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Dual targeting of survivin and X-linked inhibitor of
apoptosis protein suppresses the growth and promotes
the apoptosis of gastric cancer HGC-27 cells
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Abstract. Gastric cancer can be a fatal tumor and therefore
represents one of the primary challenges in modern oncology.
Survivin and X-linked inhibitor of apoptosis protein (XIAP)
are members of the TAP family, which exerts a strong
inhibitory effect on cellular apoptosis. In previous studies,
the expression levels of survivin and XIAP have been
demonstrated to influence the prognosis of patients with gastric
cancer; therefore, the present study investigated the effect of
silencing survivin and XIAP on the biological activity of the
gastric cancer HGC-27 cell line. It was demonstrated that the
expression levels of survivin and XIAP were significantly
increased in gastric cancer tissues, compared with the adjacent
non-tumor tissues. Furthermore, it was observed that the
expression levels of survivin and XIAP were similarly elevated
in gastric cancer HGC-27 cells, compared with normal
gastric epithelial GES-Icells. Furthermore, small interfering
RNA-mediated surviving- or XIAP-knockdown, in addition
to the dual knockdown of survivin and XIAP, inhibited the
proliferation and promoted the apoptosis of HGC-27 cells.
Simultaneous inhibition of XIAP and survivin expression was
more effective, compared with inhibition of XIAP or survivin
alone. These results indicated that the dual knockdown of
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survivin and XIAP may be an effective strategy for treating
gastric cancer in the future.

Introduction

Gastric cancer is the second leading cause of cancer-associated
mortality globally (1). Although improvements have been
made in the diagnosis and treatment of patients with early stage
gastric cancer, the prognosis of patients with advanced stages
of disease remains poor (2). Surgery is the primary curative
treatment for gastric cancer (3). Therapeutic endoscopy,
surgery, radiotherapy, chemotherapy, interventional therapy,
biotherapy and immunotherapy provide limited benefits to
patients diagnosed with an advanced stage of gastric cancer (4);
therefore, it is necessary to investigate novel avenues in
the treatment of gastric cancer, including gene therapy, to
determine a feasible strategy.

Gastric cancer is a complex disease with multiple genetic
aberrations; therefore, a single gene approach to the development
of novel therapies may not be as effective as a multiple gene
approach. Resistance to apoptosis is a common phenomenon
in malignant tumors (5,6). Previously, numerous signaling
molecules involved in the regulation of apoptosis and the
proliferation of tumor cells have been identified (7), and of these,
the proteins of the inhibitor of apoptosis (IAP) family exert a
strong inhibitory effect on cellular apoptosis. Thus far, 8 types
of apoptosis inhibitory proteins have been identified in the
IAP family, namely X-linked IAP (XIAP), survivin, IAP-like
protein 2, cellular IAP (cIAP) 1, cIAP2, baculoviral TAP
repeat-containing ubiquitin-conjugating enzyme, NLR family
apoptosis inhibitory protein and melanoma-IAP (8). It has been
demonstrated that a poor prognosis is associated with increased
survivin and XIAP expression levels in patients with gastric
cancer (9,10); therefore, survivin and XIAP are considered to be
promising targets for anticancer therapy (11-13).

The survivin gene was isolated and identified in
1997 (14). Since then, studies (15,16) have determined that
it has a role in the inhibition of apoptosis and the regulation
of cell proliferation. Furthermore, its overexpression has
been observed in numerous human malignant tumor types,
including gastric cancer (17-21). XIAP was first identified in
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1996 (22), and it has been identified as an IAP that may be
induced by various triggers (23). Additionally, it may be the
most potent member of the IAP gene family (24). Following its
induction, XIAP binds to and inhibits the activity of caspases
3,7 and 9, and ultimately suppresses caspase-mediated cellular
apoptosis (25).

In addition, it has been demonstrated that survivin
and XIAP form a heterocomplex when apoptosis is
induced in vivo (26). This interaction promotes cell survival,
due to it enhancing the stability of XIAP and its resistance to
proteasomal degradation. This interaction is involved in the
reduction of apoptosome-mediated cell death, an effect that
is abolished in XIAP"cells; therefore, the dual knockdown of
survivin and XIAP may result in enhanced apoptosis that is
more prominent, compared with the knockdown of a single
gene, in gastric cancer cells.

