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Abstract. – OBJECTIVE: Acute myocardial 
infarction (AMI) is a serious cardiovascular dis-
ease that threatens human life. MicroRNA is 
considered to be an important participant in the 
pathophysiology of AMI. This article focused on 
the role of microRNA-495 (miR-495) in regulat-
ing apoptosis after myocardial infarction (MI) 
and its underlying mechanisms.

MATERIALS AND METHODS: H9c2 cells 
were cultured in an incubator containing 1% O2 
to establish a cell model of MI. Quantitative re-
verse-transcription polymerase chain reaction 
(RT-PCR) was utilized to detect miR-495 ex-
pression in H9c2 cells. The effects of miR-495 
and NFIB on hypoxia-treated H9c2 cells were 
observed by Western blot, lactate dehydroge-
nase (LDH) detection, MTT (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl tetrazolium bromide) as-
say, flow cytometry, and terminal dexynucleo-
tidyl transferase(TdT)-mediated dUTP nick end 
labeling (TUNEL) staining. Luciferase reporter 
gene experiment was used to prove the regu-
latory relationship between miR-495 and NFIB.

RESULTS: Hypoxia induced injury to H9c2 
cells, which was manifested by decreased cell 
viability, increased LDH release, increased 
pro-apoptotic proteins (Bax, Cleaved Caspase-3) 
expression, decreased anti-apoptotic protein 
(Bcl-2) expression, and increased in the rate of 
apoptosis and TUNEL positive cells. MiR-495 
expression was remarkably increased in H9c2 
cells treated with hypoxia. Inhibiting miR-495 
expression markedly alleviated the hypoxia-in-
duced injury in H9c2 cells, while silencing NFIB 
aggravated the hypoxia-induced damage. In ad-
dition, NFIB was confirmed to be the target of 
miR-495.

CONCLUSIONS: MiR-495 expression was in-
creased in hypoxia-treated H9c2 cells. Silenc-

ing miR-495 could significantly inhibit hypox-
ia-induced apoptosis of H9c2 cells by target-
ing NFIB.

Key Words:
Acute myocardial infarction, MicroRNA-495, Apop-

tosis, NFIB.

Introduction

AMI is a rapid and persistent phenomenon of 
hypoxia and ischemia in coronary arteries due to 
human or non-human factors, which eventually 
leads to myocardial necrosis. It is one of the most 
common emergency diseases in clinical practice. 
Due to its high mortality rate and poor progno-
sis, AMI has posed a serious threat to people’s 
health1. At present, the treatment of myocardial 
infarction is diversified, mainly including drug 
therapy, coronary artery bypass and interven-
tional therapy2-4. Although these conventional 
treatments relieve the patient’s pain to a certain 
extent, they cannot fundamentally recover the 
damaged myocardium. Therefore, there is an 
urgent need to find new effective drugs or thera-
peutic targets to provide new treatment strategies 
for myocardial infarction.

MicroRNAs (MiRNAs) are a class of highly 
conserved and non-coding small RNAs with a 
length of 19-25 ribonucleic acids that regulate 
gene expression at the post-transcriptional level. 
They are involved in almost all pathophysio-
logical processes of the heart5. MiRNAs are 
closely involved in the regulation of cardiac 
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development, cardiac hypertrophy, heart failure 
and reperfusion injury, and play an important 
role in the differentiation, growth, proliferation, 
apoptosis and fibrosis of cardiomyocytes6-8. At 
present, miRNAs that are expressed in myo-
cardial tissues and whose functions and target 
genes have been verified through experiments 
include miR-1, miR-21, miR-23a, miR-133, etc. 
The functions and targets of other miRNAs 
involved in myocardial physiopathological pro-
cesses need to be further confirmed. In recent 
years, miR-495 has been reported to regulate 
tumor cell apoptosis, proliferation and migra-
tion9. In addition, Liang et al10 demonstrated that 
inhibition of miR-495 could enhance angiogene-
sis and thus protect the myocardial injury caused 
by MI. However, the regulation of miR-495 on 
the apoptosis of myocardial cells after MI is still 
poorly understood.

