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Abstract. Atherosclerosis is the leading cause of death from 
vascular diseases worldwide, and endothelial cell (EC) dysfunc‑
tion is the key cause of atherosclerosis. miR‑155 was found 
to induce endothelial injury and to trigger atherosclerosis. In 
addition, brain and muscle ARNT‑like protein‑1 (Bmal1) has 
been found to be closely related to EC function. Therefore, 
the present study aimed to explore the mechanism underlying 
the regulation of Bmal1 by miR‑155 in the induction of EC 
apoptosis and inflammatory response in atherosclerosis. The 
atherosclerosis model in apolipoprotein E (ApoE)‑/‑ mice was 
established. miR‑155 and Bmal1 expression was quantified by 
RT‑qPCR and western blot analysis, respectively. The role of 
miR‑155 and Bmal1 in atherosclerosis was evaluated through 
changes in cardiac function, plaque area, cardiomyocyte 
apoptosis, and inflammatory factor levels in mice. Moreover, 
the regulatory relationship between them was identified by 
dual‑luciferase reporter gene assay to explore the mechanism 
of action of miR‑155. After the modeling, the expression of 
miR‑155 was upregulated and Bmal1 was downregulated in 
aorta, and there was a significant linear correlation between 
them. Upregulation of miR‑155 increased the atherosclerotic 
plaque area, cell apoptosis, total cholesterol (TC) and triglyc‑
eride (TG), as well as weakened aortic diastolic function. 
However, opposite changes occurred after downregulation of 
miR‑155 or an increase in Bmal1. In addition, the microRNA.
org website predicted that there were targeted binding sites 
between miR‑155 and Bmal1, which was verified with a 
dual‑luciferase reporter gene assay. miR‑155 was able to 
inhibit the expression by targeting Bmal1. Moreover, a rescue 
experiment showed that Bmal1 hindered the promotion of 
miR‑155 in regards to atherosclerosis. In conclusion, miR‑155 
induces EC apoptosis and inflammatory response, weakens 

aortic diastolic function, and promotes the progression of 
atherosclerosis through targeted inhibition of Bmal1.

Introduction

Atherosclerosis, a chronic arterial disease characterized by 
ischemic heart disease (IHD), ischemic stroke and peripheral 
arterial disease, is the leading cause of death from vascular 
diseases worldwide (1,2). The number of individuals who died 
of IHD accounts for about 30% of the global death toll per 
year (3). In 2016, there were 11 million individuals suffering 
from IHD in China; IHD will become the leading cause of 
disability and death by 2020 (4).

Endothelial cell (EC) dysfunction is the key cause of 
atherosclerosis, mainly manifested in complete exfoliation 
and dysfunction of the endothelial monolayer caused by EC 
apoptosis, leading to lipid accumulation and inflammation and 
atherosclerotic lesions (5,6). MicroRNAs (miRNAs/miRs), a 
class of single‑stranded short non‑coding RNAs (approximately 
17‑22 bp) are involved in almost all biological processes, and 
regulate the translation and degradation of targeted mRNAs 
by binding to their 3'‑untranslated region (UTR). It has been 
suggested that targeting miRNAs is a promising therapeutic 
method for cancer  (7,8). Studies also suggest the role of 
miR‑155 in regulating EC function. Zheng et al (9) reported that 
miR‑155 induces endothelial injury and triggers atherosclerosis. 
Yang et al (10) demonstrated that miR‑155 plays a role in control‑
ling hypoxia inducible factor 1α (HIF‑1α) expression under 
hypoxia and promotes angiogenesis, which is also a key feature 
of mature ECs. However, the role of miR‑155 in ECs needs further 
investigation. Brain and Muscle ARNT‑like protein‑1 (Bmal1), 
also called aryl hydrocarbon receptor nuclear translocator like 
(ARNTL), with the coding gene is located on human chromo‑
some 11p15.3. It is closely related to EC function regulation 
and promotes angiogenesis by regulating vascular endothelial 
growth factor A (VEGF‑A) (11). In addition, Zhu et al found 
that Bmal1 inhibited endothelial‑mesenchymal transformation, 
and its deletion accelerated atherosclerosis progression and 
enhanced plaque stability (12). Whether miR‑155 and Bmal1 are 
valuable in atherosclerosis is not fully understood. It was previ‑
ously reported that miR‑155 could target Bmal1 to regulate the 
circadian rhythm of macrophages, reducing the plasma choles‑
terol level of patients with early atherosclerosis, but inducing 
inflammatory response at the same time (13,14).