The present study investigated the effect of the knockdown
of survivin and XIAP on the apoptosis and growth of the
gastric cancer HGC-27 cell line. The results demonstrated that
the simultaneous inhibition of survivin and XIAP expression
may be a potential target for the development of novel gastric
cancer treatments for clinical application.

Materials and methods

Tissue samples. A total of 144 patients underwent surgical resec-
tion for gastric cancer between May 2016 and March 2017 at the
Third Affiliated Hospital of Harbin Medical University (Harbin,
China). There were 87 male patients and 57 female patients,
ranging in age from 23 to 75 years with a mean age of 52 years
old. All these cases were collected for the detection of clinical
characteristics, whilst, 26 gastric cancer and matched peritu-
moral tissue samples were randomly collected from the 144 for
further mRNA and protein of XIAP and survivin analysis. All
these cases were diagnosed by pathologists in the Department
of Pathology of the Third Affiliated Hospital of Harbin Medical
University (Harbin, China) who were blinded to the study and
no patients had received radiotherapy, chemotherapy or adjuvant
therapy prior to surgery. Data of the clinicopathological features
of the patients were collected from surgical and pathological
reports based on the Tumor-Node-Metastasis staging system (27).
The present study was approved by the Ethical Committee of
the Third Affiliated Hospital of Harbin Medical University and
written informed consent was obtained from all patients.

Immunohistochemical staining and analysis. The tissues were
fixed with 4% paraformaldehyde for 24 h at room temperature.
Immunohistochemical staining of the 4-um thick sections
of paraffin-embedded human gastric cancer tissues and
matched peritumoral tissue samples were performed by the
Department of Pathology of the Third Affiliated Hospital of
Harbin Medical University (Harbin, China). In brief, following
deparaffinization in xylene at room temperature, and then
rehydrated in graded concentrations of ethyl alcohol (100, 95
and 75%), and antigen retrieval at 95°C for 32 min, the sections
were blocked with 10% bovine serum albumin (Beyotime
Institute of Biotechnology, Shanghai, China) in PBS for
60 min at room temperature and incubated with anti-XIAP
(1:500; cat no. ab2541) and anti-survivin (1:500; cat no. ab469;
both Abcam, Cambridge, UK) overnight at 4°C. Subsequently,
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the sections were washed 3 times in PBS and incubated with
a horseradish peroxidase-conjugated Mouse Anti-rabbit IgG
secondary antibody (1:200; cat no. bs-0295M-HRP; Beijing
Biosynthesis Biotechnology Co., Ltd., Beijing, China) for
30 min at 37°C. Immunocomplexes were detected with
3,3'-diaminobenzidine (Beyotime Institute of Biotechnology).
Finally, the sections were counterstained with hematoxylin
for 3 min at room temperature, rehydrated in a descending
series of ethanol (85% for 2 min, 95% for 2 min and 100%
for 5 min), finally mounted using xylene for 1 min examined
under the light microscope (E100; magnification, x400; Nikon
Corporation, Tokyo, Japan).

Cell culture. The gastric cancer HGC-27 cell line was
provided by Dr Qiang Yao from Harbin Medical University
(Harbin, China), which was purchased from the Type Culture
Collection of the Chinese Academy of Sciences (Shanghai,
China). The human gastric mucosal GES-1 and gastric
cancer MGC-803 cell lines were obtained from the Genetics
Laboratory of Harbin Medical University. All these cell
lines were cultured in RPMI-1640 medium (Gibco; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with 10% fetal bovine serum (Thermo Fisher Scientific, Inc.),
100 U/ml penicillin-G and 100 pg/ml streptomycin. The
cells were cultured in a humidified atmosphere containing
5% CO, at 37°C. Cells were digested with 0.25% pancreatin
for subculture 2-3 times/week.

