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Abstract. - OBJECTIVE: To explore the effect
of integrin B3 (ITGB3) gene silencing mediated
mitogen-activated protein kinase (MAPK) sig-
naling pathway on myocardial ischemia-reper-
fusion injury (MIRI) in mice.

MATERIALS AND METHODS: MIRI mice mod-
el was established, and myocardial tissues of
MIRI mice and sham operation group mice were
extracted. Hematoxylin-Eosin (HE) staining was
used to observe the pathological changes of
myocardial tissue; terminal deoxynucleotidyl
transferase-mediated dUTP-biotin nick end la-
beling (TUNEL) staining was used to detect
the apoptosis of myocardial cells; ELISA meth-
od was used to detect the levels of interleukin
(IL)-1, IL-6, and tumor necrosis factor (TNF)-a
in the two groups. The infarct size was mea-
sured by TTC staining. Myocardial cells of Mi-
Rl model mice were isolated and cultured, and
then grouped and transfected. The cells were
transfected with the grouping of MIRI group,
negative control (NC) group, MAPK signal path-
way agonist Anisomycin group, MAPK signal
pathway inhibitor SB203580 group, ITGB3-siR-
NA group, SB203580 + ITGB3-siRNA group. Re-
al-time quantitative polymerase chain reaction
(qRT-PCR) and Western blot were used to detect
the mRNA and protein expressions of ITGB3,
p38MAPK/p-p38MAPK, GSK-3p/p-GSK-3B, Cx-
43/p-Cx43, pro-apoptotic factor Bax and an-
ti-apoptotic factor Bcl-2. 3-(4,5)-dimethylthiahi-
azo (-z-y1)-3,5-di-phenytetrazoliumromide (MTT)
assay was used to detect cell proliferation and
flow cytometry to detect cell apoptosis.

RESULTS: The expression of ITGB3 in myocar-
dial tissue of MIRI mice was significantly higher
than that of sham operated mice (p<0.05). Com-
pared with the sham operation group, the apop-
tosis rate of myocardial cells in MIRI group
was significantly increased, the expression lev-
els of IL-1, IL-6 and TNF-a were significantly
increased, and the myocardial infarction area
was significantly increased (all p<0.05). Com-
pared with MIRI and NC groups, ITGB3 mR-

NA and protein expression levels in ITGB3-siR-
NA group and SB203580 + ITGB3-siRNA group
were significantly decreased (all p<0.05), but
no significant change was found in Anisomy-
cin group and SB203580 group (p>0.05). Fur-
thermore, ITGB3-siRNA group and Anisomycin
group had markedly decreased mRNA and pro-
tein expressions of ITGB3 and Bax, increased
mRNA and protein expressions of p38MAPK/p-
p38MAPK, GSK-3B/p-GSK-3p, Cx43/p-Cx43 and
Bcl-2, as well as increased cell proliferation and
decreased cell apoptosis (all p<0.05); SB203580
group indicated an opposite result with Aniso-
mycin group; while SB203580 + ITGB3-siRNA
revealed none significant statistical difference.
In addition, compared with ITGB3-siRNA group,
S$B203580 + ITGB3-siRNA group showed signifi-
cantly upregulated mRNA and protein expres-
sions of Bax, downregulated mRNA and protein
expressions of p38MAPK/p-p38MAPK, GSK-3p/
p-GSK-33, Cx43/p-Cx43 and Bcl-2, as well as
decreased cell proliferation and increased cell
apoptosis (all p<0.05).

CONCLUSIONS: Silencing ITGB3 gene ex-
pression can promote the activation of MAPK
signaling pathway, elevate the phosphoryla-
tion of GSK-3B8 and Cx43 in the downstream,
promote the proliferation of mouse myocardial
cells, inhibit myocardial cell apoptosis and in-
flammatory reaction, and thus have protective
effect on MIRI in mice.
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Introduction

Cardiovascular disease is still the leading
cause of death and produces the heaviest bur-
den in the world. As for the occurrence of
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myocardial ischemia-reperfusion injury (MIRI),
myocardial reperfusion may be accompanied by
microvascular injury, capillary endothelial cell
and myocardial cell swelling frequently, leading
to the so-called “no-reflow”**. More importantly,
reperfusion after severe ischemia is considered as
a “double-edged sword’. Tt can save the damaged
myocardium, reduce the size of myocardial in-
farction, protect left ventricular systolic function,
etc.®’. It may, however, cause further myocardial
damage, namely MIRI, which seriously weakens
the therapeutic effect in the clinical practice®.
Its mechanism has been discovered to be close-
ly related to inflammation, oxidative stress and
apoptosis, etc.’. In this regard, intervention on
inflammation or reduction of myocardial cell
apoptosis and other therapeutic approaches are of
great significance in the prevention and treatment
of MIRI.

A large number of studies have used animal
models of coronary artery occlusion and reper-
fusion to treat MIRT'*!2, Various endogenous and
pharmacological methods have been adopted to
reduce MIRI, including ischemic precondition-
ing, ischemic postconditioning, as well as drug
preconditioning and drug postconditioning'*!*.
Both pretreatment and postconditioning can ex-
ert a cardioprotective role by activating a series of
survival promoting signal transduction pathways
in the early stage of reperfusion'>. Among them,
the inhibition of mitogen-activated protein kinase
(MAPK) signaling pathway is recognized to play
a role in myocardial protection'®. p38 is one of
the most important members of MAPK family,
which can regulate intracellular responses (such
as cell stress, inflammatory response, cell cycle,
apoptosis, differentiation and aging) in a variety
of physiological/pathological processes'™'"®. Mean-
while, GSK-3p is a serine/threonine kinase, which
not only regulates glucose metabolism, but also
participates in cell proliferation and other sig-
naling pathways"”. As a key regulator of MAPK
signaling pathway, dysfunction of GSK-3f will
lead to a variety of physiological disorders®. It is
a common pathway of many signaling molecules,
which plays an important role in the conduction
of myocardial protection signals®*. The increase
of GSK-3B phosphorylation level, that is, the
decrease of its activity, is an important part in
exerting the role of myocardial protection®**.
In addition, Cx43 is a major protein in gap junc-
tion channel of mammalian myocardium?. It
involves significantly in cell volume regulation,
ATP release and metabolites release through its

