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Abstract. The aim of the present study was to determine the 
expression of plasminogen activator inhibitor‑1 (PAI‑1) and 
microRNA (miR)‑30b in the blood of patients with acute 
myocardial ischemia (AMI) and in the blood and myocardial 
tissue of mice with AMI. In addition, the present study aimed 
to identify the mechanism of action of miR‑30b in AMI. A total 
of 36 patients with AMI were included in the present study 
and 28 healthy subjects were included as a control. Peripheral 
blood was collected from all subjects. For animal experiments, 
mice in the AMI group received an intraperitoneal injection 
of pituitrin (20 U/kg), whereas mice in the negative control 
group received an intraperitoneal injection of the same 
volume of saline. Blood and myocardial tissue was collected 
from all mice for analysis. Reverse transcription‑quantitative 
polymerase chain reaction was performed to determine the 
expression of PAI‑1 mRNA and miR‑30b in the serum and 
myocardial tissue. An enzyme‑linked immunosorbent assay 
was performed to measure the expression of PAI‑1 protein 
in the serum of humans and mice, whereas western blotting 
was performed to determine the expression of PAI‑1 protein 
in mouse myocardial tissue. Catalase, glutathione peroxidase 
and superoxide dismutase activity was measured using an 
automatic biochemical analyzer. A dual luciferase assay was 
performed to identify the interactions between PAI‑1 mRNA 
and miR‑30b. The results indicated that patients with AMI 
have higher PAI‑1 levels and lower miR‑30b expression in 
the peripheral blood compared with healthy subjects. AMI 
damaged the myocardium tissue of mice and reduced catalase, 
glutathione peroxidase and superoxide dismutase activity. 

Mice that have undergone AMI exhibit increased PAI‑1 levels 
but decreased miR‑30b expression in the peripheral blood and 
myocardial tissues. It was also demonstrated that miR‑30b is 
able to bind to the 3'‑untranslated region of PAI‑1 mRNA to 
regulate its expression. The present study demonstrates that 
patients with AMI exhibit decreased miR‑30b expression and 
elevated PAI‑1 expression in the peripheral blood. miR‑30b 
may therefore inhibit the damage to myocardial cells that 
occurs following AMI and protect myocardial cell function by 
targeting PAI‑1 expression.

Introduction

Myocardial ischemia (MI) is one of the most severe cardio-
vascular diseases, which poses a serious threat to human 
health (1) and is expected to become the most common cause 
of mortality worldwide by 2030 (2). At present, 7.3 million 
people succumb to ischemic heart disease each year globally, 
which accounts for 12.8% of all mortalities due to disease (3). 
Acute myocardial ischemia (AMI) is usually caused by 
coronary atherosclerotic heart disease (4). A number of risk 
factors induce the formation of atherosclerosis in the coronary 
arteries, including aging, high blood pressure, high cholesterol, 
diabetes, smoking, lack of physical activity and obesity (5,6). 
This leads to narrowing or obstruction of the lumen, which in 
turn, causes MI, hypoxia and myocardial cell death, which is 
responsible for cardiac dysfunction (4). A number of studies 
have demonstrated that changes in coagulation and fibrinolysis 
stimulate the formation and development of atherosclerotic 
and thrombotic diseases. Coronary heart disease, particularly 
acute coronary syndrome, is closely associated with an increase 
in blood coagulation activity and a decrease in fibrinolytic 
activity (7,8). The treatment for MI primarily includes lifestyle 
changes, drug treatment and surgery. Lifestyle changes include 
maintaining a healthy diet and mental health. Drugs may be 
used to reduce blood lipid content, inhibit platelet aggregation 
and control angina pectoris, while surgical measures include 
coronary artery bypass grafting, atrioventricular valvuloplasty 
or replacement and ventricular reduction (9).

Plasminogen activator inhibitor‑1 (PAI‑1) is a serine 
protease inhibitor that inactivates tissue (t)‑ and urokinase‑PA, 
inhibits intravascular fibrinolysis, causes changes in blood 
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rheology and aggravates ischemic injury  (10). In addition, 
PAI‑1 is associated with the abnormal activation of plate-
lets (11,12) and is a risk factor for the onset and development of 
ischemic heart and brain diseases (13,14).

