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Effects of livin over-expression on myocardial ischemia reperfusion injury in rats
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Abstract

To evaluate the effects of livin over-expression on myocardial ischemia reperfusion injury. Rats were

subjected to 30 min of left coronary artery occlusion followed by 120 min of reperfusion with treating the rats by

retroviral vector expressing livin 24h before left coronary artery occlusion.

Both caspase-3 and livin mRNA

expression were detected by real time PCR and the caspase-3 protein was detected by immunohistochemical study;
Cardiomyocyte apoptosis was evaluated with TUNEL assay. Myocardial infarction size were detected by TTC
dyeing mehod. Caspase-3 mRNA expression increased during IR and decreased significantly after the transfection of
retroviral vector expressing livin. Meanwhile the apoptosis index and MI size were increased in IR group and
decreased significantly in livin group. Livin overexpression could down-regulate the expression of caspase-3,
attenuate myocardial apoptosis, and decrease myocardial infarction size.
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1. Introduction

Myocardial reperfusion after acute myocardial
infarction(AMI) could reduce the mortality, improve
myocardial function and attenuated cardiac arrhythmia.
However, the occurrence of myocardial ischaemia
reperfusion injury(IRI) following the reperfusion
treatment will result in myocardial dysfunction,
arrhythmia, myocardial stunning, re-occlusion of
coronary arteries, even when revascularization was
successful. Some reperfusion injury may occur that
transiently impairs myocardial function or results in
sudden cardiac death. Therefore, treatment should not
only be directed towards the restoration of myocardial
blood flow but should also to prevent or alleviate the
consequences of myocardial reperfusion injury.

The mechanisms of myocardial ischemia
reperfusion injury remaine unclear. Several factors
such as impairment of cardiomyocyte construction,
disorder in cardiac energy metabolism, thrombosis and
vasospasm were considered as the causes of IRI.
Various strategies to deal with IRI have been developed,
but no significant effect was seen in clinical settings.
Recent studies reported that apoptotic cardiomyocyte
increased in myocardial infarction. This phenomenon
suggested that cardiomyocyte apoptosis may play a
important role in  myocardial ischemia reperfusion
injury , and IRl might be attenuated if the
cardiomyocytes apoptosis was suppressed.

Apoptosis depends on the activation of caspase-3.
Livin is one of the inhibiors of apoptosis protein which
could combine with caspase-3 and suppress apoptosis.
But no data indicated that whether livin could protect
herart from ischemia reperfusion injury or not. The
present study, we constructed retroviral vector
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expressing livin and transferred it into rat myocardium,
is to investigate the changes of Caspase-3 and livin
MRNA expression during cardiac ischemia reperfusion
and the effects of livin over-expression on the
expression of caspase-3 and cardiomyocytes apoptosis
in myocardial ischemia reperfusion process.

2. Materials and methods
(1) Materials

Retroviral vector pLNCX, and RetroPack™
PT67 cell line were from Clontech Company.
Colibacillus strain  JM109 was from Takara Co.
Caspase-3 antibody was bought from Santa Cruz
Company in USA.

(2) Livin gene clone and subclone

Livin RNA from mice MA782 cell was extracted
according to QIAGEN RNA extraction procedure, the
cDNA was obtained by reversible transcription
polymerase chain reaction (rt-PCR) technique, livin

gene was amplificated (primer, 5
ACTCGAGATGGGGCCTGAGAGTAGGGCCAG 3
Xhol, and L2 5 '

AAAGCTTTTAGGACAGGAATGTGCGTACAC 3
Hindlll and first cloned into pPGEM-T easy plasmid
then digested by Xhol/HindlIll and identified by PCR.
The pGEM-T-livin was subcloned into the retroviral
vector pLNCX2. The pLNCX2-livin was transferred
into packaging cell PT67 after Xhol/HindIll digestion
and identified by PCR A pure packaging cell line
PLNCX2-Livin cells expressing livin was cultured and
freezed at -80
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(3) Transfection rat myocardium

All the animal experiment and care were
approved by the guidelines on the Use of Laboratory
Animals in Zhengzhou University Animal Care
Committee(China, Zhengzhou). Eighty healthy SD
rats were divided into Control group, IR group, empty
vector group and Livin group. Rats were subjected to
30 min of left coronary artery occlusion followed by
120 min of reperfusion with treating the rats with
50ul(3.9x1071U/ml) pLNCX2-Livin (livin group) or
with 50u1(3.7x10'1U/ml) pLNCX2 (empty vector
group) by intramyocardium injection 24h before left
coronary artery occlusion. Rats in IR group underwent
the IR process but no treating with vectors. The
samples were isolated and freezed in -196 liquid
nitrogen.