unconnected half channel®. It is easy to degrade
during myocardial ischemia-reperfusion. It has
been found that ischemic preconditioning can
maintain the level of Cx43, maintain the gap junc-
tion structure, and hence reduce the occurrence
of arrhythmia, the diffusion of harmful substanc-
es, and the damage of myocardial cells***. The
above interpretation supports that regulation in
the MAPK signaling pathway can generate a pro-
tective role in MIRI through proper mediation.
Furthermore, integrins are cell surface mole-
cules, which are transmembrane protein recep-
tors composed of a and B subunits in the form of
non-covalent bonds, which mediate the adhesion
of cell-cell and cell-extracellular matrix (ECM)?,
Integrin has two-way signal transduction func-
tion because of its special transmembrane struc-
ture. At present, eighteen o subunits and eight
B subunits have been found, which can form 24
hetero-dimers that are distributed in different
tissues and organs of the body and play their
respective biological functions®®. The mutation
or abnormal expression of integrin is considered
to be related to the occurrence and metastasis of
various diseases®®. More importantly, integrin is
also expressed in cardiovascular system, vascular
cells, myocardial cells and non-myocardial cells.
It is the most important molecule that mediates
the interaction between cells and ECM. It can
recognize and bind the corresponding ligands in
ECM, provide attachment points for cell adhe-
sion, and mediate the phosphorylation level and
activity of relevant proteins in the downstream
signal transduction pathway. Accordingly, as a
molecule involved in adhesion and cell signal
transduction, integrin plays an important role in
cardiac muscle fiber formation, organ formation
and internal stability of normal myocardial func-
tion during cardiac development. Among them,
integrin B3 (ITGB3) is a member of [ subunit
that is expressed in different tissues of the body,
participates in a variety of biological process-
es and plays different physiological functions®.
ITGB3 can change the normal biological process
of endothelial cells by interacting with fibronec-
tin of ECM, can also affect platelet formation and
involve in coagulation process according to its
salt bridge structure®-*. Meanwhile, interference
with ITGB3 can affect cell adhesion and migra-
tion, or tumor cell metastasis by promoting the
development of osteoclasts®. Additionally, it can
affect the formation of stem cells by stimulating
transcription factors into the nucleus and can
also recruit small molecules to form complex to
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participate in the drug tolerance of cells*. But
there is a limited research concerning the role of
ITGB3 in MIRI.

Consequently, in accordance with our pre-
vious searching that ITGB3 is a relevant factor
of MAPK signaling pathway, the present study
was carried out to explore effect of ITGB3 gene
expression and MAPK signaling pathway on an
established mouse model of MIRI and myocardi-
al cells with certain interventions, with the aim to
broaden understanding in the molecular therapy
of cardiovascular diseases.

Materials and Methods

Objects of Study

In this experiment, healthy C57BL/6J mice
(half male and half female) aged 20 weeks were
used, weighing 25-35 g. During the experiment,
the animals were raised in the SPF rodent exper-
imental area of the experimental animal center.
The animals were raised by special personnel
and artificially illuminated, which were fed with
ordinary feed and free water for 12 h (8 am.; 8
p.m.) in the daytime and at night respectively. The
indoor temperature was 18-25°C, and the relative
humidity was 40-70%. All experiments were
performed in accordance with the Guide for Care
and Use of Laboratory Animals (NIH Pub. No.
85-23, revised 1996). Experimental procedures
performed in our research has been reviewed and
approved by the Local Animal Ethics Committee
of our Hospital of Zhengzhou Central Hospital
Affiliated to Zhengzhou University.

Establishment of a Mouse Model of MIRI

There were 30 wild-type C57BL/6J male mice,
20 of them were used to establish MIRI model
(experimental group), and 10 were included in the
sham operation group as control. After weighing
the mice, ketamine (90 mg/kg) combined with di-
azepam (5 mg/kg) was injected intraperitoneally.
After the anesthesia was confirmed to be success-
ful according to the muscle tension of mice limbs,
the mice were fixed on the operating table in the
supine position. After disinfection of the anterior
cervical area, median skin of the mouse neck was
cut off, the tissue was separated, and tracheal
intubation was conducted along the direction of
trachea. The tracheal tube was connected with
a ventilator, and the parameters were set as fol-
lows: tidal volume of 1.0 ml/100g body weight,
frequency of 120 times/min, and inhalation/ex-
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halation ratio of 1:1.5. The chest was exposed in
the fourth intercostal space on the left edge of
sternum to peel off the pericardium and expose
the heart. Between the left auricular appendix
and the conus arteriosus, a small, pink, translu-
cent left coronary artery (LCA) can be observed
under the myocardial layer. A small non-invasive
small round needle of 8-0 silk thread was used to
inject the needle at LCA. The depth of the needle
was controlled at 1 mm and the width was about
2 mm. The use of polyethylene tube could induce
the compression of blood vessels by pushing the
vessels, resulting in myocardial ischemia. After
45 min, the silk thread was released to restore
coronary blood flow. In the sham operation group,
LCA was only threaded without ligation. The lo-
cal color changes of left ventricular anterior wall
before and after ligation were observed by naked
eyes to judge whether the model was successful
or not. When the ligation was successful, the
local area of the left ventricle was immediately
pale, with the observation of swelling, cyanosis
and decreased contractility subsequently. With-
in seconds after successful reperfusion, the left
ventricular region was rapidly congested, and the
color of ischemic myocardium changed from dark
red to bright red.

In terms of sample collection, after ischemia
for 45 min and reperfusion for 4 h, a volume
of 5 ml of 2% Evans blue was injected into the
external jugular vein. After the heart surface
turned blue, the mice were killed by injecting
10% potassium chloride. After cardiac arrest, the
heart was taken, and the auricle and surrounding
tissues were cut off quickly. The residual blood in
the ventricle was washed out in phosphate buffer
solution at 4°C. The heart was frozen in -70°C
refrigerator for 30 min. Then, the cardiac tissue
with a thickness of 2 mm at the apex of the heart
was cut, and 10% formaldehyde solution was
used for fixation to prepare paraffin embedded
sections. Furthermore, from the apex to the bot-
tom of the heart, the long axis of the heart was
perpendicular. Except for the apex of the heart,
other cardiac tissues were cut to prepare myocar-
dial sections about 1 mm thick, which were used
for the determination of myocardial ischemia ar-
ea and myocardial infarction area and numbered
in sequence.

Hematoxylin-Eosin (HE) Staining

In the process of HE staining, hematoxylin
staining solution is alkaline, which mainly makes
the chromatin and nucleic acid in the nucleus
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appear purple blue; eosin is an acid dye, which
mainly makes the components in cytoplasm and
extracellular matrix red. On the basis of this prin-
ciple, this experiment was performed to observe
the pathological change of normal and ischemic
necrotic myocardial cells. As for the specific
steps, the frozen sections of 5 pm in thickness
were incubated in a baking oven at 60°C for 2
h. In the next step of hematoxylin staining, there
was a need to observe whether there was a layer
of membranous solid on the surface of hema-
toxylin staining solution prior to experiment. If
so, the solution shall be filtered, otherwise the
staining effect would be affected. If not, the he-
matoxylin staining solution was directly added
to the slices, stained for 2 min, and then washed
with ultra-pure water for 2 min to remove the
staining solution that did not bind to cells. For
differentiation, 1% hydrochloric acid ethanol was
used to differentiate for 7 s, followed by washing
with ultra-pure water for 3 min. The 1% ammonia
was used in the next step of re-bluing for 30 s.
As for eosin staining, 1% eosin was used to stain
the cells for 2 min, followed by washing with
ultra-pure water for 5 s. After drying at room
temperature, the normal and necrotic myocardial
cells could be clearly identified according to the
cell status by using neutral resin sealing and ob-
serving under the microscope (100x and 400x).

