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ABSTRACT The researchers aimed to investigate the correlations of miR-132, miR-145 and miR-208 with the Gensini
score (GS) of patients with acute myocardial infarction (AMI). Totally 120 AMI patients and 80 healthy volunteers
undergoing physical examination were included into AMI group and healthy group, respectively. The AMI patients were
subdivided into low GS (LGS) group (< 30 points) and high GS (HGS) group (>30 points). Independent risk factors included
troponin I (TnI), creatine kinase (CK) isoenzyme, uric acid (UA), C-reactive protein (CRP), miR-132, miR-145 and miR-
208, which affected the severity of coronary artery lesions (CALs) (P<0.05). Compared with miR-132, miR-145, and miR-
208 alone, their combination had the highest diagnostic value, with the area under curve (95%CI) of 0.911 (0.869-0.978),
sensitivity of 89.89 percent and specificity of 70.91 percent (P<0.001). MiR-132, miR-145, and miR-208 are abnormally
expressed in AMI patients. Their combination has higher diagnostic value for the severity of CALs in AMI patients.

INTRODUCTION

Acute myocardial infarction (AMI), refers to
a condition resulting from coronary atheroscle-
rosis, with high incidence and death rates (De-
Filippis et al. 2019). The onset of AMI involves
endothelial dysfunction as well as instability and
rupture of atherosclerotic plaques induced by
many factors (Ueda et al. 2021; El-Shetry et al.
2021). With rapid onset and progression, this dis-
ease threatens the life of patients, so the early
assessment of the severity of coronary artery le-
sions (CALs) in AMI patients is of great signifi-
cance for developing treatment regimens and im-
proving the prognosis (Gulati et al. 2020). To this
end, researchers have endeavoured to find eligible
biomarkers (Chen et al. 2019).

Micro ribonucleic acids (miRNAs), as a class
of RNAs with approximately 22 nt in length, are
widely distributed in the tissues of the kidney,
liver, lung and other organs (Blanco-Domínguez
et al. 2021). Their expression levels change dy-
namically under pathological conditions, which
is an accurate reflection of the function and state
of cells (Boon and Dimmeler 2015). According to
reports, miRNAs are implicated in the onset and

progression of malignant tumours, kidney diseas-
es and cardiovascular diseases (CVDs) (Bazzell et
al. 2018; Pan et al. 2021). Therefore, miRNAs have
been widely applied in the diagnosis of various
clinical diseases (Dwivedi et al. 2019). For AMI,
miRNAs exhibit higher specificity than that of tra-
ditional diagnostic markers (Nouraee and Mowla
2015; Miki and Imamura 2020).

MiR-132, miR-145, and miR-208 belong to the
miRNA family. As reported by Su et al. (2020), miR-
132 was a mediator for myocardial injury, and its
low expression facilitated disease progression.
Besides, Hu et al. (2018) uncovered that miR-145
prevented cardiomyocytes from I/R injury, as a
mediator under the promoting effect of FGF21.
Moreover, as uncovered by Li et al. (2019), the
serum miR-208 level in AMI patients dramatically
rose relative to those in healthy subjects, so the
severity of AMI in patients can be assessed based
on the miR-208 expression level. On the other hand,
the Gensini score (GS) is a tool for the assessment
of the severity of CALs, which is calculated by
summation of the scores assigned for coronary
artery stenosis and lesion site (Rampidis et al. 2019).
The association of other miRNAs with the severity
of AMI has been explored based on this score (Guo
et al. 2018). However, the correlations of miR-132,
miR-145 and miR-208 with the GS of AMI patients
have never been reported.
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Objectives

In this study, the combination of miR-132, miR-
145 and miR-208 was adopted for determining the
severity of CALs in AMI patients, and the corre-
lations of the three indicators with GS were anal-
ysed, aiming to provide potentially applicable
biomarkers for AMI prevention and treatment.

MATERIAL  AND  METHODS

Clinical Data

This study included totally 120 AMI patients
undergoing treatment (AMI group) and 80 healthy
volunteers receiving physical examination
(healthy group) in the hospital between January
2021 and January 2022. The male/female ratio was
17:13 and 19:21, and the mean age was (56.87±6.91)
years old and (56.99±6.64) years old in AMI group
and healthy group, respectively. The two groups
had comparable basic clinical data (P>0.05).

