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Purpose: Carotid artery stenosis (CAS) is a leading cause of cerebral infarction, its early diagnosis and intervention are necessary. In
light of the important role of microRNAs (miRNAs) in cerebrovascular disease, this study aimed to investigate the expression pattern
and clinical significance of serum miR-455-5p in the onset and development of CAS, as well as its underlying mechanism.
Patients and Methods: Seventy patients with asymptomatic CAS were recruited, and the development of cerebral ischemia events
(CIEs) was recorded during the five-years follow-up. qRT-PCR was performed for the serum miR-455-5p detection. ROC curve was
applied for the diagnostic ability evaluation. By constructing multivariable logistic or cox regression model, odds ratio (OR) or hazard
ratio (HR) were calculated to assess the impact of each risk factor on independent variables. Human aortic endothelial cells (HAECs)
were treated with ox-LDL to induce endothelial cell damage. The role of miR-455-5p in the cell viability, apoptosis, oxidative stress
and inflammatory response was detected.
Results: Serum miR-455-5p showed low expression in cases with CAS, and had an independent influence on the degree of CAS. The
diagnostic ability of serum miR-455-5p to diagnose CAS was determined via ROC curve, with the AUC of 0.927. During follow-up,
patients with low miR-455-5p expression showed high incidence of CIEs. In multivariable cox regression model, degree of CAS and
miR-455-5p were significant risk factors for the development of CIEs in the CAS patients. In vitro, miR-455-5p was at a low
expression in HAECs cell models and can prevent cells from ox-LDL induced cell apoptosis, oxidative stress and inflammatory
response. SOCS3 was a target gene of miR-455-5p and upregulated in ox-LDL treated cells.
Conclusion: Down-regulated expression of serum miR-455-5p is hopeful to be used as a biomarker for the early diagnosis of CAS.
MiR-455-5p is an independent risk factor for the degree of CAS, and has a certain predictive value for the development of CIEs.
That might be associated with the protective role of miR-455-5p against ox-LDL-induced endothelial cell injury via targeting
SOCS3.
Keywords: microRNA-455-5p, carotid artery stenosis, cerebral ischemia events, endothelial cell injury

Introduction
Carotid artery stenosis (CAS) is a common atherosclerotic disease, which commonly occurs in the elderly.1 CAS can be
caused by carotid atherosclerosis, fibromuscular dysplasia, and hematologic diseases.2 Thrombosis at the site of carotid
artery stenosis or rupture of unstable plaque can lead to distal arterial embolism, which can cause cerebral infarction and
endanger the life of patients.3 It is reported that 30–60% of cerebral infarction patients are caused by CAS.4 With the
changes in environment, diet and living and working habits caused by social modernization, the incidence of cardio-
vascular and cerebrovascular diseases has increased significantly. Studies have shown that the rate of intracranial artery
stenosis in elderly people over 60 years old in China is 5.9%-6.9%.5 The early clinical symptoms of CAS patients are not
obvious, and the main manifestations are headache, insomnia, dizziness, and so on. Once the acute attack, it may cause
life-threatening stroke, and increase the disease morbidity and mortality. Therefore, early diagnosis and intervention of
CAS patients are particularly important.
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MicroRNA (miRNA) is a kind of non-coding single-stranded RNA molecule with 18 to 25 nucleotides in length. It
can regulate the expression of relevant coding proteins by promoting degradation or inhibiting transcription via binding
to the 3’-untranslated regions (UTR) of corresponding target message RNA (mRNA).6 As a conserved regulator,
miRNAs can regulate various biological processes, including cell proliferation and differentiation, angiogenesis, choles-
terol metabolism, tumor formation, and apoptosis.7 As previously reported, miR-455-5p can participate in neurological
diseases via playing anti-inflammatory and neuroprotective effects. In middle cerebral artery occlusion (MCAO) rat
models, miR-455-5p is detected to be downregulated, and miR-455-5p overexpression can attenuate cerebral ischemic
stroke-induced neuronal apoptosis and oxidative injury.8 Based on the bioinformatic analysis, miR-455-5p is identified to
be suppressed in patients with ischemic stroke.9 In vitro, miR-455-5p can inhibit the proliferation and migration of
vascular smooth muscle cells (VSMCs), which is the main pathogenesis of CAS.10 In addition, oxidative stress,
endothelial dysfunction, and low-grade chronic inflammation also play an essential role in the pathogenesis of CAS.11

