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Introduction

Acute myocardial infarction (AMI) is caused by massive 
myocardial ischemia and even necrosis in its branches due 
to sudden plaque or thrombus blocking coronary vessels (1).  
The process of myocardial infarction involves multiple 

processes, such as apoptosis, necrosis, oxidative stress, 
and inflammatory response of myocardial and interstitial 
cells (2,3). Extensive apoptosis of cardiomyocytes causes 
ventricular remodeling and even heart failure, and the 
inhibition of cardiomyocyte apoptosis might effectively 
preserve cardiac function (2,3).
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MicroRNAs (miRNAs) could bind to the 3'-untranslated 
region (3'-UTR) of the target mRNA to prevent mRNA 
translation and influence gene expression at the post-
transcriptional level (4,5). Several studies revealed that 
miRNAs regulated diverse processes of cardiovascular 
biology,  including the development of  the heart , 
maintenance of cardiac function, and regulation of 
cardiomyocyte apoptosis (6-9). Our previous studies 
demonstrated that serum miR-186-5p levels were increased 
in AMI patients and might contribute to assessing the 
prognosis of AMI patients (10,11). However, the underlying 
molecular mechanism of miR-186-5p in the pathological 
processes of myocardial ischemia is presently unknown. In 
this study, we established specific models in vivo and in vitro  
to investigate the kinetic expression signatures of miR-
186-5p. Three bioinformatics databases jointly predicted 
that ERK1/2 was the potential target protein of miR-186-
5p. We performed various biological experiments to verify 
their targeting relationships and elucidate their biological 
effects during the process of glucose deficiency and hypoxia. 
We present the following article in accordance with the 
ARRIVE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-453/rc).

Methods

Animals and AMI operation

A total of 25 specific pathogen-free/Sprague-Dawley (SD) 
male rats (weighing 250–300 g; 8–10 weeks old) were 

purchased from the Model Animal Research Center of 
Jinling Hospital (MARC; China). They were later housed 
under regular temperature conditions and a 12 h light/dark  
cycle with the supplement of standard laboratory diet and 
water ad libitum. Experiments were performed under a 
project license (No. 2018GKJDWLS-03-056) granted by 
the Institutional Animal Care and Use Committee of Jinling 
Hospital in compliance with the institutional guidelines 
for the Care and Use of Laboratory Animals. The AMI 
model was induced by ligating the left anterior descending 
coronary artery (LAD) according to a previously described 
method (12). SD rats (n=25) were randomly divided into 
5 groups using a table of random numbers: the AMI 2 h 
group (n=5), AMI 4 h group (n=5), AMI 8 h group (n=5), 
AMI 24 h group (n=5), and the sham-operated group (n=5). 
The AMI group was treated with descending coronary 
artery ligation, and the sham-operated group was treated 
with the same experimental open-chest surgery but without 
the LAD coronary artery ligation. To confirm that the 
LAD coronary artery in rats has been successfully ligated, 
we conducted ECG monitoring during the operation of 
the AMI model group. When leads II, III, etc., showed 
the characteristic ST-segment elevation, indicating the 
presence of myocardial ischemia. To further compare the 
changes in cardiac structure and histopathology in rats 
after the experimental operation, the rats were euthanized 
via anesthesia with 3% pentobarbital at 2, 4, 8, and 24 h 
after ligation, and the abdominal vein blood and ischemic 
myocardial tissue samples were taken for further detection. 
Successful surgery was also determined by observing the 
status of myocardial tissues after hematoxylin and eosin 
(H&E) staining (Figure S1).

Cell culture and OGD establishment

H9c2 cells and 293T cells (Chinese Academy of Sciences, 
Shanghai Cell Bank, China) were cultured in a high-
glucose Dulbecco’s Modified Eagle’s Medium (DMEM) 
(Gibco, USA) containing 10% Fetal Bovine Serum (FBS; 
Gibco) and 1% penicillin-streptomycin mixture (Gibco) 
at 37 ℃ in a humidified 5% CO2 atmosphere. Oxygen-
glucose deprivation (OGD) model was used to simulate the 
myocardial ischemic injury in vitro. H9c2 cells were cultured 
in serum-free and glucose-free DMEM medium in the 
AnaeroPack-Anaero bag (Mitsubishi Gas Chemical, Japan) 
and sealed incubator (Mitsubishi Gas Chemical) (13,14). 
The AnaeroPack-Anaero bag could support an environment 
of less than 0.1% of oxygen and more than 15% of CO2. 
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Four experimental groups were set up: the OGD 4 h group, 
OGD 8 h group, OGD 12 h group, and control group.

