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RKIP promotes cisplatin-induced gastric cancer cell death
through NF-κB/Snail pathway
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Abstract The objectives of this study were to explore the
expression profiles of Raf kinase inhibitor protein (RKIP) in
human gastric cancer cell line (SGC-7901) and cisplatin-
resistant cell line (SGC-7901/DDP) and investigate the role
of RKIP in the sensitivity of human gastric cancer cells to
cisplatin and its signaling pathways, with an attempt to iden-
tify new approaches and strategies for the management of
gastric cancer. The human gastric cancer cell line (SGC-
7901) and cisplatin-resistant cell line (SGC-7901/DDP) were
separately cultured in vitro. The expression profiles of RKIP
in these two cell lines were detected by Western blotting.
Forty-eight hours after the transfection of RKIP siRNA in
SGC-7901 cells, the change of RKIP expression in the cells
was detected using Western blotting, and the change of cell
viability after the interference of RKIP expression was deter-
mined using 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di-
phenytetrazoliumromide (MTT) method. The effect of the
ectopic expression of RKIP on the cisplatin-induced viability
of gastric cancer cell was detected using MTT method. The
effect of the ectopic expression of RKIP on the cisplatin-
induced apoptosis of gastric cancer cell was detected using
flow cytometry after having been double stained with
Annexin V/PI. The effect of the ectopic expression of RKIP
on the NF-κB and Snail expressions in cisplatin-induced
gastric cancer cells was detected using Western blotting. As
shown by the Western blotting, the expression of RKIP in
SGC-7901/DDP cells significantly decreased when compared
with that in SGC-7901 cells (P<0.05). Compared with the
control group, the expression of RKIP in SGC-7901 cells
significantly decreased 48 h after the transfection of RKIP

siRNA (P<0.01). After the SGC-7901 cells were transfected
with RKIP siRNA, the cell viability was significantly in-
creased (P<0.05); after the SGC-7901/DDP cells were
transfected with RKIP recombinant plasmid, the cell viability
was significantly decreased (P<0.05). After the RKIP expres-
sion was suppressed in the cisplatin-treated SGC-7901 cells,
the cell viability significantly increased (P<0.05), and the
amount of apoptotic cells significantly decreased (P<0.05).
In contrast, after the RKIP overexpression in the cisplatin-
treated SGC-7901/DDP cells, the cell viability significantly
decreased (P<0.05), and the amount of apoptotic cells signif-
icantly increased (P<0.05). The suppression of RKIP expres-
sion in SGC-7901 cells could significantly promote the in-
crease of NF-κB expression (P<0.05); in contrast, the in-
creased expression of RKIP in SGC-7901/DDP cells signifi-
cantly inhibited the expression of Snail (P<0.05). The expres-
sion of RKIP is downregulated in cisplatin-resistant cell line
(SGC-7901/DDP). The overexpression of RKIP can enhance
the sensitivity of human gastric cancer cells to cisplatin, which
may be achieved via the NF-κB/Snail signaling pathway.
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Introduction

Gastric cancer carries a poor prognosis and high mortality.
According to the US National Cancer Institute, although the
morbidity and mortality of gastric cancer have shown a de-
creasing trend in the past decades, there was a global annual
increase of about 934,000 new cases, accounting for 8.6 % of
all tumors [1]. Most stomach cancers are advanced when they
are found, and most of the advanced gastric cancer patients
will experience relapse and metastasis after radical gastrecto-
my [2, 3]. Therefore, systemic multidisciplinary treatment of
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gastric cancer is particularly important. In recent years, adju-
vant chemotherapy and neoadjuvant chemotherapy have been
adopted by a growing number of medical centers with an
attempt to prolong the survival. However, the survivals of
patients with advanced gastric cancer remain unsatisfactory
[4–6]. Since the success rate of chemotherapy in treating
gastric cancer is highly affected by the resistance to chemo-
therapy, it has been increasingly recognized that the apoptosis
of tumor cells is a key indicator for measuring the effec-
tiveness of chemotherapy, and the apoptosis is associated
with the chemotherapy drugs in a time- and dose-
dependent manner [7, 8].