Terminal Deoxynucleotidyl
Transferase-Mediated dUTP-Biotin
Nick end Labeling (TUNEL) Staining

The tissue blocks were fixed, embedded in
paraffin and sectioned at 4 um. The slices were
routinely dewaxed with xylene and washed with
alcohol at gradient concentrations (xylene I for
5 min, xylene II for 5 min, 100% alcohol for 2
min, 95% alcohol for 1 min, and 80% alcohol for
1 min, 75% alcohol for 1 min), and then distilled
water washing for 2 min. The slides were then
treated by fresh 3% H202 for 10 min, followed
by washing with distilled water for 2 min (X3
times). The specimens were digested with 0.01 M
TBS freshly diluted protein K (1:200) at 37 °C for
10-15 min and washed with 0.01M Tris Buffered
saline (TBS) for 2 min (x3 times). Labeling buffer
(20 pL/slide) was added to the specimen to keep
the slices moist. An amount of 1 pL. TDT and 1
uL DIG-d-UTP was collected separately for each
slide and added into 1 pL labeling buffer to mix
well. After above processing, the blocking solu-
tion (50 plL/slide) was added and reacted at room
temperature for 30 min, followed by shaking off

the sealing liquid without washing. The diluted
biotinylated anti-digoxin antibody (1:100; 1 ml
antibody dilution + 10 pL biotin anti-digoxin
antibody was added into the specimen (50 pL/
slide), which were reacted in wet box at 37°C for
30 min. After washing twice with 0.01 M TBS
(2 min each), 10uL SABC diluted with 1 ml an-
tibody diluent was added into the specimen (50
uL/slide), which were reacted at 37°C for 30 min.
After another 0.01 M TBS washing (5 minx4
times), DAB development was performed for 30
min, followed by distilled water washing, mild
re-staining with hematoxylin, dehydration, trans-
parent processing, sealing, and observation under
microscope. In terms of the result determination,
those with brown granules in the nucleus were
positive cells, namely apoptotic cells. Each sec-
tion was observed under light microscope, and 10
visual fields were randomly selected to calculate
the average number of positive cells in the cells,
which was the apoptosis index (Al).

2, 3, 5-triphenyltetrazolium Chloride
(TTC) Staining

The tissue sections collected from the above an-
imal specimens were put into the phosphate buffer
solution of 1% TTC and incubated in the dark at
37°C for 15 min. The incubated myocardial slices
were immersed in 10% formaldehyde solution for
24 h to enhance the contrast between stained and
unstained regions. The myocardial slices were
placed evenly with the same orientation of each
section. Digital camera was used to adjust the uni-
form focal length under bright light. The pictures
showed that the blue area was normal myocardi-
um, (light) red was ischemic viable myocardium,
(gray) white was necrotic myocardium. The area of
infarct size (IS), ischemic survival area (ischemia)
and left ventricle (LV) were measured by Image
J software (NIH, Bethesda, MD, USA), in which
area at risk (AAR) was equal to IS + necrotic
zone. Results were expressed as the proportion as
follows: infarct area =IS/AAR.

gRT-PCR

UNIQ-10 column-type TRIzol total RNA ex-
traction kit was used for RNA extraction. The
first strand of cDNA was synthesized by reverse
transcription. The cDNA kit and RNA samples
were thawed on ice in advance. The correspond-
ing RNA loading volume was calculated ac-
cording to 200 ng RNA loading volume, and the
reverse transcription system was prepared. After
the system was gently mixed, the conditions for
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reverse transcription were as follows: incubation
at 25 °C for 10 min, 50°C for 30 min, and 85°C
for 5 min. After that, 1 pL E. coli RNAse H was
added and incubated at 37°C for 20 min and the
samples were stored in a refrigerator at -20°C.
Using SYBR fluorescent dye method, GAPDH
was used as internal reference gene for the de-
tection of the mRNA expression levels of ITGB3,
interleukin (IL)-1, IL-6, and tumor necrosis fac-
tor (TNF)-o, Bcl-2 and Bax. The primers for
real-time quantitative PCR were synthesized by
Shanghai Generay Biotech Co., Ltd. The power
up™ SYBRTM green master mix qPCR kit, DE-
PC, primers and cDNA samples were thawed on
ice in advance. qPCR reaction system included
SuL power up SYBR green master mix (2%), 1pL
forward primer (5 uM), 1 pL reverse primer (5
uM), 2 L cDNA, and 1 pL DEPC-treated water.
The reaction conditions using ABI 7500 were as
follows: UDG enzyme activation at 95°C for 2
min; pre-denaturation at 50°C for 2 min; dena-
turation at 95°C for 15 s; and annealing at 60°C
for 1 min, with a total of 40 cycles. The dissolu-
tion curve was at 95°C for 15 s, at 60°C for 60 s,
and at 95°C for 15 s. After the reaction, the CT
value given by the instrument was analyzed and
processed as follows: with GAPDH as the inter-
nal reference gene, 2Ct = Ct (target gene) - CT
(GAPDH); 22Ct="Ct (experimental group) - *CT
(control group); and the relative mRNA expres-
sion of target gene = 2**CT. Primer sequences are
shown in Table I.