Previous studies performing miRNA expression profiling 
have demonstrated that microRNA (miRNA) molecules serve 
important roles in the pathology of MI (15,16) and miRNAs 
regulate the expression of various genes by direct targeting 
mRNA (17,18). miRNAs that exist in the blood are also reli-
able biological markers associated with a number of diseases, 
including MI (19,20). It has been reported that miR‑30b regu-
lates the proliferation and apoptosis of gastric cancer cells by 
targeting PAI‑1 (21). However, to the best of our knowledge, 
it remains unknown whether miR‑30b regulates PAI‑1 in MI. 
Therefore, in the present study, the expression of miR‑30b and 
PAI‑1 in the blood of patients with AMI and in the blood and 
myocardial tissue of mice with AMI was determined. The 
current study also aimed to understand the mechanism by 
which AMI occurs.

Materials and methods

Patients. A total of 36  patients aged 65.6±11.8  years old 
(range, 46‑82 years) with AMI receiving treatment at the 
Luoyang Central Hospital Affiliated to Zhengzhou University 
(Luoyang, China) between August 2012 and January 2017 
were included in the present study. Out of the 36 patients, there 
were 26 males and 10 females. A total of 21 patients received 
immediate treatment by percutaneous coronary intervention 
(PCI) and 15 patients received selective PCI at another time. 
A control group consisting of 28 healthy subjects (16 males 
and 12 females) aged 61.15±8.6 years old (range, 50‑70 years 
old) were included in the current study. Peripheral blood was 
collected from patients with AMI within 6 h of MI onset and 
healthy subjects on the day of physical examination. Serum 
was isolated from peripheral blood by centrifugation at 4˚C at 
1,000 x g for 10 min. The present study was approved by the 
Ethics Committee of Zhengzhou University (Henan, China) 
and written informed consent was obtained from all partici-
pants or their families.

Animals. A total of 60 male BALB/C mice (4  weeks 
old; weighing 18‑22  g) were purchased from Chongqing 
Tengxin Biotechnology Co., Ltd. (http://www.cqtx123.com/; 
Chongqing, China) with a numbered certificate [SCXK(Yu) 
2015‑0012]. For 1 week prior to the experiments, mice had 
ad libitum access to food and water. The animals were main-
tained at 24±2˚C and 55±5% humidity in cages with a 12 h 
light/dark cycle. The Reduction, Replacement and Refinement 
animal welfare principle  (22) was followed during the 
experiments. All mice were evenly divided into two groups 
(each, n=30): A control group and an AMI model group.

Following 1  week adaptive feeding, all mice received 
intraperitoneal injection of urethane (1,300  mg/kg) to 
induce anesthesia. Mice were kept in a supine position and 
needle electrodes were inserted into the subcutaneous layers 
of the limbs. An animal twelve‑lead electrocardiograph 
(ECG‑1350P; Nihon Kohden, Tokyo, Japan) was used to 
record a lead II electrocardiogram of normal mice (10 mm 
on the chart represented standard voltage 1 mV; chart speed, 