Raf kinase inhibitor protein (RKIP) belongs to the
phosphatidylethanolamine-binding protein (PEBP) family. It
was initially a small cytoplasmic protein purified from bovine
brain; later, it was diffusely expressed in tissues obtained from
monkeys, chickens, rats, and human beings [9, 10]. RKIP
belongs to a highly conserved family of proteins, with a
relative molecular mass of 2.1–2.3×104 Da. Its structure and
functions show no similarities with any other known protein.
Human RKIP gene is located on chromosome 12q24.23, and
its four exons can generate a 1,507-bp mRNA after transcrip-
tion [11]. RKIP is closely related with cell growth, differenti-
ation, proliferation, and apoptosis. It is involved in the lipid
metabolism and the formation of phospholipid membranes,
playing a key role in the development of nervous system,
spermatogenesis, and maintenance of the normal physiologi-
cal function of the heart. The abnormal expression of RKIP
can cause a variety of diseases including Alzheimer’s disease
and diabetic nephropathy [12, 13]. Recent studies have also
shown that RKIP can also block the activity of Mitogen-
activated protein kinases (MAPK) signaling pathway and
inhibit the Raf-1-mediated MEK activation. Thus, RKIP is
named as the “Raf kinase inhibitor protein” [10, 14]. In 2013,
Martinho et al. reported that RKIP was correlated with
chemosensitivity to cisplatin in cervical cancer [15].

Cisplatin is one of the most commonly used drug for
adjuvant chemotherapy and neoadjuvant chemotherapy, and
also a common drug used in the testing for anticancer drug
sensitivity performed in in vitro cultured gastric cancer tissues
[16–18]. Research has shown that cisplatin can bind to DNA
and form cross-links, which can inhibit DNA synthesis and
thus suppress cell division and induce apoptosis [19, 20].
However, the presence of drug resistance inside cancer cells
will lower the efficacy of cisplatin [21, 22].

It has been found that the decrease or loss of RKIP expres-
sion is associated with the occurrence, development, invasion,
and metastasis of various tumors. The expression of RKIP is
remarkably lower in prostate cancer, melanoma, colorectal
cancer, liver cancer, breast cancer, and their corresponding
metastatic cancer than those in normal controls [23–27]. In
addition, RKIP is also involved in the regulation of many
intracellular signaling pathways such as the Raf-l-MAPK,

NF-κB, and G protein signaling pathways. The abnormal
activation of these signaling pathways is closely associated
with tumorigenesis [28, 29]. Our preliminary results have
shown that the RKIP expression is downregulated in human
gastric cancer cell lines, which can inhibit the proliferation and
invasion of gastric cancer cells. Recent studies have shown
that RKIP was associated with the sensitivities of cervical
cancer and nasopharyngeal cancer to chemotherapy [15, 30].
However, the relationship between RKIP and the sensitivity of
gastric cancer cells to cisplatin has not been reported. In our
current study, we mainly explored the relationship between
RKIP and the sensitivity of gastric cancer cells to cisplatin and
its signaling pathways, with an attempt to provide new
methods and insights for the management of gastric cancer.

Subjects and methods

Main reagents

Human gastric cancer cell line SGC-7901 was purchased from
ATCC, USA, and cisplatin-resistant cell line (SGC-7901/
DDP) was purchased from Nanjing KeyGEN Biotech. Co.,
Ltd. Fetal calf serum (FCS), RPMI 1640 medium, L-gluta-
mine, HEPES, and Lipofectamine 2000 were purchased from
Invitrogen, USA.

In accordance with the human RKIP mRNA sequences in
GenBank (no. NM_002567.2) and the results of restriction
site analysis, a pair of PCR primers was designed at the two
sides of the open reading frame (ORF) of RKIP using the
Primer Premier 5 software. The primers were synthesized by
Invitrogen (Shanghai, China).

The vectors (pcDNA3.1 and pGEM-T), competent cells,
and Trizol total RNA extraction kit were purchased from
Invitrogen, USA. The restriction endonucleases BamH I and
Xho I and DNAMarker were purchased from TaKaRa, Japan.
T4 DNA Ligation was purchased from Promega, USA. The
Taq DNA polymerase and prestained protein molecular
weight marker were purchased from Fermentas, USA. The
reverse transcription kit was purchased from Qiagen, Germa-
ny. The RKIP siRNA and RKIP scramble were ordered from
Santa Cruz, USA.

