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Abstract
Objective: A close relationship of microRNAs (miRNAs) with various human diseases has been widely reported, including car-
diovascular disease. The current study attempted to examine the abnormal expression of miR-27b in asymptomatic carotid
artery stenosis (ACAS), its diagnostic value and predictive value for the development of ACAS were also assessed.
Methods: Clinical serum samples were collected from both ACAS patients and healthy individuals, and levels of miR-27b in the clinical
samples were detected using Real-time quantitative PCR. Cerebral ischemia events (CIEs) of patients during the 5-year follow-up were
collected. The diagnostic and predictive values of serum miR-27b was assessed via plotting Receiver operating characteristic (ROC) and
Kaplan-Meier curves. Multivariate cox regression analysis was performed for clinical independent index analysis.
Results: ACAS patients had higher levels of miR-27b than the healthy subjects. There were close association of serum miR-27b
levels with total cholesterol (TC) level, absence of hypertension and degree of carotid stenosis. High levels of miR-27b could
differentiate ACAS cases from healthy subjects, and predicted the high incidence of CIEs. MiR-27b could be used as an indepen-
dent predictor of cerebrovascular events via multiple Cox regression analysis (P= .031).
Conclusion: The high level of miR-27b can predict the occurrence of ACAS, and is closely related to the subsequent occurrence of
CIEs. The present results provide evidence for circulating miR-27b as a diagnostic and prognostic marker in patients with ACAS.
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Introduction
Carotid artery stenosis (CAS) is a common disease, mainly due
to arteriosclerotic stenosis.1,2 CAS is one of the major causes of
cerebral ischemic events (CIE), contributing to the mortality
associated with cerebrovascular diseases.3 CAS has become
one of the “top killers” endangering people’s health in
today’s society. Asymptomatic ACAS is termed asymptomatic
carotid stenosis when there are pathological changes in carotid
artery extract but no clinical symptoms arise. Patients with
ACAS have a higher risk of ischemic stroke with higher mortal-
ity.4,5 However, delayed treatment due to lack of attention in the
early stages can be fatal once it strikes. Therefore, early diagno-
sis of ACAS is very important.

In recent years, with the in-depth study of microRNA, its
clinical diagnostic and prognostic value in diseases has been
reported radially.6 Because of its non-invasive and convenient
nature, it is expected to bring new and effective strategies for
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the diagnosis of diseases.7 MicroRNA (miRNA) is a class of
highly conserved small non-coding RNAs about 18∼24 nucle-
otides long, which regulate gene expression mainly by binding
to the specific target gene mRNA 3’-UTR region.8,9 miRNAs
are closely related to cell proliferation, differentiation, apopto-
sis, embryonic development, tissue and organ formation, and
the occurrence and development of various diseases.10

Studies have shown that there are significant differences in
miRNA levels in the blood of patients with CAS compared
with healthy people. Such as miR-145, miR-214.11,12

Recently, the role of miR-27b in atherosclerosis is put
forward, its diagnostic and predictive potential in atherosclero-
sis are proved.13 Serum miR-27b levels are significantly higher
in the hypertensive patients with left ventricular hypertrophy
(LVH) than in the hypertensive patients without LVH.14 In
vivo, miR-27b inhibition can improve the cardiac function of
the mice with cardiac hypertrophy.13 In addition, inhibition of
miR-27b can abrogate the coronary artery ligation (CAL)
induced cardiac fibrosis in rats. Considering important role of
miR-27b in heart diseases, its potential role in ACAS attracts
our concern. In addition, a high level of miR-27b in circulating
exosomes of ACAS patients is detected by Affymetrix microar-
rays, which supported our hypothesis.15 But the regulatory
effect of miR-27b in ACAS has not been elucidated.

To test our hypothesis, ACAS patients were enrolled in the
study, and the serum levels of miR-27b in patients were mea-
sured and compared. The Receiver operating characteristic
(ROC) curve was plotted according to the level of serum
miR-27b to evaluate the diagnostic value. In addition, the prog-
nostic value of miR-27b in ACAS was explained according to
the CIES during the follow-up period.

