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Abstract

Acute myocardial infarction (AMI) is a heart lesion, that endangers the life safety of patients. This study focused on exploring
the clinical effect of miR-542-3p on AMI and no-reflow after percutaneous coronary intervention (PCI). Serum samples were
collected from 100 AMI emergency inpatients. The expression of miR-542-3p was quantified by qPCR. The predictive role
of miR-542-3p was disclosed by plotting ROC curve. In addition, AMI subjects were cataloged into a group of no-reflow and
normal reflow group. The risk factors of no-reflow were estimated by logistic regression analysis. In the serum samples of
AMI patients, the level of miR-542-3p showed a pattern of decreasing. MiR-542-3p expression represented a high sensitivity
and specificity of the prediction of AMI. A decrease of miR-542-3p content was revealed in AMI patients without reflow
after PCI. Logistic regression results reflected that miR-542-3p was an independent biomarker for no-reflow. The declined

miR-542-3p expression was a predictive marker for AMI and no-reflow in AMI patients.
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Introduction

Acute myocardial infarction (AMI) has become an important
cause of increased mortality in cardiovascular diseases [1].
AMI is mainly caused by the formation of blood clots in the
coronary arteries, resulting in the occlusion of the vascular
lumen [2]. Acute ST-segment elevation myocardial infarc-
tion (STEMI) refers to persistent and severe myocardial
ischemia caused by coronary artery occlusion, which eventu-
ally leads to acute myocardial death. For AMI patients, rapid
opening of the infarction-related artery is the most impor-
tant and key means of its treatment [3]. The survival rate of
patients with AMI is determined by the opening time of the
infarct-related artery and the recovery of myocardial and
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microcirculation in the infarct-related area [4]. Urgent per-
cutaneous coronary intervention (PCI) is a routine surgical
treatment accepted as a crucial treatment for patients with
AMI [5]. PCI can rapidly open the IRA and restore coronary
blood flow of patients [6]. No reflow or slow reflow occurs
in 2.3-41% of patients with AMI undergoing PCI [7]. The
no-reflow situation after PCI is involved in a poor clinical
prognosis. No reflow is often accompanied by complications
such as infarct extension, ventricular remodeling, malignant
arrhythmia, and cardiac dysfunction, which increases the
incidence of heart failure [8]. Therefore, the primary clinical
task is to find more indicators to indicate no-reflow and to
guide effective treatment.

MiRNA is a newly discovered non-coding protein, which
plays its biological function through the expression of post-
transcriptional regulatory genes. MiRNAs can remain stable
in different environments, such as high temperature, chang-
ing value, and repeated freezing and thawing, which pro-
vides the possibility of circulation for clinical diagnosis and
assessment of disease [9]. There are a variety of abnormal
circulating expressions in AMI, among which, miR-142,
miR-17-5p, and miR-145, have been expected to be spe-
cific for the prediction of myocardial infarction [10, 11].
In patients with AMI, blood levels of miR-122 and miR-22
are measured and found to be dramatically altered in the
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acute phase of patients, suggesting a new marker of possible
diagnosis [12]. Plasma levels of miR-19b-3p, miR-134-5p
and miR-186-5p increase in the early phase of AMI, and
their combination shows a high efficacy on AMI [13]. In a
hypoxia/reoxygenation model, the content of miR-542-3p is
declined, and it ameliorates the damage of cardiomyocytes
[14], providing the correlation between this miRNA and
myocardial disease. Another publication explores the roles
of miR-542-3p in coronary heart disease and certified miR-
542-3p participates in the accommodation of Chinese tradi-
tional medicine on this disorder by enhancing the oxidation
and inflammatory response [15]. Therefore, clinical studies
on miR-542-3p in human thrombotic cardiovascular diseases
may provide a new idea for the prevention and diagnosis.

We suppose that miR-452-3p may be related to AMI
and its expression is altered with the occurrence of AMI
in patients. By comparing the changes of miR-542-3p in
patients with AMI and control individuals, this study
explored the possible value of miR-542-3p in the diagno-
sis of patients with AMI. Additionally, the patients were
cataloged into no-reflow group and normal group after the
PCI operation. The predictive significance of miR-542-3p
for no-reflow was estimated.

