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Abstract. Gastric cancer (GC) remains one of the leading
causes of cancer-associated mortality. The overexpression of
inhibitor of apoptosis-stimulating protein of p53 (1ASPP) has
been detected in GC tissues but the function of iASPP in the
viability of GC cells and its underlying molecular mechanism
remains unknown. Kruppel-like factor 4 (KLF4) is a tumor
suppressor gene in GC and it may interact with p53. iASPP is
an evolutionarily conserved inhibitor of p53, whereas KLF4
may be negatively associated with iASPP in GC. However,
whether KLF4 has regulatory effects on iASPP remains to be
investigated. The objective of the present study was to examine
the function of iASPP and KLF4 in the proliferation of GC
cells and to determine whether KLF4 has regulatory effects on
1ASPP. It was demonstrated that iASPP was upregulated and
KLF4 was downregulated in GC cell lines. Downregulation
of iASPP inhibited the proliferation and colony formation
ability, and promoted the apoptosis of GC cells. Additionally,
upregulation of KLF4 inhibited the proliferation and colony
formation ability, and promoted apoptosis of GC cells.
Furthermore, upregulation of KLF4 inhibited the expression
of iASPP. Upregulation of iASPP following overexpression
of KLF4 reversed the KLF4-mediated effects in GC cells.
In vivo upregulation of KLF4 or downregulation of iASPP
inhibited the growth of tumors, whereas upregulation of
1ASPP promoted the growth of tumors. In conclusion, iASPP
may act as an oncogene that promotes the proliferation of
GC cells. The results demonstrated that KLF4 was a negative
regulatory factor of iASPP and that overexpression of iASPP
inhibited the effects of KLF4. Thus, downregulation of KLF4
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in GC may lead to overexpression of iASPP and promote the
development of cancer.

Introduction

Gastric cancer (GC) represents a major public health threat
globally. GC develops due to various molecular abnormalities,
including the activation of a number of oncogenes, the inac-
tivation of several cancer suppressor genes and the abnormal
regulation of various growth factors and their receptors (1,2).

Inhibitor of apoptosis-stimulating protein of p53 (iASPP)
is a member of the ASPP family that acts as a negative
regulator of the wild-type p53 (3.,4). Wild-type p53 is a
well-known tumor suppressor that regulates the cell cycle
and apoptosis (5,6). iASPP directly binds to the DNA-binding
domains of p53 and inhibits its function, leading to abnormal
cell proliferation and malignant transformation (7). iASPP
may serve as a pro-oncogene since abnormal overexpres-
sion of iASPP has been detected in several types of human
cancer, including breast carcinoma (8), acute leukaemia (9),
lung cancer (10) and hepatocellular carcinoma (11). Previous
studies demonstrated that the expression of iASPP was
significantly increased in GC tissues compared with that in
the corresponding normal tissues (12). Additionally, wild-type
p53 was detected in ~2/3 of GC cases (12,13). This evidence
indicated that iASPP may act as an oncogene in GC. It may be
possible to inhibit wild-type p53 to promote the development
of GC. To the best of our knowledge, few studies have investi-
gated the function of iASPP in human GC cells (12). Previous
studies have focused on the downstream activities of iASPP
targets (14,15). Therefore, the upstream molecular mechanism
of iASPP remains unclear.

Kruppel-like factor 4 (KLF4) is a zinc-finger transcription
factor that contains Cys2-His2 motifs and is highly expressed
in the gastrointestinal tract (16). It has been demonstrated that
KLF4 exhibits dual functions in carcinogenesis since it may act
as a tumor suppressor gene and as an oncogene (17). KLF4 has
been demonstrated to function as an oncogene in several types
of tumor, including breast cancer, head and neck squamous
cell cancer, and oral squamous cancer, since its expression was
upregulated and thus promoted the development and progres-
sion of these types of cancer (17-19). However, KLF4 may also
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function as a tumor suppressor since downregulation of KLF4
has been detected in colorectal, gastric, bladder, oesophageal
and cervical cancer (17,20-24). Previous studies demonstrated
that knockdown of KLF4 in the stomach increased cell prolif-
eration and triggered the formation of pre-cancerous lesions.
Additionally, progressive downregulation of KLF4 was asso-
ciated with advanced tumor stages and increased metastases
in patients with GC. However, increased expression of KLF4
in patients with GC was associated with increased survival
rate (25).