Moreover, miR-455-5p is reported to exert a powerful mediator for oxidative stress, endothelial dysfunction, and
inflammation in different diseases.12–14 The previous findings demonstrate the potential role of miR-455-5p in CAS.
However, the clinical values of miR-455-5p in CAS have not been elucidated, and it attracts our concern.

According to clinical characteristics, asymptomatic CAS cases are often neglected due to a lack of clinical manifestations,
which is harmful to the control of disease progression. Herein, asymptomatic CAS cases were included in the current study.
The expression pattern of miR-455-5p in the CAS patients and healthy controls were compared and its diagnostic value was
analyzed. In addition, we followed up with the patients and recorded the occurrence of cerebral ischemia events (CIEs)
events. Furthermore, the clinical predictors that can influence the occurrence of CIEs were also analyzed.

Materials and Methods
Study Subjects
70 cases who were diagnosed with asymptomatic CAS and 65 healthy controls were recruited in the present study. The
sample size estimation was based on preliminary data, and calculated by using a two independent proportions power
analysis with alpha = 0.05 and a power of 90% (beta=0.1). And results indicated 60 individuals are needed for each
group. All cases underwent Doppler duplex sonography at Renhe Hospital, and the asymptomatic CAS was diagnosed
when the internal carotid artery was greater than 50%.15 Moderate carotid stenosis was defined as the degree of carotid
artery stenosis between 50 and 69%, and severe carotid stenosis was defined as the degree of carotid stenosis ≥70%. The
exclusion criteria were as follows: (1) Had a history of cerebrovascular disease; (2) Transient ischemic attack in recent
one year; (3) Patients with intracranial vascular stenosis; (4) Malignant tumors and severe cardiac or renal insufficiency
or thyroid dysfunction. Individuals in the control group were those who get a regular medical checkup in the same
hospital. All participants underwent the Doppler ultrasonography and were asked if there was a history of neurological
disease. All controls had normal Doppler ultrasound or a less than 20% in the internal carotid artery, and individuals who
had a history of cerebrovascular disease were excluded. This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the Ethics Committee of Renhe Hospital. All patients were informed of
the purpose of the study and signed informed consent forms.

Serum Sample Collection
After fasting for 12 hours, 10 mL of peripheral venous blood were collected from each subject. After being centrifuged at
3000 r/min for 15 min, the blood samples were centrifuged at 15,000 r/min for 15 min for the serum sample collection.
Half-blood samples were used for biochemical analysis, and the rest were used for the following qRT-PCR.

Demographic and Clinical Indexes
Demographic characteristics such as age, sex, body mass index (BMI), and smoking history were collected. The patient’s
history of hypertension and hyperglycemia was recorded by asking for medical history. Blood lipid parameters, including
total cholesterol (TC), triglyceride (TG), high-density lipoprotein (HDL), low-density lipoprotein (LDL), and the fasting
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blood glucose (FBG) levels were measured in an automated biochemical analyzer (Olympus AU2700; Toshiba, Tokyo,
Japan) through using commercial kits based on the manufacturer instruction.