Materials and Methods
Research Object and Grouping

A total of 100 STEMI patients within 12 h in The Affiliated
Hospital of Xuzhou Medical University from October 2019
to June 2022 were included in the study. Inclusion criteria
were: (1) Patients with typical symptoms of angina pectoris,
such as squeezing or tightening of the anterior chest and
shortness of breath after activity; (2) Patients whose elec-
trocardiogram indicated previous ST-segment changes; (3)
increases in myocardial marker levels; (4) Imaging evidence
suggests new local abnormal wall motion or loss of viable
myocardium. Meanwhile, 101 age- and gender-matched sub-
jects who had chest pain but with no AMI during the same
period were randomly selected as the control group. Coro-
nary angiography was conducted in 101 controls to exclude
coronary heart disease. All subjects including patients and
controls with a history and clinical features of infectious
disease, auto-immune, malignant tumor, peripheral vascu-
lar disease, lung diseases, hepatic or hematologic disorders,
or chronic renal failure requiring dialysis were excluded
from the present study. This project followed the tenets of
the Declaration of Helsinki and was reviewed by the ethics
committee of the hospital (XYFY2019-KL0O05). All patients
provided signed the informed consent for the project study.

All patients underwent physical examination, and col-
lected basic clinical information. The venous blood of all
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patients was collected within 12 h after admission. After
stirring and centrifugation in anticoagulant vessel, serum
was acquired.

Treatment of PCI

Patients were given enteric-coated aspirin 300 mg, atorv-
astatin 80 mg, and clopidogrel 600 mg orally before emer-
gency PCI. Electrocardiograph monitoring and arterial
pressure monitoring were performed routinely during the
operation. Coronary angiography (CAG) was performed
using a coronary angiography tube through the right radial
artery approach to identify the location and number of
coronary artery lesions and infarct-related arteries. The
guide catheter was placed at the opening of the corre-
sponding coronary artery, and the guide wire was sent to
the distal end of the vascular lesion. Thrombus aspiration
was performed when necessary, and balloon pre-dilation
was performed or not.

Thrombolysis in myocardial infarction (TIMI) blood
flow grading method was used to evaluate the occlusion
and opening degree of occlusion-related vessels. Accord-
ing to the situation of patients after PCI, patients were
included into normal blood flow group (TIMI=3) and the
no-reflow group (TIMI <2). The blood was isolated after
48 h of PCI therapy.

MiR-542-3p Expression Evaluation

A miRNA (TTANGEN, Beijing, China) extraction kit
was utilized to extract RNA from serum samples as per
the instructions. The prepared serum specimens were
defrosted and removed to the corresponding new tube
with lysate. The homogenate stood at room temperature for
5 min. Chloroform was added separately to each sample
tube, anhydrous ethanol, protein removal solution, bleach
solution, and water to obtain RNA solution. Single strand
synthesis using reverse transcription kit (TTANGEN, Bei-
jing, China) and the total sample. In this experiment, the
relative quantitative analysis of the expression level of the
miR-542-3p is carried out systematically, and the inter-
nal parameter is U6. Upstream primers and downstream
primers were provided by Guangzhou Ruibo Company
(China). In each reaction system of qPCR, there is 4 ul
cDNA, 10 pl SYBR master mix, 0.4 ul burn dye mixture,
water, and upstream and downstream primers. The ampli-
fication strips of the reaction were: pre-denaturation, then
denaturation, annealing, and extension, and the specific
operations were carried out according to the kit manual.
Relative levels were calculated using the relative expres-
sion of genes formula 2744€T,
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Statistical Method

SPSS Software was applied in statistical analysis. The meas-
urement data of the clinical characteristics of the AMI group
and the control group were expressed as mean + standard
deviation and were measured between the two groups by
t-test. The count data were compared by j” test, and the P
value was calculated. The receiver operating characteristic
(ROC) curve was drawn. Logistic regression analysis was
used to measure the correlation between miRNA levels in
AMI. A statistically significant difference was considered
by P<0.05.

