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Abstract. – OBJECTIVE: To explore the mo-
lecular mechanism of micro ribonucleic ac-
id-34a (miR-34a) in promoting the apoptosis of 
myocardial cells in the rat model of myocardial 
infarction (MI). 

MATERIALS AND METHODS: Sprague-Daw-
ley (SD) rats were ligated with a left anterior de-
scending branch to construct the MI model. The 
rats were randomly divided into four groups: sh-
am operation group (Sham group), MI group, MI 
+ miR-34a inhibitor group (MI + miR-34a antag-
omir group) and MI + miR-34a inhibitor negative 
control group (MI + antagomir NC group). Echo-
cardiography (ECG) and magnetic resonance im-
aging (MRI) were adopted to detect the ejection 
fraction [EF (%)] and fraction shortening [FS (%)] 
of SD rats. Polymerase chain reaction (PCR) and 
Western blotting were used to detect expres-
sion levels of the apoptotic marker Caspase-3 
and genes in Wnt/β-catenin signaling pathway. 
Hematoxylin and eosin (H&E) staining was ap-
plied to detect cardiac injury. In in vitro experi-
ments, the rat-derived myocardial cell line H9C2 
was selected to simulate myocardial ischemia 
and hypoxia at the time of MI with an anoxic and 
serum-free injury model. C59, the Wnt/β-catenin 
signaling pathway inhibitor was applied in MI + 
miR-34a antagomir + C59 group, and the effect 
of miR-34a on the apoptosis of myocardial cells 
through regulating the Wnt/β-catenin pathway 
was measured with Real-Time quantitative PCR 
(qPCR) and 3-(4,5)-dimethylthiazol(-z-y1)-3,5-di-
phenyltetrazolium bromide (MTT) cell activity 
detection kits, respectively.

RESULTS: It was found that after miR-34a an-
tagomir reversed FS (%) and EF (%) in MI rats, 
the messenger RNA (mRNA) and protein lev-
els of Caspase-3 in Sham group and MI + miR-
34a antagomir group were significantly lower 
than those in the MI group (p < 0.05), indicating 
that the addition of miR-34a antagomir inhib-
ited myocardial cell apoptosis after infarction, 
while the mRNA and protein levels of Wnt/β-cat-

enin were both higher than those in the MI 
group. Besides, H&E staining proved that miR-
34a reversed the myocardial injury after MI. Sim-
ilarly, in vitro experiments showed that, com-
pared with those in Hypoxia group, the level of 
Caspase-3 decreased in Hypoxia + miR-34a in-
hibitor group and Sham group, while the apop-
tosis level in Hypoxia + miR-34a inhibitor + C59 
group increased (p < 0.05). The results of the 
MTT assay were consistent with those of PCR. 

CONCLUSIONS: MiR-34a affects myocardial 
cell apoptosis by regulating the activation and in-
activation of the Wnt/β-catenin signaling pathway.
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Introduction

Myocardial infarction (MI) is one of the most 
common cardiovascular diseases in the world. 
Early and accurate diagnosis is the key to suc-
cessful treatment and improvement of progno-
sis1-3. According to epidemiological statistics, MI 
is becoming more and more common in devel-
oping countries. By coronary intervention and 
postoperative drug maintenance, cardiovascular 
risk events are reduced, and the long-term sur-
vival rate is substantially changed4-6. In the early 
stage of acute MI, prevention of heart failure and 
left ventricular remodeling are closely related 
to the prognosis of patients. Up to now, some 
circulating biomarkers have been shown to pre-
dict cardiovascular events after acute MI, such 
as N-terminal prohormone of brain natriuret-
ic peptide (NT-ProBNP) and cardiac troponins 
(cTns)7. However, early studies reported that the 
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prognostic value of these classical cardiac bio-
markers is limited8. In recent years, advances in 
molecular biology and technology have aroused 
great interests in nucleic acid biomarkers, includ-
ing non-coding ribonucleic acids (RNAs). These 
biomarkers may improve the effectiveness of 
diagnosis or prognosis of MI, which is of great 
significance to further clarify the mechanism of 
occurrence and development as well as preven-
tion of the disease.