50  ram/s). Mice in the AMI group were intraperitoneally 
injected with pituitrin (20 U/kg; Shanghai Pharma, Shanghai, 
China) to construct AMI mouse model. Mice in the control 
group were intraperitoneally injected with an equal volume of 
saline. After 30 min, the lead II electrocardiogram of mice in 
the control and AMI groups was recorded again. Changes in J 
point voltage on the electrocardiogram prior to and following 
ischemia were observed and the J point shift (mV) of each 
group was recorded using the PR segment as a baseline. A 
total of 30 min following construction of AMI mouse model, 
blood was collected from the eyes of mice under anesthetic in 
the control and AMI groups. The blood was then centrifuged 
at 1,200 x g for 15 min at 4˚C to obtain serum. Subsequently, 
mice were sacrificed by decapitation, myocardial tissues were 
collected and stored in liquid nitrogen. All animal experi-
ments were conducted according to the ethical guidelines of 
Zhengzhou University (Henan, China).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Myocardial tissues (100 mg) were ground using 
liquid nitrogen and mixed with 1 ml TRIzol (10606ES60; 
Shanghai Yeasen Biotechnology, Co., Shanghai, China) 
for lysis. Serum samples (100 µl) were directly mixed with 
1 ml TRIzol for lysis. Total RNA was then extracted using 
the phenol chloroform method as previously described (23). 
The concentration and quality of RNA was assessed using 
ultraviolet spectrophotometry (Nanodrop ND2000, Thermo 
Scientific, Inc., Wilmington, DE, USA). Reverse transcrip-
tion of mRNA was performed using TIANScript II cDNA 
First Strand Synthesis kit (Tiangen Biotech Co., Ltd., Beijing, 
China) and reverse transcription of miRNA was performed 
using an miRcute miRNA cDNA First Strand Synthesis kit 
(Tiangen Biotech, Co., Ltd.). cDNA was stored at ‑20˚C. A 
SuperReal PreMix (SYBR Green) RT‑qPCR kit (Tiangen 
Biotech, Co., Ltd.) was used to detect the expression of PAI‑1 
mRNA. The sequences of the primers used to detect human 
PAI‑1 were: PAI‑1, forward, 5'‑AAT​GAC​TGG​GTG​AAG​ACA​
CAC​ACA‑3' and reverse, 5'‑TTC​CAC​TGG​CCG​TTG​AAG​
TAG​A‑3'; β‑actin, forward, 5'‑TGG​CAC​CCA​GCA​CAA​TGA​
A‑3' and reverse, 5'‑CTA​AGT​CAT​AGT​CCG​CCT​AGA​AGC​
A‑3'. The sequences of the primers used to detect mouse PAI‑1 
were as follows: PAI‑1, forward, 5'‑AGG​GCT​TCA​TGC​CCC​
ACT​TCT​TCA‑3' and reverse, 5'‑AGT​AGA​GGG​CAT​TCA​
CCA​GCA​CCA‑3'; GAPDH, forward, 5'‑CAA​GGT​CAT​CCA​
TGA​CAA​CTT​TG‑3' and reverse, 5'‑GTC​CAC​CAC​CCT​GTT​
GCT​GTA​G‑3'. The qPCR reaction system (20 µl) to detect 
PAI‑1 consisted of 10  µl RT‑qPCR‑Mix, 0.5  µl upstream 
primer, 0.5 µl downstream primer, 2 µl cDNA and 7 µl ddH2O. 
The qPCR conditions were as follows: Initial denaturation at 
95˚C for 2 min; 40 cycles of denaturation at 95˚C for 25 sec, 
annealing at 55˚C for 30 sec and elongation at 72˚C for 30 sec; 
final extension at 72˚C for 30  sec. qPCR was performed 
using an iQ5 Real‑Time PCR system (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA). The 2‑ΔΔCq method (24) was used 
to calculate the relative expression of human PAI‑1 mRNA 
against β‑actin and the relative expression of mouse PAI‑1 
mRNA against GAPDH. Each sample was tested in triplicate.

The expression of miR‑30b was determined using the 
miRcute miRNA RT‑PCR kit (Tiangen Biotech, Co., Ltd), 
using U6 as internal reference. The sequences of the primers 
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used to detect human miR‑30b were: Forward, 5'‑CGC​GCT​
GTA​AAC​ATC​CTA​CAC‑3' and reverse, 5'‑GTG​CAG​GGT​
CCG​AGG​T‑3'; U6, forward, 5'‑GCT​TCG​GCA​GCA​CAT​
ATA​CTA​AAA​T‑3' and reverse, 5'‑CGC​TTC​ACG​AAT​TTG​
CGT​GTC​AT‑3'. The PCR reaction system (20 µl) for human 
miR‑30b determination was composed of 10 µl RT‑qPCR‑Mix, 
0.5 µl upstream primer, 0.5 µl downstream primer, 2 µl cDNA 
and 7 µl ddH2O. PCR conditions for human miR‑30b determi-
nation were: Initial denaturation at 95˚C for 5 min; 40 cycles of 
denaturation 95˚C for 10 sec, annealing at 60˚C for 20 sec and 
elongation at 72˚C for 10 sec; final extension at 72˚C for 5 min. 
qPCR was performed using the iQ5 Real‑Time PCR system.