miR‑155 induces endothelial cell apoptosis and inflammatory 
response in atherosclerosis by regulating Bmal1

SHUANGCHAO LIANG1,2,  JIQIONG HU2,  ANDONG ZHANG2,  FANGKUAN LI2  and  XIAOQIANG LI1

1Department of Vascular Surgery, The Second Affiliated Hospital of Soochow University, Suzhou, Jiangsu 215000; 
2Department of Vascular Surgery, Yijishan Hospital of Wannan Medical College, Wuhu, Anhui 241000, P.R. China

Received December 19, 2019;  Accepted June 18, 2020

DOI: 10.3892/etm.2020.9259

Correspondence to: Dr Xiaoqiang Li, Department of Vascular 
Surgery, The Second Affiliated Hospital of Soochow University, 
1055 Sanxiang Road, Suzhou, Jiangsu 215000, P.R. China
E‑mail: liangchao.0000@163.com

Key words: miR‑155, Bmal1, atherosclerosis, endothelial cells, 
inflammatory response

https://www.spandidos-publications.com/10.3892/etm.2020.9259
https://www.spandidos-publications.com/10.3892/etm.2020.9259


LIANG et al:  miR-155 INDUCES ENDOTHELIAL CELL APOPTOSIS AND INFLAMMATORY RESPONSE2

The present study analyzed the effects of miR‑155 and Bmal1 
on ECs of atherosclerotic mice to elaborate the mechanism 
underlying miR‑155 and Bmal1 in atherosclerosis and provides 
further experimental basis for potential target searching.

Materials and methods

Mice. Eighty C57BL/6 apolipoprotein E‑deficient (ApoE‑/‑) 
mice [SCXK (Guizhou) 2018‑0001] were purchased from 
the Experimental Animal Center of Guizhou Medical 
University. The mice (6 weeks old, weighing 18‑22 g) were 
maintained at room temperature of 20‑25˚C, relative humidity 
of 40‑70%, light/dark cycle of 12 h, and had free access to 
food and water. All animal experiments were approved by the 
Animal Ethics Committee of The Second Affiliated Hospital 
of Soochow University and followed the guidelines of the 
Council for International Organizations of Medical Sciences 
(CIOMS) (15).

Modeling and grouping. Ten C57BL/6 ApoE‑/‑ mice served 
as the blank group, and 70 ApoE ‑/‑ mice were randomly 
allocated into an inhibitor group, inhibitor‑NC group, mimic 
group, mimic‑NC group, Bmal1 group, Bmal1‑NC group, 
and combination group (10 mice in each group). The blank 
group received no treatment, and the inhibitor group, mimic 
group, Bmal1 group and combination group were treated 
with miR‑155 inhibitor, miR‑155 mimic, recombinant Bmal1 
plasmid and miR‑155 mimic+recombinant Bmal1 plasmid, 
respectively, while the inhibitor‑NC group, mimic‑NC group 
and Bmal1‑NC group were given their own vector controls. 
miR‑155 inhibitor, miR‑155 mimic, recombinant Bmal1 
plasmid and vector controls were all designed and synthesized 
by Thermo Fisher Scientific, Inc., and the plasmid applied was 
PGL3‑promoter. The following are the sequences: miR‑155 
mimics sequence, 5'‑UUA​AUG​CUA​AUU​GUG​AUA​GGG​
GU‑3' and mimic‑NC sequence, 5'‑UUC​UCC​GAA​CGU​GUC​
ACG​UTT‑3'; miR‑155 inhibitor sequence, 5'‑ACC​CCU​AUC​
ACG​AUU​AGC​AUU​AA‑3' and inhibitor‑NC sequence, 5'‑CAG​
UAC​UUU​UGU​GUA​GUA​CAA‑3'. After pre‑treatment with 
Liposome 2000 (Invitrogen; Thermo Fisher Scientific, Inc.), 
the concentration of mimic and inhibitor used was adjusted 
to 50 mg/kg, and tail vein injection (100 µl) was performed 
once every 4 weeks. All mice were fed with a high‑fat diet 
containing 0.15% cholesterol and 21% fat. After 16 weeks, 
intervention effect was observed. The mice were anesthetized 
with pentobarbital (60 mg/kg), and were sacrificed by cervical 
dislocation to collect corresponding specimens.

