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Abstract. - OBJECTIVE: The aim of this re-
search was to explore the effect of microR-
NA-133a (miR-133a) on myocardial fibrosis and
cardiac function after myocardial infarction in
rats, and to investigate the possible regulatory
mechanism.

MATERIALS AND METHODS: Myocardial in-
farction model was successfully established in
rats by ligation of the left anterior descending
coronary artery. After miR-133a overexpression
in rats myocardium, cardiac function was ex-
amined by echocardiography. Meanwhile, the
degree of myocardial fibrosis was detected by
Masson staining. In addition, the expression of
a-smooth muscle actin (a-SMA) in cardiomyo-
cytes was detected by immunohistochemistry.
Quantitative Real-time polymerase chain reac-
tion (qRT-PCR) was performed to analyze the
expression level of miR-133a in the junction of
myocardial infarction. The mRNA expressions
of transforming growth factor-g1 (TGF-31), con-
nective tissue growth factor (CTGF), collagen
type 1 (col 1), collagen type 3 (col 3) and a-SMA
were measured by qRT-PCR as well. Further-
more, the protein levels of the above genes were
detected by Western blotting.

RESULTS: MiR-133a expression in the infarct
border zone of myocardial tissue was signifi-
cantly decreased on the 28" day after myo-
cardial infarction surgery (p<0.05). In addition,
up-regulation of miRNA-133a in myocardial tis-
sue of rats with myocardial infarction could re-
markably improve cardiac function and reduce
collagen volume fraction. Furthermore, the mR-
NA and protein expression levels of TGF-p1, CT-
GF, coll, col3, a-SMA in myocardial tissue were
obviously decreased after miRNA-133a up-regu-
lation (p<0.001).

CONCLUSIONS: Overexpression of miR-133a
down-regulates the mRNA and protein levels of
TGF-B1 and CTGF after myocardial infarction.
Moreover, this may eventually reduce myocardi-
al collagen deposition, inhibit myocardial fibro-
sis and improve cardiac function.
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Introduction

Myocardial infarction (MI) is a cardiovas-
cular disease that seriously endangers human
health. It can eventually lead to poor prognosis,
such as heart failure. Myocardial fibrosis (MF)
is an important pathophysiological change after
MI. Cell interstitial hyperplasia will be induced
by the activation of various fibrosis-related fac-
tors'. MF can lead to increase cardiac stiffness,
decreased diastolic function, changes in nor-
mal cardiac electrophysiological structures to
induce arrhythmias, and even sudden death?®-.
Therefore, inhibition of MF is of great impor-
tance for preventing heart failure caused by
MI. Abnormal accumulation of collagen fibers
in myocardial tissues can result in obviously
increased collagen concentration in the myocar-
dium or an increase in collagen volume fraction
(CVF). Various types of collagen disorder and
imbalance in proportion are called MF*. The
development of MF is affected by multiple fac-
tors, including immune system, body cytokines
and RAAS system. However, the mechanisms
of different types of MF are not identical. At
the same time, the formation mechanism of MF
can also regulated by various factors, such as
angiotensin, endothelin, nitric oxide, transform-
ing growth factor, connective tissue growth
factor and intracellular calcium. On the whole,
the imbalance of synthesis, metabolism and
degradation of myocardial extracellular matrix