KLF4 may regulate cellular proliferation, apoptosis
and differentiation by binding to the CACCC or GC-rich
DNA sequences (26,27). Previous studies have indicated an
interaction between KLF4 and p53. KLF4 may regulate the
transcription of the p53 promoter, whereas p53 may regulate
the expression of KLF4 (28,29). The feedback loop between
KLF4 and p53 may regulate cell apoptosis. Since iASPP is
an evolutionarily conserved inhibitor of p53, the aim of the
present study was to investigate whether there is a functional
association between KLF4, iASPP and p53.

The present study examined whether the expression of
the transcription factor KLF4 regulated iASPP in the gastric
mucosa. Additionally, since KLF4 and iASPP interact with
p53, it was hypothesized that KLF4 may exhibit an anticancer
effect through regulating the expression of iASPP in GC.
Additionally, the effects of downregulating the expression
of KLF4 in cellular proliferation and differentiation and in
regulating the expression of iASPP in GC were investigated.

The precise molecular mechanism underlying the effects
of KLF4 and iASPP remains unclear and future studies are
required to unravel the effects of this signaling pathway in
GC. The present study examined the expression of KLF4 and
1ASPP in GC cells and investigated their underlying molecular
mechanism in the proliferation and apoptosis of GC cells.

Materials and methods

Cell lines. The normal gastric mucosa GESI1 cell line was
obtained from the Type Culture Collection of the Chinese
Academy of Sciences (Shanghai, China). GESI cells were
cultured in Dulbecco's modified Eagle's medium (DMEM,;
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% foetal bovine serum (FBS; Thermo Fisher
Scientific, Inc.) without antibiotics at 37°C in a humidified
atmosphere containing 5% CO,. GC cell lines (MKN45,
BGC823 and SGC7901) were obtained from the American
Type Culture Collection (Manassas, VA, USA). MKN45 is a
cell line expressing wild-type p53 (30), SGC7901 is a cell line
expressing mutant-type pS3 (31) and BGC823 is a cell line that
can express either wild-type p53 or mutant-type p53 (32,33).
The GC cells were routinely cultured in RPMI-1640 (Thermo
Fisher Scientific, Inc.) medium supplemented with 10% FBS
(Thermo Fisher Scientific, Inc.) without antibiotics at 37°C in
a humidified atmosphere containing 5% CO,.

Lentiviral transfection. To upregulate the KLF4 and iASPP
expression in MKN45 cells, KLF4-overexpression-shRNA,
1ASPP-overexpression-shRNA and negative control-shRNA
lentiviral were transfected. To downregulate the iASPP
expression in MKN45 cells, the iASPP-inhibition-shRNA
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and negative control-shRNA lentiviral were transfected
with Lipofectamine 2000 (Invitrogen; Thermo Fisher
Scientific Inc., Waltham, MA, USA) at a final concentration
of 100-200 nM, according to the manufacturer's instructions.
All lentiviral suspensions were purchased from Shanghai
Genepharma Co., Ltd. (Shanghai, China). To perform the lenti-
viral transfection, the target GC cells were grown to 20-30%
confluence in a 6-well plate (~5x10* cells/well) and incubated
for 12 h prior to transfection. During the transfection, the
medium was replaced with a supernatant fluid that contained
an appropriate titre of the virus (multiplicity of infection=virus
number/cell number=20) and supplemented with 5 yg/ml poly-
brene (Sigma-Aldrich; Merck KGaA). Following incubation
for 12 h at 37°C, the supernatant containing lentivirus particles
was replaced with fresh media. At 48 h post-transfection, cells
were selected using puromycin (2 mg/ml; Beijing Solarbio
Science & Technology Co., Ltd., Beijing, China) to establish
the stable clone cell lines. A total of 72 h later, the transfection
efficiency of cells was observed using fluorescence micros-
copy (Leica Microsystems GmbH, Wetzlar, Germany). Cells
were harvested 96 h after transfection, and the KLF4 or iASPP
expression was evaluated using western blot analysis. Once
the detections above were performed, the cells were used for
further analysis.