In this paper, we constructed a hypoxia-induced 
H9c2 cell injury model to study the regulatory 
effects of miR-495 on apoptosis of cardiomyocyte 
after MI. Our results suggested that miR-495 could 
be a potential therapeutic target for MI.

Materials and Methods

Cell Culture and Transfection
The complete medium required for the growth 

of H9c2 cells is composed of three components: 
Dulbecco’s Modified Eagle’s Medium (DMEM, 
Rockville, MD, USA), 10% fetal bovine serum 
(FBS, Invitrogen, Carlsbad, CA, USA), 1% pen-
icillin/streptomycin (Invitrogen, Carlsbad, CA, 
USA). The cells were cultured at 37°C in a 5% 
CO2 incubator, and the cell culture medium was 
changed every 2 days. The cells in the hypoxic 
treatment group were cultured at 37°C in a con-
stant-temperature cell incubator containing 5% 
CO2 and 1% O2.

To study the role of miR-495, miR-495 inhib-
itor or negative control (NC) (RiboBio, Guang-
zhou, China) was transfected into H9c2 cells 
using Transfection Kit (RiboBio, Guangzhou, 
China) according to the protocols. H9c2 cells 
were divided into control group, hypoxia group, 
hypoxia+NC group, hypoxia+inhibitor group.

To explore the role of NFIB, small interfer-
ing RNA-NFIB (siR-NFIB) or siRNA negative 
control (siR-NC) (RiboBio, Guangzhou, China) 
was co-transfected with miR-495 inhibitor into 
H9c2 cells using Transfection Kit according to 
the protocols. So H9c2 cells were divided into 

hypoxia+inhibitor+siR-NC (+siR-NC) group, hy-
poxia+inhibitor+siR-NFIB (+siR-NFIB) group.

MTT (3-(4,5-Dimethylthiazol-2-yl)-
2,5-Diphenyl Tetrazolium Bromide) 
Assay

H9c2 cell viability was detected using MTT 
assay. The cells were transfected with miR-495 
inhibitor or NC, followed by hypoxia treatment. 
After that, 20 μL MTT solution (YEASEN, 
Shanghai, China) was added into wells for 4 
hours at 37°C, and then 150 μL dimethyl sulfox-
ide (DMSO) solution (Sigma-Aldrich, St. Louis, 
MO, USA) was added. Finally, the absorbance 
at 490 nm was detected by a spectrophotometer.

Lactate Dehydrogenase (LDH) Contents
The supernatant of H9c2 Cells was collected 

and LDH levels in the cell supernatant were 
detected using LDH enzyme-linked immuno-
sorbent assay (ELISA) kit (Dojindo Molecular 
Technologies, Kumamoto, Japan) according to 
the manufacturer’s instructions.

Western Blot
Protein extraction kit (KeyGen, Shanghai, 

China) was utilized to extract total protein of 
H9c2 cells. H9c2 cells were lysed with radioim-
munoprecipitation assay (RIPA) lysate contain-
ing 1% phenylmethylsulfonyl fluoride (PMSF) 
(Beyotime, Shanghai, China). After the cells 
were collected, they were shaken repeatedly to 
fully lyse, and finally centrifuged at 12000 g 
for about 5 minutes to collect total protein and 
remove cell debris. The concentration of the 
protein samples was measured by bicinchoninic 
acid assay (BCA) detection kit (KeyGen, Shang-
hai, China). After that, sodium dodecyl sulphate 
(SDS) loading buffer (KeyGen, Shanghai, Chi-
na) was added, and the mixture was denatured 
by boiling.