qRT-PCR
The total RNAwas extracted using the TRIzol method and reverse transcribed into cDNA using miRcute Plus miRNA first-
strand cDNA Kit (Tiangen, Beijing, China). The reaction conditions were as follows: 16 °C for 30 min, 42 °C for 30 min, 85°C
for 5 min. Then qRT-PCR was done using the miRcute Plus miRNA qPCR Kit (Tiangen, Beijing, China) for the miRNA level
detection. The conditions were as follows: 95 °C for 10 min, 95 °C for 15s, 60 °C for 1 min, 40 cycles. The expression levels of
miR-455-5p were calculated based on the 2−ΔΔCt method,16 and U6was applied for the reference gene. The primers used were as
follows: miR-455-5p forward, 5’-CGGTATGTGCCTTTGGACT-3’ and reverse, 5’-GTCGTATCCAGTGCAGGG-3’; and U6
forward, 5’-CTCGCTTCGGCAGCACA-3’ and reverse, 5’-AACGCTTCACGAATTTGCGT-3’.

Follow Up
All CAS cases completed five years of follow-up between October 2016 and October 2021. The cerebral ischemia events
(CIEs) were recorded by telephone or during outpatient follow-up visits. The end events of follow-up observation were
the occurrence of transient ischemic attack (TIA), stroke, or sudden death.

Cell Culture and Treatment
Human aortic endothelial cells (HAECs) were gained from ATCC, and incubated under the environment of 37°C with 5%
CO2. Different concentrations of oxidized low-density lipoprotein (ox-LDL, Union-Biology Company, Beijing, China)
were added to the culture medium of HAECs to induce the endothelial cell damage. Sequences of miR-455-5p mimic and its
negative control (miR-NC) were synthesized by Sangon (Shanghai, China). Sequences were transfected into HAECs using
Lipofectamine 3000 (Invitrogen, Grand Island, NY, USA) to regulate the miR-455-5p levels in vitro.

CCK-8 Assay
Cells in each group were collected and inoculated into 96-well plates at the concentration of 5×103 cells/well. After 0h, 24 h,
48 h, 72 h culture, 10 μL CCK-8 solution was added to each well, and the incubator continued to incubate for 2.5 h. The
absorbance value of each well at 450 nm was detected by a microplate reader (BioTek China, Beijing, China).

Flow Cytometry Assay
Cells in each group were collected, and 100 μL cell suspension was obtained with 1×108 cells/L buffer. Annexin V-FITC
and PI were added according to Annexin V-FITC/ PI kit instruction book, respectively. The cells were incubated in a dark
room at room temperature for 15 min, and the apoptosis was detected by FACS flow cytometry (Jiyuan, Guangzhou,
China).

ELISA Assay
The enzyme-linked immunosorbent assay (ELISA) kit was used for the measurement of protein levels. Levels of
inflammatory factors (sICAM-1, IL-1β, and IL-6) and oxidative stress-related factors (SOD, ROS and MDA) in the
supernatant of cells were detected using an ELISA assay.

Luciferase Reporter Assay
TargetScan Release 7.0 (http://targetscan.org/) was applied for the target gene prediction of miR-455-5p, and then the
luciferase reporter assay was performed. The cells were co-transfected with miR-455-5p mimic or inhibitor, and the
wide-type (WT) or mutant seed region (MUT) of miR-455-5p in the 3’-UTR of SOCS3. Lipofectamine 2000 (Invitrogen,
USA) was used for cell transfection. The relative luciferase activity was measured by Dual-Luciferase Reporter System
(Promega Corporation, USA) according to the instructions of the manufacturer. Renilla luciferase was used for normal-
ization. Each sample was repeated three times.
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Statistical Analysis
All data were analyzed using SPSS 23.0 software package. The cell experiments were repeated at least three times.
Measurement data were expressed as mean ± standard deviation (SD), and student’s t test was used for comparison
between groups. Categorical variables were expressed as number, and compared between groups using chi-square test.
The diagnostic ability of the indicators was evaluated by drawing receiver operating characteristic (ROC) curve. By
constructing a multivariable logistic or cox regression model, odds ratio (OR) or hazard ratio (HR) were calculated to
assess the impact of each risk factor on independent variables. K-M plots were plotted for predictive accuracy evaluation.
Indexes with P value less than 0.05 in the univariable regression analysis were included in multivariable regression
models. P < 0.05 was considered to be statistically significant.

