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Abstract: The purpose of this study was to investigate the anti-apoptotic role of Akt1l gene in neonatal rat cardio-
myocytes and the relationship with Na*/Ca?* exchanger 1 (NCX1) during ischemia/reperfusion (IR). The cultured
original rat cardiomyocytes were randomly divided into five groups: normal control group (C group), hypoxia/reoxy-
genation group (HR group), the control vector pLVX-EGFP-3FLAG group (CV group), the gene pLVX-EGFP-3FLAG-Akt1
transfection group (A group), and Akt inhibitor LY294002 group (LY group). Cardiomyocyte vitality was determined
using MTT, and the apoptosis was determined by TUNEL to verify the anti-apoptotic role of Akt1. The mRNA levels
of Akt1 and NCX1 were determined by RT-PCR, the protein expression of Akt1, p-Aktl, NCX1 and the apoptotic pro-
teins of mitochondrial pathway cytochrome C (Cyto C) and caspase-9 were measured by Western blot. As a result,
transfected Akt1 (A group) showed increased myocardial cell viability and reduced apoptosis, with increase in Aktl
expression and decrease in NCX1 expression. The levels of apoptotic proteins Cyto C and caspase-9 also declined.
This study demonstrated that lentivirus-mediated transfection of Akt1 played an anti-apoptotic role during IR of rat

cardiomyocytes, via inhibition of NCX1 and other mitochondrial proteins.

Keywords: Aktl, cardiomyocytes, ischemia/reperfusion, NCX1, apoptosis

Introduction

Myocardial ischemia/reperfusion injury (IRIl) is
a clinical complication associated with proce-
dures such as angioplasty, thrombolysis and
coronary bypass, which are common revascu-
larization procedures. Apoptosis or programm-
ed cell death is triggered by ischemia/reperfu-
sion (IR). A number of studies have shown that
myocardial IRl is associated with increased
apoptosis [1-3]. However, the mechanisms of
apoptosis in myocardial IRl are not completely
understood, although intracellular Ca?" over-
load is widely recognized [4-6]. The PI-3 kinase/
Akt pathway is a cell survival mechanism, which
is one of the main reperfusion injury salvage
kinase pathways (RISK) [7, 8]. Akt is a key com-
ponent of the PI3K/Akt signaling pathway. Akt
is a serine/threonine kinase that mediates sev-
eral functions via phosphorylation and inactiva-
tion of substrates such as GSK-33, mTOR, Bcl-
2, Bad, Bax, FOXO and eNOS. Studies suggest
that Akt expression inhibited myocardial cell

apoptosis mediated via GSK-3B, Bcl-2 and
eNOS [9-14]. The three subtypes of Akt include:
PKB alpha/Aktl, PKB beta/Akt2 and PKB
gamma/Akt3. The three subtypes are distribut-
ed spatially, and the Akt1 is highly expressed in
myocardium.

The Na*/Ca?" exchanger 1 (NCX1) is a protein
localized to the myocardial cell membrane, and
is used to balance the Na*, Ca?* exchange
across the cell membrane. NCX1 operates via
two modes: forward and reverse. The forward
mode pumps Ca?" out, and the reverse mode
promotes Ca?" entry into the cells [15, 16].
Generally, Na* and Ca?* are exchanged in a 3:1
ratio by NCX1. However, there are other studies
suggesting a 2:1 or 4:1 exchange. In brief, NCX1
plays a key role in regulating intracellular Ca?*
concentration.

Under physiological conditions, the levels of
myocardial intracellular Ca?* ions are regulated
by sarcoplasmic reticulum Ca?*-ATPase (SERCA)
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and the forward mode of NCX1 (92% to 7%
ratio) to maintain an equilibrium [17]. In IR,
excessive Ca?* flow into myocardial cells under
the action of NCX1 reverses the transport
mechanism, resulting in Ca?* overload during
reperfusion [18-21]. However, Ca?" overload
triggers the opening of mitochondrial permea-
bility transition pore (MPTP) [22-24], leading
to the release of mitochondrial cytochrome C
(Cyto C) and other apoptotic proteins into the
cytoplasm. Cyto C combines with the cas-
pase-9/Apafl complex, to activate caspase-9,
and other caspases downstream resulting in
myocardiocyte apoptosis [25].