Blood lipid test. Heart blood samples (2 ml) from the mice 
were centrifuged at 1,000 x g at 4˚C for 15 min, and the 
total cholesterol (TC) and triglyceride (TG) levels in serum 
were detected using a Roche MODULAR P800 automatic 
biochemical analyzer (Roche Diagnostics).

Diastolic function test. After the mice were sacrificed, the 
tissues around the aorta were removed. A 4‑mm long vascular 
ring was connected to a JH‑2 force transducer. A arterial 
ring was placed in a constant temperature isolated tissue and 
organ perfusion system (HV‑4, Techman, Chengdu, China) 
containing Krebs‑Hensleit's solution, with a tension load of 

2 x g. After 1 h, the arterial ring was pre‑stimulated with 
norepinephrine (1x10‑6 mol/l). After the tension was balanced, 
acetylcholine at different concentrations (10‑9, 10‑8, 10‑7, 10‑6, 
10‑5, 10‑4 mol/l) was used to stimulate the arterial ring again. 
BL‑420S biological signal recording system was employed to 
record the tension of the arterial ring in each group. Equipment 
and related reagents were provided by Chengdu TECHMAN 
Technology Co., Ltd.

Plaque area detection. A 2‑mm aorta was excised from the 
aortic arch to the bifurcation of the common iliac artery, 
fixed on a glass slide using 4% paraformaldehyde with the 
endothelium upward, and then stained for 4 h with Oil Red O. 
Controlnetics (Silver Spring, MD, USA) was used to calculate 
the positive staining rate (plaque area/total aortic area). The 
relevant reagents were all purchased from Thermo Fisher 
Scientific, Inc.

Apoptosis detection. The apoptotic rate was detected by 
TdT‑mediated dUTP nick end labeling (TUNEL) staining. 
After the aorta sample was frozen and sectioned, TUNEL 
reagent was applied for staining at 37˚C for 1 h. For specific 
steps, please refer to the instruction manual of the TUNEL kit 
(Thermo Fisher Scientific, Inc.; KHO1001).

Inflammatory factor detection. Levels of serum tumor necrosis 
factor (TNF)‑α and interleukin‑6 (IL‑6) were measured by 
enzyme‑linked immunosorbent assay (ELISA). Biotinylated 
anti‑mouse TNF‑α or IL‑6 was added to antibody‑coated 
microwells, followed by incubation at room temperature for 
2 h. After washing, HRP conjugated streptavidin was added 
and incubated at room temperature for 1 h. After another 
washing, tetramethyl benzidine (TMB) solution was added, 
and incubated at room temperature for 10 min. Following 
addition of stop solution, color development was carried out at 
620 nm. Relevant kits were all purchased from Thermo Fisher 
Scientific, Inc. (cat. nos. BMS622 and CRC0063).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA of the aortic arch was extracted using 
a TRIzol kit. The MiRNeasy Micro kit was used to extract 
total RNA from exosomes. The purity, concentration, as well 
as integrity of the extracted total RNA were determined using 
an ultraviolet spectrophotometer and agarose gel electropho‑
resis (28s/18s ≥2 and 1.8< A260/A280 value <2.1. One‑step 
RNA amplification was adopted with a reaction system 
containing 1 µg of RNA Template, 0.4 µl of Forward GSP 
(10 µM), 0.4 µl of Reverse GSP (10 µM), 10 µl of 2X One‑Step 
Reaction Mix, 0.4 µl of Easy Script One‑Step Enzymmix, and 
RNase‑Free water supplemented to 20 µl. The reaction condi‑
tions were: 40˚C for 30 min, 94˚C for 5 min, 94˚C for 30 sec, 
60˚C for 30 sec, 72˚C for 2 kb/min, 72˚C for 10 min, a total 
of 42  cycles. Glyceraldehyde‑3‑phosphate‑dehydrogenase 
(GAPDH) and U6 served as the internal reference for long 
non‑coding RNA (lncRNA) and miRNA, respectively. The 
TRIzol kit was purchased from Invitrogen; Thermo Fisher 
Scientific, Inc. (cat. no.  15596018), EasyScript One‑Step 
RT‑PCR SuperMix kit was purchased from Beijing TransGen 
(cat. no. AE411‑02), and the microplate reader was purchased 
from Shanghai Flash Spectrum. Primer sequences were 
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designed and synthesized by Thermo Fisher Scientific, Inc. 
(China) (Table I).

