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MiR-808 inhibits cardiomyocyte apoptosis

and expressions of caspase-3 and caspase-9
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TGF-B1 signaling pathway
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Abstract. - OBJECTIVE: To investigate the ef-
fects of micro ribonucleic acid (miR)-808 on cardio-
myocyte apoptosis and expressions of caspase-3
and caspase-9 in rats with myocardial infarction
(MI) by regulating the transforming growth fac-
tor-1 (TGF-B1) signaling pathway.

MATERIALS AND METHODS: A total of 24
specific pathogen-free female Sprague-Dawley
rats were enrolled and randomly divided into nor-
mal group, model group, and miR-808 group, 8
rats in each group. In the model group and miR-
808 group, MI model was prepared by ligation
of the left anterior descending coronary artery
in the rats. The miR-808 group was transfected
with miR-808 lentivirus after the model was es-
tablished. After one week of intervention, the ex-
pression of TGF-B1 was detected by reverse tran-
scription-polymerase chain reaction (RT-PCR).
The cardiac function of rats was determined by
echocardiography. The myocardium of rats was
observed by Masson staining. The cardiomyocyte
apoptosis of rats was examined by TdT-mediated
dUTP-biotin nick end labeling (TUNEL) method.
The expression levels of caspase-3 and caspase-9
were detected by Western blotting.

RESULTS: The expression of TGF-1 mRNA
was higher in the model group than that in the nor-
mal group (p<0.05), but compared with that in the
model group, it was lower in the miR-808 group.
The myocardial function and cardiomyocyte sur-
vival rate in the miR-808 group was better and
higher than those in the model group (p<0.05).
The expression levels of caspase-3 and caspase-9
in the miR-808 group were lower than those in the
model group (p<0.05).

CONCLUSIONS: MiR-808 can inhibit cardio-
myocyte apoptosis in rats with Ml by down-reg-
ulating TGF-B1 expression and inhibiting the ex-
pressions of caspase-3 and caspase-9.

Corresponding Author: Ran Jing, MD; e-mail: rjing811@gmail.com

Key Words:
MIR-808, Myocardial infarction, Cardiomyocyte
apoptosis.

Introduction

Myocardial infarction (MI) is a clinically
common coronary heart disease characterized
by severe myocardial ischemia. After the onset,
thrombosis will be suddenly formed, resulting in
vascular occlusion'?. In recent years, the work-
ing environment and eating habits have changed
dramatically, so the incidence of MI is increasing
year by year according to epidemiological statis-
tics. The number of MI deaths accounts for more
than half of the deaths from cardiovascular dis-
eases, so it has become the number one killer that
seriously threatens the human health®.

Micro-ribonucleic acids (miRNAs) are a class of
non-coding small RNAs that are highly conserved
during the evolution of higher animals*’. MiRNAs
are closely related to human heart diseases such as
sudden MI, ischemia, abnormal hypertrophy, re-
modeling, and sudden heart failure®’. MiR-808 is
abundant in human and animal heart tissues®. Trans-
forming growth factor-p (TGF-p) is a kind of cyto-
kine that play an important role in regulating the
life activities of the body. It is found that TGF-1 is
closely correlated with MI°-'2,

Caspases are a family of enzymes involved in
apoptosis, which mediate and perform its func-
tions during apoptosis. It is currently found that
caspases-3 and caspases-9 are closely related to
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cardiomyocyte apoptosis’®*'’. However, whether
miR-808 can ameliorate MI by regulating TGF-f1
thus affecting the expressions of caspases-3 and
caspases-9 has not been reported. Therefore, this
study aims to clarify the mechanism of miR-808
in MI by establishing the rat model of MI.

Materials and Methods

Experimental Animals and Grouping

A total of 24 specific pathogen-free (SPF) fe-
male Sprague-Dawley rats aged 2 months old and
weighing about (200 g+20) g were enrolled and
randomly divided into normal group (n=8), model
group (n=8), and miR-808 group (n=8). The rats
were fed in SPF animal experiment center, and
they were administrated with adequate aseptic
feed and water daily. This investigation was ap-
proved by the Animal Ethics Committee of Cen-
tral South University Animal Center.

