INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 42: 975-987, 2018

MicroRNA-20b-5p promotes ventricular remodeling
by targeting the TGF-f}/Smad signaling pathway
in a rat model of ischemia-reperfusion injury
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Abstract. Myocardial ischemic injury results from severe
impairment of the coronary blood supply and may lead
to metabolic and ultrastructural changes, thereby causing
irreversible damage. MicroRNA (miR)-20b-5p has been
demonstrated to be involved in malignancies of the breast,
colorectum, stomach, blood and oropharynx. The present study
aimed to investigate the effects of miR-20b-5p on ventricular
remodeling following myocardial ischemia-reperfusion (IR)
injury in rats by targeting small mothers against decapen-
taplegic homolog 7 (Smad7) via the transforming growth
factor-p (TGF-3)/Smad signaling pathway. A total of 70 adult
male Sprague-Dawley rats were divided into seven groups:
Sham group, IR group, negative control group, miR-20b-5p
mimics group, miR-20b-5p inhibitors group, small interfering
RNA (siRNA)-Smad7 group, and miR-20b-5p inhibitors +
siRNA-Smad7 group. Dual luciferase reporter gene assays
were used to verify the association between miR-20b-5p
and Smad7. Myocardial infarction size, myocardial collagen
volume fraction and perivascular collagen area were detected
separately using triphenyltetrazolium chloride and Masson's
staining. The rate of positive expression of Smad7 was
detected using immunohistochemistry, and the expression
levels of miR-20b-5p, TGF-B1, Smad3 and Smad7 were
detected using reverse transcription-quantitative polymerase
chain reaction and western blot analyses. The findings
revealed that miR-20b-5p inhibited Smad7. Compared with
the sham group, the other six groups had increased myocardial

Correspondence to: Dr Ye Tian, Department of Cardiology, The
First Affiliated Hospital of Harbin Medical University, 199 Dazhi
Street, Nangang, Harbin, Heilongjiang 150001, P.R. China

E-mail: yetian0518@163.com

“Contributed equally

Key words: microRNA-20b-5p, small mothers against
decapentaplegic homolog 7, small mothers against decapentaplegic
homolog 3, transforming growth factor-f1/small mothers against
decapentaplegic, myocardial ischemia-reperfusion injury, ventricular
remodeling, myocardial collagen, myocardial infarction

infarction size, myocardial collagen, and expression of
miR-20b-5p, TGF-B1 and Smad3, and decreased expression of
Smad7. Compared with the IR group, the miR-20b-5p mimics
group and the siRNA-Smad7 group had increased myocardial
infarction size and myocardial collagen, increased expression
of TGF-f1 and Smad3, and decreased expression of Smad7.
The expression of miR-20b-5p was markedly increased in
the miR-20b-5p mimics group, but did not differ significantly
from that in the siRNA-Smad7 group. The results demon-
strated that miR-20b-5p promoted ventricular remodeling
following myocardial IR injury in rats by inhibiting the
expression of Smad7 through activating the TGF-f/Smad
signaling pathway.

Introduction

Myocardial ischemia-reperfusion (IR) injury typically occurs
when patients are experiencing an ST segment elevation
myocardial infarction (MI) (1). Thrombolytic therapy or
primary percutaneous coronary intervention may be the optimal
method to reduce acute myocardial ischemic injury and limit
the size of the MI (2). However, further cardiomyocyte death
may arise in the process of myocardial reperfusion, which is
termed myocardial IR injury (3). The four recognized forms of
myocardial IR include reversible forms (reperfusion-induced
arrhythmias and myocardial stunning) and irreversible forms
(microvascular obstruction and lethal myocardial reperfusion
injury) (4,5). Several critical factors have been identified by
experimental investigations as potential mediators of the detri-
mental effects of myocardial IR, including oxidative stress,
inflammation, intracellular Ca** overload, rapid restoration
of physiological pH at the time of reperfusion, mitochondrial
permeability transition pore, and late myocardial reperfusion
injury (6-9). In addition to improvements in earlier reperfu-
sion and advancements in percutaneous coronary intervention
technology, there are also emerging therapeutic strategies,
including ischemic preconditioning or postconditioning,
remote ischemic preconditioning, therapeutic hyperoxemia
and hypothermia, and pharmacologic agents for preventing
myocardial IR injury (10). Previously, Fan and Yang suggested
that microRNAs (miRs) may be potential therapeutic targets
in IR injury by altering key signaling elements (11).

miRs, a class of endogenous RNAs of ~22 nucleotides
in length, can inhibit the translation of target mRNAs by
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pairing to sites in the 3' untranslated region (3'-UTR) (12,13).
He et al detected miR expression in a myocardial IR model
in Sprague-Dawley (SD) rats following reperfusion and found
that miRs had an effect on myocardial IR (14). It has been
shown that miR-20b is involved in cardiac remodeling and
antagomiR-20b reduces IR-induced vascular endothelial
growth factor (15). Circulating levels of miR-20b have also
been found to be useful as a novel diagnostic indicator in
hypertension-induced heart failure (16). miR-20b-5p has been
reported to be dysregulated in blood malignancies (17). It is
known that miR expression is modulated by small mother
against decapentaplegic (Smad)s through transcriptional and
post-transcriptional mechanisms, and miRs appear to have an
important effect on the physiological activity of transforming
growth factor (TGF)-p signaling (18). Smad7 belongs to
the third type of Smad, the inhibitory Smads, with Smad6,
however, Smad7 is more potent than Smad6 at inhibiting
TGF-f signaling (19). A previous study demonstrated that
Smad7 has important functions in maintaining cellular homeo-
stasis in terms of anti-inflammatory and antifibrotic activity
under physiological conditions (20). Therefore, the present
study aimed to investigate whether miR-20b-5p promotes
ventricular remodeling following myocardial IR injury in rats
via inhibiting the expression of Smad7 through activating the
TGF-p/Smad signaling pathway.

Materials and methods

Ethics statement. The present study was approved by the
Laboratory Animal Ethics Committee of The First Affiliated
Hospital of Harbin Medical University (Harbin, China), and
was performed in accordance with the principles of animal
protection, welfare and ethics and the National Laboratory
Animal Welfare Ethics regulations.

