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Serum MicroRNA-137 Serves as a Novel Biomarker for
Cerebral Atherosclerosis Diagnosis and Cerebrovascular

Event Prediction

Jingjing Xuan, MM,* Meiling Shang, MM,† and Xuelian Li, MB‡

Abstract: MicroRNAs have been reported as biomarkers for
various diseases, including cerebral atherosclerosis (AS). In this
study, whether serum microRNA-137 (miR-137) could be used as a
biomarker for diagnosing cerebral AS and predicting cerebrovascular
event was investigated. Quantitative real-time PCR was used to
measure the expression of miR-137 in serum. Logistic analysis was
used to evaluate the risk factors for the occurrence of cerebral AS,
and receiver operating characteristic curves were used to estimate the
diagnostic value of miR-137 and other risk factors for AS
occurrence. Furthermore, the prognostic value of miR-137 for
patients with AS was estimated using Kaplan–Meier survival anal-
ysis and Cox regression analysis. The results indicated that serum
miR-137 levels were decreased in patients with cerebral AS. The
expression of miR-137 was negatively correlated with total choles-
terol and low-density lipoprotein cholesterol levels in patients with
cerebral AS. The levels of miR-137, total cholesterol, low-density
lipoprotein cholesterol, and hypersensitivity C response protein may
serve as risk factors for the occurrence of cerebral AS, and miR-137
had diagnostic value for AS screening. Cerebral AS patients with
positive cerebrovascular events have low miR-137 expression.
Patients with high miR-137 expression had a lower incidence of
cerebrovascular adverse events (log-rank P = 0.013), and miR-137
was an independent prognostic marker for the prediction of cerebro-
vascular event occurrence in patients with cerebral AS. In conclu-
sions, our findings indicate that serum miR-137 levels are decreased
in patients with cerebral AS and may be a new biomarker for diag-
nosing cerebral AS and predicting cerebrovascular events.
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INTRODUCTION
Atherosclerosis (AS) is one of the main potential factors

of cardiovascular disease (a disease with the highest mortal-
ity).1 It seriously endangers human health, especially the
health and intellectual activities of middle- and old-aged peo-
ple. It is noted that cerebral AS may cause acute cerebral
circulatory disorders and chronic cerebral ischemic symp-
toms, such as transient ischemic attack (TIA) and stroke. It
has been known that the main cellular components of blood
vessels are endothelial cells (ECs) and vascular smooth mus-
cle cells (VSMCs).2 Thus, cerebral AS, which has complex
etiology and pathogenesis, is believed to be closely related to
the inflammatory response caused by vascular endothelial
injury and the dysfunction of vascular ECs and VSMCs.3 In
addition, the higher total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-C) levels are significantly
related to the occurrence of cerebral AS.4 The hypersensitiv-
ity C-response protein (hs-CRP) is a vital inflammatory factor
related to the formation of AS.5

Small noncoding microRNAs (miRNAs) are single-
stranded RNA molecules with a length of approximately 21–
23 nucleotides. Generally speaking, miRNAs can induce
mRNA degradation or inhibit mRNA translation.6 It is well
known that miRNAs are related to many important biological
processes, including proliferation, invasion, and apoptosis.7–9

MiRNAs seem to be potential biomarkers for various dis-
eases, such as prostate cancer,10 glioblastoma,11 and liver
cirrhosis.12 In addition, miRNAs have been known to be
associated with arteriosclerosis.13 Moreover, miR-126-5p,14

miR-126, and miR-14315 have been shown to function as
biomarkers for AS. A study on gene and miRNA profiling
of human induced pluripotent stem cell–derived ECs showed
that miR-137 was increased in human embryonic stem cell–
derived ECs and human induced pluripotent stem cell–
derived ECs during endothelial differentiation.16 More
importantly, studies have found that miR-137 can regulate the
function of vascular ECs and VSMCs, and promote angio-
genesis,17,18 suggesting a vital role of miR-137 in vascular
biology. The dysfunction of vascular ECs and VSMCs has
been well known to be a key mechanism of the cerebral AS;
consequently, miR-137 may be related to the pathogenesis of
cerebral AS and stroke.

