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Abstract. – OBJECTIVE: To investigate the 
effect of micro ribonucleic acid (miR)-101a on 
myocardial cell apoptosis in the rat model of 
acute myocardial infarction (AMI) and its regula-
tory mechanism. 

MATERIALS AND METHODS: A total of 30 
Sprague-Dawley (SD) rats were randomly divid-
ed into the Sham group, Model group, and miR-
101a mimic group, with 10 rats in each group. The 
rat model of AMI was established by the ligation 
of the anterior descending coronary artery. The 
rat left ventricular end-diastolic volume (LVEDV) 
and left ventricular end-systolic volume (LVESV) 
were detected using a color Doppler ultrason-
ic apparatus. Subsequently, the miRNA online 
database (TargetScan) was adopted to predict 
miRNAs that could be able to regulate TGF-β1. 
Hematoxylin and eosin (H&E) staining was con-
ducted to reveal the histopathological morphol-
ogy changes in the rat heart. The serum lev-
els of cysteinyl aspartate specific proteinase-3 
(Caspase-3) and Bcl-2-associated X protein 
(Bax) in rats were detected via enzyme-linked 
immunosorbent assay (ELISA). Moreover, the 
expression levels of the transforming growth 
factor-beta l (TGF-β1) and c-Jun N-terminal ki-
nase (JNK) in rat heart were measured via West-
ern blotting.

RESULTS: Through searching miRNA data-
base, miR-101a and TGF-β1 messenger RNAs 
(mRNAs) had binding sites in the 3’ untranslat-
ed region (3’UTR). Compared with those in Sham 
group, the rat LVEDV and LVESV were notably el-
evated, the histopathological morphology of the 
heart was seriously damaged, the apoptotic rate 
of myocardial cells and the levels of TGF-β1 and 
JNK proteins significantly increased in the Mod-
el group. Additionally, compared with those in 
the Model group, the LVEDV and LVESV of rats 
in miR-101a mimic group were significantly re-
duced, the histopathological morphology of the 

heart was markedly improved, and the apoptot-
ic rate and the levels of TGF-β1 and JNK in rat 
heart were remarkably decreased.

CONCLUSIONS: The myocardial cell apopto-
sis in AMI rats can be suppressed by overex-
pression of miR-101a by inhibiting the TGF-β1/
JNK signaling pathway.
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Introduction

Acute myocardial infarction (AMI) is a pri-
mary cause of death in human beings. Its inci-
dence rate has increased year by year because of 
the poor life quality, eating habit changes, and 
environmental factors1,2. The number of patients 
with cardiovascular diseases reached 290 mil-
lion in China according to the cardiovascular 
disease report published in 2017. Early diagno-
sis and timely treatment of AMI can effectively 
reduce its incidence rate, alleviating the burden 
on the families and society. The clinical mani-
festations, such as arrhythmia, cardiac remod-
eling, and heart failure, occur in patients with 
AMI. Due to an extremely high mortality rate, 
AMI has attracted much attention3. The patho-
genesis of AMI is complex and remains unclear 
yet. In recent years, it has been found that the 
long-term acute and persistent coronary isch-
emia finally lead to the apoptosis and the loss of 
a large number of myocardial cells4. The devel-
oping drugs that can inhibit the myocardial cell 
apoptosis will bring new hope for the treatment 
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of AMI. Besides, a search for effective molecu-
lar targets is urgently needed.

The transforming growth factor-beta l (TGF-β1) 
is a cytokine that can regulate cell proliferation, 
differentiation, migration, and other biological 
processes5. It is a polypeptide formed by the com-
bination of two single chains with the molecular 
weight of 11 kD through disulfide bonds. The 
stimulation of TGF-β1 activates the downstream 
mitogen-activated protein kinase (MAPK) path-
way. The c-Jun N-terminal kinase (JNK), a mem-
ber of the third major MAPK family, is a crucial 
downstream target of TGF-β1. JNK participates 
in regulating the biological process of cell apopto-
sis. It is reported that the activated TGF-β1 under 
external stimuli thereafter stimulates the activa-
tion of JNK to promote cell apoptosis6. The above 
findings, therefore, suggested that inactivation of 
TGF-β1/JNK signaling pathway can effectively 
suppress the apoptosis of myocardial cells.

