
Creative Commons licenses: This is an Open Access article distributed under the terms of the Creative Commons  
Attribution-NonCommercial-ShareAlike 4.0 International (CC BY -NC -SA 4.0). License (http://creativecommons.org/licenses/by-nc-sa/4.0/).

Basic research

Corresponding author:
Dr. Zhirong Wang
Department 
of Cardiology
Affiliated Hospital 
of Xuzhou Medical 
University
99 Huaihai West Road
Quanshan District
Xuzhou, China
Phone: +86 0516-85806230
E-mail: 
Wangzhirongwzrong@163.
com

1 Department of Cardiology, Affiliated Hospital of Xuzhou Medical University, Xuzhou, 
China

2 Department of Endocrinology, Affiliated Hospital of Xuzhou Medical University, 
Xuzhou, China

Submitted: 12 November 2018
Accepted: 16 April 2019

Arch Med Sci 2020; 16 (5): 1119–1129
DOI: https://doi.org/10.5114/aoms.2019.85405
Copyright © 2019 Termedia & Banach

MicroRNA-214-5p protects against myocardial ischemia 
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A b s t r a c t

Introduction: MicroRNAs (miRNAs) are considered as crucial modulators in 
myocardial ischemia and reperfusion (I/R) injury. The present study aimed 
to investigate the expression and biological functions of miR-214-5p via 
targeting Fas ligand (FASLG) in I/R injury.
Material and methods: Lactate dehydrogenase, casein kinase, malondial-
dehyde assay, reactive oxygen species (ROS) detection and cell apoptosis 
analysis measured cell damage and cell apoptosis in H9c2 cells under hypox-
ia/reperfusion (H/R) treatment. Bioinformatics and dual luciferase reporter 
assays demonstrated the molecular mechanism of miR-214-5p in cardiac 
cells. 2,3,5-Triphenyltetrazolium chloride (TTC) staining, hematoxylin-eosin 
(HE) staining and adenovirus injection were performed in I/R treated mice.
Results: The expression of miR-214-5p was decreased in H/R injured H9c2 
cells compared with control cells (p < 0.001). Overexpression of miR-214-5p 
reduced cell damage and apoptosis in H9c2 cells under H/R treatment (p < 
0.001). Further study revealed that FASLG was a target of miR-214-5p. En-
hanced expression of FASLG attenuated the protective function of miR-214-
5p in H9c2 cells subjected to H/R injury (P < 0.001). Moreover, the elevated 
expression of miR-214-5p by adenovirus injection protected cardiac cells 
from I/R injury in mice (n = 6/per group). 
Conclusions: We found that miR-214-5p exerted a protective role in I/R in-
jured cardiac cells by direct targeting FASLG in vitro and in vivo. 
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Introduction 

Ischemic heart disease (IHD) is a complex disease commonly caused 
by stenosis or occlusion of the coronary artery [1]. Myocardial ischemia/
reperfusion injury (I/R) is mainly related to re-opening after acute closure 
of the infarct-related artery, which results in cardiomyocyte apoptosis 
and necrosis. This is related to acute myocardial infarction as a specific 
manifestation of IHD or coronary artery disease [1–3]. However, the po-
tential mechanism of I/R diseases still remains largely unknown. 

miRNAs are a class of short non-coding RNAs that post-transcription-
ally suppress the expression of the target gene by binding to its 3′ un-
translated region (3′-UTR) [4]. miR-214 is a component of the dynamin-3 
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gene, which is located on the chromosomal region 
1q24.3 [5]. Recently, several studies have reported 
that microRNA-124 (miR-124) participates in mod-
ulating several cardiovascular diseases including 
myocardial infarction, cardiac hypertrophy, pul-
monary arterial hypertension and coronary artery 
disease [6]. miR-214 was reported to be a protec-
tor in I/R induced cardiac cell injury via inhibition 
of PTEN and Bim expression [7, 8]. However, the 
more detailed potential molecular mechanism of 
miR-214 in myocardial I/R needs to be further ex-
plored.