Results
General Clinicopathological Data

The demographic information and chronic disease data were
recorded. A total of 100 patients included 47 males and 53
females. As can be seen from Table 1, the baseline informa-
tion in the two groups, including gender, average age, BMI,
combined hypertension, combined diabetes, and hyperlipi-
demia showed no dramatic difference (P> 0.05).

Predictive value of Serum miR-542-3p for AMI/
Patients

The serum miR-542-3p was compared in AMI group and the
control group. As expressed in Fig. 1, the content of miR-
542-3p declined compared with controls (Fig. 1, P<0.001),
reflecting that AMI connected to the reduction of miR-
542-3p expression.

To explore the predictive value of miR-542-3p for AMI,
the ROC was plotted using the serum expression level of
miR-542-3p of all enrolled individuals. The area under
the curve (AUC) was 0.931 (Fig. 2), lending evidence that
miR-542-3p was an indicator of diagnosing AMI. When the

Table 1 Basic clinical information of the subject

Factors Control AMI group (100 cases) pfH
group (101
cases)
Age (years) 59.84+8.43 59.07+8.09 0.509
Gender(male/female) 47/54 47/53 0.947
BMI(kg/m?) 24.89+3.25 2524+3.20 0.219
Hypertension 20/19.80%  25/25.00% 0.377
Diabetes 58/57.43%  66/66.00% 0.211
Hyperlipidemia 28/27.72%  32/32.00% 0.508

Annotation: control group, non-AMI patients with chest pain; AMI
acute myocardial Infarction, BMI body mass index
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Fig.1 MiR-542-3p was downregulated in the serum of AMI group
compared with the control group. ***P <0.001

cut-off value is optimal, the corresponding sensitivity and
specificity were 80.00% and 87.13%, as shown in Fig. 2.

Expression of miR-542-3p in Groups of Normal Flow
and No-Reflow

Considering the TIMI grade, 20 cases were cataloged in no-
reflow group, and 80 cases with normal blood flow after
PCI treatment. Serum miR-542-3p content in patients with
no-reflow decreased dramatically, and the difference was
statistically significant compared with that of normal group
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Fig.2 The ROC curve was plotted for the clinical role of miR-542-3p

in differentiating AMI from controls with the AUC of 0.931
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(Table 2, 0.27 +£0.061 versus 0.62 +0.14). The abnormal
content of miR-542-3p in patients with no-reflow indicated
that miR-542-3p might be correlated with the prognosis of
AMI.

Comparison of Clinical Characters Between the Two
Groups After PCI

The comparison of clinical information and characteristics
of coronary angiography in groups of the no-reflow and
normal group is shown in Table 2. Demographic data and
chronic diseases were not different between the two groups
(Table 2, P>0.05).

The patients vascular status and scoring system are cat-
aloged in Table 2. The results indicated that there was no
statistical difference in culprit vessel type between the no-
reflow group and the normal blood flow group (P> 0.05).
The number of diseased vessels was decreased in a group
with normal blood flow group (P <0.05). Additionally,

culprit vessel length and onset to the culprit vessel open-
ing time declined in the normal blood flow group com-
pared to the group without reflow group (P < 0.05). The
secretion of D-dimer and NT-proBNP was diminished in
group with normal blood flow (P <0.001). The percent-
age of patients in I and III levels of Killip grade and high
risk of TIMI risk score was increased in the group without
reflow group (P <0.05).

Independent Risk Tool for Patients With No-Reflow

The above indexes with differences in Table 2 and miR-
542-3p levels were arranged and expressed in the mul-
tivariate logistic model. As documented in Table 3 and
forest plot in Fig. 3, NT-proBNP (OR: 0.262, 95% CI:
0.070-0.981) and miR-542-3p (OR: 0.140, 95% CI:
0.029-0.671) were independent risks for AMI patients
without reflow after PCI surgery (Table 3, P <0.05).