Dual luciferase reporter gene assay. A search was performed
at www.microRNA .org to analyze and predict the target genes
of miR-20b-5p, and the fragment containing the binding sites
was obtained. In strict accordance with the instructions of
the TTANamp Genomic DNA kit (Tiangen Biotech Co., Ltd.,
Beijing, China), DNA was extracted from 293T cells (Wuhan
Cell Bank, Wuhan, China). Smad7-3'-UTR-wild-type (wt)
and Smad7-3'-UTR-mutant (mut) without the miR-20b-5p
binding site were designed. The recombinant luciferase
reporter vector was constructed to transfect the 293T cells
with the miR-20b-5p mimics and miR-20b-5p inhibitors,
and luciferase activity was measured with a dual luciferase
reporter assay system (Promega Corporation, Madison, W1,
USA). Following transfection for 48 h, the growth medium
was removed from the cultured cells, which were washed
twice with PBS. Passive lysis buffer (100 pl) was added to
each well containing the cells, and the plates were gently
rocked at room temperature for 15 min to collect cell lysates.
Subsequently, the program was set to pre-read the sample for
2 sec and to read its value for 10 sec following each injection
of 100 pl LARIIStop&Glo® reagent (Promega Corporation).
The prepared LARIIStop&Glo® reagent was added into lumi-
nous tubes or wells containing lysate (20 ul of each sample).
Signals in the luminous tubes or wells were detected with a
Modulus™ single tube multimode reader (TumerBioSystems,
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Sunnyvale, CA, USA). Firefly luciferase (LUC) activity and
Renilla luciferase (RL) activity were detected. RL activity
reflected the transfection efficiency of each well, and the ratio
of LUC activity to RL activity (LUC/RL) was calculated as the
relative luciferase expression.

Model generation. A total of 70 healthy male SD rats
(250-300 g) of similar age (7-8 weeks) were purchased from the
Experimental Animal Center of the Military Medical Science
Academy of the PLA (Beijing, China). The rats were fed
normal feed and had free access to water at 20-25°C, and a 12-h
light/dark cycle at 22°C, and there was a 72-h adaptation period
prior to the experiment. A total of 60 SD rats were randomly
selected to generate a model of IR. Prior to surgery, the rats
were anesthetized with 10% pentobarbital sodium (90 mg/kg,
cat. no. wS20060401, Shanghai Westang Biotechnology Co.,
Ltd., Shanghai, China). Electrocardiographic (ECG) moni-
toring electrodes (BeneHearth R3; Mindray, Wuhan, China)
were connected to the rat limbs, and the animals were venti-
lated with an animal respirator (R407; RWD Biotech Co., Ltd.,
Shenzhen, China). The gas source was room air, the ventilator
frequency was 60 breaths/min, and the tidal volume was
13-15 ml/kg. The heart was exposed via a left thoracotomy
through the fourth intercostal space, and the left anterior
descending (LAD) coronary artery was ligated with a 6/0
atraumatic suture. ST-segment elevation by ECG monitoring
indicated that the vessel was successfully occluded. Following
occlusion for 60 min, the coronary artery was recanalized by
suture removal, and ST-segment resolution indicated that the
rat model of IR injury was successfully established.

Animal grouping. The 10 rats that did not undergo IR injury
were used as the sham group. The rats in the sham group were
ligated with a 6/0 atraumatic suture in the LAD coronary
artery following thoracotomy without blocking the vessels.
The modeled rats were randomly divided into six groups
(n=10 in each group) as follows: i) IR group: Left coronary
artery was ligated and blocked with a 6/0 atraumatic suture;
60 min later, the vessels were opened; ii) negative control
(NC) group: Intramyocardial injection of the negative control
sequence (average of five injections, 2 ug per injection to a
total of 10 ug) was performed 24 h prior to occlusion of blood
vessels, and the remaining procedures were performed at the
same time as in the IR group; iii) miR-20b-5p mimics group:
Intramyocardial injection of miR-20b-5p mimics (average
of five injections, 2 ug per injection to a total of 10 ug) was
performed 24 h prior to occlusion of blood vessels, and the
remaining procedures were conducted at the same time as in
the IR group; iv) miR-20b-5p inhibitors group: Intramyocardial
injection of miR-20b-5p inhibitors (average of five injections,
2 pg per injection to a total of 10 ug) was performed 24 h
prior to occlusion of blood vessels, and the remaining proce-
dures were performed at the same time as in the IR group;
v) siRNA-Smad7 (si-Smad7) group: Intramyocardial injection
of si-Smad7 (average of five injections, 2 ug per injection to
a total of 10 ug) was performed 24 h prior to occlusion of
blood vessels, and the remaining procedures were performed
at the same time as in the IR group; vi) miR-20b-5p inhibitors
+ si-Smad7 group: Intramyocardial injection of miR-20b-5p
inhibitors and si-Smad7 (average of five injections, 2 ug per
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injection to a total of 10 ug) was performed 24 h prior to
occlusion of blood vessels, and the remaining procedures were
performed at the same time as in the IR group. All injection
sequences were purchased from Guangzhou RiboBio Co., Ltd.
(Guangzhou, China). The mortality rate of the rats was ~5.9%
during the surgical procedure.

Transthoracic echocardiography. At 28 days post-surgery,
the mortality rate of the rats was ~10%. In accordance
with a random number table, five rats in each group were
randomly selected to be anaesthetized with an intraperito-
neal injection of 10% pentobarbital sodium (90 mg/kg, cat.
no. wS20060401, Shanghai Westang Biotechnology Co., Ltd.)
and confirmed with transthoracic echocardiography. Acuson
Sequoia 512 color Doppler ultrasonography was performed
by professionals; ultrasonography was performed with a
6C2-S probe at a frequency of 8.5 mHz, and the scanning
speed was adjusted to 100 mm/sec. The detection methods
were as follows: Rats were anesthetized with 10% pentobar-
bital sodium (90 mg/kg,) and fixed on the testing platform,
following which the papillary muscle level M curve of the
left ventricular long axis and left ventricular short axis were
measured. Left ventricular diastolic diameter (LVEDD; mm),
left ventricular systolic diameter (LVESD; mm), left ventric-
ular end-diastolic volume (LVEDV) and left ventricular
end-systolic volume (LVESV; ul) were measured continuously
in three cardiac cycles, and the mean value was calculated.
According to Simpson's method, the left ventricular ejection
fraction (LVEEF) was calculated using the following formula:
(LVEDV-LVESV)/LVEDV x100%, and the left ventricular
fractional shortening (LVEFS) was measured using the
following formula: (LVEDD-LVESD)/LVEDD x100% (21).
One end of the catheter was connected to a pressure sensor,
and the other end of the catheter was inserted into the left
ventricle through the right common carotid artery to measure
the left ventricular systolic pressure (LVESP; mmHg) and the
left ventricular end-diastolic pressure (LVEDP; mmHg). In
addition, rat cardiac function was evaluated by analyzing the
association between the above indicators and cardiac function.

