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Platelet miR-587 may be Used as a Potential Biomarker for
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SUMMARY
Background: The current study aims to investigate the expression of miR-587 in platelets of patients with acute
coronary syndrome (ACS) and its correlation with the severity of coronary artery disease.
Methods: One hundred thirty-nine patients with ACS who underwent coronary angiography (CAG) and hospitalized in the Department of Cardiology of Affiliated Tengzhou Central People’s Hospital of Jining Medical University were selected. In addition, 42 subjects with normal CAG results were selected as the control group. The relative expression of platelet miR-587 was analyzed between ACS patients and control subjects.
Results: The relative expression of platelet miR-587 and Gensini score in acute myocardial infarction (AMI) patients were significantly higher than those in the unstable angina pectoris (UA) and control groups (median (IQR):
1.97 (0.47) vs. 1.49 (0.43) vs. 1.04 (0.35); 65.07 (21.6) vs. 44.58 (28.56) vs. 13.67 (11.8)). Furthermore, the relative
level of miR-587 in ACS patients with three vessel lesions was significantly higher than those with double vessel lesion and single vessel lesion (2.68 (0.64) vs. 1.85 (0.53) vs. 1.22 (0.40)). Additionally, the relative expression of
platelet miR-587 in patients with severe coronary artery disease was significantly higher than in those with moderate or mild coronary artery disease (2.44 (0.59) vs. 1.70 (0.49) vs. 0.96 (0.32)). Pearson’s correlation analysis
showed that the Gensini score and creatine kinase isoenzyme (CK-MB) of ACS patients were positively correlated
with the expression of platelet miR-587 (r = 0.785, p = 0.000; r = 0.806, p = 0.000).
Conclusions: The expression of platelet miR-587 was closely related to the severity of coronary artery stenosis and
could be used as a potential target for diagnosis or prognosis.
(Clin. Lab. 2020;66:xx-xx. DOI: 10.7754/Clin.Lab.2019.190703)
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INTRODUCTION
In recent years, with the acceleration of the aging process in China, the incidence of coronary heart disease
(CHD) has increased year by year [1]. Acute coronary
syndrome (ACS) is a kind of acute and severe CHD,
with a high fatality rate [2]. At present, the specific
pathogenesis of ACS is still not clear [3]. According to
the different degrees of myocardial ischemia and the
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Hence, in the present study, we mainly focused on type
1 MI. According to the clinical manifestations and ECG
changes of ACS patients, ACS patients were further divided into two subgroups, including acute myocardial
infarction (AMI) (n = 68 cases) and unstable angina
pectoris (UA) (n = 71 cases). In addition, 42 subjects
with no CAD in our hospital at the same time were selected as the control group. For the controls, no abnormal results were found by CAG examination, and myocardial enzymes and troponin were negative. All peripheral venous blood samples were obtained from the AMI
patients upon admission to hospital. This study has been
approved by the Ethics Committee in Affiliated Tengzhou Central People’s Hospital of Jining Medical University.
The degree of coronary artery lesion was evaluated by
the Gensini scoring system. According to the Gensini
score, 0 - 30 was defined as mild lesion, 31 - 60 was defined as moderate lesion, and > 60 was defined as severe lesion.
The number of stenosed coronary vessels was defined
as follows: (1) Single-vessel lesion: any single vessel of
the left anterior descending (LAD), left circumflex
(LCX) and right coronary artery (RCA) with stenosis of
more than 50%. (2) Two-vessel lesions: two single vessel stenosis of LAD, LCX, RCA > 50% or left main artery (LM) lesions. (3) Three-vessel lesions: LAD, LCX,
and RCA were stenosis, or synchronous lesion of LM
combined with RCA.