The 3-(4,5)-dimethyl th iahiazo (-z-y1)-3 ,5-di -
phenytetrazoliumromide (MTT), trypsin, and phosphate-
buffered saline (PBS) were purchased from Sigma-Aldrich,
USA. Cell culture plates or dishes were purchased from
Corning, USA. Cisplatin was purchased from Sigma-Aldrich
Co. LLC (San Diego, CA, USA). Annexin V and propidium
iodide (PI) were purchased from Roche, Germany. Rabbit
antihuman RKIP, Snail polyclonal antibody, and mouse anti-
human β-actin monoclonal antibody were purchased from
Abcam, UK. Rabbit anti-NF-kB p65 (C-20) was purchased
from Santa Cruz Biotechnology, USA. Bradford protein assay
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kit and QuantityOne software were purchased from Bio-Rad
(Richmond, CA, USA). PVDF membranes were purchased
fromMillipore (Bedford, MA, USA). ECL chemiluminescent
substrate was purchased from Pierce Company (Rockford,
IL, USA).

Culture and treatment of human gastric cancer cell lines

The SGC-7901 cells and the cisplatin-resistant cell line (SGC-
7901/DDP) were cultured in RPMI 1640 medium containing
10 % fetal bovine serum under standard conditions (37 °C,
5 % CO2, and saturated humidity). The growth of cells was
observed under an inverted microscope. When cells were
grown to 70–80 % confluence, they were detached with
0.25 % trypsin. Medium was changed every other day, and
the cells were passaged every 4 to 6 days. Cells in the expo-
nential phase were selected for further experiment.

Using the lipofection method, we transfected the above
constructed eukaryotic expression plasmid pcDNA3.1-RKIP
and blank vector into the cisplatin-resistant human gastric
cancer cell SGC-7901/DDP with the Lipofectamine 2000.
The transfected SGC-7901/DDP cells were further cultured
in a medium containing 500 μg/ml G418 for about 3 weeks,
which yielded stable anti-G418 cell clones.

Using the Lipofectamine 2000 liposomes, we transfected
the RKIP siRNA into the SGC-7901 cells. Meanwhile, a
normal control group (normal) and an RKIP siRNA negative
control group (RKIP scramble) were set. The expression of
RKIP in cells in each group was detected byWestern blotting,
so as to identify the effect of RNA interference.

After cell treatments, SGC-7901 or SGC-7901/DDP cells
were stained with Hoechst 33342 (5 μg/ml). Stained cells
were observed under a DMR fluorescence microscope (Leica
Microsystems, Bensheim, Germany), and cell numbers were
established by counting total population of cell by the aid of an
Image Pro Plus 6.0 software (Media Cybernetics Inc., Silver
Spring, MD). The cell counting was done from ten random
fields in three wells.

Expression of RKIP in human gastric cancer cell lines

The expressions of RKIP in SGC-7901 and SGC-7901/DDP
cells were detected byWestern blotting or real-time PCR. The
in vitro cultured gastric cancer cells were harvested and placed
in 6-well cell culture plates. Add 1 ml of RIPA lysis buffer
[150 mM NaCl, 1 % NP40, 0.5 % sodium deoxycholate,
0.1 % SDS, 50mMTris (pH 7.9), 10mMNaF, 10mMPMSF,
and 1× protease inhibitors (Complete cocktail tablets, Roche)]
in each well. Then, the cell lysates were transferred to a 1.5-ml
centrifuge tube and centrifuged at 16,000 rpm for 30 min to
collect the supernatants. The protein concentration of the
supernatant was determined using bicinchoninic acid (BCA)
method. Electrophoretic separation was conducted using 5 %

stacking gel and 15 % separating gel, with 50 μg total protein
added in each lane. After the protein had been wet transferred
onto a PVDF membrane (Bio-Rad, USA), they were blocked
in Tris-buffered saline with Tween (TBST) solution contain-
ing 5 % skimmed milk powder at room temperature for 1 h,
then added with rabbit anti-RKIP polyclonal antibody (1:500
dilution) and rabbit anti-β-actin polyclonal antibody (1:500
dilution), and incubated overnight at 4 °C. Wash three times
with fresh TBST for 5 min. Add HRP-labeled goat anti-rabbit
IgG secondary antibody and inoculate it at 37 °C for 1 h.Wash
three times with fresh TBST for 5 min. Autoradiography was
conducted using ECL chemiluminescent substrate. The rela-
tive concentration of RKIP was presented RKIP/β-actin ratio,
and the change of its relative expression was analyzed using
PDQuest software (Bio-Rad, Richmond, CA, USA).