Triphenyltetrazolium chloride (TTC) staining. Following
confirmation with transthoracic ECG, the heart was isolated
for gross examination. The necrotized myocardium was
stained with TTC and visualized under a transmission electron
microscope (TEM). The left ventricular wall was separated
into several sections at a thickness of 5-mm from the apex to
the bottom of the heart, perpendicular to the long axis of the
left ventricle; these sections were subjected to TTC staining,
TEM, hematoxylin and eosin (HE) staining, Masson's staining,
immunohistochemistry and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) analysis. The apical
tissue of the left ventricular wall was randomly selected from
three rats in each group. Ultrathin sections (50-60 nm) were
cut using a vibratome along the long axis of left ventricle. The
myocardium of the left ventricular wall was stained with TTC,
and the ultrastructure was observed. The sections were stained
in 1% TTC phosphate-buffered solution (CAS no. 2530-85-0;
Guidechem Shanghai, China). The infarcted myocardium was
off-white, and the surviving myocardium was a normal color.
The infarcted myocardium and the surviving myocardium
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were separated. Images of the sections were captured using
a camera (LEICA digital camera 480; Leica Microsystems
GmbH, Wetzlar, Germany), and myocardial infarct size was
measured using ImagelJ 1.26 image analysis software (National
Institutes of Health, Bethesda, MD, USA). Myocardial infarct
size (mm?) was calculated as myocardial infarction area
(mm?)/left ventricular total area (mm?) x100% (22,23).

TEM. Samples were prepared using a conventional TEM
sample preparation technique. The myocardial tissues situ-
ated 5 mm above the apex of the left ventricular wall were
randomly selected from three rats in each group and were cut
into small sections of ~I mm?®. These sections were fixed in
4% polyformaldehyde solution (CAS no. 30525-89-4; Nanjing
Guochen Chemicals Co., Ltd., Nanjing, China) for 2 h at 4°C,
washed in 0.1 mol/l PBS, and fixed in 1% osmic acid at room
temperature (CAS: 20816-12-0, Shanghai Fusheng Industrial
Co., Ltd., Shanghai, China) for 2 h, followed by standard
procedures of dehydration in an ethanol gradient (30% for
5 min, 50% for 5 min, 70% for 10 min, 80% for 15 min, 95%
for 15 min, and 100% for 15 min for twice) at room tempera-
ture. The dehydrated myocardial sections were permeabilized,
embedded in epoxy resin (cat. no. NPES-301, Yueyang Ligiang
Chemical Co., Ltd., Yueyang, China) and cut into ultra-thin
sections (50-60 nm) with a microtome (Leica EM UC7, Leica
Microsystems GmbH). Following staining with uranyl acetate
(CAS no. 6159-44-0; Hubei Chushengwei Chemistry Co., Ltd.,
Hubei, China) and citrate (CAS no. 512-26-5; Shanghai Jinjinle
Industrial Co., Ltd., Shanghai, China), the sections were
observed with TEM (JSM-840A SEM; JEOL, Ltd., Tokyo,
Japan), and the ultrastructure was recorded by image capture.

HE staining. Myocardial tissue sited 10 mm above the apex of
the left ventricular wall was randomly selected from three rats
in each group, fixed in 4% formaldehyde (volume percentage)
for 6 h at 4°C, embedded in paraffin, and sectioned at 3-ym
thickness. Following heating at 60°C overnight, the sections
were successively dewaxed for 20 min in Xylene I (CAS
no. 14936-97-1; Eykits Research Biological Technology Co.,
Ltd., Shanghai, China) and Xylene II (CAS no. 523-67-1; Yuduo
Biological Technology Co., Ltd., Shanghai, China), washed in
distilled water for 5 min, and dehydrated in a 100, 95, 80 and
70% ethanol series. The sections were stained in hematoxylin
(CAS no. 474-07-7; Qingdao Jieshikang Biotechnology Co.,
Ltd., Qingdao, China) at room temperature for 10 min, washed
in tap water at room temperature for 15 min, counterstained
in eosin (cat. no. RY0648, Qingdao Jieshikang Biotechnology
Co., Ltd.) at room temperature for 30 sec and washed in
double distilled water to remove the red color. The sections
were then dehydrated in alcohol, cleared in xylene, and
sealed with neutral balsam. HE staining and histopathologic
examination were used to observe the color of the myocar-
dial tissues of the rats, the distribution range and staining
intensities. Using the morphological image analysis system
(JD801; Jieda Technology Development Co., Ltd., Nanjing,
China), different groups were selected and analyzed at x200
magnification. Pathological changes, including necrosis and
edema, were observed in the HE-stained sections. The images
were randomly collected, and the experiment was repeated
three times.
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Masson's staining. Myocardial tissue sited 15 mm above the
apex of the left ventricular wall was randomly selected from
three rats in each group and fixed in 4% paraformaldehyde at
4°C for 24 h. Following routine steps of desiccation, clearing,
embedding and slicing (3-ym), the specimens were stained
with Picric acid-Sirius red at room temperature for 30 min
and inhibited by hematoxylin at room temperature for 2 min
(CAS no. PT003; Shanghai Bogoo Biotechnology Co., Ltd.,
Shanghai, China). Images of the myocardial sections were
obtained under a polarized light microscope (XPT-480;
Shanghai Zhongheng, Co., Ltd., Shanghai, China) and were
analyzed with Image-Pro 6 software (Media Cybernetics
Inc., Bethesda, MD, USA). Five high-magnification fields
were randomly selected in each section, and the myocardial
collagen volume fraction (CVF) was quantitatively analyzed.
Five transverse arterioles were randomly selected in each
specimen, and the perivascular collagen area (PVCA) was
measured. The CVF was calculated using the following
formula: CVF (%)=collagen area/entire area x100%, wherein
the collagen area did not include the area surrounding the
vessels. The PVCA (%) was measured as the collagen area
surrounding the vessel/total vessel wall area x100% (24).

Immunohistochemistry. Myocardial tissue sited 20 mm above
the apex of the left ventricular wall was randomly selected
from three rats in each group and fixed in 4% paraformal-
dehyde at 4°C for 24 h. Following paraffin embedding, a
microtome was used to cut 3-um serial sections. According
to the conventional method of immunohistochemical staining,
following the elimination of endogenous peroxidase activity
in 0.3% H,0, methanol solution at room temperature for
10 min, a 1:100 dilution of rabbit anti-rat Smad7 antibody
(cat. no. BA1399; 1:100; Wuhan Boster Biological Technology
Co., Ltd., Wuhan, China) was added to the cardiac tissue
for 16 h at 4°C. The sections were then incubated with
rabbit anti-rat IgG (cat. no. BA1058; 1:100; Wuhan Boster
Biological Technology Co., Ltd.) antibody labeled with
horseradish peroxidase for 2 h at room temperature. At 5 min
post-DAB staining (cat. no. AR1000; Wuhan Boster Biological
Technology Co., Ltd.), the sections were observed and imaged
were captured under light microscopy. The digital images were
processed by Image-Pro plus 6.0 software (Media Cybernetics,
Inc.). Five visual fields were randomly selected in each slice
under x400 magnification, and the percentage of positive
cells in each field was then calculated. PBS, as a control for
the primary antibody, was used as the negative control, and
normal tissues were used as the positive control; yellow or
brown staining in the cytoplasm or cell membrane indicated
a positive cell. Four high-power fields (magnification, x400)
in each slice were selected, the number of positive cells of
200 cells in each field was calculated to obtain the percentage
of the positive cells: Positive myocardial cells/total myocardial
cells. If the percentage was >10%, the sample was considered
positive (+); otherwise, it was considered negative (-) (25). The
experiment was repeated three times, and the mean value was
calculated.