The inclusion criteria for AMI group were as
follows:

1. Patients with ischemic chest pain > 0.5 h;
2. Those with an elevation in the ST segment

in ECG leads;
3. Those whose serum cardiac markers

[troponin I (TnI) and creatine kinase (CK)
isoenzyme]; increased to twice that of the
normal value;

4. Those with the onset time < 12 h.
The patients meeting two of the criteria (1),

(2) and (3) were diagnosed as AMI. The
volunteers without history of cardiovas-
cular disease and in good physical con-
dition were included in healthy group.

The exclusion criteria were set below:
1. Patients with history of myocardial inf-

arction;
2. Those with congenital heart disease;
3. Those with autoimmune diseases;
4. Those undergoing a major surgery re-

cently;
5. Those with malignant tumours;
6. Those with mental disorders;
7. Those with barriers to communication.

Detection of miR-132, miR-145 and miR-208
Expressions

In the morning, 2 mL fasting venous blood
was extracted, and mononuclear cells were iso-

lated from the peripheral blood. The expressions
of miR-132, miR-145 and miR-208 were examined
via real-time quantitative polymerase chain reac-
tion (PCR), and the TRIzol method was employed
for RNA extraction. Afterwards, the RNAs under-
went reverse transcription (RT) into cDNAs by
use of a RT kit (TaKaRa, Japan). PCR was conduct-
ed using primer sequences designed by Primer 5.0
software on a reaction system (20 μL) consisting
of forward primers and reverse primers (0.4 μL each)
+ 1 μL of cDNA template + 10 μL of SYBR Green +
8.2 μL of distilled water under the following PCR
conditions: 5-min pre-denaturation at 95°C + 38
cycles* (30-s denaturation at 94°C, 45-s annealing
at 54°C, and 30-s extension at 72°C) + 5-min exten-
sion at 72°C. The primers used for PCR included
miR-132: F: 5'-GGAGACATGAGAGCTGCCAAC-
3', and R: 5'-CCAGCAGCATGTCGAAGATC-3',
miR-145: F: 5'-ATCGTCCAGTTTTCCCAGG-3' and
R: 5'-CGCCTCCACACACTCACC-3', and miR-208:
F: 5'-TGCGGTATAAGACGAGCAAA-3' and R: 5'-
ATTCCATGTTGTCCACAGTCTCC-3'. β-Actin
gene was taken as internal reference, with F: 5'-
GCGAGAAGATGACCCACCACC-3' and R: 5'-AT-
GTCACGCACGATTTCCTATTA-3'. The 2−ΔΔCt

method was employed for the calculation of miR-
132, miR-145 and miR-208 expression levels. The
detection was carried out three times for each
group, and the results were averaged.

Evaluation Criteria for GS

The score for stenosis severity was classified
into the following six grades, wherein 1 point was
assigned to the stenosis degree <25 percent, 2
points to 25-50 percent, 4 points to 51-75 percent, 8
points to 76-90 percent, 16 points to 91-99 percent,
and 32 points to 100 percent. The lesion site score
= lesion score × coefficient (left trunk: 5, opening
of circumflex branch: 3.5, middle anterior descend-
ing branch: 1.5, aorta and first diagonal branch: 1,
distal circumflex branch: 1.0, left branch: 0.5, and
other branches: 1.0). The GSd < 30, 31-60 and >60
points suggested mild, moderate, and severe
CALs, respectively. As per the GS, AMI group
was subdivided into low GS group (LGS) (GS < 30
points) and high GS group (HGS) (GS>30 points).

Observation Indicators

The observation indicators were:
1. miR-132, miR-145 and miR-208 expression lev-

els in AMI and healthy groups were compared.
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2. The basic clinical data of HGS and LGS
groups, including gender, age, body mass
index, smoking history, drinking history,
complications (diabetes mellitus, hyper-
tension, and hyperlipidaemia), myocardial
infarction site, cardiac function grade, num-
ber of CALs, and the levels of TnI, CK
isoenzyme, uric acid (UA), blood lipid, blood
glucose and C-reactive protein (CRP), were
analysed. The expression levels of miR-
132, miR-145 and miR-208 in the two groups
were compared.