We investigated the close relationship betwe-
en NCX1, Ca?* overload and MPTP by transfect-
ing rat cardiomyocytes undergoing hypoxia
reoxygenation (HR, simulated IR model) with
Akt using a lentiviral vector pLVX-EGFP-3FLAG
pLVX-EGFP-3FLAG-Akt1 (LV-Aktl). We deter-
mined the anti-apoptotic role of Aktl in neona-
tal rat myocardiocytes, and further elucidated
the role of NCX1 in anti-apoptotic mechani-
sms.

Materials and methods
Animals

Sprague-Dawley neonatal rats (n = 300, 1-3 d),
were purchased from Experimental Animal
Centre of Xuzhou Medical University. The study
protocol was approved by the Animal Ethics
Committee of the Medical College of Xuzhou
(permit number: xz11-12540). All animals were
treated in accordance with the Guide for the
Care and Use of Laboratory Animals, published
by the National Institutes of Health (NIH publi-
cation No. 85-23, revised 1996). The control
vector pLVX-EGFP-3FLAG (LV) and the LV-Aktl
were purchased from Shang Hai Sibo com-
pany.

Cell culture and treatment

The method of Franke [26] was used to isola-
te and culture neonatal rat cardiomyocytes.
Briefly, the cardiac tissue was cut into 1 mm?
blocks, and digested with equal volumes of
0.08% pancreatic enzymes and 0.08% type
| collagenase. Myocardioctes suspended in
DMEM after centrifugation were used for in
vitro studies. The myocardial cells were inocu-
lated into different culture plates, as needed.
BrdU was added to inhibit the growth of fibro-
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blasts. Finally, the cardiomyocytes were incu-
bated for 48 h at 37°C and 5% CO,,.

The cultured cardiomyocytes were randomly
divided into five groups.

1. Normal control group (C group): The cells
were cultured under normal experimental con-
ditions, without HR process.

2. Hypoxia reoxygenation (HR group): The car-
diomyocytes were cultured under hypoxia for 2
h followed by reoxygenation for 24 h.

3. Control vector group (CV group): LV was
transfected for 48 h, followed by HR.

4. Gene transfection group (A group): LV-Aktl
was transfected for 48 h, followed by HR.

5. Aktl inhibitor LY294002 group (LY group):
Following cardiomyocyte culture for 2 h under
hypoxia, LY294002 cells (50 umol/L) were
added before reoxygenation for 24 h. Each
group experiment was performed three times.

Identification of cardiomyocytes

The cTroponin | (cTn 1) was only expressed in
myocardiocytes, and serves as an experimen-
tal marker [27]. Immunofluorescence using
Cy3-labeled secondary antibody combined with
the cTn | antibody enables identification of myo-
cardial cells, followed by DAPI staining of all
nuclei.

Tested the optimal MOI value

Detection of enhanced green fluorescent pro-
tein (eGFP) 48 h after LV-Aktl transfection
indicated stable expression. The first genera-
tion of myocardial cells were vaccinated in
96-well plate, using a concentration of 1x10°
cells per hole, to which the LV-Akt1 was added
according to the multiplicity of infection (MOI)
0, 5, 10, 15, 20 25, 30, 35, 40 and 45. After
culturing for 48 h, the myocardiocytes were
observed under a fluorescent microscope.

Simulated ischemia/reperfusion

The hypoxia reoxygenation model was improved
based on the method described by Rakhit et al
[28]. The culture medium containing 20% fetal
bovine serum was depleted of fetal bovine
serum and cultured for 2 h, and then substitut-
ed with D-Hank’s buffer saturated with 95%
N,-5% CO, for 30 min. The culture plate was
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Figure 1. Identification of myocardial cells. Myocardial cells showed the red fluorescence, the nuclei of all cells

showed the blue fluorescence.
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Figure 2. Tested the optimal MOI value. Because of the eGFP, the myocardial cells showed the green fluorescence.
When the MOI was 25, the transfection rate reached 83%, as the MOI was 30, the transfection rate reached 88%,
when the MOI was 35, 40 and 45, there was no obvious difference for the transfection rate.

transferred into anoxic incubator to simulate
hypoxia for 2 h, under the following conditions:
5% CO2 and O2 < 1%. Finally, the D-Hank’s medi-
um was replaced by normal culture medium
containing 20% fetal bovine serum, and incu-
bated at 37°C and 95% air plus 95% CO, for 24
h. The C group was incubated directly in the CO,
incubator, while the gene transfected groups
were subjected to lentiviral transfection before
HR.