Western Blot

An amount of 200 pl radio immunoprecipita-
tion assay (RIPA) lysate was added to every 100
mg of tissue; the tissue was repeatedly ground in

Table I. Real time PCR primers.

ice water until it was uniform without significant
lumps; which was then centrifuged at 4°C at
12,000-16,000 g for 5 min; and the supernatant
was aspirated to the pre-cooled centrifuge tube,
which was the total protein. bicinchoninic ac-
id assay (BCA) solution was added for protein
quantification. For electrophoresis after sample
loading, the starting voltage was 8 V/cm. When
the dye entered the separation gel, the voltage
increased to 15 V/cm. The electrophoresis con-
tinued until the dye reached the bottom of the
separation gel, then the power was disconnected,
and the gel was analyzed by Western blot. After
the sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) electrophoresis, the
gel was transferred to polyvinylidene difluoride
(PVDF) membrane. The PVDF membrane loaded
with protein was quickly put into a sealing buffer
(containing 5% skimmed milk powder/bovine
serum albumin (BSA)) and incubated in a shak-
ing table at room temperature overnight at 4°C.
In the next step, the primary antibodies (ITGB3,
p38MAPK/p-p38MAPK, GSK-3p/p-GSK-3p, Cx-
43/p-Cx43, Bcl-2 and Bax) were diluted with 5%
skimmed milk powder/BSA-Tris Buffered Sa-
line-Tween (TBS-T) buffer solution to the work-
ing concentration. The membrane was placed
in the primary antibody solution and incubated
at room temperature at 4°C overnight. After
the primary antibody solution was removed, the
membrane was washed with TBS-T solution for 3
times, 10 min each; the Horseradish Peroxidase
(HRP)-labeled secondary antibody was diluted
to the working concentration with 5% skimmed
milk powder/BSA-TBS-T buffer solution, and
then the membrane was placed in the secondary
antibody and incubated in a shaker at 37°C for 1

Gene Primer sequences (5-3’)
ITGB3 Forward: 5>-GGGCCCAACATCTGTACCAC-3’,
Reverse: 5-GATGTCCACAGGGTAATCCTCCAC-3’
IL-1 Forward: 5>~ ATGGCAACTGTTCCTGAACTC-3’
Reverse: 5-TTAGGAAGACACGGATTCCAT-3’
IL-6 Forward: 5>-GGCCCTTGCTTTCTCTTCG-3’
Reverse: 5>-ATAATAAAGTTTTGATTATGT-3’
TNF-a Forward: 5>-CAGCCTCTTCTCCTTCCTGA-3’
Reverse: 5>-GGAAGACCCCTCCCAGATAGA-3’
Bcl-2 Forward: 5>-GACAGAAGATCATGCCGTCC-3’
Reverse: 5>-GGTACCAATGGCACTTCAAG-3’
Bax Forward: 5>-CTGAGCTGACCTTGGAGC-3’
Reverse: 5>-GACTCCAGCCACAAAGATG-3’
GAPDH Forward: 5>-TCTCTGCTCCTCCCTGTTC-3’
Reverse: 5>~ ACACCGACCTTCACCATCT-3’
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h. After the removal of the secondary antibody
solution and membrane washing for 3 times,
10 min each, X-ray films were immersed in the
fixing solution immediately after exposure and
development, with a general fixing time of 5-10
min, until the film was transparent. After wash-
ing away the residual fixer with tap water, the
slides were dried at room temperature, and the
results were observed and photographed after
developing in a darkroom. Image J software was
used to analyze the gray value of the target band.
GAPDH was used as the internal parameter. The
ratio of the gray value of the target band to the
internal reference band was used as the relative
protein expression. This method was also suitable
for the detection of Western blot in cells.

Cell Culture

HO9c¢2 cells were cultured in medium contain-
ing 10% fetal bovine serum (FBS) at 37°C in
CO, incubator. The medium was changed every
two days, and the cells were passaged every 2-3
days. When the cells of passage 6-7 grew to 70%
- 80% confluence, the cells were washed with
phosphate-buffered saline (PBS) 24 h before the
experiment, and the FBS-free medium was re-
placed for incubation overnight in the incubator
to synchronize the cells and eliminate the influ-
ence of serum. The synchronized H9¢2 cells were
placed into the incubator under hypoxia condition
(5% CO,, 1% O,, and 94% N,) for 24 h at 37 °C.
The cells were taken out and replaced with me-
dium containing 10% FBS, and cultured at 37 °C
for 12 h under reoxygenation conditions (5% CO,,
21% O,, and 71% N,).

Cell Grouping and Transfection
According to Different Design Protocol
The day before the experiment, H9c2 cells
were taken out for observation to use cells in
good growth state for lentivirus transfection.
After discarding the original medium, the resid-
ual medium was washed twice with PBS buffer
solution, and 1 ml of 0.08% trypsin was added
and digested in a 5% CO, incubator at 37°C for 1
min. After the cells became round under the mi-
croscope, digestion was stopped with 2 mL 15%
FBS Dulbecco’s Modification of Eagle’s Medium
Dulbecco (DMEM) medium. The wall of the dish
was knocked so that the cells fell off the bottom
of the dish, and the cell suspension was blown
into a single cell suspension with a pipette tip.
The single cell suspension was transferred to a
15 ml centrifuge tube, centrifuged at 800 rpm for

5 min at room temperature. The supernatant was
discarded and 1 ml of fresh 15% FBS DMEM
medium was added to re-suspend the cells. An
amount of 50 pL cell suspension was used for
counting with a Cell Counting Meter. Cells were
seeded into a 6-well plate according to the density
of 3x10° cells/well. The cells were cultured over-
night in 5% CO, incubator at 37°C in 2 mL me-
dium per well. On the day of experiment, when
the cell confluence was 30% - 50%, lentiviral
transfection could be carried out.

Liposome transfection was performed accord-
ing to the instructions of Lipofectamine 2000.
Cells were divided into the normal group (normal
HO9c2 cells); SI/R group (H9c2 cells were cultured
under normal conditions, and the ischemia/reper-
fusion injury group was simulated with hypoxia
for 24 h and reoxygenation for 12 h; siRNA-NC
group (modeling H9¢2 cells + transfection of siR-
NA NC), Anisomycin group (modeling H9¢2 cells
+ MAPK signaling pathway agonist), SB203580
group (modeling H9¢2 cells + MAPK signaling
pathway inhibitor), ITGB3-siRNA group (model-
ing H9¢c2 cells + transfection of ITGB3-siRNA),
SB203580 + ITGB3-siRNA group (modeling
HO9c2 cells + MAPK signaling pathway agonist
+ transfection of ITGB3-siRNA). The activation
or inhibition of MAPK signaling pathway was
realized by using Anisomycin or SB203580 for
48 h for agonist or inhibitor treatment, followed
by cell transfection.

Transfection of ITGB3-siRNA

Following the operation of the above steps,
the transfection of ITGB3-siRNA was described
as follows: The transfection could be carried
out when the cells reached 50% growth of the
6-well plate. In the step of preparing transfection
mixture that was finished in Eppendorf (EP)
tube without RNase, 100pmol ITGB3-siRNA
(primer sequences of ITGB3: forward primer:
CCAGAUCCUGGAAGCUCUUTT; reverse
primer: AAGAGCUUCCAGGAUCUGGTT;
negative control: forward primer: UUCUC-
CGAACGUGUCACGUTT; reverse primer: AC-
GUGACACGUUCGGAGAATT) was added with
250 pl Opti-MEM and mixed with gentle shak-
ing, followed by mixing of the 25 puL Lipo2000
transfection reagent and 250 pL Opti-MEM. The
prepared mixture was placed at room tempera-
ture for 5 min. After that, the ITGB3-siRNA was
mixed with Liposome2000 transfection reagent
and incubated at room temperature for 20 min
to form the liposome complex. Subsequently,
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the medium in the 6-well plate was replaced by
DMEM medium without serum and antibiot-
ics. The above mixture was then added into the
culture dish and mixed well by shaking the dish
back and forth gently. The culture medium was
then placed with complete medium after 6 h of
culture. Cells were collected after 48 h of culture
for subsequent experiment.