Cell transfection

H9c2 cells were seeded in 6-well plates and grown to 
50–60% confluence before transfection. Lipofectamine 
3000 (Thermo, USA) was used to transfect the miR-186-
5p mimic/mimic negative control (NC; RiboBio, China) 
and miR-186-5p inhibitor/inhibitor NC (RiboBio) for 24 h, 
following the manufacturer’s instruction. The transfection 
concentration of mimic/mimic NC of miR-186-5p was 
100 Nm, and the transfection concentration of inhibitor/
inhibitor NC of miR-186-5p was 200 Nm. Then, cells 
were treated with OGD or not for 8 h. The effect of the 
synthesized mimic/inhibitor was verified by detecting the 
levels of miR-186-5p. The regulatory effect of miR-186-5p 
on the target gene was evaluated by detecting the levels of 
the protein produced by the target gene.

RNA extraction, reverse transcription, and quantitative 
real-time polymerase chain reaction (qRT-PCR) analysis

Using TRIzol (Invitrogen, CA, USA) to extract RNA from 
H9c2 cells. As previously described, the phenol-chloroform 
purification method was applied to extract RNA from the 
H9c2 cells and culture medium (15). Total RNA (2 µL) was 
used to synthesize complementary DNA through reverse 
transcription in a reaction volume of 10 µL by an avian 
myeloblastosis virus (AMV) reverse transcriptase system 
(Takara, Japan) using TaqMan primer (Applied Biosystems, 
USA) set for miRNAs, as previously described (16). qRT-
PCR was performed according to the protocol provided 
by the manufacturer of TaqMan miRNA probes (Applied 
Biosystems). U6 served as an internal reference for H9c2 
cell samples, and MIR2911 was used for RNA extraction 
efficiency normalization in the cell culture medium. 
Relative levels of miR-186-5p were analyzed using the 2−ΔCq 
method. ΔCq was calculated by subtracting the Cq values of 
U6 or MIR2911 from that of miR-186-5p.

Western blot analyses

Western blot analysis was performed to detect the expression of 
related proteins in rats’ myocardial tissues and H9c2 cells. Total 
protein was extracted according to the instructions provided 
with protein extraction reagent (Invent, China) and RIPA 
lysis buffer (Beyotime, China), and quantitative analysis was 

conducted using a Bradford kit (Beyotime). The protein sample 
was electrophoresed through SDS-PAGE (5% stacking gel and 
10% resolving gel) and transferred onto polyvinylidene fluoride 
(PVDF) membranes (Bio-Rad, America), and subsequently 
blocked by 5% nonfat milk dissolved in Tris Buffered Saline 
with Tween 20 (TBST) for 2 h. After primary antibodies against 
ERK1/2 (1:1,000; CST, USA), p-ERK1/2 (1:1,000; CST), 
Cleaved caspase-3 (1:1,000; CST), GAPDH (1:1,000; CST) at 
4 ℃ overnight, membranes were washed and incubated with the 
appropriate secondary horseradish peroxidase-labeled (HRP) 
antibody at room temperature for 1 h (1:5,000; Santa Cruz, 
America). GAPDH was used as an internal control. The bands 
were detected by an ECL kit (Beyotime, China), and band 
intensity was quantified by Image-J software.

