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Abstract. – OBJECTIVE: The aim of this 
study was to investigate whether microRNA-577 
could inhibit myocardial infarction (MI)-induced 
cardiomyocyte apoptosis by regulating poly 
ADP-ribose polymerase 1 (PARP1).

MATERIALS AND METHODS: MI model was 
successfully established in mice by ligation of 
the left anterior descending coronary artery 
(LAD). The expression levels of microRNA-577 
and PARP1 in myocardial tissues of mice were 
examined by quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR). MI model in cells 
was established by hypoxia pre-treatment in 
primary cardiomyocytes and MCM cells. Subse-
quently, the expression levels of microRNA-577 
and PARP1 in hypoxia preconditioning cardio-
myocytes were determined as well. Meanwhile, 
Caspase3 activity in cardiomyocytes overex-
pressing microRNA-577 or PARP1 was detect-
ed using a relative commercial kit. Furthermore, 
the binding relationship between microRNA-577 
and PARP1 was examined by Dual-Luciferase 
reporter gene assay.

RESULTS: Infarct size/risk region and risk 
region/LV in MI group were (62.1±2.2)% and 
(57.6±1.9)%, respectively. Both of the above two 
indexes in the MI group were significantly high-
er than those of the control group. The serum 
level of LDH in MI mice increased by 2.8-fold 
when compared with controls. Meanwhile, the 
expressions of microRNA-577 and PARP1 in 
myocardial tissues of MI mice were markedly 
down-regulated in a time-dependent manner. 
Compared with normoxia preconditioning car-
diomyocytes, microRNA-577 expression in hy-
poxia preconditioning MCM cells and prima-
ry cardiomyocytes was remarkably decreased. 
Dual-Luciferase reporter gene assay confirmed 
that microRNA-577 could bind to PARP1. After 
transfection of microRNA-577 mimics, the ex-
pression of PARP1 was significantly down-reg-
ulated. Moreover, microRNA-577 over-expres-
sion inhibited caspase3 expression in hypoxia 
preconditioning cells, which could be reversed 
by PARP1 up-regulation. Similarly, microR-

NA-577 over-expression markedly decreased 
infarct size, risk region and serum level of LDH 
in MI mice, which could be reversed by PAPR1 
over-expression.

CONCLUSIONS: MicroRNA-577 inhibits MI-in-
duced cardiomyocyte apoptosis by degrading 
PARP1.
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Introduction

Myocardial infarction (MI) is a serious isch-
emic heart disease worldwide. MI is mainly 
caused by myocardial necrosis due to acute and 
persistent ischemia and hypoxia in coronary ar-
teries1. Recent statistics have indicated that MI 
is one of the main factors that endanger human 
health and even causes cardiac death. Myocardial 
ischemia and hypoxia during MI can cause irre-
versible death or cell apoptosis, further leading 
to cardiac insufficiency2. Cardiomyocyte apopto-
sis exerts a vital role in cardiac remodeling and 
even heart failure after MI. Therefore, preventing 
cardiomyocyte apoptosis improves MI-induced 
cardiac dysfunction and cardiac remodeling pro-
cess3. In recent years, studies have focused on 
searching for highly sensitive and specific hall-
marks for diagnosis, prevention and control of 
MI4,5. 

MicroRNA (miRNA) participates in the devel-
opment and progression of various diseases by 
inhibiting mRNA transcription or degradation6. 
Scholars7,8 have shown that abnormal expres-
sion of miRNAs is closely related to the patho-
physiological processes of multiple cardiovascu-
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lar diseases. Therefore, miRNA is believed to 
serve as diagnostic and prognostic biomarkers 
for diseases. Reserachers9,10 have demonstrated 
that miRNA-208 is highly expressed in impaired 
myocardial tissues with high tissue-specificity. 
Moreover, Liang et al11 have shown that miR-21 
regulates cardiac fibrosis by targeting the ex-
pression of transforming growth factor (TGF) 
β III, thus mediating the progression of cardiac 
diseases.