Survivin and XIAP small interfering (si)RNA-mediated
knockdown. Previous studies demonstrated that siRNA has
the ability to mediate the intracellular degradation of targeted
mRNA, thereby affecting the expression of targeted mRNA at
the translational level (28,29). According to the gene sequences
of survivin and XIAP, specific siRNA and non-sense siRNA
were designed and synthesized in vitro (Invitrogen; Thermo
Fisher Scientific, Inc.) as follows: Survivin siRNA (+), 5'-CAC
CGCAUCUCUACAUUCATTAATAT-3"; XIAP siRNA (+),
5'-GCAGGUUGUAGAUAUAUCATTAAdTAT-3"; and control
non-sense siRNA (-), 5'-UUCUCCGAACGUGUCACGUTT
AdTdT-3". HGC-27 cells were harvested and counted one day
prior to transfection and seeded overnight at 37°C at a concen-
tration of 8x10° cells/well on a 96-well plate (used for the cell
proliferation assay) and 2x10° cells/well on a 24-well plate (for
all other assays). Transfection was performed using 100 nM
siRNA (for survivin and/or XIAP, 100 nM siRNA of each was
used when the two were combined) and X-tremeGENE siRNA
Transfection Reagent (Roche Diagnostics, Basel, Switzerland).
After 24 h, the cells (transfected with si-survivin, si-XIAP, and
a combination of si-survivin and XIAP) were collected.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). The mRNA expression of survivin and XIAP from
gastric cancer and matched peritumoral tissues was analyzed
by RT-qPCR. Total RNA from tissues or HGC-27 cells was
extracted using TRIzol® reagent (Invitrogen; Thermo Fisher
Scientific,Inc.),according to the manufacturer's protocol. Reverse
transcription (Transcriptor First Strand cDNA Synthesis kit;
cat no. 04 379 012 001; Roche Diagnostics GmbH, Mannheim,
Germany) and PCR detection (FastStart Universal SYBR-Green
Master; cat no. 04 673 484 001; Roche Diagnostics GmbH) were
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performed according to the kit protocols. The primer sequences
used were as follows: Survivin forward, 5-"AGGACCACCGCA
TCTCTACAT-3' and reverse, 5~ AAGTCTGGCTCGTTCTCA
GTG-3'; XIAP forward, 5-ACCGTGCGGTGGTGCTTTAGT
T-3' and reverse, 5S"TGCGTGGCACTATTTTCAAGATA-3";
and GAPDH forward, 5-CATCTTCCAGGAGCGAGA-3' and
reverse, S-TGTTGTCATACTTCTCA-3' (Invitrogen; Thermo
Fisher Scientific, Inc.). The ABI7500 fast real-time qPCR
instrument (Applied Biosystems; Thermo Fisher Scientific, Inc.)
was used to perform RT-qPCR. A total of 1 pl first-strand cDNA
was used per 10 pl reaction volume. A total of 0.4 ul 50X ROX
Reference Dye II (FastStart Universal SYBR-Green Master; cat
no. 04 673 484 001; Roche Diagnostics GmbH), 0.4 pl survivin
or XIAP upstream primer, 0.4 ul survivin or XIAP downstream
primer and 6.8 ul deionized water was used. The amplification
conditions were in accordance with the manufacturer's protocol
of PCR detection (FastStart Universal SYBR-Green Master):
Denaturation at 95°C for 5 min, followed by 40 amplification
cycles of 95°C for 30 sec, 55°C for 30 sec and 72°C for 30 sec (30).
The 222 method was used to determine the relative mRNA
expression level (31). GAPDH amplification was consistent with
that of survivin and XIAP.