RT-qPCR analysis. TRIzol (Invitrogen; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) was used to extract total
RNA from the myocardial tissues in each group. Ultrapure
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Table I. Reverse transcription-quantitative polymerase chain
reaction primer sequences.

Gene Primer sequence

F: 5'-CCTAGTAGTGCCAAAGTGCT-3'
R: 5'-CCAGGAGTACTAGAAGTGA
TCA-3'

U6 F: 5-GCTTCGGCAGCACATATACTAA
AAT-3'

R: 5'-CGCTTCACGAATTTGCGTGT
CAT-3'

F: 5'-CATTACCATCCCCAGGTCAC-3'
R: 5-AGGCTCTACTGTGTCCAA-3'

F: 5-ACTCTTGTTGTCCGAATTGA-3'
R: 5'-ACTCTTGTTGTCCGAATTGA-3'
F: 5'-TATAGCAACAATTCCTGGCG
TTAC-3'
R:5-TGTATTCCGTCTCCTTGGTCA-3'
F: 5-CACCCGCGAGTACAACCTTC-3'
R: 5'-CCCATACCCACCATCACACC-3'

miRNA-20b-5p

Smad3

Smad7

TGF-B1

[-actin

F, forward; R, reverse; miR-20b-5p, microRNA-20b-5p; Smad3,
small mothers against decapentaplegic homolog 3; Smad7, small
mothers against decapentaplegic homolog 7; TGF-f1, transforming
growth factor-f1.

water treated with diethylpyrocarbonate (Sangon Biotech
Co., Ltd., Shanghai, China) was used to dissolve RNA, and
the absorbance at 260 and 280 nm was detected by ND-1000
ultraviolet-visible spectrophotometry (NanoDrop; Thermo
Fisher Scientific, Inc., Wilmington, DE, USA). Subsequently,
the quality of total RNA was determined, and the RNA
concentration was adjusted. According to the kit (Fermentas;
Thermo Fisher Scientific, Inc.), reverse transcription of the
extracted RNA was completed by the two-step method. The
reaction conditions were as follows: 70°C for 10 min, ice bath
for 2 min,42°C for 60 min, 70°C for 10 min,and temporary hold
at -80°C. RT-qPCR was performed using the TagMan probe
method, the reaction system was used in accordance with the
kit instructions (Fermentas; Thermo Fisher Scientific, Inc.),
and the primer sequences are shown in Table I. The reaction
system contains 2.0 ul cDNA template, 1.0 ul each of primer
and probe mix, 10.0 ul TagMan® Fast Advanced Master
Mix (2X), and nuclease-free water was added up to 20 ul.
The reaction conditions were as follows: Pre-denaturation at
95°C for 30 sec; 40 cycles of denaturation at 95°C for 10 sec;
annealing at 60°C for 20 sec and extension at 70°C for 10 sec.
The RT-qPCR system (Bio-Rad iQ5; Bio-Rad; Laboratories,
Inc., Hercules, CA, USA) was used for detection, U6 was used
as the internal reference for miR-20b-5p (26), and B-actin
was used as the internal reference for other target genes. The
value was calculated by the relative quantitative method, and
the relative expression of each target gene was determined
with the 2-24%4 method (27) Each experiment was repeated
three times.
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Figure 1. Target association verification between miR-20b-5p and Smad7. (A) Predicted binding site of miR-20b-5p in the Smad7 3'UTR. (B) Detection of
luciferase activity by dual luciferase reporter gene assays. ‘P<0.05, compared with the NC group. miR-20b-5p, microRNA-20b-5p; Smad7, small mothers
against decapentaplegic homolog 7; mut, mutant; wt, wild-type; NC, negative control.

Western blot analysis. Myocardial tissue sited 25 mm above the
apex of the left ventricular wall was randomly selected from
rats of each group, and 1X SDS lysis buffer was added to the
samples (cat. no. PO013G; Beyotime Institute of Biotechnology,
Shanghai, China), which were homogenized at 1,006 x g at
room temperature to achieve complete cleavage. The samples
were then placed on ice for 30 min at 4°C and centrifuged at
16,099 x g at 4°C for 4 min. The supernatant was separated and
stored at -80°C. The proteins were extracted using RIPA lysis
buffer (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany),
and the protein concentration was measured according to the
instructions of the BCA kit (cat. no. AR0146, Wuhan Boshide
Company, Wuhan, China); and, the concentration of each
sample was adjusted to 3 ug/ul. Sample buffer (30 ug per well)
was added to the extracted protein, and the resulting mixture
was boiled for 10 min at 95°C and separated by 10% poly-
acrylamide gel electrophoresis. The proteins were transferred
onto a polyvinylidende difluoride membrane via a semi-dry
transfer method (cat. no. P2438, Sigma-Aldrich; Merck
KGaA). The membranes were blocked with 5% bovine serum
albumin (BSA; Fermentas; Thermo Fisher Scientific, Inc.)
at room temperature for 1 h, following which the blocking
solution was discarded, and the membrane was placed into a
plastic container. Subsequently, 5% BSA with the appropriate
concentration of rat anti-TGF-f1 primary antibody (cat.
no. ab2792, Abcam, Cambridge, MA, USA) was added at a
dilution of 1:1,000, rabbit anti-Smad3 primary antibody (cat.
no. ab40854, Abcam) was added at a dilution of 1:1,000, rabbit
anti-Smad7 primary antibody (cat. no. ab216428, Abcam) was
added at a dilution of 1:1,000, and rat anti-f-actin primary
antibody (cat. no. ab189146, Abcam) was added at a dilution
of 1:500. Subsequently, with the transfer side up, the samples
were placed in the refrigerator at 4°C overnight. The following
day, the samples were rinsed with 0.05% TBST (three times,

10 min each), and the goat anti-rat IgG secondary antibody
labeled with horseradish peroxidase was added at a dilution
of 1:2,000 (cat. no. ab6789, Abcam) for incubation at 4°C
for 4-6 h and then washed with TBS-T (three times, 15 min
each). The chemiluminescence reagents A and B (Yanhui
Biotechnology Co., Ltd., Shanghai, China) were mixed at a 1:1
ratio, and the mixture was evenly added to the nitrocellulose
membrane. Relative light density analysis was performed on
all the western blot bands using Quantity One 4.6 software
(Bio-Rad Laboratories, Inc.).