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from GES1, MKN45, BGC823 and
SGC7901 cells using TRIzol reagent (Takara Bio, Inc., Otsu,
Japan), according to the manufacturer's protocol. cDNA was
amplified using the PrimeScript First Strand cDNA Synthesis
kit (Takara Bio, Inc.). qPCR was performed using the SYBRR
Premix Ex Taq™ II system (Takara Bio, Inc.) and the Bio-Rad
CFX96™ Real-time system (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA). The following primers were used: iASPP,
5'-GCGGTGAAGGAGATGAACGA-3' (forward) and 5'-GCG
GTGAAGGAGATGAACGA-3' (reverse); KLF4, 5'-CCCGGA
TCCATGGCTGTCAGCGACGCGCTG-3' (forward) and
5'-CCCGAATTCTTAAAATGCCTCTTCATGTGTAAG-3'
(reverse); and p-actin, 5'-CCACGAAACTACCTTCAACTC
C-3' (forward) and 5'-GTGATCTCCTTCTGCATCCTGT-3'
(reverse). B-actin was used as an internal control. The ther-
mocycling conditions were as follows: Initial denaturation of
94°C for 60 sec, followed by 40 cycles of 94°C for 40 sec and
60°C for 40 sec, and final extension of 72°C for 6 min. Relative
expression levels of the genes were determined using 2444
analysis (34).

Western blot analysis. MKN45 cells were washed with
ice-cold PBS and lysed using a radioimmunoprecipitation
assay buffer (Beyotime Institute of Biotechnology, Shanghai,
China) for 30 min on dry ice. The lysates were collected with
a rubber scraper, sonicated and centrifuged at 12,000 x g
(4°C for 20 min). The concentrations of the total proteins were
determined using a bicinchoninic acid assay (Thermo Fisher
Scientific, Inc.). Each sample was adjusted to 2 pug/ul and a
20 ul volume was mixed with 2 x SDS sample buffer (100 mM
Tris-HCI, pH 6.8, 10 mM EDTA, 4% SDS, 10% glycine) and
separated using 10% SDS-PAGE (Bio-Rad Laboratories, Inc.).
Electrophoresed proteins were transferred onto polyvinylidene
fluoride membranes (Merck KGaA, Darmstadt, Germany).
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The membranes were blocked with 5% skimmed milk in PBS
for 1 h at room temperature and were incubated with primary
antibodies against iASPP (cat no. ab34898; 1:5,000; Abcam,
Cambridge, MA, USA), KLF4 (cat no. ab106629; 1:5,000;
Abcam) and B-actin (cat no. MAB1501; 1:5,000, Merck KGaA)
overnight at 4°C. Membranes were washed three times with
Tris-buffered saline with 0.1% Tween-20 (TBST) for 5 min
and incubated with horseradish peroxidase-conjugated goat
anti-mouse or anti-rabbit immunoglobulin (cat no. sc2004;
1:5,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) for
1 h at room temperature, and then washed three times for 5 min
with TBST. Protein bands were visualized using an enhanced
chemiluminescence reagent (EMD Millipore, Billerica, MA,
USA) and quantified by densitometry using Quantity One
Image Analysis Software (Version 4.6.7; Bio-Rad Laboratories,
Inc.).