formation of collateral circulation, patients show different clinical symptoms [4]. Therefore, how to accurately judge the degree of vascular lesions and carry out
reasonable stratified treatment is of great clinical value
for improving the therapeutic effect and reducing the
waste of medical resources.
At present, coronary angiography (CAG) is the gold
standard for clinical diagnosis of CHD and objective
evaluation of the degree of coronary stenosis [5]. However, it is expensive and invasive [6]. Meanwhile, the
sensitivity of many biochemical markers is low [7].
Therefore, it is necessary to find new specific indicators
to objectively evaluate the degree of coronary stenosis
[8]. With the development of RNAomics, the potential
of microRNAs (miRs) as a new diagnostic and therapeutic marker of cardiovascular diseases has been paid
more and more attention in clinic [9,10].
A previous study has shown that miR-587 confers resistance to 5-fluorouracil (5-FU)-induced apoptosis in colorectal cancer cells [11]. In addition, miR-587 was also
found to be abnormally expressed in glioblastoma multiforme (GBM) [12]. However, the expression pattern
and diagnostic value of miR-587 in ACS patients have
never been reported.
MATERIALS AND METHODS
Research subjects and grouping
One hundred thirty-nine ACS patients were selected
from July 2016 to February 2018 in the Department of
Cardiology, Affiliated Tengzhou Central People’s Hospital of Jining Medical University. Inclusion criteria:
1) All patients were diagnosed as ACS by CAG, clinical
symptoms, and auxiliary examinations. 2) Complete
clinical data; and 3) informed consent signed by all patients. Exclusion criteria: 1) patients who did not meet
the above inclusion criteria; 2) those who received
thrombolytic, anticoagulant and antiplatelet drugs one
month before the test; 3) those who received hormones,
non-steroidal anti-inflammatory drugs and opioid receptor agonists one month before the test; 4) severe consciousness disorders, hypertension crisis and acute
symptoms occurred before the treatment; 5) patients
combined with heart failure, congenital heart disease,
rheumatic myocarditis, viral myocarditis; 6) patients
combined with severe immune system diseases, blood
system diseases, acute and chronic severe infections, severe bleeding tendency; 7) patients with severe liver and
kidney function damage and malignant tumors. Based
on the Universal Definition of Myocardial Infarction
(MI), the diagnosis of MI needs the rise and/or fall of
cardiac biomarkers with clinical evidence of ischemia,
defined by symptoms, electrocardiographic (ECG)
changes, or new regional wall motion abnormalities
[13]. Compared with MI due to an acute coronary syndrome (type 1 MI), type 2 MI is defined as a mismatch
in myocardial oxygen supply and demand that is not
due to unstable coronary artery disease (CAD) [13].

Extraction and purification of platelet
The blood samples were centrifuged at room temperature for 6 minutes at 160 g, and the middle supernatant
was taken, which was platelet-rich plasma. Then, the
same volume of HEPES solution was added to plateletrich plasma and centrifuged at room temperature for 10
minutes at 300 g. After that, the supernatant was discarded. Three milliliters of HEPES solution was added
and centrifuged at room temperature for 10 minutes at
300 g. The supernatant was discarded and platelets were
collected. Platelet purity was measured by flow cytometry.
Platelet RNA Extraction
Total RNA from platelets was isolated according to the
instructions of Ambion RNA extraction and separation
kit (Takara Company, Japan). The extracted RNA solution was stored at -80°C.
RNA reverse transcription
RNA was reverse transcribed according to the instructions of PrimeScript™ RT reagent Kit (Takara Company, Japan). The cDNA was stored at -20°C for reserve.
Real-time quantitative polymerase chain reaction
(qRT-PCR)
qRT-PCR was carried out using CFX-96-C1000 RTPCR (Bio-Rad Company, USA). qPCR was detected by
SYBR Green Supermix (Bio-Rad Laboratories, Inc.,
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density lipid-cholesterol (LDL-C) between the two
groups (Table 2).

Hercules, CA, USA) using an ABI 7500 fluorescence
quantitative PCR instrument (ABI). The total volume of
the reaction system was 20 μL, including cDNA 2.0 μL,
forward primer 1.0 μL; reverse primer 1.0 μL; 2 x mix
10 μL; ddH2O 6.0 μL. The amplification conditions of
qPCR were: pre-denaturation at 95°C for 5 minutes,
then 40 cycles of denaturation at 95°C for 30 seconds
and denaturation at 60°C for 30 seconds. U6 was used
as an internal reference. Three repeated experiments
were carried out for each sample. Relative mRNA expression was normalized to U6 using the 2-∆∆Cq method
[14].

Comparison of platelet miR-587 expression and
Gensini score in different groups
Then, we compared the Gensini score and platelet miR587 expression in ACS patients and controls. As shown
in Figure 1A, the Gensini score in the UA group (median (IQR): 44.58 (28.56)) and AMI group (65.07 (21.6))
were higher than those in the control group (13.67
(11.8)). Moreover, the Gensini score in patients with
AMI were significantly higher than those in patients
with UA (Figure 1A). Previous study has suggested that
isolation of platelets is often contaminated by leukocytes [16]. Hence, we examined the expression of
CD45, the leukocyte marker, and glycoprotein IIb
(GPIIb), the platelet-specific marker in platelet-rich
plasma (PRP) and purified platelets. Western blot assay
showed that only GPIIb could be detected in the purified platelets (Figure 1B). Then, we examined the level of
miR-587 in the platelets of the control, UA, and AMI
groups. Our data showed that the relative expression of
platelet miR-587 was highest in the AMI group (1.97
(0.47)) and higher in the UA group (1.49 (0.43)), compared with that of the control group (1.04 (0.35)) (Figure 1C).