Cell vitality assay

The original generation of myocardiocytes was
vaccinated in 96-well plate at a concentration
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of 1 x10° cells per well. The C group was vacci-
nated in a 96-well plate, and each group was
assigned three wells. Myocardial cell vitality
was detected using the MTT method after HR.
Under dark, MTT 20 pL (5 mg/mL) was added
to each well and incubated at 37°C and 5% CO,
for 4 h. The culture medium was replaced with
150 pyL DMSO, and 10 min later, the OD value
was determined using standard enzyme tests
(BIO-TEK company, USA).

TUNEL for cardiomyocytes apoptosis
The original generation of myocardial cells

was used to inoculate in 24-well plate at a con-
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Table 1. The changes in neonate rat myocar-
dial cells vitality

Groups Cell vitality (% fold increase)
C 100.000+0.000

HR 47.130+1.888*

cv 46.360+1.944*

A 77.730£3.790*#%

LY 36.460+4.799% &

Date are presented as mean + SEM. *p value < 0.05 as
compared with C group; #p value < 0.05 as compared
with HR group; *p value < 0.05 as compared with CV
group; “p value < 0.05 ascompared with A group.
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Figure 3. The changes in neonate rat myocardial
cells vitality. Data are presented as mean + SEM.
C normal control group, HR hypoxia-reoxygenation
group, CV the control vector group, A the gene trans-
fection group, LY Akt inhibitor LY294002 group.*P
value < 0.05 as compared with C group; #P value <
0.05 as compared with HR group; $P value < 0.05
as compared with CV group; &P value < 0.05 as
compared with A group. Compared with C group, the
other groups of cell vitality decreased significantly
(P < 0.05), compared with HR group, the myocardial
cells of the A group vitality increased significantly (P
< 0.05).

centration of 3x10° cells per well. Following
treatment of different groups, TUNEL (Roche
Company, Germany) assay was used to detect
cardiomyocyte apoptosis. To each well, a 4%
paraformaldehyde fixed solution was added at
room temperature for 30 min, and washed for 5
min with PBS, three times. A 0.3% methanol
solution of H,0, was used to incubate for 30
min at room temperature. After PBS wash, the
transparent liquid (0.1% Triton X-100 soluble in
0.1% sodium citrate solution) was used to incu-
bate for 2 min in an ice bath. After washing
twice with PBS, the sample was dried, followed
by addition of 50 pyL TUNEL reaction mixture
and incubation for 60 min at 37°C under dark.
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After washing with PBS three times, the sample
was dried, and supplemented with 50 L con-
verting agent -POD followed by incubation for
30 min in the wet carton at 37°C under dark.
After another PBS wash three times, 50-100 pL
DAB substrate solution was added and the
sample was incubated for 10-30 min at room
temperature under dark. After the final PBS
wash three times, the results were analyzed
using a microscope. Three visual fields were
selected for each group. The apoptotic cell
number and the total cell number were calcu-
lated, respectively.

RT-PCR

The original generation of myocardial cells was
used for inoculation in the 12-well plates at
a concentration of 5x10° cells per well. The
mRNA was extracted and measured using a
spectrophotometer and amplified using RT-PCR
according to the manufacturer’s nstructions
(TaKaRa company, Japan).

The RT-PCR primer sequences were as follows:
Aktl: Sense: 5-ATGGACTTCCGGTCAGGTTCA-3/,
antisense: 5-GCCCTTGCCCAGTAGCTTCA-3’, ex-
pected fragments amplified: 126 bp. NCX1:
Sense: 5-GTTCTGTTTGGAGGGCCAAG-3’, anti-
sense: 5-GTTTGGAGGAGGTGAGGAAGAGA-3’,
expected fragments amplified: 120 bp. GAPDH:
Sense: 5-TGACTTCAACAGCGACACCCA-3', anti-
sense: 5-CACCCTGTTGCTGTAGCCAAA-3’, expe-
cted fragments amplified: 121 bp.