Statistical analysis. All the data were analyzed utilizing the
Statistical Package for the Social Sciences version 21.0 (SPSS;
IBM Corps., Armonk, NY, USA). All experiments were
repeated three times. Continuous data are presented as the
mean + standard deviation. Multiple groups were compared
using one-way analysis of variance with the least significant
difference test. Pairwise comparisons among multiple groups
were performed with the least significant difference t-test.
P<0.05 was considered to indicate a statistically significant
difference.

Results

miRNA-20b-5p targets Smad. The results of the statistical
analysis showed that there was a specific binding region
between the 3'UTR 1458-1464 sequence and the miR-20b-5p
sequence of Smad7, and Smad7 was found to be a potential
target gene of miR-20b-5p (Fig. 1A). Luciferase reporter gene
assays were used to verify this gene as a target of miR-20b-5p
(Fig. 1B), and the results indicated that miR-20b-5p mimics
had no significant effect on the luciferase activity of the
Smad7-3'-UTR-mut group (P>0.05), but significantly
decreased the luciferase activity in the Smad7-3'-UTR-wt
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Table II. Survival rates of rats.
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Group Pre-modeling (n) 28 days post-modeling (n) Survival rate (%)
Sham 10 10 100
IR 10 9 90
NC 10 9 90
miR-20b-5p mimics 10 10 100
miR-20b-5p inhibitors 10 8 80
si-Smad7 10 9 90
miR-20b-5p inhibitors + si-Smad7 10 10 100

IR, ischemia-reperfusion; NC, negative control; miR-20b-5p, microRNA-20b-5p; Smad7, small mothers against decapentaplegic homolog 7;

si-, small interfering RNA.

Table III. Results of LVEDV, LVEDD, LVESV and LVESD by echocardiography (n=5).

Group LVEDV (ul) LVEDD (mm) LVESV (u]) LVESD (mm)
Sham 226.22+48.92 5.68+0.54 81.21£15.12 3.25+0.33

IR 738.17+92 36" 11.3742.10° 266.40+11.22° 7.83+1.00°
NC 739.10+89.25 11.402.00° 267.40+11.12° 7.84+1.10°
miR-20b-5p mimics 939.25+111.32¢b¢ 31.40+2.004b< 366.40+11.22¢b¢ 10.83+1.00%b¢
miR-20b-5p inhibitors 414.79+89 25%b< 8 .47+2 0280 116.45+45 042> 5.62+2 23wb<
si-Smad7 938.25:£120.024b< 31.30+2.0200¢ 356.40+11.22t0¢ 9.83+1.00%0¢
miR-20b-5p inhibitors + si-Smad7 733.17+110.23¢ 11.39+2.00° 270.40+11.22¢ 7.90+1.00°

“P<0.05, compared with the sham group; "P<0.05, compared with the IR group; °P<0.05, compared with the miR-20b-5p inhibitors + si-Smad7
group. LVEDD, left ventricular diastolic diameter; LVESD, left ventricular systolic diameter; LVEDV, left ventricular end-diastolic volume;
LVESY, left ventricular end-systolic volume; IR, ischemia-reperfusion; NC, negative control; miR-20b-5p, microRNA-20b-5p; Smad7, small

mothers against decapentaplegic homolog 7; si-, small interfering RNA.

group (P<0.05). miR-20b-5p was found to specifically bind to
the Smad7-3'-UTR and downregulated expression of Smad7
was observed. The effect of the miR-20b-5p inhibitor was
evaluated by dual luciferase reporter gene assays. The results
(Fig. 1B) showed that luciferase activity was significantly
increased in the Smad7-3'-UTR-wt group, compared with
that in the NC group (P<0.05), suggesting that miR-20b-5p
inhibitor upregulated the expression of Smad7. Taken together,
miR-20b-5p was found to specifically bind Smad7 and
negatively regulate the expression of Smad7.

Animal model generation. In establishing the rat model of
myocardial IR injury, the data indicated no significant change
in the ST segment of the ECG in the sham group at the preop-
erative, intraoperative or postoperative stages. The ST segment
of the ECG of rats of the model group was significantly higher
following ligation than pre-ligation, and decreased following
reperfusion, which indicated that opening the chest without
blocking the blood vessels had no significant effect on the
cardiac electrophysiology of the rats. The changes in the ST
segment were significant following ligation of the anterior
descending coronary artery. Following reperfusion, cardiac
electrophysiology was restored, which indicated that the rat
model of myocardial IR injury was successfully established.

All the experiments were performed in surviving rats without
malignant arrhythmia. The survival rates of the rats in each
group following 28 days of modeling are shown in Table II.

Increased expression of miR-20b-5p and decreased expression
of Smad7 are unfavorable for cardiac function in IR injury
model rats. Compared with the sham group, the other six
groups had significantly increased LVEDV, LVEDD, LVESV
and LVESD (all P<0.05). Compared with the IR group, the
NC group and the miR-20b-5p inhibitors + si-Smad7 group
showed no significant differences in LVEDV, LVEDD,
LVESYV and LVESD (all P>0.05); the miR-20b-5p inhibitors
group exhibited a significant decrease in LVEDV, LVEDD,
LVESYV and LVESD (all P<0.05); and the miR-20b-5p mimics
group and the si-Smad7 group exhibited a significant increase
in LVEDV, LVEDD, LVESV and LVESD (all P<0.05). No
significant difference in these values were found between
the miR-20b-5p mimics group and the si-Smad7 group (all
P>0.05). These results are shown in Table III.