According to the molecular weight of the tar-
get protein, formulate an appropriate concentra-
tion of sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) gel. After add-
ing 30 μg of total protein to each lane, electro-
phoresis was started at a voltage of 70 V. Until 
bromophenol blue moved to the separation gel, 
the voltage was increased to 120 V. When bro-
mophenol blue overflowed from the separation 
gel, electrophoresis was stopped. The polyvi-
nylidene difluoride (PVDF) membrane (Beyo-
time, Shanghai, China) was activated with alco-
hol, and then the protein was transferred to the 
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PVDF membrane at a voltage of 100 V. Then, 
the non-specific antigen on the protein mem-
branes was blocked by 5% skim milk. Then, the 
protein membranes were incubated with prima-
ry antibodies (Bcl-2, Abcam, Cambridge, MA, 
USA, Rabbit, 1:1000; Bax, Abcam, Cambridge, 
MA, USA, Rabbit, 1:1000; Cleaved Caspase-3, 
Abcam, Cambridge, MA, USA, Rabbit, 1:1000; 
total Caspase-3, Abcam, Cambridge, MA, USA, 
Rabbit, 1:1000; NFIB, Abcam, Cambridge, MA, 
USA, Rabbit, 1:1000; GAPDH, Abcam, Cam-
bridge, MA, USA, Rabbit, 1:1000) overnight. 
After that, the secondary antibody was used to 
incubate the protein membranes at room tem-
perature. Finally, the gel imaging system was 
used to expose the protein membranes.

Flow Cytometry
H9c2 cells were collected using trypsin diges-

tion followed by centrifugation. Then, H9c2 cells 
were repeatedly resuspended with phosphate-buff-
ered saline (PBS) and centrifuged to wash the 
cells. After that, 300 μL of Binding buffer was 
utilized to resuspend H9c2 cells. 5 μL of Annexin 
V-FITc (Beyotime, Shanghai, China) and propidi-
um iodide (PI; Beyotime, Shanghai, China) were 
added to each tube. Finally, the apoptosis rate of 
cells was analyzed by flow cytometry.

Quantitative Reverse-Transcription 
Polymerase Chain Reaction (RT-PCR) 
Analysis

Total RNA of H9c2 cells was extracted us-
ing TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA). The optical density value at 260 and 280 
nm wavelengths were detected to calculate the 
concentration of total RNA. The miScript RT II 
kit (Qiagen, Hilden, Germany) was used to syn-
thesize a miRNA cDNA library in accordance 
with the protocols. The synthesized cDNA was 
stored at -80°C.

The miScript SYBR Green PCR kit (Qiagen, 
Hilden, Germany) was used to perform the am-
plification reaction. 20 μL reaction system: 2 μL 
of 10 × miScript Universal Primer, 10 μL of 2 × 

QuantiTect SYBR Green PCR Master Mix, 2 μL 
of 10 × miScript miR-495 or U6 primer, 5 μL of 
ribonase-free water, 1 μL of miRNA cDNA tem-
plate. The relative expression of the genes was 
calculated using 2-ΔΔCT method. U6 was the 
internal control of miR-495. All the primers were 
listed in Table I.

Terminal Dexynucleotidyl Transferase 
(TdT)-Mediated dUTP Nick End Labeling 
(TUNEL) Staining

TUNEL kit (Beyotime, Shanghai, China) was 
utilized to observe the apoptosis of H9c2 cells as 
instructed by the manufacturer. And the nucleus 
was stained with DAPI (Beyotime, Shanghai, 
China). TUNEL staining was observed by a Con-
focal Laser Scanning Microscope (CLSM).

Luciferase Activity Assay
To explore the mechanism of miR-495, lucif-

erase reporter assay was performed. Luciferase 
reporters (RiboBio, Guangzhou, China) contain-
ing wild-type 3ʹ-UTR of NFIB (NFIB-WT) or 
mutant 3ʹ-UTR of NFIB (NFIB-MUT) were con-
structed. HEK293T cells were plated in 24-well 
plates at 20,000 cells per well. 24 hours later, we 
transfected the plasmid (0.5 mg) into cells and 
simultaneously transfected miR-495 mimic or 
mimic negative control (mimic-NC). The activity 
of Luciferase was detected using Dual-Glo® Lu-
ciferase Assay System.

