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Abstract. — OBJECTIVE: To investigate the
role and mechanism of micro ribonucleic acid
(miR)-298 in myocardial apoptosis after myocar-
dial infarction.

MATERIALS AND METHODS: In vivo exper-
iments, the rat model of myocardial infarction
was established, and miR-298 was up-regulat-
ed via lentivirus with miR-298 overexpression.
Cardiac function of rats was detected via echo-
cardiography, Bcl-2 associated X protein (BAX)
expressions in infarction border zone were de-
tected via Real-time Quantitative PCR (qT-PCR)
and Western blot, and TUNEL assay was used
to detect the myocardial apoptosis. In vitro ex-
periments, myocardial cells were isolated and
cultured, an oxygen-glucose deprivation (OGD)
model was established to mimicking the isch-
emic condition, the relationship between miR-
298 and BAX was verified using luciferase re-
porter vector, lentivirus and small-interfering
RNA (siRNA) in BAX.

RESULTS: In vivo experiments showed that
the miR-298 expression was down-regulated at
2 and 4 weeks after myocardial infarction. The
up-regulation of miR-298 significantly improved
the cardiac function, decreased the expressions
of BAX, reduced the myocardial apoptosis and
inhibit the apoptosis proteins expression includ-
ing cytochrome-c and cleaved caspase-3. In vi-
tro experiments revealed that BAX was a target
gene of miR-298 and further proof that miR-
298 could inhibit the cytochrome-c and cleaved
caspase-3 expression and myocardial apoptosis
through BAX.

CONCLUSIONS: MiR-298 can improve the myo-
cardial apoptosis through the target gene BAX.

Key Words:
miR-298, Bcl-2 associated X protein (BAX), Myocardi-
al infarction, Apoptosis.

Introduction

With the rapid economic development and im-
provement of people’s living standards, cardio-

vascular disease (CVD), especially the coronary
heart disease (CHD) has become the main cause
of human death, whose morbidity and mortality
are increased year by year'. Ischemic heart dis-
ease (IHD), especially acute myocardial infarc-
tion is one of those diseases with high morbidity
and mortality in the world>. When coronary artery
occlusion occurs based on lesion, the supply of
myocardial oxygen and nutrient substance in the
blood supply area will be stopped, thus leading
to acute myocardial infarction. The development
and wide application of emergency percutaneous
coronary intervention (PCI) technology has sig-
nificantly decreased the mortality of the acute
myocardial infarction in recent years. However,
as the myocardial cells nearly lose all the regen-
erative capacity, the heart will not be repaired by
the regeneration of myocardial cells after myocar-
dial infarction, and ventricular remodeling will
occur in the heart, which will lead to heart failure
finally. Therefore, the maintenance of the surviv-
al of ischemic myocardial cells is critical for the
prognosis of acute myocardial infarction during
acute myocardial ischemia.

As a form of cell death, apoptosis is the cell
death controlled by genes in an autonomous or-
der’. Apoptosis is a process of highly regulated
programmed cell death. It plays an important role
under many heart pathological conditions*>. The
inhibition of apoptosis has become a potential ther-
apeutic strategy. Some studies®® have found that
apoptosis is involved in the acute and chronic loss
of myocardial cells in various heart diseases, in-
cluding myocardial infarction, ischemic heart dis-
ease, myocardial reperfusion injury, various types
of cardiomyopathy and acute or chronic heart fail-
ure. Myocardial cell apoptosis also plays an im-
portant role in subsequent processes of cardiac re-
modeling and progress to heart failure. As a result,
the loss of myocardial cells is the most important
determinant affecting the prognosis after myocar-
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dial infarction, thus reducing myocardial cell loss
is a key issue in the treatment of myocardial infarc-
tion. MicroRNA (miRNA) is a type of small mole-
cule non coding RNA that binds to three prime un-
translated region (3’-UTR) of the target messenger
RNA (mRNA) to achieve post-transcriptional level
control of gene expression, thus participating in
the pathophysiological process of many diseases’.
More and more attention has been paid to the im-
portant roles of miRNA in the cardiovascular field
gradually. Recently, it has been proven that sever-
al miRNAs participate in regulating the apoptosis
of myocardial cells in acute myocardial infarction
and in affecting the prognosis of acute myocardi-
al infarction''*. MicroRNA 298 (miR-298) is an
important component of the microRNA regulatory
network. Lately, it has been widely certified that
miR-298 exert critical regulatory effects on many
diseases'”!, but the effects of miR-298 on the myo-
cardial infarction have not been researched yet. In
this work, the expression of miR-298 in the myo-
cardial cells after myocardial infarction was detect,
its myocardial protection effect and mechanism af-
ter myocardial infarction were investigated.