Western blot analysis. Proteins were extracted from aortic 
arch by repeated freezing and thawing, and the concentra‑
tion was detected with bicinchoninic acid (BCA) method and 
adjusted to 4 µg/µl. The proteins were separated by 12% poly‑
acrylamide gel electrophoresis. The initial voltage was 90 V, 
which was then increased to 120 V to move the sample to the 
appropriate position on separating gel. Afterwards, proteins 
were transferred to a polyvinylidene fluoride membrane 
(Amersham Pharmacia Biotech) at a constant voltage of 
100 V for 100 min, then blocked for 60 min. Afterwards, the 
membrane was blocked in 5% skimmed milk powder, and 
then immune reaction was carried out. The membrane was 
incubated overnight with primary antibody (dilution 1:1,000) 
at 4˚C and washed three times with phosphate‑buffered saline 
(PBS) on the next day, 5 min each time, and then incubated with 
secondary antibody (dilution 1:1,000) for 1 h at room tempera‑
ture. Subsequently, enhanced chemiluminescence (ECL) 
reagent was used for developing and fixing. The protein bands 
scanned were statistically analyzed by Quantity One Software 
1‑D (Bio-Rad Laboratories, Inc.), and the relative expression of 
protein=gray value of target band/gray value of internal refer‑
ence. BCA protein kit (cat. no. 23250), ECL kit (cat. no. 35055) 
and trypsin (cat. no. 90058) were all purchased from Thermo 
Fisher Scientific, Inc. Rabbit anti‑Bmal1 polyclonal antibody 
(cat. no. ab3350) and goat anti‑rabbit IgG secondary antibody 
(cat. no. ab6721) were purchased from Abcam.

Dual‑luciferase reporter gene assay. Primer sequences were 
all designed and synthesized by Thermo Fisher Scientific, 

Inc. (China). 293T cells in logarithmic growth phase were 
transfected with pmirGLO‑Bmal1‑3'UTR wild‑type (Wt), 
pmirGLO‑Bmal1‑3'UTR mutant (Mut), miR‑155 mimics, 
miR‑155 inhibitor, and miR‑NC, respectively. The fluores‑
cence intensity was measured 48 h after transfection with 
dual‑luciferase reporter gene assay (Promega Corporation). 
Data were normalized by β‑galactosidase.

Statistical analysis. Graphpad Prism 8 (GraphPad Software, 
Inc.) was employed to statistically analyze and visualize the 
data. All trials were repeated three times. Measurement data 
are expressed as mean ± standard deviation (SD). One‑way 
analysis of variance (ANOVA) was used for multi‑group 
comparison, Fisher's least significant difference (LSD) test for 
post‑hoc test, independent samples t‑test for between‑group 
comparison, and Pearson test for correlation analysis. P<0.05 
was considered to indicate a statistically significant difference.