Materials and Methods

Collection of Clinical Samples
71 patients with ACAS who were admitted to Children’s
Hospital of Chongqing Medical University were prospectively
collected. All subjects underwent a physical examination and
their medical histories were reviewed. Inclusion criteria are as
follows: (1) >18 years old; (2) more than 50% stenosis; (3)
No history of stroke, transient ischemic attack, or other cardio-
vascular and cerebrovascular diseases; (4) No tumors; (5) No
serious liver and kidney dysfunction and other systemic dis-
eases; (6) understand and signed informed consent. In addition,
58 healthy subjects were raised as a control group. Basic clini-
cal information was collected, including age, sex, smoking
status, blood lipid, blood glucose and blood pressure index.
Hypertension refers to systolic blood pressure ≥140 mm Hg
or diastolic blood pressure ≥90 mm. This study was approved
by the Ethics Committee of Children’s Hospital of
Chongqing Medical University. Fasting blood samples were
taken from each individual, then the serum was collected after
centrifugation, and all serum samples were stored at− 80°C
for further experiments.

Follow-up Survey
All ACAS patients were followed for 5 years to record the onset
of ipsilateral cerebral ischemic events, including strokes, transi-
ent ischemic attack (TIA) or sudden death.

Quantitative Real Time-Polymerase Chain Reaction
(qRT-PCR) Assay
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) was added
into the serum samples to extract total RNA following the pro-
tocol description. Reverse-transcribed to cDNA was prepared
with a TaqMan miRNA reverse transcription kit (Thermo
Fisher Scientific). Real-time quantitative PCR (qRT-PCR)
was performed for the quantification of miR-27b expression
with SYBR-Green I Master mix kit (Invitrogen; Thermo
Fisher Scientific, Waltham, USA), and the miRNA relative
expression level was normalized by U6 and the calculation of
miR-27b expressing changes was performed using the
2−ΔΔCT method.

Statistical Analysis
SPSS 20.0 software (IBM, Armonk, NY, USA) and GraphPad
5.0 (GraphPad Software, Inc., La Jolla, CA, USA) were used to
process clinical data. The clinical sample size was based on pre-
liminary data, and calculated by using a two independent pro-
portions power analysis with alpha= .05 and a power of 90%
(beta= .1). And results indicated 52 individuals are needed
for each group. Measurement data were expressed as mean
value and standard deviation, and student’s t-test was used for
comparison between groups. The measurement data were com-
pared by chi-square test. The diagnostic and predictive values of
serum miR-27b were assessed via plotting Receiver operating
characteristic (ROC) and Kaplan-Meier curves. Multivariate
cox regression analysis was performed on the clinical indica-
tors. The P< .05 was considered statistically significant.

Results

Comparison of Baseline Data Between Healthy Control
and ACAS Patients’ Groups
The clinical characteristics of the study subjects were shown in
Table 1, the results displayed that more hypertensive cases were
observed in ACAS group compared with the control group (P<
.05). There were no significant differences among other indica-
tors, including age, sex, smoking, BMI and other blood lipid
and glucose index (P > .05).

Serum Level of miR-27b in ACAS Patients
A histogram was drawn based on qRT-PCR data to analyze the
significance of the differences. As shown in Figure 1, the rela-
tive expression of miR-27b in ACAS patients was higher than
that in healthy individuals (P< .001).
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Association of miR-27b with the Clinicopathological
Features of ACAS Patients
To better understand the potential clinical utility of high
miR-27b expression, all ACAS patients were divided into low
expression group (n= 35) and high expression group (n= 36)
based on the median value expression level of miR-27b. The
results showed that the expression levels of miR-27b were sig-
nificantly correlated with total cholesterol (P= .024), hyperten-
sion (P= .021) and degree of carotid stenosis (P= .006), and
there was no obvious relationship of serum miR-27b level
with age, sex, smoking history, body mass index thickness, tri-
glycerides, high-density lipoprotein, low-density lipoprotein,
and fasting blood glucose (Table 2).

Diagnostic Value of miR-27b Expression for ACAS
Patients
Based on the serum miR-27b levels in case and control groups,
a ROC curve was plotted (Figure 2). The results showed that the
AUC curve was 0.902, with a sensitivity of 77.5% and specif-
icity of 94.8% at the cutoff value of 1.491. The data indicated
that miR-27b had high diagnostic accuracy in differentiation
between ACAS patients and healthy individuals.

Predictive Value Analysis of miR-27b Expression for CIEs
To evaluate the predictive value of miR-27b for the occur-
rence of CIEs in ACAS patients, the Kaplan-Meier method
was applied. There were 19 patients underwent CIEs, includ-
ing 12 TIAs and 7 strokes. Among 19 CIE patients, 14 cases
were at high miR-27b expression and 5 were at low miR-27b
expression. As shown in Kaplan-Meier curve, the patients
with high miR-27b expression had a greater risk to suffer
from CIEs (log-rank P= .031, Figure 3). Multivariate Cox
regression analysis was performed to further investigate all
risk factors related to the occurrence of CIEs. The analysis
revealed that high levels of miR-27b (HR= 5.067, 95% CI
= 1.170-21.943, P= .030) and high degree of carotid stenosis
(HR= 3.366, 95% CI= 1.063-10.656, P=.039) were inde-
pendent factors for the onset of CIEs in ACAS patients
(Table 3).

