjugating enzyme E2G 2 (UBE2G2) has the 
typical secondary structure of members of the ubiquitin carrier 
proteins family, which has been transcribed in most tissues but 
at particularly high levels in skeletal muscle and heart [6–8]. In 
addition, UBE2G2 involvement has been reported in several 
diseases, like hypoglycemia [9], type 2 diabetes [10], and liver 
diseases [11]. A recent study orders the genes that are differ-
entially expressed in subjects with normal (n = 6) or abnormal 
(n = 13) coronary endothelial function [12]. UBE2G2 expres-
sion shows the most significant difference with the P value of 
2.9 ×  10−6, indicating its potential role in early coronary AS. 
Interestingly, Robichaud et al. proposed that the ubiquitina-
tion factor UBE2G2 regulates cholesterol efflux in macrophage 
foam cells, suggesting its potential role in atherogenesis [13]. 
However, the specific role and mechanism of UBE2G2 in 
AS mice model and human vascular smooth muscle cells 
(VSMCs) are unclear.

MicroRNAs (miRNAs) are a subset of non-coding RNAs 
of 18–22 nt. The major function of miRNAs is the regulation 
of mRNA expression by pairing with 3'UTR target sequence 
of mRNA [14, 15]. Numerous miRNAs have been reported to 
be involved in the development of VSMCs [16]. MiR-204-5p 
is predicted to be the upstream miRNA of UBE2G2 by the 
starBase [17]. Moreover, prior studies indicate that miR-
204-5p is involved in the growth and migration of VSMCs 
via regulating Matrix metalloproteinase-9 (MMP-9) expres-
sion [18] and is closely related to AS [19]. In addition, the 
anti-inflammatory role of miR-204-5p has been revealed in 
steoarthritis [20]. Notably, Wang et al. reported that Cyanidin-
3–O–glucoside (C3G) decreases blood lipid levels and sup-
presses pro-inflammatory cytokine production in in rabbits 
using high-fatty diet (HFD), which was associated with the 
down-regulation of miR-204-5p [21]. Nevertheless, no study 
discusses the UBE2G2/mir-204-5p axis in the development 
of AS.

In this study, we constructed an animal model of AS by 
feeding  ApoE−/− mice with HFD to investigate the function of 
UBE2G2 in AS. We hypothesized that UBE2G2 may regulate 
the AS development in HFD-fed  ApoE−/− mice and VSMCs.

Materials and Methods

Animal Models

Thirty male normal C57BL/6 J and  ApoE−/− C57BL/6 J 
mice at 8 weeks of age were obtained from the Jackson 
Laboratory (Beijing, China). All animals were kept in con-
stant temperature (22–25 °C) and with a 12/12 h light–dark 
cycle and divided into two groups: a normal chow diet 
(control group, n = 10) or a high-fat diet (n = 20). HFD-fed 
mice were then randomly divided into HFD group (n = 10) 
and HFD + adeno-associated virus (AAV)-sh-UBE2G2 
group (n = 10). Mice from HFD + AAV-sh-UBE2G2 group 
were intraperitoneally injected with AAV vector-express-
ing UBE2G2 knockdown (AAV-sh-UBE2G2) at a dose of 
4 mg·kg−1⋅d−1, while mice in the high-fat diet group were 
injected with an equal volume of saline which contains 
0.1% dimethyl sulfoxide (DMSO), and mice in the normal 
chow diet group were only injected with equal volume of 
saline. The total duration of the HFD feeding paradigm 
was 20 weeks (9 weeks before AAV vector administration 
and 11 weeks after that). Mice from different groups were 
sacrificed by cervical dislocation after the ether anesthe-
sia. Finally, the aortic sinus tissues were collected. All ani-
mal experimental procedures were approved by the Animal 
Care and Use Committee of the Affiliated Zhangjiagang 
Hospital of Soochow University (Jiangsu, China) accord-
ing to institutional guidelines for animal ethics.