FAS ligand (FASLG), encoded by the FASLG gene,  
belongs to the tumor necrosis factor (TNF) 
superfamily [9]. When receiving a  death stim-
ulus, the binding of FASLG to FAS causes the 
formation of a  death-inducing signaling com-
plex (DISC) via recruitment of Fas associated 
via death domain (FADD) and caspase-8, which 
subsequently promotes cytochrome c release 
by activating B-cell lymphoma 2 (Bcl-2) family 
protein-Bax but inhibiting Bcl-2 activity, then 
activates caspase 9 and 3 and ultimately leads 
to cell death [10–13]. The FAS/FASLG induced 
apoptotic pathway has been reported to be as-
sociated with promoting cardiac cell apoptosis 
in I/R animals [14]; however, the upstream mod-
ulators of FASLG such as miRNA in cardiac I/R 
are still under investigation.

The present study aimed to investigate the bio-
logical function and underlying molecular mecha-
nism of miR-214-5p in the progression of IHD. 

Material and methods 

Cell culture and transfection

Cardiomyocytes derived from rat embryonic 
ventricle (H9c2 cells) were obtained from Amer-
ican Type Culture Collection (ATCC, Manassas, 
USA). H9c2 cells were maintained in Dulbecco’s 
modified Eagle’s medium (DMEM, Gibco, Carls-
bad, USA) supplemented with 10% fetal bovine 
serum (FBS, Gibco) and 100 U/ml penicillin/strep-
tomycin (Gibco) at 37°C in a humidified with 5% 
CO2 atmosphere.

For transfection, cells were seeded into a plate 
at appropriated density. miR-214-5p-mimic, miR- 
214-5p-inhibitor and FASLG pcDNA plasmid were 
acquired from GenePharma (Shanghai, China). 
Cells were transfected with miRNAs at a  final 
concentration of 40 nM or plasmid using Lipofect-
amine 2000 Reagent (Invitrogen, Carlsbad, USA) 
following the manufacturer’s protocol.

Hypoxia/reoxygenation (H/R) treatment  
in vitro

To construct ischemia in vitro, cells were trans-
fected with the miR-214-5p mimic or inhibitor for 

48 h. Then H9c2 cells were cultured in medium 
with 1% FBS (low serum medium) followed by 
exposure to hypoxia in a  chamber with 94% N

2, 
5% CO

2 and 1% O2 for 10 h. Then, the low serum 
medium was removed and the cells were cultured 
again with 10% FBS-containing DMEM medium 
in a normoxic environment for reoxygenation for  
2.5 h. After that, the cells were collected to per-
form experiments. Cells were cultured in medium 
with 1% FBS for 10 h and then re-cultured in 10% 
FBS for 2.5 h in a normoxic environment to serve 
as a control.

Measurement of lactate dehydrogenase 
(LDH) and casein kinase (CK) levels

After I/R treatment, serum from the ventricle 
was collected for detection of LDH and CK activ-
ity. The LDH release and the CK activity (U/l) were 
determined by an LDH assay kit (Solarbio, Beijing, 
China) and CK assay kit (Solarbio), respectively. 

Malondialdehyde (MDA) assay 

The expression of MDA was detected with 
a micro MDA assay kit (Solarbio). Briefly, cells were 
incubated with thiobarbituric acid (TBA, 2.8% 
w/v) at 95°C for 60 min and then centrifuged at 
4°C, 2,500 × g for 10 min. The reactive complexes 
were then detected using a NanoDrop One/Onec 
spectrophotometer at 532 nm (Thermo Fisher Sci-
entific).

Reactive oxygen species (ROS) detection 
assay

Cells were digested with trypsin at 37°C for  
30 min and then incubated with 2′,7′-dichloro- 
fluo-rescin diacetate (DCFH-DA) at a final concen-
tration of 10 μM for 1 h at 37°C. Finally, the images 
were acquired by fluorescence microscope (Olym-
pus, Tokyo, Japan) and the production of ROS was 
assessed by the static cytometry software ScanR 
version 2.03.2 (Olympus). 