MTT assay. Cell proliferation levels were evaluated using an
MTT assay. In brief, MKN45 cells were seeded in a 96-well
plate at 2x10° cells/well for 24, 48 and 72 h. MTT solution
(20 pl of 5 mg/ml MTT) was added to the cells (for a total
culture volume of 200 ml) prior to incubation at 37°C for
an additional 4 h. The formazan crystals that formed were
dissolved in 100 ul dimethylsulfoxide. The absorbance values
were read at 560 nm.

Colony formation assay. The colony forming ability of the
MKN45 cells was detected using a colony formation assay.
The target cells were seeded at a low density (500 cells/plate)
in a 6-well plate and cultured until visible colonies appeared
(~2 weeks). The cell colonies were then stained with Giemsa
solution for 15 min at room temperature. The colonies
containing >50 cells were counted as positive.

Flow cytometric analysis of apoptosis. MKN45 cells were
collected and washed twice with ice-cold PBS. The apoptosis
rate of the cells was detected with Annexin V-fluorescein and
propidium iodide double staining (Apoptosis kit; eBioscience;
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol. Flow cytometric analysis was performed
and data were analysed using a FACSCalibur flow cytometer
(BD Biosciences, Franklin Lakes, NJ, USA). Flow cytometry
analysis was repeated at least 3 times using Windows Multiple
Document Interface Flow Cytometry Application (WinMDI
version 2.9; Microsoft, Redmond, WA, USA).

Xenograft experiments. A total of 36 athymic nude mice (male,
6- to 8-week-old, 20-30 g in body weight), were obtained
from the Animal Experimental Centre of Chongqing Medical
University (Chongqing, China). The mice were acclimated for
2 weeks with ad libitum access to standard food and water.
They were maintained in an isolated pathogen-free ventila-
tion chamber with a 12 h light-dark cycle at a temperature
of 22+2°C and 40-50% relative humidity. To establish the
gastric cancer model, equal numbers of MKN45 cells (1x109)
were injected subcutaneously into the right rear flank of each
mouse. The mice were divided into four groups (3 mice/group):
A negative-control group (injected with control-transfected
MKN45 cells), KLF4-overexpression group (injected with
KLF4-overexpression-shRNA transfected MKN45 cells),
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iASPP-downregulation group (injected with iASPP-inhi-
bition-shRNA transfected MKN45 cells) and combined
KLF4/iASPP overexpression group (injected with MKN45
cells overexpressed KLF4 and iASPP). Tumor growth was
observed daily in each group and tumor diameter was measured
once a week using callipers. Tumor volume was calculated
with the following formula: Tumor volume = (L x S?)/2, where
L is the longest tumor axis and S is the shortest tumor axis. At
4 weeks post-injection, the mice were sacrificed, or when the
maximum tumor diameter reached 2.0 cm and the tumors were
used for further analysis. This study was conducted in accor-
dance with the recommendations of the Guide for the Care and
Use of Laboratory Animals of Chongqing Medical University.
All animal experiments were approved by the Committee on
the Ethics of Animal Experiments of Chongqing Medical
University and Chongqing Cancer Hospital. All surgeries
were performed under sodium pentobarbital anesthesia and all
efforts were made to minimize suffering.

Statistical analysis. Data were analyzed using SPSS software
(version 18.0; SPSS, Inc.,Chicago,IL,USA). Data are expressed
as the mean + standard deviation. Results were analyzed using
one-way analysis of variance with a least significant difference
test for post hoc analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression of KLF4 and iASPP in GC cells. The expression
of KLF4 and iASPP was detected in normal (GES1) and GC
cell lines (MKN45, BGC823 and SGC7901) using RT-PCR
and western blot analysis. The results demonstrated that the
mRNA and protein expression of KLF4 was significantly
downregulated in GC cells compared with that in GES1
cells (Fig. 1A and C/E). However, the mRNA and protein
expression of iASPP was upregulated in GC cells compared
with that in GESI cells (Fig. 1B and D/F). Additionally, as
there was a negative association between the expression of
KLF4 and iASPP particularly in MKN45 cells, which is why
the MKN45 cell line was selected for subsequent experi-
ments (Fig. 1A-D).

