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Abstract

in the diagnosis and treatment of ACS.

Acute coronary syndrome (ACS) is a heart disease with a high mortality rate. Recently, more and more evidence
illustrated that microRNAs (miRNA) participated in regulating the occurrence of heart disease. This study aimed to
detect the level of serum miR-320a-3p in patients with ACS, predict its possibility as a candidate gene for diagnosis,
and explore its potential mechanism in the regulation of ACS. 139 ACS patients and 126 controls were recruited in this
study. The expression level of miR-320a-3p was determined by gqRT-PCR. The predictive value in ACS was assessed by
receiver operating characteristic (ROC) curve. Enzyme-linked immunosorbent assay (ELISA) was used to measure the
protein expression levels of inflammatory factors. The downstream targets of miR-320a-3p were verified by luciferase
reporter gene assay. In ACS patients and rat models, the expression level of serum miR-320a-3p was significantly
increased. ROC curve revealed that abnormal expression of miR-320a-3p was of diagnostic value for ACS. In an in vivo
rat model, down-regulation of miR-320a-3p inhibited the production of von Willebrand factor (vWF), Heart fatty
acid-binding protein (H-FABP), interleukin-1f3 (IL-13), IL-6, and tumor necrosis factor-a (TNF-q). In other words, down-
regulation of miR-320a-3p reduced rat vascular endothelial injury and inflammation. X-linked inhibitor of apoptosis
protein (XIAP) was determined to be a direct target of miR-320a-3p. miR-320a-3p is useful for the diagnosis of ACS.
Animal experiments confirmed that up-regulated miR-320a-3p promoted vascular endothelial injury and inflamma-
tory response by targeting XIAP, thus promoting the development of ACS. MiR-320a-3p may be a new breakthrough
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1 Introduction

Ischemic heart disease (IHD) is a relatively common
acquired heart disease in middle-aged and elderly peo-
ple, and its incidence ranks first among all types of
heart disease [1]. Acute coronary syndrome (ACS) is
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the main manifestation of IHD, and its clinical mani-
festations mainly include acute myocardial infarction
[2] and unstable angina pectoris (UAP) [3]. The main
cause of ACS is rupture of atherosclerotic plaque,
which has a high morbidity and mortality rate, and is
a very serious medical emergency [4]. At present, the
clinical diagnosis of ACS is primarily dependent on
clinical symptoms, vascular endoscopy, or invasive
angiography [5, 6]. Some of these detection methods
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are susceptible to clinical subjectivity, some are expen-
sive and time-consuming, and some may cause certain
harm to the patient [7]. Therefore, the most important
goal at this stage is to clarify the pathogenesis of ACS
and explore diagnostic methods that are highly sensi-
tive, easy to operate, and less harmful to the body.

MicroRNA (miRNA) is a type of non-coding RNA
molecules with about 22 nucleotides in length [8]. By
binding to the 3’-UTR region on the mRNA of target
genes, miRNA inhibits mRNA translation or leads to
mRNA degradation, which is of great significance in
the growth, development, metabolism, and disease
regulation of organisms [9, 10]. A great number of
experimental studies at home and abroad are devoted
to exploring the correlation between miRNA and the
occurrence of ACS and the possibility of miRNA as
diagnostic markers of ACS. For example, Wu et al.
revealed that the expression of miR-145 in the serum
of ACS patients was down-regulated, and with the
decrease of miR-145 expression, the levels of vWF
and IL-6 showed an upward trend, suggesting that the
abnormal expression of miR-145 was related to ACS
[11]. In addition, the study of Li et al. confirmed that
the expression of miR-186-5p in the serum of ACS
patients was increased, and after treatment with cor-
responding measures, its expression decreased, which
indicates that the development of ACS is related to the
abnormal expression of miR-186-5p [12]. A lot of lit-
eratures have shown that miR-320a-3p plays an impor-
tant role in heart or cardiovascular diseases. A study
showed that in the serum of patients with diabetic
cardiomyopathy, miR-320a-3p was significantly up-
regulated [13]. Another study on myocardial ischemia/
reperfusion injury pointed out that overexpression
of miR-320a-3p significantly promoted cardiomyo-
cyte apoptosis [14]. Nevertheless, the expression and
role of miR-320a-3p in ACS are unknown. X-linked
inhibitor of apoptosis protein (XIAP) is a member
of the IAP family with the strongest ability to inhibit
apoptosis. Due to its powerful anti-apoptotic prop-
erties, XIAP is often used as a target molecule for
cancer therapy drugs. Studies have shown that XIAP
was found in endothelial cells and exhibited anti-ath-
erosclerosis effects [15, 16]. It is interesting to study
whether this target is involved in the regulation of ACS
by miR-320a-3p and solving this problem can provide
a useful basis for us to further understand the influ-
ence of miR-320a-3p on the pathogenesis of ACS. In
the present study, we assessed the diagnostic value of
miR-320a-3p for ACS by measuring the level of miR-
320a-3p in ACS patients, and the influence of abnor-
mally expressed miR-320a-3p on the ACS model was
evaluated by establishing an ACS rat model.
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2 Materials and Methods