Main Experimental Reagents
and Instruments

MiR-808 (Shanghai Genechem Co., Ltd., Shang-
hai, China), TGF-f1 (ABI, Applied Biosystems,
Foster City, CA, USA), caspases-3 and caspases-9
(Wuhan Boster Biological Technology Co., Ltd.,
Wuhan, China), TdT-mediated dUTP-biotin nick
end labeling (TUNEL) assay kit, echocardiography
(Visual SonicsInc., Amsterdam, Netherlands), and
polymerase chain reaction (PCR) instrument (ABI,
Applied Biosystems, Foster City, CA, USA).

Animal Model Preparation
and Processing

The rats were anesthetized with 7% chloral
hydrate intraperitoneally. The hair was removed
from the chest. After the disinfection with 75%
ethanol, the skin was cut open, and subcutane-
ous tissues were bluntly dissected to expose the
heart. The left coronary artery was ligated at 3
mm away from the origin to prepare the rat model
of MI. The rats in miR-808 group were injected
with miR-808 lentivirus after the model was es-
tablished. No treatment was performed in normal
group. The rats were fed with adequate nutrients
and water in a ventilated environment,

Echocardiography

After one week of intervention, the left ven-
tricular ejection fraction of rats was determined
and calculated by echocardiography to evaluate
the cardiac function.
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Myocardial Masson Staining

After one week of intervention, the paraffin
sections were prepared. The rat myocardium was
stained with Masson staining kit, dehydrated,
transparentized, and photographed.

Detection of TGF{31 By Reverse
Transcription-Polymerase Chain
Reaction (RT-PCR)

The tissues were taken, ground with a grind-
ing rod and liquid nitrogen, from which the RNA
was extracted using the extractant and reverse-
ly transcribed into complementary deoxyribose
nucleic acid (¢cDNA) under the following condi-
tions: reaction at 55°C for 5 min, denaturation
at 95°C for 10 min, lasting for 10 s, annealing at
60°C for 40 s. The primer sequences are shown
in Table 1.

Examination of Cardiomyocyte
Apoptosis by TUNEL Method

The TUNEL kit was applied to examine cardio-
myocyte apoptosis. Under the microscope, 5 fields
of view were randomly selected and photographed.
The brown color was positive. The ratio (%) of the
number of apoptotic cells to the total number of
cells was recorded as the apoptotic index.

Detection of Expression Levels
of Caspase-3 and Caspase-9
by Western Blotting

The total protein concentration was deter-
mined by bicinchoninic acid (BCA) method
(Pierce, Rockford, IL, USA). The protein was
loaded, separated via gel electrophoresis, and
transferred onto a polyvinylidene difluoride
(PVDF) membrane (Millipore, Billerica, MA,
USA). The membrane was sealed by the pre-
pared skim milk at 4°C for 1.5 h and incubat-
ed with rabbit anti-human caspase-3 monoclo-
nal antibody and rabbit anti-human caspase-9
monoclonal antibody at 4°C overnight. After
washing by phosphate-buffered saline and
tween (PBST), it was added with goat anti-rab-
bit second antibody for reaction at room tem-

Table I. Primer sequences.

Name Primer sequence

TGF-B1 F: 5-CGCCTGCAGAGATTCAAG-3'

R: 5-"AGGTAACGCCAGGAATTGTTGCTA-3'
U6 F: 5-CTCGCTTCGGCAGCACA-3'

R: 5-AACGCTTCACGAATTTGCGT-3'
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Figure 1. Left ventricular ejection fraction of each group.
Note: *p<0.05 vs. model group.

perature for 1.5 h. Finally, the protein bands
were exposed in the gel imaging system.