A micro ribonucleic acid (miRNA) belongs to 
a branch of genomics and is currently a hot topic 
in the field of life science. It is a non-coding, sin-
gle-stranded, small molecule with 19-25 nucleo-
tides in length. By binding to the 3’untranslated 
region (3’UTR) of messenger RNAs (mRNAs), 
miRNAs inhibit the translation of mRNAs or pro-
mote their degradation, so as to regulate their tran-
scription levels7,8. In recent years, miRNAs have 
become a hot topic in the disease progressions. 
Some researchers have found that the abnormal 
expressions of miRNAs are closely related to tu-
mors, neurodegenerative diseases, organ fibrosis, 
etc. According to recent studies9,10, miR-101 plays 
an indispensable role in the fibrosis of the heart, 
lung, liver, and other organs. Some studies have 
manifested that the miR-101a expression is re-
markably down-regulated in MI rats. Hence, this 
study intends to explore the protective effect of 
miR-101a on the heart tissues of AMI rats and to 
investigate its mechanism.

Materials and Methods

Reagents
TGF-β1, JNK, and β-actin primary antibodies 

were purchased from Wanlei Biotechnology Co., 
Ltd. (Shenyang, China), the horseradish peroxi-
dase (HRP)-labeled secondary antibodies from 
CST (Danvers, MA, USA). The hematoxylin and 
eosin (H&E) staining solution was purchased 
from Beijing Solarbio Life Science Co., Ltd. (Bei-
jing, China), the terminal deoxynucleotidyl trans-

ferase dUTP nick end labeling (TUNEL) kit from 
R&D Systems (Minneapolis, MN, USA), and 
miR-101a mimics were purchased from Shanghai 
GenePharma Co., Ltd. (Shanghai, China).

Instruments
The ultra-low temperature refrigerator was 

bought from Eppendorf (Hamburg, Germany), 
electrophoresis apparatus and membrane transfer 
apparatus from Bio-Rad (Hercules, CA, USA), 
the Sequoia 512 color Doppler ultrasound diag-
nostic instrument from SIEMENS (Berlin, Ger-
many), and the microscope from Nikon (Tokyo, 
Japan).

Animals
The specific pathogen free (SPF) male 

Sprague-Dawley (SD) rats weighing 230±10 g 
were purchased from the Laboratory Animal 
Center of Guizhou Medical University. They were 
housed under the room temperature of 22±1°C 
and humidity of 45±2% and had free accesses to 
water and food. This study was approved by the 
Animal Ethics Committee of Gaotang County 
People’s Hospital of Shandong Animal Center.

Preparation of the Rat Model of AMI
The rats were intraperitoneally injected with 

10% chloral hydrate for anesthesia and fixed on 
the operating table in the supine position. The op-
erating area was disinfected. After that, the skin 
was cut between the 4th and the 5th rib on the left 
side of the chest, and the muscle was peeled off 
with a blunt separator to expose the heart. The 
pericardium was opened under a microscope and 
ligated at the junction of the pulmonary artery 
cone and left ventricle. After ligation, the myocar-
dium turned white. The incision was sutured lay-
er by layer, followed by disinfection and injection 
with penicillin for preventing infection. Finally, 
it was observed in electrocardiogram that the ST 
segment was continuously elevated, with Q wave 
and ventricular arrhythmia, indicating the suc-
cessful preparation of the MI model.

MiRNA Online Database Analysis of the 
Targeted Binding of MiR-101a to TGF-β1 

TargetScan database is a website for miRNA 
target gene prediction, including miRNA target 
gene results of human, mouse, fruit fly, nematode, 
zebrafish, and other species and contains conser-
vative and non-conservative sequences. We used 
TargetScan database (http://www.targetscan.org/) 
and defined ‘TGF-β1’ as the key word. The po-
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tential binding sites with reference to the pop-up 
page were searched.

Detection of Pathological Changes in 
Heart Tissues of Rats via H&E Staining

The rat heart tissues were fixed with 4% para-
formaldehyde and dehydrated with 80% methanol 
solution for tissue embedding. Then the tissues 
were cut into slices with a thickness of 8 μm. After 
that, the slices were immersed in xylene solution, 
dewaxed, and dehydrated with 100%, 90%, 80% 
and 70% ethanol solution. After rinsing with run-
ning water for 5 min, the slices were stained by he-
matoxylin for 3 min, rinsed with running water for 
5 min, counter-stained by eosin solution for 3 min, 
rinsed with ethanol solution at the low-to-high con-
centrations, and finally sealed in neutral resin.