Currently, the diagnosis of cerebral AS, however, is
made by neuroimaging techniques, with the absence of
circulating biomarkers. Therefore, studies regarding the
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clinical significance of circulating miRNA expression in
patients with cerebral AS are helpful for the early intervention
of high-risk patients, and then decrease the occurrence of
cerebrovascular adverse events. Thus, this study aimed to
assess whether miR-137 could be used as a biomarker for
cerebral AS diagnosis and prediction of cerebrovascular
events.

MATERIAL AND METHODS

Patient Inclusion and Sample Collection
A total of 98 individuals admitted to the Weifang

People’s Hospital from January to December 2018 were
enrolled and divided into 2 groups: cerebral AS group (n =
52) and control group (n = 46). In this study, the patient
inclusion criteria were based on a previous study and slightly
modified.15 In brief, by magnetic resonance imaging or com-
puted tomography examinations, none of the participants had
a history of stroke. The examinations of cerebrovascular
transcranial Doppler, magnetic resonance angiography, or
computed tomography angiography were used to assess the
AS and angiostenosis. Patients with cerebral AS and patients
with vascular stenosis $50% were selected into the AS
group. The subjects with no cerebral AS or with ,50%
degree of vascular stenosis were selected as the control group.
The subjects with diagnosable diseases such as severe heart
disease, recent myocardial infarction or angina pectoris, car-
dioembolism stroke of definite or uncertain etiology, severe
infections or nephrosis or liver disease, thrombotic disease,
and tumors were excluded. Blood samples of the 2 groups
were collected via venipuncture, and then serum was obtained
by centrifugation at 1500g at 48C and stored at 2808C for
further use.

Data Collection
The baseline characteristics of the participants, includ-

ing age, sex, drinking, smoking, history of diabetes mellitus,
and hypertension, were recorded at admission. Besides, we
also recorded the laboratory parameters, including TC,
triglyceride (TG), LDL-C, high-density lipoprotein choles-
terol (HDL-C), and hs-CRP. The excessive drinking was
defined as drinking more than 25 g per day for adult males
and drinking 15 g per day for adult females. People who
smoke more than 20 cigarettes a day or who have been or are
smoking for more than 6 months were defined as smokers.
Fasting blood glucose $7.0 mM or diabetes diagnosed as
requiring diet was defined as diabetes. Individuals with rest-
ing systolic blood pressure greater than or equal to 140 mm
Hg and/or diastolic blood pressure greater than or equal to
90 mm Hg were defined as hypertension.

Follow-Up and End Points
The patients with cerebral AS were followed until the

occurrence of cerebrovascular event or until October 2019 if
there were no events. The end event was a composite
outcome of TIA, stroke, and mortality. The diagnosis of
TIA and stroke was based on the guideline of the American
Heart Association/American Stroke Association.19 The

mortality was defined as cerebrovascular death. All protocols
of this study were approved by the Ethics Committee of the
Weifang People’s Hospital, and informed consent was ob-
tained from each participant.

RNA Extraction
Total RNA was extracted from the serum using TRIzol

Reagent (Invitrogen, Carlsbad, CA). The purity and concen-
tration of RNA were evaluated by NanoDrop 2000 (Thermo
Fisher Scientific, Inc.). Then, the cDNA was synthesized from
the obtained RNA by PrimeScript RT reagent kit (TaKaRa,
Japan).