Statistical Analysis

Statistical Product and Service Solutions (SPSS)
22.0 software (IBM, Armonk, NY, USA) was used
for statistical analysis. The #test was performed for
data with normal distribution and equal variance,
the corrected #-test for data with normal distribu-
tion and unequal variance, and the non-parametric
test for data not meeting the normal distribution and
equality of variance. Besides, the rank sum test was
adopted for ordinal data, and the Chi-square test for
comparison between the two groups.

Results
Echocardiography

The left ventricular ejection fraction in miR-
808 group was higher than that in model group
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Figure 3. Expression level of TGF-f1 in the three groups
of rats detected via RT-PCR. Note: *p<0.05 vs. model group.

(p<0.05), and it was higher in normal group than
that in model group (p<0.05; Figure 1).

Myocardial Masson Staining

The blue muscle fiber tissues were rarely ob-
served in normal group, and cardiomyocytes were
arranged neatly and orderly. There were more
blue fiber tissues in model group, the collagen
accumulated significantly, and cardiomyocytes
were disorderly arranged. The miR-808 group
had fewer blue fiber tissues that were scattered,
and the cell arrangement was less disordered than
that of the model group (Figure 2).

RT-PCR Results

The results of RT-PCR exhibited that the ex-
pression level of TGF-B1 in the miR-808 group
was lower than that in model group (p<0.05), and
compared with that in model group, its expression
was lower in normal group (p<0.05; Figure 3).

Model

Figure 2. Masson staining result of each group (magnification: 200x).
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Figure 4. TUNEL staining diagrams (magnification: 400x).

TUNEL Results

The results of TUNEL demonstrated that there
were a large number of apoptotic cardiomyocytes
in the model group. The mortality of cardiomyo-
cytes in the miR-808 group was lower than that
in model group (p<0.05), and compared with that
in model group, it was lower in normal group
(p<0.05; Figures 4, 5).

Western Blotting Results

The expression levels of caspase-3 and
caspase-9 in model group were higher than those
in the miR-808 group (p<0.05), and compared
with those in model group, they were lower in
normal group (p<0.05; Figures 6, 7).

Discussion
MI is a heart disease with rapid onset and

dramatic changes in the condition, and it easily
induces local cardiomyocyte remodeling, which

Apoptosis Index (%)
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Figure 5. TUNEL staining results. Note: *p<0.05 vs. mod-
el group

ultimately leads to heart failure. The current re-
search shows that irreversible myocardial dam-
age and heart failure caused by MI are related to
cardiomyocyte apoptosis. The apoptosis of car-
diomyocytes is complex and diverse, but the orig-
inal myocardium in the heart will gradually be
replaced with the continuously formed compensa-
tory collagen fibers due to cardiomyocyte apopto-
sis of any reason, which will in turn aggravate the
hyperplasia, hypertrophy, and fibrosis of myocar-
dium, ventricular remodeling, and even gradual
necrosis, eventually developing into whole heart
failure and even death. Therefore, scholars and
experts from all over the world attach great im-
portance to cardiomyocyte death caused by MI
and the related pathway mechanisms and various
series of cascade reactions caused by cardiomyo-
cyte death?%2,

MiRNAs are a kind of conserved RNAs about
18-25 nt in length, which, by binding to related
target genes, activate or inhibit the translation of
target genes, thereby controlling a series of life
processes of cells, including growth, division,
differentiation, and even apoptosis. The previous
study was limited to body tumors, metabolic ab-
normalities, and certain endogenous diseases. In

Caspase-3 - - -
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Figure 6. Protein bands detected via Western blotting.
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Figure 7. Protein expression results in the three groups.
Note: *p<0.05 vs. normal group; #p<0.05 vs. miR-808

group.