Compared with the sham group, the LVEEF and LVEFS
were significantly decreased in the other six groups (all
P<0.05). Compared with the IR group, no significant differ-
ences in LVEEF or LVEFS were found between the NC group
and the miR-20b-5p inhibitors + si-Smad7 group (P>0.05).
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Table IV. Echocardiograph results of LVEEF and LVEFS (n=5).
Group LVEEF (%) LVEEFS (%)
Sham 7941478 49.65+6.19
IR 5741+£3.28* 29.21+5.12*
NC 56.51+3.22° 28.54+4 .56°
miR-20b-5p mimics 40.23+2.128b¢ 19.1243.342b¢
miR-20b-5p inhibitors 68.23+2.342b¢ 37.34+4.012b¢
si-Smad7 39.67+2.45%0¢ 18.17+3.96%0¢
miR-20b-5p inhibitors + si-Smad?7 57.67x1 45* 28.03+£3.96*

LVEEF = (LVEDV-LVESV)/LVEDV x100%; LVEFS = (LVEDD-LVESD)/LVEDD x100%. *P<0.05, compared with the sham group; *P<0.05,
compared with the IR group; °P<0.05, compared with the miR-20b-5p inhibitors + si-Smad7 group. LVEEF, left ventricular ejection fraction;
LVEFS, left ventricular fractional shortening; IR, ischemia-reperfusion; NC, negative control; miR-20b-5p, microRNA-20b-5p; Smad7, small

mothers against decapentaplegic homolog 7; si-, small interfering RNA.

Table V. Echocardiograph results of LVESP and LVEDP (n=5).

Group LVESP (mmHg) LVEDP (mmHg)
Sham 128.11+4.02 3.51+0.87
IR 92.42+8.22° 8.92+1.32°
NC 91.21+8.50* 9.05+1.25*

miR-20b-5p mimics

miR-20b-5p inhibitors

si-Smad7

miR-20b-5p inhibitors + si-Smad7

111.45+7.23¢

13.19+1 4820
6.16+0.92%0¢

14.02+1 450
8.92+1.13*

76.58+3.22%0¢

744243 33%0¢
90.52+8.02*

“P<0.05, compared with the sham group; "P<0.05, compared with the IR group; °P<0.05, compared with the miR-20b-5p inhibitors + si-Smad7
group. LVESP, left ventricular systolic pressure; LVEDP, left ventricular end-diastolic pressure; IR, ischemia-reperfusion; NC, negative control;
miR-20b-5p, microRNA-20b-5p; Smad7, small mothers against decapentaplegic homolog 7; si-, small interfering RNA.

The miR-20b-5p inhibitors group had significantly increased
LVEEF and LVEFS (P<0.05), whereas the miR-20b-5p mimics
group and the si-Smad7 group had significantly decrease in
LVEEF and LVEFS (P<0.05). There were no differences in
these values between the miR-20b-5p mimics group and the
si-Smad7 group (P>0.05). These results are presented in
Table I'V.

Compared with the sham group, the other six groups
exhibited a decrease in LVESP and an increase in LVEDP
(all P<0.05). Compared with the IR group, no significant
differences in LVESP or LVEDP were found between the
NC group and the miR-20b-5p inhibitors + si-Smad7 group
(P>0.05). The miR-20b-5p inhibitors group exhibited an
increase in LVESP and a decrease in LVEDP (P<0.05), and the
miR-20b-5p mimics group and the si-Smad7 group exhibited a
decrease in LVESP and an increase in LVEDP (P<0.05). There
were no differences in these values between the miR-20b-5p
mimics group and the si-Smad7 group (P>0.05), as shown in
Table V. Taken together, the overexpression of miR-20b-5p
and downregulated expression of Smad7 were critical in the
cardiac function of rats with IR injury.

Increased expression of miR-20b-5p and decreased expression
of Smad7 enlarge myocardial infarct size in rats. Compared

with the sham group, the other sex groups exhibited a
significant increase in myocardial infarction area (all P<0.05).
Compared with the IR group, no significant differences in
myocardial infarction area were found in the miR-20b-5p
inhibitors + si-Smad7 group or the NC group (P>0.05),
whereas miR-20b-5p inhibitors group exhibited a significant
decrease in myocardial infarction area (P<0.05), and the
miR-20b-5p mimics group and the si-Smad7 group exhibited
significant increases in myocardial infarction area (P<0.05).
There was no significant difference in this value between the
miR-20b-5p mimics group and the si-Smad7 group (P>0.05),
as shown in Fig. 2A and B. The overexpression of miR-20b-5p
and downregulation of Smad7 increased myocardial infarct
size in the rats.

Increased expression of miR-20b-5p and decreased expres-
sion of Smad7 inhibit the growth of cardiomyocytes in rats
with IR injury. The ultrastructural examination of cardio-
myocytes in each group showed the orderly arrangement of
myofilaments, normal shape and structure of mitochondria,
and orderly arrangement and clear structure of cristae in rat
cardiomyocytes in the sham group. In the IR group, the myofil-
aments of rat cardiomyocytes were broken and dissolved, and
the majority of these were loosely arranged and displaced.



982

LIANG et al: miR-20b-5p PROMOTES VENTRICULAR REMODELING

miR-20b-5p

A Sham

miR-20b-5p
inhibitor

si-Smad7 si-S

f
40
v

miR-20b- 5p |nh|b|tor+

.' 0-

mimic

w

60

*#&

INFS (%)

204

IR
NC

miR-20b-5p
mimic

Sham
miR-20b-5p
inhibitor
si-Smad7
miR-20b-5p
inhibitor+
si-Smad7

Figure 2. Myocardial infarct size in rats in each group. (A) Triphenyltetrazolium chloride staining results of rats in each group. (B) Comparison of myocardial
infarct size in rats in each group. ‘P<0.05, compared with the sham group; “P<0.05, compared with the IR group; “P<0.05, compared with the miR-20b-5p
inhibitors + si-Smad7 group. miR-20b-5p, microRNA-20b-5p; Smad7, small mothers against decapentaplegic homolog 7; si-, small interfering RNA;

NC, negative control; IR, ischemia-reperfusion; INFS, infarct size.
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Figure 3. Ultrastructure of cardiomyocytes in rats in each group (n=3). Images at magnification, x3,000. miR-20b-5p, microRNA-20b-5p; Smad7, small
mothers against decapentaplegic homolog 7; si-, small interfering RNA; NC, negative control; IR, ischemia-reperfusion.

The electron density of mitochondria was increased, and
regions of the cristae membranes were blurred and dissolved.
The myocardial ultrastructure in the NC group and the
miR-20b-5p inhibitors + si-Smad7 group was similar to that
in the IR group. Compared with the IR group, the miR-20b-5p
inhibitors group showed marginal recovery with orderly
arrangement of myofilaments and distinguished mitochondria;
in the miR-20b-5p mimics group and the si-Smad7 group,
the myofilament rupture and dissolution were more severe,
and the majority of the filaments were loosely arranged and
displaced. The electron density of mitochondria was higher,
and the majority of the cristae of mitochondria were indistinct,
with evidence of dissolution (Fig. 3). The low expression of
miR-20b-5p and high expression of Smad7 promoted the
growth of cardiomyocytes in the rats with IR injury.