Materials and Methods

Establishment of the Rat MI Model

Male Sprague-Dawley (SD) rats (200-250 g)
aged 8-10 weeks old were fed freely at room
temperature for 1 week for testing. Then rats
were divided into 4 groups: sham-operation
group (Sham group, n=16), myocardial infarc-
tion group (MI group, n=6), miR-298 group (MI
+ Lv-miR 298 group, n=16) and blank lentivirus
control group (MI + Lv-NC group, n=16). The
myocardial infarction model was established
via the ligation of left anterior descending cor-
onary artery; in sham-operation group, the left
anterior descending branch was not ligated,
and the remaining operations were the same as
those in myocardial infarction group. After li-
gation, rats were observed for 20 min. The len-
tivirus with miR-298 overexpression was given
to miR-298 group, and the blank lentivirus (Ge-
nePharma) was given to blank lentivirus con-
trol group'®. Briefly, the aorta and pulmonary
artery were identified. A 23 G catheter contain-
ing 300 pL of the lentivirus was inserted from
the left ventricle into the aortic root. Three rats
chosen randomly from each group were sacri-
ficed to detect the expression of miR-298 in 14
day and 28 day after infarction. The rest rats

were fed until the 4™ week after operation for
further study. This investigation was approved
by the Animal Ethics Committee of Qingdao
University Animal Center.

Cardiac Function and Histology

At 4 weeks after operation, left ventricular
end-systolic diameter and left ventricular end-di-
astolic diameter were detected via the cardiac
M-mode ultrasound images of parasternal left
long-axis section using a small animal ultrason-
ic apparatus, and left ventricular ejection fraction
(LVEF) and left ventricular fractional shortening
(LVES) were calculated. After color Doppler ul-
trasound examination, rats were executed; the
heart was removed for other examination.

Cell Culture

SD neonatal rats aged 1-2 days old were taken,
disinfected with 75% ethanol and executed. The
heart was removed on the aseptic table, and con-
nective tissues and atrial tissues were removed;
the ventricular tissues were cut into pieces (1
mm?) and cells were digested and separated with
0.25% trypsin. The resulting cells were cultured
in Dulbecco’s modified Eagle medium (DMEM)
containing 10% fetal bovine serum (FBS) in an
incubator with 5% CO, at 37°C for 60-90 min.
myocardial cells were obtained and continued to
be cultured in an incubator with 5% CO, at 37°C
for 2-3 days before experiments.

Cell Transfection and Treatment

Cardiac fibroblasts were pre-cultured in a 24-
well plate for 24 h, Then, three group were es-
tablished to study the potential relevance between
miR-298 and cardiac fibroblast cell: NC group
(negative control), miR-298 mimics (cardiac fi-
broblast cell transfected by miR-144 mimics) and
mimics + BAX (cardiac fibroblast cell transfect-
ed by miR-298 mimics and siBAX). All the stuff
was purchased form RiboBio (Guangzhou, Chi-
na) and were transfected by using lipofectamine
RNAiIMAX (Life Technologies, Gaithersburg,
MD, USA) according to the manufacturer’s in-
structions. After cultured for another 24 h, an ox-
ygen-glucose deprivation (OGD) model was es-
tablished to mimicking the ischemic condition',
OGD was performed by placing plates containing
cardiac fibroblasts in Dulbecco’s Modified Eagle
Medium (DMEM) without medium in an anaero-
bic chamber (BD Anaerobe Pouch System). After
incubation for 8 h at 37°C, cells were collected for
further analysis.
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Luciferase Reporter Assays