Statistical Analysis
Statistical analysis was performed using Statis-

tical Product and Service Solutions (SPSS) 22.0 
software (IBM, Armonk, NY, USA). Data were 
represented as mean ± Standard Deviation (SD). 
The t-test was used for analyzing measurement 
data. Differences between two groups were an-
alyzed by using the Student’s t-test. Comparison 
between multiple groups was done using One-
way ANOVA test followed by Post-Hoc Test 
(Least Significant Difference). p<0.05 indicated 
the significant difference.

Table I. Real time PCR primers.

 Gene name Forward (5’>3’) Reverse (5’>3’)

miR-495 GGGAAACAAACATGGTGCA GAGAGGAGAGGAAGAGGGAA
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

RT-PCR, quantitative reverse-transcription polymerase chain reaction.
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Results

Hypoxia Induced Apoptosis and 
Up-Regulated MiR-495 in H9c2 Cells

H9c2 cell viability after hypoxia for 8 hours, 
10 hours and 12 hours were detected by MTT 
assay. In the case of 10 hours of hypoxia, the via-
bility of H9c2 cells decreased by about 50%, so in 
the subsequent experiments, 10 hours of hypoxia 
was used as the condition for establishing a cell 

model of MI (Figure 1A). Hypoxia significantly 
induced an increase in LDH release from H9c2 
cells (Figure 1B). In addition, the treatment of 
hypoxia dramatically decreased Bcl-2 expression, 
but markedly increased the Bax expression and 
the ratio of Cleaved Caspase-3 / total Caspase-3 
(C-Caspase-3 / T-Caspase-3) (Figure 1C). More-
over, hypoxia treatment can greatly increase the 
apoptosis rate of H9c2 cells (Figure 1D). Through 
RT-PCR, we found that compared with the con-

Figure 1. Hypoxia induced apoptosis and up-regulated miR-495 in H9c2 cells. A, Viability of H9c2 cells treated with different 
periods of hypoxia was measured using MTT assay (“*” p<0.05 vs. control, n = 3). B, LDH contents in cell supernatant (“*” 
p<0.05 vs. control, n = 3). C, Expression levels of apoptosis-related proteins (Bcl-2, Bax, Caspase-3 and Cleaved Caspase-3) 
were detected by Western blot (“*” p<0.05 vs. control, n=3). D, Hypoxia treatment induced apoptosis of H9c2 cells (“*” p<0.05 
vs. control, n=3). E, MiR-495 expression decreased in H9c2 cells treated with hypoxia MiR-495 expression was normalized to 
U6 expression. (“*” p<0.05 vs. control, n=3).
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trol group, miR-495 expression in the hypoxic 
group was noticeably increased (Figure 1E). The 
above results indicated that hypoxia treatment 
could induce the apoptosis of H9c2 cells and 
up-regulate miR-495 expression.

Down-Regulation of MiR-495 
Inhibitted Hypoxia-Induced 
Apoptosis of H9c2 Cells

Transfection of miR-495 inhibitor greatly in-
hibited miR-495 expression in H9c2 cells (Figure 
2A). Down-regulation of miR-495 reversed the 
hypoxia-induced decrease in the viability of H9c2 
cells (Figure 2B). In addition, down-regulation of 
miR-495 markedly reduced the contents of LDH in 
the cell supernatant (Figure 2C). Compared with 
the hypoxia + NC group, Bcl-2 expression in the 
hypoxia+inhibitor group increased significantly, 
and Bax expression and the ratio of C-Caspase-3 
/ T-Caspase-3 decreased observably (Figure 2D). 
Moreover, the results of flow cytometry proved 
that the inhibition of miR-495 can inhibit hypox-
ia-induced apoptosis of H9c2 cells (Figure 2E). 
Similarly, the results of TUNEL staining showed 
that silencing of miR-495 significantly reduced 
the number of TUNEL-positive cells (Figure 2F). 
These results demonstrated that down-regulation 
of miR-495 inhibited hypoxia-induced apoptosis 
of H9c2 cells.