Our previous results have found that microR-
NA-577 is lowly expressed in myocardial tissues 
of MI mice. However, the exact role of microR-
NA-577 in myocardial infarction has not been 
fully elucidated. The aim of this work was to 
investigate the role of microRNA-577 in MI and 
the possible underlying mechanism.

Materials and Methods 

Establishment of the MI Model in Mice 
C57BL/6 mice were first anesthetized by in-

traperitoneal injection of 0.8% chloral hydrate 
(50 mg/kg). The mice were then fixed at a supine 
position, and a longitudinal incision was made for 
heart exposure. Subsequently, muscles and tis-
sues around the heart were bluntly separated. The 
left anterior descending coronary artery (LAD) 
ligation was performed using 7.0-suture. Pale left 
ventricular wall and decreased ventricular wall 
motion indicated the successful establishment 
of the MI model in mice. Meanwhile, mice in 
the control group were cut open without LAD 
ligation. This study was approved by the Animal 
Ethics Committee of the Henan Provincial Peo-
ple’s Hospital Animal Center.

Evaluation of the MI Model in Mice
24 hours after animal procedures, mice were 

anesthetized for thoracotomy. Intracardiac injec-
tion of 0.5 mL 2% Evans blue was performed. 
Myocardial tissue in the non-ischemic area was 
stained blue, while the unstained part was the 
area at risk (AAR). Left ventricle (LV) was har-
vested and ice-cold for 30 min. Subsequently, 
tissues were sliced into 1-mm sections parallel 
to atrioventricular groove. After washing with 
Phosphate-Buffered Saline (PBS) three times, 
the sections were fixed in 10% paraformalde-
hyde, followed by capture under a microscope. 
Ischemic risk zone (including the infarct zone 
and the infarct border zone) was unstained by 
Evans Blue. However, the infarct border zone 

was stained red with 2,3,5-Triphenyte-trazolium-
chloride (TTC). The infarct area was pale. The 
infarct size was calculated using the Osiris/Image 
ProPlus (Media Cybernetics, Silver Springs, MD, 
USA) as the ratio of infarct size and AAR. Serum 
samples were collected from each mouse, and the 
relative level of LDH was determined. 

Cell Culture 
Primary cardiomyocytes were extracted as 

previously described12. Primary cardiomyocytes 
were cultured in Dulbecco’s Modified Eagle’s 
Medium (DMEM; Gibco, Grand Island, NY, 
USA) containing 10% fetal bovine serum (FBS; 
Gibco, Grand Island, NY, USA), and maintained 
in a 5% CO2 incubator at 37°C. During the first 
three days of culture, 0.1 mM BrdU was added 
in cells to inhibit the growth of non-cardiomyo-
cytes. MCM cells were inoculated into DMEM 
containing 10% FBS with routine culture. 

Hypoxia Preconditioning 
Primary cardiomyocytes and MCM cells in 

logarithmic growth phase were randomly as-
signed to the four following groups: (1) Control 
group: normoxia preconditioning under 20% O2; 
(2) Hypoxia 3 h group: hypoxia preconditioning 
under 0% O2 for 3 h; (3) Hypoxia 6 h group: hy-
poxia preconditioning under 0% O2 for 6 h; (4) 
Hypoxia 12 h group: hypoxia preconditioning 
under 0% O2 for 12 h.

Cell Transfection 
When the density of cells reached 50%, 

the cells were transfected with microRNA-577 
mimics, pcDNA-PARP1 (poly ADP-ribose 
polymerase 1) or negative control according to 
the instructions of Lipofectamine 2000 (Invit-
rogen, Carlsbad, CA, USA). The fresh medium 
was replaced at 4-6 h after incubation. Quan-
titative Real Time-Polymerase Chain Reaction 
(qRT-PCR) was performed to verify transfec-
tion efficacy at 48 h.