Due to short fragment size, a 3% agarose gel
was used for electrophoresis followed by imag-
ing. The images were analyzed using the ImageJ
software (National Institutes of Health, USA).

Western blot analysis

The original generation of myocardial cells was
added to a 6-well plate at a concentration of
1x10° cells per well, and the proteins were
extracted by RIPA strong lysis buffer (with SDS,
cholate and NP-40) after appropriate treatment
of the different groups. The BCA method was
used to determine the protein concentrations.
Based on the different molecular weights of the
proteins, the concentration of enrichment gel
was 5%. After loading 20 pL proteins into each
well, SDS-PAGE was performed followed by
electrotransfer to PVDF membrane. The trans-
fer time was adjusted by the protein molecular
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expressed as mean * SEM.
Comparison of multiple grou-
ps was performed using one-
way ANOVA. Values of P <
0.05 were considered statisti-
cally significant.

s Results

Identification of myocardial
cells and the purity

As shown in Figure 1, myocar-
dial cells showed red fluores-
cence due to Cy3, and the
nuclei of all cells showed blue
fluorescence under DAPI sta-
ining. The purity of cardiomyo-
cytes exceeded 95%.

MOl testing

After culturing for 48 h, the
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Figure 4. TUNEL detected apoptosis of cardiomyocytes. The nuclei of apop-
totic myocardial cells were dyed brown. Data are presented as mean + SEM.
C normal control group, HR hypoxia-reoxygenation group, CV the control vec-
tor group; A the gene transfection group, LY Akt inhibitor LY294002 group.
*P value < 0.05 as compared with C group; #P value < 0.05 as compared
with HR group, $P value < 0.05 as compared with CV group; &P value <
0.05 as compared with A group. Statistical results showed that compared
with C group, the other groups of myocardial cell apoptosis rate increased
significantly (P < 0.05). Compared with the HR group, A group apoptosis rate
decreased (P < 0.05), LY group and CV group all had no significant difference

Compared with the HR group (P > 0.05).

weight. The PVDF membrane was blocked for 2
h using 5% skimmed milk powder. After the
membrane was washed three times in 5 min,
the membrane was incubated with NCX1 anti-
body (Swant company, Switzerland) and anti-
bodies to Aktl, p-Aktl (Serd73, Thr308), cas-
pase-9, and Cyto C (Cell Signaling Technology,
USA), in a 4°C refrigerator overnight. Following
incubation with the first antibody, a secondary
antibody was added for 3 h, followed by the AP
method. The color stripe was analyzed using
ImageJ software after scanning.

Statistical analysis
All data were obtained from at least three inde-

pendent experiments, which were replicated
three times under each condition. Data are
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myocardial cells were obser-
ved under a fluorescent mic-
roscope. As shown in Figu-
re 2, when the MOI was 25,
the transfection rate reach-
ed 83%. At an MOI of 30,
the transfection rate reached
88%. At MOI of 35, 40 and
45, no obvious differences
were detected in the trans-
fection rate. The optimal MOI
value was 25.

MTT staining for cardiomyo-
cyte vitality

MTT staining is shown in Table 1 and Figure 3.
Compared with the C group, the vitality of the
other groups of cells decreased significantly (P
< 0.05). Compared with HR, CV and LY groups,
the vitality of cardiomyocytes in the A group
increased significantly (P < 0.05). No significant
differences were detected among HR, CV and
LY groups (P > 0.05). The LY group cell vitality
was lower than that of the HR group, but not
statistically significant (P > 0.05).