The sequences used to detect mouse miR‑30b were, 
forward, 5'‑GCG​CCT​GTA​AAC​ATC​CTA​CAC‑3' and reverse, 
5'‑GTG​CAG​GGT​CCG​AGG​T‑3'; U6, forward, 5'‑GCT​TCG​
GCA​GCA​CAT​ATA​CTA​A‑3' and reverse, 5'‑AAC​GCT​TCA​
CGA​ATT​TGC​GT‑3'. The PCR reaction system (25 µl) for 
mouse miR‑30b determination was composed of 12.5 µl SYBR 
Premix EXTaq™ (Takara Biotechnology Co., Ltd., Dalian, 
China), 0.5 µl upstream primer, 0.5 µl downstream primer, 
1 µl cDNA and 10.5 µl ddH2O. qPCR conditions for mouse 
miR‑30b determination were: Initial denaturation at 95˚C for 
30 sec; 45 cycles of denaturation at 95˚C denaturation for 5 sec 
and annealing at 60˚C for 30 sec; elongation at 72˚C for 45 sec; 
final extension at 72˚C for 5 min. qPCR was performed using 
an iQ5 Real‑Time PCR system. The 2‑ΔΔCq method was used to 
calculate the relative expression of miR‑30b against U6. Each 
sample was tested in triplicate.

Enzyme‑linked immunosorbent assay (ELISA). Sera were 
examined using human and mouse PAI‑1 ELISA kits [cat. 
nos.  ab108891 (human) and ab197752 (mouse); Abcam, 
Cambridge, UK] according to the manufacturer's protocol. In 
microplates, standards (50 µl), samples (10 µl sample liquid 
and 40 µl diluent) and blank were set into predefined wells. 
In the wells for standards and samples, horseradish peroxi-
dase‑labelled conjugates (100 µl) were added before sealing the 
plates for incubation at 37˚C for 1 h. The plates were washed 
5 times and then substrates A (50 µl) and B (50 µl) were added 
to each well. Following incubation at 37˚C for 15 min, stop 
solution (50 µl) was added to each well and the absorbance of 
each well was measured at 450 nm.

Western blotting. Precooled radioimmunoprecipitation 
assay lysis buffer (600 µl; 50 mM Tris‑base, 1 mM EDTA, 
150 mM NaCl, 0.1% sodium dodecyl sulfate, 1% Triton X‑100, 
1% sodium deoxycholate; Beyotime Institute of Biotechnology, 
Haimen, China) was used to lyse the samples. Following lysis 
for 50 min on ice, the mixture was centrifuged at 18,000 x g 
and 4˚C for 5 min. Protein concentration of the supernatant 
was determined using a bicinchoninic acid protein concen-
tration determination kit [RTP7102; Real‑Times (Beijing) 
Biotechnology Co., Ltd., Beijing, China]. Protein samples 
(20 µg) were then mixed with SDS loading buffer prior to 
denaturation in a boiling water bath for 5 min. The samples 
were then subjected to 10% SDS‑PAGE. Resolved proteins 
were transferred to polyvinylidene difluoride membranes on 
ice (100 V, 2 h) and blocked with 5% skimmed milk at room 
temperature for 1 h. Subsequently, membranes were incu-
bated with rabbit anti‑mouse PAI‑1 polyclonal (1:1,000; cat. 

no. ab7205; Abcam) and rabbit anti‑mouse β‑actin (1:5,000; 
cat. no. ab8227; Abcam) primary antibodies at 4˚C overnight. 
Following three washes with phosphate‑buffered saline with 
Tween 20 (15 min/wash), membranes were incubated with 
goat anti‑rabbit horseradish peroxidase‑conjugated secondary 
antibody (1:3,000; cat. no. ab6721; Abcam) for 1 h at room 
temperature prior to three washes with phosphate‑buffered 
saline with Tween 20 (15 min/wash). The membrane was 
developed using an enhanced chemiluminescence detection 
kit (Abcam). Image lab v3.0 software (Bio‑Rad Laboratories, 
Inc.) was used to acquire and analyze imaging signals. The 
relative content of PAI‑1 protein was expressed as the ratio of 
PAI‑1/β‑actin.