(4) Livin and caspase-3 mRNA detection by real time
PCR

Rat myocardium RNA was extracted in trizol
method and the cDNA was obtained by reversible
transcription with catalysis in AMV and the primer was
OLIGO hexamer: livin, up, 5’
atggggcctgagagtagggecag 3° 169 bp  down, 5’
GACAGAGGCCGAAGCTGGCC 3. Caspase-3, up
5’ gtcgatgcagctaacctcag 3° ,156 bp, down 5’
GACTTAGAATCACACACAC 3’ .B-actin, up, 5’
atggatgacgatatcgctgcg 3, 247 bp, down 5’
TCCaTatCGTCCCagttggtg 3°. According to real time
PCR kit procedure, reaction system was 50pl. Livin
gene amplification was compared with [-actin
amplification. The pGEM-T-B-actin and pGEM-T-livin
standard curve in different dilution were set up. The
relative level of livin expression was calculated by the
ratio of livin expression and -actin expression.

(5) Myocardial apoptosis detected by TUNEL assay:

The infarcted and ischemical myocardium was
fixed in formaldehyde and embeded in paraffin and
then cut into 4 p m slices along the long axis of left
ventricle. The apoptotic myocardial cells were
detected in TUNEL method. The samples in  control
group experienced the same procedure but without
Tdtase. Three slices from one sample were observed
for 10 fields under microscope of 10x 40 to count the
positive apoptotic myocardial cells and total
myocardial cells. Apoptotic index(Al) was the ratio of
positive apoptotic myocardial cells and the mean of
myocardial cells in 10 fields.

(6) MI size was evaluated by 2, 3, 5
triphenyltetrazolium chloride (TTC) dyeing method:
Evan’s blue 3ml (2 g in 100 ml) was injected into left
ventricle after the IR, then 5 ml KCL (10 g in 100 ml)

was injected into ventricle. The heart was isolated and
cut into 5 slices  then put the ischaemic and infarcted
myocardium into TTC (1 g in 100 ml) at 37 40

for 10 min. The infarcted regions was negative but the
risk and normal regions were stained brick red by TTC.

(7) Statistics:

The P values for the experiments were calculated
using the unpaired Students t test. The statistical
software was SPSS Version 13.0. Data were indicated
as SD#s,a  0.05.

3. Results

(1) Livin amplification results

Electrophoresis result: bright strap at 1000bp is
accordance with theoretical value 816bp, seen in figure
1A,

(2) Electrophoresis results of recombinant plasmid
pGEM-T-livin amplification production. Positive clone
at 992bp (Fig 1B).

(3) Electrophresis results of recombinant plasmid
PGEM-T-livin digested by Xhol and HindlIll : 2 straps
were seen at 816bp and 3027bp  Fig 1C

(4) Recombinant clone pLNCX2-Livin identified
by enzyme digest(Fig 1D).

(5) Positive recombinant clone pLNCX2-Livin
identified by PCR:positive clone pLNCX2-Livin, Fig
1E.

(6) Real time PCR amplification results: Livin
MRNA expression increased significantly in livin group
compared with those in IR group, control group and
empty vector group. Caspase-3 MRNA expression
increased during IR, but decreased significantly in livin
group (Table 1).

(7) Results of Caspase-3 protein expression: The
levels of caspase-3 protein expression was 91.39 + 4.82
in control group, 103.39 + 8.24 in IR group, 97.43 £
11.15 in livin group and 102.28 + 7.83 in empty vector
group, respectively. The expression levels of caspase-3
protein were increased significantly in IR group and in
empty vector group compared with that in control group.
And the caspase-3 protein decreased after transfecting
retroviral vector expressing livin (Fig 2, Fig 3).
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Fig 1A. Livin amplification results  1,2:livin amplification production ; M:Marker
FiglB. Electrophoresis results of recombinant plasmid pGEM-T-livin amplification production.