Western blot analysis. Total proteins of HGC-27 cells
were extracted in cold lysis buffer (Beyotime Institute of
Biotechnology) containing 1 ul proteinase inhibitor per 1 ml.
Protein quantity was assessed using the bicinchoninic acid
assay (Beyotime Institute of Biotechnology, Haimen, China).
Subsequently, proteins (100 pg) were mixed with 4X SDS
buffer (Beyotime Institute of Biotechnology) and resolved by
15% SDS-PAGE electrophoresis at 100 V for 1 h. Following
this, proteins were transferred onto polyvinylidene membranes,
which were washed in 100% methanol for 40 sec. Membranes
were then blocked with Tris buffered saline (TBS) containing
5% skimmed milk for 1 h at room temperature, and incubated
overnight at 4°C with anti-human survivin primary antibody
(1:2,000; cat. no. ab76424) and anti-human XIAP primary
antibody (1:500; cat. no. ab21278) or anti-human Actin primary
antibody (1:2,000; cat. no. ab8227) or anti-human GAPDH
primary antibody (1:2,000; cat. no. ab8245; all Abcam) in
TBS with 0.5% Tween-20 containing 5% skimmed milk.
Following washing 3 times with PBS with 0.5% Tween-20,
membranes were incubated with Goat anti-rabbit horseradish
peroxidase-conjugated secondary antibodies (1:1,000; cat.
no. TA130003; OriGene Technologies, Inc., Beijing, China) for
2 h atroom temperature. Finally, the membranes were visualized
using enhanced chemiluminescence reagent purchased from
Beyotime Institute of Biotechnology (cat. no. PO0O18) and
scanned using AlphaView image analysis software version 2.0
(ProteinSimple, San Jose, CA, USA).

Cellular apoptosis detection. The Annexin V-fluorescein
isothiocyanate (FITC) Apoptosis Detection kit (Beyotime
Institute of Biotechnology) was used to detect apoptosis.
HGC-27 cells were detached using trypsin and collected
48 h after transfection with survivin and XIAP siRNA.
Subsequently, the cells were washed twice with PBS and
treated with 10 ul propidium iodide, 5 1 Annexin V-FITC
and 195 pl V-FITC binding buffer for 20 min at room
temperature, and protected from the light. A flow cytometer
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(Cytomics FC500 flow cytometer, Beckman Coulter Inc.,
Brea, CA, USA) and CXP Analysis software (version CR;
Beckman Coulter Inc.) were used to analyze and quantify
cells within 30 min of the incubation. The apoptosis rate
was calculated using the following formula: Apoptotic rate=
(number of apoptotic cells/total number of cells) x100.

Cell Counting kit (CCK)-8 assay. HGC-27 cells were tryp-
sinized, washed twice in PBS, seeded into 96-well plates at
a concentration of 2x10° cells/ml and incubated at 37°C in
serum-free RPMI-1640 medium for 12 h. The cells were divided
into six groups: Untransfected cells grown in RPMI-1640
medium, cells transfected with control siRNA, cells trans-
fected with survivin siRNA, cells transfected with XIAP
siRNA, and cells transfected with survivin and XIAP siRNAs.
Subsequently, HGC-27 cells were transfected with 6 ug
survivin or XIAP siRNA (sequences as previously mentioned;
initial concentration, 10 uM) and 5 pl X-tremeGENE siRNA
Transfection reagent (Roche Diagnostics), and incubated
for 24 h. For the control siRNA group, HGC-27 cells were
transfected with scrambled sequence siRNA. A total of 10 ul
CCK-8 solution (Beyotime Institute of Biotechnology) was
added to each well and the mixture was incubated at 37°C for
1 h. A microplate reader was used to measure the absorbance
at a wavelength of 450 nm. The inhibition rate was calculated
using the following formula: Inhibition rate (%)=(A.onol
eroup™Aexperimental group) (Acontrol group™Ablank group) X100, Where A is
the absorbance, the control group is the cells transfected with
control siRNA, the blank group is the untransfected cells
grown in RPMI-1640 medium and the experimental group is
the group being tested.

Bromodeoxyuridine (BrdU) incorporation analysis. Cell
proliferation was concurrently analyzed using a BrdU assay
kit (Cell Signaling Technology, Inc., Danvers, MA, USA).
The steps were performed according to the manufacturer's
protocol. In brief, HGC-27 cells were incubated at 37°C with
20 M BrdU for 40 min prior to being harvested. Subsequently,
the cells were treated with 1X fixing solution (cat no. 6813;
Cell Signaling Technology, Inc.) at room temperature for
30 min, followed by incubation with anti-BrdU antibody (cat
no. 6813; 1:1,000; Cell Signaling Technology, Inc.) at 37°C for
1 h. Finally, the optical absorbance was measured with a multi-
mode microplate reader at dual wavelengths of 450/550 nm.