Cell Culture and Transfection

Human VSMCs were purchased from ATCC (Manassas, 
VA, USA) and cultured in DMEM (Thermo Fisher Sci-
entific, HyClone, Logan, UT, USA) which contains 10% 
fetal bovine serum (Thermo Fisher Scientific). VSMCs 
were grown at 37 °C in 5%  CO2. The medium was changed 
every 48 h. MiR-204-5p mimics, pcDNA3.1-UBE2G2, 
and corresponding negative controls were all purchased 
from GenePharma (Shanghai, China) and transfected into 
VSMCs using lipofectamine 3000 (Invitrogen, Carlsbad, 
CA, USA) for 48 h.

Reverse Transcription Quantitative Polymerase 
Chain Reaction (RT‑qPCR)

Total RNA of VSMCs and aortic sinus tissues was 
extracted using TRIzol reagent (ThermoFisher Scientific) 
and reversely transcribed to cDNA using a SuperScript 
II kit (Invitrogen). Then, the expression of miR-204-5p 
and UBE2G2 was detected using QuantiTect SYBR Green 
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PCR Master Mix (Qiagen, Valencia, CA). The  2−ΔΔCT 
method was used to calculate the relative RNA levels with 
U6 as a loading control. The primer sequences are shown 
in Table 1.

Immunohistochemical Staining

Aortic sinus tissues were first dehydrated in alcohol and 
xylene, and then embedded in paraffin. Each tissue was cut 
into five Sections (8 μm-thick), which were then incubated 
with  H2O2 (3%) in methanol for 10 min. Subsequently, 
the sections were probed with primary antibodies (50 μL) 
against UBE2G2 (ab235790; 1:200) at 4 °C overnight. After 
washing with PBS, the sections were incubated with sec-
ondary antibody for 1 h at 37 °C. The sections were then 
developed with diaminobenzidine (DAB) substrate for visu-
alization. After being dehydrated and sealed with the neutral 
gum, the sections were subjected to the fluorescence micros-
copy (IX-51, Olympus).

Hematoxylin and Eosin (H&E) Staining

After 24 h of fixation in 4% paraformaldehyde, the tissues 
were embedded in paraffin. Sections (5 μm-thick) were pre-
pared and mounted on glass slides. Subsequently, paraffin-
embedded aortic sinus tissues were dewaxed and rehydrated. 
Slides were then stained with hematoxylin and eosin for 
5 min respectively. Images were captured using an optical 
microscope (40×; DP73; Olympus, Tokyo, Japan).

Western Blot

Total protein was extracted from VSMCs and aortic sinus 
tissues using RIPA buffer (Roche, Shanghai, China) and 
subjected to sodium dodecylsulfate polyacrylamide gel 
electrophoresis. Subsequently, the proteins were trans-
ferred to preactivated polyvinylidene difluoride mem-
brane (Millipore, Bedford, MA, USA). After being 
blocked with Tris-buffered saline-tween (TBST) con-
taining 5% skimmed milk for 1 h at room temperature, 

the membrane was then incubated with the primary anti-
body [anti-intercellular adhesion molecule 1 (ICAM-1), 
ab222736, 1:1000; anti-The vascular cellular adhesion 
molecule-1 (VCAM-1), ab134047, 1:2000; anti-Tumour 
Necrosis Factor alpha (TNF alpha); ab183218, 1:1000; 
anti- interleukin-1beta (IL-1β), ab254360, 1:1000; anti-
IL-6, ab259341, 1:1000; anti-C-X-C motif chemokine-2 
(CXCL-2), ab271209, 1:1000; anti-UBE2G2, ab174296, 
1:1000; anti-GAPDH, ab8245, 1:500] at 4 °C overnight. 
After rinsing with TBST, the membrane was incubated 
with the secondary antibody for 1 h at room temperature. 
ECL (Biosci, Wuhan, China) was used to visualize the 
protein bands on the membrane. Total protein levels were 
normalized to GAPDH and each sample was replicated 
triple.