Luciferase reporter assay

Luciferase reporter assay was performed to identify 
whether ERK1/2 was a target gene of miR-186-5p. The 
Pmir-REPORT (GenScript, China) plasmid (Figure S2) 
containing wild-type or mutated binding sites of ERK1/2 
3'-UTR fragments (Table S1). The β-galactosidase (β-gal) 
reporter gene plasmid (Figure S3) was used as the internal 
control. The 293T cells were seeded into 24-well plates 
for 24 h. Then, we used lipo-2000 to co-transfected the 
miR-186-5p mimic/mimic NC/inhibitor/inhibitor NC, 
ERK1/2 wild-type (WT)/mutator (MUT) plasmid and β-gal 
plasmid. After 48 h, the luciferase activities were analyzed 
using the dual-luciferase kit (Promega, America) according 
to the manufacturer’s protocol. Relative Luciferase activity 
was the firefly/β-gal luciferase activity ratio. 

Apoptosis test

H9c2 cells were seeded into 6-well plates treated with 
OGD for 8 h. Subsequently, we changed the complete 
medium and transfected it with miR-186-6p mimic/mimic 
NC/inhibitor/inhibitor NC for 12 h. Eight groups were set 
up: the miR-186-5p mimic group; miR-186-5p mimic NC 
group; MiR-186-5p inhibitor group; miR-186-5p inhibitor 
NC group; OGD 8 h and miR-186-5p mimic group; OGD 
8 h and miR-186-5p mimic NC group; OGD 8 h and miR-
186-5p inhibitor group; and OGD 8 h and miR-186-5p 
inhibitor NC group. Annexin V-FITC/PI kit (Beyotime, 
China) combined with flow cytometry was used to assess 
cell apoptosis according to the manufacturer’s instructions. 
A total of 10,000 cells per group were counted to assess the 
number of positively-stained cells.
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Cell counting kit-8 (CCK-8) assay

The CCK-8 kit (DOJINDO, Japan) was used to detect 
the regulatory effect of miR-186-5p on the proliferation 
of H9c2 cells after OGD treatment. The experiment was 
conducted according to the manufacturer’s protocol.

Statistical analyses

Data in this study are expressed as the mean ± standard 
deviation of values from at least 3 independent experiments 
conducted in triplicate. Statistical analyses were performed 
using SPSS 19.0 (IBM Corp, Armonk, NY, USA). The 
independent samples t test was used to compare results 
between 2 groups. One-way analysis of variance (ANOVA) 
with Tukey’s post hoc analysis was used to compare data 
from more than 2 groups. P values <0.05 were considered 
statistically significant.

Results

Expression of miR-186-5p in the OGD models

Our previous study demonstrated the different expression 
patterns of miR-186-5p in the serum and myocardial 
tissues of AMI rats (11). In the present study, we further 
constructed an OGD model of H9c2 cells. Through an 

optical microscope to observe the cellular morphology 
of H9c2 cells, we confirmed that the OGD model was 
constructed successfully (Figure S4). qRT-PCR was used 
to detect the miR-186-5p expression in H9c2 cells and 
the culture medium after OGD treatment. The miR-186-
5p levels were decreased in OGD-treated H9c2 cells at 8 
and 12 h. Conversely, the levels of miR-186-5p in the cell 
medium were found to be significantly increased in a time-
dependent manner at 4, 8, and 12 h (Figure 1). Therefore, 
we preliminarily speculated that miR-186-5p could be 
passively released from dead cells induced by OGD 
treatment.

MiR-186-5p targets the 3'UTR of ERK1/2

To further explore the downstream mechanisms of miR-
186-5p, 3 bioinformatics databases, including miRanda, 
PicTar, and TargetScan, were used to predict the possible 
target genes of miR-186-5p. Additionally, relevant literature 
was also reviewed. MiR-186-5p might bind to the 3'-UTR 
of ERK1/2 mRNA (Figure S5).