RNA Extraction 
Tissues (50 mg) or cells (5×106) were lysed in 

1 mL of TRIzol (Invitrogen, Carlsbad, CA, USA) 
for 5 min of incubation. Subsequently, 200 μL of 
chloroform was added, mixed and stand at room 
temperature for 5 min. After centrifugation at 
4°C, 12000 r/s for 15 min, the supernatant was 
transferred into a new RNase-free centrifuge 
tube. Isopropanol with an equal volume of the 
supernatant was added, followed by the harvest 
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of RNA precipitate by centrifugation. Extracted 
RNA was air dried, quantified and dissolved in 
15-50 μL of diethyl pyrocarbonate (DEPC) water 
(Beyotime, Shanghai, China) for subsequent use. 

Quantitative Real Time-Polymerase  
Chain Reaction 

Extracted total RNA was reverse transcribed 
into complementary deoxyribose nucleic acid 
(cDNA) according to the instructions of Pri-
meScript RT reagent Kit (TaKaRa, Otsu, Shi-
ga, Japan. Quantitative Real Time-Polymerase 
Chain Reaction (qRT-PCR) was carried out in 
accordance with SYBR Green PCR Kit (Applied 
Biosystems, Foster City, CA, USA). The total 
qRT-PCR system was 10 μL, and the specif-
ic procedure was as follows: pre-denaturation 
at 95°C for 2 min, followed by 40 cycles of 
denaturation at 95°C for 1 min, annealing at 
60°C for 1 min and extension at 72°C for 1 
min. Primer sequences used in this study were 
as follows: MicroRNA-577, F: 5’-ACACTC-
CAGCTGGGTAGATAAAATATTGG-3’, R: 
5’- CTCA ACTG GTGTCGTG GAGTCG G -
CAATTCAGTTGAGCCATGGAC-3’; U6, F: 
5’-CTCGCTTCGGCAGCAGCACATATA-3’, R: 
5’-AAATATGGAACGCTTCACGA-3’; PARP1, 
F: 5’-GGAAAGGGATCTACTTTGCCG-3’, R: 
5’-TCGGGTCTCCCTGAGATGTG-3’; glyceral-
dehyde 3-phosphate dehydrogenase (GAPDH), 
F: 5’-GAAGAGAGAGACCCTCACGCTG-3’, R: 
5’-ACTGTGAGGAGGGGAGATTCAGT-3’. 

Dual-Luciferase Reporter Gene Assay
The transcript 3’Untranslated Region (3’UTR) 

sequence of PARP1 was cloned into vector pGL3 
containing Luciferase reporter gene, namely Wt 
PARP1 3’UTR group. Mut PARP1 3’UTR group 
was constructed by mutating core binding se-
quences using a site-directed mutagenesis kit 
(Thermo Fisher Scientific, Waltham, MA, USA). 
After that, the cells were co-transfected with 
microRNA-577 mimics/negative control and Wt 
PARP1 3’UTR/Mut PARP1 3’UTR, respectively. 
24 hours after transfection, the cells were lysed 
and centrifuged at 10,000 g for 5 min. Finally, 
100 μL of the supernatant was collected for Lu-
ciferase activity determination.

Cell Apoptosis
Cells were first washed twice with 1×Phos-

phate-Buffered Saline (PBS), digested with 
0.25% trypsin and centrifuged at 2,000 rpm for 
10 min at 4°C. The supernatant was removed, and 

the cell precipitation was stained according to the 
instructions of fluorescein isothiocyanate (FITC)/
Annexin V apoptosis detection kit (BD Pharmin-
gen, San Diego, CA, USA). Briefly, 500 µL of 
1×buffer was added for cell resuspension. Then, 
5 μL of Annexin V and Propidium Iodide (PI) 
were added to stain the cells at 37°C in the dark 
for 20 min. Finally, apoptosis of each sample was 
detected using flow cytometry (BD Pharmingen, 
San Diego, CA, USA). 