Total RNA was extracted using an RNeasy Mini Kit
(Qiagen), according to the manufacturer’s protocol. The
cDNAwas synthesized using a cDNA Reverse Transcription
Kit (Applied Biosystems, Foster, California). Real-time quan-
titative PCR was performed using the 7300 Real-Time PCR
System (Applied Biosystems), according to the manufac-
turers’ protocols. All reactions were repeated in triplicate.
The comparative Ct (DDCt) method was used to analyze the
cycle threshold (Ct) values. Levels of mRNAs were normal-
ized by glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) as a reference.

Determination of the effect of the ectopic expression of RKIP
on the viability of gastric cancer cells

The normally cultured SGC-7901 cells were uniformly seeded
in 6-well culture plates at a density of 3×105/ml. After the
cells reached complete adherence, the transfections of RKIP
siRNA and RKIP scramble were performed using Lipofecta-
mine 2000, in accordance with the manufacturer’s instruction.
Meanwhile, normal control group (normal) was set. Cells in
each group were collected, and the effect of RKIP interference
in SGC-7901 cells was detected using Western blotting.

The normally cultured SGC-7901 or SGC-7901/DDP cells
were uniformly seeded in 96-well culture plates at a density of
3×105/ml. The same transfection method was applied. RKIP
siRNA and RKIP scramble were transfected into SGC-7901
cells, and pcDNA3.1 and pcDNA3.1-RKIP were transfected
into SGC-7901/DDP cells. Then, 48 h after the transfection,
each well was added with 100 μl MTT (0.5 mg/ml), and then,
the cells were incubated at 37 °C in a 5 % CO2 incubator for
1 h. After incubation, cell lysis solution (100 μl/well 20 %
SDS, 50 % N,N-dimethylformamide) was added to each well,
and the plates were placed at 37 °C for 24 h. Record absor-
bance at 570 nm using a microplate reader (Bio-Tek, USA).
Ten duplicate wells were used for each experimental group,
and the experiment was repeated three times.
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Determination of the effect of the ectopic expression of RKIP
on the cisplatin-induced viability of gastric cancer cell using
MTT method

The normally cultured SGC-7901 or SGC-7901/DDP cells
were uniformly seeded in 96-well culture plates at a density
of 3×105/ml. RKIP siRNA and RKIP scramble were
transfected into SGC-7901 cells, and pcDNA3.1 and
pcDNA3.1-RKIP were transfected into SGC-7901/DDP cells.
After the transfection, cisplatin (DDP) was added at the final
concentration of 0.5 μg/ml in the SGC-7901 cells, and cis-
platin (DDP) was added at the final concentration of 5 μg/ml
in the SGC-7901/DPP cells. Then, 48 h after the transfection,
each well was added with 100 μl MTT (0.5 mg/ml), and
then, the cells were incubated at 37 °C in a 5 % CO2

incubator for 1 h. After incubation, cell lysis solution
(100 μl/well 20 % SDS, 50 % N,N-dimethylformamide)
was added to each well, and the plates were placed at
37 °C for 24 h. Record absorbance at 570 nm using a
microplate reader (Bio-Tek, USA). Ten duplicate wells
were used for each experimental group, and the experi-
ment was repeated three times.

Detection of the effect of the ectopic expression of RKIP
on the cisplatin-induced apoptosis of gastric cancer cell using
flow cytometry

The normally cultured SGC-7901 or SGC-7901/DDP cells
were uniformly seeded in 6-well culture plates at a density
of 3×105/ml. RKIP siRNA and RKIP scramble were
transfected into SGC-7901 cells, and pcDNA3.1 and
pcDNA3.1-RKIP were transfected into SGC-7901/DDP cells.
After the transfection, cisplatin (DDP) was added at the final
concentration of 0.5 μg/ml in the SGC-7901 cells, and cis-
platin (DDP) was added at the final concentration of 5 μg/ml
in the SGC-7901/DPP cells. Wash the cells one to two times
with PBS 48 h after the transfection. Add Annexin V-FITC
and PI dye, and then let incubate at room temperature in dark
for 15 min. After the mesh filter, the apoptosis was detected
using flow cytometry (BD, USA). The cells were counted
using the CellQuest software (BD, USA), and the data were
analyzed using the Macquit software.