Bioinformatic Analysis

The potential upstream targets of UBE2G2 are predicted 
by the starBase (https:// starb ase. sysu. edu. cn/) [22]. By 
reviewing the published literature to understand the func-
tions of all predicted target genes, we selected miR-204-5p 
that might be associated with UBE2G2 for validation. 
Subsequently, the binding sites between miR-204-5p and 
UBE2G2 were provided by the PITA database [23].

Dual‑Luciferase Reporter Gene Assay

The wild (wt) and mutated (mut) target fragments of 
UBE2G2 3′UTR were synthesized and cloned into pGL3 
vector (Promega, Madison, WI, USA) to construct UBE2G2 
3′UTR-wt and UBE2G2 3′UTR-mut reporter gene vectors, 
respectively. UBE2G2 3′UTR-wt and UBE2G2 3′UTR-mut 
reporter was co-transfected into VSMCs with miR-204-5p 
mimics (100  nM) or NC mimics (100  nM) using lipo-
fectamine 3000 (Invitrogen). Forty-eight hours after trans-
fection, dual-luciferase reporter assay system kit (Promega)
was prepared to measure the luciferase activity.

Table 1  Primers used for 
quantitative RT-PCR

Name Sequence (5′–3′) forward Sequence (5′–3′) reverse

UBE2G2 GAA GGA ATT GTA GCA GGC C CAT CAG GGT AGA TGT TGG GA
ICAM-1 CAG ATG CCG ACC CAG GAG AG ACA GAC TTC ACC ACC CCG AT
VCAM-1 GTT TGC AGC TTC TCA AGC T CAA TGA GAC GGA GTC ACC A
TNF-α TGC CTA TGT CTC AGC CTC TT GAG GCC ATT TGG GAA CTT CT
IL-1β GTG GTG GTC GGA GAT TCG TAG GAA ATG ATG GCT TAT TAC AGT GGC 
IL-6 GCT GGA GTC ACA GAA GGA GTGGC GGC ATA ACG CAC TAG GTT TGCGC 
CXCL-2 CGC CCA AAC CGA AGT CAT AG AGA CAA GCT TTC TGC CCA TTCT 
miR-204-5p CTG TCA CTC GAG CTG CTG GAATG ACC GTG TCG TGG AGT CGG CAATT 
GAPDH GAT TTG GTC GTA TTG GGC GC TTC CCG TTC TCA GCC TTG AC

https://starbase.sysu.edu.cn/


1048 Molecular Biotechnology (2022) 64:1045–1054

1 3

5‑Ethynyl‑2′‑Deoxyuridine (EdU) Assay

VSMCs were cultured in 96-well plate for 48 h and treated 
with 100 μL of medium containing 50 μM EdU for 2 h. The 
cells were then fixed with paraformaldehyde (4%; Beyotime) 
for 30 min and incubated with Triton-X-100 (0.5%) in PBS 
for 20 min. The nuclei were stained with DAPI. The prolif-
eration rate was calculated according to the manufacturer’s 
instructions. Images were captured using a fluorescence 
microscope (80i; Nikon, Inc., Tokyo, Japan). Afterwards 
EdU-positive cells and total cells were counted within each 
field.

Wound Healing Assay

VSMCs were cultured in six-well plates at a density of 
4 ×  105 cells/well for a whole day. The wounds were then 
made by a sterile pipette tip (200 μL), and immediately 
washed three times with PBS. Cell migration to the wounded 
gap was then monitored by microscopy after 24 and 48 h. 
Image J software was used to visualize the distance on both 
sides of the scratch and take photos at different time points.

Statistical Analysis

All the corresponding experiments were independently 
repeated more than three times. The independent sample 
t-test was used for the comparison between 2 groups. One-
way ANOVA followed by Tukey’s post hoc analysis was 
used for multiple groups. The correlation of UBE2G2 and 
miR-506-3p was analyzed using Spearman’s rank correlation 
analysis. Values of P < 0.05 were considered significant. We 
used SPSS 22.0 software to process the data.