Cell apoptosis analysis

The cell apoptosis was determined by an An-
nexin V FITC/Propidium Iodide (PI) apoptosis kit 
(BD Pharmingen, San Jose, USA) using the flow cy-
tometer (Becton-Dickinson, Franklin Lakes, USA). 
After incubation with Annexin V-FITC for 5 min 
in the dark, cells were treated with PI and RNase 
A  at the same final concentration of 10 mg/ml 
for 30 min at 4°C. Then the cells were immedi-
ately checked by flow cytometer and analyzed by 
Cell-Quest software (Becton-Dickinson). The right 
upper quadrant and the right lower quadrant in-
dicated the apoptotic cells labeled with Annexin 
V-FITC.
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Western blot

Proteins were extracted using a  RIPA buffer 
(Beyotime) and quantified using a  BCA kit (Be-
yotime). 30 μg of total proteins from each sam-
ple were separated with SDS-PAGE gel and then 
transferred onto polyvinylidene fluoride (PVDF) 
membrane (EMD Millipore, Billerica, USA). Af-
ter being blocked in 5% skim milk, membranes 
were incubated with primary antibodies against 
cleaved-caspase 3 (Abcam, Cambridge, UK; dilu-
tion rates of 1 : 500), cleaved-caspase 9 (Abcam, 
dilution rates of 1 : 500), Bax (Abcam, dilution 
rates of 1 : 1000), Bcl-2 (Abcam, dilution rates of 
1 : 500) or FASLG (Abcam, dilution rates of 1 : 300)  
overnight at 4°C. The next day, membranes were 
incubated with goat anti-rabbit (Abcam, dilution 
rates of 1 : 2000) or goat anti-mouse (Abcam, 
dilution rates of 1 : 2000) horseradish peroxi-
dase (HRP)-linked secondary antibody for 1 h at 
room temperature. Finally, images of bands were 
detected using an enhanced chemiluminescent 
detection kit (Thermo Fisher Scientific) and quan-
tified using Image Lab software 3.0 (Bio-Rad, Her-
cules, USA).

Quantitative real-time PCR (qRT-PCR)

Total RNAs were isolated using Trizol reagent 
(Invitrogen) and then reverse transcribed into 
cDNA by a  reverse transcription reagent kit (Ta-
kara, Dalian, China). The relative expression of 
miRNA was performed using SYBR Green PCR 
Master Mix (Takara) and detected using the Bio-
Rad Real-Time PCR instrument (Bio-Rad). The rel-
ative level of miRNA was normalized with U6 and 
quantitative analysis was calculated using the  
2–ΔΔCt method. The primer sequences are shown in 
Table I.

Dual luciferase activity assay

The fragments of the 3′-UTR of the FASLG gene 
with a type or mutant FASLG were obtained from 
the Beijing Genomics Institute (BGI, Beijing, China) 
and then cloned into the pGL3-vector (Promega, 
Madison, USA). The H9c2 cells were co-transfect-
ed with 50 ng of luciferase vectors, 10 ng of pRL-

TK vectors and 50 nM miR-214-5p mimics or its 
control mimics (NC mimics) using Lipofectamine 
2000 reagent (Invitrogen). After transfection for 
48 h, the cells were lysed and then the luciferase 
activities were determined using the Dual Lucifer-
ase Reporter Assay System (Promega). The data 
were evaluated by the ratio of firefly fluorescent 
value to Renilla fluorescence value.

Ischemia/reperfusion (I/R) in vivo

The male C57BL/6 mice (~8 weeks, 20–25  g) 
were purchased from Shanghai Laboratory Animal 
Center (Shanghai, China). They were maintained 
at a standard temperature of 22 ±2°C and a pro-
grammed 12 h light/dark cycle with free access 
to food and water. All animal experimental proce-
dures were approved by the Animal Research Eth-
ics Committee of the Affiliated Hospital of Xuzhou 
Medical University in accordance with the Nation-
al Institutes of Health Guide for the Care and Use 
of Laboratory Animals. 

All mice were anesthetized with 2% sodium 
phenobarbital (50 mg/kg) via intraperitoneal ad-
ministration and maintained with a  rectal tem-
perature of 37°C using a  homeothermic table. 
After fixing for endotracheal intubation using 
a  respirator, a  longitudinal incision was made 
from the third to fourth ribs. The myocardial isch-
emia was performed by ligating the proximal left 
anterior descending artery (LAD) using a 5-0 poly-
propylene suture for 30 min followed by 2 h of 
reperfusion. Next, mice were re-anesthetized and 
heart tissues were removed for the further study. 
In the Sham groups, the same operation was per-
formed but the LAD was not ligated.  