Western Blot
Total protein in cells or tissues was extract-

ed using radioimmunoprecipitation assay (RIPA; 
Beyotime, Shanghai, China). Extracted protein 
samples were separated by electrophoresis and 
transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore, Billerica, MA, USA) at 
300 mA for 100 minutes. After blocking with 
5% skimmed milk for 2 hours, the membranes 
were incubated with primary antibodies at 4°C 
overnight. On the next day, the membranes were 
incubated with secondary antibodies at room 
temperature for 2 hours. Bands were finally ex-
posed by enhanced chemiluminescence (ECL) 
and analyzed by Image Software (NIH, Bethes-
da, MD, USA). 

Caspase3 Activity Determination 
Caspase3 activity was determined according 

to the instructions of the caspase colorimetric 
assay kit (KeyGEN, Nanjing, China). Briefly, 
50 μL of PBS containing 150 g protein sample 
was applied to each well of 24-well plates. The 
protein sample was then incubated with isodose 
2 × reaction buffer and caspase3 substrate at 
37°C for 4 h in the dark. The control sample was 
50 μL of PBS without proteins. The absorbance 
at the wavelength of 405 nm was determined. 
Caspase3 activity was calculated as the ratio of 
A405sample/A405control. 

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 18.0 (SPSS Inc., Chicago, IL, USA) was 
used for all statistical analysis. Data were rep-
resented as mean ± SD (standard deviation). 
The t-test was used to compare the differenc-
es between the two groups. One-way analysis 
of variance (ANOVA) was applied to compare 
the differences among different groups, followed 
by post-hoc test (Least Significant Difference). 
p<0.05 was considered statistically significant.
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Results

MicroRNA-577 Was Lowly Expressed in 
the MI Model 

24 h after LAD, we first examined the in-
farct size/risk region, risk region/left ventricle 
(LV) and serum level of LDH in mice. The data 
revealed that the infarct size/risk region in MI 
mice (62.1±2.2%) was significantly higher than 
that of controls at 24 h of LAD (Figure 1A). 
The risk region/LV in MI mice (57.6±1.9%) was 
markedly higher when compared with mice in 
the control group (Figure 1B). In addition, the 
serum level of LDH was remarkably higher in 
MI mice than controls (Figure 1C). The above 
data all confirmed successful construction of MI 
model in mice. To investigate whether microR-
NA-577 expression was influenced by MI, we 
detected the expression level of microRNA-577 
in mouse myocardium at different time points. 
The results showed that microRNA-577 expres-
sion was significantly reduced in the myocar-
dium of MI mice in a time-dependent manner 
(Figure 1D). Subsequently, in vitro MI mod-
el was established by hypoxia preconditioning 

in primary cardiomyocytes from MI mice and 
MCM cells. Identically, microRNA-577 expres-
sion in primary cardiomyocytes and MCM cells 
was gradually down-regulated under hypoxic 
condition (Figure 1E, 1F).

PARP1 Was the Target Gene of 
MicroRNA-577

Through online prediction and analysis, 
we found that PARP1 was a potential target 
gene for microRNA-577 (Figure 2A). MicroR-
NA-577 mimics was constructed and transfect-
ed into cells. The subsequent results indicated 
that microRNA-577 mimics transfection could 
markedly up-regulate microRNA-577 expres-
sion in MCM cells (Figure 2B). Furthermore, 
the Dual-Luciferase reporter gene assay con-
firmed the binding relationship of PAPR1 to 
microRNA-577 (Figure 2C). PARP1 expression 
in the in vitro MI model was time-dependent-
ly increased (Figure 2D). Both the mRNA 
and protein levels of PARP1 were significantly 
down-regulated after transfection of microR-
NA-577 mimics (Figure 2E). The above re-

