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Abstract: To investigate the protective effect of adenovirus mediated Survivin protein overexpression on acute
myocardial infarction in rats. 45 acute myocardial infarction rat models were constructed by suture method and
were randomly divided into sham group, model group and treatment group. The treatment group was injected
with Survivin gene packed virus via ventricle. The model group was injected with equal titer of adenovirus packed
empty vector. The sham group was not ligated. These rats were killed in 96 h after treatment. The levels of Survivin,
Caspase-3, caspase-7 mRNA and protein in myocardial tissues were detected by real-time fluorescence quantitative
PCR and Western blot. Myocardium tissue cell apoptosis were analyzed by TUNEL staining, the immunology of myo-
cardial infarction tissue was analyzed by TTC staining. Compared with model group and sham group, the level of sur-
vivin protein in myocardium tissue of rats in treatment group was significantly increased (P<0.05). Compared with
sham group, the levels of caspase-3 and caspase-7 mMRNA and protein in myocardial tissue of rats in model group
and treatment group were significantly increased, but the treatment group were significantly lower than those of
model group (P<0.05). The myocardium cell apoptosis index and myocardial infarction areas of rats in model group
and treatment group were significantly higher than those of sham group, but the treatment group were significantly
lower than those of model group (P<0.05). In conclusion, Survivin protein overexpression in myocardial tissue can
significantly inhibit the expression of apoptosis promoting factor in myocardial tissue of acute myocardial infarction
rats, reduce the apoptosis index of myocardial cells and the myocardial infarct size, which has great significance for
protecting myocardial function.
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Introduction regulation, cell proliferation and apoptosis are
in a state of dynamic equilibrium. Once the
pathological changes occur, such as myocardial

infarction, the balance will be broken, resulting

Acute myocardial infarction is one of the most
common cardiovascular and cerebrovascular

diseases. Its incidence is high, the progression
of disease is rapid and has become the major
disease to threaten human health. After myo-
cardial infarction, the myocardial tissue is in
anoxic and ischemia state. Hypoxia and isch-
emia for a long time can lead to apoptosis and
necrosis of myocardial cells, which eventually
leads to the loss of function [1, 2]. The current
study showed that myocardial cells mainly
occurred to apoptosis in ischemic region in the
early stage of infarction. So to inhibit apoptosis
is of great significance to improve the progno-
sis of the patients. That is also a hot spot for
clinical research [3, 4]. Cell apoptosis is an ini-
tiative and ordered self-digestion process con-
trolled by genes. Under normal physiological

in rapid apoptosis of myocardial cells [5, 6].
Survivin protein is also known as survival pro-
tein, which is the most powerful inhibitor of
apoptosis, and its expression level can signifi-
cantly inhibit P53 and Caspase mediated apop-
tosis [7, 8]. Survivin protein expression has tis-
sue selectivity. Recent studies showed that it
was highly expressed in most malignant tumors
and normal embryonic tissue, but was not
expressed or lowly expressed in normal adult
tissues [9, 10]. So we supposed that Survivin
protein overexpression might decrease myocar-
dial cell apoptosis in acute myocardial infarc-
tion, and then protect the myocardium.
Therefore, Survivin protein was expressed by
adenovirus mediated myocardial cells so as to
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investigate the myocardial protective mecha-
nism of acute myocardial infarction in rats.

Materials and methods

Construction and treatment of acute myocar-
dial infarction model

SD rats (180-200 g) were purchased from
Silaike Experimental Animal Biotechnology Co.,
Ltd., Shanghai, China. This study was per-
formed in strict accordance with the recom-
mendations in the Guide for the Care and Use
of Laboratory Animals of the National Institutes
of Health (Bethesda, MD, USA). Eighth Edition,
2010. The animal use protocol has been
reviewed and approved by the Institutional
Animal Care and Use Committee (IACUC) of The
Third Affiliated Hospital of Xinxiang Medical
University. The experimental rats were injected
with 1 ml 100 g/L chloral hydrate solution via
intraperitoneal injection. They were fixed in
supine position after were anesthetized. The
ventilator was used for assisted respiration;
The left of chest median incision was made.
The tissue was separated layer by layer. The
chest was opened along the fourth intercostal
space. The pericardium, was separated to
expose the heart. The left coronary artery was
ligated with 7-0 thread at the lower edge of left
atrial appendage. The symptoms of acute myo-
cardial infarction appear immediately [11]. The
chest was only opened and the left coronary
artery was not ligated in rats in sham group.
The rats were randomly divided into three
groups: sham group, model group and treat-
ment group. The rats in treatment group were
injected with Survivin expression plasmid
packed adenovirus (Kaiji Biotechnology Co.,
Shanghai, China) via left ventricle. The virus
titer was 1x107. The rats in model group were
injected with empty vector packed adenovirus
(Kaiji Biotechnology Co., Shanghai, China) via
the left ventricle. The titer was 1x10". The rats
in sham group were injected with isometric PBS
solution.