In TargetScan, miRDB and microRNA web-
sites, it was found that BAX is the target gene
of miR-298. The binding sequence of miR-298
at the 3’-end of BAX was mutated using a point
mutation kit (Agilent Technologies, Santa Clara,
CA, USA), and the mutated BAX (Mut-type)
and non-mutant BAX (WT-type) were connect-
ed with the pGL3-Basic luciferase reporter vec-
tor (Promega, Madison, WI, USA). PGL3-Basic
vector with mutant BAX was transfected into
myocardial fibroblasts after lentivirus interven-
tion on the 12-well plate. The same treatment was
performed on the pGL3-Basic vector connected
with the non-mutant BAX according to steps in
the Luciferase Reporter Gene Assay Kit. Then the
luciferase activity was detected in a multi-func-
tion microplate reader.

QPCR

Total RNA was procured by TRIzol Reagent
in accordance with the manufacturer’s protocol.
SYBR green qPCR assay was used to measure
the level of BAX expression and endogenous
controlled by GAPDH. TagMan miRNA assays
(Applied Biosystems, Foster City, CA, USA) was
used to measure the level of miR-298 expression
normalized to miRNA U6.

Western Blot Analysis

Myocardial tissues in the infarction border
zone and myocardial cells after transfection were
selected for protein analysis. Radioimmunopre-
cipitation assay (RIPA) tissue lysate (Beyotime,
Shanghai, China) was added into the specimen,
and the protein supernatant was extracted after
homogenate and centrifugation. The protein level
was determined using bicinchoninic acid (BCA)
method. According to the level, 20 ug protein was
taken for loading, followed by 6% sodium do-
decyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). The gel was removed and trans-
ferred onto the polyvinylidene difluoride (PVDF)
membrane. The membrane was sealed with 5%
skim milk powder at room temperature for 2 h,
and added with anti-BAX, anti-cytochrome c¢
and anti-cleaved caspase-3 antibodies (Abcam,
Cambridge, MA, USA) for incubation at 4°C
overnight. After washing, the horseradish perox-
idase-labeled secondary antibody was added for
incubation at room temperature for 1 h, followed
by color development via chemiluminescence in-
strument and analysis via Imagel software. p-ac-
tin was used as the internal reference.
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TUNEL

The apoptosis of myocardial cells was detected
by TUNEL assay according to the manufacturer
(Roche, Basel, Switzerland). Horseradish peroxi-
dase (HRP)-mediated diaminobenzidine reaction
was used to visualize the TUNEL-positive cells,
following the counterstain. Fields were photo-
graphed at a magnification of 200x and were ran-
domly selected. The apoptosis index was used to
measure the degree of apoptosis.

Statistical Analysis

All results are presented as the means + stan-
dard deviation (SD). The statistical analyses were
performed using both Graph Pad Prism 5.01
(Graph Pad Software, Inc., La Jolla, CA, USA)
and PASW Statistics 18.0 (SPSS Inc., Fayette-
ville, NC, USA). One-way ANOVA was used to
compare differences among groups. An unpaired
t-test was used to compare was used to compared
between 2 groups. A value of p<0.05 was consid-
ered statistically significant.

Results

miR-298 was Downregulated in
Myocardium Border Zone After Infarction
Compared with that in sham-operation group,
the expression of miR-298 in the myocardial
infarction border zone in MI groups at 2 and 4
weeks was decreased. However, treated with
miR-298 lentivirus could increase the expression
of miR-298, demonstrating that the lentivirus
with miR-298 overexpression can up-regulate the
expression of miR-298 in myocardium (Figure 1).

miR-298 Improved the Cardiac Function
After Infarction

LVEF and LVFS in myocardial infarction group
at 4 weeks were significantly lower than those in
sham-operation group, but LVEF and LVFS in
miR-298 group were significantly higher than
those in blank lentivirus control group (Figure 2).

miR-298 Inhibited the Expressions of
BAX and Cell Apoptosis After I/R

The mRNA levels of BAX in the myocardial
infarction border zone in myocardial infarction
groups at 4 weeks were higher than those in sh-
am-operation group. The mRNA levels of BAX
in miR-298 group were significantly lower than
those in blank lentivirus control group. Similar re-
sults to PCR were obtained via Western blotting,
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Figure 1. The expressions of miR-298 in in myocardium

border zone after infarction. (" p<0.001 compared with
Sham group; *p<0.05 vs. MI group).