Results
Demographic and Clinical Indexes
The demographic and clinical index of the study population was recorded in Table 1. The comparative analysis between
the two groups suggested that there was no statistical difference in the general information between the control and CAS
groups, including age, gender, BMI and smoking history (Table 1, P > 0.05). In addition, the biochemical indexes also
showed no significant difference between the two groups, including FBG, TC, TG, HDL, and LDL (Table 1, P > 0.05).
But a higher proportion of patients in the CAS group had hypertension than in the control group (P < 0.05).

Comparison of Serum miR-455-5p Levels Between the Two Groups
Serum levels of miR-455-5p were measured in the two study groups using qRT-PCR assay. As shown in Figure 1A,
serum miR-455-5p was at the low expression in the CAS group compared with the control group, and the student’s t test
suggested a significant difference (P < 0.001). In addition, serum miR-455-5p levels were also compared between CAS
cases with hypertension and without ones. A decreased expression of serum miR-455-5p was detected in cases with
hypertension, but the difference did not reach a significant level (Figure 1B, P > 0.05).

Table 1 Comparison of General Data Between the Disease Group and the Control Group

Parameters Control CAS P value
n = 65 n = 70

Age, years 61.71±7.04 63.64±7.16 0.116

Gender, male/female 36/29 38/32 0.898

BMI, kg/m2 23.08±2.73 23.45±2.67 0.436

Smoking, yes/no 22/43 34/36 0.083

FBG (mg/dL) 90.76±17.72 95.32±18.01 0.140

Hypertension, yes/no 16/49 30/40 0.025*

TC, mmol/L 4.67±0.72 4.87±0.51 0.062

TG, mmol/L 1.58±0.46 1.69±0.61 0.218

HDL, mmol/L 1.34±0.21 1.29±0.32 0.253

LDL, mmol/L 2.79±0.78 3.02±0.61 0.058

Degree of carotid stenosis, % – 64.61±7.55 –

Notes: Data were expressed the number or mean ± standard deviation. *Means the P value less than 0.05.
Abbreviations: CAS, carotid artery stenosis; BMI, body mass index; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride;
HDL, high density lipoprotein; LDL, low density lipoprotein.
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Analysis of Clinical Factors Influencing the Degree of Carotid Artery Stenosis
To analyze the influence of various clinical parameters and miR-455-5p on the degree of CAS, the univariable and
multivariable regression analyses were applied. The degree of CAS was taken as the dependent variable, and all
clinical indicators and miR-455-5p levels were taken as independent variables. Univariate regression analysis was
performed first, and the results indicated that FBG, hypertension, TC, TG, HDL, LDL, and miR-455-5p had
a significant influence on the degree of carotid artery stenosis in CAS cases (Table 2, all P < 0.05). Then the
independent variables with P value less than 0.05 in the univariable regression analysis were further included in the
multivariate regression model. The analysis results demonstrated that LDL (OR = 4.380, 95% CI=1.101–17.419, P =
0.036), miR-455-5p (OR = 0.154, 95% CI= 0.039–0.606, P = 0.007) were independent influence factors for the degree
of carotid artery stenosis (Table 2).

Figure 1 Levels of serum miR-455-5p between different groups. (A) Comparison of serum miR-455-5p levels between CAS group and healthy controls (HC). (B)
A decreased expression of serum miR-455-5p was detected in cases with hypertension compared with the non-hypertension group, but the difference did not reach
a significant level. ***Means P < 0.001 when compared with the HC group.
Abbreviation: NS means no significant difference.

