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MicroRNA-18-5p inhibits the oxidative
stress and apoptosis of myocardium induced
by hypoxia by targeting RUNX1
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Abstract. - OBJECTIVE: Acute myocardial
infarction (AMI) is the main cause of sudden
death in the world. The aim of this paper was
to explore the role of microRNA-18-5p (miR-18-
5p) in myocardial infarction (MI) and its poten-
tial mechanism.

MATERIALS AND METHODS: The expres-
sion of miRNA and protein was detected using
quantitative reverse-transcription polymerase
chain reaction (RT-PCR) analysis and Western
blot. The level of oxidative stress of cardiomyo-
cytes was evaluated by detecting the contents
of Superoxide dismutase (SOD), Reactive oxy-
gen species (ROS) and Malondialdehyde (MDA).
Caspase-3 activity assay, flow cytometry and
TUNEL staining were employed to evaluate
apoptosis of myocardium. Dual-Luciferase re-
porter gene assay was used to prove whether
miR-18-5p targeted RUNX1.

RESULTS: MiR-18-5p was down-regulated in
hypoxia-treated H9c2 cells. Hypoxia treatment
induced oxidative stress and apoptosis of H9c2
cells. The oxidative stress of H9c2 was manifest-
ed by the decrease of SOD activity, the increase
of ROS and MDA levels, and the apoptosis of
H9c2 was shown by the increase of caspase-3
activity and apoptosis rate. MiR-18-5p mimic
was transfected into H9c2 cells and successfully
up-regulated miR-18-5p. And overexpression of
miR-18-5p markedly inhibited the oxidative stress
and apoptosis caused by hypoxia in H9c2 cells.
Through bioinformatics analysis and Dual-Lucif-
erase reporter gene assay, RUNX1 was proved to
have binding sites for miR-18-5p. Furthermore,
knocking down RUNX1 using small interfering
RNA-RUNX1 (siR-RUNX1) significantly protected
H9c2 cells from oxidative stress and apoptosis.

CONCLUSIONS: MiR-18-5p expression was
decreased in hypoxia-treated H9c2 cells. Over-
expression of miR-18-5p alleviated hypoxia-in-
duced oxidative stress and apoptosis in H9c2
cells via targeting RUNX1.
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Introduction

Acute myocardial infarction (AMI) is one
of the common types of coronary heart disease
(CHD) in clinic. Its morbidity, mortality and dis-
ability rate are high, and it has become a serious
threat to human health'2. Current clinical treat-
ment methods include drug thrombolysis, cor-
onary intervention and coronary artery bypass
grafting®*. Although these treatments have ben-
efited more and more patients and the mortality
rate has decreased significantly, due to poor re-
generation of myocardial cells after infarction,
the heart cannot be repaired by regeneration of
myocardial cells. The loss of myocardial cells af-
ter myocardial infarction (MI) and the subsequent
ventricular remodeling are the main causes of a
series of complications after MI, especially heart
failure, which affects the prognosis of patients.
How to promote the repair and functional recon-
struction of myocardial cells in the area of necro-
sis after MI and prevent ventricular remodeling
has become the key to improving the prognosis of
patients with MI.

MicroRNA (miRNA) participates in post-tran-
scriptional gene expression regulation by induc-
ing target gene silencing. In mammals, the exact
match between the “seed sequence” of the 2nd to
8th nucleotides at the 5° end of the miRNA se-
quence and the target mRNA 3’-untranslated re-
gion (3’UTR) is the basis of miRNA negative reg-
ulation®’. A miRNA can inhibit multiple different
protein-coding genes, and a specific protein-cod-
ing gene can be regulated by multiple different
miRNAs. This complex regulatory network can
regulate the expression of multiple genes through
a miRNA or can finely regulate the expression of
a gene through the combination of several miR-
NAs. Abnormal expression of miRNA is closely
related to the pathophysiological processes of var-
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ious cardiovascular diseases®. MiR-34a silencing
has been shown to inhibit cardiac aging and myo-
cardial cell death and fibrosis after MI°. Chu et al'?
showed that miR-130 could aggravate myocardial
injury after MI via targeting PPAR-y. However,
the role of miR-18-5p in MI has not been studied.