3. Logistic regression analysis (LRA) was em-
ployed for assessing the influencing factors
for the severity of CALs in AMI patients
were assessed using.

4. The correlations of miR-132, miR-145 and
miR-208 with the GS were analysed.

5. The values of miR-132, miR-145 and miR-208
in the diagnosis of the severity of CALs in
AMI patients were assessed by receiver op-
erating characteristic (ROC) curves.

Statistical Analysis

SPSS 22.0 software was adopted for data pro-
cessing. The Kolmogorov-Smirnov test was im-
plemented to determine whether data are nor-
mally distributed. The measurement data in keep-
ing with normal distribution were described as
mean ± standard deviation (x ± s). The homoge-
neity test of variance and independent samples
t-test were employed for intergroup and intra-
group comparisons of measurement data, respec-
tively. Count data were described as frequency
and percentage, and intergroup comparison was
carried out by the χ2 test. The influencing fac-
tors for the severity of CALs in AMI patients
were assessed by LRA, and the correlations of
miR-132, miR-145 and miR-208 with the GS were
explored by Pearson’s analysis. The values of
miR-132, miR-145 and miR-208 in the diagnosis
of the severity of CALs in AMI patients were
analysed by use of ROC curves. P<0.05 was
deemed as statistical significance.

RESULTS

Expressions of miR-132, miR-145 and miR-208
in AMI and Healthy Groups

As illustrated in Table 1, the AMI group had
lower miR-132 and miR-145 expression levels but

a higher miR-208 expression level than healthy
group (P<0.05).

Basic Clinical Data and miR-132, miR-145 and
miR-208 Expressions in HGS and LGS Groups

The gender ratio, age, BMI, smoking histo-
ry, drinking history, complications, myocardial
infarction site, cardiac function grade, blood lip-
id, blood glucose and other basic clinical data
were not significantly different between HGS and
LGS groups (P>0.05). However, HGS group had
higher levels of  TnI, CK isoenzyme, UA and CRP,
a higher miR-208 expression, a higher GS, and
lower expressions of miR-132 and miR-145 than
LGS group (P<0.05) (Table 2).

Influencing Factors for Severity of CALs in
AMI Patients Determined by LRA

LRA was performed with the severity of
CALs in AMI patients as a dependent variable
(GS < 30 points=0, GS>30 points=1), and TnI, CK
isoenzyme, UA, CRP, miR-132, miR-145 and miR-
208 displaying significant differences as indepen-
dent variables (Table 2). As unveiled in Table 3, it
appeared that independent risk factors included
TnI, CK isoenzyme, UA, CRP, miR-132, miR-145
and miR-208, which influenced the severity of
CALs in AMI patients (P<0.05) (Table 3).

Analysis Results of Correlations of miR-132,
miR-145 and miR-208 with GS

As unveiled by Pearson’s analysis, negative
correlations were detected between miR-132 and
GS (r=-0.576, P<0.001) and between miR-145 and
GS (r=-0.544, P<0.001), and a positive associa-
tion was observed between miR-208 and GS
(r=0.511, P<0.001) (Fig. 1).

Table 1: Expressions of miR-132, miR-145 and miR-
208 in AMI and healthy groups (x ± s)

AMI Healthy t P
group group

 (n=120)   (n= 80)

miR-132 0.78±0.06 2.23±0.96 16.520 <0.001
miR-145 0.67±0.05 1.87±0.32 40.400 <0.001
miR-208 1.59±0.21 0.20±0.03 58.760 <0.001

AMI: Acute myocardial infarction
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Table 2: Basic data and miR-132, miR-145 and miR-208 expressions in HGS and LGS groups

Low Gensini High   t/χ2 P
score group Gensini

(n=78)    score group
(n=42)

Gender Male 46 (58.97) 22 (52.38) 0.483 0.487
Female 32 (41.03) 20 (47.62)

Age (year) 56.81±8.92 56.92±  8.77 0.065 0.948
BMI (kg/m2) 23.73±2.37 23.68±  2.39 0.110 0.913
Smoking history 17 (21.79) 11 (26.19) 0.295 0.587
Drinking history 12 (15.38) 8 (19.05) 0.264 0.608
Complication Diabetes mellitus 18 (23.08) 12 (28.57) 0.440 0.507