recent years, research priorities have shifted to
the cardiovascular system. MiRNAs are involved
in the body’s irreversible myocardial damage,
cardiac ejection, contractile dysfunction, cardi-
ac remodeling, heart failure and infarction, and
post-ischemia perfusion®’. Among many miR-
NAs associated with heart disease, miR-808 plays
a significant role in regulating MI and cardiomyo-
cyte apoptosis. TGF-f1 is a kind of cytokines that
participate in regulating the life activities of the
body. It is found that through the continuous stim-
ulation of TGF-B1, myocardial cells will gradually
become necrotic and apoptotic. TGF-B1 can play
its role of mediation, causing myocardial thick-
ening and cardiac function loss by cooperating
with other signaling pathways, eventually lead-
ing to myocardial fibrosis. Therefore, it has been
known as the most critical and direct endogenous
cytokine that causes myocardial fibrosis. In ad-
dition, the further study verifies that TGF-B1 can
induce massive abnormal activation and differen-
tiation of cardiac tissue fibroblasts, which in turn
produces excessively harmful collagen fibers and
multimeric fibronectin, and inhibits extracellu-
lar matrix decomposition, thus resulting in more
serious fibrosis, MI and apoptosis in the whole
heart. However, when TGF-B1 is knocked out, it
is found that the degree of cardiac fibrosis in rats
of the same age is lower than that in the rats with-
out TGF-BI knockout, the MI rate is lower, and
the occurrence of apoptosis is less. The degree
of myocardial fibrosis, cardiac hypertrophy, ven-
tricular remodeling, MI rate and cardiomyocyte
apoptosis are higher in rats injected with TGF-p1
exogenous RNA than those in normal rats of the
same age. Compared with those in rats inject-

ed with TGF-B1 antagonist, the cardiomyocyte
apoptosis rate and MI rate are lower in normal
rats of the same age, and the systolic and diastolic
functions of rats are also better®!?%2, This study
also showed that the cardiac function is poorer
and cardiomyocyte apoptosis is worse in rats in
the high-expression TGF-f1 group than those in
normal group. Caspases are a family of enzymes
involved in the regulation of apoptosis, which
mediate and perform its functions during apop-
tosis. Its abnormal expression or massive activa-
tion will cause apoptosis in normal cells. There
are many kinds of apoptotic factors, but currently
it has been found that caspases-3 and caspases-9
are closely related to the apoptosis of cardiomy-
ocytes. There are two ways to cause apoptosis.
Some of the dead macromolecules in the extracel-
lular pathway bind to apoptotic sites and signals,
and after the complex reactions, caspase-3 is ac-
tivated, causing apoptosis. The apoptotic factors
in the intracellular pathway bind to apoptotic pro-
tein-activating enzyme to form a complex, thus
activating caspases-9 in the cytoplasm. Then,
caspases-9 continues to bind to the downstream
caspase-3 precursor to activate caspase-3, ulti-
mately causing apoptosis’®'®. The novelty of our
present study was that we first attempted to inves-
tigate the role of miR-808 in the development of
MI and also explored its potential mechanism via
in vivo and in vitro experiments.

The echocardiogram of this research showed
that the cardiac function of miR-808 group was
better than that of MI group, indicating that miR-
808 can improve the recovery of myocardial func-
tion after MI. RT-PCR results prompted that the
expression of TGF-B1 in miR-808 group was low-
er than that in model group, revealing that miR-
808 can inhibit the expression of TGF-f1 after
MI. TUNEL results exhibited that the mortality
of cardiomyocytes in the miR-808 group was low-
er than that in model group, demonstrating that
miR-808 can reduce cardiomyocyte apoptosis
after MI. Western blotting results displayed that
the expression levels of caspase-3 and caspase-9
in model group were higher in model group than
those in miR-808 group, suggesting that miR-
808 can inhibit the expressions of caspase-3 and
caspase-9 after MI. In conclusion, miR-808 can
inhibit the cardiomyocyte apoptosis after MI. The
specific mechanism is that miR-808 inhibits the
expression of TGF-B1 after MI, thereby inhibit-
ing the expressions of apoptosis-related factors,
caspases-3 and caspases-9, ultimately reducing
cardiomyocyte apoptosis after MI.
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Conclusions

In short we indicated that miR-808 can in-
hibit cardiomyocyte apoptosis in rats with MI by
down-regulating TGF-B1 expression and inhibit-
ing the expressions of caspase-3 and caspase-9.
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