A luciferase reporter gene assay showed that the 
luciferase activity of WT-ERK1/2 3'-UTR was significantly 
decreased after the overexpression of miR-186-5p. In 
contrast, the luciferase activity of WT-TET2 3'-UTR 
was found to be significantly increased after the inhibition 

Figure 1 Expression of miR-186-5p in H9c2 cells and culture medium after OGD treatment. (A) The relative levels of miR-186-5p in H9c2 
cells after OGD treatment at 4, 8, and 12 h. (B) The relative levels of miR-186-5p in culture medium after OGD treatment at 4, 8, and  
12 h. The OGD-untreated group served as the control group. *, P<0.05, **, P<0.01, ***, P<0.001 vs. the control group. OGD, oxygen-
glucose deprivation.
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of miR-186-5p, while no difference was found in MUT-
ERK1/2 3'-UTR (Figure 2). The above results indicated 
that miR-186-5p might specifically bind to the 3'-UTR of 
ERK1/2 mRNA and inhibit the expression of ERK1/2.

Expression of target and apoptotic protein in the AMI and 
OGD models

Apoptotic and target protein levels in myocardial tissues 
of AMI rats were determined by Western blot analyses  
(Figure 3). Grayscale analyses showed that the level of cleaved 
caspase-3 was significantly upregulated in myocardial 
tissues of AMI rats in a time-dependent manner at 4, 8, and 
24 h. The target protein t-ERK1/2 and its phosphorylated 
counterpart p-ERK1/2 were significantly upregulated in 
myocardial tissues of AMI rats, and the ratio of p-ERK1/2/
t-ERK1/2 was also significantly increased, which indicated 
the activation of the ERK1/2 pathway. We next extracted 
proteins from different phases of OGD treatment in H9c2 
cells for Western blot analyses, respectively. Grayscale 
analyses showed that OGD treatment promoted the 
cleaved caspase-3 expression in a time-dependent manner. 
Additionally, t-ERK1/2 and p-ERK1/2 levels in OGD-
treated H9c2 cells were significantly upregulated at 8 and 
12 h, respectively, and the ratio of p-ERK1/2/t-ERK1/2 was 
also significantly increased. The above data indicated the 
increased apoptosis and activation of the ERK1/2 pathway 
after AMI and OGD treatment (Figure 4).

Expression of target proteins and apoptosis protein after 
the overexpression or inhibition of miR-186-5p

For further study, we transfected the H9c2 cells with the 
miR-186-5p mimic/NC and miR-186-5p inhibitor/NC. 
qRT-PCR results indicated that the miR-186-5p mimic 
significantly increased the expression of miR-186-5p  
(Figure 5A). Western blot analyses showed that the miR-
186-5p mimic could down-regulated the expression of 
p-ERK1/2 and t-ERK1/2, and the ratio of p-ERK1/2/
t-ERK1/2 (Figure 5B-5E). Conversely, the miR-186-5p 
inhibitor significantly decreased the expression of miR-
186-5p (Figure 6A) and could upregulate the expression 
of p-ERK1/2 and t-ERK1/2, and the ratio of p-ERK1/2/
t-ERK1/2 (Figure 6B-6E). Furthermore, the expression of 
cleaved caspase-3 was found to be decreased in the miR-
186-5p mimic group (Figure 7A,7B) but increased in the 
miR-186-5p inhibitor group (Figure 7C,7D), regardless of 
whether OGD treatment was performed.

MiR-186-5p inhibited the apoptosis of H9c2 cells in the 
OGD model

To confirm the effect of miR-186-5p on the apoptosis of 
H9c2 cells induced by OGD treatment, we performed 
FCM assays to detect the apoptosis of H9c2 cells after the 
overexpression and inhibition of miR-186-5p (Figure 8). 
Compared to mimic/inhibitor NC group, the number of 