MiR-495 Directly Targets NFIB
Through TargetScan software, NFIB was 

found may have a binding site with miR-495 
(Figure 3A). Through Western blot, we found 
that down-regulation of miR-495 remarkably in-
hibited NFIB expression (Figure 3B). Most im-
portantly, luciferase activity assay showed that 
overexpression of miR-495 remarkably inhibits 
the luciferase activity in NFIB-WT group but not 
in NFIB-MUT group, which proved that NFIB 
has a binding site with miR-495 (Figure 3C).

Down-Regulation of MiR-495 Inhibited 
Hypoxia-Induced Apoptosis of H9c2 
Cells Via Targeting NFIB

SiR-NFIB or siR-NC and miR-495 inhibitor 
were co-transfected into H9c2 cells, and the 
cells were treated with hypoxia. Compared with 
the +siR-NC group, the expression of NFIB and 
Bcl-2 in the +siR-NFIB group was markedly 
reduced, while Bax expression and the ratio 
of C-Caspase-3 / T-Caspase-3 were greatly in-
creased (Figure 4A). In addition, knockdown of 
NFIB markedly increased hypoxia-induced LDH 

release in H9c2 cells (Figure 4B). Moreover, si-
lencing NFIB also increased the apoptosis rate of 
H9c2 cells, as evidenced by flow cytometry and 
TUNEL staining (Figure 4C and 4D). In sum, 
these results indicated that down-regulation of 
miR-495 inhibited hypoxia-induced apoptosis of 
H9c2 cells by targeting NFIB.

Discussion

AMI refers to an acute occlusion of the cor-
onary arteries, which leads to a rapid reduction 
or interruption of coronary blood flow caused by 
myocardial ischemia, hypoxia and necrosis. Be-
cause AMI is one of the main causes of death in 
humans worldwide, researching effective meth-
ods to treat myocardial infarction is one of the 
common problems faced by basic cardiovascular 
researchers and clinicians. As we all know, when 
MI occurs, the blood flow is interrupted, which 
will eventually cause the death of myocardial 
cells and the remodeling of the ventricle. Myo-
cardial remodeling is a very important process of 
heart failure, including myocardial hypertrophy, 
myocardial cell apoptosis, and myocardial fibro-
sis11-13. Because myocardial cells lack the ability 
to regenerate, chronic heart failure is often one of 
the undesirable consequences of myocardial inju-
ry14. Therefore, when AMI occurs, it is important 
to preserve a certain number of cardiomyocytes 
to survive, which is very important for maintain-
ing cardiac function, preventing cardiac remodel-
ing, and improving the prognosis of patients.