Results

UBE2G2 Expression in Aortic Sinus Tissues

According to the results of RT-qPCR, UBE2G2 expres-
sion was obviously increased in aortic sinus tissues of 
 ApoE−/− mice in comparison with that in the control 
group (P < 0.001). UBE2G2 was silenced in  ApoE−/− mice 
using an adenovirus-associated virus (AAV)-mediated 
system, and the expression of UBE2G2 was sharply sup-
pressed (P < 0.001), compared with that in  ApoE−/− group 
(Fig. 1A). Similarly, immunohistochemistry staining of the 
aortic sinus section for UBE2G2 showed strong expression 
in  ApoE−/− mice relative to that in control group. Inversely, 
UBE2G2 knockdown downregulated the UBE2G2 expres-
sion (Fig. 1B). Thus, The UBE2G2 expression was elevated 
in aortic sinus tissues of  ApoE−/− mice with AS.

Silencing of UBE2G2 Reduces Atherosclerotic Plaque 
Formation in  ApoE−/− Mice

H&E staining revealed a significantly smaller ath-
erosclerotic plaques characteristic features of AS in 
 ApoE−/− + AAV-sh-UBE2G2 group, compared with that 
in  ApoE−/− mice (Fig. 2A). Mice in the  ApoE−/−-treated 
groups or in  ApoE−/− + AAV-sh-UBE2G2 group had no sig-
nificant changes in body weight compared with mice in the 
control group (Table 2). In addition, higher concentrations 
of TG, TC, HDL, and LDL was shown by the hematologi-
cal analysis in the  ApoE−/− group. However, silencing of 
UBE2G2 had no signifcant efects on blood lipid concentra-
tions of AS mice (Table 3). Thus, UBE2G2 knockdown sup-
pressed atherosclerotic plaque formation in  ApoE−/− mice.

Fig. 1  UBE2G2 expression in aortic sinus tissues. A Real-time 
reverse transcriptase-polymerase chain reaction (RT-qPCR) analy-
sis of UBE2G2 expression in aortic sinus tissues of normal mice, 
high-fat diet (HFD)-fed  ApoE−/− mice, and HFD-fed  ApoE−/− mice 

with UBE2G2 knockdown. B Immunohistochemistry staining of 
aortic sinus tissues from the normal mice, HFD-fed  ApoE−/− mice 
and HFD-fed  ApoE−/− mice with UBE2G2 knockdown *P < 0.05, 
**P < 0.01, ***P < 0.001
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UBE2G2 Knockdown Inhibits the Inflammatory 
Pathway

Vascular inflammation is the early marker of AS, which 
is accompanied by elevated levels of the adhesion mol-
ecule and biomarkers of inflammation [24]. The mRNA 
expression and proteins levels of adhesion biomarkers 
and inflammatory cytokines (ICAM-1, VCAM-1, TNF-α, 
IL1β, IL-6, and CXCL-2) were promoted in  ApoE−/− mice 
relative to those in control group. However, the silenc-
ing of UBE2G2 suppressed the expression of adhesion 
biomarkers and inf lammatory cytokines, compared 
with that in  ApoE−/− group (Fig. 3A, B). Collectively, 
UBE2G2 inhibition suppressed the inflammatory pathway 
in  ApoE−/− mice.