3-(4,5)-dimethylthiahiazo (-z-y1}-
3,5-di- phenytetrazoliumromide (MTT)
Detection of Cell Proliferation

Succinate dehydrogenase in mitochondria of
living cells can reduce exogenous MTT to wa-
ter-insoluble blue violet crystal formazan, which
can be deposited in cells, but not in dead cells.
Meanwhile, dimethylsulfoxide (DMSO) can dis-
solve methylzan in living cells. Therefore, the
number of living cells can be indirectly reflected
by the absorbance value measured at 490 nm.
Within a certain range of cell number, the amount
of MTT crystal formation is directly proportional
to the number of living cells. In this experiment,
HO9c2 cells were cultured in 96-well cell culture
plate, and the density of cells was 1x10%ml in
each well. A blank control well parallel to the
experimental group was set up, which only added
culture medium without cells. Six replicates were
set for each group. After 48 h of culture in medi-
um containing 10% FBS, the serum-free medium
was replaced, and the culture was continued for
24 h. After different interventions of hypoxia/
reoxygenation, 20 uL. MTT solution (5 mg/ml)
was added into the culture medium, and the cul-
ture was continued at 37 °C for 4 h, after which
the supernatant of the medium was discarded.
Then, 150 uL DMSO was added into each well,
and the optical density was read at 490 nm of the
Microplate Reader. The results were expressed as
the survival rate of myocardial cells according to
the formula of (absorbance value of experimental
group - that of blank control group)/(absorbance
value of control group - that of the blank control
group) x 100%.

Flow Cytometry Detection of
Cell Apoptosis

Flow cytometry is a single cell quantitative
analysis and sorting technique using flow cy-
tometer. DNA fragmentation occurs in apoptotic
cells, in which large fragments of DNA can form
a distribution area with DNA content less than 2
n, which is called “sub-G1 peak”. However, this
phenomenon is not found in necrotic cells. An-
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nexin-V, a calcium dependent phospholipid bind-
ing protein, can bind to phosphatidylserine which
is reversed to the outer membrane during apop-
tosis. Using fluorescein isothiocyanate/propidium
iodide (FITC) labeled Annexin-V as a fluorescent
probe, propidium iodide (PI) nucleic acid embed-
ded dye can be embedded into the double helix
structure, so that both DNA and RNA can be
stained. Flow cytometry showed normal cells in
the lower left quadrant, early apoptotic cells in
the right lower quadrant, advanced apoptotic cells
and necrotic cells in the upper right quadrant, and
damaged cells in the upper left quadrant.

Annexin V-FITC/PI double staining was used
to detect apoptosis. Cells were digested with
0.25% trypsin, washed twice with PBS, and the
results were observed under inverted microscope
after adding trypsin to avoid excessive digestion
of cells. It was observed that most of the cells
contracted and rounded, and the digestion was
terminated rapidly with culture medium contain-
ing 10% FBS. After washing twice with PBS,
HO9c2 cells were collected in centrifuge tube at a
speed of 1,000 r/min and centrifuged for 5 min,
followed by the absorption of the supernatant.
Cells were resuspended with 250 pL buffer solu-
tion, and the cell concentration was adjusted to
5x10°/ml. After that, the cell suspension was put
into 5 m1 flow tube and mixed with SpL. Annex-
inV-FITC and 5pL PI for 15 min of reaction in
the dark. Flow cytometry was used to detect and
analyze within 1 h, the average value of three
replicates was taken, and the experiment was
repeated three times.

Statistical Analysis

SPSS 21.0 (IBM, Armonk, NY, USA) was
used for statistical analysis, and the average val-
ue+standard deviation was used to express the
measurement data. One-way analysis of vari-
ance was used for comparison among groups,
and LSD test was used for pairwise comparison
between groups. Chi-square or exact probability
chi-square test was used to compare the rates.
p<0.05 was used to express the statistical signifi-
cance of comparison.

Results

Modeling of MIRI

In the model of MIRI, the success rate of oper-
ation was 90% with 2 mice died (10%). The main
causes of death were injury caused by improper tra-
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cheal intubation, left atrial appendage hemorrhage
and pneumothorax. All mice in sham operation
group survived, with normal food intake and steady
increase in body weight. However, mice in the MI-
RI group showed decreased food intake gradually,
and slowly increase or even decrease in the body
weight, accompanied by hair shedding, hair scatter-
ing, mental depression, and even lower limb edema
and shortness of breath in the later stage.

HE Staining, TUNEL Staining and
TTC Staining to Reflect the Changes of
Myocardial Histopathology, Apoptosis
Level and Myocardial Infarction Area in
the Two Groups of Mice

Under the light microscope, HE staining of
myocardial tissue showed that the myocardial tis-
sue in the sham operation group was light red,
blue staining in the nucleus, with the observation
of endocardium, myocardial membrane and epi-
cardium as well as complete cardiac structure
under low power microscope. Under high power

microscope, myocardial cells with various sections
could be observed in the myocardial membrane,
and the muscle fiber space was rich in small blood
vessels and a small amount of connective tissues
(Figure 1A). By comparison, in MIRI group, the
myocardial fibers were swollen and dissolved, the
arrangement of myocardial filaments was disor-
dered, a large number of vacuoles were produced
between myofilaments, and focal necrotic areas
were found in myocardium, with the infiltration of
a large number of inflammatory cells (Figure 1A).

Furthermore, according to the results of
TUNEL staining (Figure 1B), the apoptotic nu-
clei were brown the normal nuclei were light blue,
and the apoptotic nuclei were brown. Only a few
apoptotic cells were found in the sham operation
group, while the number of apoptotic cells in the
MIRI group was significantly increased. The
myocardial apoptosis rates of sham operation
group and MIRI group were (9.24 +1.03)% and
(38.77 £ 3.64)%, respectively. Compared with
the sham operation group, the number of positive

Sham operation

group (100X) group (400X)

Sham op'erétic;ri

MIRI group (200X
group (200X) group ( )

" Em Sham operation group
== MIRI group

Apoptosis rate (%)

MIRI group (100X)

MIRI group (400X)

Sham operation
group

MIRI group

W Sham operation group
== MIRI group

Infarct size (%)

Figure 1. HE staining, TUNEL staining and TTC staining to reflect changes in myocardial histopathology, apoptosis level
and myocardial infarction area in the two groups of experimental mice. Note: A, HE staining of myocardial tissue of mice
in sham operation group and MIRI group (100x and 400x, respectively); B, TUNEL staining of myocardial tissue of mice in
sham operation group and MIRI group (200%; Top: TUNEL staining; Bottom: Apoptosis rate comparison); C, TTC staining
of myocardial tissue of mice in sham operation group and MIRI group (Top: TTC staining; Bottom: Infarct size comparison);

*Compared with the shame operation group, p<0.05.
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cells and the apoptosis rate of MIRI group were
significantly increased with statistical difference
(Figure 1B, p<0.05).