A microRNA (miRNA) is a non-coding RNA 
with regulatory function, widely existing in ani-
mals, plants, and fungi. It can regulate the gene 
expression at the post-transcriptional level and 
participate in life processes, including cell prolif-
eration, apoptosis, and tumors. MiR-34a can be 
used as an inhibitor of cell proliferation, includ-
ing tumor cells9, and can also participate in reg-
ulating the normal function of cells. In addition, 
the expression of miR-34a in myocardial cells and 
endothelial cells of patients with cardiac diseas-
es is significantly up-regulated. MiR-34a knock-
down can prevent the aging-induced cardiac dys-
function, but whether it is beneficial to the model 
of myocardial cell proliferation and regeneration 
after MI remains unclear10,11. This study aims to 
explore the specific molecular regulation mecha-
nism of miR-34a in promoting apoptosis, inhibit-
ing myocardial regeneration and heart repair and 
impairing cardiac function in the infarcted heart 
of the rat MI model. A new prevention strategy 
for the mechanism of miR-34a in MI is proposed.

Materials and Methods

Materials
H9C2 cell line was purchased from Shang-

hai Jining Industrial Co., Ltd. (Shanghai, Chi-
na); Sprague-Dawley (SD) rats from Liaoning 
Changsheng Biotechnology Co., Ltd. (Liaoning, 
China); Dulbecco’s Modified Eagle Medium 
(DMEM) and fetal bovine serum (FBS) from 
Gibco (Rockville, MD, USA); Chloroform and 
isopropanol from Shanghai Harvest Pharmaceu-
tical Co., Ltd. (Shanghai, China); TRIzol from 
Invitrogen (Carlsbad, CA, USA); Trypsin from 
Solarbio (Beijing, China); Lipofectamine 2000 
from Invitrogen (Carlsbad, CA, USA); Messenger 
ribonucleic acid (mRNA) primers from Shanghai 
Sangon Biotech Co., Ltd (Shanghai, China); Pen-
icillin-streptomycin from Beyotime (Shanghai, 
China); Reverse transcription kits from Beijing 
TransGen Biotech Co., Ltd. (Beijing, China). 

MI Animal Model
Male SD rats were randomly divided into sham 

operation group (Sham group), MI group, MI + 
miR-34a inhibitor group (MI + miR-34a antago-
mir group), and MI + miR-34a inhibitor negative 
control sequence group (MI + antagomir NC 
group). The left anterior artery was blocked by 
permanent ligation with a 7-0 propylene suture. 
Sham group (without ligation of the left anterior 
descending branch) was the control group. The 
operation was performed under sterile condi-
tions. Successful establishment of MI model was 
confirmed by evident S-T segment elevation. 
At 2 days after the model was established, the 
rats were intravenously injected with 5 mg/kg 
miR-34a inhibitors and inhibitor NC, and they 
were sacrificed at 3 days. Subsequently, the heart 
tissues were collected for further analysis. This 
study was approved by the Animal Ethics Com-
mittee of Capital Medical University Animal 
Center.

Cell Culture
The rat embryonic myocardial H9C2 cell line 

was cultured in a 5% CO2 incubator at 37°C, and 
cardiac fibroblasts were cultured in DMEM con-
taining 10% FBS. Cell passage was performed 
until the cell proliferation reached 70-80%. Ac-
cording to the number of wells paved, the cells 
were randomly divided into Control group, Hy-
poxia anoxia model group, Hypoxia + miR-34a 
inhibitor group, Hypoxia + miR-34a inhibitor 
+C59 group, and Hypoxia + miR-34a inhibitor + 
dimethyl sulfoxide (DMSO) group.

Western Blotting Analysis
Tissues were lysed using the radioimmunopre-

cipitation assay (RIPA) lysis buffer (Beyotime, 
Shanghai, China) and grounded with an electric 
grinding rod. 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis was conducted, 
and proteins were transferred onto a pure nitro-
cellulose blotting membrane and blocked with 
5% skim milk for 2 h. The Odyssey infrared im-
aging system (Biosciences, Franklin Lakes, NJ, 
USA) was applied to detect the immune reactiv-
ity, and Image Studio Ver 5.2 software (Lincoln, 
NE, USA) was used to quantify Western blotting 
bands.