2.1 Study Population and Sample Collection

This part of the research content is complied with the
Declaration of Helsinki and has got the permission
from the Ethics Committee of Weifang People’s Hospi-
tal. All individuals recruited for this study have signed
written informed consent. A total of 265 subjects were
selected in this study, including 139 patients diagnosed
with ACS by this hospital and 126 patients with simple
chest pain but excluded ACS as the control group. The
diagnostic criteria of ACS referred to the 2013 ACCEF/
AHA ST-Elevation myocardial infarction management
guidelines [2], the 2014 ACC/AHA/AATS/PCNA/SCAI/
STS focused update of the guideline for the diagnosis and
management of patients with stable ischemic heart dis-
ease [17], the 2014 AHA/ACC guideline for the manage-
ment of patients with Non-ST-Elevation acute coronary
syndromes [18]. Subjects with systemic inflammatory,
malignant carcinoma, kidney infirmities, or left ventricu-
lar systolic lesions were excluded from the study. Venous
blood was taken from all subjects, and the supernatant
was retained after centrifugation and stored in a refrig-
erator at —80 C for later use. The demographic features
and clinicopathological characteristics of subjects were
collected and summarized.

2.2 RNA Extraction and Quantitative Real-Time PCR
(qRT-PCR)

TRIzol LS Reagent (ThermoFisher, USA, Catalog No.:
10296010) was used to extract total RNAs from serum
samples. RNA was reverse transcribed into cDNA using
a one-step miRNA Reverse Transcription Kit (Haigene,
Harbin, China, Catalog No.: D1801). The above cDNA
sample and Seven 2x SYBR Green qPCR MasterMix
(Seven BIOTECH, Beijing, China, Catalog No.: 330502)
were mixed to detect the relative expression of miR-
320a-3p in an Applied Biosystems 7300 Real-Time PCR
System (Applied Biosystems). The relative expression
level of miR-320a-3p was normalized by U6 using 2744
method. The primer sequences for qRT-PCR analysis are
as follows: the forward primers of miR-320a-3p and U6
were 5-AAAAGCTGGGTTGAGAGGGCGA-3’ and
5-CTCGCTTCGGCAGCACA-3/, respectively. And the
reverse primers of both were the universal primers of the
kit.

2.3 Establishment and Treatment of ACS Animal Model

All the animal-related protocols involved in this study
were implemented under the standards for the care and
use of laboratory animals. The Animal Care and Use
Committee of Weifang People’s Hospital supported and
approved the experimental programs. Sprague—Dawley
rats were selected to establish an ACS model to simulate
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the state of ACS in human body and detect the expres-
sion of miR-320a-3p according to the previous literature
[11]. Briefly, rats were intraperitoneally injected with
1% pentobarbital (Sigma, USA, Catalog No.: P-3761) for
deep anesthesia and connected to a ventilator. Through
ECG monitoring, the skin was cut at the upper intercos-
tal area of the apex beat, and the heart was exposed after
opening the chest cavity. The position of the anterior
descending branch of the left coronary artery was con-
firmed and ligation with appropriate strength was per-
formed with a medical 6/0 suture. After modeling, the
chest cavity was sutured, and the animals were injected
with penicillin to prevent infection. In the control group,
thoracic cavity was opened only without vascular liga-
tion. Rats in the model group were randomly split into
four groups, which were respectively injected with 2 pg
of miR-320a-3p mimic, miR-320a-3p inhibitor and miR-
NC for 7 consecutive days for in vivo transfection via the
tail vein. Finally, blood was collected from the tail vein of
the rats, and the serum was separated and stored in the
—80 C refrigerator for later use.