Bioinformatics. Bioinformatics prediction is a powerful tool 
to study the function of miRNAs. To determine the regulatory 
mechanism of PAI‑1, miRanda (http://www.microrna.org/
microrna/home.do), TargetScan (http://www.targetscan.org), 
PiTa (http://genie.weizmann.ac.il/pubs/mir07/mir07_data.html), 
RNAhybrid (http://bibiserv.techfak.uni‑bielefeld.de/rnahybrid/) 
and PICTA (http://pictar.mdc‑berlin.de/) were used to predict 
the miRNA molecules that may regulate PAI‑1. The results 
indicated that miR‑30b was potentially able to regulate PAI‑1 
(Fig. 1).

Automatic biochemical analysis. The activities of catalase 
(CAT; cat. no. A007‑1‑1), glutathione peroxidase (GSH‑Px; cat. 
no. A005) and superoxide dismutase (SOD; cat. no. A001‑2‑1) 
were determined using the appropriate kits (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, China) following the manu-
facturer's protocol. Following the addition of all reagents, 
absorbance was measured continuously over a 5 min period. 
The activities of CAT, GSH‑Px and SOD were determined by 
the increase rate of average absorbance per minute in the linear 
segment. The results were automatically calculated using an 
AU5800 automatic biochemical analyzer (Beckman Coulter, 
Inc., Brea, CA, USA).

Dual luciferase reporter assay. The results of bioinformatics 
were used to chemically synthesize the wild‑type (WT) and 
mutant seed regions of miR‑30b in the 3'‑untranslated region 
(UTR) of PAI‑1 gene in vitro. SpeI and HindIII restriction sites 
were added and UTRs were then cloned into pMIR‑REPORT 
luciferase reporter plasmids (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). Plasmids (0.8 µg) containing WT or 
mutant 3'‑UTR DNA sequences were co‑transfected with 
agomiR‑30b (100 nM; Sangon Biotech, Co., Ltd., Shanghai, 
China) into 293T cells using Lipofectamine® 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.). Following 24 h cultivation, 
activity was assessed using a dual luciferase reporter assay 
kit (Promega Corporation, Madison, WI, USA), following 
the manufacturer's protocol and fluorescence intensity was 
measured using a GloMax 20/20 luminometer (Promega 
Corporation). Using Renilla luciferase fluorescence activity as 
an internal reference, the fluorescence values of each group of 
cells were measured.

Statistical analysis. The results were analyzed using 
SPSS 18.0 statistical software (SPSS, Inc., Chicago, IL, USA). 
All data are expressed as the mean ± standard deviations. 
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Data were tested for normality. Multigroup measurement data 
were analyzed using one‑way analysis of variance. In cases 
of homogeneity of variance, the Least Significant Difference 
and Student‑Newman‑Keuls methods were used as a post‑hoc 
test; in cases of heterogeneity of variance, Tamhane's T2 or 
Dunnett's T3 method was used. P<0.05 was determined to 
indicate a statistically significant difference.

Results

Patients with AMI exhibit elevated PAI‑1 expression in the 
peripheral blood. To measure the expression of PAI‑1 mRNA 
and protein in the serum of patients with AMI compared with 
healthy controls, RT‑qPCR and ELISA were performed. The 
results demonstrated that levels of PAI‑1 mRNA and protein 
in the serum of patients with AMI were significantly higher 
than in healthy controls (P<0.01 and P<0.05; Fig. 2A and B, 
respectively), confirming that patients with AMI exhibit 
elevated PAI‑1 expression in the peripheral blood.

Patients with AMI exhibit reduced miR‑30b levels in the 
peripheral blood. To measure the expression of miR‑30b in the 
peripheral blood of patients and healthy controls, RT‑qPCR 
was performed. The results demonstrated that the expression 
of miR‑30b in the serum of patients with AMI was significantly 
decreased compared with the control group (P<0.05; Fig. 3), 
indicating that patients AMI exhibit decreased miR‑30b 
expression.