Hypertension 16 (20.51) 7 (16.67) 0.261 0.610
Hyperlipoidemia 10 (12.82) 5 (11.90) 0.021 0.885

Myocardial infarction site Anteroseptal wall 31 (39.74) 15 (35.71) 0.712 0.870
Extensive anterior wall 28 (35.90) 15 (35.71)
Inferior wall 14 (17.95) 10 (23.81)
Other sites 5   (6.41) 2   (4.76)

Cardiac function grade Grade I 18 (23.08) 10 (23.81) 0.008 0.928
Grade II-III 60 (76.92) 32 (76.19)

Troponin I (μg/L) 1.36±0.11   1.89±   0.23 17.080 <0.001
Creatine kinase
  isoenzyme (U/L) 32.41±4.55   40.91±   6.81 8.160 <0.001
Uric acid (μmol/L) 356.92±57.81 412.31± 90.82 4.074 <0.001
Blood lipid Total cholesterol (mmol/L) 4.12±   0.23 4.18±0.33 1.165 0.246

Triglyceride (mmol/L)  1.58±   0.19 1.63±0.20 1.350 0.180
High-density lipoprotein   1.32±   0.10 1.35±0.16 1.262 0.209
  cholesterol (mmol/L)
Low-density lipoprotein   2.45±   0.21 2.47±0.28 0.442 0.660
  cholesterol (mmol/L)

Blood glucose Glycosylated hemoglobin (%)   6.08±   0.20 6.12±0.19 1.063 0.290
Fasting blood glucose (mmol/L)   4.12±   0.22 4.17±0.23 1.169 0.245

C-reactive protein (mg/L) 4.11±0.26  6.87±   0.96 23.890 <0.001
MiR-132 1.02±0.11  0.50±   0.08 27.010 <0.001
MiR-145 0.98±0.08   0.45±   0.04 40.260 <0.001
MiR-208 1.02±0.20   2.21±   0.34 24.150 <0.001
Gensini score (point) 23.89±3.91 59.08± 10.33 26.800 <0.001

AMI: Acute myocardial infarction; BMI: body mass index

Table 3: LRA of factors influencing the severity of CALs in AMI patients

β SE Wald value P OR value 95%
confidence interval

(95% CI)

Constant -11.982 5.762 6.892 0.000 - -
Troponin ± 3.672 0.671 11.082 0.007 1.801 1.042~2.351
Creatine kinase isoenzyme 2.716 0.589 15.990 <0.001 2.976 2.514~3.556
Uric acid 2.833 0.713 13.483 <0.001 2.029 1.786~3.011
C-reactive protein 3.231 0.615 9.002 0.005 1.828 1.009~2.361
MiR-132 2.456 0.781 28.765 <0.001 3.631 2.314~4.082
MiR-145 3.720 0.629 31.990 <0.001 2.976 2.003~3.365
MiR-208 3.891 0.681 33.483 <0.001 3.029 2.078~3.807

AMI: Acute myocardial infarction
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Diagnostic Values of miR-132, miR-145 and
miR-208 for the Severity of CALs in AMI
Patients

The ROC curves revealed that compared with
miR-132, miR-145 and miR-208 alone, their com-
bination had the highest diagnostic value for
the degree of CALs in AMI patients, with an
area under the curve (95%CI) of 0.911 (0.869-
0.978), sensitivity of 89.89 percent and specific-
ity of 70.91 percent (P<0.001) (Table 4 and Fig.
2).

DISCUSSION

MiR-132 is located in the intergenic region
on the chromosome 17p13.3, and its expression
is regulated by elements for adenylate cyclase
reaction (Salemi et al. 2018). In addition, miR-132
shows tissue specificity and exerts vital effects
on immune system diseases, neurodegenerative
diseases, malignant tumours and atherosclero-
sis (Wang et al. 2020). Up to date, miR-132 exhib-
its wide involvement in the onset and progres-
sion of AMI, which resists myocardial cell apo-