2.4 Enzyme-Linked Immunosorbent Assay (ELISA)

The concentration of von Willebrand factor (vWF) (Hae-
matologic Technologies, USA, Catalog No.. HCVWE-
0190) and heart-type fatty acid-binding protein (H-FABP)
(Oxis research, UK, Catalog No.: 11230) and the levels of
inflammatory factors, such as IL-6 (ThermoFisher, USA,
Catalog No.: 88-7066-86), TNF-a (ThermoFisher, USA,
Catalog No.: 88-7346-76), and IL-1B (ThermoFisher,
USA, Catalog No.: 88-7120-77), were detected by ELISA
according to the product instructions. In short, the rea-
gent is balanced at room temperature for 30 min. At the
same time, the samples to be tested were defrosted natu-
rally at room temperature, and then co-incubated with
antibodies for 1 h. Subsequently, the antibodies were
removed, and the substrate solution was added and incu-
bated at room temperature for 30 min in the dark. Finally,
the stop solution was added to terminate the reaction,
and the absorbance value was detected at 450 nm in the
microplate reader (Bio-Tek Instruments, Germany) and
the corresponding concentration was calculated. Each
experiment was repeated in triplicate.

2.5 Luciferase Reporter Gene Assay

Through the prediction of target genes, we found that
miR-320a-3p had a complementary binding site with
X-linked inhibitor of apoptosis protein (XIAP), and it was
preliminarily speculated that XIAP was the target gene of
miR-320a-3p, and luciferase reporter gene assay was used
to verify this prediction. Specific steps were as follows:
the human embryonic kidney cell line HEK-239T cells
were obtained from American Type Culture Collection
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(ATCC, Manassas, Virginia, USA). HEK-239 T cells were
cultured in DMEM supplemented with 10% FBS and 1%
double antibiotics in a cell incubator at 37 C. The 3'-UTR
sequence fragment of XIAP was cloned into pGL3 vector
to construct wild-type (wild-type) reporter vector XIAP
3’-UTR-WT and mutant-type (mutant-type) reporter
vector XIAP 3’-UTR-MUT. The HEK-239T cells were
seeded into 24-well plate and cultured overnight until
the cell density reached 60% or more. Subsequently,
according to the product specification, the cells were
co-transfected with the above-mentioned vector and
miR-NC, miR-320a-3p mimic or miR-320a-3p inhibi-
tor using Lipofectamine 3000, respectively. After 48 h of
transfection, cells were collected, and the luciferase activ-
ity of each group was measured using the dual-luciferase
reporter system (Promega). Renilla luciferase was chosen
as a control gene.

2.6 Statistical Analysis

Data were presented as (mean=+SD). ROC curve was
constructed to estimate the diagnostic value of miR-
320a-3p in ACS. Student ¢ test was used for comparison
between two groups. One-way ANOVA was selected
for multiple groups’ comparison, and chi-square test
was selected for comparison between categorical vari-
ables. Multiple linear regression analysis was used to
determine the independent effects of variables related
to miR-320a-3p. Logistic regression analysis was used to
evaluate the relationship between different variables and
the occurrence of ACS. A P value less than 0.05 was con-
sidered to be significantly different.

3 Results

3.1 General Clinical Data and Pathological Characteristics
The general clinical data and pathological characteris-
tics of all individuals were shown in Table 1. The subjects
were between 40 and 65 years old, and there was no sta-
tistically significant difference between the two groups in
indicators such as age, sex composition, total cholesterol
[19], triglycerides (TG), low-density lipoprotein (LDL)
and high-density lipoprotein (HDL) (P>0.05). Besides,
the levels of vWF, H-FABP, TNF-«, IL-1p and IL-6 in
ACS patients were significantly higher than those in the
control group (P<0.001).