Expression of KLF4 and iASPP in MKN45 cells
following lentiviral transfection. In order to overex-
press KLF4 in MKN45 cells, cells were transfected
with KLF4-overexpression-shRNA lentivirus. Following
transfection and selection, expression of KLF4 and iASPP
was evaluated in MKN45 cells using western blot analysis.
The results demonstrated that the expression of KLF4 was
significantly upregulated following KLF4 overexpression
via lentiviral delivery (Fig. 2A). Additionally, expression
of iASPP was downregulated following overexpression of
KLF4 (Fig. 2B). Next, MKN45 cells were transfected with
iASPP-inhibition-shRNA lentivirus and expression of
iASPP was evaluated using western blot analysis. The results
demonstrated that the expression of iASPP was significantly
downregulated following lentiviral transfection (Fig. 2C).
Next, an iASPP-overexpression-shRNA lentivirus was trans-
fected into the KLF4-overexpressing MKN45 cells. Following
transfection, iASPP expression was evaluated using western
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Figure 1. KLF4 is downregulated and iASPP is upregulated in GC cell lines (MKN45, SGC7901 and BGC823). (A) KLF4 mRNA levels were downregulated
in the three GC cell lines compared with that in normal GESI cells. (B) iASPP mRNA levels were upregulated in the three GC cell lines compared with that in
normal GESI cells. (C) Protein expression of KLF4 were downregulated in the three GC cell lines compared with that in normal GESI cells. (D) The protein
expression levels of iASPP were upregulated in the three GC cell lines compared with that in normal GESI cells. (E) Quantified protein expression levels
of KLF4. (F) Quantified protein expression levels of iASPP. “P<0.01 and "P<0.05 with comparisons shown by lines. GC, gastric cancer; KLF4, kruppel-like
factor 4; iASPP, inhibitor of apoptosis-stimulating protein of p53.
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Figure 2. Expression of KLF4 and iASPP following lentiviral transfection. (A) KLF4 expression was upregulated following overexpression of KLF4 by
lentiviral delivery. (B) iASPP expression was downregulated following KLF4 overexpression by lentiviral delivery. (C) iASPP expression was upregulated
following overexpression of iASPP by lentiviral delivery. (D) iASPP expression was downregulated following downregulation of iASPP by lentiviral delivery.
"P<0.05 with comparisons shown by lines. GC, gastric cancer; KLF4, kruppel-like factor 4; iASPP, inhibitor of apoptosis-stimulating protein of p53; +, over-
expression; -, downregulation.
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Figure 3. Overexpression of KLF4 and downregulation of iASPP promote apoptosis of GC cells, but the apoptosis level is restored by upregulation of iASPP. (A) The
apoptosis level of control GC cells. (B) The apoptosis level of GC cells following upregulation of KLF4. (C) The apoptosis level of GC cells following downregula-
tion of iASPP. (D) The apoptosis level of GC cells following combined upregulation of KLF4 and iASPP. 'P<0.05 and “"P<0.01 with comparisons shown by lines.
GC, gastric cancer; KLF4, kruppel-like factor 4; iASPP, inhibitor of apoptosis-stimulating protein of p53; PI, propidium iodide; +, overexpression; -, downregulation.
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Figure 4. Overexpression of KLF4 and downregulation of iASPP inhibit the proliferation of GC cells, which is restored following upregulation of the expression
of iASPP. (A) Proliferation of GC cells was determined using a MTT assay. Proliferation was inhibited in response to upregulation of KLF4 or downregulation
of iASPP, but it was restored in response to upregulation of iASPP. (B) The colony-forming ability of GC cells was inhibited by upregulation of KLF4 or
downregulation of iASPP, but was restored by upregulation of iASPP. "P<0.05 vs. control. GC, gastric cancer; KLF4, kruppel-like factor 4; iASPP, inhibitor of
apoptosis-stimulating protein of p53; +, overexpression; -, downregulation.

blot analysis. The results demonstrated that iASPP was upreg-
ulated in iASPP-overexpressing MKN45 cells compared with
that in the non-transfected cells which overexpressed KLF4
but not iASPP (Fig. 2D).