Figure 2 Luciferase reporter gene assays to confirm ERK1/2 as a target of miR-186-5p. (A) The relative luciferase activity in 293T cells 
after transfecting ERK1/2-WT plasmid. (B) The relative luciferase activity in 293T cells after transfecting ERK1/2-MUT plasmid. The β-gal 
reporter gene plasmid was used as the internal reference. **, P<0.01 vs. the mimic NC group. WT, wild-type; NC, negative control; MUT, 
mutator. 
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Figure 3 Expression of target and apoptotic proteins in myocardial tissues of the AMI rats. (A) Western blot analyses of apoptotic, target 
proteins, and GAPDH in myocardial tissues of AMI rats and sham-operated rats, n=5 per group. (B-D) Grayscale analyses for the levels of 
cleaved caspase-3, p-ERK1/2, and t-ERK1/2 in myocardial tissues. (E) The p-ERK1/2/t-ERK1/2 ratio in myocardial tissues. GAPDH was 
used as the internal reference. **, P<0.01, ***, P<0.001 vs. the sham group. AMI, acute myocardial infarction; GAPDH, glyceraldehyde-
phosphate dehydrogenase.
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Figure 4 Expression of target and apoptotic proteins in OGD cells. (A) Western blot analyses of apoptotic, target proteins, and GAPDH in 
H9c2 cells after OGD treatment at 4, 8, and 12 h. (B-D) Grayscale analyses for the levels of cleaved caspase-3, p-ERK1/2, and t-ERK1/2 in 
H9c2 cells after OGD treatment at 4, 8, and 12 h. (E) The p-ERK1/2/t-ERK1/2 ratio in H9c2 cells after OGD treatment at 4, 8, and 12 h. 
The OGD-untreated group served as the control group. GAPDH was used as the internal reference. **, P<0.01, ***, P<0.001 vs. the control 
group. OGD, oxygen-glucose deprivation; GAPDH, glyceraldehyde-phosphate dehydrogenase.

Figure 5 Expression of the target proteins after the overexpression of miR-186-5p. (A) The relative levels of miR-186-5p in OGD-treated and 
untreated H9c2 cells after transfecting miR-186-5p mimic/NC. (B) Western blot analyses of the target proteins and GAPDH in OGD-treated 
and untreated H9c2 cells after transfecting miR-186-5p mimic/NC. (C-E) Grayscale analyses for the levels of p-ERK1/2 and t-ERK1/2 in OGD-
treated and untreated H9c2 cells after transfecting miR-186-5p mimic/NC. GAPDH was used as the internal reference. *, P<0.05, **, P<0.01, ***, 
P<0.001 vs. the mimic NC group. NC, negative control; OGD, oxygen-glucose deprivation; GAPDH, glyceraldehyde-phosphate dehydrogenase.

R
el

at
iv

e 
op

tic
al

 d
en

si
ty

R
el

at
iv

e 
op

tic
al

 d
en

si
ty

p-
E

R
K

1/
2/

t-
E

R
K

1/
2

3.0

2.0

1.0

0.0

2.5

2.0

1.5

1.0

0.5

0.0

2.0

1.5

1.0

0.5

0.0

C D E

***

***
*** ***

*** ******

***

p-ERK1/2 t-ERK1/2

Control	 4 h	 8 h	 12 h Control	 4 h	 8 h	 12 h Control	 4 h	 8 h	 12 h

OGD OGD OGD

Mimic NC

Mimic NC Mimic NC Mimic NC

Mimic NC

Mimic NC Mimic NC Mimic NC

Mimic

Mimic Mimic Mimic

Mimic

Mimic Mimic Mimic

OGD 8 h

OGD 8 h OGD 8 h OGD 8 h

OGD 8 h

miR-186-5p mimic

Mimic NC

−

−

+

−

+

−

+

−

+

+

+

−

***

***

**

p-ERK1/2 t-ERK1/2

****** *** ***
** **

** **
*

p-ERK1/2 

t-ERK1/2

GAPDH

miR-186-5p

R
el

at
iv

e 
le

ve
ls

 to
 m

iR
-U

6

1200

1000

800

600

400
1.0 

0.5 

0.0

A B

R
el

at
iv

e 
op

tic
al

 d
en

si
ty

R
el

at
iv

e 
op

tic
al

 d
en

si
ty

4.0

3.0

2.0

1.0

0.0

4.0

3.0

2.0

1.0

0.0

p-
E

R
K

1/
2/

t-
E

R
K

1/
2

1.6

1.2

0.8

0.4

0.0

C D E



Nie et al. MicroRNA-186-5p targets ERK1/2 to inhibit H9c2 cells apoptosis536

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(2):529-541 | https://dx.doi.org/10.21037/jtd-22-453

apoptotic cells was significantly decreased in the miR-186-
5p mimic group, whereas opposing results were noted in the 
miR-186-5p inhibitor group. Furthermore, OGD treatment 
was found to enhance the apoptosis of H9c2 cells.