Corresponding Author: Chengsen Zhang, MM; e-mail: zcsys@163.com



Role of miR-133a in myocardial infarction

collagen leads to the occurrence of MF>¢, Mi-
croRNA (miRNA) is a type of single-stranded
small RNA with about 18-25 ribonucleotides
in length. The main function of miRNA is to
regulate basic processes of human life activities,
such as cell growth, proliferation and differen-
tiation, as well as cell apoptosis, aging, death,
etc.”. In recent years, studies have found that
miRNAs regulate the expressions of cardiovas-
cular disease-related genes, such as miR-1, miR-
21, miR-133, miR-208, etc. Meanwhile, they
are also widely involved in pathophysiological
processes of cardiovascular diseases, including
MF, cardiac hypertrophy, and arrhythmia®. MiR-
133a is one of the most abundant miRNAs in the
heart. It plays an important role in the regulation
of cardiac development, such as cardiomyocyte
differentiation and proliferation’. Previous stud-
ies have focused on the effect of miR-133 on
cardiac development. For example, miR-133a
promotes the differentiation and proliferation of
embryonic stem cells into myoblasts, whereas
inhibits the differentiation of myoblasts into car-
diomyocytes. Therefore, any abnormality in the
expression of miR-133a during embryonic stage
will affect the normal development of the heart'.
It has been found that in miR-133a-deficient
mice, cardiac structural abnormalities, such as
ventricular septal defect, cardiac enlargement
and ventricular wall thinning, are accompanied
by severe MF and heart failure'"'?. These find-
ings indicate that miR-133a is essential in main-
taining the balance of heart extracellular matrix.
In a variety of cardiac hypertrophy pathology
models, the expression of myocardial miR-133a
is significantly decreased. Meanwhile, up-regu-
lation of miR-133a can greatly improve patho-
logical processes such as cardiac hypertrophy.
Therefore, miR-133a may serve as a cardio-pro-
tective factor”. Transforming growth factor-pl
(TGF-B1) and connective tissue growth factor
(CTGF) are important pro-fibrotic factors. As a
promoter of fibrosis, TGF-B1 can induce CTGF
production. Meanwhile, CTGF acts as a down-
stream mediator of TGF-f1 to promote its fibro-
sis'. Both of the two molecules can promote the
phenotypic transformation of fibroblasts. They
can also induce the synthesis of extracellular
matrix components, such as collagen, proteo-
glycan and laminin, through various pathways'’.
In this study, we found that miR-133a played
its role by regulating the expression of genes
closely related to fibrosis'®". In nicotine-induced
canine atrial fibroblasts, the expression level

of miR-133a is decreased. This may result in
increased synthesis of TGF-B1, accompanied by
massive collagen synthesis'®. High expression
of CTGF in hypertrophic ventricular myocytes
is also associated with decreased expression of
miR-133 in various animal models of cardiac
hypertrophy'. In this work, a rat model of MI
was successfully constructed by ligating the
anterior descending coronary artery. The effect
of miR-133a overexpression on the transcription
and translation of TGF-B1 and CTGF, as well as
the regulation of MF were observed. In addition,
we investigated the role and mechanism of miR-
133a in MF after MI.

Materials and Methods

Animal Grouping

A total of 60 healthy male Sprague-Dawley
(SD) rats were fed in a specific-pathogen-free
(SPF) environment in (20 + 2)°C, with 60% to
70% of relative humidity and light and dark in
turn. According to the random number table
method, all SD rats were randomly divided into
3 groups, including: sham operation group (no
ligation after crossing the line), control group
(ligation and intra-cardiac injection of phosphate-
buffered saline (PBS)), and miR-133a up-regula-
tion group (ligation and intra-cardiac injection
of miR-133a precursor). 20 rats were included
in each group. This study was approved by the
Animal Ethics Committee of Qingdao University
Animal Center.

Animal Model Preparation

Rats were first anesthetized by intraperitoneal
injection of 10% chloral hydrate at a dose of 350
mg/kg. The supine position was fixed on the op-
erating platform, and tracheal intubation assisted
ventilation. The skin in the anterior region was
routinely prepared and disinfected. Subsequent-
ly, the skin was cut longitudinally at the most
obvious point of the heartbeat. After separation
and fully expose, the left ventricle was injected
with PBS or miR-133a precursor. At the same
time, non-invasive vascular clamp was used to
gently clamp the ascending aorta for about 10s.
Immediately after the heart rate slowed down, the
vascular clamp was released. If there was no sign
of death after 10 min, the left anterior descend-
ing coronary artery was ligated between the left
atrial appendage and the pulmonary artery. After
ligation, the left ventricular wall became pale,
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the wall motion was weakened, and ST period in
electrocardiograph (ECG) was raised. Then the
model was confirmed successfully established in
rats. In the sham operation group, the needle was
surgically sutured at the same site. However, the
left anterior descending coronary artery was not
ligated. The thoracic cavity was closed layer by
layer, and the chest skin wound was applied with
cotton swab penicillin sodium powder after sur-
gery. Single cage was fed freely at room tempera-
ture. Each rat was given intraperitoneal injection
of 100,000 units/day penicillin for anti-infection
three days after operation.