Table 2 Influence of Different Clinical Variables and miR-455-5p on the Degree of Carotid Stenosis in CAS Patients

Variables Univariable Analysis Multivariable Analysis

OR 95% CI P value OR 95% CI P value

Age 1.524 0.576–4.032 0.396 – – –

Gender 1.496 0.568–3.938 0.415 – – –

BMI 1.028 0.392–2.693 0.955 – – –

Smoking 1.128 0.431–2.955 0.806 – – –

FBG 3.00 1.080–8.337 0.035* 3.712 0.977–14.108 0.054

Hypertension 2.885 1.061–7.840 0.038* 1.893 0.545–6.573 0.315

TC 3.059 1.117–8.373 0.030* 2.602 0.685–9.883 0.160

TG 2.869 1.059–7.769 0.038* 3.389 0.869–13.212 0.079

HDL 3.229 1.176–8.867 0.023* 1.980 0.486–8.066 0.340

LDL 2.993 1.049–8.537 0.040* 4.380 1.101–17.419 0.036*

MiR-455-5p 0.226 0.080–0.636 0.005* 0.154 0.039–0.606 0.007*

Note: *Means the P value less than 0.05.
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low density lipoprotein; SBP,
systolic blood pressure; DBP, diastolic blood pressure; OR, odds ratio; CI, confidence interval.
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Analysis of the Clinical Values of miR-455-5p in CAS and the Development of
Cerebral Ischemia Events (CIEs)
In light of the significant influence of miR-455-5p on the degree of carotid artery stenosis, its diagnostic ability for CAS
was detected. Based on the serum miR-455-5p levels in the healthy controls and CAS cases, the ROC curve was drawn
and the sensitivity and specificity were calculated. As shown in Figure 2A, serum miR-455-5p showed the diagnostic
potential to distinguish CAS from healthy individuals with the area under the curve (AUC) of 0.927, the diagnostic
sensitivity and specificity were 82.9% and 90.8%, respectively.

In the current study, allCAScases completedfive years of follow-up, and theCIEswere recorded.According to records, a total
of 19 cases developedCIEs, inwhich 13TIAs and 6 strokes. Among the 19CIE cases, 17 individualswere in the lowmiR-455-5p
expression group and 2 cases were in the high miR-455-5p expression group. Then the Kaplan-Meier (K-M) curve was drawn
based on the follow-up results, and the even-free survival rates were compared using the Log rank test. It can be seen from
Figure 2B that, low miR-455-5p expression was positively related to the occurrence of CIEs (log Rank P = 0.002). Furthermore,
the Cox regression model was further used to evaluate the contribution of clinical indicators to CIEs. As shown in Table 3, four
variables showed significant influence on the occurrence of CIEs in the univariable cox regression analysis, including hyperten-
sion, TG, degree of carotid stenosis andmiR-455-5p (allP< 0.05). Then the four variableswere included in themultivariable Cox
regression model, and the results revealed that degree of CAS (HR = 3.241, 95% CI = 1.294–9.045, P = 0.013) and miR-455-5p
(HR = 0.128, 95% CI = 0.029–0.573, P = 0.007) were significant risk factors for the development of CIEs in the CAS patients.

MiR-455-5p Overexpression Can Protect Against ox-LDL Induced Cell Apoptosis
HAECs were treated with different concentrations of ox-LDL to induce endothelial cell damage. As shown in Figure 3A,
levels of miR-455-5p decreased gradually with increased ox-LDL concentration. At the concentration of 100 mg/L, the
decreasing trend reached an extremely significant level (P < 0.001), so 100 mg/L of ox-LDL was applied in the following
experiments. Then the rescue experiments were done by regulating miR-455-5p levels. After miR-455-5p mimic
transfection, the levels of miR-455-5p were increased (Figure 3B and C). In addition, cell proliferation limitation and
apoptosis were also observed in cells treated with ox-LDL, but these influences were reversed by miR-455-5p over-
expression (Figure 3D and E).