Results

Outcomes of the miR‑155 intervention. The mice receiving 
miR‑155 inhibitor intervention showed significantly decreased 
miR‑155 compared with those in the blank group (P<0.05; 
Fig. 1A). The mice receiving miR‑155 mimic intervention 
showed significantly increased miR‑155 (P<0.05; Fig. 1B). 
There was no significant difference in miR‑155 expression 
between the inhibitor‑NC and mimic‑NC groups.

Outcomes of Bmal1 intervention. The mice receiving recom‑
binant Bmal1 plasmid presented significantly increased Bmal1 
compared with those in the blank group (P<0.05), and there was 
no significant difference in Bmal1 expression between the Bmal1 

Figure 1. Outcomes of the miR‑155 intervention. (A) Effect of miR‑155 inhibitor on miR‑155 expression. (B) Effect of miR‑155 mimic on miR‑155 expression. 
*P<0.05. miR, microRNA; NC, negative control.

Table I. Primer sequences.

	 Forward primer	 Reverse primer

miR‑155	 5'‑CGTTAATGCTAATCGTGATAG‑3'	 5'‑GCAGGGTCCGAGGT‑3'
U6	 5'‑GCGCGTCGTGAAGCGTTC‑3'	 5'‑GTGCAGGGTCCGAGGT‑3'
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group and blank group (P>0.05; Fig. 2A). Moreover, miR‑155 
was found to be negatively correlated with Bmal1 (Fig. 2B).

Effects of miR‑155 on atherosclerosis. The mice receiving 
miR‑155 inhibitor intervention had decreased TC (Fig. 3A), 

Figure 3. Effects of miR‑155 on atherosclerosis. (A) Changes in TC level in mice. (B) Changes in TG level in mice. (C) Changes in aortic diastolic function 
in mice. (D) Changes in aortic plaque area in mice. (E) Changes in the apoptotic rate in mice. (F) Changes in TNF‑α in mice. (G) Changes in IL‑6 in mice. 
*P<0.05. TC, total cholesterol; TG, total triglyerides; IL‑6, interleukin‑6; TNF, tumor necrosis factor; miR, microRNA; NC, negative control.

Figure 2. Outcomes of Bmal1 intervention. (A) Effect of recombinant Bmal1 plasmid on Bmal1 expression. (B) Correlation analysis between miR‑155 and 
Bmal1 expression. *P<0.05. miR, microRNA; Bmal1, brain and muscle ARNT‑like protein‑1.
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TG (Fig. 3B), TNF‑α (Fig. 3F) and IL‑6 levels (Fig. 3G), 
as well as aortic plaque area (Fig. 3D) and apoptotic rate 
(Fig. 3E) than those in the control group (P<0.05), and aortic 
diastolic function was enhanced (P<0.05; Fig. 3C). However, 
the mice receiving miR‑155 mimic intervention demonstrated 
completely opposite results (P<0.05; Fig. 3).

Effects of Bmal1 on atherosclerosis. The mice receiving 
recombinant Bmal1 plasmid had decreased TC (Fig. 4A), TG 
(Fig. 4B), TNF‑α (Fig. 4F), IL‑6 levels (Fig. 4G), as well as 
aortic plaque area (Fig. 4D) and apoptotic rate (Fig. 4E) than 
those in the Bmal1‑NC group (P<0.05), and aortic diastolic 
function was enhanced (P<0.05; Fig. 4C).

Effects of Bmal1 on the role of miR‑155. The expression of 
miR‑155 in the combination group was not different from 
that in the mimic group (P>0.05), but higher than that in the 
Bmal1 group (P<0.05; Fig. 5A). The expression of Bmal1 in 
the combination group was higher than that in the mimic 
group (P>0.05), but lower than that in the Bmal1 group 

(Fig. 5B) (P<0.05). Compared with mimic group, the TC 
(Fig. 5C), TG (Fig. 5D), TNF‑α (Fig. 5H), IL‑6 (Fig. 5I), 
aortic plaque area (Fig. 5F) and apoptotic rate (Fig. 5G) were 
lower and aortic diastolic function (Fig. 5E) was enhanced 
in the combination group (P<0.05). When compared with 
the Bmal1 group, the results were reversed (P<0.05; Fig. 5).