indicating that miR-298 inhibits the expressions
of BAX in the myocardial infarction border zone
(Figure 3A). As detection by Western blotting, we
could see the release level of cytochrome-c and
cleaved caspase-3 were significantly increased
in MI groups by comparing with Sham group.
cytochrome-c and cleaved caspase-3 are char-
acteristic signs of apoptosis®. Intervened with
miR-298 could prevent cytochrome-c and cleaved
caspase-3 activation (Figure 3C), TUNEL stain-
ing was performed to further evaluation. The
TUNEL positive cells were shown as dark brown
particles as apoptotic cells and the apoptotic in-
dex inmiR-298 group had reduced remarkable

when compared with the blank lentivirus control
group (Figure 3B).

BAX was a Target Gene of miR-298

To search potential target of miR-298, we
checked it in three publicly available algorithms,
TargetScan, miRDB and microRNA to elucidate
the putative and possible targets of miR-298. Fi-
nally, we found the BAX was checked a supposed
target of miR-298 (Figure 4A). In in vitro experi-
ments, the luciferase reporter gene assay showed
that the lentivirus transfected with miR-298 sig-
nificantly reduced the fluorescence expression of
pGL3-Basic vector with WT-BAX, but did not
reduce the fluorescence expression of pGL3-Basic
vector with Mut-BAX, indicating that BAX is a
target gene of miR-298 (Figure 4B). The transfec-
tion with miR-298 mimics could reduce the mRNA
and protein levels of BAX in myocardial cells after
treated with OGD. Furthermore, the apoptosis level
measured by TUNEL positive-cell and the protein
expression of cytochrome-c and cleaved Caspase-3
decreased much more than Sham group. However,
after the BAX siRNA was increased, the apoptosis
index and the protein levels of cytochrome-c and
cleaved caspase-3 in myocardial cells were also
increased, suggesting that miR-298 can down-reg-
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Figure 2. Up-regulation of miR-298 improved the cardiac function after infarction. A, Representative transthoracic M-mode
echocardiograms from each group. B and C were statistical analysis of the data obtained or derived from original echocar-
diographic records. Data were presented as means =+ standard deviations. (“'p<0.01, *"p<0.001 compared with Sham group;

#p<0.01 vs. MI+Lv-NC group).
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Figure 3. Up-regulation of miR-298inhibit the expression of BAX in vivo and reduce the myocardial apoptosis after infarc-
tion. A, Expression of BAX in vivo determined by Real-time PCR and Western blot. B, Images of the myocardial cell stained
by TUNEL assay in vivo, Photomicrographs were taken at 400x magnification. Apoptotic cardiomyocyte nuclei appear brown
stained, histogram shows the percentage of TUNEL-positive cells (brown staining). C, Protein expression of cytochrome-c
and cleaved caspase-3 in vivo determined by Western blot. Data were presented as means + standard deviations. ("p<0.01,
“"p<0.001, ""p<0.0001 compared with Sham group; *p<0.05, #p<0.01 vs. MI+Lv-NC group).

ulate the myocardial apoptosis through the target
gene BAX (Figure 5).

Discussion

With the improvement of people’s living stan-
dards and the change of their life styles, CHD
represented by acute myocardial infarction has
become one of the most main causes of human
death in the world. Although the development
and application of PCI technology has decreased
the mortality of CHD, including that of the myo-
cardial infarction, it remains a challenge in the
cardiovascular field that the heart cannot be re-
paired through the regeneration of the myocar-
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Figure 4. BAX is a direct and functional target of miR-
298. A, Diagram of putative miR-298 binding sites of BAX.
B, Relative activities of luciferase reporters (“p<0.01).
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Figure 5. In vitro experiment. Up-regulation of miR-298 inhibited the expressions of BAX, reduce the myocardial apoptosis
and prevent the protein expression of cytochrome-c and cleaved caspase-3. 4, Expression level of BAX in vitro. B, Protein ex-
pression of cytochrome-c and cleaved caspase-3 in vitro determined by Western blot. C, Images of the myocardial cell stained
by TUNEL assay in vitro, TUNEL-positive cells (green fluorescence) were observed under a fluorescence microscope at 400x
magnification. Data were presented as means + standard deviations. ("p<0.01, *"p<0.001 vs. NC group; #p<0.01, **p<0.001
vs. Mimics group).