MiR-455-5p Overexpression Can Reverse the Influence of ox-LDL on Cell Oxidative
Stress and Inflammatory Response
As shown in Figure 4A–C, the ox-LDL treatment led to the oxidative stress of HAECs, which was reflected by the
decrease of SOD and increase of ROS and MDA. But after miR-455-5p mimic transfection, these trends were reversed

Figure 2 Clinical values of serum miR-455-5p in CAS and the development of CIEs. (A) Analysis of the clinical diagnostic ability of miR-455-5p in CAS. Serum miR-455-5p
showed the diagnostic potential to identify CAS from healthy individuals with the area under the curve (AUC) of 0.927, the diagnostic sensitivity and specificity were 82.9%
and 90.8%, respectively. (B) The Kaplan-Meier (K-M) curve that drawn based on the follow-up results. The incidence of CIEs was higher in people carrying low miR-455-5p
levels, the Log rank test indicated a significant difference between the low and high miR-455-5p expression group (P = 0.002).
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significantly (Figure 4A–C). In addition, levels of inflammatory factors were also elevated after ox-LDL treatment, and
miR-455-5p played the opposite role by inhibiting the release of sICAM-1, IL-1β and IL-6 (Figure 4D–F).

SOCS3 is a Target Gene of miR-455-5p
Bioinformatics analysis showed that miR-455-5p contains binding sites for SOCS3 (Figure 5A). Furthermore, the luciferase
reporter assay results demonstrated that transfection of miR-455-5p mimic decreased the luciferase activity in cells transfected
withwild type 3’-UTRof SOCS3,whereas the luciferase activitywas increased bymiR-455-5p inhibitor transfection significantly
(Figure 5B). However, mutation in the miR-455-5p binding sites in the 3’-UTR of SOCS3 abolished the effect on the luciferase
activity (Figure 5B). The results indicated that SOCS3 is a direct target gene of miR-455-5p. In addition, an increased expression
of SOCS3 was detected in ox-LDL-treated cells, which was reversed by miR-455-5p overexpression (Figure 5C).

Discussion
According to clinical characteristics, asymptomatic CAS cases are often neglected due to a lack of clinical manifestations,
which is harmful to the control of disease progression. In recent years, some new markers have been widely reported and may
be used as auxiliary tools for CAS diagnosis, such as miRNAs. In the current study, abnormal expression of miR-455-5p was
detected in the serum of asymptomatic CAS, and it showed a close association with the occurrence of CIEs. Therefore, serum
miR-455-5p was identified to be a promising biomarker for the diagnosis and prognosis of CAS.

At present, there have many studies on the risk factors of CAS, and the recognized risk factors include age, male sex,
smoking, elevated cholesterol level, hypertension, and so on. In the present study, the demographic and clinical indexes
of the study groups were compared. It was found that in the CAS group, more cases suffered from hypertension. Besides,
the influence of hypertension on the degree of CAS was also determined by univariable regression analysis. The finding
is consistent with the previous findings on the contributing role of hypertension in CAS.17 In addition, the univariable
regression analysis also indicated TC, TG, HDL, and LDL to be the influence factors for the degree of CAS. These
factors may promote the occurrence of atherosclerosis and the formation of plaque, and thus participate in the progress of
CAS.18,19 Dyslipidemia is one of the important risk factors for CAS. LDL binds to free cholesterol in the blood and can

Table 3 Multivariable Cox Regression Analysis of the Independent Factors Affecting the Occurrence of Cerebral Ischemia Events