Dual‑luciferase reporter gene assay. Targeted binding 
sites between miR‑155 and Bmal1 were predicted by 
TargetScan (16). The results of cell transfection in each group 
are shown in Fig. 6A. The fluorescence intensity of 293T cells 
transfected with miR‑155 mimic was significantly decreased 
(P<0.05), while the intensity of those transfected with miR‑155 
inhibitor was significantly increased (P<0.05; Fig. 6).

Discussion

Vascular response in atherosclerosis is a process involving ECs, 
macrophages, and smooth muscle cells. ECs trigger vascular 
endothelial injury under various stimuli, causing failure of the 

Figure 4. Effects of Bmal1 on atherosclerosis. (A) Changes in TC level in mice. (B) Changes in TG level in mice. (C) Changes in aortic diastolic function 
in mice. (D) Changes in aortic plaque area in mice. (E) Changes in the apoptotic rate in mice. (F) Changes in TNF‑α in mice. (G) Changes in IL‑6 in mice. 
*P<0.05. Bmal1, brain and muscle ARNT‑like protein‑1; TC, total cholesterol; TG, total triglyerides; IL‑6, interleukin‑6; TNF, tumor necrosis factor; miR, 
microRNA; NC, negative control.
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endothelium to regulate lipid homeostasis, immune function, 
and inflammation, hence causing vascular smooth muscle cell 
activation and macrophage infiltration as well as accelerating 
the formation of atherosclerotic plaques (17‑19). Therefore, 
strategies with which to reduce EC injury are the focus of 
research on the treatment of atherosclerosis. It has been 
emphasized that miRNAs are dysregulated in atherosclerosis, 
and they are also key factors in regulating EC function (20,21). 
Therefore, miRNA investigation is an important direction to 
identify targets for atherosclerosis.

We established atherosclerosis models with ApoE‑/‑ mice 
and found abnormal expression of miR‑155 and Bmal1, which 
is similar to previous research findings (22,23). We artificially 

interfered with the expression of miR‑155 and Bmal1 in mice 
during modeling. As expected, miR‑155 and Bmal1 in the 
aorta of mice exhibited corresponding changes. Moreover, we 
found that there was a significant linear correlation between 
them. Elevated miR‑155 increased atherosclerotic plaque area, 
cell apoptosis, TC and total TG levels in mice, as well as 
weakened aortic diastolic function, while decreased miR‑155 
or increased Bmal1 showed opposite results. This indicated 
that miR‑155 promoted and Bmal1 hindered the progression of 
atherosclerosis. According to Gomez et al, exosomes carrying 
miR‑155 released from neutrophils during vascular infiltra‑
tion were fused with ECs, leading to vascular inflammation 
and atherosclerosis (24). Faccini et al also indicated the high 

Figure 5. Effects of Bmal1 on the role of miR‑155. (A) Expression level of miR‑155. (B) Expression level of Bmal1. aP<0.05 vs. mimic‑NC group, bP<0.05 vs. mimic 
group, cP<0.05 vs. Bmal1‑NC group, dP<0.05 vs. Bmal1 group. (C) Changes in TC level in mice. (D) Changes in TG level in mice. (E) Changes in aortic diastolic 
function in mice. (F) Changes in the aortic plaque area in mice. (G) Changes in the apoptotic rate in mice. (H) Changes in TNF‑α in mice. (I) Changes in IL‑6 in 
mice. *P<0.05. Bmal1, brain and muscle ARNT‑like protein‑1; TC, total cholesterol; TG, total triglyerides; IL‑6, interleukin‑6; TNF, tumor necrosis factor.
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diagnostic value of miR‑155 in coronary atherosclerosis (25). 
There were also studies that proposed that miR‑155 is a 
protective factor for atherosclerosis. Huang et al reported that 
overexpression of miR‑155 in peripheral blood mononuclear 
cells inhibited the inflammatory response  (26). Moreover, 
Li et al found that miR‑155 relieved chronic inflammation 
in atherosclerosis through negative feedback regulation of 
nuclear factor (NF)‑κΒ, and inhibited foam cell formation via 
calcium‑regulated heat stable protein 1 signaling pathway, thus 
alleviating atherosclerosis (27). The above studies analyzed 
the role of miR‑155 in atherosclerosis from different aspects, 
indicating the diverse mechanisms of miR‑155, which need to 
be explored by more scholars.