MiR‑204‑5p Targets UBE2G2 3′UTR 

The starBase website predicted miR-204-5p as an upstream 
target gene of UBE2G2 [17]. We detected miR-204-5p 
expression in aortic sinus tissues of  ApoE−/− mice with AS 
and found a significantly downregulated expression level in 
aortic sinus tissues of  ApoE−/− mice (P < 0.01) (Fig. 4A). 
Spearman’s rank correlation analysis subsequently revealed 
that miR-204-5p expression was negatively correlated with 
UBE2G2 expression in aortic sinus tissues of  ApoE−/− mice 
(Fig.  4B). Moreover, miR-204-5p expression was sig-
nificantly elevated in VSMCs overexpressing miR-204-5p 
(Fig. 4C). While UBE2G2 mRNA expression and protein 
levels were downregulated in VSMCs overexpressing miR-
204-5p (Fig. 4D, E). PITA predicted the binding sites and 
luciferase reporter assay confirmed it. The luciferase activ-
ity of UBE2G2 3′UTR-wt was obviously decreased in the 
cells overexpressing miR-204-5p relative to that in control 
group. While the luciferase activity of UBE2G2 3′UTR-mut 
remained unchanged (Fig. 4F, G). These results all indicated 
that miR-204-5p targeted UBE2G2 3′UTR.

MiR‑204‑5p Inhibits the Proliferation and Migration 
of Human VSMCs by UBE2G2

The proliferation of VSMCs was inhibited by miR-204-5p 
overexpression. However, UBE2G2 overexpression partially 

Fig. 2  Silencing of UBE2G2 
reduces atherosclerotic plaque 
formation in  ApoE−/− mice. 
A Hematoxylin–eosin (H&E) 
staining of atherosclerotic 
plaques from the normal mice, 
HFD-fed  ApoE−/− mice and 
HFD-fed  ApoE−/− mice with 
UBE2G2 knockdown (40×)

Table 2  The body weights of mice after 6 or 12 weeks of treatment

Group Number of 
animals

Body weight (g) 
at week 6

Body weight 
(g) at week 
12

Control 10 15.12 ± 0.21 29.13 ± 0.87
ApoE−/− 10 14.97 ± 0.29 33.19 ± 0.67
ApoE−/− + AAV-sh-

UBE2G2
10 15.44 ± 0.20 32.04 ± 0.76

Table 3  Effect of UBE2G2 
knockdown on the blood lipid 
concentrations in mice

n = 10/group, TG triglycerides, TC total cholesterol, HDL high-density lipoprotein, LDL low-density lipo-
protein
*P < 0.05 compared with the control group
#P > 0.05 compared with the  ApoE−/− group

Group Blood lipid concentrations (mmol/L)

TG TC HDL LDL

Control 0.57 ± 0.03 1.72 ± 0.07 1.22 ± 0.05 0.16 ± 0.02
ApoE−/− 1.42 ± 0.13∗ 19.41 ± 1.92∗ 2.77 ± 0.24∗ 5.36 ± 0.54∗
ApoE−/− + AAV-sh-

UBE2G2
1.36 ± 0.34# 16.17 ± 1.04# 2.37 ± 0.31# 4.59 ± 0.33#
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reversed the inhibitory effect of miR-204-5p overexpres-
sion and promoted the VSMCs proliferation, as shown by 
EdU assay (Fig. 5A). Consistently, the migratory ability of 
VSMCs was inhibited by miR-204-5p overexpression, while 
UBE2G2 overexpression promoted the decreased wound 
heealing percentage induced by miR-204-5p overexpression 
in VSMCs (Fig. 5B). Collectively, miR-204-5p inhibited the 
proliferation and migration of human VSMCs by regulating 
UBE2G2 expression.

Discussion

Accumulating studies have shown that various inflamma-
tory cells and a large number of inflammatory mediators 
are always involved from lipid streaks to fibrous plaques and 
atherosclerotic plaques during the occurrence and develop-
ment of AS lesions [25]. As a chronic inflammatory disease, 
AS involves many different cells and molecules.