Statistical analysis. Statistical analysis was performed using
SPSS software, version 16.0 (SPSS, Inc., Chicago, IL, USA).
Data are presented as the mean + standard error of the mean.
Data in different groups were analyzed using one-way analysis
of variance followed by the Student-Newman-Keuls post hoc
test. The ¥ or Fisher's exact tests were performed to identify
statistical differences in the clinicopathological variables.
P<0.05 was considered to indicate a statistically significant
difference.

Results
Association between the survivin or XIAP protein expres-

sion level and clinicopathological factors of gastric cancer.
In the present study, the receiver operating characteristic
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Figure 1. Association between survivin/XIAP and clinicopathological factors of gastric cancer. (A) The receiver operating characteristics curves. The cutoffs
for XIAP and survivin expression levels were 0.6178 and 0.5433, respectively. (B) The survival curve for patients with gastric cancer with different expression
levels of XIAP (P<0.05). (C) The survival curve for patients with gastric cancer with different expression levels of survivin (P<0.05). XIAP, X-linked inhibitor

of apoptosis protein.

(ROC) curves were produced to determine the cut-off values
(negative or positive expression) of XIAP and surviving (32).
Fig. 1A depicts the ROC curve of XIAP and survivin, which
demonstrated that the cut-off for the XIAP expression levels
was 0.6178 [95% confidence interval (CI), 0.4749-0.7607],
whilst the cut-off for the survivin expression levels was 0.5433
(95% C1, 0.3948-0.6918). Fig. 1B depicts the survival curves
used to assess the malignant potential of high and low XIAP
expression; whilst Fig. 1C depicts the survival curves used
to assess the malignant potential of high and low survivin
expression. Clinical characteristics from 144 patients were all
collected and recorded for subsequent analysis. The mean age
of patients was 52 years (range, 23-75 years), 79.8% patients
exhibited lymph node metastasis and the median tumor size
was 5.8 cm. The results of the univariate analysis demon-
strated that the XIAP expression level was significantly
associated with tumor size, serosal invasion and lymph node
metastasis (P<0.05; Table I), whilst the survivin expression
level was significantly associated with tumor size and lymph
node metastasis (P<0.05; Table II).

Expression levels of surviving or XIAP in vivo and in vitro.
In order to detect the expression levels of survivin and XIAP,
RT-gPCR and western blotting were performed. As presented
in Fig. 2, increased expression levels of survivin and XIAP
were observed in gastric cancer tissues, compared with the
matched non-tumor tissues (NRNA, P<0.01; protein, P<0.05).
Additionally, the expression levels of survivin and XIAP were
significantly elevated (Fig. 3) in the HGC-27 and MGC803
gastric cancer cells, compared with the GES-1 normal gastric
epithelial cells (P<0.05).

Knockdown of survivin and/or XIAP in HGC-27 cells. The
siRNA-mediated surviving- and XIAP-knockdown was
evaluated by RT-qPCR and western blotting. The mRNA
expression of survivin was significantly reduced in the HGC-27
cells transfected with survivin siRNA, in addition to those
transfected with survivin/XIAP siRNA (P<0.05). Compared with
the negative control group, the survivin mRNA expression was
reduced by 65.31 and 69.44% in these two groups, respectively
(P<0.05). The expression level of XIAP was also significantly
reduced in cells transfected with XIAP siRNA, in addition to
those transfected with survivin/XIAP siRNA, by 33.38 and
49.01%, respectively, compared with the negative control group
(P<0.05). These results indicated that survivin siRNA, XIAP

siRNA and survivin/XIAP siRNA were effective in silencing
survivin and/or XIAP expression in HGC-27 cells. Compared
with the negative control group, the expression of survivin in
the XIAP siRNA-transfected cells was not significantly altered.
Furthermore, the expression of XIAP in cells transfected with
survivin siRNA remained unaltered (Fig. 4A).

The protein expression levels of survivin and XIAP
exhibited no significant difference between the blank control
and negative control groups; however, in the survivin siRNA-
and survivin/XIAP siRNA-transfected cells, the survivin
expression was significantly reduced (P<0.05). In the XIAP
siRNA- and survivin/XIAP siRNA-transfected cells, the
XIAP expression was also significantly reduced (P<0.05).
Additionally, the XIAP protein expression was also reduced
in the survivin siRNA-transfected cells, indicating that
survivin siRNA reduced XIAP expression at the protein level,
which implied that survivin-mediated pathophysiological
alterations in the HGC-27 cells were partially associated with
XIAP (Fig. 4B).

