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Jiajie Fan, Shanshan Shi, Yunxiang Qiu, Zhijie Zheng, Luyan Yu

Cardiac Intensive Care Unit, The Children’s Hospital, Zhejiang University School of Medicine, Hangzhou 310052, 
Zhejiang Province, P. R. China

Received February 27, 2019; Accepted April 19, 2019; Epub July 1, 2019; Published July 15, 2019

Abstract: Background: MicroRNA has been reported to play an important role in congenital heart disease (CHD) 
in children. Recently, microRNA-486-5p (miR-486-5p) has been found increased in patients with cyanotic heart 
disease compared with those without heart disease. The present study aimed to investigate the effect of miR-486-
5p on hypoxia-induced cardiomyocyte injury to reveal the role of miR-486-5p in cyanotic congenital heart disease 
(CCHD). Methods: Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was used to determine 
the expression of miR-486-5p in hypoxia-induced H9C2 cells. Dual luciferase reporter gene assay was used to 
confirm IGF-1 was a direct target of miR-486-5p. miR-486-5p inhibitor and IGF-1-siRNA were transfected into H9C2 
cells. The cell viability was detected by MTT. Cell apoptosis was detected using flow cytometry. The expression 
of IGF-1, Bcl-2, caspase-3, caspase-9, and Bax mRNA and protein were detected by RT-qPCR and western blot-
ting, respectively. Results: miR-486-5p expression gradually increased with prolonged hypoxia time in H9C2 cells. 
Dual luciferase reporter gene results confirmed IGF-1 was a direct target of miR-486-5p. In addition, inhibition of 
miR-486-5p significantly increased the hypoxia-induced decrease in cell survival and attenuated hypoxia-induced 
apoptosis. Furthermore, inhibition of miR-486-5p significantly attenuated the hypoxia-induced decrease in the level 
of IGF-1 and Bcl-2 and the increase in pro-apoptotic proteins such as caspase-3, caspase-9 and Bax. These effects 
could be reversed by IGF-1-siRNA. Conclusion: The data demonstrated that inhibition of miR-486-5p increased 
cardiomyocyte growth and reduced cell apoptosis under hypoxic conditions by targeting IGF-1, indicating that miR-
486-5p may be an effective target for the treatment of CCHD.
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Introduction

Cyanotic congenital heart disease (CCHD) is 
the most common innate malformation in in- 
fants and children, in which chronic hypoxia is 
the basic pathophysiologic process [1]. Chronic 
hypoxia is a key pathologic change in pati- 
ents with CCHD. Studies have reported that 
patients with CCHD are in a state of hypoxic 
perfusion. They can still survive a certain time, 
and rarely develop into heart failure [2], but  
the detailed molecular mechanism is still un- 
known. Therefore, studying the protective res- 
ponse mechanism of cardiomyocytes to ch- 
ronic hypoxia may serve as an in-depth study  
of the treatment of myocardial injury in cardiac 
surgery.

MicroRNAs (miRNAs) are endogenous, small 
noncoding RNAs of 19-22 nucleotides that ne- 
gatively regulate gene expression by interact- 
ion with 3’-untranslated (UTR) regions of target 
mRNAs at the posttranscriptional or transla-
tional level [3]. miRNAs have been demonstrat-
ed to participate in a broad range of cardiac 
pathphysiology and cardiovascular function [4, 
5]. Previous study has reported that miR-486-
5p is involved in many physiologic and patho-
logic events, including cell proliferation, migra-
tion, and differentiation [6, 7]. miR-486-5p has 
been reported increased in patients with cya-
notic heart disease compared with those with-
out heart disease. Insulin-like growth factor-1 
(IGF-1) is an essential regulator of cardiac struc-
ture, and plays a critical role in cardiomyocyte 
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homeostasis, such as promoting cell growth, 
inhibiting apoptosis, and signaling [8]. miR-
486-5p directly regulates IGF-1 expression in 
HCC tumor progression [9]. However, the pos-
sible effects of miR-486-5p on hypoxic adapta-
tion in cardiomyocytes has not been well-stu- 
died.

Therefore, the aim of the present study was to 
investigate the role of miR-486-5p in cyanotic 
congenital heart disease and to reveal a possi-
ble mechanism.