Figure 1. Through qRT-PCR, elevated miR-27b was detected in the
serum of ACAS cases. *** P< 0.001.

Table 1. Comparison of clinical data between healthy control and
ACAS patients

Parameters Healthy control ACAS P values

Age (years) 63.05± 7.85 65.10± 6.62 .111
Sex (female/male) 28/30 33/38 .993
Smoking (n, %) 22 (37.93) 34(47.89) .353
BMI (kg/m2) 24.89± 1.61 25.21± 1.73 .282
TC (mmol/L) 4.62± 0.73 4.83± 0.59 .079
TG (mmol/L) 1.56± 0.56 1.74± 0.76 .114
HDL (mmol/L) 1.34± 0.18 1.26± 0.35 .090
LDL (mmol/L) 2.77± 0.97 3.04± 0.93 .115
FBG (mmol/L) 5.64± 1.09 5.84± 1.20 .330
Hypertension (n, %) 9 (15.52) 30 (42.25) s.001

Abbreviations: BMI, body mass index; TC: total cholesterol; TG: Triglycerides;
HDL, high density lipoprotein; LDL, low density lipoprotein; FBG: fasting blood
glucose.

Table 2. Relationship between miR-27b and clinical parameters in
ACAS patients

Parameters
Total No.
n= 71

miR-27b expression

P valuesLow (n= 35) High (n= 36)

Age (Years)
<65 35 18 17 .723
≥65 36 17 19

Sex
Female 33 16 17 .899
Male 38 19 19

Smoking history
No 37 21 16 .190
Yes 34 14 20

BMI
<25.13 35 16 19 .552
≥25.13 36 19 17

TC (mmol/L)
<4.8 35 22 13 .024
≥4.8 36 13 23

TG (mmol/L)
<1.75 36 20 16 .285
≥1.75 35 15 20

HDL (mmol/L)
<1.30 35 20 15 .192
≥1.30 36 15 21

LDL (mmol/L)
<3.08 35 15 20 .285
≥3.08 36 20 16

FBG (mmol/L)
<5.70 33 20 13 .076
≥5.70 38 15 23

Hypertension
No 41 25 16 .021
Yes 30 10 20

Degree of carotid stenosis
50%-69% 39 25 14 .006
70%-99% 32 10 22

Abbreviations: BMI, body mass index; TC: total cholesterol; TG: Triglycerides;
HDL, high density lipoprotein; LDL, low density lipoprotein; FBG: fasting blood
glucose.
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Discussion
CAS is an important independent risk factor for ischemic
stroke, which is characterized by a high disability rate, high
recurrence rate and high mortality rate.16 Due to lack of
obvious clinical symptoms at the early stage, patients with
ACAS are likely to develop ischemic stroke, exacerbating car-
diovascular and cerebrovascular disease related deaths. The
current methods used to diagnose ACAS include carotid vascu-
lar ultrasound, transcranial Doppler ultrasound, CT angiogra-
phy (CTA), MRI angiography (MRA), or whole brain digital
angiography (DSA).17,18 However the development of ACAS
is a slower and less obvious process, which may affect the
early diagnosis, and the optimal treatment time would be
missed, thus affecting the prognosis of patients.19 In addition,

traditional diagnosis and treatment methods also have disadvan-
tages such as high cost, high technical requirements for operat-
ing equipment and personnel, and invasive operations, which
will bring huge pain and heavy economic burden to patients
and patients’ families.15,20 Therefore, the discovery of new
and easier diagnostic markers is crucial.

MiRNA is a component of the epigenetic regulation of genes
and plays an important role in the occurrence and development
of cardiovascular and cerebrovascular diseases.21,22 Previous
studies have shown that miRNA participates in the regulation
of atherosclerosis through the regulation of lipid metabolism,
and plays a very important role in the migration and prolifera-
tion of vascular smooth muscle cells,23 the synthesis and degra-
dation of the extracellular matrix, and the pathophysiological
process of carotid artery stenosis.24 For example,
miRNA-181a,25 miRNA-126,26 and miR-33027 have been
shown to be closely related to atherosclerosis. In the present
study, we displayed the important role of miR-27b in ACAS.