RT-PCR

The rats in three groups were executed in 96 h
after treatment. 0.1 g myocardial tissue was
removed and placed in 1 ml Trizol solution
(Invitrogen, Carlsbad, CA, USA). 200 pl chloro-
form was added after homogenized. The mix-
ture was vibrated, placed on ice for 15 min to
stratify the solution and centrifuged for 15 min-
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utes at 12000 rpm/min. The supernatant was
transferred to 500 ul isopropanol, placed on
ice for 15 min after mixing, centrifuged for 10
min at 15, 000 g to precipitate RNA and washed
twice with pre-cooling 75% ethanol. The pre-
cipitate was dissolved in DEPC treated double
distilled water. The sample concentration was
determined. RNA was transcribed into cDNA by
reverse transcription kit (TaKaRa, Dalian,
China) as the template of PCR.

The following primers were designed according
to Survivin, Caspase-3 and Caspase-7 sequenc-
es provided by GenBank: Survivin-3-F: 5-ATG-
GGTGCCCCGACGTT-3’, Survivin-3-R: 5-TCAAT-
CCATGGCAGCCAG-3'. Caspase-3-F: 5-GGTAT-
CCATGGAGAACACT-3’, Caspase-3-R: 5-AAAAA
TAGAGTTCTTTTGTGAG-3. Caspase-7-F: 5-CTA-
CCGCCGTGGGAACGATG-3’, Caspase-7-R: 5’-CG-
AAGGCCCATACCTGTCAC-3'. GAPDH-F: 5-ACC-
ACAGTCCATGCCATCAC-3’, GAPDH-R: 5-TCCA-
CCACCCTGTTGCTGTA-3'. The primers were dilut-
ed to 10 ymmoleL-1. The conditions were opti-
mized according to primer specificity and
annealing temperature at first. Then the follow-
ing reaction systems were prepared: 10 yl 2x
SYBR Green universal type qPCR Master Mix
(Roche, Basel, Switzerland), 0.6 pl upstream/
downstream primers (10 ymmolel-1), 8.8 pl
1:100 diluted cDNA. The total reaction volume
was 20 ul. The reaction mixture was centri-
fuged at 1500 rpm/min to thrown to the tube
bottom. PCR was conducted according to the
following reaction conditions: pre-degeneration
at 95°C for 30 s; degeneration at 95°C for 3;
annealing extension at 60°C for 30 s; The solu-
bility curve was constructed. Finally, the data
was read directly from the real-time PCR instru-
ment (Applied Biosystems, Foster City, CA,
USA).

Western bolt

The rat myocardial tissue after different treat-
ments was placed in tissue lysates for sonica-
tion, then on ice for 30 min to make the tissue
being fully cracked, then centrifuged for 15 min
at 15, 000 g. The supernatant was removed to
determine protein concentration. 4x sample
buffer was added. The boiling water was used
to boil for 30 min. The sample was added after
centrifuged. SDS-PAGE was conducted and the
protein was transferred to PVDF membrane. 5%
defatted milk powder was used to close down.
Survivin, Caspase-3 and Caspase-7 primary

Int J Clin Exp Med 2015;8(8):12995-13000



The protective effect of survivin protein on AMI rats

Survivin mRNA expression
N

s s

1 o

3

0L— =

N Q N =

& & S 2

@Q beQ @ z

2 o Q =

2N W & @
=

Figure 1. Changes of Survivin mRNA and protein levels in myocardial tissues
of rats in three groups. A. Survivin mRNA in three groups; B. Survivin protein

in three groups.

antibodies (Santa-Cruz, CA, USA) were coated
overnight, washed with PBST for 3 times in the
next day. Then HRP conjugated Sheep anti
mouse secondary antibody (ZSGB-BIO, Beijing,
China) was used to coat for 1 h at room tem-
perature. PBST was used to wash for 3 times.
The luminous liquid (Wako, Osaka, Japan) was
added, colored and photographed. Meanwhile,
GAPDH was taken as the internal reference.
The protein band gray was analyzed with gray
calculation software. The relative expression of
target protein was calculated.