Materials and methods

Cell culture and cell treatment

Embryonic rat heart-derived H9C2 cells were 
purchased from American Type Culture Collec- 
tion (Manassas, VA, USA) and incubated in 
Dulbecco’s modified Eagle’s medium (DMEM, 
Gibco) supplemented with 10% fetal bovine 
serum (FBS; Gibco, USA).

After serum-starving overnight, cells were ma- 
intained in an atmosphere containing a gas-
eous mixture of 94% N2, 5% CO2 and 1% O2 at 
37°C for durations of 12, 24, 48, and 72 h 
respectively. 

Cell transfection

miR-486-5p inhibitor, IGF-1-siRNA, and their 
negative controls were synthesized from Ribo- 
Bio (Guangzhou, China). H9C2 cells were trans-
fected with miR-486-5p inhibitor, inhibitor con-
trol, IGF-1-siRNA, control-siRNA, or miR-486- 
5p inhibitor+IGF-1-siRNA using Lipofectamine 
2000 (Invitrogen) following the manufacturer’s 
instruction. After 48 h of transfection, the effi-
ciency of transfection was analyzed using 
qRT-PCR. 

Reverse transcription-quantitative polymerase 
chain reaction (RT-qPCR)

Total RNA from cells were extracted using 
TRIzol (Invitrogen; Thermo Fisher Scientific Inc.) 
according to the manufacturer’s protocol. 1 μg  
of total RNA was reverse-transcribed into cDNA 
using TaqMan microRNA Reverse Transcription 
kit (Invitrogen), following the manufacturer’s 
protocol. PCR analysis was performed using 
SYBR Premix Ex Taq GC kit (Takara, Japan) on 
an ABI PRISM 7900 HT sequence-detection 

system (Applied Biosystems; Thermo Fisher 
Scientific, Inc.). MiR-486-5p expression was 
detected using a mirVana™qRT-PCR microRNA 
detection kit (Life Technologies; Thermo Fi- 
sher Scientific, Inc.). The primer sequences  
used were as follows: miR-486-5p-F: 5’-AC- 
ACTCCAGCTGGGTCCTGTACTGAGCTGCCC-3’; 
miR-486-5p-R: 5’-CTCAACTGGTGTCGTGGA-3’;  
IGF-1-F: 5’-AACTTTCTTTCCGTGCTG-3’; IGF-1-R: 
5’-TTCTGTCTATCGGTATGTTAC-3’; Caspase-3-F: 
5’-TACCCTGAAATGGGCTTGTGT-3’; Caspase-3- 
R: 5’-GTTAACACGAGTGAGGATGTG-3’; Caspase-
9-F: 5’-GCACTATCACAACCCAAACAT-3’; Caspa- 
se-9-R: 5’-GCTTGGAGCCACCGATTA-3’; Bax-F: 
5’-GTGCCCGAGTTGATCAGGAC-3’; Bax-R: 5’-CC- 
ATGTGGGTGTCCCAAAGT-3’; Bcl-2-F: 5’-CCAGC- 
GTGTGTGTGCAAGTGTAAAT-3’; Bcl-2-R: 5’-ATGT- 
CAATCCGTAGGAATCCCAACC-3’; GAPDH-F: 5’- 
GGGTGGAGCCAAACGGGTC-3’; GAPDH-R: 5’- 
GGAGTTGCTGTTGAAGTCGCA-3’. U6-F: 5’-CGC- 
TTCACGAATTTGCGTGTCAT-3’; U6-R: 5’-AACGC- 
TTCACGAATTTGCGT-3’. GAPDH and U6 were 
used as the internal control for mRNA and 
miRNA expression, respectively. We used the 
2-ΔΔCq method to quantify relative gene expres-
sion [10].