Concerning Bmal1, the currently accepted view is that it 
maintains vascular function and slows down the formation of 
atherosclerosis by regulating the circadian rhythm of intestinal 
flora and vascular cells (28). Moreover, it has been reported to 
play a role in regulating inflammation, for example, by modu‑
lating the macrophage inflammatory response (29), inhibiting 
local inflammation in arthritis (30), as well as suppressing 
cardiomyocyte inflammation and reducing cardiomyocyte 
apoptosis (31).

In the present study, the effects of miR‑155 and Bmal1 on 
the inflammatory response were investigated. Inflammation is 
an important manifestation of atherosclerosis characterized by 
macrophage infiltration. On the good side, macrophage infil‑
tration is conducive to the restoration of damaged vessels (22), 
but the promotion of macrophages in regards to inflammatory 
factors, nitric oxide synthase, cyclooxygenase‑2, and reactive 
oxygen species may lead to EC injury (32). In the present study, 
miR‑155 was found to alleviate the inflammatory response in 
atherosclerosis mice, while Bmal1 played an inhibitory role, 
which meant that miR‑155 and Bmal1 affect the development 
of atherosclerosis in many ways. We mentioned earlier that 

miR‑155 and Bmal1 expression were found to be negatively 
correlated, thus there may be a regulatory relationship between 
miR‑155 and Bmal1. Prediction results from the microRNA.
org website demonstrated that miR‑155 and Bmal1 share 
targeted binding sites, which was verified by dual‑luciferase 
reporter gene assay. miR‑155 was able to inhibit the expression 
of Bmal1 in a targeted manner. Moreover, a rescue experiment 
showed that Bmal1 hindered the miR‑155‑mediated promotion 
of atherosclerosis.

Atherosclerosis, an inflammatory disease of the arterial 
wall characterized by the formation of white blood cell‑rich 
plaques in the intimal layer of large and medium‑sized arteries, 
is induced and maintained by the inflow, proliferation and acti‑
vation of immune cells (33,34). miR‑155 is reported to play a 
role in activating immune response and promoting T cell acti‑
vation (35,36), indicating that miR‑155 may be involved in the 
enhancement of the immune response during atherosclerosis. 
Therefore, we preliminarily confirmed that miR‑155 promoted 
the development of atherosclerosis through targeted inhibition 
of Bmal1. However, the limitations of this study lie in the fact 
that ECs were not isolated, and only the apoptosis of ECs from 
stained frozen sections of aorta was investigated. Moreover, 
the regulatory relationship between miR‑155 and Bmal1 needs 
to be further verified by RNA immunoprecipitation, and the 
role of miR‑155 and Bmal1 in normal wild‑type mice should 
also be explored. Many indicators, nitric oxide synthase, 
especially, have not been analyzed. Moreover, the relationship 
between miR‑155 and Bmal1 in atherosclerosis‑related cells 
such as macrophages, smooth muscle cells, and dendritic cells 
needs to be further explored.

In conclusion, miR‑155 induces EC apoptosis and inflam‑
matory response, weakens arterial diastolic function, and 
promotes the progression of atherosclerosis through the 
targeted inhibition of Bmal1.

Figure 6. Dual‑luciferase reporter gene assay. (A) Analyses of miR‑155 mimic and miR‑155inhibitor transfection. (B) Prediction of targeted binding sites 
between miR‑155 and Bmal1 and evaluation of fluorescence intensity. aP<0.05 vs. mimic‑NC group, bP<0.05 vs. miR‑155 mimic group, cP<0.05 vs. inhibitor‑NC 
group. miR, microRNA; NC, negative control.
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