Figure 1. MiR-577 was lowly expressed in MI model. A, Infarct size/risk region (%) in mice of the control group and MI 
group at 24 h of LAD. B, Risk region/LV (%) in mice of the control group and MI group at 24 h of LAD. C, The relative 
LDH release in mice of control group and MI group at 24 h of LAD. D, The relative level of miR-577 in mouse myocardium 
of control group and MI group at 24 h of LAD. E, The relative level of miR-577 in primary cardiomyocytes under hypoxia 
condition for 0, 3, 6 and 12 h, respectively. F, The relative level of miR-577 in MCM cells under hypoxia condition for 0, 3, 6, 
and 12 h, respectively. *p<0.05, **p<0.01, ***p<0.001. 
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sults indicated that PARP1 was the target gene 
and could be negatively regulated by microR-
NA-577.

MicroRNA-577 Inhibited AMI-Induced 
Cardiomyocyte Apoptosis

To explore the possible role of microRNA-577 
in myocardial infarction, we constructed an in 
vitro MI model by hypoxia pre-treatment in 
MCM cells. QRT-PCR results demonstrated that 
Caspase3 expression in hypoxia preconditioning 
MCM cells was markedly higher than that of 
normoxia preconditioning cells. This indicated 
the successful construction of MI model in vitro 
(Figure 3A). Under hypoxia condition, MCM 
cells over-expressing PARP1 showed significant-
ly elevated caspase3 activity (Figure 3B). On 
the contrary, microRNA-577 over-expression re-
markably inhibited caspase3 activity in hypoxia 
preconditioning MCM cells, suggesting inhibited 
apoptosis of cardiomyocytes (Figure 3C). Subse-
quently, we evaluated the role of microRNA-577 
in the MI model in vivo. The data revealed that 
microRNA-577 over-expression markedly re-
duced risk region/LV, infarct size/risk region and 
serum level of LDH in MI mice when compared 
with controls (Figure 3D-3F).  

MicroRNA-577 Inhibited AMI-Induced 
Cardiomyocyte Apoptosis via Targeting 
PARP1

To explore whether microRNA-577 exerted its 
role in MI by targeting PARP1, we co-overex-
pressed microRNA-577 and PARP1 in cardiomy-
ocytes. Caspase3 expression in hypoxia precon-
ditioning MCM cells co-overexpressing microR-
NA-577 and PARP1 was significantly higher than 
those overexpressing miR-377 (Figure 4A). Simi-
lar results were obtained in the in vivo MI model 
as well. Co-overexpression of microRNA-577 and 
PARP1 could reverse the inhibitory effects of 
microRNA-577 on risk region/LV, infarct size/
risk region and serum level of LDH in AMI mice 
(Figure 4B-4D). All the results indicated that 
PARP1 partially reversed the inhibitory effect of 
microRNA-577 on cardiomyocyte apoptosis and 
its protective effect on MI. 

Discussion

Apoptosis is a gene-regulated cell suicidal 
behavior with biochemical and morphological 
characteristics13. Inhibition of apoptosis results in 
abnormal proliferation instead of cell death, lead-

Figure 2. PARP1 was the target gene of miR-577. A, Potential binding sites between PAPR1 and miR-577. B, Transfection 
efficacy of miR-577 mimics in MCM cells. C, Dual-Luciferase reporter gene assay indicated the binding relationship between 
PAPR1 and miR-577. D, The relative level of PARP1 in MCM cells under hypoxia condition for 0, 6, 12, and 24 h, respectively. 
E, Transfection of miR-577 mimics in MCM cells significantly down-regulated PARP1 expression at both mRNA and protein 
levels. *p<0.05, **p<0.01, ***p<0.001. 
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Figure 4. MiR-577 inhibited AMI-induced cardiomyocyte apoptosis via targeting PARP1. A, Expression of caspase3 
in hypoxia preconditioning MCM cells co-overexpression miR-577 and PARP1 was significantly higher than those over-
expressing miR-377. B-D, Co-overexpression of miR-577 and PARP1 reversed the inhibitory effects of miR-577 on risk region/
LV; B, Infarct size/risk region; C, Serum level of LDH; D, In AMI mice. *p<0.05, **p<0.01, ***p<0.001.