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR)

Serum miR-137 levels were measured using qRT-PCR,
which was performed using the SYBR Green I Master Mix kit
(Invitrogen, Carlsbad, CA) and 7300 Real-Time PCR System
(Applied Biosystems, Foster City, CA) with following
thermal cycling conditions: 958C for 10 minutes, 958C for
30 seconds, 608C for 15 seconds, and 728C for 15 seconds,
for a total of 40 cycles. All procedures were performed based
on the instructions of manufacturer. The expression of miR-
137 was normalized to U6. Each sample was calculated using
the 22DDCt method. The primer sequences were as follows:
miR-137 forward, 50-GCCGAGTTATTGCTTAAGAA-30
and reverse, 50-CTCAACTGGTGTCGTGGA-3’; U6 for-
ward, 50-CTCGCTTCGGCAGCACA-30 and reverse, 50-
AACGCTTCACGAATTTGCGT-3’.

Statistical Analyses
All statistical analyses were performed using SPSS 21.0

software (SPSS, Inc, Chicago, IL) and GraphPad Prism 7.0
software (Inc, Chicago). All data were shown as mean 6 SD.
Student’s t test or x2 test were used for comparison between
groups. Correlations between indicators were analyzed by
Pearson correlation analysis. Multivariate logistic analysis
was used to evaluate the risk factors for AS occurrence.
Receiver operating characteristic (ROC) curves were used
to assess the diagnostic value of miR-137 and other risk
factors for the occurrence of cerebral AS. Kaplan–Meier
(KM) curves and log-rank test were used for survival analy-
sis. Cox regression analysis was used to evaluate whether
miR-137 was independently related to the occurrence of cere-
brovascular adverse events of patients with AS. P , 0.05
indicated statistically significant.

RESULTS

Baseline Data of the Individuals in Two
Groups

All participants were divided into AS groups (n = 52)
and control group (n = 46). From the data in Table 1, no
significant differences were found between the AS group
and the control group in terms of age, sex, drinking, smoking,
diabetes, hypertension, TG, and HDL-C. The significantly
higher levels of TC, LDL-C, and hs-CRP were observed in
the AS group than in the control group.
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MiR-137 Expression was Decreased in
Patients With AS

We detected the expression of miR-137 in AS and
control groups by qRT-PCR and found the downregulation of
miR-137 expression in patients with cerebral AS compared
with the controls (P , 0.001, Fig. 1).

Correlation of miR-137 with Clinical
Characteristics of Patients With AS

To explore whether miR-137 levels were associated
with the development of cerebral AS disease, we performed
the x2 test and Pearson correlation analysis. Table 2 showed
that miR-137 expression was significantly negatively corre-
lated with TC and LDL-C (all P , 0.05), suggesting that
miR-137 may be associated with the development of cerebral
AS.

Diagnostic Performance of miR-137 for the
Screening of AS

The miR-137 and all clinical characteristics were
included in the logistic analysis to explore the risk factors
for AS occurrence. The results showed that levels of miR-
137, TC, LDL-C, and hs-CRP were significantly correlated
with the occurrence of cerebral AS (Table 3). In addition, we
further evaluated the diagnostic value of miR-137, TC, LDL-
C, and hs-CRP for the screening of AS. As shown in Figure 2,
the area under the curve (AUC) for miR-137 was 0.908 (with
a specificity of 87%), and the AUCs for TC, LDL-C, and hs-
CRP were 0.810 (with a specificity of 71.7%), 0.819 (with a
specificity of 84.8%), and 0.624 (with a specificity of 32.6%),
respectively. Therefore, miR-137 has a high diagnostic value
for cerebral AS screening.

Prognostic Value of miR-137 for the
Prediction of Cerebrovascular Events

In this study, the occurrence of cerebrovascular adverse
events in patients with cerebral AS was recorded, among
which a total of 29 patients (TIA number: 21; stroke number:
5; mortality number: 3) had cerebrovascular events. As shown
in Figure 3A, miR-137 expression was significantly decreased
in patients with positive cerebrovascular adverse compared
with that in patients with negative cerebrovascular adverse
(P , 0.001). The median expression value of miR-137 was
used as the cutoff value to classify the patients into high (n =
23) and low (n = 29) expression groups. The KM method was
used to establish the curve of occurrence of cerebrovascular
adverse events. The results of KM curve (Fig. 3B) suggested
that the patients with low expression levels of miR-137 had a
high possibility of occurrence of cerebrovascular adverse
events. The results of Cox regression analyses (Table 4)
showed that miR-137 was independently correlated with the
occurrence of cerebrovascular adverse events. The above

FIGURE 1. The expression of miR-137 in the control group (n
= 46) and the cerebral AS group (n = 52). ***P , 0.001.