Cell death is defined as the irreversible cell 
membrane integrity is destroyed and cytoplasm 
is lost15. The death of myocardial cells is a sig-
nificant feature of MI16. At present, the death of 
mammalian cells is divided into three categories 
according to morphology: necrosis, apoptosis and 
autophagic cell death17. Apoptosis, also known 
as type II cell death. At present, there are many 
studies on the molecular mechanism of apoptosis, 
mainly divided into two mechanisms: one is ex-
ogenous apoptosis (also known as death receptor 
pathway), and the other is endogenous apoptosis 
(the mitochondrial pathway)18. Exogenous apop-
tosis is mediated by death receptors to form a 
death-inducing signal complex (DISC), which in 
turn activates caspase-8, and activated caspase-8 
eventually activates caspase-3 to induce apop-
tosis19. Unlike exogenous apoptosis, endogenous 
apoptosis activates multiple signaling pathways, 
including growth factors, oxidative stress, hypox-
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Figure 2. Down-regulation of miR-495 inhibited hypoxia-induced apoptosis of H9c2 cells. A, Transfection of miR-495 
inhibitor significantly inhibited the level of miR-495 in H9c2 cells (“*” p<0.05 vs. NC, n=3). B, Viability of H9c2 cells was 
measured using MTT assay (“*” p<0.05 vs. control, “#” p<0.05 vs. hypoxia+NC, n=3). C, LDH contents in cell supernatant 
(“*” p<0.05 vs. control, “#” p<0.05 vs. hypoxia+NC, n=3). D, Expression levels of apoptosis-related proteins (Bcl-2, Bax, 
Caspase-3 and Cleaved Caspase-3) were detected by Western blot (“*” p<0.05 vs. control, “#” p<0.05 vs. hypoxia+NC, n=3). 
E, The apoptosis rate of H9c2 cells was detected by flow cytometry (“*” p<0.05 vs. control, “#” p<0.05 vs. hypoxia+NC, 
n=3). F, Results of TUNEL staining of H9c2 cells in each group (magnification: 200×) (“*” p<0.05 vs. control, “#” p<0.05 vs. 
hypoxia+NC, n=3).
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Figure 3. MiR-495 directly targets NFIB. A, Binding site predicted by the TargetScan database. B, Western blot showed the 
expression of NFIB (“*” p<0.05 vs. NC, n=3). C, MiR-495 overexpression significantly decreased the relative luciferase activity 
in NFIB-WT group, but did not decrease the relative luciferase activity in NFIB-MUT group (“*” p<0.05 vs. mimic-NC, n = 3).

Figure 4. Down-regulation of miR-
495 inhibited hypoxia-induced apop-
tosis of H9c2 cells via targeting NFIB. 
A, Expression levels of proteins (NFIB, 
Bcl-2, Bax, Caspase-3 and Cleaved Ca-
spase-3) were detected by Western blot 
(“*” p<0.05 vs. +siR-NC, n=3). B, LDH 
contents in cell supernatant (“*” p<0.05 
vs. +siR-NC, n=3). C, The apoptosis 
rate of H9c2 cells was detected by flow 
cytometry (“*” p<0.05 vs. +siR-NC, 
n=3). D, Results of TUNEL staining of 
H9c2 cells (magnification: 200×) (“*” 
p<0.05 vs. +siR-NC, n=3).
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ia, and DNA damage20,21. When the endogenous 
apoptosis pathway is activated, the first activated 
pro-apoptotic proteins Bax and Bak induce cyto-
chrome c (cyto-c) release. After cyto-c enters the 
cytoplasm from mitochondria, it activates Apafl 
and caspase-9, and the activated caspase-9 fur-
ther cleaves caspase-3 to eventually trigger apop-
tosis22,23. Although exogenous and endogenous 
apoptosis pathways are two different signaling 
pathways, they are also interrelated.

So far, some papers have reported that miR-
NAs are involved in the regulation of myocardial 
apoptosis after MI, such as miR-145, miR-214, 
miR-488-3p, etc24-26. In this article, we induced 
apoptosis of H9c2 cells by hypoxia treatment, and 
revealed that miR-495 expression was increased 
in hypoxia-treated H9c2 cells. Down-regulation 
of miR-495 significantly inhibited the apoptosis 
of H9c2 cells. Through the Luciferase reporter 
gene experiment, we further proved that NFIB 
is the target gene of miR-495. Subsequent rescue 
experiments proved that the anti-apoptotic effect 
produced by down-regulation of miR-495 was 
achieved by targeting NFIB.

Conclusions

In the present study, we successfully con-
structed an in vitro model of MI using hypoxia 
treatment, and, for the first time, we revealed the 
increased expression of miR-495 in the in vitro 
model of MI. In addition, miR-495 silencing sig-
nificantly inhibited hypoxia-induced cardiomyo-
cyte apoptosis. Further, the rescue experiments 
demonstrated that miR-495 silencing inhibited 
hypoxia-induced cardiomyocyte apoptosis in a 
NFIB-dependent manner. In sum, miR-495 ex-
pression was elevated in hypoxia-treated H9c2 
cells. Downregulating miR-495 significantly in-
hibited myocardial apoptosis by targeting NFIB.
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