The J point voltage in electrocardiogram is enhanced and 
the activities of SOD, CAT and GSH‑Px are decreased in 
mice with AMI. To determine changes in the associated 
physiological and biochemical indexes in the mouse model 
of AMI, electrocardiography and an automatic biochemical 
analyzer were used. The results indicated that the J point 
voltage in mice with AMI was significantly higher than 
mice in the negative control group (P<0.05; Table  I). In 
addition, the activity of SOD, CAT and GSH‑Px in the 
peripheral blood of mice with AMI was significantly 
increased compared with mice in the negative control group 

(all P<0.05). These results indicate that AMI may enhance 
the J point voltage and decrease SOD, CAT and GSH‑Px 
activity.

AMI model mice exhibit increased PAI‑1 levels in the 
peripheral blood. To measure the expression of PAI‑1 mRNA 
and protein in the serum of mice, RT‑qPCR and ELISA 
were performed. The results demonstrated that levels of 
PAI‑1 mRNA and protein in the serum of mice with AMI 
were significantly higher than in the negative control group 
(each P<0.05; Fig. 4A and B). These results suggest that PAI‑1 
levels are increased in the blood following AMI and are 
consistent with the results from patients with AMI.

Figure 2. Expression of PAI‑1 (A) mRNA and (B) protein in the serum of 
patients with AMI compared with healthy subjects. Reverse transcrip-
tion‑quantitative polymerase chain reaction was performed to measure the 
expression of PAI‑1 mRNA, whereas an enzyme‑linked immunosorbent 
assay was used to determine the expression of PAI‑1 protein in the serum. 
Data are expressed as the mean ± standard deviation. *P<0.05 and **P<0.01 
vs. the control. AMI, acute myocardial infarction; PAI‑1, plasminogen acti-
vator inhibitor‑1. 

Figure 3. Expression of miR‑30b in the serum of patients with AMI compared 
with those of healthy controls. Reverse transcription‑quantitative polymerase 
chain reaction was used to measure the expression of miR‑30b in the serum. 
Data are expressed as the mean ± standard deviation. *P<0.05 vs. the control. 
miR‑30b, microRNA‑30b; MI, myocardial infarction.

Figure 1. Direct interaction between miRNA‑30b and PAI‑1 in (A) humans 
and (B) mice. Bioinformatic prediction is a useful method of studying 
miRNA function. To determine the regulatory mechanism of PAI‑1, miRanda 
(http://www.microrna.org/microrna/home.do), TargetScan (http://www.
targetscan.org), PiTa (http://genie.weizmann.ac.il/pubs/mir07/mir07_data 
.html), RNAhybrid (http://bibiserv.techfak.uni‑bielefeld.de/rnahybrid/) 
and PICTA (http://pictar.mdc‑berlin.de/) were used to predict the miRNA 
molecules that might regulate PAI‑1. It was indicated that miR‑30b regulates 
PAI‑1. UTR, untranslated region; PAI‑1, plasminogen activator inhibitor‑1; 
miR, microRNA. 
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Mice with AMI exhibit increased PAI‑1 expression in 
myocardial tissue. To determine the levels of PAI‑1 mRNA 
and protein in myocardial tissue, RT‑qPCR and western blot-
ting were performed. The results demonstrated that levels of 
PAI‑1 mRNA and protein in the myocardial tissues of mice 
with AMI were significantly higher than those in the negative 
control group (each P<0.01; Fig. 5A and B), indicating that 
mice with AMI exhibit increased PAI‑1 expression.

Mice with AMI exhibit decreased miR‑30b levels in the 
peripheral blood and myocardial tissues. To determine the 
expression of miR‑30b in the peripheral blood and myocar-
dial tissue of mice, RT‑qPCR was conducted. The results 
demonstrated that the expression of miR‑30b in the serum 
and myocardial tissues of mice with AMI was significantly 
reduced compared with the negative control group (P<0.05 
and P<0.01; Fig. 6A and B, respectively), indicating that mice 
with AMI exhibit decreased miR‑30b levels.

miR‑30b is able to bind to the 3'‑UTR seeding region of 
PAI‑1 mRNA to regulate its expression. To identify the inter-
action between miR‑30b and the 3'‑UTR of human PAI‑1 
mRNA, a dual luciferase reporter assay was performed. The 
fluorescence value of cells co‑transfected with agomiR‑30b 
and pMIR‑REPORT‑WT luciferase reporter plasmids was 
significantly lower than that of the negative control group 
(P<0.01; Fig. 7). By contrast, the fluorescence value of cells 
co‑transfected with agomiR‑30b and pMIR‑REPORT‑mutant 
luciferase reporter plasmid did not differ significantly to that 