TABLE 2. Correlation of miR-137 With Clinical Characteristics
of Patients With Cerebral AS

Categorical Variables

miR-137 Expression

x2 P

Gender 0.439 0.508

Drinking 0.008 0.930

Smoking 0.216 0.642

Diabetes 3.502 0.061

Hypertension 0.027 0.870

Metric Variables

miR-137 Expression

r value P

Age 20.107 0.295

TC (mmol/L) 20.443 0.011

TG (mmol/L) 20.128 0.283

LDL-C (mmol/L) 20.431 0.009

HDL-C (mmol/L) 20.191 0.060

hs-CRP (mg/L) 20.041 0.691

x2 test was used to analyze categorical variables; Pearson correlation analysis was
used to assess metric variables.

TABLE 1. Baseline Data of the Individuals in Two Groups

Variables
Control Group

(n = 46)
AS Group
(n = 52) P

Age (yr) 62.000 6 8.340 65.404 6 11.793 0.106

Gender

Female 20 20 0.614

Male 26 32

Drinking

No 33 32 0.286

Yes 13 20

Smoking

No 28 23 0.100

Yes 18 29

Diabetes

No 29 31 0.728

Yes 17 21

Hypertension

No 25 21 0.167

Yes 21 31

TC (mmol/L) 4.200 6 0.781 5.363 6 1.202 ,0.001

TG (mmol/L) 1.672 6 0.752 1.802 6 0.674 0.371

LDL-C (mmol/L) 2.878 6 0.626 3.726 6 0.713 ,0.001

HDL-C (mmol/L) 1.219 6 0.227 1.145 6 0.188 0.081

hs-CRP (mg/L) 7.325 6 11.637 14.319 6 18.405 0.029
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results indicated that miR-137 can function as an independent
prognostic marker of cerebral AS to predict the occurrence of
cerebrovascular adverse events.

DISCUSSION
As a chronic multifactorial vascular disease, AS is a

critical cause of a variety of cardiovascular diseases.20

However, the lack of antiatherosclerotic therapy remains a
large challenge. The discovery of novel AS biomarkers can
be used to screen cerebral AS and predict the occurrence of
cerebrovascular events.

Numerous studies have shown that miRNAs play key
roles in the occurrence and development of a variety of
human diseases, such as cancer,21 metabolic diseases,22 and

cardiovascular diseases.23 In addition, miRNAs have been
known to be related to the progression of arteriosclerosis,13

such as miR-26a,20 miR-33a, and miR-33b.24 Moreover,
miR-137 has been found to be associated with cerebrovascu-
lar diseases. For instance, Liu et al17 found that miR-137
enhances the proliferation and angiogenesis of endothelial
progenitor cells in mice with cerebral ischemic stroke. The
study by Huang et al25 suggested that miR-137 suppresses
vasculogenesis in brain arteriovenous malformations. In this
study, miR-137 expression was found to be decreased in
patients with AS compared with controls. Besides, TC,
LDL-C, and hs-CRP levels were significantly higher in
patients with AS than in controls. Then, the research on the
association of miR-137 expression with clinical characteris-
tics of patients with AS showed that the expression level of
miR-137 was significantly negatively correlated with the lev-
els of TC and LDL-C. Therefore, we considered that miR-137
may be involved in the progression of cerebral AS.