Echocardiography

On the 28th day after surgery, the rats were
intraperitoneally injected with 4% chloral hydrate
(0.65 mL/kg) and fixed in supine position. The
chest hair was then sheared. Echocardiography
(probe 10 S, image depth 2.0-4.0 cm, frequency
114 MHz) was used to check left ventricular
end-diastolic diameter (LVEDD), left ventricular
end-systolic diameter (LVESD), left ventricular
fractional shortening (LVFS) and left ventricular
ejection fraction (LVEF).

Specimen Collection and Processing

After the completion of echocardiography in
each group, the rats were sacrificed. Cardiac
specimens were dissected, and myocardial tis-
sue at the junction of MI was collected. After
washing with pre-cooled saline, part of the tis-
sues were frozen in -80°C for subsequent use.
Meanwhile, the other part of the tissues were
immediately soaked in 4% paraformaldehyde.
Paraffin-embedded sections were then prepared
for pathological examination.

Masson Staining

Myocardial tissue was first fixed in 4% para-
formaldehyde, washed, dehydrated and immersed
in wax. Then the tissues were embedded, cut into
4 pm slices and placed in a warm water dish.
Unfolded tissue sections were placed on a glass
slide and incubated at room temperature for 60
minutes. After staining with Masson, the sections
were observed under a microscope. In Masson
stained sections, cardiomyocytes were stained
red. However, collagen fibers were stained as
a blue strip or homogeneous structure, which
were located in the intercellular space. Lastly,
collagen volume fraction (CVF) was calculated
using Image-Pro Plus software (Silver Springs,
MD, USA).
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Immunohistochemistry

Tissue sections were digested with xylene and
dehydrated with alcohol. Antigen was extracted
from a-smooth muscle actin (a-SMA) slide. The
primary antibody was added dropwise, followed
by incubation at 4°C overnight. Next, the slides
were washed with PBS and incubated with cor-
responding secondary antibody at 30°C for 30
min. Afterwards, the antigen was developed by
diaminobenzidine (DAB) (Solarbio, Beijing, Chi-
na). After counterstaining with hematoxylin, the
antigen was differentiated by hydrochloric acid
alcohol, sealed by gum and observed under a mi-
croscope. The positive and negative indicator of
immune response showed brown and blue in the
nucleus, respectively. 10 fields of view were ran-
domly selected from each sample, and 100 nuclei
were counted continuously. Finally, the number
of positive cells was recorded, and the positive
rate was calculated.

Western Blotting Assay

Myocardial tissue was first washed with pre-
cooled physiological saline solution at 4°C and
then minced. An appropriate ratio of radioimmu-
noprecipitation assay (RIPA) lysate (Beyotime,
Shanghai, China) was added for lysis. After ho-
mogenization, the supernatant was centrifuged,
and the concentration of total protein was de-
termined according to the instructions of bicin-
choninic acid (BCA) assay kit (Pierce, Rockford,
IL, USA). Western blotting was used to detect
the expressions of proteins, including TGF-B1,
CTGEF, collagen type 1 (col 1) and collagen type
3 (col 3).

Quantitative Real-Time Polymerase
Chain Reaction (qRT-PCR)