M DNAmarker 1:pGEM-T 2-4: positive clone pGEM-T-livin.
Fig 1C Electrophresis results of recombinant plasmid pGEM-T-livin digested by Xhol and HindlIl:1  Xhol and
Hindlll digested pGEM-T-livin M DNA Marker.
Fig 1D: Recombinant clone pLNCX2-Livin identified by enzyme digest:

M DNA Marker; 1-3  Electrophresis results of recombinant clone pLNCX2-Livin digested by Xhol and
HindlIl enzyme.
Fig 1E: Positive recombinant clone pLNCX2-Livin identified by PCR: M DNA Marker;

1-2 positive recombinant clone pLNCX2-Livin identified by PCR (primier: PIn1/PIn2).
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Fig 2. expresssion of caspase-3 in IR group. Fig 3. expresssion of caspase-3 in livin group. (10)

Myocardial apoptosis: The apoptosis index (Al) was 1.1+0.42 % in control group, 10.35+3.34 % in IR group,
1.7£1.57 % in livin group, and (9.62+3.68)% in empty vector group respectively. Al increased significantly in IR

group but decreased after transfecting the retraviral vector expressing livin.
(11) MI  size: The Ml size was 27.82%= 9.77% in IR group and 19.55% £2.82% in livin group. The Ml

size decreased significantly in livin group.
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Table 1. Livin and Caspase-3 mRNA expression

group n Livin mRNA (x10°) Caspase3 MRNA (x107)
Control group 20 8.41+1.39 5.12+2.11

IR Group 20 7.82+3.22 92.1+£34.6

Livin Group 20 145489 # 56.2+21.1 #
Empty vector Group 20 7.45+2.51 94.1£18.1*

* compared with control group A~ 0.01; # compared with IR group 2 0. 01.

4. Discussion

Acute myocardial infarction was frequently
followed by myocardial ischemia reperfusion injury
(IRI) because of the opening of occluded coronary
arteries ™!, The mechanisms of IRI have not been
elucidated. Recent  studies reported that
cardiomyocyte apoptosis increased in ischemia
reperfusion(IR)").  We detected the caspase-3 mRNA
expression in normal rat myocardium and in ischemic
reperfusion model. There was a significantly increase
of caspase-3 expression in rat heart after 30 minutes
ischemia and followed by 2 hours reperfusion
compared with that in the control conditions.This
supported the report that cardiomyte apoptosis play an
important role in the myocardial ischemic reperfusion
injury®7.

Apoptosis is a process whereby cells undergo
programmed death. The mechanism that apoptosis
taken place is unclear yet.  Apoptosis relies on
activation of distinct signalling pathways. The
activation of caspase-3 has been found in many
models of apoptosis and it may play a pivotal
role in a downstream event of caspases cascade and the
occurrence of apoptosis®*,
Inhibitor of apoptosis protein(IAP) can combine
to caspase and suppress caspase-3. Livin was one of
IAP family discovered recently. Livin contain a

baculovirual inhibitor of apoptosis repeats(BIR
domain and a ring zinc finger domain
(RING . BIR domain is the functional area by

which livin could combine with caspase and suppress

its activity and suppress apoptosis™™*?.  Livin was

seen in tumour tissue and was very few in myocardium.

It is unknown that whether livin could suppress
myocardium apoptosis in rat or not so far.

We measured the expression of livin mRNA in
normal myocardium and in ischemic reperfusion
myocardium in rat. The results indicated that there was
little livin expression in normal rat heart and the livin
expression did not increase during the IR process.

Retroviral vector is a stable and effective gene
expression vector. In the present study we
constructed and produced a retroviral vector
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expressing livin and transferred it into rat myocardium.
By real-time PCR detection we found that the
transfection livin vector into rat myocardium was
successful. And caspase-3 expression decreased
significantly after the transfection of retroviral vector
expressing livin.  These indicated that livin
overexpression could suppress the expression of
caspase-3.