Increased expression of miR-20b-5p and decreased expres-
sion of Smad7 accelerate myocardial necrosis in rats with IR
injury. Under the light microscope, the myocardial fibers were
orderly and tightly arranged with no edema or hemorrhage in
the sham group. In the IR group, the myocardial fibers were
disordered, the cells were swollen, interstitial edema was
obvious, and myocardial cells showed marked necrosis. The
results of the HE staining were similar in the NC group, the
miR-20b-5p inhibitors + si-Smad7 group and the IR group.
Compared with the IR group, the myocardial fiber arrange-
ment was more orderly and myocardial cell necrosis was
significantly reduced in the miR-20b-5p inhibitors group. In
the miR-20b-5p mimics group and the si-Smad7 group, the
myocardial fibers were disordered, and the necrotic area
was significantly increased (Fig. 4). The high expression of
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Figure 4. Hematoxylin and eosin staining of the myocardium in rats in each group (n=3). Images at magnification, x200. miR-20b-5p, microRNA-20b-5p;
Smad?7, small mothers against decapentaplegic homolog 7; si-, small interfering RNA; NC, negative control; IR, ischemia-reperfusion.
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Figure 5. Masson's staining of myocardial tissue from rats in each group. (A) Masson's staining of myocardial tissue from rats in each group (magnifica-
tion, x400). (B) Changes in CVF and PVCA in rats in each group are shown in a bar graph. "P<0.05, compared with the sham group; *P<0.05, compared
with the IR group; “P<0.05, compared with the miR-20b-5p inhibitors + si-Smad7 group. CVF, myocardial collagen volume fraction; PVCA, perivascular
collagen area; miR-20b-5p, microRNA-20b-5p; Smad7, small mothers against decapentaplegic homolog 7; si-, small interfering RNA; NC, negative control;

IR, ischemia-reperfusion.

miR-20b-5p and low expression of Smad7 enhanced myocar-
dial necrosis in rats with IR injury.

Increased expression of miR-20b-5p and decreased
expression of Smad7 result in increased CVF and PVCA.
The results of the Masson's staining of myocardial tissue in each
group are shown in Fig. 5A and B. Compared with the sham
group, the other six groups exhibited significantly increased
CVF and PVCA (P<0.05). Compared with the IR group, there

were no significant differences in CVF or PVCA in the NC
group or the miR-20b-5p inhibitors + si-Smad7 group (P>0.05),
the miR-20b-5p inhibitors group exhibited decreased CVF and
PVCA (P<0.05), and the miR-20b-5p mimics group and the
si-Smad7 group exhibited increased CVF and PVCA (P<0.05).
The CVF and PVCA values did not differ significantly between
the miR-20b-5p mimics group and the si-Smad7 group (P>0.05).
The overexpression of miR-20b-5p and downregulation of
Smad7 increased myocardial collagen in the rats with IR injury.
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Figure 6. Immunohistochemical results of rats in each group (n=3). (A) Immunohistochemical results (magnification, x400). (B) Comparison of the
Smad7-positive rate among all rat groups. miR-20b-5p, microRNA-20b-5p; Smad7, small mothers against decapentaplegic homolog 7; si-, small interfering
RNA; NC, negative control; IR; ischemia-reperfusion; "P<0.05, compared with the sham group; “P<0.05, compared with the IR group; “P<0.05, compared with

the miR-20b-5p inhibitors + si-Smad7 group.
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Figure 7. Expression of miR-20b-5p and mRNA expression of TGF-f1/Smad
signaling pathway-related proteins in myocardial tissue from rats in each
group. "P<0.05, compared with the sham group; "P<0.05, compared with the
IR group; “P<0.05, compared with the miR-20b-5p inhibitors + si-Smad7
group. miR-20b-5p, microRNA-20b-5p; Smad3, small mothers against
decapentaplegic homolog 3; Smad7, small mothers against decapentaplegic
homolog 7; si-, small interfering RNA; TGF-f1, transforming growth
factor-p1; NC, negative control; IR, ischemia-reperfusion.

Smad?7-positive rate is low in myocardial tissue of rats
with IR injury. The positive expression of Smad7 in the
myocardial cytosol and membrane were indicated by brown
staining (Fig. 6A). Compared with the sham group, the other
six groups had a significantly decreased Smad7-positive rate
(P<0.05). Compared with the IR group, there was no signifi-
cant difference in the Smad7-positive rate in the NC group
or the miR-20b-5p inhibitors + si-Smad7 group (P>0.05),
whereas the Smad7-positive rate was significantly increased
in the miR-20b-5p inhibitors group, and decreased in the
miR-20b-5p mimics group and the si-Smad7 group (P<0.05).
There was no significant difference between the miR-20b-5p
mimics group and the si-Smad7 group (P>0.05), as shown in
Fig. 6B. The overexpression of Smad7 had a protective effect
in the rats with IR injury.

Expression of miR-20b-5p and the mRNA expression of TGF-[31
and Smad3 are upregulated, and the mRNA expression of

Smad7 is decreased in the myocardium of rats with IR injury.
Compared with the sham group, the other six groups exhib-
ited significantly increased expression of miR-20b-5p and
mRNA expression of TGF-f1 and Smad3, whereas the mRNA
expression of Smad7 was significantly decreased (all P<0.05;
Fig. 7). Compared with the IR group, there was no significant
difference in these markers in the NC group (P>0.05); the
miR-20b-5p inhibitors + si-Smad7 group showed no signifi-
cant difference in the mRNA expression of TGF-f31, Smad7 or
Smad3 (P>0.05), however, a significant decrease in the expres-
sion of miR-20b-5p was observed (P<0.05); the miR-20b-5p
inhibitors group exhibited a decrease in the expression of
miR-20b-5p and the mRNA expression of TGF-1 and Smad3,
and an increase in the mRNA expression of Smad7 (all P<0.05);
the miR-20b-5p mimics group exhibited a marked increase
in expression of miR-20b-5p and the mRNA expression of
TGF-p1 and Smad3, and a significant decrease in the mRNA
expression of Smad7 (all P<0.05); the si-Smad7 group showed
no significant difference in the expression of miR-20b-5p
(P>0.05), but there were significant increases in the mRNA
expression of TGF-f1 and Smad3, and a significant decrease
in the mRNA expression of Smad7 (all P<0.05). These results
are shown in Fig. 7. Activation of the TGF-1/Smad signaling
pathway promoted ventricular remodeling in the rats with IR
injury.