Dual knockdown of survivin and XIAP further promotes
cellular apoptosis. Following siRNA-mediated survivin- and
XIAP-knockdown, cellular apoptosis was examined using flow
cytometry. Apoptosis was notably increased in survivin siRNA-,
XIAP siRNA-and survivin/XIAP siRNA-transfected cells. As
demonstrated in Fig. 5, in the cells transfected with survivin,
XIAP and survivin/XIAP siRNA, the apoptotic rates were
28.29, 26.68 and 53.59%, respectively. These results indicated
that dual knockdown of survivin and XIAP promoted cellular
apoptosis to a greater extent than the knockdown of survivin
or XIAP alone. As demonstrated in Fig. 4B, the knockdown
of survivin simultaneously reduced XIAP protein expression,
which indicated that unknown crosstalk between survivin and
XIAP may be involved in the process of cellular apoptosis.

Dual knockdown of survivin and XIAP further suppresses
cell proliferation. Following siRNA-mediated survivin-and
XIAP-knockdown, cell viability and proliferation were
examined using a CCK-8 kit and BrdU incorporation analysis.
Cell proliferation was significantly inhibited following
cell transfection with survivin siRNA, XIAP siRNA or
survivin/XIAP siRNA (P<0.05). The CCK-8 assay results
indicated that in the cells transfected with survivin, XIAP
and survivin/XIAP siRNAs, the inhibition rates were 22.01,
21.01 and 40.39%, respectively (Fig. 6A). Furthermore, cell
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Table I. Association between XIAP expression levels and
clinicopathological features of gastric cancer.
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Table II. Association between survivin expression levels and
clinicopathological features of gastric cancer.

XIAP expression
Variable Low High P-value
Sex 0.63*
Male 20 56
Female 16 52
Age, years 0.70*
<50 19 30
>50 17 78
Location 0.26°
Upper 20 66
Middle 11 22
Lower 5 13
Whole 0 7
Tumor size, cm <0.01*
<5 13 18
=5 23 90
Histological type 0.60°
WMD 14 36
PD 16 65
SRC 4 2
MC 2 5
Serosal invasion <0.012
Absent 20 21
Present 16 87
Lymph node metastasis 0.02¢
Negative 15 14
Positive 21 94
Total 36 108

=2 or PFisher's exact test was used for statistical analysis. XIAP,

X-linked inhibitor of apoptosis protein; WMD, well or moderately
differentiated  adenocarcinoma; PD, poorly differentiated
adenocarcinoma; SRC, signet ring cell carcinoma; MC, mucinous
adenocarcinoma.

proliferation was determined by BrdU incorporation analysis.
The results were in accordance with the results of the CCK-8
assay (Fig. 6B). Dual knockdown of survivin and XIAP
suppressed cell proliferation to a greater extent (41.12%),
compared with the knockdown of survivin (25.37%) or XIAP
(27.11%) alone. These data indicated that dual knockdown of
these two genes may be a potential target for the treatment of
gastric cancer in the future.

Discussion

Resistance to apoptotic signals in malignant cells is one of the
most important factors in the failure of anticancer therapy in
clinical settings (33); therefore, inhibition of cancer cell apop-
tosis has important biological and clinical significance (34,35).
Therapeutic targeting of antagonists of the XIAP-survivin

Survivin expression

Variable Low High P-value
Sex 0.70*
Male 17 50
Female 19 58
Age, years 0.86*
<50 12 35
>50 24 73
Location 0.11°
Upper 18 54
Middle 17 32
Lower 0 13
Whole 0 9
Tumor size, cm <0.05*
<5 19 45
>5 17 63
Histological type 0.84°
WMD 8 45
PD 20 58
SRC 6 0
MC 2 5
Serosal invasion 0.93*
Absent 18 57
Present 18 51
Lymph node metastasis 0.04*
Negative 16 18
Positive 22 90
Total 36 108