3.2 Increased Expression Level of miR-320a-3p in ACS
Patients

The qRT-PCR results revealed that the expression level

of serum miR-320a-3p in ACS patients exhibited an

increased trend in comparison with the control group

(Fig. 1, P<0.001), suggesting that miR-320a-3p may play

an important role in the course of ACS.
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Table 1 Baseline clinical characteristics of all participants

Characteristics Control (n=126) ACS patients P value
(n=139)
Age 5140+7.27 51.55+6.60 0.854
Gender (female/ 63/63 69/70 0.953
male)
Smoking
Yes 64 69 0.851
No 62 70
Drinking
Yes 58 65 0.905
No 68 74
TC (mmol/L) 4.67+£047 4.74£0.90 0436
TG (mmol/L) 1.36£0.56 1.37+064 0.895
LDL (mmol/L) 25240487 260+057 0.163
HDL (mmol/L) 1.4040.60 1294042 0.083
VWF (ng/mL) 455+1.40 799+£1.71 <0.001
H-FABP (ng/mL) 450£133 22.04£4.09 <0.001
TNF-a (ng/L) 1017+£3.13 2593+5.78 <0.001
IL-16 (ng/L) 9.67+£4.77 2752+7.64 <0.001
IL-6 (ng/L) 885+4.24 28.00+6.64 <0.001

Data are expressed as n or mean =+ standard deviation

ACS acute coronary syndrome; TC total cholesterol; TC triglyceride; HDL high-
density lipoprotein; LDL low density lipoprotein; vIWF von willebrand factor;
H-FABP heart-type fatty acid-binding protein; TNF-a tumor necrosis factor alpha;
IL-6 interleukin 6; IL-18 interleukin 18

0.0125 ~
0.0100 - |

0.0075 -

0.0050 -

Expression level of
miR-320a-3p

0.0025

0.0000 -

ACS patients

Fig. 1 The level of serum miR-320a-3p was increased in ACS patients
compared with controls (***P<0.001)

control

3.3 miR-320a-3p has Diagnostic Value for ACS

ROC analysis is a statistical method widely used in clini-
cal diagnosis and screening. In this study, ROC curve
was built to evaluate the diagnostic significance of miR-
320a-3p for ACS. The results displayed that the AUC
value of this curve was 0.910. The sensitivity and specific-
ity of miR-320a-3p were 80.6% and 87.3% at the cut-off
value of 1.336, indicating that miR-320a-3p had the abil-
ity to recognize ACS patients (Fig. 2). The above result
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Fig. 2 ROC curve was established to estimate the diagnostic value of
miR-320a-3p for ACS. The curve had an AUC value of 0.910 with the
sensitivity of 80.6% and specificity of 87.3%

Table 2 Multiple linear regression analysis on variables
associated with miR-320a-3p

Characteristics Coefficient Standard error t P-value
Age —0.064 0.003 —1.369 0173
TC (mmol/L) —0.005 0.019 —0.064 0.925
TG (mmol/L) —0.009 0.027 —0.185 0.853
LDL (mmol/L) —0.144 0.030 —2.980 0.003
HDL (mmol/L) 0.062 0.030 1.279 0.203
VWF (ng/mL) 0.225 0.014 3.349 0.001
H-FABP (ng/mL) 0.248 0.006 3629 <0.001
TNF-a (ng/L) 0.156 0.004 2443 0.016
IL-16 (ng/L) 0.296 0.003 4615 <0.001
IL-6 (ng/L) 0.234 0.004 3418 0.001

TC total cholesterol; TC triglyceride; HDL high-density lipoprotein; LDL low
density lipoprotein; vIWF von Willebrand factor; H-FABP heart-type fatty acid-
binding protein; TNF-a tumor necrosis factor alpha; IL-6 interleukin 6; IL-18
interleukin 18

suggested that miR-320-3p had a certain diagnostic value
for ACS.