In this study, we established MI model in vitro
to detected miR-18-5p expression. Moreover, the
role of miR-18-5p in MI was studied by up-reg-
ulation of miR-18-5p. Our results suggested that
miR-18-5p could become a potential therapeutic
target for ML

Materials and Methods

Cell Culture

The complete medium for cultivating H9¢2
cells (Invitrogen, Carlsbad, CA, USA) was for-
mulated with 3 ingredients: Dulbecco’s Modified
Eagle’s Medium (DMEM) (Gibco, Rockville,
MD, USA), 10% fetal bovine serum (FBS) (Gib-
co, Rockville, MD, USA) and 1% penicillin/strep-
tomycin (Gibco, Rockville, MD, USA). The cell
incubator that cultivated H9¢2 cells maintained a
constant temperature of 37°C and contained 5%
CO,. To establish a cell model of MI, H9¢c2 cells
were placed in a cell incubator containing 5%
CO, and 1% O, for 12 hours.

Transfection of MiRNA Mimic and siRNA

MiR-18-5p mimic, mimic negative control
(NC), small interfering RNA-RUNXI1 (siR-
RUNX]1), and siR-NC were produced and de-
signed by RiboBio (Guangzhou, China). These
synthetic RNAs were transfected into H9¢2 cells
using the Transfection Kit (RiboBio, Guangzhou,
China) according to the instructions.

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

After washing the H9¢2 cells with pre-chilled
phosphate-buffered saline (PBS) 3 times, we add-
ed 1.0 mL of TRIzol reagent (Invitrogen, Carls-
bad, CA, USA) to each well, and mixed thorough-
ly to obtain a cell suspension. The cell suspension
was transferred to a 1.5 mL Eppendorf (EP) tube.
After the cell suspension was allowed to stand at
room temperature for 5 minutes, 0.2 ml of chlo-
roform was added, and the mixture was shaken
vigorously for 30 seconds and allowed to stand
for 5 minutes. Then, the mixture was centrifuged
at 12000 rpm and 4°C for 15 minutes, and the up-

per colorless aqueous phase was carefully trans-
ferred to another new 1.5 mL EP tube. An equal
volume of isopropanol was added, and the mix-
ture was gently inverted. After standing at room
temperature for 10 minutes, it was centrifuged at
12000 rpm and 4°C for 15 minutes. Subsequently,
the supernatant was discarded, and the RNA was
washed with 75% ethanol and then precipitated by
centrifugation at 7500 g at 4°C for 10 minutes.
The RNA pellet was dried in air for 5 minutes.
30 pL of diethyl pyrocarbonate (DEPC)-treated
Water (Beyotime, Shanghai, China) was used to
dissolve RNA and then stored in a refrigerator at
-80°C. 1 pL of total RNA sample was used to de-
termine the RNA concentration and purity on the
NanoDrop 2000 ultramicro spectrophotometer.
The purity of RNA samples was judged by the
absorbance ratio of RNA samples at wavelengths
of 260 nm and 280 mn, with A260/280 in the
range of 1.8-2.0 being the best. According to the
instructions of All-in-One™ miRNA First-Strand
complementary deoxyribose nucleic acid (cDNA)
Synthesis Kit (GeneCopoeia, Guangzhou, China),
the total RNA extracted was used for specific re-
verse transcription of miR-18-5p. All-in-One™
miRNA gPCR Kit (GeneCopoeia, Guangzhou,
China) was used for miR-18-5p amplification.
U6 was the internal control of miR-18-5p. All the
primers were listed in Table I.

Cell Counting Kit-8 (CCK-8) Assay

The viability of H9¢c2 cells was measured us-
ing CCK-8 Cell Counting Kit (Vazyme, Nanjing,
China). 10 uL. CCK-8 solution was added to each
well. The absorbance at 450 nm was measured us-
ing a microplate reader.

Reactive Oxygen Species (ROS)
Quantification

The levels of ROS in H9¢c2 cells were mea-
sured using DHR-ROS test kit (Bestbio, Shang-
hai, China) in accordance with protocols.

Superoxide Dismutase (SOD)
Activity Assay

The SOD levels in H9c2 cells were detected
using SOD Assay Kit (KeyGen, Shanghai, China)
in accordance with the protocols.

Malondialdehyde (MDA) Levels

The MDA levels in cell supernatant were de-
tected using Lipid Peroxidation MDA Assay Kit
(Beyotime, Shanghai, China) according to the
protocols.
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Table I. Real time PCR primers.