Protein expression levels of TGF-1 and Smad3 are upregu-
lated and the protein expression of Smad7 is decreased in the
myocardium of rats with IR injury. Compared with the sham
group, the other six groups showed a significant increase in
the protein expression of TGF-f1 and Smad3, whereas the
protein expression of Smad7 decreased (all P<0.05; Fig. 8A
and B). Compared with the IR group, no significant difference
in the protein expression of TGF-f31 and Smad3 were observed
in the NC group or the miR-20b-5p inhibitors + si-Smad7
group (P>0.05). The miR-20b-5p inhibitors group exhibited
a marked decrease in the expression of TGF-f1 and Smad3
and a significant increase in the expression of Smad7 (P<0.05),
and the miR-20b-5p mimics group and the si-Smad7 group
exhibited a marked increase in the expression of TGF-f1 and
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Figure 8. Expression of TGF-p1/Smad signaling pathway components in myocardial tissue from rats in each group. (A) Banding diagram of the expression
of TGF-B1/Smad signaling pathway components in myocardial tissue from rats in each group, (B) Histogram of the expression of TGF-1/Smad signaling
pathway components in myocardial tissue from rats in each group. “P<0.05, compared with the sham group; “P<0.05, compared with the IR group; ¥P<0.05,
compared with the miR-20b-5p inhibitors + si-Smad7 group. miR-20b-5p, microRNA-20b-5p; Smad3, small mothers against decapentaplegic homolog 3;
Smad7, small mothers against decapentaplegic homolog 7; si-, small interfering RNA; TGF-f1, transforming growth factor-f31; NC, negative control; IR, isch-

emia-reperfusion.

Smad3 and a decrease in the expression of Smad7 (P<0.05).
No significant differences (P>0.05) in these values were found
between the miR-20b-5p mimics group and the si-Smad7
group (Fig. 8). The low expression of miR-20b-5p and high
expression of Smad7 inhibited the TGF-1/Smad signaling
pathway.

Discussion

With the development of thrombolysis, percutaneous trans-
luminal coronary angioplasty and coronary artery bypass
grafting, myocardial IR injury has become the main obstacle
in obtaining the optimal therapeutic effect from ischemic
heart disease during reperfusion treatment (28). Following
myocardial IR therapy, the heart is confronted with further
injury through ventricular remodeling (29,30). Therefore,
it is important to introduce effective myocardial protection
measures to reduce ventricular remodeling following myocar-
dial IR therapy (31). Following myocardial IR therapy in rats,
the present study found that myocardial ischemia was involved
with the process of cardiac remodeling following treatment,
and the infarct size and myocardial collagen content were
increased. The results showed that miR-20b-5p inhibited the
expression of Smad7, activated the TGF-f3 signaling pathway,
and promoted ventricular remodeling following myocardial IR
injury in the rats.

Following myocardial ischemia, the sudden recovery of
myocardial blood flow aggravates ischemic myocardial injury,
which clinically manifests as arrhythmia, myocardial stun-
ning, heart dysfunction and other symptoms, and is termed
myocardial IR injury (10). Increasing the concentration of
glycolytic substrates in the reperfusion blood can reduce the
damage to ischemic myocardial cells and promote the recovery
of myocardial function, whereas inhibiting the glycolytic
process can increase the overload of myocardial intracellular

calcium and delay the recovery of myocardial function (32).
Galang et al (33) reported that, when IR occurred in the isolated
rat heart, cardiomyocyte apoptosis was reduced by erythro-
cuprein and catalase. The present study found that, compared
with that in the sham group, the area of myocardial infarction
following reperfusion in the other six groups was significantly
higher. Following the downregulation of miR-20b-5p, the
infarct size decreased significantly. These results showed that
myocardial IR injury led to the apoptosis of myocardial cells,
and that miR-20b-5p was significant in promoting apoptosis in
myocardial IR injury.

Ventricular remodeling is the internal cause of cardiac
insufficiency and heart failure (29). Numerous basic and
clinical studies have shown that ventricular remodeling can be
organized or reversed (34). Ventricular remodeling is usually
associated with fibrosis (35). A number of studies have indi-
cated that the canonical TGF-1/Smad3 pathway is critically
involved in the pathogenesis of fibrosis in several tissues (36).
Long-term ventricular remodeling eventually manifests as
increased heart rate, LVEDV and LVRDYV, and decreased
systolic volume and LVEEF (37). The ventricular remodeling
following myocardial infarction has been verified in a number
of studies, however, ventricular remodeling following myocar-
dial IR is rare; therefore, the present study established a rat
model of myocardial IR injury model to observe the dynamic
process of ventricular remodeling following myocardial IR
injury. The results of transthoracic echocardiography showed
that, following reperfusion, LVEEF and LVEFS decreased
significantly. These results suggested that the heart underwent
a process of ventricular remodeling following myocardial IR
injury in rats, resulting in a decline in cardiac function.

miRs, by combining with target mRNAs, regulate target
mRNA translation and are involved in the regulation of
genes that are widely involved in cell differentiation, prolif-
eration and apoptosis (38,39). The expression of miRs has
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strict temporal and tissue specificity, and the cardiovascular
system has its specific miR expression profile (40). It has been
revealed that miRs expressed in the cardiovascular system are
involved in the development of the cardiovascular system and
the course of disease (41). Mukhopadhyay et al (15) suggested
that increased miR-20b (anti-angiogenic) was linked with
cardiac remodeling. Smads are considered to be mediators and
regulators of TGF-f signaling (42). Smad7 has been suggested
as an important inhibitory protein in the TGF-f} signaling
pathway (18). In the present study, RT-qPCR and western blot
analyses were used to detect the expression of miR-20b-5p,
TGF-B1, Smad3 and Smad7, and the results showed that the
expression of miR-20b-5p, TGF-f1 and Smad3 were signifi-
cantly increased, whereas that of Smad7 was significantly
decreased following myocardial IR. Smad7 was found to be
essential for cardiac development at the embryonic stage and
for cardiac function in adults (43). In addition, Smad7 can
reduce angiotensin II-induced hypertensive cardiac remod-
eling, and it may be a therapeutic target for hypertensive
cardiovascular diseases (44). The promoter region of Smad7
is stimulated by the ectopic expression of Smad3, and active
TGF-p and activin receptors, indicating that the transcription
of Smad7 is regulated by these two receptors (45). Smad3
activates myostatin, thereby inducing the expression of Smad7,
whereas Smad7 mediates the myostatin signal transduction
pathway through a negative feedback mechanism (46). These
results suggested that miR-20b-5p upregulated the expression
of Smad7 in the process of ventricular remodeling following
myocardial IR injury.

In conclusion, the present in vivo model of myocardial IR
injury in rats verified the process of ventricular remodeling
following myocardial IR, indicating that miR-20b-5p promoted
ventricular remodeling following myocardial IR injury in rats
via inhibiting the expression of Smad7 through activating
the TGF-f/Smad signaling pathway. However, due to limited
time and funds, the present study failed to observe longer
term myocardial remodeling following myocardial IR injury.
Verification of these results is required in future investigations.
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