TUNEL staining

The rats in three groups were executed after
treated for 96 h. The myocardial tissue was
removed to prepare paraffin sections. The sec-
tions were immersed in xylene for 2 times, 5
min each time; successively rinsed once with
gradient ethanol (100, 95, 90, 80 and 70%), 3
min every time; washed with PBS twice; The tis-
sue was treated with Proteinase K working
solution for 15-30 min at 21-37°C, washed with
PBS twice; The TUNEL reaction mixture was
prepared. 50 yl TUNEL reaction mixture was
added in the specimens. The slide or sealing
film was stamped at 37°C for 60 min in the
dark wet box. PBS was washed for 3 times. One
drop of PBS was added to count apoptotic cells
under the microscope (Olympus AXS80,
Olympus, Tokyo, Japan) (The excitation wave-
length was 450~500 nm).

TTC staining

After the mouse in each group was sacrificed,
the heart was quickly removed and washed
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with PBS. The atrium and right
ventricle were removed. The
left ventricle was left, quickly
frozen at -20°C for 20 min,
then cut into slices with the
freezing microtome. The thick-
ness of each piece was 2 mm.
The slices were placed in pre-
heated 37°C TTC staining
solution, incubated for 15 min
at 37°C away from light. The
myocardial tissue was turned
over for homogeneous stain-
ing. PBS was used to wash for
three times. At this moment,
the infarction area showed
white and non-infarct area
showed deep red. The differ-
ent staining areas were measured with image
processing software. The area of myocardial
infarction = (infarct size/myocardial area x
myocardial weight)/left ventricular weight x
100.

Sham group

Statistical analysis

All data were analyzed using SPSS 17.0 statisti-
cal software (SPSS Inc, Chicago, IL, USA). The
measurement data were shown using X+S. The
analysis of variance was used to compare he
measurement data among multiple groups.
LSD method was used to compare between
two-two comparison. P<0.05 showed that the
difference had statistical significance.

Results

Changes of survivin mRNA and protein lev-
els in the myocardium tissue of rats in three
groups

Survivin mRNA expressions in acute myocardial
infarction tissue in rat after different treat
ments were analyzed by real-time fluorescence
quantitative PCR. The results were as shown in
Figure 1A. Compared with model group and
sham group, Survivin mRNA expression in myo-
cardial tissue of rats in Survivin group was sig-
nificantly increased (P<0.05). Western blot
results showed that the expression of Survivin
protein in myocardium tissue in Survivin group
was significantly higher than those of model
group and sham group (P<0.05), indicating that
adenovirus mediated survivin expression plas-
mid can express survivin protein in myocardial
tissues.
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Figure 2. Changes of Caspase-7 and Caspase-3 mRNA and protein levels in myocardial tissues of rats in three
groups. A. Caspase-3 mRNA levels in myocardial tissues of rats in three groups; B. Caspase-7 mRNA levels in myo-
cardial tissues of rats in three groups; C. Caspase-3 and Caspase-7 protein levels in myocardial tissues of rats in

three groups.
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Figure 3. Changes of apoptotic cells in myocardial tissues of three groups.
A. Myocardial cells apoptosis analysis in the three groups by TUNEL stain-
ing; B. Myocardial cells apoptosis in different treated groups by quantitative

analysis.

Changes of Caspase-3, Caspase-7 mRNA and
protein levels in the myocardium tissue of rats
in three groups

Real-time fluorescence quantitative PCR
results were as shown in Figure 2A, 2B.
Compared with sham group, Caspase-3 and
Caspase-7 mRNA expressions in myocardial
tissue of rats in model group and Survivin group
were significantly increased, the difference was
statistically significant (P<0.05). Compared
with model group, Caspase-3 and Caspase-7
mRNA levels in myocardial tissue of rats in
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Survivin group

Survivin group were signifi-
cantly down-regulated (P<
0.05). Western Blot results
were shown in Figure 1C.
Compared with control group,
Caspase-3 and Caspase-7
protein levels in model group
and Survivin group were up-
regulated, but the amplitude
was significantly lower in
Survivin group (P<0.05).