Gene name Forward (5'>3’)

Reverse (5'>3’)

miR-18-5p AGGCGTAAGGTGCATCTAG

AACAACCAACACAACCCAAC

ue6 CTCGCTTCGGCAGCACA

AACGCTTCACGAATTTGCGT

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

Caspase-3 Activity

Caspase-3 activity of H9c2 cells was detect-
ed by Caspase-3 activity detection kit (Beyotime,
Shanghai, China) according to the protocols.

Flow Cytometry

The apoptosis rate of H9c2 cells was detected
using Annexin V-FITC/PI Apoptosis Detection
Kit (Vazyme, Nanjing, China). After collecting
cells of each group by digestion with trypsin, the
cells were washed twice with pre-chilled PBS
buffer. After centrifugation at 2000 rpm for 10
min, 100 pL of Binding Buffer was added to re-
suspend the cells. 100 pL of the cell suspension
was transferred to a flow tube, 5 pL of Annexin
V-FITC and PI staining solution were added, and
after careful mixing, the reaction was carried out
at room temperature in the dark for 15 minutes.
After each tube was supplemented with 400 uL
of Binding Buffer, the flow cytometer was used
to detect Annexin V-FITC and PI signals on the
machine to statistically analyze the apoptosis rate
of each group.

TUNEL Staining

The apoptosis of H9¢2 cells was detected using
TUNEL BrightRed Apoptosis Detection Kit (Va-
zyme, Nanjing, China) as instructed by the manu-
facturer. The nucleus was stained with DAPI (Be-
yotime, Shanghai, China). TUNEL staining was
observed by a fluorescence microscope.

Western Blot

Total protein of H9c2 cells was obtained
using radioimmunoprecipitation assay (RIPA)
lysis buffer (Beyotime, Shanghai, China). Pro-
tein concentration was measured using the bi-
cinchoninic acid (BCA) method (Beyotime,
Shanghai, China). 30 pug of protein was loaded
and electrophoresed on sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-
PAGE) gel at a constant voltage of 120 V. After
electrophoresis was completed, the separated
proteins were transferred to the polyvinylidene
difluoride (PVDF) membrane (Millipore, Bil-
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lerica, MA, USA) with a constant current of
300 mA. The membrane was then incubated in
5% skim milk to block non-specific antigens.
2 hours later, the membrane was incubated in
the primary antibody (RUNXI1, Abcam, Cam-
bridge, MA, USA: Rabbit, 1:1000; GAPDH,
Abcam, Cambridge, MA, USA Rabbit, 1:1000)
overnight. Then secondary antibody was em-
ployed to incubate the membranes for 2 hours.
Finally, Super enhanced chemiluminescence
(ECL) Detection Reagent (YEASEN, Shanghai,
China) was used to develop the blots in Image
Lab™ Software.

Luciferase Activity Assay

Luciferase reporter plasmids (RiboBio,
Guangzhou, China) containing wild-type (WT)
or mutant (MUT) 3’UTR of RUNXI1 were con-
structed. MiR-18-5p mimic or NC along with
Luciferase reporter plasmids were co-transfected
into HEK293T cells. According to the instruc-
tions of the Dual-Luciferase Reporter Assay Sys-
tem kit (RiboBio, Guangzhou, China), the firefly
Luciferase and Renilla Luciferase activities of the
cells in each group after transfection were mea-
sured.

Statistical Analysis

Measurement data were expressed as y£s, and
the measurement data were tested for normality.
Differences between two groups were analyzed
by using the Student’s #-test. Comparison be-
tween multiple groups was done using One-way
ANOVA test followed by Post-Hoc Test (Least
Significant Difference). Test level 0=0.05.

Results

MiR-18-5p Was Down-Regulated
in Hypoxia-Treated H9c2 Cells

To explore the appropriate time for the estab-
lishment of MI cell model using hypoxia treat-
ment, we measured the viability of H9¢2 cells un-
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Figure 1. MiR-18-5p was down-regulated in hypoxia-treated H9¢2 cells. A, The viability of H9¢2 cells treated with hypoxia
was detected using CCK-8 assay. B, MiR-18-5p expression in H9¢2 cells was detected by RT-PCR (*,” p<0.05 vs. control, n =
3). C, Transfection of miR-18-5p mimic into H9¢2 cells significantly increased miR-18-5p expression (*,” p<0.05 vs. NC, n = 3).

der different periods of hypoxia. As can be seen
from Figure 1A, the cell viability of H9¢2 cells
decreased by about 50% after 12 hours of hypox-
ia, so we chose 12 hours of hypoxia to build a MI
cell model. Afterwards, by RT-PCR, we found
that miR-18-5p expression decreased significantly
in cardiomyocytes treated with hypoxia (Figure
1B). To further study the function of miR-18-5p,
miR-18-5p was overexpressed using miR-18-5p
mimic (Figure 1C).