Fig. 1. Correlations of miR-132, miR-145 and miR-208 with GS
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ptosis and alleviates the damage of oxidative
stress to myocardial cells (Lei et al. 2021; Liu et
al. 2022). Likewise, animal experiments showed
that miR-132 relieved ventricular remodelling and
myocardial cell apoptosis after MI (Chen et al.
2019; Zhao et al. 2020). In this study, an evident
decline was detected in the miR-132 expression
in AMI group relative to that in healthy group,
and this decrease showed a positive linear rela-
tionship with the GS. The results further verified
the role of miR-132 in AMI, being consistent

with previous literature.
MiR-145 primarily participates in pathologi-

cal processes such as cardiomyocyte apopto-
sis, myocardial hypertrophy, ventricular remodel-
ling, heart failure and arrhythmia. It is lowly ex-
pressed in cardiomyocytes when the high-glucose
state lasts for a long time (Xu et al. 2017; Sun et al.
2018). Higashi et al. (2015) reported that miR-145
targeted fibroblast growth factor receptor substrate
2 to induce cardiomyocyte autophagy, thus pro-
tecting the heart, reducing the MI area and finally

Fig. 2.  ROC curves of miR-132, miR-145 and miR-208 for diagnosing the severity of CALs in AMI patients. AMI:
Acute myocardial infarction; ROC: receiver operating characteristic

Table 4: Efficiencies of miR-132, miR-145 and miR-208 for diagnosis of the severity of CALs in AMI patients

Area under curve (95%CI) Sensitivity (%) Specificity (%) P Cut-off value

miR-132 0.851 (0.701~0.884) 84.53 73.19 0.001 0.89
miR-145 0.762 (0.592~0.879) 82.11 75.76 0.014 0.67
miR-208 0.760 (0.589~0.855) 82.02 76.85 0.015 1.76
Combination 0.911 (0.869~0.978) 89.89 70.91 <0.001 -

AMI: Acute myocardial infarction
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alleviating AMI symptoms. In this study, miR-
145 was lowly expressed in AMI patients, espe-
cially in the AMI patients with a high GS. Proba-
bly, during AMI, the mitigative effect of miR-145
on myocardial injury was suppressed, and low-
level miR-145 failed to repair the CALs along with
the course of AMI, thus aggravating the disease.
The findings of this study are identical to those
of Zhang et al. (2017) that miR-145 expression
was low in AMI patients.

The miR-208 expression level directly reflects
the degree of myocardial injury such as myocar-
dial hypertrophy and collagen accumulation, so
it is a well-accepted sensitive indicator for the
evaluation of myocardial injury in AMI patients
(Yan et al. 2016; Pinchi et al. 2019; Wang et al.
2021). Widely existing in the intron of heavy
chain myosin genes, miR-208 can regulate the
expressions of contractile proteins to speed up
cardiomyocyte apoptosis (Liu et al. 2015). Here-
in, an up-regulated expression of miR-208 in AMI
patients and a positive correlation between miR-
208 expression and GS were unveiled. Taken to-
gether, miR-208 may participate in the aggrava-
tion of CALs in AMI patients, but the specific
action mechanism needs further studies.

GS is an evaluation tool for the severity of
CALs in AMI patients (Qin et al. 2019). In this
study, therefore, the values of miR-132, miR-145
and miR-208 in diagnosing the severity of CALs
in AMI patients were analysed via ROC curves,
using GS as the starting point. The cut-off val-
ues of the three indicators were 0.89, 0.67 and
1.76, respectively, verifying their predictive val-
ues for the severity of CALs in the early stage.

CONCLUSION

In summary, AMI patients, especially those
with a high GS, have up-regulated expressions of
miR-132 and miR-145 and a down-regulated ex-
pression of miR-208. The combination of miR-132,
miR-145 and miR-208 shows high predictive val-
ue for the severity of CALs in AMI patients, so
the progression of AMI can be assessed early
according to the expression changes of the three
indicators. The findings contribute to the formu-
lation of effective treatment and intervention
regiments for the early AMI.

RECOMMENDATIONS

Multi-centre studies with a larger sample size
should be further performed to validate the re-
sults of this study. Besides, the interactions
among miR-132, miR-145 and miR-208 in the case
of AMI should be analysed.

ABBREVIATIONS

AMI: Acute myocardial infarction
BMI: body mass index
miRNA: micro ribonucleic acid
PCR: polymerase chain reaction
ROC: receiver operating characteristic
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