Western blot assay

Total protein from H9C2 cells was extracted 
using lysis buffer (Beijing Solarbio Science & 
Technology Co., Ltd., Beijing, China) after 24 h 
of incubation. BCA assay (Thermo Fisher 
Scientific, Inc.) was used to measure the pro-
tein concentrations. Equal amounts of protein 
(25 µg/lane) were subjected to 10% SDS-PAGE 
and transferred to polyvinylidene difluoride 
(PVDF; Roche). Then, the membranes were 
blocked with 5% skim milk for 1 h at room tem-
perature, and subsequently incubated with pri-
mary antibodies: IGF-1 (1:1000, Cell Signaling 
Technology, USA), anti-caspase 3 (1:1000, Cell 
Signaling Technology, USA), Bcl-2 (1:500; Santa 
Cruz Biotechnology), Bax (1:500; Santa Cruz 
Biotechnology), caspase-9 (1:500; Santa Cruz 
Biotechnology), and GAPDH (1:200; Santa Cruz 
Biotechnology) overnight at 4°C. Then we incu-
bated with an appropriate horseradish peroxi-
dase-linked secondary antibody at room tem-
perature for 1 h. Protein bands were visualized 
using an enhanced chemiluminescence sy- 
stem (Pierce) according to the manufacturer’s 
instructions and quantified using Quantity One 
Version 4.6 Image software (Bio-Rad).
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MTT assay

Cell survival was determined by 3-(4, 5-dimeth-
ylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide 
(MTT) assay. H9C2 cells was seeded in 96-well 
plates and incubated in hypoxic conditions for 
72 h. After the hypoxic treatment, 20 µl MTT (5 
mg/ml, Sigma) was added into each well and 
further cultured for 4 h. Then, 150 µl dimethyl 
sulfoxide/well (DMSO, Sigma) was added and 
incubated for 30 min at 37°C. Absorbance at 
490 nm was measured using a microplate 
spectrophotometer (BioRad Laboratories, CA; 
USA).

Luciferase reporter assay 

Targetscan software was used to predict the 
potential target of miR-486-5p. To confirm the 
relation between miR-486-5p and IGF-1, the 
3’UTR of IGF-1 mRNA containing the putative 
target site for miR-486-5p and was amplified by 
PCR from genomic DNA and cloned into the psi-
CHECKTM-2 vector (Promega). The 100 ng psi-
CHECK-2 luciferase reporter plasmids contain-
ing either the wild-type or the mutated IGF-1 
3’UTR and miR-486-5p mimic (100 nM) or mi- 
mic control (100 nM) were cotransfected into 
H9C2 cells for 48 h using Lipofectamine 2000 
(Invitrogen). 48 h later, luciferase activity in 
these transfected cells was measured with the 
Dual Luciferase Assay System (Promega, Ma- 
dison, WI, USA) according to manufacturer’s 
instructions. Firefly luciferase was used to nor-
malize the Renilla luciferase.

Flow cytometry

Cell apoptosis was analyzed by flow cytometry. 
Briefly, after hypoxic induction for 72 h, H9C2 
cells were harvested and re-suspended with 
binding buffer according to the manufacturer’s 
instructions. Annexin V-FITC (10 µl) and propidi-
um iodide (PI, 5 μl) was added into H9C2 cells 
and stained for 10 min in the dark at room  
temperature. The samples were immediately 
analyzed by FacsCaliburflow cytometer (BD 
Biosciences, Franklin Lakes, NJ; USA).

Statistical analyses

All data are expressed as mean ± SD. Statistical 
analyses were performed using SPSS software 
version 18.0 (IBM Corp., Armonk, NY, USA). 
Comparisons among various groups were per-
formed using one-way analysis of variance 
(ANOVA) or Student’s t-test. P < 0.05 was con-
sidered significant.

Results

miR-486-5p was up-regulated in the hypoxic 
cardiomyocytes

H9C2 cells were exposed to hypoxia for 0, 12, 
24, 48 and 72 h. The expression levels of miR-
486-5p were gradually increased in a time-
dependent manner (Figure 1). These results 
indicated that miR-486-5p was up-regulated in 
the hypoxic cardiomyocytes.

IGF-1 was a target of miR-486-5p

TargetScan predicted IGF-1 was a possible tar-
get gene of miR-486-5p (Figure 2A). To confirm 
whether miR-486-5p can directly target the 
IGF-1 3’UTR, a luciferase reporter plasmid con-
taining wild type or mutant IGF-1 3’UTR were 
co-transfected with the miR-486-5p inhibitor 
into HEK293T. As shown in Figure 2B, miR-
486-5p inhibitor significantly reduced the lucif-
erase reporter activity of wild type IGF-1 3’UTR, 
but not of the mutant IGF-1 3’UTR.