Up-Regulation of MiR-18-5p Inhibited
Hypoxia-Induced Oxidative Stress and
Apoptosis of H9cZ Cells

After H9¢2 cells were treated with hypoxia, the
expression of SOD decreased greatly, while the lev-
els of ROS and MDA increased markedly, suggest-
ing that hypoxia induced oxidative stress in H9¢2
cells. After overexpression of miR-18-5p, the oxida-
tive stress of H9¢2 cells was remarkably inhibited
(Figure 2A-2C). In addition, hypoxia treatment also
induced the apoptosis of H9¢c2 cells, which was man-
ifested by the increased expression of Caspase-3 and
the increased apoptosis rate. However, up-regulation
of miR-18-5p protected H9¢2 cells from hypoxia-in-
duced apoptosis (Figure 2D-2F).

MiR-18-5p Directly Targets RUNXT

Through the TargetScan database, RUNXI
was predicted to be the target gene of miR-18-5p
(Figure 3A). Moreover, overexpression of miR-
18-5p notably inhibited RUNXI expression (Fig-
ure 3B). Further, overexpression of miR-18-5p
significantly inhibited the activity of Luciferase,
proving that miR-18-5p directly targets RUNX1
mRNA (Figure 3C).

Knockdown of RUNXT Inhibited
Hypoxia-Induced Oxidative Stress
and Apoptosis of H9c2 Cells

To prove whether RUNX1 can regulate hypox-
ia-induced oxidative stress and apoptosis in H9¢c2
cells, we silenced RUNXI1 by transfecting siR-
RUNXI1 into cells. Silencing RUNX1 increased
the expression of SOD in H9¢2 cells and inhibited
the production of ROS and MDA (Figure 4A-4C).
These proved the anti-oxidative stress of silencing
RUNXI1 on cardiomyocytes. In addition, silenc-
ing RUNXI inhibited the activity of Caspase-3
in H9¢c2 cells and significantly reduced the rate
of apoptosis, as evidenced by flow cytometry and
TUNEL staining (Figure 4D-4F). These results
demonstrate the anti-cardiomyocyte apoptosis ef-
fect of silencing RUNXI.

Discussion

In this present study, we revealed the role of
miR-18-5p in MI. We have revealed for the first
time that miR-18-5p is down-regulated in ML
Overexpression of miR-18-5p could inhibit hy-
poxia-induced oxidative stress and apoptosis of
myocardium. This protective effect was achieved
at least in part by targeting RUNXI.

Cardiovascular disease has become prevalent
with the aging of the population and the accelera-
tion of urbanization. AMI, a major ischemic heart
disease, is a grave threat to human health. AMI,
especially large-area transmural MI, can lead to
complex changes in the structure and function
of the ventricle, including the infarcted area and
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Figure 2. Up-regulation of miR-18-5p inhibited hypoxia-induced oxidative stress and apoptosis of H9¢c2 cells. The expres-
sion of SOD (A) and ROS (B) and MDA (C) in H9¢2 cells (“,” p<0.05 vs. control, “,” p<0.05 vs. hypoxia+NC, n=3). D, The

@

Caspase-3 activity in H9¢2 cells (“,” p<0.05 vs. control, “,” p<0.05 vs. hypoxia+NC, n=3). E, Apoptosis rate was detected by
flow cytometry (“,” p<0.05 vs. control, ,” p<0.05 vs. hypoxia+NC, n=3). F, Results of TUNEL staining of H9¢c2 cells in each

group (200x) (“,” p<0.05 vs. control, “,” p<0.05 vs. hypoxia+NC, n=3).