MiR-186-5p promoted the proliferation of H9c2 cells in 
the OGD model

To further evaluate the effects of miR-186-5p on the 
proliferation of H9c2 cells induced by OGD treatment, we 
performed the CCK-8 assays to detect the proliferation of 
H9c2 cells after the overexpression and inhibition of miR-
186-5p (Figure 9). Consequently, the proliferation was 
significantly increased at 48 and 60 h in the miR-186-5p 
mimic group and significantly increased at 24, 36, 48, and 
60 h in the OGD-treated and miR-186-5p mimic groups, 
respectively. Meanwhile, the proliferation of the OGD-

treated H9c2 cells was found to be significantly increased 
compared with that of the OGD-untreated H9c2 cells at 
60 h after transfecting miR-186-5p mimic.

Discussion

In the present study, we found that the level of miR-186-
5p was decreased in the OGD-treated H9c2 cells. By using 
bioinformatics databases analysis and luciferase reporter 
gene assay, we identified that ERK1/2 might serve as 
the negative regulatory target of miR-186-5p. Through 
further transfection experiments, we demonstrated that 
miR-186-5p might inhibit the expression and activation of 
ERK1/2, which was also reflected in the reduction of their 
downstream cleaved caspase-3. Functional experiments 
helped us to reveal that miR-186-5p may inhibit apoptosis 
and promote the proliferation of OGD-treated H9c2 

Figure 6 Expression of the target proteins after the inhibition of miR-186-5p. (A) The relative levels of miR-186-5p in OGD-treated and untreated 
H9c2 cells after transfecting miR-186-5p inhibitor/NC. (B) Western blot analyses of the target proteins and GAPDH in OGD-treated and untreated 
H9c2 cells after transfecting miR-186-5p inhibitor/NC. (C-E) Grayscale analyses for the levels of p-ERK1/2 and t-ERK1/2 in OGD-treated and 
untreated H9c2 cells after transfecting miR-186-5p inhibitor/NC. GAPDH was used as the internal reference. *, P<0.05, **, P<0.01, ***, P<0.001 vs. 
the inhibitor NC group. NC, negative control; OGD, oxygen-glucose deprivation; GAPDH, glyceraldehyde-phosphate dehydrogenase.
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cells. Consequently, we concluded that miR-186-5p might 
suppress OGD-induced apoptosis in H9c2 cells by targeting 
the ERK1/2 pathway.

MiRNA is a new class of disease biomarkers that can be 
used to detect biogenesis, including transcription, processing, 
splicing, export to the cytoplasm, maturation, and binding 
to the target gene. Our previous study found that the levels 
of miR-186-5p were increased in the serum of AMI patients 
and AMI rats (10,11). In the present study, miR-186-5p 
expression was decreased in H9c2 cells after OGD treatment 
but increased in the culture medium from the OGD-treated 
cells. Combining with these aforementioned results, we 
speculated that miR-186-5p may be passively released from 
dead cells induced by OGD treatment.

MiRNAs pair with their target mRNA to regulate 
translation. In mammals, about 60% of all protein-coding 
genes were controlled by miRNAs (17). In the present 
study, bioinformatics analysis and luciferase reporter gene 
assay demonstrated that miR-186-5p could specifically bind 
to ERK1/2 mRNA 3'-UTR. As a member of the mitogen-
activated protein kinase (MAPK) family, ERK1/2 was an 
important serine-threonine protein kinase, which could 
be activated by phosphorylation to transduce cell signals 
to the nucleus in multiple steps. It was mainly involved in 
cell proliferation, differentiation, and apoptosis (18,19). 
The MAPK family plays an important role in inflammatory 
reactions in various diseases, and the ERK1/2-NF-κb 
pathway affects the activation of the NLRP3 inflammasome 