Table 2 Basic clinical
information of the subject
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Factors No reflow group (20 cases) Normal group (80 cases)
MiR-542-3p 0.27+0.061 0.62+0.14 <0.001
Age (years) 58.05+8.53 59.33+8.01 0.531
Gender (male/female) 12/8 35/45 0.193
BMI (kg-m™2) 24.05+3.48 25.54+3.09 0.064
Hypertension 4/20.00% 21/26.25% 0.564
Diabetes 12/60.00% 54/67.50% 0.527
Hyperlipidemia 9/45.00% 23/28.75% 0.163
Culprit vessel type (%) 0.074
LAD 10/50.00% 43/53.75%
LCX 1/5.00% 18/22.50%
RCA 9/45.00% 19/23.75%
Number of diseased vessels 0.043
1 7/35.00% 42/52.50%
2 5/25.00% 26/32.50%
>3 8/40.00% 12/15.00%
Culprit vessel length (mm) 20.21+7.25 17.56 +4.65 0.047
Onset to the culprit vessel 7.48 +£1.80 6.45+1.82 0.026
opening time (h)
D-dimer(mg/L) 0.84+0.28 0.49+0.23 <0.001
NT-proBNP (pg/mL) 449.93 +68.73 325.25+100.93 <0.001
Killip grade (%) 0.017
I 11/55.00% 61/76.25%
I 4/20.00% 15/18.75%
11 5/25.00% 4/5.00%
TIMI risk scores (%) 0.012
Low-risk 5/25.00% 36/45.00%
Intermediate risk 6/30.00% 32/40.00%
High risk 9/45.00% 12/15.00%

Annotation: All data are presented as mean + standard deviation or n/percentage
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Table 3 Multivariate logistic regression analysis of no-reflow phe-
nomenon in AMI patients after PCI

Factors Multivariate analysis
OR 95% CI )4

Number of diseased vessels 0.710 0.159-3.183 0.655
Culprit vessel length 0.372 0.086-1.609 0.186
Onset to the culprit vessel 0.209 0.031-1.391 0.105
opening time

D-dimer 0.262 0.070-0.981 0.047
NT-proBNP 0.430 0.113-1.629 0.214
Killip grade 0.648 0.142-2.953 0.575
TIMI scores 0.265 0.047-1.507 0.134
miR-542-3p 0.140 0.029-0.671 0.014

Annotation: OR Odds Ratio, CI confidence interval

Discussion

As a common heart disease, AMI has manifestations of
rapid onset, quick progress, and poor mortality [16]. Once
it comes on, it will endanger the life safety of patients.
AMI Acute necrosis of myocardial tissue due to sustained
severe ischemia. Early diagnosis improves survival and
long-time prognosis in patients with AMI [17]. Patients
with AMI need to be diagnosed as soon as possible, and
further treatment plans should be decided according to the
time of myocardial infarction. Early treatment is closely
involved in the good prognosis of patients. Currently, clin-
ically diagnosed serum biomarkers mainly include cre-
atine kinase isoenzyme, myoglobin, and myoglobin [18].
Although the above markers have reached certain levels in
the sensitivity and specificity of early diagnosis, sensitiv-
ity and specificity are often not insufficient, researchers
continue to study new serum markers with high sensitivity
and specificity, especially for good serum markers that can
reflect the prognosis of patients. Thus, this investigation
focus on searching for a novel clinical biomarker. MiRNAs
exert their biological impacts by horizontally regulating

Fig. 3 Forest plot of logistic

the expression of boot genes, and thus participate in the
maintenance of various physiological functions in the
body [19]. MiR-17-3p, miR-190-5p, and miR-202-5p are
closely correlated to myocardial ischemia-reperfusion
damage, and their expression is abnormal in this dysfunc-
tion [20-22]. Altered miR-223 expression is a mediator of
cardiac hypertrophy, thus correlating with the pathogen-
esis of the cardiac disease [23]. Circulating miR-22-5p,
miR-132-5p, and miR-150-3p are raised in patients with
AMI [24]. These above statements that miRNAs are
involved in cardiovascular diseases.