non-infarcted area, namely ventricular remodel- ventricular remodeling after MI is an important
ing. Ventricular remodeling can lead to ventric- link that cannot be ignored in preventing heart
ular dilation, heart failure and arrhythmia. It is failure''>. An important feature of ventricular re-
one of the main factors that determine the cardiac modeling is cell death. Several studies have shown
function and prognosis of M1 patients. Preventing that the main form of cardiomyocyte death after
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Figure 3. MiR-18-5p directly targets RUNXI. A, Binding site predicted by the TargetScan database. B, Western blot showed
the expression of RUNX1 (“,” p<0.05 vs. NC, n=3). C, MiR-18-5p mimic significantly decreased the relative luciferase activity
in RUNXI-WT group, but did not decrease the relative luciferase activity in RUNXI-MUT group (“,” p<0.05 vs. NC, n = 3).

MI is apoptosis rather than cell necrosis. Cardio-
myocyte apoptosis after MI not only affects the
area of MI, but causes ventricular remodeling'>!*,

Apoptosis and necrosis of myocardial tissue
and cells caused by ischemia and hypoxia are
important factors for the occurrence and devel-
opment of MI. Existing studies have shown that
there are many mechanisms involved in apop-
tosis, among which mitochondria are important
productivity organs, and a variety of apoptotic
proteins can induce mitochondria to initiate apop-
tosis programs. Moreover, various pathological
factors can regulate intracellular Caspase-3, pro-
grammed cell death 5 (PDCD-5) and Bcl-2, Bax,
and induce cell apoptosis'>".

Oxidative stress has been confirmed to be in-
volved in the process of myocardial cell apoptosis
after myocardial infarction. The view is that reac-
tive oxygen species (ROS) can be used as signal-
ing molecules to mediate apoptosis'®. Under nor-
mal physiological conditions, low levels of ROS
play an important role in signaling and metabolic
pathways. However, during MI, overproduction
of ROS will lead to oxidative stress, leading to
DNA oxidation, initiating membrane lipid perox-
idation chain reaction, changing membrane flu-
idity and destroying the integrity of cells, caus-
ing changes in cell function and even necrosis".
Excessive ROS is liable to undergo peroxidation
reaction with lipid to produce MDA. MDA is the
final product of lipid peroxidation reaction, so

MDA is often used as an index to evaluate the
degree of ROS. And SOD is the main antioxidant
enzyme, which can effectively eliminate free rad-
icals in the body?**.

RUNXI1 (Runt-related transcription factor 1) has
been shown to participate in the regulation of var-
ious biological processes, such as cell proliferation
and apoptosis. Li et al** proved that miR-101 could
alleviate myocardial injury after MI and improve
cardiac function of Ml rats via targeting RUNXI.

In this paper, we construct a cell model of MI
by hypoxia treatment. Moreover, hypoxia treat-
ment induced oxidative stress and apoptosis of
H9c2 cells. By RT-PCR, miR-18-5p was found
to be down-regulated in H9¢2 cells treated with
hypoxia. The overexpression of miR-18-5p sig-
nificantly inhibited the oxidative stress and apop-
tosis of H9¢2 cells. Through bioinformatics anal-
ysis and Luciferase reporter gene experiments,
we demonstrated that miR-18-5p directly targets
RUNXI. And knocking down RUNXI can sig-
nificantly protect H9¢c2 cells from hypoxia-in-
duced oxidative stress and apoptosis.

Conclusions
MiR-18-5p was down-regulated in M1. Up-reg-
ulation of miR-18-5p could inhibit myocardial ox-

idative stress and apoptosis induced by hypoxia
via targeting RUNXI.
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Figure 4. Knockdown of RUNXI inhibited hypoxia-induced oxidative stress and apoptosis of H9¢c2 cells. The expression
of SOD (A) and ROS (B) and MDA (C) in H9¢2 cells (“,” p<0.05 vs. control, “,”” p<0.05 vs. hypoxia+siR-NC, n=3). D, The
Caspase-3 activity in H9¢2 cells (*,” p<0.05 vs. control, “,” p<0.05 vs. hypoxia+siR-NC, n=3). E, Apoptosis rate was detected
by flow cytometry (“,” p<0.05 vs. control, “,” p<0.05 vs. hypoxia+siR-NC, n=3). F, Results of TUNEL staining of H9¢2 cells

in each group (200x) (“,” p<0.05 vs. control, “,” p<0.05 vs. hypoxia+siR-NC, n=3).
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