Quantitative Reverse Transcription-
Polymerase Chain Reaction (qRT-PCR)

1 mL TRIzol reagent was used to extract the 
total RNA from rat myocardial cells or cardiac 
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tissues. The concentration and purity of the ex-
tracted RNA were determined using NanoDrop 
8000 (Thermo, Waltham, MA, USA). 1 μg RNA 
was synthesized into single-stranded comple-
mentary deoxyribonucleic acids (cDNAs) of miR-
NAs and long non-coding RNAs (lncRNAs). The 
relative expression levels of mRNA and miRNA 
were quantified through miRVana, qRT-PCR and 
miRNA detection kits and Real-Time RT-PCR 
using SYBR Green I (Applied Biosystems, Foster 
City, CA, USA). The relative expression levels of 
miRNA and mRNA were calculated based on the 
Ct value, and each sample was standardized with 
β-actin/U6, respectively. Primer sequences were 
shown in Table I.

Detection of Cell Proliferation Via 
3-(4,5)-Dimethylthiazol(-z-y1)-
3,5-Diphenyltetrazoliumbromide (MTT)

The original cell culture medium was dis-
carded, and MTT solution (Sigma-Aldrich, St. 
Louis, MO, USA) was added with 140 μL/well. 
Cells were incubated at 37°C for 4 h. After the 
supernatant was discarded, 20 μL DMSO (Sig-
ma-Aldrich, St. Louis, MO, USA) was added to 
each well. Finally, cells were subjected to the 
EL×80 light absorption enzyme reader (BioTek, 
Biotek Winooski, Vermont, USA) to record the 
absorbance value at 490 nm.

Cardiac Function Measurement
After the experimental treatment, SD rats were 

habituated for 2 months, and their cardiac func-
tion (left ventricular function) was tested via Me-
soMR small animal magnetic resonance imaging 
(MRI) apparatus and echocardiography (ECG) 
system (VisualSonics, Toronto, Canada). The 
MRI solid and liquid nuclear magnetic resonance 

(NMR) spectrometer Bruker BiosPin 800 MHz 
(Bruker, Billerica, MA, USA) dual-resonance 
MAS probe was applied to capture high-resolu-
tion images. ECG was used to capture gradient 
echoes.

Hematoxylin and Eosin (H&E) Staining 
Rat hearts were quickly dissected, immersed 

in 4% neutral buffered formalin for 7 days, trans-
ferred to different concentrations of ethanol for 
dehydration and embedded in paraffin for histo-
pathological analysis. Thin sections were stained 
with H&E for histopathological study (Solarbio, 
Beijing, China).

 
Statistical Analysis

Data were analyzed by GraphPad Prism 7.0 
software (La Jolla, CA, USA) and expressed as 
mean ± standard deviation. Each experiment was 
independently conducted for more than three 
times. The paired t-test was used for the compar-
ison between two groups. p < 0.05 represented 
that the difference was statistically significant.

Results

Determination of Cardiac Function 
Indexes in Rats

Sham, MI, MI + miR-34a antagomir, and MI + 
antagomir NC groups were used as experimental 
study groups. The results showed that fraction 
shortening [FS (%)] and ejection fraction [EF 
(%)] in MI group significantly decreased, which 
were lower than those in MI + miR-34a antagomir 
group. The CO values of the four groups of rats 
did not significantly change and had no statistical 
significance (p < 0.05) (Table II and Figure 1).

Table I. PCR primers used in this study.

 Gene name Primer sequence

MiR-34a Forward primer 5-CGGTATCATTTGGCTGTCT-3
 Reverse primer 5-GTGCAGGGTCCGAGT-3
Wnt-1 Forward primer 5-TGGTTTGCAAAGCCA-3
 Reverse primer 5-TGATTACAGGCAAACGCAT-3
β-catenin Forward primer 5-AAGACATCACTGAGCCTGCCA-3
 Reverse primer 5-CGATTTGCGGGACAGGGCAA-3
U6 Forward primer 5-CTCGCTTCGGCAGCACA-3
 Forward primer 5-AACGCTTCACGAATTTGCGT-3
Caspase-3 Forward primer 5-GGCCTGAAATACCAAGTCAGGAA-3
 Forward primer 5-CCATGGCTTAGAATCACACACACA-3
β-actin Forward primer 5-CATCCGTAAAGACCTCTATGCCAAC-3
 Forward primer 5-ATGGAGCCACCGATCCACA-3
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Detection of the mRNA Level in 
Heart Tissue of Rats

As shown in Figure 2, the mRNA expression 
levels of miR-34a and Caspase-3, as well as 
the apoptosis rate were notably elevated in MI 
group, which were reduced in the MI + miR-
34a antagomir group. In MI group, Wnt1 and 
β-catenin were lowly expressed, indicating that 
the Wnt pathway was inhibited. However, these 
gene expressions in miR-34a antagomir group 
increased (p < 0.05).