Down-regulation of miR-486-5p increased 
hypoxia-induced cardiomyocyte cell survival 

To investigate the potential role of miR-486-5p 
in the hypoxic cardiomyocytes, H9C2 cells were 
transfected with miR-486-5p inhibitor, inhibitor 
control, IGF-1-siRNA, or siRNA control. Transfe- 
ction efficiencies were detected by qRT-PCR. As 

Figure 1. miR-486-5p is up-regulated in the hypoxic 
cardiomyocytes. H9C2 cells were exposed to hypoxia 
for 0, 12, 24, 48 and 72 h. The expression level of 
miR-486-5p was detected using qRT-PCR. Data are 
expressed as mean ± SD. *, **P < 0.05, 0.01 vs. 
0 h.
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shown in Figure 3A, 3B, miR-486-5p inhibitor 
transfection caused a significant decrease of 
miR-486-5p expression (Figure 3A) and IGF-1-
siRNA transfection caused a significant decre- 
ase of IGF-1 (Figure 3B and 3C). In addition, 
miR-486-5p inhibitor resulted in the up-regula-
tion of mRNA and protein expression of IGF-1  
in hypoxia-induced H9C2 cells, which was re- 
versed by IGF-1 siRNA (Figure 3D and 3E).

MTT assay was used to detect cell viability. As 
shown in Figure 3F, after 72 h exposure to hy- 
poxia, the cell viability was significantly decre- 
ased compared with the control group. Down-
regulation of miR-486-5p efficiently increas- 
ed H9C2 cell viability in hypoxic conditions at 
72 h, which was reversed by IGF-1-siRNA tra- 
nsfection.

Down-regulation of miR-486-5p inhibited 
hypoxia-induced cardiomyocyte apoptosis

To detect the effect of miR-486-5p on hypoxia-
induced apoptosis, flow cytometry was used. 
As shown in Figure 4, the percentage of cell 
apoptosis at 72 h after the induction of hypoxia 
was significantly increased compared with the 
control group. Downregulation of miR-486-5p 
significantly decreased the apoptosis rate com-
pared with the control group under hypoxic con-
ditions, which was reversed by IGF-1-siRNA tra- 
nsfection. In addition, changes in apoptosis-re- 
lated molecules were measured by western 
blot and qPCR. As shown in Figure 5, inhibition 
of miR-486-5p significantly increased the pro-

ed hypoxia-induced cardiomyocyte cell survival 
and inhibited hypoxia-induced cardiomyocyte 
apoptosis by targeting IGF-1. Therefore, inhibi-
tion of miR-486-5p might be a mechanism for 
cardioprotection against chronic hypoxia.

Abnormal miRNA expression has been reported 
to lead to CHD [13]. For example, higher levels 
of miR-138 and miR-23b expression were ob- 
served in CCHD patients compared with acya-
notic CHD patients [14, 15]. A recent study has 
reported that miR-486-5p was increased in pa- 
tients with cyanotic heart disease compared 
with those without heart disease [16]. Consis- 
tent with a previous report, the present study 
results revealed that higher levels of miR-486-
5p were found in CCHD patients compared with 
the acyanotic CHD patients. miRNA mediates a 
variety of biologic processes, such as prolifera-
tion and apoptosis. miR-486-5p has been stud-
ied in a variety of cancer cells. A previous study 
has reported miR-486-5p inhibited colorectal 
cancer cell migration and invasion by targeting 
PIK3R1 [7]. miR-486-5p inhibited proliferation 
and invasion of NSCLC cells by regulating GAB2 
[17]. In this study, we found that inhibition of 
miR-486-5p significantly increased the cell pro-
liferation and decreased apoptosis of H9C2 
cells under hypoxic conditions. Therefore, miR-
486-5p may be part of a mechanism resulting 
in the development of CCHD.

Caspase-3 has been recognized as an essen-
tial member of the caspase family involved  
in cellular degradation during apoptosis [18]. 

Figure 2. IGF-1 is a target of miR-
486-5p. A: TargetScan predicted 
the binding site between miR-
486-5p and IGF-1; B: Luciferase 
reporter assay was used to re-
veal the relationship between 
miR-486-5p and IGF-1. Data are 
expressed as mean ± SD. **P < 
0.01 vs. mimic control.

tein and mRNA expression lev-
els of IGF-1 and Bcl-2, and 
decreased the protein and 
mRNA expression levels of 
caspase-3, caspase-9 and 
Bax under hypoxic conditions, 
which was reversed by IGF-1-
siRNA transfection.