Detection of the effect of the ectopic expression of RKIP
on the signaling pathways of the cisplatin-induced sensitivity
of gastric cancer cells

The normally cultured SGC-7901 or SGC-7901/DDP
cells were uniformly seeded in 6-well culture plates at
a density of 3×105/ml. RKIP siRNA and RKIP scram-
ble were transfected into SGC-7901 cells, and
pcDNA3.1 and pcDNA3.1-RKIP were transfected into
SGC-7901/DDP cells. After the transfection, cisplatin
(DDP) was added at the final concentration of 0.5 μg/ml
in the SGC-7901 cells, and cisplatin (DDP) was added
at the final concentration of 5 μg/ml in the SGC-7901/
DPP cells. Meanwhile, normal control group (normal)
was set. Wash the cells one to two times with PBS 48 h
after the transfection. Each well was added with 1 ml of
RIPA lysis solution. After cell proteins were harvested
in each group, the the protein concentration of the
supernatant was determined using BCA method. Elec-
trophoretic separation was performed for each group.
After the protein had been wet transferred onto a PVDF
membrane (Bio-Rad, USA), they were blocked in TBST
solution containing 5 % skimmed milk powder at room
temperature for 1 h, then added with rabbit anti-NF-kB
p65 (C-20) and anti-Snail primary antibody (1:500 dilu-
tion) and mouse antihuman-β-actin monoclonal antibody
(1:1,000 dilution), and incubated overnight at 4 °C.
Wash three times with fresh TBST for 5 min. Add
HRP-labeled goat anti-rabbit IgG secondary antibody
and inoculate it at 37 °C for 1 h. Wash three times
with fresh TBST for 5 min. Autoradiography was con-
ducted using ECL chemiluminescent substrate. The rel-
ative concentration of RKIP was presented as the NF-
kB p65/β-actin ratio or Snail/β-actin ratio, and the
change of its relative expression was analyzed using
PDQuest software (Bio-Rad, Richmond, CA, USA).

The effect of RKIP on the transcriptional activity of NF-κB
was detected by NF-κB-driven luciferase reporter assay. The
transcriptional activity of NF-κB was tested by NF-κB-
dependent reporter gene expression assay. An NF-κB lucifer-
ase construct was stably transfected into SGC-7901 cells and a
single stable clone and was obtained and used in the present

Fig. 1 Detection of RKIP
expressions in SGC-7901 and
SGC-7901/DDP cells. a Western
blotting was used to detect the
expression of RKIP. b Real-time
PCR was used to detect the
expression of RKIP at transcript
level. *P<0.05
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study. In brief, SGC-7901 cells were transfected with RKIP
recombinant plasmid or RKIP-siRNA for 48 h, and the
NF-κB-luciferase activities were measured using luciferase
assay kits from Promega.

Statistical analysis

Data were analyzed using chi square test or t test in Stata 7.0
software. A value of P<0.05 was considered statistically
significant.

Results

Expression of RKIP in human gastric cancer cell lines

As shown by Western blotting, the expression of RKIP
protein was significantly lower in SGC-7901/DDP cells
than that in SGC-7901 cells (P<0.05) (Fig. 1), suggesting
that RKIP has lower expression in cisplatin-resistant gas-
tric cancer cells.

Fig. 2 Effect of the transfection of RKIP siRNA into SGC-7901 cells on
RKIP expression. *P<0.05 versus normal group or RKIP scramble group

Fig. 3 Effect of the ectopic
expression of RKIP on the
viability of gastric cancer cells. a
MTTwas used to analyze the
effect of the ectopic expression of
RKIP on the viability of gastric
cancer cells. b Growth curve
assay was used to analyze the
effect of the ectopic expression of
RKIP on the viability of gastric
cancer cells. *P<0.05 and
**P<0.01
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Effect of the ectopic expression of RKIP on the viability
of gastric cancer cells

The RKIP expression was interfered by transfecting
RKIP siRNA into SGC-7901 cells. Its interference ef-
fectiveness was measureed by Western blotting, which
showed that the expression of RKIP protein in cells
significantly decreased 48 h after the transfection of
siRNA (P<0.05) (Fig. 2). Thus, the transfection of
RKIP siRNA can effectively suppress the RKIP expres-
sion in cells.

Effect of the ectopic expression of RKIP on the viability
of gastric cancer cells

As shown by MTT, the viability of the SGC-7901 cells
transfected with RKIP was significantly higher than that
of negative control group (RKIP scramble) and normal
control group (P<0.05). In contrast, the viability of the
SGC-7901/DDP cells transfected with pcDNA3.1-RKIP
was significantly lower than that of negative control
group (pcDNA3.1) and normal control group (P<0.05)

(Fig. 3a). The result of growth curve was just like MTT
(Fig. 3b). The cell numbers of SGC-7901 cells
transfected with RKIP was significantly higher than that
of negative control group (RKIP scramble) and normal
control group (P<0.01).