Detection of the Protein Level in the 
Heart Tissues of Rats

Consistent with PCR results, the protein lev-
el of Caspase-3 was markedly increased in MI 
group but decreased in miR-34a antagomir group. 
Wnt1, β-catenin were lowly expressed in MI 
group but highly expressed in miR-34a antagomir 
group (p < 0.05) (Figure 3).

H&E Staining of the Heart Tissues 
of Rats

H&E staining results manifested that normal 
myocardial cells in Sham group were orderly 
arranged, with a clear outline and no fibrosis. 
However, in MI group, the myocardial cells were 
disordered in arrangement, blurred in outline, 
thickened and necrotic in muscle fibers. Fibrous 
tissue hyperplasia was pronounced. Adminis-
tration of miR-34a antagomir alleviated cardiac 
pathology after MI (Figure 4).

Detection of the mRNA Level in 
Myocardial Cells 

According to Figure 5, the mRNA level of 
miR-34a was highly expressed in Hypoxia group, 
but there was no significant difference in its ex-
pression between Hypoxia + miR-34a inhibitor 
group and Hypoxia + miR-34a inhibitor + C59 
group. The mRNA expression of Caspase-3 in 

Table II. Detection of hemodynamic cardiac function in rats via MRI and ECG (x– ± s).

 Group EDV (μL) SV (μL) ESV (μL) EF (%) FS (%) CO (mL/min)

Sham  79 ± 4.1 53 ± 2.2 24 ± 2.1 68 ± 2.1 48 ± 2.7 27 ± 3.6
MI 113 ± 4.7 66 ± 2.4 46 ± 1.9  58 ± 2.2*  37 ± 2.6* 29 ± 2.7
MI+miR-34a antagomir  80 ± 4.2 55 ± 2.1 26 ± 1.8  69 ± 2.4*  46 ± 2.4* 28 ± 2.8
MI+Antagomir NC 114 ± 4.9 69 ± 2.2 47 ± 2.3 57 ± 1.9 38 ± 2.5 29 ± 3.2

Figure 1. Detection of hemodynamic cardiac function indexes, EF, and FS, in rats. *p < 0.05.
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Hypoxia group was higher than that in control 
group, and it was downregulated after the ad-
ministration of miR-34a inhibitors but increased 
after C59 inhibited the Wnt signaling pathway. 
Expressions of Wnt1 and β-catenin decreased in 
Hypoxia group, recovered significantly after ad-
ministration of miR-34a inhibitor, and decreased 
again by C59 treatment (p < 0.05). NS had no 
evident change (Figure 5).

Detection of Cell Activity Via MTT
MTT assay showed that the cell activity was 

evidently reduced in Hypoxia group but increased 

Hypoxia + miR-34a inhibitor group increased, 
indicating that miR-34a inhibitor returns the de-
creased cell activity triggered by hypoxia (Figure 
6). In Hypoxia + miR-34a inhibitor + C59 group, 
the Wnt signaling pathway was suppressed on 
the basis of hypoxia injury, resulting in increased 
apoptosis and decreased cell activity.

Discussion

Acute MI has the characteristics of acute onset, 
rapid change, critical condition, and high mor-

Figure 2. Detection of the mRNA expression levels of β-catenin, Wnt1, Caspase-3, miR-34a in the heart tissues of the four 
groups of SD rats using real-time qPCR. *p < 0.05.

Figure 3. Determination of the protein levels of Caspase-3, Wnt1, and β-catenin in the heart tissues of rats with MI by 
Western blotting. *p < 0.05.
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Figure 4. H&E staining of the heart tissues of rats (magnification × 40). In Sham group, the myocardial tissue morphology is 
normal, and myocardial injury caused by MI is reversed in MI + miR-34a antagomir group.