Total RNA in rat myocardial tissues was ex-
tracted according to the kit instructions (TaKaRa,
Otsu, Shiga, Japan). Extracted RNA was reverse
transcribed into complementary deoxyribose nu-
cleic acid (cDNA) in strict accordance with kit in-
structions (TaKaRa, Otsu, Shiga, Japan). The mR-
NA sequences of miR-133a, TGF-1, CTGEF, col 1,
col 3, a-SMA and glyceraldehyde 3-phosphate de-
hydrogenase (GADPH) were searched from Gen
Bank. GAPDH was used as an internal reference.
Primers were designed using Primer 5.0 software.
The mean Ct values of target genes and reference
genes were determined by qRT-PCR. The expres-
sion of genes of treatment group relative to blank
group was calculated by the 224t method. Primer
sequences used in this study were as follows:
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TGF-p1, F: 5-CCACCACGCTCTTCTGTC-
TACC-3’, R: 5-CTGGCTACGGGCTTGTCA-3’;
miR-133a, F: 5-CTGCAGCTGGAGAGTGTG-
CG-3, R: 5’>-GTGCTCTGGAGGCTAGAGGT-3’;
CTGFE, F: 5°-AGCAGCGGCATTTGGACAA-3’,

R: 5’-CGTGCGAATAGCGACAGTTCT-3’;
col 1, F 5-GCTTTCAACACGCATG-3’,
R: 5’-AACTGCACCTGTACGATCG-3%;

col 3, F: 5-ACATAAAGACATGAA-3’, R:
5’-CTTTCAACACGCAGGACAGAT-3’;
a-SMA, F: 5- CAGAGGGAAGAGTTCAG-3’,
R: 5-CTTGGTCTGGAGGAGACCT-3’; Ué: F:
5’-GCTTCGGCAGCACATATACTAAAAT-3’,
R: 5’-CGCTTCAGAATTTGCGTGTCAT-3’;
GAPDH: F. 5-CGCTCTCTGCTCCTCCT-
GTTC-3’, R: 5’-ATCCGTTGACTC-
CGACCTTCAC-3.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 17.0 statistical software (SPSS Inc., Chi-
cago, IL, USA) was used for all statistical anal-
ysis. Measurement data were expressed as mean
+ standard deviation (X £ s). t-test was used
to compare the difference between two groups.
Count data was evaluated by y* test. p<0.05 was
considered statistically significant.

Results

Ultrasound Results of
Rat Heart Examination

Compared with Sham group, LVESD and
LVEDD were significantly increased in PBS
group and miR-133a group, whereas left ven-
tricular short axis shortening rate (FS) and left
ventricular ejection fraction (EF) were notably
decreased (p<0.05). Besides, compared with PBS
group, LVESD and LVEDD were significantly
decreased, while FS and EF were significantly
increased in miR-133a group (p<0.05). However,
they were not restored as Sham group (p<0.05)
(Figure 1A-1D).

Myocardial Masson Staining and
Collagen Volume Fraction in Rats

Masson staining of myocardial tissues showed
that red cardiomyocytes were arranged neatly and
tightly in sham group. A small amount of blue
collagen fibers were scattered in the intercellu-
lar space (Figure 2A-a). In PBS group, a large
amount of collagen fibers were found deposited in
myocardial cells. Meanwhile, CVF was striking-

ly higher than that of Sham group (p<0.05) (Fig-
ure 2A-bd). On the contrary, compared with PBS
group, the distribution of myocardial collagen fi-
bers and CVF were both significantly down-regu-
lated in miR-133a group (p<0.05) (Figure 2A-cd).

Immunohistochemical Detection of
a-SMAL in Myocardial Tissues

In sham group, almost no a-SMA staining
positive cells expressed muscle-like fibroblasts
(Figure 2B-a). Meanwhile, the number of a-SMA
positive cells in PBS group was significantly
higher than that of sham group (p<0.05) (Fig-
ure 2B-b). MiR-133a significantly reduced the
number of a-SMA staining positive cells in the
peripheral region of MI in rats (p<0.05) (Figure
2B-c¢).

Protein Levels of Genes in
Myocardial Tissues

Western blotting showed that TGF-p1, CTGF,
coll and col3 were lowly expressed in Sham
group. However, the expressions of the above
proteins in PBS group and miR-133a group were
significantly increased when compared with Sh-
am group (p<0.05). In addition, the levels of the
above proteins in miR-133a group were remark-
ably lower than those of PBS group (p<0.05)
(Figure 3A-3D).