Effect of the ectopic expression of RKIP
on the cisplatin-induced viability of gastric cancer cell

The effect of the ectopic expression of RKIP on the
cisplatin-induced viability of gastric cancer cell was
detected using MTT method. As shown by MTT, the
viability of the SGC-7901 cells that had been
transfected with RKIP siRNA and treated by 0.5 μg/ml
DDP for 48 h was significantly higher than that of
negative control group (RKIP scramble) (P<0.05). In
contrast, the the viability of the SGC-7901/DDP cells
that had been transfected with pcDNA3.1-RKIP and
treated by 0.5 μg/ml DDP for 48 h was significantly
lower than that of negative control group (pcDNA3.1)
(P<0.05) (Fig. 4a). The result of growth curve assay is
shown in Fig. 4b. The results of MTT and growth curve

Fig. 4 Effect of the ectopic
expression of RKIP on the
cisplatin-induced viability of
gastric cancer cell. a MTTwas
used to analyze the effect of the
ectopic expression of RKIP on the
cisplatin-induced viability of
gastric cancer cell. b Growth
curve assay was used to analyze
the effect of the ectopic
expression of RKIP on the
cisplatin-induced viability of
gastric cancer cell. *P<0.05 and
**P<0.01
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all proved that overexpression of RKIP enhanced the
sensitivity of SGC-7901/DDP cells to cisplatin.

Effect of the ectopic expression of RKIP
on the cisplatin-induced apoptosis of gastric cancer cells

As shown by flow cytometry, the amount of the apoptotic
SGC-7901 cells that had been transfected with RKIP siRNA
and treated by 0.5 μg/ml DDP for 48 h was significantly
smaller than that of negative control group (RKIP scramble)
(P<0.05). In contrast, the amount of the apoptotic SGC-7901/
DDP cells that had been transfected with pcDNA3.1-RKIP
and treated by 5 μg/ml DDP for 48 h was significantly larger
than that of negative control group (pcDNA3.1) (P<0.05)
(Fig. 5). Therefore, the sensitivity of SGC-7901/DDP cells
to cisplatin decreases after the RKIP expression was
suppressed.

Detection of the effect of the ectopic expression of RKIP
on the signaling pathways of the cisplatin-induced sensitivity
of gastric cancer cells

As shown by Western blotting, the SGC-7901 cells that had
been transfected with RKIP siRNA and treated by 0.5 μg/ml
DDP for 48 h had significantly higher NF-κB/β-actin and
Snail/β-actin ratios when comapred with the negative control
group (RKIP scramble) and normal control group (P<0.01).
In contrast, the SGC-7901/DDP cells that had been transfected
with pcDNA3.1-RKIP and treated by 5 μg/ml DDP for 48 h
had significantly lower NF-κB/β-actin and Snail/β-actin ra-
tios when comapred with the negative control group
(pcDNA3.1) (P<0.01) (Fig. 6a, b). Therefere, the suppresion
of the RKIP expression in SGC-7901 cells can promote the
expressions of NF-κB and Snail.

We used an NF-κB-luciferase reporter gene expression
assay to determine the effect of RKIP on transcriptional ac-
tivity of NF-κB. Overexpression of RKIP (SGC-7901/DDP
cells transfected with pcDNA3.1) resulted in strong decreases
in NF-κB transcriptional activity (P<0.01). However, the
inhibition of RKIP expression (SGC-7901 cells transfected
with RKIP siRNA) improved the NF-κB transcriptional ac-
tivity (P<0.01).

Discussion

Studies have shown that resistance is a major cause of
treatment failure in chemotherapeutic drugs. Chemothera-
py resistance in cancer treatment can be caused by a
variety of factors including intracellular drug isolation/
efflux, metabolic detoxication, change of molecular drug
targets, enhanced DNA repair capacity, and regulation of
apoptosis [31, 32]. Some resistance-related genes (e.g., P-
gp, MRP, GST-p, and Topo II) have been identified after
extensive gene and protein studies on the mechanisms
behind resistance to chemotherapy [33]. However, cancer
cell resistance to chemotherapy has not clinically im-
proved after the interference of the above genes and their
upstream and downstream targets [34]. Thus, in-depth
studies on more resistance-related factors from a wider
range of perspectives will be of particular importance.