Variables Univariable Analysis Multivariable Analysis

HR 95% CI P value HR 95% CI P value

Age 1.508 0.606–3.754 0.377 – –

Gender 1.175 0.477–2.894 0.726 – –

BMI 1.332 0.540–3.287 0.534 – –

Smoking 1.828 0.719–4.648 0.205 – –

FBG 2.110 0.844–5.275 0.110 – –

Hypertension 5.686 1.300–24.874 0.021* 3.440 0.728–16.241 0.119

TC 1.268 0.510–3.153 0.610 – – –

TG 3.166 1.168–8.581 0.023* 1.901 0.675–5.352 0.224

HDL 1.232 0.499–3.040 0.651 – – –

LDL 1.635 0.641–4.170 0.303 – – –

Degree of carotid stenosis 2.579 1.033–6.440 0.042* 3.241 1.294–9.045 0.013*

MiR-455-5p 0.142 0.033–0.615 0.009* 0.128 0.029–0.573 0.007*

Note: *Means the P value less than 0.05.
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low density lipoprotein; SBP,
systolic blood pressure; DBP, diastolic blood pressure; OR, odds ratio; CI, confidence interval.
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be oxidized to oxidized LDL (ox-LDL), which can promote macrophages to become foam cells, leading to the formation
of atherosclerosis.20 In the current study, after adjusting for other clinical indexes, LDL was identified to be an
independent factor for the degree of CAS.

As previous studies reported, the role of miRNAs in cerebrovascular diseases has been widely reported. Several
miRNAs have been detected to influence the stability of atherosclerosis and thus participate in the CAS process, such as
miR-128-3p, and miR-223-3p.21,22 MiR-455-5p is a neuron-specific miRNA, it plays an important role in central
nervous function regulation and nerve growth and development.23,24 Current studies have shown that miR-455-5p is
under-expressed in ischemic stroke mice, and overexpression of miR-455-5p can reduce neuronal apoptosis and
alleviate cerebral ischemic reperfusion injury.24,25 In the present study, miR-455-5p was determined to be at a low
expression in the serum of CAS cases. And cases accompanied with hypertension owned lower levels of serum miR-
455-5p than non- hypertension ones, but the difference did not reach a significant level. We deduced that miR-455-5p
downregulation might have certain association with hypertension, but this is not the main reason for the relationship
between miR-455-5p and the development of CAS. In ox-LDL induced human vascular endothelial cells (HUVECs),
miR-455-5p is identified to be involved in the protective role of HOXA-AS3 silencing against atherosclerosis.26 In
addition, miR-455-5p also can inhibit the proliferation and migration of vascular smooth muscle cells (VSMCs)
in vitro, which is the main pathogenesis of CAS.10 Clinically, miR-455-5p is downregulated in patients with
atherosclerosis.10 The findings infer that miR-455-5p might be involved in the progression of CAS via regulating the
process of atherosclerosis. As expected, the current results demonstrated the independent influence of miR-455-5p on
the degree of carotid artery stenosis. Furthermore, its diagnostic potential for CAS was also determined by the ROC
curve. These findings forced us to conclude that serum miR-455-5p had the potential for the early identification of CAS,
and is related to the severity of the disease. It is known that miRNAs are produced by all cell types, and the same
miRNA may be derived from a variety of cell sources, such as endothelial cells, monocytes and macrophages, vascular

Figure 3 MiR-455-5p overexpression can protect against ox-LDL-induced cell apoptosis. (A) Levels of miR-455-5p decreased gradually with increased ox-LDL concentra-
tion. (B) After miR-455-5p mimic transfection, the levels of miR-455-5p were increased. (C) In ox-LDL treated HAECs, miR-455-5p mimic transfection also increased the
levels of miR-455-5p. (D) Ox-LDL led to the inhibition of HAECs viability, which was reversed by miR-455-5p overexpression. (E) miR-455-5p overexpression inhibited ox-
LDL-induced cell apoptosis. *Means P< 0.05, ***Means P < 0.001 when compared with the HC group; &&&Means P < 0.001 when compared with the ox-LDL group.
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smooth cells, and platelets, and eventually are secreted in blood. The present study demonstrated the abnormal
expression of miR-455-5p in the serum of CAS cases, but its origin is not elucidated, which can be taken into
consideration in future studies.