Apoptosis of MKN45 cells following lentiviral transfection.
Flow cytometric analysis of apoptosis was applied in order

to determine the function of KLF4 in regulating iASPP in
MKN45 cells. The results demonstrated that overexpression
of KLF4 and downregulation of iASPP led to an increased
rate of apoptosis compared with that in the control MKN45
cells (Fig. 3A-C). The apoptosis rate was partially restored
by overexpression of iASPP, which inhibited apoptosis in the
MKN45 cells (Fig. 3D).
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Figure 5. In vivo tumor growth. Growth of GC tumors was significantly inhibited in a xenograft model following upregulation of KLF4 or downregulation of
iASPP expression, but the upregulation of iASPP restored the effects of the upregulation of KLF4. "P<0.05. GC, gastric cancer; KLF4, kruppel-like factor 4;
1ASPP, inhibitor of apoptosis-stimulating protein of p53; +, overexpression; -, downregulation.

Proliferation and colony-forming ability of MKN45 cells
following lentiviral transfection. MTT and colony forma-
tion assays were employed to evaluate the viability and
colony-forming ability of MKN45 cells, respectively. As
presented in Fig. 4, overexpression of KLF4 or downregula-
tion of iASPP inhibited the proliferation and colony-forming
ability of the MKN45 cells, whereas combined KLF4 and
1ASPP overexpression significantly promoted the proliferation
and colony-forming ability of the cells compared with KLF4
overexpressing alone (P<0.05; Fig. 4).

In vivo tumor growth following lentiviral transfection. To
investigate the function of KLLF4 and iASPP on tumor growth
in vivo, equal numbers of MKN45 cells (10° cells/mouse) were
subcutaneously injected into nude mice. Tumors were evident
in all mice. As presented in Fig. 5, overexpression of KLF4 and
downregulation of iASPP significantly inhibited tumor growth
in vivo, whereas combined KLF4 and iASPP overexpression
promoted the growth of tumors in vivo (Fig. 5).

Discussion

Wild-type p53 may act as a tumor suppressor gene and inhibit
the malignant transformation of cells, whereas the mutant-type
p53 may significantly contribute to the development of cancer.
A previous study confirmed that mutations in the p5S3 gene
are not a predominant event in gastric carcinogenesis (12,13).
The molecular mechanism behind the occurrence of gastric

cancer expressing wild-type p53 is therefore important. In
the present study, the expression levels of KLF4 and iASPP
were evaluated in GC cell lines with wild-or mutant-type of
pS3 (MKN45, BGCS823 and SGC7901 cells) and in normal
gastric mucosa GESI cells. It was demonstrated that expres-
sion of KLF4 was significantly decreased and expression of
iASPP was increased in GC cells compared with that in GES1
cells, but particularly in the wild-type p53-expressing cell line
MKN45. Previous studies have demonstrated that KLF4 acts
as a tumor suppressor and inhibits the proliferation of GC
cells (17,22). The results of the present study demonstrated that
proliferation of the MKN45 cells was significantly inhibited,
whereas apoptosis was promoted following overexpression of
KLF4, which is consistent with previous findings.