Ad-miR-214-5p treatment animals

The miR-214-5p overexpression adenovirus 
(Ad-miR-214-5p) was obtained from the Shang-
hai Genechem Co. (Shanghai, China). The mice 
were treated with Ad-miR-214-5p 5 days before 
the I/R operation. After anesthetization, the chest 
was opened and Ad-miR-214-5p was adminis-
tered into 8 different sites of the left ventricular. 
The mouse chest was closed and the mice were 
allowed to recover in their cage.

Table I. Primer sequences used in qRT-PCR

Name Primer Sequence (5′-3′)

U6 Forward 5‘-CTCGCTTCGGCAGCACA-3′

Reverse 5′-AACGCTTCACGAATTTGCG-3′

miR-214-5p RT primer 5′-CTCAACTGGTGTCGTGGAGTCGGCAATTCA GTTGAGGCACAGC-3′

Forward 5′-ACACTCCAGCTGGGTGCCTGTCTACACT-3′

Reverse 5′-CCAGTGCAGGGTCCGAGGT-3′
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2,3,5-Triphenyltetrazolium chloride (TTC) 
assay

TTC assay was carried out to determine the in-
farct size of heart tissues. In brief, after refriger-
ation at –20°C for 30 min, the left ventricle was 
acquired and transversely cut into 2 mm thick slic-
es and stained with 1% tri-phenyltetrazolium chlo-
ride (TTC, sigma-Aldrich) at 37°C for 20 min. Then 
the slices were photographed, and the area at risk 
(AAR) and infarct size were analyzed and calculat-
ed. The infarct size was expressed as a percentage 
of the AAR.

Hematoxylin-eosin (HE) staining

The hearts were harvested, fixed in 4% parafor-
maldehyde, and embedded in paraffin. Next, the 
tissue was cut into 5 μm sections. After hydration 
and xylene dewaxing, the sections were stained 
with hematoxylin and eosin (Solarbio). Finally, the 
sections were photographed under a light micro-
scope (Leica, Wetzlar, Germany).

Statistics analysis

All data were expressed as mean ± standard 
deviation (SD). Statistical analysis was performed 
using SPSS 16.0 (SPSS, Chicago, USA). Statistical 
differences among groups were assessed by one-
way analysis of variance (ANOVA) with Tukey’s 
post hoc test. A value of p < 0.05 was considered 
as statistically significant. All experiments were 
performed at least 3 separate times with similar 
results. 

Results

miR-214-5p was down-regulated in H9c2 
cells after H/R injury

H9c2 cells were exposed to hypoxia for 10 h 
followed by reoxygenation for 2.5 h, and then the 
expression of miR-214-5p was detected by qRT-
PCR. As shown in Figure 1, the expression of miR-
214-5p was dramatically decreased in H9c2 cells 
after simulated H/R injury compared with control 
cells (p < 0.001, Figure 1). These data suggested 
that miR-214-5p was down-regulated under isch-
emic conditions in vitro.

miR-214-5p attenuated cardiac cell deficit 
insult to H/R exposure 

To explore the function of miR-214-5p expres-
sion in I/R injury, up- or down- regulation of miR-
214-5p expression by transfection with miR-214 
mimic or inhibitor was performed in H9c2 cells 
before exposure to H/R impairment. As shown in 
Figure 2 A, the expression level of miR-214-5p was 
markedly increased by miR-214-5p mimic while it 
was decreased upon miR-214-5p inhibitor treat-
ment in H/R treated H9c2 cells compared with 
the group with only H/R treatment (p < 0.001). As 
a critical sign of cell deficit, the LDH release from 
the H9c2 cells was detected. The result suggest-

Figure 1. The expression of miR-214-5p was de-
creased in H9c2 cells under H/R conditions. The 
expression of miR-214-5p in H9c2 cells under H/R 
treatment was detected by qRT-PCR

Data are presented as mean ± SD. ***P < 0.001.