Changes of Myocardial mRNA
Expression in Rats

QRT-PCR results demonstrated that the ex-
pression of miR-133a in PBS group was signifi-
cantly lower than that of sham operation group
(p<0.05). The mRNA expression of miR-133a in
myocardial tissues of miR-133a group was sig-
nificantly higher than that of PBS group (p<0.05)
(Figure 4A). Compared with Sham group, the
mRNA expressions of TGF-f1, CTGF, coll, col3
and a-SMA in PBS and miR-133a groups were in-
creased significantly (p<0.05). However, in miR-
133a group, the mRNA expressions of the above
genes were notably lower than those of PBS
group (p<0.05) (Fig. 4B-4F).

Discussion

MF is a process of excessive accumulation of
interstitial collagen due to disturbance of myo-
cardial interstitial metabolism. It is also the main
cause of cardiac dysfunction after MI*°. Patho-
logical manifestations of MF can be found in the
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Figure 1. Cardiac function measured by color Doppler ultrasound. A, LVESD of rats in three groups measured by color
Doppler ultrasound. B, LVEDD of rats in three groups measured by color Doppler ultrasound. C, LVFS of rats in three groups
measured by cardiac color Doppler ultrasound. D, LVEF of rats in three groups measured by cardiac color Doppler ultrasound.
*The difference was statistically significant compared with sham operation group (p<0.05); “Compared with control group,

the difference was statistically significant (p<0.05).

Figure 2. A, Masson staining and myocardial collagen volume fraction. (Magnification: 400x). a, Changes of MF in
sham-operated rats. b, Changes of MF in control rats. ¢, Changes of MF in miR-133a group. d, Collagen volume fraction of
myocardial tissue in rats of three groups measured by Masson staining. B, Immunohistochemical detection of rdial tissue in
actirats of each group. (Magnification: 200x). a, Expression of a-SMA in myocardial tissue of rats in sham operation group.
b, Expression of a-SMA in myocardial tissue of rats in control group. ¢, Expression of a-SMA in myocardial tissue of rats in
miR-133a group. *The difference was statistically significant compared with sham operation group (p<0.05); “Compared with
control group, the difference was statistically significant (p<0.05).
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Figure 3. Immunoblotting assay for expressions of myocardial tissue-associated protein in rats of three groups. A, Expressions
of TGF-B1 and CTGF in myocardial tissue of rats in three groups. B, Expressions of TGF-B1 and CTGF in myocardial tissue
of rats in three groups. C, Expressions of coll and col3 in myocardial tissue of rats in three groups. D, Expressions of coll and
col3 in myocardial tissue of rats in three groups. *The difference was statistically significant compared with sham operation
group (p<0.05); “Compared with control group, the difference was statistically significant (p<0.05).

middle and late stages of various cardiovascular
diseases. However, the pathogenesis of MF has
not been fully clarified. Previous studies have
shown that the development of MF is affected by
multiple factors, including immune system, body
cytokines and RAAS system. In addition, the
mechanism of MF in different types is not exactly
the same?' .

MF is characterized by excessive deposition
of extracellular matrix. Myocardial interstitial
cells are composed of collagen, fibronectin, pro-
teoglycan and laminin, among which col 1 and
col 3 are the main components of myocardial
interstitial®*. Among myocardial collagen, type
I collagen and type III collagen account for