Figure 5. Expression of PAI‑1 (A) mRNA and (B) protein in myocardial 
tissues from mice with AMI compared with the NC group. Reverse tran-
scription‑quantitative polymerase chain reaction was used to measure the 
expression of PAI‑1 mRNA, whereas western blotting was used to determine 
the expression of PAI‑1 protein. Data are expressed as the mean ± standard 
deviation (n=30). **P<0.01 vs. NC. NC, negative control; AMI, acute myocar-
dial infarction; PAI‑1, plasminogen activator inhibitor‑1. 

Figure 4. Expression of PAI‑1 (A) mRNA and (B) protein in serum of mice 
with AMI compared with the NC. Reverse transcription‑quantitative poly-
merase chain reaction was used to measure the expression of PAI‑1 mRNA, 
whereas an enzyme‑linked immunosorbent assay was used to determine 
the expression of PAI‑1 protein in the serum. Data are expressed as the 
mean ± standard deviation (n=30). *P<0.05 vs. the NC. NC, negative control; 
AMI, acute myocardial infarction; PAI‑1, plasminogen activator inhibitor‑1. 

Table I. Changes in levels of physiological and biochemical indexes in the mouse model of AMI.

Groups	 N	 J point voltage (mV)	 SOD (mkat/ml)	 CAT (mkat/ml)	 GSH‑Px (mkat/ml)

Negative control	 30	 0.016±0.03	 3.96±0.53	 6.28±0.96	 0.31±0.85
AMI model	 30	 0.25±0.15a	 2.16±0.56a	 3.18±0.63a	 0.15±0.61a

aP<0.05 vs. negative control group. AMI, acute myocardial infarction; SOD, superoxide dismutase; CAT, catalase; GSH‑Px, glutathione peroxi-
dase.

https://www.spandidos-publications.com/10.3892/etm.2018.6039
https://www.spandidos-publications.com/10.3892/etm.2018.6039


LI et al:  miR-30b PROTECTS THE MYOCARDIUM IN AMI5130

of the negative control group (Fig. 7). These results indicate 
that miR‑30b is able to bind to the 3'‑UTR seeding region of 
PAI‑1 mRNA, thus regulating its expression.

Discussion

MI is a pathological condition in which blood perfusion of the 
heart is decreased, the oxygen supply to the heart is reduced 
and myocardium metabolism is deregulated (25). Due to the 
increased availability of high‑energy, processed food and the 
adoption of more sedentary lifestyles (5), the prevalence of MI 
in China is increasing (26). MI is usually caused by vascu-
lopathy and an insufficient blood supply to the heart (27,28). 
Vasculopathy is associated with abnormal changes in blood 
coagulation and fibrinolysis and is a primary cause of throm-
bosis (29,30). tPA and PAI‑1 are important active substances 
in the fibrinolytic system and PAI‑1 inhibits the action of tPA. 
It has been reported that PAI‑1 and tPA are closely associated 
with ischemic cardiovascular disease (31,32). PAI‑1 is also 
closely associated with vascular disease and participates in the 
accumulation of extracellular matrix, as well as the prolifera-
tion and migration of smooth muscle cells. It also stimulates 
the binding of low‑density lipoprotein to vascular smooth 
muscle cells (33,34). PAI‑1 deposits in the extracellular matrix 
facilitate the formation of atherosclerotic plaques, thicken the 
vascular basement membrane and stiffen the vascular walls, 
thus promoting the onset and development of vasculopathy 
and therefore atherosclerosis (35‑37). PAI‑1 is considered to 

be closely associated with vascular disease (38); therefore, it 
is important to determine the regulatory mechanism of action 
of PAI‑1.

The present study identified the relevant factors in AMI 
in the peripheral blood. Subsequently, an AMI mouse model 
was constructed using pituitrin. The animal model of MI 
induced by pituitrin has been widely used in the screening 
of anti‑MI drugs (39,40) and the progression of AMI and 
the pathological changes that occur in this particular mouse 
model are very similar to what occurs in patients with 
AMI. The results of the current study demonstrated that the 
expression of PAI‑1 in the serum of patients with AMI is 
upregulated, indicating that abnormal changes in coagulation 
and fibrinolysis occur in such patients. The results of the elec-
trocardiogram confirmed the successful construction of the 
AMI mouse model.