Western blot
To determine the purity of platelets, western blot was
carried out as previously determined [15]. In brief,
platelet-rich plasma and platelets were treated with
RIPA buffer (Beijing Solarbio Science & Technology
Co., Ltd, Beijing, China). Then, the protein was isolated
by 12% SDS-PAGE. After that, the membrane was incubated with primary antibody against CD45 (ab10558,
Abcam, Cambridge, UK) and GPIIb (ab134131, Abcam, Cambridge, UK). Following several washes with
TBST, the membranes were incubated with HRP-conjugated goat anti-rabbit IgG for 2 hours at room temperature and then washed. The proteins were detected using
enhanced chemiluminescence, according to the manufacturer’s protocol (Merck KGaA, Darmstadt, Germany). GAPDH was used as an internal control.

Comparison of platelet miR-587 level in ACS patients with different lesion branches
The relative expression of platelet miR-587 in ACS patients with three-vessel lesions (2.68 (0.64)) was the
highest, which showed a significant difference compared with two-vessel lesions (1.85 (0.53)) and singlevessel lesion (1.22 (0.40)) (Figure 2). The results showed that the higher the number of lesion vessels was, the
higher the relative expression level of platelet miR-587
was.

Statistical analysis
All the data were analyzed by SPSS 17.0 statistical software. Data were provided as median with interquartile
range (IQR). The two-tailed unpaired Student’s t-tests
were used for comparisons of two groups. The one-way
ANOVA multiple comparison test followed by Tukey’s
post hoc test was used for comparisons of two more
groups. The correlation analysis was performed by
Pearson’s correlation analysis. p < 0.05 was statistically
significant.

Comparison of platelet miR-587 in patients with
ACS with different degrees of coronary artery disease
The relative expression of platelet miR-587 was highest
in the severe lesion group (2.44 (0.59)) and higher in the
moderate lesion group (1.70 (0.49)), than that in the
mild lesion group (0.96 (0.32)) (Figure 3). These data
suggested that the expression level of platelet miR-587
gradually increased along with the severity of coronary
artery disease.

RESULTS
Comparison of general data
Age, gender, body mass index (BMI), history of diabetes mellitus, history of hypertension, history of hyperlipidemia, and history of smoking were basically the
same between the two groups, with no statistical difference (p > 0.05, Table 1).

Analysis of the correlation between the expression of
platelet miR-587 and Gensini score/CK-MB
Pearson’s correlation analysis showed that the Gensini
score of ACS patients was positively correlated with the
expression of platelet miR-587 (r = 0.785, p = 0.000)
(Figure 4A). Furthermore, we also analyzed the correlation between platelet miR-587 and CK-MB an important myocardial marker, which was mainly for the diagnosis of acute myocardial infarction and assessment of
myocardial infarction area [17]. Pearson’s correlation

Comparison of biochemical indexes between two
groups
The results showed that the levels of blood platelets
(PLT) and cardiac troponin I (cTnI) in ACS patients
were higher than those in the control group. There was
no significant difference in the levels of fasting blood
glucose (FBG), total triglyceride (TG), total cholesterol
(TC), high-density lipid-cholesterol (HDL-C) and low-

Clin. Lab. 3/2020

3

Hao Qiu et al.
Table 1. Analysis of general clinical data of patients.
Item

Control (n = 42)

ACS patients (n = 139)

p

Age (years)

60.43 (10.54)

63.15 (11.67)

0.371

Male (n, %)

25 (59.52)

74 (53.24)

0.468

2

BMI (kg/m )

24.12 (1.28)

25.67 (1.32)

0.237

Diabetes (n, %)

4 (9.52)

28 (20.14)

0.128

Hypertension

11 (26.19)

47 (33.81)

0.346

Hyperlipidemia

9 (21.43)

44 (31.65)

0.208

Smoking

9 (21.43)

37 (26.62)

0.475

Table 2. Comparison of examination results between the two groups at admission.
Item

Control (n = 42)

ACS patients (n = 139)

p

PLT (x 10 //L)

168.53 (36.87)

235.62 (75.46)

0.000

cTnI (μg/L)

0.16 (0.35)

6.85 (12.45)

0.000

FBG (mM)

5.43 (2.15)

5.82 (1.56)

0.085

TG (mM)

1.89 (1.26)

2.14 (1.35)

0.562

TC (mM)

4.36 (1.62)

4.82 (1.86)

0.112

HDL-C (mM)

1.53 (0.36)

1.48 (0.28)

0.078

LDL-C (mM)

2.51 (0.32)

2.56 (0.38)

0.061

9

Figure 1. Platelet miR-587 expression and Gensini score were measured in different groups.
(A) The Gensini score gradually increased in the AMI group, UA group and control group. (B) Western blot assay showed that only GPIIb
could be detected in the purified platelets and not in platelet-rich plasma (PRP). (C) Real time PCR was carried out to analyze the level of
platelet miR-587. * - p < 0.05 vs. as indicated.
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Figure 2. Platelet miR-587 was enhanced along with the increased number of lesion branches.
*

- p < 0.05 vs. as indicated.