CAS is recognized as a major risk factor for cerebral ischemia events (CIEs).27 Transient ischemic attack (TIA)
occurs when atherosclerotic plaques in carotid artery stenosis are shed. And the transient ischemic attack is characterized

Figure 4 MiR-455-5p overexpression can reverse the influence of ox-LDL on cell oxidative stress and inflammatory response. (A–C) ox-LDL treatment led to the
decreasing of SOD and increasing in ROS and MDA, which was reversed by miR-455-5p overexpression. (D–F) Levels of inflammatory factors were also elevated after ox-
LDL treatment, and miR-455-5p played the opposite role by inhibiting the release of sICAM-1, IL-1β, and IL-6. ***Means P < 0.001 when compared with the HC group;
&&&Means P < 0.001 when compared with the ox-LDL group.

Figure 5 SOCS3 is a target gene of miR-455-5p. (A) The binding sites between miR-455-5p and SOCS3. (B) Luciferase activity of cells in different groups. (C) Levels of
SOCS3 in different cell groups. ***Means P < 0.001 when compared with the HC group; &&&Means P < 0.001 when compared with the ox-LDL group.
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by short duration and repeated attacks. Therefore, plaque stability is closely related to the occurrence of CIEs.28 It is
known that macrophage inflammation affects atherosclerotic plaque stability and thus contributes to the development of
cerebrovascular diseases.28 Moreover, miR-455-5p downregulation has been reported to be associated with macrophage
polarization.29 Therefore, the influence of miR-455-5p on CIEs should be investigated. In the present study, CIEs
occurred in nearly 30% of asymptomatic CAS patients during our five-year follow-up period. Interestingly, a high
proportion of patients with low expression levels showed poor prognosis compared with the high expression group,
indicating that serum miR-455-5p might have a close association with the occurrence of CIEs. Moreover, the multi-
variable cox regression analysis confirmed our hypothesis, and miR-455-5p was an independent influence factor for the
development of CIEs in the CAS patients. The findings prompted that serum miR-455-5p can predict the occurrence of
CIEs in CAS patients to a certain extent, providing clinical evidence for early intervention. Of course, our study
population is relatively small, other studies with huge study samples should be performed to verify the clinical findings.

Endothelial cell injury is one of themost important changes in cerebrovascular events.30 Based on the in vitro experiments, cell
viability inhibition and cell apoptosis promotion were observed in ox-LDL treated HAECs, indicating the endothelial cell injury
induced by ox-LDL. But miR-455-5p overexpression reversed the bad effects, demonstrating the protective role of miR-455-5p.
In addition, ox-LDL-induced oxidative stress and inflammatory response of endothelial cells are the important mechanisms of
cerebrovascular events.31 In the current study, miR-455-5p prevented HAECs from ox-LDL-induced oxidative stress and
inflammatory response, which might be the protective mechanism of miR-455-5p in CAS and long-term ischemic events.
Furthermore, the suppressor of cytokine signaling 3 (SOCS3), the negative regulator of IL-6/JAK/STAT3 signaling,was identified
to be a target gene of miR-455-5p. Moreover, upregulated expression of SOCS3 was detected in ox-LDL treated cells.
Consistently, the same expression trend was also reported in rabbits with atherosclerosis.32 In another model of Ang II–induced
vascular dysfunction, SOCS3 inhibition can protect against systemic Ang II–induced vascular dysfunction and hypertension in
mice.33 The evidence supported our conclusion that SOCS3 might be involved in the underlying protective mechanism of miR-
455-5p against ox-LDL-induced endothelial cell injury. However, the speculation should be verified in future studies including
in vivo studies, and more experiments such as tunnel assay are needed to verify cell phenotypic changes after miR-455-5p
treatment.

Conclusion
In conclusion, the down-regulated expression of serum miR-455-5p is hopeful to be used as a biomarker for the early
identification of CAS. MiR-455-5p serves as an independent risk factor for the degree of CAS, and has a certain
predictive value for the occurrence of CIEs in CAS patients. That might be associated with the protective role of miR-
455-5p against ox-LDL-induced endothelial cell injury through targeting SOCS3. The current findings provide
a promising biomarker for the early diagnosis and timely therapeutic interference of CAS, and provide a theoretical
basis for the mechanism of the disease progression.
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