Figure 7 Expression of apoptotic protein after the overexpression or inhibition of miR-186-5p. (A) Western blot analyses of apoptotic 
protein and GAPDH in OGD-treated and untreated H9c2 cells after transfecting miR-186-5p mimic/NC. (B) Grayscale analyses for the 
levels of cleaved caspase-3 in OGD-treated and untreated H9c2 cells after transfecting miR-186-5p mimic/NC. (C) Western blot analyses 
of apoptotic protein and GAPDH in OGD-treated and untreated H9c2 cells after transfecting miR-186-5p inhibitor/NC. **, P<0.01, ***, 
P<0.001 vs. Mimic NC group. (D) Grayscale analyses for the levels of cleaved caspase-3 in OGD-treated and untreated H9c2 cells after 
transfecting miR-186-5p inhibitor/NC. GAPDH was used as the internal reference. **, P<0.01, ***, P<0.001 vs. the inhibitor NC group. 
OGD, oxygen-glucose deprivation; NC, negative control; GAPDH, glyceraldehyde-phosphate dehydrogenase.
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in the atherosclerosis process (20). Studies have shown that 
ERK1/2 could affect myocardial fibrosis after infarction by 
regulating the proliferation of myocardial fibroblasts (21).  
ERK1/2 has also been shown to participate in the 
hyperplasia and hypertrophy of ventricular myocytes after 
myocardial infarction by influencing the expression of brain 
natriuretic peptide and c-fos (22). Additionally, inhibition 

of ERK1/2 activation reduces mitochondrial lysis in H9c2 
cells, thereby alleviating myocardial apoptosis induced by 
reoxygenation after hypoxia (23,24). Therefore, ERK1/2 
plays a complex and important role in the hypoxic stress 
environment of cardiomyocytes.

An increasing number of studies have demonstrated 
that miRNAs play important roles in cardiogenesis, 

Figure 8 Flow cytometry to analyze the H9c2 cell apoptosis. (A,C) The number of apoptotic cells in OGD-treated and untreated H9c2 cells 
after transfecting miR-186-5p mimic/NC. **, P<0.01, ***, P<0.001 vs. the mimic NC group. (B,D) The number of apoptotic cells in OGD-
treated and untreated H9c2 cells after transfecting miR-186-5p inhibitor/NC. *, P<0.05, **, P<0.01, ***, P<0.001 vs. the inhibitor NC group. 
NC, negative control; OGD, oxygen-glucose deprivation. 

R
el

at
iv

e 
ap

op
to

tic
 c

el
ls

R
el

at
iv

e 
ap

op
to

tic
 c

el
ls

4.0

3.0

2.0

1.0

0.0

5.0

4.0

3.0

2.0

1.0

0.0
Mimic NC Mimic NCMimic Mimic

OGD 8 h OGD 8 h

Inhibitor NC

Inhibitor NC OGD 8 h+ inhibitor NC OGD 8 h+ inhibitor

Inhibitor NCInhibitor

Inhibitor

Inhibitor

*** ***

******* ***

** **

Mimic NC

9.10%4.98% 3.82% 13.7% 5.63%

2.43%4.42% 3.66% 9.46% 10.9%

4.17%

5.16%

23.2%

12.6%

13.8%

19.9%

1.77%84.2% 90.4% 56.0% 73.9%

1.27%91.9% 89.5% 72.2% 62.1%

1.58%

1.21%

7.09%

5.83%

6.70%

7.08%

OGD 8 h+ mimic NC OGD 8 h+ mimicMimicA

B

C D



Journal of Thoracic Disease, Vol 15, No 2 February 2023 539

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(2):529-541 | https://dx.doi.org/10.21037/jtd-22-453