TUNEL staining for apoptosis

TUNEL staining is illustrated in Figure 4. The
nuclei of apoptotic cardiomyocytes were dyed
brown. Compared with the C group, the other

Am J Transl Res 2016;8(3):1369-1378
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Figure 5. RT-PCR detected the mRNA level of Aktl
and NCX1. Data are presented as mean + SEM. C
normal control group, HR hypoxia-reoxygenation
group, CV the control vector group, A the gene trans-
fection group, LY Akt inhibitor LY294002 group. *P
value < 0.05 as compared with C group; #P value <
0.05 as compared with HR group, $P value < 0.05
as compared with CV group, &P value < 0.05 as com-
pared with A group. Compared with C group, Aktl
and NCX1 mRNA levels were no significant change in
HR, CV and LY groups (P < 0.05); compared with HR
group, A group Aktl mRNA levels increased signifi-
cantly (P < 0.05), however, the level of NCX1 mRNA
decreased (P < 0.05).

groups of cardiomyocytes showed significantly
increased apoptosis (P < 0.05). Compared with
the HR, CV and LY groups, the rate of apoptosis
in the A group decreased (P < 0.05). The differ-
ences between LY and CV groups were not sig-
nificant compared with the HR group (P > 0.05).

RT-PCR of Akt1l and NCX1

As shown in Figure 5, compared with C group,
Aktl and NCX1 mRNA levels were not signifi-
cantly different in HR, CV and LY groups (P >
0.05), but the A group Aktl mRNA level in-
creased significantly (P < 0.05). However, the
level of NCX1 mRNA decreased (P < 0.05).
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Western blot of Akt1, p-Aktl, NCX1, caspase-9
and Cyto C

Western blot (Figures 6-8) results showed that
compared with C group, the HR group Aktl and
NCX1 protein expression was not significantly
changed (P > 0.05). However, the background
p-Aktl expression increased (P < 0.05), and
the apoptotic protein levels of caspase-9, and
Cyto Cincreased (P < 0.05); compared with HR
group. In the A group, along with increased Akt1
and p-Aktl protein expression, the expression
of NCX1 increased (P < 0.05), and the levels of
caspase-9, and Cyto C decreased significantly
(P < 0.05).

Discussion

Advances in gene therapy, and transgenic te-
chnology facilitated the transfection of seve-
ral genes such as NF-kB [29, 30], Bcl-2 [31],
Bax [32], PIBK/Akt [33, 34], SOD [35] and
eNOS [36] associated with IR to target cells
via appropriate carriers after gene recombina-
tion. Gene transfection vectors include recom-
binant viruses and physical and chemical ca-
rriers. Viral vectors used for gene therapy
include recombinant adenovirus, adeno-asso-
ciated virus, retrovirus, vaccinia virus, herpes
simplex virus and lentivirus. Compared with
other viral vectors, lentivirus enables easy
transfection, with minimal immune response,
and stable expression.

Akt-mediated inhibition of cardiomyocyte apop-
tosis has been demonstrated in many experi-
ments [9-14]. Our findings are consistent with
previous studies. This study adopted MTT assay
to detect myocardial cell vitality, and adopted
TUNEL assay to determine the rate of apoptosis
in cardiomyocytes. The results showed that HR
in the cardiomyocytes diminished the vitality
and increased the apoptotic rate. However,
after transfection of LV-Aktl, the myocardial
cell vitality increased, and the apoptotic rate
declined. The combined results of MTT and
TUNEL suggest successful creation of HR
model. The Aktl expression in rat cardiomyo-
cytes was protective. It also suggests that the
control vector had no apparent effect on the
cells, and Akt in IR had no effect on the vitality
of cardiomyocytes.

The relationship between Akt and NCX1 during
heart IR has not been confirmed. We first stud-

Am J Transl Res 2016;8(3):1369-1378
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Figure 6. Expression of Aktl and p-Aktl determined by Western blotting. Data are presented as mean + SEM. C
normal control group, HR hypoxia-reoxygenation group, CV the control vector group, A the gene transfection group,
LY Akt inhibitor LY294002 group. *P value < 0.05 as compared with C group, #P value < 0.05 as compared with
HR group, $P value < 0.05 as compared with CV group, &P value < 0.05 as compared with A group. Compared
with C group, HR group Aktl protein expression had no significant change (P > 0.05), but the background of p-Aktl
expression increased (P < 0.05), Compared with HR group, A group, Akt1 and p-Aktl protein expression increased

significantly (P < 0.05).
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Figure 7. Expression of NCX1 determined by Western
blotting. Data are presented as mean + SEM. C nor-
mal control group; HR hypoxia-reoxygenation group,
CV the control vector group; A the gene transfection
group, LY Akt inhibitor LY294002 group. *P value <
0.05 as compared with C group; #P value < 0.05 as
compared with HR group, $P value < 0.05 as com-
pared with CV group; &P value < 0.05 as compared
with A group. Compared with C group, hypoxia 2 h
and reoxygenation 24 h could not make NCX1 pro-
tein take place obvious change (P > 0.05), but when
transfected Aktl gene, the NCX1 protein level was
upregulated (P < 0.05).