Figure 5. Detection of the changes in the mRNA expression after hypoxia in myocardial cells via real-time qPCR. *p < 0.05, 
and NS does not change significantly.
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tality rate. Timely diagnosis and treatment are 
urgent. With the continuous innovation of basic 
research and the progress of clinical practice, 
the treatment plan for MI patients has greatly 
improved in the past few decades12. At pres-
ent, percutaneous coronary intervention (PCI) 
is a common treatment. With the deepening of 
our understanding of pathophysiology, research 
focus on the pathogenesis of MI has shifted. 
Biotechnology innovations greatly enhance the 
therapeutic effectiveness, such as gene regulation 
strategies, affect many directions such as inflam-
mation, myocardial remodeling, oxidative stress, 
and angiogenesis13. Some studies have shown that 
the newborn rodent’s heart maintains significant 
regeneration capacity after heart injury14. The 
process that mediates the regeneration of new-
born hearts and the mechanism by which this 
regeneration ability is lost early after birth are 
still unclear. Consistent with previous reports, 
this study found that the newborn’s heart was less 
than two years old and almost completely recov-
ered the loss of contractile function caused by MI 
injury, while the evidence of scar and remodeling 
was limited15.

MiRNA has been identified to be a key reg-
ulator in many cell processes including aging, 
proliferation, and survival16,17. Many researches 

have revealed that multiple kinds of miRNAs 
can participate in MI progression. For example, 
miR-19b-3p, miR-186-5p and miR-134-5p are 
reported as potential biomarkers for the early 
diagnosis of MI. The level of miR-34a is differ-
entially expressed in many tissues, including the 
heart, at different stages. MiR-34a expression in 
the early stage after birth is closely related to 
the loss of regeneration potential. Antagonistic 
expression of miR-34a in adult mouse hearts 
significantly improves cardiac repair and remod-
eling after MI. MiR-34a may be a key regulator 
of cardiac repair/regeneration ability and may 
be used to enhance endogenous repair of adult 
hearts after MI. The expression of miR-34a in 
the infarcted heart and the therapeutic effect 
of its inhibitors have been previously reported. 
Studies have confirmed that miR-34a is highly 
expressed in the heart tissues after MI, and the 
absence of miR-34a improves cardiac function 
and reduces apoptosis in the heart18. Cell apopto-
sis is a programmed cell death, and MI-induced 
hypoxia is an important cause of myocardial cell 
apoptosis. Considering the loss of myocardial 
function is one of the core problems of MI, the 
H9C2 cell hypoxia model was constructed for in 
vitro verification.

In this study, based on previous experimen-
tal results, the specific mechanism of miR-34a 
in myocardial cell apoptosis after MI was 
further explored. In vivo and in vitro investi-
gations showed that miR-34a was highly ex-
pressed in MI tissues or hypoxia-induced cell 
models. MiR-34a led to cardiac dysfunction 
through inhibiting the Wnt/β-catenin pathway, 
manifesting as reduced cell activity, promot-
ed apoptosis, impaired ability of regeneration. 
MiR-34a inhibitor suppressed the Wnt/β-caten-
in signaling pathway, restored the regeneration 
ability of myocardial cells, and improved the 
reconstruction of the damaged heart. In view 
of the anti-cancer effect of miR-34a, the lipo-
some-based miR-34a mimic delivered intrave-
nously has entered phase I clinical trial as an 
emerging cancer therapeutic agent19. The phar-
macokinetic and pharmacodynamic properties 
of the synthesized oligonucleotide optimized 
by chemical modification have been signifi-
cantly enhanced, gradually coping with the 
restriction of the nucleic acid patent medicine20. 
Therefore, in cardiovascular diseases, miR-34a 
is expected to not only become a clinical di-
agnostic marker of MI, but also provide a new 
idea for the treatment of MI.

Figure 6. Determination of the activity of myocardial 
H9C2 cells of rats via MTT assay. *p < 0.05 (Hypoxia vs. 
control), #p < 0.05 (Hypoxia + miR-34a inhibitor + C59 vs. 
Hypoxia + miR-34a inhibitor), and &p < 0.05 (Hypoxia + 
miR-34a inhibitor vs. Hypoxia).
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Conclusions

We found that miR-34a affects myocardial cell 
apoptosis by regulating the activation and inac-
tivation of the Wnt/β-catenin signaling pathway, 
and the specific molecular regulation mechanism 
of miR-34 participating in MI is clarified.
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