endothelial injury, and abnormal inflammation by the 
regulation of apoptosis of cardiomyocytes (25-29). In this 
study, transfection experiments were further performed 
to determine the specific role of miR-186-5p in OGD-
treated H9c2 cells. Our results suggested that miR-
186-5p might inhibit the expression and activation of 
ERK1/2. This finding was also reflected in the reduction 
of their downstream apoptosis-related proteins, such as 
cleaved caspase-3. Flow cytometry assays were performed 
to reveal that miR-186-5p could attenuate the OGD-
induced apoptosis of H9c2 cells. Additionally, the CCK-
8 experiments were conducted to clarify that miR-186-5p 
alleviated the reduced proliferation of H9c2 cells induced 
by OGD treatment. The studies have shown that miR-
186-5p might regulate the proliferation, apoptosis, and 
inflammatory response of cardiomyocytes by targeting 
IGF-1 and inhibiting TLR3 (30-34). However, no reports 
have been found about miR-186-5p targeting ERK1/2 to 
induce myocardial cell injury caused by glucose deficiency 
and hypoxia. The present study further identified that miR-
186-5p in H9c2 cells might be used as a protective factor to 
inhibit cell damage caused by ischemia and hypoxia.

Our study had some limitations. First, although this 
study confirmed the association between miR-186-5p and 
its target protein and the possible role of miR-186-5p in 
OGD-treated H9c2 cells, the mechanism of how ERK1/2 
affected downstream molecules, such as the pro-caspase3 
or the poly (ADP-ribose) polymerase (PARP) to regulate 
cell apoptosis, was still unknown. Additionally, further 
experiments are needed to elucidate the underlying signaling 
pathway and whether the altered apoptotic and proliferative 
capacity of cardiomyocytes was regulated exclusively by 
miR-186-5p and ERK1/2. To confirm the effect of miR-186-
5p on myocardial ischemia and hypoxia, it is also necessary 
to construct animal models of overexpression or inhibition 
of miR-186-5p and evaluate the value of antagonistic 
myocardial apoptosis or therapeutic in vivo.

Conclusions

The present study demonstrated that miR-186-5p might 
inhibit the apoptosis and promote the proliferation of 
H9c2 cells induced by glucose deficiency and hypoxia by 
targeting ERK1/2. These findings suggest that miR-186-5p 
can be used as a protective factor during acute myocardial 
ischemia. This study provides a new theoretical basis for 
treating this disease.
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Supplementary

Figure S1 Myocardial tissues of rats stained with H&E. The myocardial tissues of rats in each group were stained with H&E. In the sham-
operated group, the myocardial cells were arranged neatly, and the nucleus was clearly visible, and the cell membrane was intact, and only 
a few inflammatory cells could be observed. While, in the AMI model group, the cross-sectional myocardial tissues of the infarct regions 
showed the characteristics of necrosis and inflammatory infiltration, manifested as its structural disorder, interstitial enlargement, visible 
vacuoles in the cytoplasm, pyknotic and hyperchromatic nuclei, hyperemia, and leukocyte infiltration. And with the longer ligation time, the 
above changes are more obvious. The results of H&E staining indicated that the LAD coronary ligation surgery had successfully resulted in 
myocardial ischemia and infarction (A: ×100; B: ×400). H&E, hematoxylin and eosin; AMI, acute myocardial infarction; LAD, left anterior 
descending coronary artery. 
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Figure S2 Schematic diagram of the plasmid containing the pMIR-report luciferase reporter gene.

Table S1 Sequences of the primers used for the ERK1/2 luciferase 
reporter assay

Gene Sequence (5'-3')

ERK1/2-WT TTTCACCTTAATTCTTTTGATGTTGTA

ERK1/2-MUT TTTCACCTTATAAGAAATGATGTTGTA

For the WT sequence, the part in bold is the complementary 
binding site of miR-186-5p with the target gene, and the part in 
bold for the MUT sequence is the mutation site.
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Figure S3 Schematic diagram of the β-gal reporter plasmid. 
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Figure S4 H9c2 cells under a light microscope (×100). We observed the H9C2 cells and found that the cells in the Control group were 
fusiform with regular morphology and well-adhered to the wall. Besides, they had a clear nucleus and abundant cytoplasm. Conversely, 
some of the OGD-treated H9C2 cells were detached from the culture plate, and they were shriveled and branched. These cells also showed 
fragmentation of the nucleus, reduction of the cytoplasm, and a reduced refractive activity; the changes were more pronounced with an 
increase in the duration of the OGD treatment. OGD, oxygen-glucose deprivation. 
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Figure S5 Binding sites of miR-186-5p and the ERK1/2 3'-UTR region. 