Figure 2. miR-214-5p attenuated H/R treatment induced cardiomyocyte injury. H9c2 cell lines were transfected 
with miR-214-5p mimic or inhibitor for 24 h followed by H/R treatment. A – The effect of miR-214-5p mimic or 
inhibitor on the expression level of miR-214-5p was detected by qRT-PCR in H9c2 cells under H/R conditions.  
B – The effect of up- or down-regulation of miR-214-5p expression on the LDH activity was measured by LDH assay 
in cardiac cells upon H/R treatment conditions. C – The role of overexpression or downregulation of miR-214-5p on 
the MDA activity was determined by MDA detection assay

Data are presented as mean ± SD. ***P < 0.001.

A B C

m
iR

-2
14

-5
p 

ex
pr

es
si

on
 le

ve
l

1.5

1.0

0.5

0
 Control H/R

m
iR

-2
14

-5
p 

ex
pr

es
si

on
 le

ve
l

LD
H

 [U
/l

]

M
D

A
 [n

m
ol

/m
g]

80

70

60

50

40

2

1

0

3000

2000

1000

0

20

15

10

5

0
               H/R – + + +
miR-214-5p – – + –
mimic
miR-214-5p – – – +
inhibitor

               H/R – + + +
miR-214-5p – – + –
mimic
miR-214-5p – – – +
inhibitor

               H/R – + + +
miR-214-5p – – + –
mimic
miR-214-5p – – – +
inhibitor



MicroRNA-214-5p protects against myocardial ischemia reperfusion injury through targeting the FAS ligand

Arch Med Sci 5, August / 2020 1123

ed that the LDH activity was enhanced after ex-
posure to H/R injury, and this enhancement was 
reversed by transfection with miR-214-5p mimic 
while being further elevated by treatment with 
miR-214-5p inhibitor (p < 0.001, Figure 2 B). As 
a  vital indicator of lipid peroxidation, MDA was 
further measured using the MDA assay kit. The 
result showed that the increased expression lev-
els of MDA were reduced by miR-214-5p mimic 
but further elevated by miR-214-5p inhibitor in 
H/R treated H9c2 cells (p < 0.001, Figure 2 C). In 
addition, ROS are a major product in response to 
hypoxia-induced oxidative stress. As shown in Fig-
ure 3, the elevated relative fluorescent intensity of 

ROS in response to H/R injury was suppressed by 
miR-214-5p mimic while being further enhanced 
by miR-214-5p inhibitor in H9c2 cells (p < 0.001, 
Figure 3). Thus, the data confirmed that overex-
pression of miR-214-5p ameliorated H/R induced 
cardiac cell damage and ROS production in vitro.

miR-214-5p suppressed H9c2 cell apoptosis 
subjected to H/R 

Further, the effect of overexpression or interfer-
ence of miR-214-5p on the H/R injury induced car-
diomyocyte apoptosis was detected. Flow cytome-
try results indicated that the cardiac cell apoptosis 

Figure 3. miR-214-5p reduced H/R-induced ROS 
production in cardiomyocytes. The function of ele-
vated or reduced expression of the miR-214-5p by 
its mimic or inhibitor at the ROS generation level 
was evaluated by ROS detection assay after H9c2 
cells’ insult due to H/R injury

Data are presented as mean ± SD. ***P < 0.001.
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rate was notably increased by H/R impairment, 
which was further elevated by miR-214-5p inhibitor 
but decreased by miR-214-5p mimic in H9c2 cells  
(p < 0.001, Figure 4 A). Moreover, the expression lev-
els of anti-apoptosis protein Bcl-2, pro-apoptosis pro-
tein Bax, cleaved-caspase 3 and cleaved-caspase 9  
were examined when the expression of miR-214-
5p in H/R injured cells was up- or down-regulated. 
As shown in Figure 4 B, the decreased expression of 
Bcl-2 induced by H/R treatment was up-regulated 

by miR-214-5p mimic but further down-regulated 
by miR-214-5p inhibitor (p < 0. 01, p < 0.001). In 
contrast, the increased expression levels of Bax, 
cleaved-caspase 3 and cleaved-caspase 9 induced 
by H/R treatment were attenuated by miR-214-5p 
mimic but further elevated by miR-214-5p inhibitor 
in H9c2 cells (p < 0.01, p < 0.001, Figure 4 B). Tak-
en together, these data indicated that overexpres-
sion of miR-214-5p is able to inhibit cardiomyocyte 
apoptosis induced by H/R treatment.