MiR-542-3p associates with cardiac development and
pathologic mechanisms. In an analysis of expression pro-
file in heart failure, miR-542-3p may act as a key gene in
ischemic cardiomyopathy [25]. Lu et al. certify that the
concentration of miR-542-3p is declined in cardiomyocyte
damage [14]. In this experiment, serum samples were col-
lected from AMI patients and normal control subjects, and
a serum level of miR-542-3p was detected by quantitative
method. It was found that level of miR-542-3p in patients
with AMI was diminished, verifying that miR-542-3p was
implicated in AMI. Many miRNAs are applied as indicators
for risk prediction. Serum miR-199a, miR-146, and miR-26a
are overexpressed in AMI patients and the authors indicate
these miRNAs may be beneficial for the prediction of AMI
[26]. MiR-19a is proven to be an appropriate predictive bio-
marker for patients with AMI with high efficacy [27]. Cur-
rent study enrolled the miR-542-3p expression to plot the
ROC curve. The AUC and efficacy analysis results reflected
that low expression of miR-542-3p was of certain predictive
value for AML.

PCI is the primary treatment for revascularization after
AMI, clinically, PCI is often used to treat AMI, which
can quickly open the blocked coronary artery, promote the
rapid recovery of ischemic myocardial blood perfusion and
save patients' lives [28]. The myocardium of most patients
is effectively perfused, but there are still some patients
who cannot obtain normal blood perfusion even after the
infarct-related artery is opened, resulting in the no-reflow
phenomenon [29]. In patients without reflow, epicardial

Logistic analysis

regression analysis showing the .
risk factors for the no-reflow miR-542-3p
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blood flow returns to normal, but peripheral tissue level
perfusion is seriously insufficient, and the myocardial
associated with the infarct site does not receive effective
blood perfusion [30]. The survival rate of patients with
AMI was determined by the opening time of infarct-related
arteries and the recovery of myocardial and microcircula-
tion blood flow in infarct-related areas [31]. For patients
with AMI, opening a blood vessel as early as possible will
benefit the patient the most. Therefore, whether myocar-
dial perfusion is effective in AMI patients after PCI is the
primary problem for the success of PCI.

As per the TIMI risk score, AMI patients were cata-
loged into the group without reflow and group with normal
blood reflow. Current study provided miR-542-3p was a
low expression in the no-reflow group, representing that
miR-542-3p might be correlated with the reflow situation
of AMI patients suffering PCI management. Many subjects
on abnormal expression and predictive impacts of miR-
NAs for PCI have been published. The expression of miR-
17-92 is correlated with Tai Chi intervention in coronary
heart disease patients after PCI [32]. MiR-186-5p expres-
sion shows an increase in AMI patients after admission,
while it declined after PCI management [33]. The declined
miR-30e expression is of the prediction value of reflow
[34]. We attempted to explore the value of biochemical
parameters and miR-542-3p on the station of reflow after
PCI. The logistic analysis stated that miR-542-3p was
an independent predictive tool for AMI patients without
reflow after PCI.

As previous evidence reported, miR-542-3p is at low
expression in the cardiomyocyte hypoxia/reoxygenation
model [14, 35]. In addition, a recent study pointed out that
miR-542-3p is involved in the protective mechanism of iso-
flurane pretreatment on myocardial ischemia—reperfusion
injury [36], which was in accordance with our present find-
ings in clinical AMI samples. It is believed that the present
results can fill the gap in the clinical value of serum miR-
542-3p in AMI patients in the clinic. However, the timeline
changes of miR-542-3p in AMI cases were not included in
the current study, which can help to reflect the correlation
between miR-542-3p and disease states. In future, other
groups of AMI patients should be included, and a timeline
of the changes that occur to miRNA should be recorded to
better understand its correlation with disease states.

To sum up, miR-542-3p was decreased in AMI patients
and is an indicative marker for AMI. The expression of
miR-542-3p declined in group of no-reflow after PCI. The
detection of miR-542-3p has a significant clinical effect in
screening no-reflow after PCI in AMI.
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