In addition, TTC staining (Figure 1C) revealed
that the normal myocardial tissue was stained red
and the infarcted myocardium was stained white.
The sham operation group had almost no infarct
area, and the infarct size of group MIRI was
(21.05£3.14)%. It was found that the myocardial
infarction area was significantly increased in the
MIRI group when compared with the sham oper-
ation group (Figure 1C, p<0.05).

The mRNA and Protein Expression
Levels of Myocardial Tissue-Related
Proteins in the Two Groups of Mice

The results of QqRT-PCR and Western blot were
shown in Figure 2. According to the qRT-PCR
results, the expression level of IL-1, IL-6 and
TNF-a were significantly upregulated in the MI-
RI group than that in the sham operation group

(Figure 2A, all p<0.05). Meanwhile, compared
with the sham operation group, the mRNA ex-
pression of ITGB3 and Bax were significantly
increased while that of p38MAPK, GSK-3p3, Cx43
and Bcl-2 was evidently decreased in the MIRI
group, showing statistical difference (Figure 2B,
all p<0.05). At the same time, at the protein level,
ITGB3, and Bax protein expressions were up-
regulated while that of p-p38MAPK, p-GSK-38,
p-Cx43 and Bcl-2 was downregulated in MIRI
group than those in the sham operation group
(Figure 2C, all p<0.05); while there was no sig-
nificant change in the expression of p38MAPK,
GSK-3p and Cx43 (all p>0.05).

The mRNA and Protein Expression
Levels of Related Proteins in
Each Group After Transfection

According to the results of qRT-PCR (Figure
3A), compared with normal group, the mRNA
expressions of ITGB3 and Bax were all increased
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Figure 2. The mRNA and protein expression levels of myocardial tissue-related proteins in the two groups of experimental
mice. Note: A, The mRNA expression level of IL-1, IL-6 and TNF-a detected by qRT-PCR in myocardial tissue of mice in
sham operation group and MIRI group; B, The mRNA expression level of ITGB3, p38MAPK, GSK-3p, Cx43, Bcl-2 and Bax
detected by qRT-PCR in myocardial tissue of mice in sham operation group and MIRI group; C, The protein expression level
of ITGB3, p38MAPK/p-p38MAPK, GSK-3p/p-GSK-3f3, Cx43/p-Cx43, Bcl-2 and Bax revealed by Western blot in myocardial
tissue of mice in sham operation group and MIRI group; *Compared with the shame operation group, p<0.05.
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Figure 3. The mRNA and protein expression levels of related proteins in each group after cell transfection. Note: A, The
mRNA expression level of ITGB3, p38MAPK, GSK-3f, Cx43, Bcl-2 and Bax detected by qRT-PCR in each group after
transfection; B, The protein expression level of ITGB3, Bcl-2 and Bax detected by Western blot in each group after transfection;
C, The protein expression level of p38MAPK/p-p38MAPK, GSK-3p/p-GSK-3p and Cx43/p-Cx43 detected by Western blot in
each group after transfection; *Compared with Normal group, p<0.05; #Compared with SI/R or siRNA-NC group, p<0.05;

&Compared with ITGB3-siRNA group, p<0.05.

while p38MAPK, GSK-3p, Cx43 and Bcl-2 ex-
pression was decreased in the other groups (all
p<0.05). There was no statistical difference in the
mRNA expression of ITGB3, p38MAPK, GSK-
3B, Cx43, Bax and Bcl-2 between SI/R group
and siRNA-NC group (all p>0.05). Furthermore,

compared with siRNA-NC group, ITGB3-siRNA
group had markedly decreased mRNA expres-
sions of ITGB3 and Bax, but increased mR-
NA expression of p38MAPK, GSK-3B, Cx43
and Bcl-2 (all p<0.05). Furthermore, no signif-
icant change was found in the mRNA expres-
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sion of ITGB3 in Anisomycin group (p>0.05),
but p38MAPK, GSK-3f, Cx43 and Bcl-2 mRNA
expressions were highly increased while Bax
mRNA expression was evidently decreased in
this group (all p<0.05). Meanwhile, no significant
change of ITGB3 was also found in SB203580
group (p>0.05), yet with markedly decreased
mRNA expressions of p38MAPK, GSK-3f3, Cx43
and Bcl-2 while significantly increased mRNA
expression of Bax (all p<0.05). There was no
significant difference in mRNA expressions of
ITGB3, p38MAPK, GSK-3p, Cx43, Bax and Bcl-
2 between ITGB3-siRNA group and Anisomycin
group (all p>0.05). Besides, in relative to SI/R
group, SB203580 + ITGB3-siRNA group had
reduced mRNA expression of ITGB3 (p<0.05),
but no evident change in the mRNA expression
of p38MAPK, GSK-3B, Cx43, Bax and Bcl-2
(all p>0.05). While compared with ITGB3-siR-
NAgroup, SB203580 + ITGB3-siRNA group
showed no significant difference in the mRNA
expression of ITGB3 (p>0.05), but there was a
significant increase in the mRNA expression of
Bax but decrease in p38MAPK, GSK-3p, Cx43
and Bcl-2 mRNA expression (all p<0.05).
Meanwhile, as indicated by the detection results
of Western blot (Figure 3B, C): there were statis-
tical differences that the protein expressions of
ITGB3 and Bax were increased but p-p38MAPK,
p-GSK-3pB, p-Cx43 and Bcl-2 expression was de-
creased in the other groups (all p<0.05), yet there
was no significant change in the protein expres-
sion of p38MAPK, GSK-3f3 and Cx43. No statisti-
cal difference was found in the protein expression
of ITGB3, p38MAPK/p-p38MAPK, GSK-3B/p-
GSK-3B, Cx43/p-Cx43, Bcl-2 and Bax between
SI/R group and siRNA-NC group (all p>0.05).
Compared with siRNA-NC group, ITGB3-siRNA
group had markedly decreased protein expres-
sions of ITGB3, and Bax but increased protein
expression of p-p38MAPK, p-GSK-3p, p-Cx43
and Bcl-2 (all p<0.05), but no significant change
in the protein expression of p38MAPK, GSK-3f3
and Cx43 (all p>0.05). Both Anisomycin group
and SB203580 group had no significant change
in the protein expression of ITGB3 (p>0.05),
while Anisomycin group had evidently increased
protein expressions of p-p38MAPK, p-GSK-34,
p-Cx43 and Bcl-2 but decreased protein expres-
sion of Bax (all p<0.05); and an opposite trend
was found in SB203580 group (all p<0.05); but
no change in p38MAPK, GSK-3p and Cx43 (all
p>0.05). No significant difference was found
between ITGB3-siRNA group and Anisomycin
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group (p>0.05). In addition, compared with SI/R
group, SB203580 + ITGB3-siRNA group had
decreased expression of ITGB3 (p<0.05), while
there was no difference in the protein expres-
sion of p38MAPK/p-p38MAPK, GSK-3B/p-GSK-
3B, Cx43/p-Cx43, Bcl-2 and Bax (all p>0.05).
Moreover, compared with ITGB3-siRNA group,
SB203580 + ITGB3-siRNA group had no signif-
icant change in ITGB3, p38MAPK, GSK-3f and
Cx43 (all p>0.05), but showed significant upreg-
ulation in the protein expression of Bax, while
downregulation in that of p-p38MAPK, p-GSK-
3B, p-Cx43 and Bcl-2 (all p<0.05).