Figure 4. miR-214-5p suppressed apoptosis of cardiac cells subject to H/R impairment. A – The effect of overex-
pression or silencing of miR-214-5p in H9c2 cells after H/R treatment on apoptosis rate of cardiac cells was tested 
by cell apoptosis analysis using a flow cytometer. B – The effect of enhancing or interference of miR-214-5p ex-
pression levels on the anti-apoptotic proteins Bcl-2 or pro-apoptotic proteins including Bax, cleaved-caspase 3 and 
cleaved-caspase 9 was determined by western blotting in H9c2 cells after H/R injury

Data are presented as mean ± SD; *p < 0.05, **p < 0.01, ***p < 0.001.
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FASLG was a target gene of miR-214-5p

To elucidate the underlying molecular mecha-
nism of miR-214-5p inhibiting H/R-induced car-
diomyocyte injury, we used miRBase (http://www.
mirbase.org/) and TargetScan online tools (http://
www.targetscan.org/vert_71/) to screen potential 
genes that have a binding site with miR-214-5p. 
FASLG was predicted as a target gene as its mRNA 
3′-UTR region contains binding sites complemen-
tary to miR-214-5p (Figure 5 A), which was further 
confirmed by dual luciferase report assay. We con-
structed FASLG 3′-UTR wild-type (FASLG 3′-UTR-
wt) luciferase plasmids containing the potential 
miR-214-5p binding sites as well as a mutated ver-
sion of each site (FASLG 3′-UTR-mut) (Figure 5 A).  
As shown in Figure 5 B, the luciferase activity 
of H9c2 cells transfected with FASLG 3′-UTR-wt 
plasmid was markedly attenuated by miR-214-5p 
mimic (p < 0.001), while the luciferase activity did 
not change in cells transfected with FASLG 3’-UTR-
mut vector (p > 0.05). Next, the effect of altered 
miR-214-5p expression on the FASLG protein lev-
el was evaluated. The elevated protein level of 

FASLG upon exposure to H/R injury was inhibited 
by miR-214-5p mimic but increased by miR-214-
5p inhibitor (p < 0.001, Figure 5 B). These data 
suggested that FASLG is a  target of miR-214-5p 
and its expression was negatively regulated by 
miR-214-5p.  

Overexpression of FASLG abolished  
the cardioprotective roles of miR-214-5p  
in H/R injured H9c2 cells

Based on the above data, we found that miR-
214-5p decreased H/R treatment-induced H9c2 cell 
apoptosis and negatively regulated FASLG expres-
sion. Then we evaluated the effect of exogenous 
up-regulated expression of FASLG by transfection 
with its overexpression pcDNA plasmid on the car-
diomyocytes treated with miR-214-5p mimic under 
H/R treatment. As shown in Figure 6 A, miR-214-
5p mimic treatment decreased the LDH and MDA 
release level but it was enhanced by FASLG pcDNA 
in H/R treated H9c2 cells (p < 0.001, Figure 6 A).  
Compared with transfection with miR-214-5p 
mimic alone, the ROS production was restored to 

B

C

Figure 5. FASLG was targeted by miR-214-5p. A – The 3′-UTR of FASLG mRNA containing the predicted target sites 
for miR-214-5p (FASLG-3′-UTR-wt) or the mutated miR-214-5p binding sites in the FASLG gene (FASLG-3′-UTR-
mut) are shown. B – Luciferase activities of H9c2 cells co-transfected with miR-214-5p mimics or NC mimics and 
luciferase reporters containing FASLG 3′-UTR-wt or -mut transcript were checked by dual-luciferase reporter assays. 
C – The effect of up- or down-regulated expression of miR-214-5p on the protein level of FASLG was measured by 
western blot in H/R-treated H9c2 cells