»? or PFisher's exact test was used for statistical analysis. WMD,
well or moderately differentiated adenocarcinoma; PD, poorly
differentiated adenocarcinoma; SRC, signet ring cell carcinoma; MC,
mucinous adenocarcinoma.

complex may be used as a potentially beneficial tool against
apoptosis resistance in tumors, and to protect cancer cells
from inactivation by ubiquitination or protease hydrolysis (36).
Inhibition of survivin and/or XIAP expression may have
potential therapeutic effects in gastric cancer. The results of
the present study indicated that multi-target treatment options
may be effective strategies for the treatment of gastric cancer
in a clinical setting.

The results of the present study demonstrated that the
expression levels of survivin and XIAP were elevated in vivo
and in vitro, which is consistent with the results of a previous
study (37). Furthermore, HGC-27 cells were transfected with
siRNA targeting surviving and/or XIAP. Following transfec-
tion, expression levels were markedly reduced at the mRNA
and protein levels. In XIAP-siRNA transfected cells, the
expression of survivin mRNA did not change, compared with
the negative control (non-sense siRNA-treated) cells. Similar
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Figure 2. Expression levels of survivin and XIAP in gastric cancer tissues, compared with matched non-tumor tissues. (A) Representative immunohisto-
chemical stain results of XIAP and survivin expression in gastric carcinoma tissues and non-tumor tissues. (B) mRNA expression levels of XIAP in gastric
cancer and non-tumor tissues. P<0.01. (C) mRNA expression levels of survivin in gastric cancer and non-tumor tissues. P<0.05. (D) Representative western blot
analysis results of survivin and XIAP in gastric cancer and non-tumor tissues (n=26). (E) Bar graph of the relative survivin and XIAP protein expression levels.
The protein expression levels of survivin and XIAP were significantly elevated in gastric cancer tissues compared with non-tumor tissues. Data are expressed
as the mean + standard error of the mean. ‘P<0.05 vs. non-tumor tissues (one-way analysis of variance with the Student-Newman-Keuls post hoc test). XIAP,

X-linked inhibitor of apoptosis protein; N, non-tumor tissues; T, tumor tissues.

results were observed for XIAP mRNA expression in survivin
siRNA-transfected cells. These results indicated that silencing
of survivin or XIAP had no influence on the mRNA expression
of the other gene in HGC-27 cells; however, the expression
of survivin mRNA in survivin siRNA-transfected cells was
decreased, compared with survivin/XIAP siRNA-transfected
cells. Additionally, XIAP mRNA expression was increased in
XIAP siRNA-transfected cells, compared with survivin/XIAP
siRNA-transfected cells. These results indicated that survivin
and XIAP may be regulated through different mechanisms,
and that a potential crosstalk may exist between these apop-
totic regulatory signaling pathways.