80-85% and 10-12%, respectively. They may
together constitute a spatial structure network
supporting the shape of heart. The ratio of
the two collagens determines the strength and
compliance of heart*. Under pathological con-
ditions, changes in collagen content and compo-
sition will lead to alterations in cardiac structure
and function?®. In this research it was found that
there was a small amount of collagen in myo-
cardial cells of sham-operated group. They were
mainly distributed around blood vessels, mainly
type I collagen. In control group, the infarct
area was thinned, and myocardial cells were
significantly reduced. Meanwhile, they were re-
placed by a large number of structurally disor-
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Figure 4. QRT-PCR detection of myocardial tissue-related mRNA expression levels in rats of three groups. A, Expression of
miR-133a in myocardial tissue of rats in three groups. B, Expression of TGF-f1 in myocardial tissue of rats in three groups.
C, Expression of CTGF in myocardial tissue of rats in three groups. D, Expression of coll in myocardial tissue of rats in three
groups. E, Expression of col3 in myocardial tissue of rats in three groups. F, Expression of a-SMA in myocardial tissue of rats
in three groups. *The difference was statistically significant compared with sham operation group (p<0.05); “Compared with
control group, the difference was statistically significant (p<0.05).
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dered collagen fibers. Besides, myocardial cells
in the infarct border zone were compensatory
hypertrophy. Myocardial space was widened,
and collagen fibers were deposited. Myocardial
CVF and type I and III collagen levels were
significantly elevated. There was a large num-
ber of inflammatory granulocytes, mononuclear
cell infiltration and fibroblast proliferation as
well. After 4 weeks of MI, LVEDD and LVESD
were significantly increased, whereas EF and FS
were markedly decreased. MiR-133a regulated
the synthesis of MF-related proteins. Up-reg-
ulation of miR-133a could significantly reduce
collagen fibrosis after MI. Furthermore, LVESD
and LVEDD were significantly reduced, while
FS and EF were significantly increased to im-
prove cardiac function in rats. TGF-pl plays a
key role in regulating cardiac fibroblast differ-
entiation and collagen metabolism. It promotes
extracellular matrix deposition by increasing
collagen and fibronectin synthesis and reduc-
ing extracellular matrix breakdown. Ultimately,
this may lead to fibrosis*’. TGF-B1 also plays a
key role in the remodeling process after MI. Its
overexpression may eventually lead to cardiac
dysfunction®. In the early stage, clinical and
basic experiments inhibit the fibrosis process
of cardiac hypertrophy or idiopathic pulmonary
fibrosis by TGF-p1 specific receptor antagonist.
It has been found that inhibition of TGF-B1 can
reduce the deposition of extracellular matrix and
improve heart-remodeling process®. In healthy
hearts, CTGF, a cysteine-rich growth regulator,
is mainly produced by fibroblasts. When myo-
cardial remodeling occurs, CTGF can also be
secreted by cardiomyocytes®®. As an important
cytokine that maintains the progression of fi-
brosis, CTGF exerts many biological functions,
such as promoting extracellular matrix synthesis
and cell proliferation, as well as inducing cell
phenotypic transformation®*. In addition, it is
a key downstream factor in TGF-B1 pro-fibrotic
pathway as well. Both in vitro and in vivo ex-
periments have shown that inhibition of CTGF
synthesis and activity by antisense RNA or neu-
tralizing antibodies inhibit TGF-Bl-induced col-
lagen synthesis and fibroblast aggregation*.
MiRNA is a kind of short-fragment RNA
consisting of 20-23 nucleotides. MiRNA func-
tions negatively to regulate gene expression by
inhibiting mRNA transcription or mRNA deg-
radation in the body®. In this work, our results
showed that miR-133a expression was signifi-
cantly down-regulated after MI. However, the

levels of TGF-B1, CTGEF, coll, col3 and a-SMA
were significantly up-regulated, indicating that
these changes were associated with MF after
MI. In addition, overexpression of miR-133a in
peripheral tissue of MI was found significantly
improved cardiac function, reduced myocardial
infarction area, reduced the synthesis of extracel-
lular matrix collagen, and reduced the differenti-
ation of cardiac fibroblasts into muscle-like fibro-
blasts. Meanwhile, overexpression of miR-133a
significantly decreased the mRNA and protein
levels of TGF-BI1. This indicated that miR-133a
might regulate the transcription and translation
of TGF-B1. Hence, we speculated that miR-133a
could regulate the expression level of TGF-B1 via
targeting itself, thereby achieving the regulation
of collagen metabolism. In conclusion, up-regu-
lation of miR-133a attenuates MF and improves
cardiac function in rats with MI. The protective
effect may be due to the decrease of TGF-B1 and
CTGF expression.

Conclusions

Overexpression of miR-133a down-regulates
the mRNA and protein levels of TGF-B1 and CT-
GF after M1. Eventually, this may reduce myocar-
dial collagen deposition, inhibit MF and improve
cardiac function.
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