Data are presented as mean ± SD. ***P < 0.001.
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Figure 6. The protective role of miR-214-5p on the H/R injured 
cardiac cells was blocked by overexpression of FASLG. The H9c2 
cells were co-transfected with miR-214-5p mimic along with FASLG 
pcDNA followed by H/R treatment. A – The influence of overexpres-
sion of miR-214-5p and up-regulation of FASLG on the LDH and 
MDA activities was tested by LDH and MDA assay kit in H9c2 cells 
under H/R treatment. B – The effects of enhanced miR-214-5p lev-
el and elevated expression of FASLG on ROS production were eval-
uated by ROS detection assay in H9c2 cells upon H/R exposure.  
C – The effects of up-regulated miR-214-5p level and enhanced 
FASLG expression on the apoptosis rate were determined by cell 
apoptosis analysis assay in H9c2 cells by H/R treatment. D – The ef-
fect of advanced expression level of miR-214-5p when co-transfect-
ed with FASLG overexpression construct in H9c2 cells on the protein 
levels including FASLG, Bcl-2, Bax, cleaved-caspase 9 and cleaved-
caspase 3 was measured by western blotting upon H/R exposure

Data are presented as mean ± SD. ***P < 0.001.
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a high level after co-transfection of FASLG pcDNA in 
H/R-treated H9c2 cells (p < 0.001, Figure 6 B). Fur-
ther, the cardiac cell apoptosis rate and pro-apopto-
sis protein expression levels were also detected. As 
shown in Figure 6 C, the decreased cell apoptosis 
rate induced by miR-214 mimic was returned to 
a high level by up-regulation of FASLG in H/R treat-
ed H9c2 cells (p < 0.001). In addition, western blot 
results showed that the overexpression of FASLG 
in cardiomyocytes after H/R injury dramatically en-
hanced the expression of FASLG and the pro-apop-
tosis factors Bax, cleaved caspase-3 and cleaved 
caspase-9 (p < 0.001), whereas it decreased the 
expression of the anti-apoptosis factor Bcl-2 com-
pared to the miR-214-5p treatment alone (p < 
0.001, Figure 6 D). Altogether, the roles of miR-214-
5p in decreasing ROS generation and cell apoptosis 
were abolished by overexpression of FASLG in car-
diac cells under H/R treatment.  

Overexpression of miR-214-5p alleviated 
myocardial injury induced by I/R treatment 
in mice

Further, the cardioprotective function of miR-
214-5p was confirmed via intracoronary injec-
tion of miR-214-5p overexpression adenovirus 
(Ad-miR-214-5p) into I/R treated mice. After ad-
ministration of Ad-miR-214-5p 5 days before I/R 
operation, the miR-214-5p expression was nota-
bly up-regulated compared with the control or I/R 
group (p < 0.001, Figure 7 A). The enhanced ex-
pression of miR-214-5p decreased the CK and LDH 
activity in I/R treated mice (p < 0.001, Figure 7 B). 
Moreover, the infarct size and heart damage were 
markedly reduced by Ad-miR-214-5p injection 
in animals operated on with I/R treatment (p < 
0.001, Figure 7 D). As shown in Figure 7 E, the dis-
ordered arrangement of myocardial fibers and the 
inflammatory cell infiltration in the interstitium 
in I/R treated mice were ameliorated by up-reg-
ulation of miR-214-5p. Further, compared with 
the I/R treated group, the levels of FASLG protein 
and pro-apoptotic proteins including Bax, cleaved-
caspase 9 and cleaved-caspase 3 were dramati-
cally attenuated by Ad-miR-214-5p (p < 0.01, p < 
0.001) whereas the expression of anti-apoptotic 
protein Bcl-2 was increased by overexpression of 
miR-214-5p in I/R treated mice (p < 0.001, Figure 
7 F). Thus, overexpression of miR-214-5p reduced 
heart infarct size and cardiac cell apoptosis and 
ultimately alleviated cardiac tissue damage insult 
due to ischemic injury in vivo.

Discussion

The present study revealed that the expression 
level of miR-214-5p was decreased in H/R injured 
H9c2 cells. Overexpression of miR-214-5p was 

able to reduce cell injury and cell apoptosis in H9c2 
cells upon H/R treatment and in mice treated with 
an I/R operation. Apoptosis is a major event linked 
with IHD [15]. Our study demonstrated that miR-
214 protected cardiac cells from I/R injury via tar-
geting pro-apoptosis protein-FASLG in H9c2 cells. 
These results suggested that miR-214-5p might 
be a protective factor for I/R injury by inhibiting 
FASLG expression.