1375

ied the relationship between Akt and NCX1 in
IR neonatal rat cardiomyocytes. We further
analyzed whether Aktl induced NCX1 in IR to
inhibit apoptosis. We therefore, transfected
LV-Akt1. RT-PCR and Western blot were used to
detect mRNA levels and the protein expression
of Aktl and NCX1. The results showed that
compared with the C group, the Aktl and NCX1
expression in HR group was not altered. Other
experiments [37] showed such results. In vitro
studies used rat hearts in IR models. Rat hearts
were randomly divided into three groups: isch-
emia for 45 min and without reperfusion, isch-
emia for 45 min and reperfusion for 24 h, and
ischemia for 45 min and reperfusion for 7 d.
Compared with hearts subjected to ischemia
for 45 min and without reperfusion, rat hearts
subjected to 24 h reperfusion showed slightly
increased NCX1 expression. Reperfusion 7d
later reduced the NCX1 protein expression
compared with the control group. Compared
with the HR group, transfection with Aktl
increased the Aktl and p-Aktl protein expres-
sion, and reduced NCX1 protein levels. Aktl
and NCX1 showed different results in other
experimental conditions. Annunziato. L et al.

Am J Transl Res 2016;8(3):1369-1378
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Figure 8. Expression of Cyto C and caspase-9 determined by Western blotting. Data are presented as mean + SEM.
C normal control group; HR hypoxia-reoxygenation group; CV the control vector group, A the gene transfection group,
LY Akt inhibitor LY294002 group. *P value < 0.05 as compared with C group; #P value < 0.05 as compared with HR
group, $P value < 0.05 as compared with CV group, &P value < 0.05 as compared with A group. Compared with C
group, hypoxia 2 h and reoxygenation 24 h could make the apoptotic related proteins of caspase-9, Cyto C increased
obviously (P < 0.05), but transfected Aktl gene could downregulate the Cyto C and caspase-9 protein levels (P <

0.05).

[38] established a brain ischemia model via
permanent occlusion of middle cerebral artery
(PMCAO). Nerve growth factor (NGF) was used
to stimulate the brain. Akt expression was
increased in response to NGF. The NCX1 mRNA
levels were increased as well, but the cerebral
infarct area was reduced. Other experiments
[39] arrived at similar conclusions suggesting
that ischemic preconditioning protected ag-
ainst cerebral ischemia, following increased
NCX1 and NCX3 expression. After addition of
Akt inhibitors LY-294002, the protective effect
disappeared, and the corresponding NCX1 and
NCX3 expression was reduced.

Cyto C is a transmembrane protein in the mito-
chondria. Mitochondrial dysfunction induced by
IR triggers the release of Cyto C into the cyto-
plasm, followed by the activation of caspase-9.
Caspase-9 induces apoptosis, and is the most
directly activated caspase kinase in mitochon-
drial apoptosis [40, 41]. Caspase-9 further ac-
tivates downstream apoptotic protein caspa-
se-3. Caspase-3 acts on endonuclease, dam-
aging the nuclear DNA, resulting in cardiomyo-
cyte apoptosis. Caspase-8 and caspase-12
also activate caspase-3. We, therefore, select-
ed caspase-9 in the mitochondrial dysfunction-
induced apoptosis mediated by IR. In our exper-
iment, the cardiomyocytes in HR, were trans-
fected with Aktl. Increased Aktl levels and
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reduced NCX1 led to diminished cytoplasmic
levels of Cyto C and caspase-9.

Transfection of lentivirus-mediated Akt played
an anti-apoptotic role during IR in rat cardiomy-
ocytes. The underlying mechanism includes
inhibition of NCX1 expression, which further
reduces the release of proteins in mitochon-
drial apoptosis, and results in anti-apoptotic
effect.
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