Detection of Apoptosis of Heart Tissue 
Cells of Rats via TUNEL Assay

The rat heart tissues were cut into slices, the 
air dried at room temperature, and fixed with 4% 
paraformaldehyde. After immersing in cell mem-
brane permeable solution for 20 min, the slices 
were incubated with 1 mL of protease K working 
solution for 15 min. After that, they were incu-
bated with 100 μL of buffer solution for 10 min, 
washed with phosphate-buffered saline (PBS), 
and incubated with staining solution. Finally, 
4’,6-diamidino-2-phenylindole (DAPI) staining 
(Sigma-Aldrich, St. Louis, MO, USA) was per-
formed before image capture under a microscope.

Detection of the Expressions of TGF-β1 
and JNK Proteins in Heart Tissues of Rats 
via Western Blotting

50 mg tissues were lysed and centrifuged at 
12000 rpm for 10 min, and the supernatant was 
retained. After rising, the tissues were subjected 
to electrophoresis with 10% sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel, transferred onto a polyvinylidene 
difluoride (PVDF) membrane (Roche, Basel, 
Switzerland) using the wet method and sealed in 
3% bovine serum albumin (BSA). After washing 

with Tris-Buffered Saline and Tween-20 (TBST) 
solution, the membranes were incubated with 
primary antibodies (TGF-β1, 1:1000, and JNK, 
1:1000) overnight, and secondary antibodies for 
1 h. Ultimately, the band exposure was performed 
with diaminobenzidine (DAB) solution (Solar-
bio, Beijing, China), and the optical density of the 
bands was analyzed with ImageJ software (NIH, 
Bethesda, MD, USA).

Statistical Analysis
The data of each group were expressed by 

mean ± standard deviation. The data were ana-
lyzed and plotted using GraphPad 5.0 software 
(La Jolla, CA, USA). The comparison between 
the groups was done using one-way ANOVA test, 
followed by the post-hoc test (Least Significant 
Difference). p<0.05 suggested that the difference 
was significant.

Results

Successful Preparation of the AMI 
Model in Rats

After the preparation of the AMI model in 
rats, the left ventricular end-systolic volume 
(LVESV) and left ventricular end-diastolic vol-
ume (LVEDV) levels were measured by small an-
imal echocardiography. The results revealed that 
the LVESV and LVEDV levels in Model group 
were markedly elevated compared with those in 
the Sham group (*p<0.05, *p<0.05), while those 
in miR-101a mimic group were significantly re-
duced, compared with those in the Model group 
(#p<0.05, #p<0.05) (Table I).

TGF-β1: a Target Downstream Gene 
of MiR-101a

By searching in the TargetScan database, the 
pop-up page was shown in Figure 1A. Then miR-
101a was clicked to view the binding sites to the 
3’UTR of the TGF-β1 mRNA (Figure 1B), prov-
ing that there were potential binding sites between 
miR-101a and TGF-β1.

Table I. LVESV and LVEDV levels in the heart of rats.

Item  Sham Model MiR-101a mimic

LVESV (μL) 67.36±8.56 298.47±13.28* 165.72±9.37#

LVEDV (μL) 320.90±12.46 503.63±12.83* 429.46±8.65#

Note: *p<0.05: Model group vs. Sham group, and #p<0.05: miR-101a mimic group vs. Model group.
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MiR-101a Mimics Could Improve the 
Cardiac Histopathological Morphology 
of AMI Model Rats

The myocardial cells in the Sham group were 
arranged orderly, compact, and clear in struc-
ture. However, those in the Model group were 
barely alive, with a larger volume, a disordered 
arrangement, and a larger intercellular space. Af-
ter treatment with miR-101a mimics, the cardiac 
histopathological morphology of AMI rats was 
evidently improved (Figure 2).

MiR-101a Mimics Could Reduce the 
Apoptosis Rate of Heart Tissue Cells in 
AMI Model Rats

According to TUNEL staining results, com-
pared with that in the Sham group, the apoptotic 
rate of myocardial cells in the Model group sig-

nificantly increased (*p<0.05) (Figure 3A). Com-
pared with that in the Model group, the apoptotic 
rate of myocardial cells in miR-101a mimic group 
notably decreased (#p<0.05) (Figure 3B). The 
above results indicated that miR-101a overexpres-
sion can suppress the apoptosis of myocardial 
cells in AMI rats.

MiR-101a Overexpression Could Inhibit 
the Protein Levels of TGF-β1 and JNK

Western blotting band results manifested that 
compared with those in the Sham group, the ex-
pressions of TGF-β1 and JNK in the heart tissues 
of rats in the Model group were significantly up-
regulated (*p<0.05) (Figure 4A). TGF-β1 and JNK 
levels in miR-101a mimic group were markedly 
declined compared with those in the Model group 
(#p<0.05) (Figure 4).