The results of the western blot analysis revealed that
the expression of XIAP was also reduced in survivin
siRNA-transfected cells. This result indicated that survivin
siRNA reduced XIAP expression at the protein level, via
indirect mechanisms, which require further investigation.
The results of flow cytometry indicated that the proportion of
apoptotic cells was significantly increased in cells transfected
with survivin, XIAP and survivin/XIAP siRNA, compared
with the negative control cells. In addition, the apoptosis rate
was increased in survivin/XIAP siRNA-transfected cells,
compared with survivin siRNA- or XIAP siRNA-transfected
cells. The results of the CCK-8 assay and BrdU incorporation
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cells, as determined by reverse transcription-quantitative polymerase chain reaction. (B) Protein expression levels of survivin and XIAP were increased in
the HGC-27 and MGC803 gastric cancer cell lines, compared with the normal gastric epithelial GES-1 cells, as determined by western blotting. 1, XIAP; 2,
Actin; 3, survivin; 4, Actin. Data are expressed as the mean =+ standard error of the mean. n=26. "P<0.05 vs. GES-1 group (one-way analysis of variance with
the Student-Newman-Keuls post hoc test). XIAP, X-linked inhibitor of apoptosis protein.
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Figure 4. Knockdown of survivin and/or XIAP in HGC-27 cells. (A) Reverse transcription-quantitative polymerase chain reaction analysis of survivin and
XIAP mRNA expression in HGC-27 cells transfected with control non-sense, survivin, XIAP or survivin/XIAP siRNA. (B) Western blot analysis of XIAP,
survivin and GAPDH protein expression levels. Lane 1, untreated HGC-27 cells; lane 2, control nonsense siRNA-treated HGC-27 cells; lane 3, HGC-27 cells
transfected with XIAP siRNA; lane 4, HGC-27 cells transfected with survivin siRNA; and lane 5, HGC-27 cells transfected with survivin/XIAP siRNA (n=3).
Data are expressed as the mean =+ standard error of the mean. "P<0.05 vs. control group (one-way analysis of variance). XIAP, X-linked inhibitor of apoptosis
protein; si, small interfering RNA; NC, negative control (transfected with control non-sense siRNA).
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Figure 5. Dual knockdown of survivin and XIAP further promotes cellular apoptosis. (A) Apoptosis of HGC-27 cells in different transfection groups and
(B) the corresponding statistical results. Data are expressed as the mean + standard error of the mean. “P<0.01 vs. NC group (one-way analysis of variance with
the Student-Newman-Keuls post hoc test), n=3. XIAP, X-linked inhibitor of apoptosis protein; si, small interfering RNA; FITC, fluorescein isothiocyanate; NC,
negative control (transfected with control non-sense siRNA); PI, propidium iodide.
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Figure 6. Dual knockdown of survivin and XIAP further suppresses cell proliferation. (A) Effect of siRNA-mediated knockdown of survivin and/or XIAP on
HGC-27 cell viability. (B) Proliferation of cells transfected with survivin, XIAP or survivin/XIAP siRNAs. Data are expressed as the mean + standard error
of the mean. n=3. "P<0.05, “P<0.01 vs. NC group (one-way analysis of variance with the Student-Newman-Keuls post hoc test). XIAP, X-linked inhibitor of
apoptosis protein; si, small interfering RNA; NC, negative control (transfected with control nonsense siRNA); BrdU, bromodeoxyuridine.

with cells transfected with survivin or XIAP siRNAs. This
maybe due to the reduced formation of the survivin/XIAP
heterocomplex in response to cell death stimulation, and the
potential crosstalk between these two IAPs (28). Furthermore,
a survivin/XIAP complex reciprocally controls survivin
stability and, as a XIAP-associated molecule, XIAP-associated
factor-1 promotes proteasomal degradation of the protein (38);
therefore, there may be an enhanced therapeutic benefit
when the two factors are inhibited simultaneously (39). It
was hypothesized that simultaneous inhibition of XIAP and
survivin may strongly induce the apoptosis of HGC-27 cells
and inhibit their growth by unknown mechanisms.

Previous studies (40-42) have demonstrated that targeting
of XIAP and survivin inhibits the growth of various cancer

cell types in vitro, and that the apoptotic fraction is enhanced
by dual knockdown of survivin and XIAP. Preclinical
studies in lung cancer have indicated that a high expression
of XTAP and survivin is associated with an advanced clinical
stage and a poor prognosis, whereas inhibition of XIAP and
survivin expression increases the sensitivity of cancer cells
to radiotherapy and chemotherapy (43-45). Further studies
have indicated that survivin and XIAP regulate the response
of colorectal cancer cells to radiation (39), and simultaneous
inhibition of XIAP and survivin markedly decreases the
proliferation of pancreatic cells (46).

There are a number of limitations to the present study; for
example, there maybe other signaling pathways involved in
the process of inhibiting survivin and XIAP expression levels
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that are unknown. Additionally, there are currently no inhibi-
tors of XIAP and survivin available; therefore, the prognostic
impact and treatment response from the clinic could not be
measured. Thus, further in vitro and in vivo experiment should
be performed in the future.

In conclusion, the results of the present study demonstrated
that simultaneous inhibition of survivin and XIAP expres-
sion induces the apoptosis of HGC-27 cells, and inhibits cell
growth to a greater extent, compared with the inhibition of
XIAP or survivin alone. Therefore, simultaneous inhibition of
survivin and XIAP expression may be a beneficial target for
the development of novel gastric cancer treatments.
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