Changes of apoptosis in the
myocardial tissues of rats in
three groups

The myocardial cell apoptosis
of rats was analyzed by TUNEL
staining after different treat-
ments. Compared with sham
group, cell apoptosis in myo-
cardial tissue of rats in model
group were significantly in-
creased, but significantly de-
creased in adenovirus medi-
ated Survivin protein overex-
pression in myocardial cell apoptosis, the dif-
ference was statistically significant (P<0.05)
(Figure 3).

Comparison of myocardial infarction of rats in
three groups

Compared with sham group, the infarction size
of myocardial tissue of rats in model group was
significantly increased. Compared with model
group, the myocardial infarct size in acute myo-
cardial infarction rats was decreased signifi-
cantly after treated by adenovirus mediated
Survivin (P<0.05) (Figure 4).
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Figure 4. Changes of myocardial
infarction of rats in three groups.

Discussion

Acute myocardial infarction is a common clini-
cal cardiovascular and cerebrovascular dis-
ease. It can result in the formation of thrombo-
sis in myocardial tissue, deficiency in both
blood and oxygen, anaerobic phenomenon
occurs on the infarct zone, the oxidative phos-
phorylation is blocked, finally the cell apoptosis
and necrosis appear [12]. A large number of
studies have shown that in the early stage of
acute myocardial infarction, the number of
apoptotic myocardial cells far exceeds that of
necrotic myocardial cells. Therefore, apoptosis
holds the dominant position in the early of
acute myocardial infarction. The early acute
myocardial infarction is also the golden period
of its treatment. To effectively inhibit cell apop-
tosis induced by hypoxia and ischemia has
important significance to reduce myocardial
infarction size [13]. Apoptosis is programmed
cell death process initiated by various stimula-
tions in vitro and in vivo and is an initiative
death process regulated by various genes.
Apoptosis runs through the whole life with cell
proliferation and plays a pivotal role in in the
maintenance of normal body development [14].
Therefore, to effectively inhibit the early apop-
tosis in acute myocardial infarction plays an
important protective role to myocardium.

Survivin is a new member in anti-apoptosis pro-
tein family. Survivin has tumor specificity. It is
only expressed in tumor and embryonic tis-
sues, also closely related with tumor cell differ-
entiation, proliferation, invasion and metasta-
sis. It is a very strong anti-apoptosis inhibitor
[15, 16]. Survivin inhibits cell apoptosis mainly
through two ways [17, 18]: O To directly inhibit
the activities of terminal effector enzymes
Caspase-3 and Caspase-7 so as to block cell
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apoptosis process induced
by all stimulations; @ In-
teraction between Survivin,
cyclin-dependent kinases
CDK4 and CDK2 blocks
apoptotic signaling path-
ways. Survivin overexpres-
sion can significantly inhibit
tumor cells apoptosis. The-
re was no report on the bio-
logical effect of Survivin
overexpression in myocar-
dium tissue of acute myo-
cardial infarction rats. In
this study, the effect of
Survivin protein overexpression on myocardial
tissue of acute myocardial infarction rats was
analyzed.

&
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The study showed that adenovirus mediated
Survivin gene expression vector could signifi-
cantly improve the expression of Survivin pro-
tein in myocardium. Adenovirus is a kind of par-
ticle without capsule. Among them, DNA exists
in the form of linear double chains. It has many
advantages, for example, host range is wide,
can infect both dividing and non-dividing cells,
preparation titer is high, exogenous gene load-
ing capacity is big, so it has been widely applied
in basic research and clinical trials, and adeno-
virus vector has become one of the commonly
used gene therapy vectors in the world [19].
Our study showed that Caspase-3 and
Caspase-7 mRNA and protein levels in myocar-
dium tissue after acute myocardial infarction
were significantly increased, and were signifi-
cantly reduced after treated with Survivin, but
still higherthan those of sham group. Caspase-3
and Caspase-7 are the key effector molecules
in the apoptosis pathway, and the its down-reg-
ulation may inhibit cell apoptosis [20]. TUNEL
staining further verified that the number of
Survivin protein overexpressed myocardium
cell apoptosis was decreased significantly. The
myocardial cell apoptosis in rats was signifi-
cantly inhibited in the early stage, so Survivin
protein overexpressed myocardial infarction
range in rats was also significantly down-regu-
lated mediated by adenovirus.

In short, adenovirus mediated Survivin protein
overexpression can significantly inhibit myocar-
dium cell apoptosis in acute myocardial infarc-
tion rat and reduce the range of myocardial
infarction. This study will provide new theoreti-
cal basis for the treatment of acute myocardial
infarction.
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