Figure 1. TGF-β1: a target downstream gene of miR-101a. A, TargetScan database analysis of miRNAs that can regulate the 
TGF-β1 expression. B, Binding site between miR-101a and TGF-β1.

Figure 2. Histopathological changes in the heart of rats (magnification 40×).
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Discussion

About 500,000 people die of AMI each year 
in China according to incomplete statistics, and 
the data showed an evident upward trend in re-
cent years, which has brought a serious economic 
burden to families and the society11. Currently, 
AMI is mainly treated with surgery, intervention, 
drugs, and other methods. However, these thera-
peutic approaches can only delay the development 

of the disease and cannot radically cure it12,13. 
AMI is the result of many causes, among which 
the theory of abnormal apoptosis of myocardial 
cells is generally accepted14. Liu et al15 found that 
the silence of cysteinyl aspartate specific protein-
ase-3 (Caspase-3) could alleviate myocardial cell 
apoptosis and narrow down MI area, indicating 
that the inhibition of cardiomyocyte apoptosis can 
notably improve the cardiac function of MI rats. 
Tao et al16 found that a strengthening in the exer-

Figure 3. Apoptosis of myocardial cells in rats detected via TUNEL staining. A, TUNEL staining results (magnification 
20×). B, Apoptosis rate (*p<0.05, #p<0.05).

Figure 4. Expressions of TGF-β1 and JNK proteins detected via Western blotting. A, Western blotting bands. B, Statistical 
graph of Western blotting bands (*p<0.05, #p<0.05).
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cise training can reduce the MI area of AMI rats 
and eliminate MI-induced autophagy and apopto-
sis. The above researches suggested that the effec-
tive inhibition of myocardial cell apoptosis will 
bring a new therapeutic scheme for the treatment 
of AMI.

MiRNAs are the key molecules of medical 
research in recent years. They participate in the 
regulation of cell growth, development, differen-
tiation, and aging in the form of networks17. MiR-
NAs are widely expressed in organisms and have 
tissue specificity. MiRNAs can be specifically 
expressed in different tissues, organs, blood, and 
cerebrospinal fluid. Abnormal manifestations of 
miRNAs in the body can lead to the occurrence 
or development of diseases. Zhu et al18 found a 
significant difference in miR-133a expression 
through the comparative analysis of the data of 
patients with AMI and normal people in PubMed, 
EMBASE, and Cochrane libraries. It is indicated 
that miR-133a can be used as a diagnostic bio-
marker for AMI. Another meta-analysis study on 
AMI showed that miR-208b is evidently up-regu-
lated in the serum of AMI patients, indicating that 
miR-208b can be used as a biomarker for early di-
agnosis of AMI19. MiR-101a has been extensively 
studied in tumors and nephropathy, and miR-101a 
has been confirmed to be a biomarker for tumors 
and nephropathy, but its correlation with AMI has 
been rarely reported. Ding et al20 discovered that 
miR-101a can regulate the TGF-β1/Smad3 signal-
ing pathway, so as to protect against hypertensive 
nephropathy. It has been verified in a large num-
ber of studies that miRNAs play a crucial role in 
the occurrence and development of AMI.

In this study, therefore, the ligation of the an-
terior descending coronary artery was adopted 
to prepare the rat model of AMI, and the target-
ed binding of miR-101a to TGF-β1 was analyzed 
using the miRNAs online database. The results 
proved the existence of potential binding targets 
between them. Subsequently, H&E staining was 
conducted to detect the pathological morphology. 
It was found that miR-101a overexpression could 
remarkably improve the damage to the cardiac 
histopathological morphology and significantly 
reduce the LVESV and LVEDV levels, suggest-
ing that miR-101a overexpression can evidently 
enhance the cardiac function of AMI rats. Final-
ly, TUNEL results demonstrated that miR-101a 
overexpression significantly suppressed myocar-
dial cell apoptosis. In order to study its regulatory 
mechanism, two important targets on the TGF-β1/
JNK signaling pathway were detected by West-

ern blotting. According to the results, miR-101a 
overexpression markedly downregulated the ex-
pression levels of TGF-β1 and JNK. The above 
results indicated that miR-101a overexpression 
can suppress the apoptosis of myocardial cells in 
AMI rats, by inhibiting TGF-β1/JNK signaling 
pathway. The experimental results provide a new 
basis and strategy for the application of miR-101a 
in the treatment of AMI.

Conclusions

We found that myocardial cell apoptosis in 
AMI rats can be suppressed by the overexpres-
sion of miR-101a, and its mechanism may be as-
sociated with the inhibition of the TGF-β1/JNK 
signaling pathway.
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