Cell Proliferation in Each Group
After Transfection

In view of cell activities by using MTT assay
(Figure 4), there was no significant change in cell
proliferation rate at 24 h in all groups (all p>0.05).
Compared with that at 24 h, the cell proliferation
rate 48 h and 72 h had significant difference (all
p<0.05). Compared with the normal group, the
proliferation rate of other groups was decreased
(all p<0.05). SI/R group and siRNA-NC group
showed no significant difference in cell prolifer-
ation rate at all time points (p>0.05). In relative
to SI/R group and siRNA-NC group, ITGB3-siR-
NA group and Anisomycin group had signifi-

-~ Normal group

-# SI/R group

-+ siRNA-NC group

-+ |TGB3-siRNA group
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Figure 4. Cell proliferation detected by using MTT assay
in each group after cell transfection. Note: *Compared with
Normal group, p<0.05; #Compared with SI/R or siRNA-
NC group, p<0.05; &Compared with ITGB3-siRNA group,
p<0.05.
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cantly increased OD values at 48 h and 72 h (all
p<0.05); while SB203580 group had significantly
decreased OD value at 48 h and 72 h (all p<0.05);
but no significant change was found in SB203580
+ ITGB3-siRNA group (all p>0.05). Meanwhile,
there was no difference in cell proliferation rate
between ITGB3-siRNA group and Anisomycin
group (p>0.05). In addition, significant change
was found in OD values at 48 h and 72 h between
SB203580 + ITGB3-siRNA group when com-
pared with ITGB3-siRNA (all p<0.05).

Cell Apoptosis in Each Group
After Transfection

As revealed by the results detected using
flow cytometry (Figure 5), there was a signifi-
cantly increase in the apoptosis rate in other
groups when compared with the normal group

(all p<0.05). No evident difference was found
between SI/R group and siRNA-NC group
(p>0.05). Furthermore, compared with siR-
NA-NC group, ITGB3-siRNA group and Aniso-
mycin group showed reduced cell apoptosis rate
(both p<0.05); SB203580 group had increased
cell apoptosis rate (p<0.05); while no statisti-
cal difference was found in cell apoptosis rate
in SB203580 + ITGB3-siRNA group (p>0.05).
Meanwhile, no significant statistical difference
in the rate was found between ITGB3-siRNA
group and Anisomycin group (p>0.05). While
compared with ITGB3-siRNA group, SB203580
+ ITGB3-siRNA group indicated an increased
cell apoptosis rate (p<0.05). It suggests that
silencing ITGB3 gene expression may inhibit
myocardial cell apoptosis through inhibiting the
activation of MAPK signaling pathway.
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Figure 5. Cell apoptosis detected by using flow cytometry in each group after cell transfection. Note: A, Cell apoptosis
detected by flow cytometry; B, Comparison of cell apoptosis rate in each group; *Compared with Normal group, p<0.05;
#Compared with SI/R or siRNA-NC group, p<0.05; &Compared with ITGB3-siRNA group, p<0.05.
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The Expression Levels of IL-1, IL-6 and
TNF-a in Each Group After Transfection

For another detection of cell IL-1, IL-6 and
TNF-a mRNA levels after cell transfection in
each group (Figure 6), it was found that com-
pared with Control group, these levels were
highly increased in the other groups (all p<0.05).
No significant difference was found among
SI/R group, siRNA-NC group and SB203580
+ ITGB3-siRNA group, or between Anisomy-
cin group and ITGB3-siRNA group. While a
significant downregulated trend of IL-1, IL-6
and TNF-o mRNA levels was found in Ani-
somycin group and ITGB3-siRNA group, and
a significant upregulated trend was observed
in SB203580 group (p<0.05). Moreover, com-
pared with ITGB3-siRNA group, SB203580 +
ITGB3-siRNA had an evidently increase in IL-
1, IL-6 and TNF-o mRNA levels, with statistical
difference (all p<0.05).

Discussion

Myocardial hypoxia in coronary artery diseas-
es can cause myocardial cell apoptosis, induce
inflammatory reaction, further induce myocardi-
al cell loss greatly, and hence result in myocardial
remodeling and the occurrence of chronic heart
failure®. Therefore, it is of great significance to
understand pathways leading to the above-men-
tioned process and determine possible strategies

to regulate this process. Integrins play a major
role in the bidirectional regulation of apopto-
sis and proliferation®®, yet with unclear specific
mechanism, especially in vascular cells, and few
studies in myocardial cells. This project suggest-
ed that ITGB3 inhibits MIRI myocardial cell
apoptosis and inflammation by mediating MAPK
signaling pathway and studied the role of ITGB3
in MIRI and the possible mechanism of action, so
as to provide a new and effective target for MIRI
intervention in the future.