iASPP is an evolutionarily conserved inhibitor of wild-type
p53 (4) and overexpression of iASPP has been observed in
several types of human cancer (8-11). The results of the present
study demonstrated that the expression levels of iASPP were
increased in GC cells compared with those in GESI cells.
These results suggest that iIASPP and KLF4 may serve as inde-
pendent prognostic markers for tumor cell proliferation in GC.
Previous studies have confirmed that the knockdown of iASPP
may significantly inhibit tumor growth and cell proliferation in
various types of cancer, including glioblastoma (35), prostate
cancer (36) and lung cancer (37). The present study demon-
strated that changes in the expression of iASPP were associated
with proliferation and apoptosis rates of MKN45 cells. The
imbalance between proliferation and apoptosis contributes to
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the formation and development of human tumors (38). The
downregulation of iASPP decreased the proliferation and
colony-forming ability of the MKN45 cells. Additionally,
downregulation of iASPP promoted cell apoptosis. These
results suggest that deregulated expression of iASPP may
contribute to tumorigenesis in GC cells that express wild-type
p53. These results are consistent with previous studies on
leukaemia and non-small cell lung cancer in which iASPP is
highly expressed (39,40).

The iASPP-mediated signaling pathway that regulates
cancer cell proliferation remains unclear. The present study
demonstrated that the expression of KLF4 was significantly
decreased and that the expression of iASPP was significantly
increased in GC cells, particularly MKN45 cells. It has been
indicated that KLF4 and p53 may interact with each other,
whereas iASPP is an evolutionarily conserved inhibitor
of p53 (7,28,29). Since there may be a functional associa-
tion between KLF4, iASPP and p53, the aim of the present
study was to investigate the association between KLF4 and
iASPP in GC. In the present study, the expression of iASPP
was evaluated in response to the overexpression of KLF4
(achieved using lentiviral delivery). The results demonstrated
that overexpression of KLF4 led to downregulation of iASPP,
suggesting that KLF4 may regulate the expression of iASPP.
Additionally, overexpression of KLF4 inhibited the prolifera-
tion and colony formation ability of the MKN45 cells. Since
the decrease in KLF4 expression led to increased expression
iASPP in GC, the present study investigated whether low
levels of KLF4 and increased levels of iASPP may promote
cellular proliferation in GC. Next, iASPP was overexpressed
following KLF4 expression by using specific SiRNAs in order
to further validate the association between KLF4 and iASPP.
The results demonstrated that overexpression of iASPP inhib-
ited the effects of KLF4 in MKN45 cells. Increased expression
levels of KLF4 inhibited the proliferation and promoted the
apoptosis of MKN45 cells, whereas KLF4-mediated effects
were reversed by overexpression of iASPP. These results
suggest that KLF4 may act as a potential tumor suppressor by
inhibiting the expression of iASPP in GC. Additionally, tumor
growth was significantly inhibited in response to the down-
regulation of iASPP or upregulation KLF4 in vivo. However,
in vivo KLF4-mediated effects were reversed by iASPP over-
expression. These results suggest that this decrease in tumor
growth may be due to the decrease in the expression of iASPP,
which was caused by KLF4 overexpression. Previous studies
have indicated a novel molecular mechanism of action for
KLF4 and iASPP in GC (41). However, in the present study,
the association between KLF4,iASPP and p53 was not further
investigated. Therefore, future studies are required to investi-
gate the function of this signaling pathway in the development
of GC, employing GC cells that express the wild-type p53.
Additionally, since the ASPP family contains three members
(1ASPP, ASPP1 and ASPP2), which share similar sequences in
their C-terminus domain (42), there may be also an association
between KLF4 and ASPP1 or ASPP2.

KLF4 may act as a tumor suppressor that may inhibit
cellular proliferation, whereas iASPP may act as an oncogene
that promotes the proliferation of GC cells that express the
wild-type p53. In the present study, it was demonstrated that
KLF4 inhibited cell proliferation and colony formation ability
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partly by targeting iASPP. Therefore, the KLF4/iASPP axis
may serve a vital function in regulating the proliferation of GC
cell, and provide a potential diagnostic and therapeutic target
for GC.
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