MiRNAs have been considered as ideal candidate
biomarkers for a variety of human diseases, including AS,
mainly because of their specific expression patterns and high
stability in blood samples.26 For example, miR-326 expres-
sion could be used as a potential biomarker in patients with
Behcet’s disease.27 Serum miR-21 and miR-221 were used as
biomarkers for cerebrovascular diseases.28 Besides, miR-30-
5p might be a clinical biomarker for AS.29 Thus, in this study,
we also investigated the clinical significance of serum miR-
137 in patients with cerebral AS.

After investigating the association between miR-137
and cerebral AS, the diagnostic and prognostic value of miR-
137 in patients with cerebral AS was further studied. First of
all, logistic analysis was performed to evaluate the risk factors
for the occurrence of cerebral AS, and it is found that miR-
137, TC, LDL-C, and hs-CRP levels were risk factors for AS
occurrence. Further ROC analysis indicated that miR-137 had
diagnostic value for cerebral AS screening. The specificity of
AUC for miR-137 was 87.0%, and the specificities of AUCs
for TC, LDL-C, and hs-CRP were 71.7%, 84.8%, and 32.6%,
respectively. Thus, miR-137 has high specificity for AS
screening. Then, patients with positive cerebrovascular
adverse were found to have lower miR-137 expression than
those with negative cerebrovascular events. The results of
KM curves showed that AS patients with high miR-137
expression levels had a low possibility of developing
cerebrovascular adverse events. Cox regression analyses
indicated an independent correlation between miR-137 and
the occurrence of cerebrovascular events. Increasing evidence
suggests that miR-137 may function as a potential biomarker
in some diseases. For instance, a study indicated that miR-137
has potential for diagnosis and prognosis in human neuro-
logical and neoplastic diseases.30 Li et al31 found that miR-
137 may be a diagnostic biomarker for Parkinson’s disease.
MiR-137 might be a biomarker for diagnosing multiple scle-
rosis.32 Lei et al33 found that miR-137 had prognostic value in
prolactinomas. Low miR-137 expression suggested a poor
prognosis in patients with cutaneous melanoma.34

Therefore, we consider that miR-137 may be a potential clin-
ical tool for diagnosing cerebral AS and predicting the occur-
rence of cerebrovascular adverse events.

TABLE 3. Multivariate Logistic Analysis for Patients With
Cerebral AS

Variables OR 95% CI P

Age 1.123 0.089–1.246 0.089

Gender 0.586 0.052–3.852 0.365

Drinking 1.515 0.184–12.445 0.699

Smoking 2.357 0.302–18.387 0.413

Diabetes 2.546 0.363–17.849 0.347

Hypertension 1.103 0.101–3.137 0.321

TC (mmol/L) 1.714 1.019–3.526 0.032

TG (mmol/L) 3.334 0.546–7.362 0.192

LDL-C (mmol/L) 17.356 2.105–143.119 0.008

HDL-C (mmol/L) 0.213 0.003–14.255 0.471

hs-CRP (mg/L) 1.089 1.008–1.175 0.030

miR-137 expression 0.096 0.003–0.412 0.001

FIGURE 2. ROC curves for the screening of cerebral AS
based on miR-137, TC, LDL-C, and hs-CRP levels. The AUC
for miR-137 was 0.908, indicating that miR-137 has a high
diagnostic value for cerebral AS screening. The number of
patients was 52.
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CONCLUSIONS
In conclusion, our study indicates that miR-137 expres-

sion is significantly decreased in patients with cerebral AS
and may be a risk factor for disease onset. The aberrant
expression of miR-137 in cerebral AS may be a candidate
biomarker for disease screening and cerebrovascular event
prediction. The clinical value of miR-137 is needed to be
confirmed using a larger study population in further studies,
the comparison of miR-137 with other miRNAs (such as
diagnostic value and specificity) that have been studied in the
context of cerebrovascular disease and AS should be
performed in the future study. The diagnosis and treatment
of cerebral AS may be improved with further understanding
of the role of miR-137 in the future.
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