Recently, ubiquitin proteasome system is proved to 
affect numerous cardiovascular processes [26]. As part of 
the ubiquitin proteasome system, enzymes of three differ-
ent types (E1, E2, and E3) have the key role of directing 
the addition of ubiquitin to specific target proteins [26]. 
Ubiquitin-conjugating enzyme E2 relevant proteins have 
been found to be associated with AS development like 
UBE2Z [27], UBE2J2 [28], and UBE2G2 [13], which has 
been predicted as a novel biomarker for treating AS [12]. 
In our study,  ApoE−/− mice with AS were established to 
explore the concrete role and mechanism of UBE2G2. 
Interestingly, UBE2G2 expression was obviously increased 

in aortic sinus tissues of  ApoE−/− mice, and UBE2G2 
knockdown suppressed atherosclerotic plaque formation, 
as well as the expression of adhesion biomarkers and 
inflammatory cytokines in  ApoE−/− mice with AS. Thus, 
we demonstrated for the first time the protective effect of 
UBE2G2 knockdown on atherosclerotic plaque formation 
and the inflammatory response in HFD-fed  ApoE−/− mice.

Mechanically, miRNA exerts its role in the occurrence 
and development of diseases by cleaving mRNA and inhib-
iting its translation [29, 30]. Importantly, increasing miR-
NAs are reported to be crucial regulators for the abnormal 
proliferation and migration of VSMCs, such as miR-
377-3p [31], miR-128-3p [32], and miR-126-5p [33]. In 
our study, miR-204-5p has been predicted as an upstream 
target gene of UBE2G2. Previous study has reported that 
miR-204-5p exerted its effect on the growth and migration 
of VSMCs by targeting MMP-9 [18]. Another research 
also confirmed the the downregulation of miR-204-5p in 
endothelial cells of a rabbit model was associated with 
AS [21]. In addition, miR-204-5p is also involved in the 
regulatory mechanism of X-inactive specific transcript 
(XIST)/toll-like receptor 4 (TLR4) and plays a protective 
role in ox-LDL-induced human umbilical vein endothe-
lial cells injury, thus inhibiting the development of AS 
[34]. Notably, in our study, miR-204-5p expression was 
decreased in aortic sinus tissues of  ApoE−/− mice with AS 
and was negatively correlated with UBE2G2 expression. 
Interestingly, miR-204-5p overexpression inhibited the 
proliferation and migration of human VSMCs. However, 
UBE2G2 overexpression significantly reversed the effect 
of miR-204-5p mimics.

Fig. 3  UBE2G2 knockdown 
inhibits the inflammatory 
pathway. A and B RT-qPCR 
and western blotting of 
adhesion molecules and pro-
inflammatory factors in control, 
 ApoE−/− and  ApoE−/− + AAV-
sh-UBE2G2 groups. *P < 0.05, 
***P < 0.001
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Our research revealed the potential role of UBE2G2 in 
AS. However, some limitations still exist in this study. First, 
the effect of its upstream target miR-204-5p on AS develop-
ment needs to be confirmed through establishing AS mice 
model in the subsequent experiments. Secondly, many sign-
aling pathways including p38, ERK1/2, and JNK pathway 
have been found to participate in the AS development and 
mediate the inflammation process in AS [35]. We should 
further find out the relevant signaling pathways that affect 
the role of UBE2G2.

Conclusion

In conclusion, inhibition of UBE2G2 protected 
 ApoE−/− mice from AS. We also found that miR-204-5p 
targets UBE2G2, and miR-204-5p overexpression regu-
lated proliferation and migration of human VSMCs via 
UBE2G2 axis. Thus, UBE2G2 may be a potential bio-
marker for the prevention of AS.

Fig. 4  MiR-204-5p targets UBE2G2 3′UTR. A RT-qPCR of miR-
204-5p in aortic sinus tissues from HFD-fed  ApoE−/− mice. B Spear-
man’s rank correlation analysis revealed the correlation between miR-
204-5p expression and UBE2G2 expression in aortic sinus tissues of 
HFD-fed  ApoE−/− mice. C RT-qPCR of miR-204-5p expression in 

VSMCs overexpressing miR-204-5p. D and E RT-qPCR and western 
blotting of UBE2G2 mRNA expression and protein levels in VSMCs 
overexpressing miR-204-5p. F and G PITA predicted the binding site 
between miR-204-5p and UBE2G2, and which is verified by lucif-
erase reporter assay. **P < 0.01, ***P < 0.001
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