3.4 Multivariate Linear Regression Analysis and Logistic
Regression Analysis

Multivariate linear regression analysis was used to evalu-
ate the correlation between miR-320a-3p level and rel-
evant clinical indicators. As shown in Table 2, it showed
that LDL, vWE, H-FABP, TNF-«, IL-1p and IL-6 were
main factors affecting the serum miR-320a-3p level (all
P<0.05). Meanwhile, logistic regression analysis was
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Table 3 Relationship between different variables and the

development of healthy individuals into acute coronary
syndrome

Characteristics OR 95% ClI P value
Age 0.796 0.327-1.935 0614
Gender 1.024 0414-2.534 0.959
TC (mmol/L) 0.906 0.372-2.206 0.828
TG (mmol/L) 0913 0.381-2.189 0.835
LDL (mmol/L) 1.101 0.447-2.712 0.819
HDL (mmol/L) 1.957 0.782-4.896 0.152
Smoking 1.141 0.465-2.797 0.774
Drinking 0.888 0.352-2.237 0.801
VWF (ng/mL) 0.013 0.004-0.043 <0.001
MiR-320a-3p 0.027 0.009-0.082 <0.001

TC total cholesterol; TC triglyceride; HDL high-density lipoprotein; LDL low
density lipoprotein; vIWF von Willebrand factor
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used to evaluate the relationship between different vari-
ables and the occurrence of ACS. In Table 3, it was found
that the level of vWF (OR=0.014, 95% CI=0.004—0.043,
P<0.001) and miR-320a-3p (OR=0.027, 95% CI=0.009—
0.082, P<0.001) were the independent influencing factors
for the occurrence of ACS among variables.

3.5 Overexpression of miR-320a-3p Increased the Levels
of vVWF, h-FABP and Inflammatory Cytokines in ACS Rat
Model

In comparison with the control group, the expression

of serum miR-320a-3p in ACS rats was significantly

increased, and miR-320a-3p was upregulated or down-
regulated after transfection with miR-320a-3p mimic
or miR-320a-3p inhibitor, indicating that transfec-

tion had been successfully carried out in vivo (Fig. 34,

P <0.05). In the serum of ACS rat model, the levels of

VWEF and h-FABP were significantly increased, and
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down-regulation of miR-320a-3p could reverse this
result (Fig. 3B, C, P<0.05). Moreover, the results of
inflammatory factors were shown in Fig. 3D. In the ACS
rat model, the levels of TNF-a, IL-1f and IL-6 were
all increased significantly, while down-regulation of
miR-320a-3p expression could significantly inhibit the
generation of inflammatory factors, and significantly
decreased the relative expressions of TNF-a, IL-1p and
IL-6 (P<0.001).

3.6 XIAP is a Target Gene of miR-320a-3p

By means of target gene prediction, we speculated that
XIAP was the target gene of miR-320a-3p, and their
complementary sequences were shown in Fig. 4A. The
luciferase reporter gene results showed that the lucif-
erase activity of XIAP 3’-UTR-WT was significantly
decreased after transfection with miR-320a-3p mimic,
while the luciferase activity of XIAP 3’-UTR-WT was
significantly increased after transfection with miR-
320a-3p inhibitor (Fig. 4B, P<0.001). In addition, nei-
ther miR-320a-3p mimic nor inhibitor transfection had
any effect on the luciferase activity of XIAP 3’-UTR-
MUT. Figure 4C confirmed the results of luciferase
reporter gene assay, indicating that XIAP is a target
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gene of miR-320a-3p and was negatively regulated by
miR-320a-3p (P<0.05).

4 Discussion

With the changes in living standards and dietary struc-
ture, the incidence of heart disease gradually tends to
be younger. ACS is one of the most dangerous types of
all types of heart disease, with an acute onset and high
mortality rate. Therefore, the early diagnosis and treat-
ment of ACS is particularly important. As a candidate
for biomarkers, miRNA has multiple advantages, such
as easy availability and stable properties. If a biomarker
with high sensitivity and good specificity is found, it is
extremely important for the diagnosis, treatment, and
prognosis of ACS.