Maintaining the balance of free radicals in the blood is 
dependent on the activity of the free radical‑scavenging 
enzymes SOD, CAT and GSH‑Px (41‑43). When tissues and 
cells are ischemic and anoxic, the function of the scavenging 
system is impaired, the activities of these enzymes decrease 
and they react with the proteins and nucleic acids in the cells. 
This causes a cascade of changes in cell structure and func-
tion that eventually damages myocardial cells (41‑43). In the 
current study, upregulation of PAI‑1 expression in the blood 
and myocardium of mice was also observed, further indicating 
that PAI‑1 serves an important role in AMI.

miRNAs are posttranscriptional regulators. It has 
been reported that miRNAs participate in various cardiac 
physiological and pathological processes, including cardiac 
development, cardiac hypertrophy, heart failure and vascular 
proliferation (44). Wang et al (45) demonstrated that miR‑142‑3p 
protects against damage in the cardiomyocytes induced by 
hypoxia/reoxygenation by targeting the high mobility group 
box 1 gene. Singh et al (46) reported that miR‑200c directly 
regulates the expression of dual specificity protein phospha-
tase 1, downregulates the activity of the mitogen‑activated 
protein kinase signaling pathway and promotes cardiomyocyte 
hypertrophy. Based on the results of a study investigating the 
regulation of PAI‑1 by miRNA (47), the present study used 
bioinformatics to identify the miRNA that regulates PAI‑1 
expression; the results indicated that miR‑30b regulates PAI‑1. 
Previous studies have demonstrated that miR‑30b affects the 

Figure 7. Identification of interaction between miR‑30b and PAI‑1 using 
a dual luciferase reporter assay. Renilla fluorescence activity was used as 
an internal reference. Data are expressed as the mean ± standard deviation 
(n=30). **P<0.01 vs. the NC. miR‑30b, microRNA‑30b; PAI‑1, plasminogen 
activator inhibitor‑1; NC, negative control; WT, wild‑type.

Figure 6. Expression of miR‑30b in the (A)  serum and (B) myocardial 
tissues from mice with AMI compared with the NC group. Reverse 
transcription‑quantitative polymerase chain reaction was used to measure 
the expression of miR‑30b in each group. Data are expressed as the 
mean ± standard deviation (n=30). *P<0.05 and **P<0.01 vs. the NC. AMI, 
acute myocardial infarction; NC, negative control; miR‑30b, microRNA‑30b. 
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proliferation and apoptosis of coronary artery endothelial cells 
via integrin subunit α 4, phospholipase γ 1 (48), caspase 3 
(49) and Bcl‑2 (50). Furthermore, myocardial miR‑30b serves 
anti‑apoptotic and protective roles during the pathological 
process of heart ischemia reperfusion (51,52). These studies 
suggest that miR‑30b may be closely associated with the onset 
and development of heart disease in humans. The results of 
the present study indicate that the expression of miR‑30b in 
the blood of patients with AMI is significantly decreased. 
Furthermore, the expression of PAI‑1 is abnormally high in the 
blood of patients with AMI. This suggests that the downregula-
tion of miR‑30b may stimulate the upregulation of PAI‑1. The 
current study obtained similar results regarding miR‑30b and 
PAI‑1 expression in the blood and myocardial tissues of mice 
with AMI, indicating that miR‑30b negatively regulates PAI‑1 
in other species as well as humans. Furthermore, the results 
of the dual luciferase reporter assay indicated that miR‑30b 
regulates the expression of PAI‑1 by directly targeting the 
3'‑UTR of PAI‑1 mRNA.

In conclusion, the results of the present study demonstrate 
that the expression of miR‑30b is reduced and the expression 
of PAI‑1 is increased following AMI and that these changes 
alter the expression of t‑PA and u‑PA proteins. Therefore, 
miR‑30b serves an important role in AMI and may be 
developed as a potential biomarker in the diagnosis and 
treatment of AMI.
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