dial cells after myocardial infarction, which will of great importance for the heart functions and
result in the ventricular remodeling and finally long-term prognosis after acute myocardial in-
lead to heart failure. Therefore, the maintain- farction. Apoptosis is regulated by intracellular
ing of survival of ischemic myocardial cells is apoptosis-modulating proteins, which are divid-
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ed into pro-apoptotic proteins and anti-apoptotic
proteins. Apoptosis is the result of the loss of bal-
ance between these two proteins that are antago-
nistic to each other. Studies have shown that the
expression levels of Bcl-2 associated X protein
(BAX) is directly related to the apoptosis regu-
lation. Increased BAX promotes the apoptosis;
decreased BAX reduce the apoptosis. It has been
proposed that the survival ability of cells after be-
ing stimulated by apoptosis depends on the ratio
of Bel-2 to BAX?'22, When the BAX expression
level is lower, the ratio is increased. The heterod-
imers of Bcl-2/BAX are formed and the apopto-
sis is inhibited. When the BAX expression level
is higher, the ratio is decreased. The homodimers
of Bcl-2/BAX are formed and the apoptosis oc-
curs. Studies have indicated that caspases family
is the promoter and executioner of apoptosis for
mammals, among which Caspase-3 is the most
critical apoptotic protease in the downstream of
caspase cascade®. BAX worked as a component
of the ion channel on the mitochondrial mem-
brane, enables cytochrome-c to pass through the
mitochondrial membrane and to further activate
Caspase-3, leading to apoptosis®. Recent studies
have reported that miRNAs are closely involved
in the regulation of pathological processes such
as angiogenesis, heart development, cardiac hy-
pertrophy, heart failure, and reperfusion injury,
and it may be one of the key regulatory factors®.
The latest researches confirmed the relationship
between part of miRNAs and myocardial isch-
emia injury. MiR-15, miR-140 and miR-320 can
promote the apoptosis of myocardial ischemia
through corresponding target genes!’'%; miR-24
and miR-214 can inhibit the apoptosis of myocar-
dial cells™', so as to protect the ischemic myo-
cardium. Thus revealing the regulation rules of
miRNAs on apoptosis in myocardial ischemic in-
jury is conducive to our further understanding of
the mechanism of myocardial ischemic injury and
to looking for new intervention strategies. In this
work, the expression of miR-298 in myocardial
tissues of rats after myocardial infarction was an-
alyzed, and it was found that the expression level
of miR-298 was significantly decreased in myo-
cardial tissues of rats after myocardial infarction.
After the intervention in miR-298 expression in
myocardial infarction rats with lentivirus, the
cardiac color ultrasound, TUNEL assay, qT-PCR
and Western blotting were performed, and it was
found that miR-298 could inhibit the expressions
of BAX in the myocardial infarction border zone,
improve the cardiac function after myocardial in-
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farction and reduce the apoptosis level. To study
the molecular mechanism of abnormally high ex-
pression of miR-298 in myocardial tissues after
myocardial infarction, it was found first through
bioinformatics that BAX was a regulatory tar-
get of miR-298. Then, myocardial cells of neo-
natal rats were extracted and cultured in vitro,
an OGD model was performed to mimicking the
ischemic condition and luciferase reporter gene
assay showed that the lentivirus transfected with
miR-298 significantly reduced the fluorescence
expression of pGL3-Basic vector with WT-BAX,
but had no effect on the fluorescence expression
of pGL3-Basic vector with Mut-BAX, indicating
that BAX is a target gene of miR-298. The trans-
fection with miR-298 mimics and BAX siRNA
confirmed that miR-298 could down-regulate
the cytochrome-c and cleaved caspase-3 protein
expression and reduce the myocardial apoptosis
through the target gene BAX.

Conclusions

Molecular targeted therapy is the direction of
medical development and has made a great break-
through in anti-tumor therapy. In our study, we
found that MiR-298 can improve the myocardial
apoptosis through the target gene BAX, which may
be the theoretical basis for the molecular targeted
therapy in the myocardial ischemic injury.
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