Using TUNEL assay we evaluated the changes of
myocardial apoptosis during IR. The results indicated
that apoptosis index increased during the IR
process but decreased significantly in livin group. This
suggested that livin overexpression could suppress
myocardial apoptosis during IR process and this might
be actualized through the suppression of caspase-3.

Myocardial ischemia reperfusion injury is
complex and hard to cure. Methods used in present
clinical such as vasodilation, thrombolysis and so on
were ineffective. Anti-apoptosis is a new idea to
prevent the IRI and its effection is worth to expect.

In conclusion, the present study provided a clear
evidence that cardiomyocytes apoptosis during
myocardial ischemia reperfusion is related to the
myocardial ischemia reperfusion injury. Livin
overexpression could suppress the activation of
caspase-3 and then downregulate cardiomyocyte
apoptosis. These indicate that transfecting retroviral
vector expressing livin might be useful for the
treatment of myocardial ischemia reperfusion injury.

Acknowledgements
This study was supported by the open lab of the first
affiliated hospital of Zhengzhou University in China .

Corresponding author.

Guojie YANG

Department of Geriatric cardiology, the first affiliated
hospital of  Zhengzhou  University,Zhengzhou,
450052,China

Email: yang63315@126.com

References

1. Hearse DJ. Reperfusion of the ischemic


mailto:yang63315@126.com

Life Science Journal, 2011;8(2)

http:/Avww.lifesciencesite.com

myocardium. Journal of Molecular and Cellular
Cardiology,1977,9:605-616

Kamoda Y, Fujino Y, Tanioka Y, et al
Ischemically damaged heart after preservation by
the cavitary two-layer method as a possible donor
in rat heart transplantation. J Heart Lung
Transplant,2007 Dec;26(12):1320-5.

Matsuo H,Watanabe S,Watanabe T,et al.
Prevention of no-reflow/slow-flow phenomenon

during rotational atherectomy--a prospective
randomized study comparing intracoronary
continuous  infusion  of  verapamil and

nicorandil.Am Heart J,2007 Nov;154(5):994.e1-6.
Mani K. Programmed cell death in cardiac
myocytes: strategies to maximize post-ischemic
salvage.Heart Fail Rev,2008 Jan 4 193

Yunwei Li, Yanyan Zhao,Guojie Yang,et al. Role
of endothelial apoptosis induced by LPS in

myocardial no-reflow after ischemia and
reperfusion, Life science journal, 2008,
5(1):35-37

Scarabelli T Stephanou A RaymentN et al.
Apoptosis of endothelial cells precedes myocyte
cell apoptosis in ischemia/ reperfusion injury.
Circulation, 2001, 104(3): 253-256

2/20/2011

175

10.

11.

12.

Yaoita H, Ogawa K, Maeham K.et al. Apoptosis
in relevent clinical situation:contribution of
apoptosis in myocardial infarction.Cardiovascular
Res, 2000, 45:630-641.

Black SC, Huang JQ,Rezaiefar  P,et
al.Co-localization of the cysteine protease
caspase-3 with apoptotic myocytes after in vivo
myocardial ischemia and reperfusion in the rat. J
Mol Cell cardiol,1998,30 (4):733-742.

Fu XC, Wang MW,Li SP.et al.Anti-apoptotic
effect and the mechanism of orientin on
ischemic/reperfused myocardium.J Asian Nat
Prod Res,2006,8(3):265-272.

Earnshaw WC, Martins LM, Kaufmann SH.
Mammalian  caspases: structure, activation,
substrates,and functions during apoptosis.Annu
Rev Biochem, 1999, 68:383-424.

Sun C,Cai M,Gunasekera AH,et al. NMR
structure and mutagenesis of the inhibitor of
apoptosis protein
XIAP.Nature,1999,401(6755):818-822.

Vucic D,Stennicke HR,Pisabarro MT,et al.
ML-IAP,a novel inhibitor of apoptosis that is
preferentially expressed in human melanomas.
Curr Biol, 2000, 10(21): 1359-1366.