miR-214 is a highly conserved miRNA among spe-
cies, which is associated with various physiological 
and pathological processes of cardiovascular diseas-
es including IHD [5, 6]. Overexpression of miR-214 
by its lentivirus attenuated cardiomyoblasts injury, 
decreased myocardial infarct size and ultimately im-
proved the cardiac function in I/R treated mouse, via 
activation of PI3K/Akt signaling by targeting PTEN 
expression and suppressing hypoxia inducible fac-
tor 1 [7, 16]. Interestingly, miR-214 is considered as 
a target for treatment of I/R diseases due to its pro-
tective roles in I/R disease. For instance, the nonse-
lective β-adrenergic receptor antagonist carvedilol or 
electroacupuncture pretreatment enhanced cardiac 
function and inhibited cardiomyocyte damage upon 
simulate I/R injury via enhancing miR-214 expres-
sion [8, 17]. In the present study, overexpression of 
miR-214-5p was able to reduce the cardiac cell dam-
age and apoptosis induced by I/R injury in vivo and  
in vitro. Thus, our study suggested that miR-214 
plays a protective role against I/R injury in IHD. 

miRNA exerts its functions via regulating var-
ious target genes [4]. Hence, establishing the re-
lationship of miR-214-5p and its target gene may 
contribute to understanding the molecular mech-
anism underlying I/R impairment. In our study, 
FASLG was predicted as a  target gene of miR-
214-5p, and further study confirmed that FASLG 
overexpression attenuated the cardioprotective 
role of miR-214-5p in H/R injured cardiac cells. It 
is well recognized that cardiomyocyte apoptosis 
is a  fundamental feature in response to I/R inju-
ry [18]. FASLG binding with its receptor FAS could 
trigger extrinsic and intrinsic apoptosis pathways 
that were mediated by a series of apoptosis relat-
ed proteins when the death signal was stimulat-
ed [10–13]. The mRNA and protein levels of FAS/
FASLG were notably elevated in animals operated 
on by the coronary artery ligation constructed I/R 
model [14]. Moreover, FAS/FASLG was closely asso-
ciated with coronary disease and is considered as 
a  risk factor in CAD patients [19, 20]. FASLG/FAS 
and its downstream factors such as Bax, cleaved-
caspase 9 or 3 are the treatment targets for I/R dis-
ease cure [21–23]. For instance, Toll like receptors 
(TLRs), hydrogen sulphide (H2S) tadalafil or luteo-
lin-7-O-glucoside display their anti-apoptotic activ-
ity against I/R via down-regulation of FASLG/FAS 
and its downstream signalling factor [21–23]. Con-
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Figure 7. miR-214-5p reduced cardiac cell damage induced by I/R injury in mice. The animals were administered 
with Ad-miR-214-5p in an intracoronary delivery manner 5 days before the I/R operation. A – The effect of adeno-
virus on the expression level of miR-214-5p was evaluated by qRT-PCR in I/R-treated mice. B, C – The influence of 
overexpression of miR-214-5p on the CK and LDH activity was examined by CK and LDH assay kit in mice exposed 
to I/R treatment. D – The influence of Ad-miR-214 on the focal ischemia of heart slices and quantitative analysis of 
heart infarct size were assessed by TTC staining in I/R-treated animals. E – Representative images of cardiac tissue 
slices were acquired by HE staining in mice injected with Ad-miR-214-5p following I/R treatment. F – The effect of 
enhanced miR-214-5p expression on the pro- or anti-apoptotic protein levels was evaluated by western blotting in 
mice upon I/R exposure. N = 6 per group

Data are expressed as mean ± SD; **p < 0.01, ***p < 0.001. 
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sistently, the present study also found that FASLG 
and pro-apoptotic proteins Bax, cleaved-caspase 9 
and 3 were up-regulated while the anti-apoptotic 
protein Bcl-2 was down-regulated in H/R injured 
cardiac cells. Based on these results, the functions 
of miR-214-5p and FASLG in I/R damage have 
been described. Thus, the miR-214-5p/FASLG axis 
is considered as a potential therapy target for is-
chemia-induced cardiovascular diseases.

In conclusion, the current study elucidated the 
protective function of miR-214-5p via suppressing 
the FASLG-mediated apoptotic signaling pathway 
in H9c2 cells after H/R injury. Further studies for 
the recovery roles of miR-214-5p in vivo will pro-
vide a post-injury treatment target of myocardial 
ischemia-induced disease.
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