MIRI has always been a hot topic in medical
field*. At present, it is believed that the patholog-
ical mechanism of ischemia-reperfusion injury
may be related to various factors, such as exces-
sive generation of oxygen free radicals; calcium
overload; cytokine participation; accumulation
of neutrophils in Kupffer cell activator; energy
depletion of stem cells; imbalance of endothelin
and nitric oxide concentration; excessive release
of inflammatory mediators, etc.*®**°. Concerning
MAPK pathway, a large number of oxygen free
radicals and cytokines can be released during
reperfusion that may result in the activation of
MAPK signaling pathway. MAPK may further
mediate the expression of various transcription
factors, and be involved in the process of inflam-
mation, metabolic disorder and cell apoptosis®.
Specifically, MAPK protein family has been re-
ported to have the ability to activate phosphory-
lation downstream functional proteins and par-
ticipate in the regulation of cell division, apop-
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Figure 6. The expression level of IL-1, IL-6 and TNF-a detected by qRT-PCR in each group after cell transfection. Note:
*Compared with Normal group, p<0.05; #Compared with SI/R or siRNA-NC group, p<0.05; &Compared with ITGB3-siRNA

group, p<0.05.
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tosis, metabolism, and differentiation gene and
protein expression*'. Its members consist of c-Jun
N-terminal kinase (JNK), extracellular regulated
protein kinase (ERK) and p38 protein kinase,
all of which function significantly in many cell
events*. In addition, the powerful role of ITGB3
has been introduced in our study. At the same
time, previous studies have reported that ITGB3
plays a role in the occurrence and development of
myocardial cell apoptosis*#*; and there are also
individual reports that ITGB3 plays an inhibitory
role in the process of myocardial cell apopto-
sis®4¢, Besides, dysfunction of integrin can lead
to integrin-mediated intercellular connectivity,
and then lead to abnormal myocardial contractile
dysfunction and arrhythmia®.

In our study, the expression of ITGB3 in
myocardial tissue of MIRI mice was signifi-
cantly higher than that of mice received sham
operation. It may suggest that downregulated
expression of ITGB3 may produce a protective
role for myocardial cell injury. Besides, tissue
detection also showed that the apoptosis rate
in MIRI modeling mouse was significantly in-
creased, accompanied by increased expression
of inflammatory indexes IL-1, [L-6 and TNF-a,
and enlarged myocardial infarction area. It in-
dicates the presence of apoptosis, inflammation
and myocardial infarction during MIRI. There
is a need to search for potential approaches to
prevent the above events. Importantly, after cell
transfection, silencing of ITGB3 expression and
Anisomycin treatment both resulted in the in-
creased expressions of p38MAPK/p-p38MAPK,
GSK-3p/p-GSK-3p, Cx43/p-Cx43 and Bcl-2,
but decreased expression of Bax, IL-1, IL-6
and TNF-a; while the opposite trends of de-
creased expressions of p38MAPK/p-p38MAPK,
GSK-3p/p-GSK-3p, Cx43/p-Cx43 and Bcl-2, and
increased expression of Bax, IL-1, IL-6 and
TNF-a were found after SB203580 treatment.
It may inspire our researcher that silencing of
ITGB3 expression may have a myocardial pro-
tection through the elevation of phosphorylation
of p38MAPK, GSK-3B and Cx43 to promote
the activation of MAPK signaling pathway and
through the suppression of inflammatory reac-
tion. Meanwhile, simultaneous experiments on
myocardial cell proliferation and cell apopto-
sis verified that silencing of ITGB3 expression
and Anisomycin treatment could both promote
cell proliferation while suppress cell apopto-
sis. However, the beneficial role of ITGB3 ex-
pression silencing was reversed by SB203580

treatment, which in turn proves the positive role
of ITGB3 gene expression silencing and the po-
tential interaction between ITGB3 and MAPK
signaling pathway.

As for the mechanism, it is speculated by our
researcher that silenced expression of ITGB3 pro-
moted the activation of MAPK signaling pathway,
which further induce the increased phosphorylat-
ed levels of p38MAPK, GSK-3p and Cx43, that
is, the decreased activities. The phosphorylated
p38MAPK, GSK-3p and Cx43 can interact with
adenine nucleotide translocation enzyme in mi-
tochondrial intima, reducing the opening of mito-
chondrial permeability transition pore and inhib-
iting cell apoptosis*™*. Besides, the above process
can also help to activate mitochondrial ATP
sensitive potassium channel and inhibit myocar-
dial cell apoptosis®. Myocardial cell apoptosis
plays a key role in cardiac remodeling and heart
failure after myocardial infarction. Inhibition of
myocardial cell apoptosis can effectively improve
cardiac function and left ventricular remodeling
after myocardial infarction. Sudden blockage of
coronary artery causes myocardial ischemia, and
thus produces irreversible injury and necrosis
of myocardial cells®. The content released by
the necrotic cells after rupture activated the au-
toimmune system, resulting in the release of
cell membrane components in mitochondria and
the activation of complement in the complement
cascade reaction, thus triggering serious inflam-
matory reaction®. Subsequently, neutrophils and
macrophages are recruited to eliminate the debris
and matrix of dead cells. It shall be noted that
the release of inflammatory mediators on the one
hand initiates the repair of myocardial tissue,
which plays an important role in the process of
myocardial healing after acute ischemia®. On
the other hand, however, excessive inflammatory
response will lead to matrix degradation and
myocardial cell death, and increase the degree of
primary myocardial injury. Our study for the first
clarifies that silenced expression of ITGB3 works
in coordination with the activation of MAPK
signaling pathway to prevent myocardial cell
apoptosis and promote cell proliferation through
the impact on the downstream GSK-3f and Cx43
pathways as well as suppressed inflammatory
mediators.

So far, no suitable drug or bioactive substance
has been found to achieve cardiac protection
strategy. Ischemic postconditioning as an en-
dogenous defense mechanism has attracted wide
attention, but its clinical application generates
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no significant outcome. Gene silencing mediat-
ed signaling pathway can simulate and explore
the methods of molecular targeted therapy on
myocardial protection, which has a good appli-
cation prospect. Our study agrees and supports
the value of gene therapy in the treatment of
human disorders. More significantly, our study
constructed two experimental models of mice
with MIRI and cell transfection in myocardial
cells. Based on the technique of gene silencing
and reasonable hypothesis, our study explored
and explained the role and mechanism of ITGB
and MAPK in cell proliferation, apoptosis and
inflammation successfully. Of course, there are
also some shortcomings in this study. Firstly,
although H9c2 cells have been widely used in
cardiovascular research, they may not be able to
accurately represent the response of normal myo-
cardial cells to exogenous intervention. Secondly,
this investigation did not confirm the role of the
proposed signaling axis in myocardial protection.
Simultaneously, we only detected the reaction of
some inflammatory factors, and did not involve
other inflammatory factors as well as signal path-
way related to inflammation, which need further
in-depth study.

Conclusions

To sum up, silencing ITGB3 gene expression
can inhibit the activation of MAPK signaling
pathway, regulate the downstream GSK-3f and
Cx43 signaling pathways, promote the prolifera-
tion of mouse myocardial cells, inhibit myocardi-
al cell apoptosis and inflammatory reaction, and
thus have protective effect on MIRI in mice. Our
study may provide a new insight in understanding
the pathogenesis of MIRI and inspire researchers
to formulate updated therapeutic approaches for
the treatment of MIRI from a perspective of mo-
lecular therapy.
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