Figure 3. The expression level of platelet miR-587 gradually increased along with the severity of coronary artery disease.
*

- p < 0.05 vs. as indicated.
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Figure 4. Analysis of the correlation between the expression of platelet miR-587 and Gensini score/CK-MB in ACS patients.
Pearson’s correlation analysis showed that the Gensini score (A) and CK-MB (B) of ACS patients were positively correlated with the expression of platelet miR-587.

ical diseases of CHD [19]. Many studies have confirmed that the formation of unstable atherosclerotic
plaques in the coronary artery is closely related to the
occurrence and development of ACS [8,20,21]. Once
the plaque ruptures, platelets aggregate rapidly to form
a white thrombus [22]. If the plaque ruptures seriously,
a large number of adherent fibrin will form a red thrombus, leading to complete occlusion of the coronary artery [23]. Therefore, platelets are a key factor affecting
this series of pathological processes [23]. They not only
release a large number of cytokines to participate in the
occurrence and development of ACS, but also activate

assay showed that platelet miR-587 positively correlated with CK-MB (r = 0.806, p = 0.000) (Figure 4B).
DISCUSSION
CHD is one of the most lethal cardiovascular and cerebrovascular diseases in the world, including China [1].
In recent years, the incidence of CHD has been increasing year by year, which has brought great economic burden to patients families and social medical care
[18]. ACS belongs to the most serious and complex crit-
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or release inflammatory factors to participate in the formation of atherosclerosis [8,23].
At present, CAG is the most reliable and accurate diagnostic method for CHD [7]. However, because of the
high cost of CAG examination, the need for patients to
make an appointment in advance, and the high risk of
invasive examination, many patients are unwilling to
accept CAG examination [24]. Hence, the judgement of
early coronary artery lesions in ACS patients and the
choice of follow-up treatment options are affected [25].
In addition, some other biochemical indicators, including cTnI, BNP, and CRP, are still used as diagnostic tools [5]. However, they are only used as auxiliary
means to detect coronary artery lesions, so the sensitivity and specificity of judging the degree of coronary artery lesions are low [6].
MiRNAs are a class of non-coding negative regulatory
RNAs in eukaryotic cells, which can inhibit RNA transcription by binding to the target gene 3’-untranslated
region [26]. At present, the research on the relationship
between miRs and cardiovascular diseases has become
a hotspot [27]. Through bioinformatics and gene chip
technology, the differentially expressed microRNAs are
extensively identified between ACS patients and
healthy people, indicating that a large number of miRs
are involved in the process of coronary atherosclerosis,
platelet activation, vulnerable plaque rupture, and so on
[26,28]. However, although gene chip technology is
simple and easy to use, it has a large amount of screening information. Meanwhile, its sensitivity is low and
the cost is expensive. qRT-PCR is the most commonly
used and reliable detection method in clinical laboratory. Therefore, we hope to explore the use of qRT-PCR
to detect platelet miR-587 as a feasible diagnostic marker in the course of CHD.
Our data showed that the expression level of platelet
miR-587 in ACS patients was significantly higher than
that in non-CHD subjects. Previous study has suggested
that plaque rupture often occurs at sites of severe narrowing (mean 91%, range 67% to 99%) in fatal AMI
[29]. Therefore, plaque rupture with thrombosis is unlikely to induce the fatal acute myocardial infarction in
patients with mild to moderate coronary stenosis [29].
Hence, we evaluated miR-587 as an acute marker for
MI (acute thrombosis) vs. severity of atherosclerosis/
CAD. Here, we found that the higher the degree of coronary lesion was, the higher the expression level of
platelet miR-587 was found. Furthermore, we also
found that the expression of miR-587 was up-regulated
with the aggravation of ACS. Spearman’s correlation
analysis showed that the Gensini score of ACS patients
was positively correlated with the expression of platelet
miR-587, indicating that the expression level of platelet
miR-587 directly affected the severity of CHD.

CONCLUSION
For the first time, we showed novel data that the expression of platelet miR-587 positively correlated with the
occurrence of ACS and the severity of coronary artery lesions, which may serve as a potential molecular marker
for the diagnosis and prediction of the severity of ACS.
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