Figure 3. MiR-577 inhibited AMI-induced cardiomyocyte apoptosis. A, Caspase3 expression in MCM cells under normoxia 
or hypoxia condition. B, PAPR1 over-expression enhanced caspase3 expression in hypoxia preconditioning MCM cells. C, 
MiR-577 over-expression down-regulated caspase3 expression in hypoxia preconditioning MCM cells. D, Risk region/LV (%) 
decreased in MI mice over-expressing miR-577. E, Infarct size/risk region (%) decreased in MI mice over-expressing miR-577. 
F, The relative LDH release decreased in MI mice over-expressing miR-577. **p<0.01, ***p<0.001.



Y.-H. Wang, X.-Y. Zhang, Y.-Q. Han, F. Yan, R. Wu

9572

ing to tumorigenesis and tumor development14. 
Cell proliferation and apoptosis are the basis for 
the body to maintain its own stability. Caspase, 
especially caspase3, plays a crucial role in the 
process of apoptosis15. A large number of cardio-
myocyte apoptosis occur in the development of 
MI16. Therefore, the inhibition of cardiomyocyte 
apoptosis and minimization of cardiomyocyte 
damage have been well concerned in MI treat-
ment. In this work, microRNA-577 was lowly 
expressed in myocardial tissues of MI mice and 
hypoxia preconditioning cardiomyocytes. Zhang 
et al17 have shown that microRNA-577 suppress-
es tumor growth. Here, we aimed to explore 
the exact role of microRNA-577 in MI and its 
possible underlying mechanism. We found that 
microRNA-577 over-expression significantly in-
hibited caspase3 activity. This suggested the in-
hibitory effect of microRNA-577 on the apopto-
sis of MCM cells. Furthermore, microRNA-577 
over-expression markedly decreased the infarct 
size, risk region and serum level of LDH in MI 
mice, exerting a protective role in AMI. 

PARP1 (Poly (ADP-ribose) polymerase 1) lo-
cates on the q41-42 region of chromosome 1 (base 
positions of 224, 615, 015-224, 662, 424), with 
47,410 bp in size. PAPR1 is mainly distributed 
in the promoter of encoded proteins, nucleoli 
and telomeres18,19. As a nuclear protein, PARP1 
can be cleaved by activated caspase3 to form 
an apoptotic fragment. Several authors20,21 have 
demonstrated that PARP1 is involved in the exe-
cution of apoptosis. In this work, bioinformatics 
predicted that PARP1 was a potential target gene 
of microRNA-577. Subsequent Dual-Luciferase 
reporter gene assay confirmed our hypothesis. 
PARP1 was highly expressed in myocardial tis-
sues of MI mice and hypoxia preconditioning 
cardiomyocytes. The over-expression of PARP1 
induced the release of caspase3, which further 
accelerated cardiomyocyte apoptosis. Hence, we 
speculated that microRNA-577 exerted its biolog-
ical function in MI via targeting PARP1.

Subsequently, MCM cells were co-overex-
pressed with microRNA-577 and PARP1. Mi-
croRNA-577 over-expression significantly de-
creased caspase3 activity, which could be par-
tially reversed by co-overexpression of microR-
NA-577 and PARP1. This indicated that PAPR1 
could partially reverse the inhibitory effect of 
microRNA-577 on MI-induced cardiomyocyte 
apoptosis. Similarly, PARP1 over-expression re-
versed the inhibitory effects of microRNA-577 on 
infarct size, risk region and serum level of LDH. 

All our findings suggested that the protective 
effect of microRNA-577 on MI relied on PARP1 
degradation.

Conclusions

These results indicate that microRNA-577 in-
hibits MI-induced cardiomyocyte apoptosis by 
degrading PARP1, which can be utilized as a 
novel therapeutic target for MI. 
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