In the present study, high levels of miR-27b in the serum
samples of ACAS were detected, indicating its potential role
in the disease progression. Besides, there were close relation-
ships for serum miR-27b with total cholesterol and hyperten-
sion. Supportably, compared with the healthy individuals,
miR-27b is identified to be highly expressed in the serum of
hypertension patients.28 In addition, miR-27b has been reported
to be an important regulator of cholesterol and lipid metabo-
lism.29 In obese people, there is close relationship for blood
miR-27b level with higher levels of total cholesterol.30

Hyperlipidemia and hypertension are important contributors
to cerebrovascular diseases. The above results suggest that the
up-regulation of miR-27b is involved in ACAS progression,
its regulatory role in lipid metabolism and blood pressure
may be the potential underlying mechanism.

Similar results have also been found in previous studies. A
study by Li T and co-workers proposed that the expression of
miR-27b was significantly increased in serum samples from

Figure 2. Receiver operating characteristic (ROC) curve
constructed based on miR-27b in ACAS patients and healthy controls.
The AUC curve was 0.902, with a sensitivity of 77.5% and specificity
of 94.8% at the cutoff value of 1.491.

Figure 3. As shown in Kaplan-Meier curve, patients in the group
with high miR-27b expression had a higher probability to suffer from
CIES during the follow-up period (log-rank P= 0.031).

Table 3. Multivariate Cox regression analysis for risk factors in ACAS
patients

Variables

Multivariate analysis

P valueHR 95% CI

miR-27b 5.067 1.170 to 21.943 .030
Age 1.532 0.347 to 6.763 .573
Sex 2.188 0.460 to 10.404 .325
Smoking 2.232 0.593 to 8.394 .235
BMI 2.992 0.660 to 13.559 .155
TC (mmol/L) 3.024 0.645 to 14.181 .160
TG (mmol/L) 3.630 0.921 to 14.307 .065
LDL (mmol/L) 4.259 0.957 to 18.948 .057
FBG (mmol/L) 2.487 0.419 to 14.761 .316
Hypertension 1.798 0.417 to 7.752 .431
Degree of carotid stenosis 3.366 1.063 to 10.656 .039

Abbreviations: BMI, body mass index; TC: total cholesterol; TG: Triglycerides;
HDL, high density lipoprotein; LDL, low density lipoprotein; FBG: fasting blood
glucose.
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patients with atherosclerosis obliterans, and miR-27b could be
used as a serum biomarker for atherosclerosis obliterans.31 In
congenital heart disease associated pulmonary artery hyperten-
sion, elevated serum miR-27b is considered to be of great sig-
nificance in the diagnosis and evaluation of congenital heart
disease associated pulmonary artery hypertension.32 Due to
the significant difference in expression of miR-27b between
normal individuals and ACAS patients, its diagnostic value
for ACAS was evaluated. A ROC curve based on serum
miR-27b was constructed. The results showed that miR-27b
can differentiate ACAS patients from healthy individuals with
relatively high sensitivity and specificity, indicating that
serum miR-27b could serve as a promising diagnostic bio-
marker to screen ACAS patients.

Considering the abnormal expression and diagnostic value
of miR-27b in ACAS, the clinical predictive value of
miR-27b was further evaluated. All ACAS cases were followed
up for five years, and during the follow-up time, 19 cases were
recorded to suffer from CIEs. Among them, more cases showed
high miR-27b levels, demonstrating that elevated miR-27b
might be associated with the clinical outcome. Based on the
follow-up results, KM curves were drawn, and the results indi-
cated that patients with high miR-27b expression had a greater
risk to suffer from CIEs. In addition, miR-27b was proved to be
an independent factor for the onset of CIEs in ACAS patients
via multivariate Cox regression analysis. Supportably, overex-
pression of miR-27b has been detected in ischemic stroke
patients, and its clinical diagnostic value for the disease has
also been proposed.33 These results support our clinical
findings.

In conclusion, elevated miR-27b level might be a promising
biomarker for the early diagnosis of CAS. ACAS patients with
elevated miR-27b levels have greater risk to suffer from CIEs,
special attention together with early prevention should be con-
sidered for those at high risk. The present findings attempt to
provide new potential markers for early diagnosis and preven-
tion of ACAS. However, despite an initial enthusiasm in the
field, miRNA-based biomarkers have not yet entered clinical
routine due to incoherent normalization and non-standardized
sample handling protocols. There is a long way to go before
these results can be applied to routine clinical practice.
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