Discussion

Chronic hypoxia is a common 
pathophysiologic process in 
patients with CCHD [10, 12], 
which leads to high mortality 
and morbidity. In this study, 
miR-486-5p was found to be 
up-regulated in the hypoxia-
induced H9C2 cells. In addi-
tion, downregulation of miR-
486-5p significantly increas- 
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Bcl-2 family proteins are key regulators in cell 
apoptosis and include anti-apoptotic protein 
Bcl-2 and pro-apoptotic proteins Bax and Bad 
[19]. Marginal changes in Bcl-2/Bax ratios re- 
sult in inhibition or promotion of cell death. In 
this study, miR-486-5p inhibition decreased 
the rate of cardiomyocyte apoptosis in vitro by 
increasing Bcl-2 expression and decreasing 
Bax, Caspase-3, and Caspase-9 levels. 

IGF-1 is a critical cardiac survival factor that 
can increase protein metabolism and promote 
cell growth [20]. A previous study has reported 
that chronic hypoxemia has a direct or indirect 
effect to reduce serum IGF-I concentrations in 
patients with CCHD [21]. IGF-I can directly alle-
viate hypoxia-induced cardiomyocyte apoptosis 
[22, 23]. IGF-1 treatment has been reported to 
up-regulate Bcl-xl expression but down-regu-
lates pro-apoptotic Bax protein in heart mito-
chondria to protect myocardium against isch-
emia-reperfusion injury [24]. The dual luciferase 
reporter gene assay results confirmed that 

miR-486-5p directly binds the 3’UTR of IGF-1, 
and decreases its expression level in H9C2 
cells. Our study results suggested that inhibi-
tion of miR-486-5p in hypoxia-induced cardio-
myocytes increased cell proliferation and de- 
creased apoptosis by dysregulating express- 
ion of IGF-1 protein and mRNA.

In summary, our results showed that miR-486-
5p was up-regulated in hypoxia-induced H9C2 
cells. Down-regulation of miR-486-5p increased 
cell viability and reduced apoptosis of cardio-
myocytes under hypoxic conditions by targeting 
IGF-1. These results of the present study indi-
cated that miR-486-5p may be a critical target 
for the clinical treatment of patients with CCHD.
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Figure 3. miR-486-5p down-regulation increased H9C2 cell viability which was decreased by hypoxic treatment. A: 
H9C2 cells were transfected with miR-486-5p inhibitor or inhibitor control for 48 h, then the level of miR-486-5p 
was detected using qRT-PCR; B and C: H9C2 cells were transfected with IGF-1-siRNA or control-siRNA for 48 h, then 
the mRNA and protein level of IGF-1 was detected using qRT-PCR and western blotting respectively; D and E: H9C2 
cells were transfected with miR-486-5p inhibitor, inhibitor control, or miR-486-5p inhibitor+IGF-1-siRNA for 48 h; 
then the mRNA and protein levels of IGF-1 were detected using qRT-PCR and western blotting respectively; F: H9C2 
cells were pre-transfected with/without miR-486-5p inhibitor, inhibitor control, or miR-486-5p inhibitor+IGF-1-siRNA 
for 6 h, then the cells were incubated for a further 72 h under/not-under hypoxic conditions. MTT assay was used 
to determine cell viability. Data are expressed as mean ± SD. **P < 0.01 vs. Control; ##P < 0.01 vs. Hypoxia; &&P 
< 0.01 vs. inhibitor.
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Figure 4. miR-486-5p down-regulation decreased H9C2 cell apoptosis increased by hypoxic treatment. H9C2 cells were pre-transfected with/without miR-486-5p 
inhibitor, inhibitor control, or miR-486-5p inhibitor+IGF-1-siRNA for 6 h, then the cells were incubated for a further 72 h under/not-under hypoxic conditions. FCM 
was used to determine cell apoptosis. Data are expressed as mean ± SD. **P < 0.01 vs. Control; ##P < 0.01 vs. Hypoxia; &&P < 0.01 vs. inhibitor.
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