Recently, Mikko et al. confirmed the advantage and
possibility of miRNAs as biomarkers for heart dis-
ease in a study on cardiogenic shock (CS). They found
that the baseline levels of miR-21-5p, miR-122-5p and
miR-320a-3p were significantly higher in the serum of
non-surviving patients with CS than those of surviving
patients, and that baseline levels above the median level
of miR-320a-3p were independent predictors of 90-day
all-cause mortality [20]. According to statistics, 80% of
the cause of CS is usually ACS [21]. However, other car-
diac emergencies, such as end-stage heart failure, acute
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severe mitral regurgitation, can also induce CS [22]. The
expression of miR-320a-3p in ACS patients was detected
in this study, on the basis of the above evidence. We
found that the expression level of miR-320a-3p in ACS
patients was higher than in non-ACS patients with chest
pain, suggesting that the special role of miR-320a-3p in
ACS. Meanwhile, in a study on ACS, Wang et al. con-
firmed that miR-208b and miR-499 have the potential
to diagnose ACS [23]. Furthermore, Sun et al. substan-
tiated that miR-335-5p was taking part in the formation
of atherosclerotic plaques in ACS and was associated
with inflammatory response [24]. ACS patients are often
accompanied by vascular endothelial dysfunction and
inflammatory injury, and vWF and H-FABP are useful
biomarkers commonly used in the clinical evaluation of
the extent and status of vascular endothelial injury [25,
26]. Similarly, the results of our research exhibited that
miR-320a-3p had the ability to identify ACS patients
and non-ACS patients, and the overexpression of miR-
320a-3p was positively correlated with cytokines such as
vWE H-FABP, and TNF-a. The mentioned results offered
a certain experimental basis for confirming the ability of
miR-320a-3p as a diagnostic marker of ACS in clinical
practice.

In the ACS rat model of the present study, overexpres-
sion of miR-320a-3p promoted the expression of vWE,
H-FABP, TNF-a, IL-1B, and IL-6, and inhibiting the
expression of miR-320a-3p could significantly down-
regulate the expression levels of the above factors, which
suggested that overexpression of miR-320a-3p may pro-
mote vascular endothelial dysfunction and inflammation
in ACS patients. Buie et al. pointed out in a study on the
risk factors of cardiovascular disease a few years ago that
knocking down the expression of miR-320a ameliorated
the abnormal apoptosis of vascular endothelium in mice,
improved endothelial cell function and reduced cardiac
abnormalities caused by doxorubicin [27]. In addition,
Fasseu et al. confirmed that miR-320a was connected
with inflammatory diseases, and in the colon biopsy of
adult ulcerative colitis, the decrease of miR-320a was sig-
nificantly associated with the decrease of inflammation
[28]. Based on the above findings, the results of the ani-
mal model reconfirmed the results of clinical studies. We
speculated that the overexpression of miR-320a-3p may
play a promoting role in ACS by accelerating endothelial
injury and inflammatory response.

Although miRNA is only about 20 nucleotides, it
plays an irreplaceable role in gene expression by regu-
lating a great number of target genes [29]. After target
gene prediction, we preliminarily determined that the
target gene of miR-320a-3p was XIAP. This result was
proved by luciferase reporter gene assay and relative
expression level of XIAP. XIAP is a member of the IAP
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family of apoptosis inhibitors and has been shown to be
an important negative regulator involved in cell apop-
tosis [30]. Lu et al. found a significant decrease in XIAP
expression in a mouse model of ischemia/reperfusion
injury following acute myocardial infarction [31]. A
study in a rabbit model of myocardial ischemia showed
that in vivo transfection with XIAP protected against
myocardial infarction and myocardial apoptosis caused
by ischemia/reperfusion [32]. According to the results
of this study and previous studies, we speculated that
miR-320a-3p could regulate ACS by regulating cell
apoptosis via targeting XIAP.

This study has some limitations. One is the mecha-
nism of XIAP, which we need to verify at the cellular
level and in vivo experiment level. Another is specific
verification of vascular endothelial function, imaging
manifestations may be used to evaluate whether vas-
cular endothelial function is abnormal in the future
in vivo experiments. In clinical studies, we demon-
strated the high expression of miR-320a-3p in ACS
patients, and the correlation between the expression
level of miR-320a-3p and inflammation, as well as
endothelial function status was again verified through
the animal model of ACS. These results, in some cer-
tain extents, could provide theoretical support for the
regulation of miR-320a-3p on the development of ACS.
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