RKIP can regulate some key intracellular signaling
pathways including MAPK, NF-κB, and G protein-
coupled receptors (GPCRs) and thus plays a key role in
cell division, growth, proliferation, and apoptosis. Our
preliminary results have shown that the RKIP expression
is downregulated in human gastric cancer cell lines, which
can inhibit the proliferation and invasion of gastric cancer
cells. In our current study, we explored the relationship
between the RKIP and the sensitivity of gastric cancer

Fig. 5 Effect of the ectopic expression of RKIP on the cisplatin-induced
apoptosis of gastric cancer cells. *P<0.05
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cells to the chemotherapeutic drug cisplatin in cisplatin-
resistant gastric cancer cell line SGC-7901/DDP and nor-
mal gastric cancer cell line SGC-7901. By transfecting
RKIP siRNA in SGC-7901 cells and transfecting
pcDNA3.1-RKIP in SGC-7901/DDP cells, we studied
the effect of the ectopic expression of RKIP on the
cisplatin-induced sensitivity of gastric cancer cells.

As shown by MTT and flow cytometry, the viability of the
SGC-7901 cells that had been transfected with RKIP siRNA
and treated by DDP for 48 h was significantly higher than that
of negative control group (RKIP scramble) (P<0.05), and the
amount of the apoptotic SGC-7901 cells was significantly
smaller (P<0.05). In contrast, the SGC-7901/DDP cells that
had been transfected with pcDNA3.1-RKIP and treated by
5 μg/ml DDP for 48 h had significantly lower viability when
comapred with the negative control group (pcDNA3.1)
(P<0.05), and the amount of the apoptotic SGC-7901 cells
was significantly larger (P<0.05). Therefore, the sensitivity of
SGC-7901 cells to cisplatin decreases after the RKIP expres-
sion is suppressed, whereas the overexpression of RKIP en-
hances the sensitivity of SGC-7901/DDP cells to cisplatin.
Recent studies have shown that RKIP was associated with the
sensitivities of cervical cancer and nasopharyngeal cancer to
chemotherapy [15, 30]. Our current study further demonstrat-
ed the correlation between RKIP and chemosensitivity in
human gastric cancer cell lines.

NF-κB, an important transcription-regulating factor, is
found to be associated with immunological stress, cell

differentiation, cell cycle regulation, apoptosis, and ma-
lignancies [35–37]. Abnormal NF-κB expression has also
been found in some drug-resistant tumor cell lines [38].
On one hand, chemotherapy can cause DNA damage,
which leads the apoptosis of tumor cells; on the other
hand, the chemotherapy-associated DNA damage can trig-
ger the activation of NF-κB and further block apoptosis.
The suppressed NF-κB expression can promote the apo-
ptosis of tumor cells and enhances chemosensitivity [39].
The Snail is a zinc finger transcription factors. It can
mediate the epithelial-mesenchymal transition and inhibit
the expression of E-cadherin at the transcriptional level
[40]. It is known that the NF-kB complex upregulates
downstream antiapoptotic genes, including the metasta-
sis inducer and antiapoptotic Snail gene [41]. As shown
in our current study, the inhibition of the RKIP expres-
sion in SGC-7901 cells could promote the expressions
of NF-κB and Snail, whereas the overexpression of
RKIP in SGC-7901/DDP cells remarkably inhibited the
expressions of NF-κB and Snail. Also, the overexpres-
sion of RKIP can enhance the sensitivity of human
gastric cancer cells to cisplatin, which may be achieved
via the NF-κB/Snail signaling pathway.

In summary, the expression of RKIP is downregulated in
cisplatin-resistant cell line (SGC-7901/DDP). The overex-
pression of RKIP can enhance the sensitivity of human gastric
cancer cells to cisplatin, which may be achieved via the
NF-κB/Snail signaling pathway.

Fig. 6 Detection of the effect of
the ectopic expression of RKIP on
the signaling pathways of the
cisplatin-induced sensitivity of
gastric cancer cells. a Results of
Western blotting of the
expressions of NF-κB, Snail, and
β-actin proteins in cells in each
group. b Relative expressions of
NF-κB and β-actin proteins in
cells in each group. c Changes of
the relative expressions of Snail
and β-actin proteins in cells in
each group. d The effect of RKIP
on the transcriptional activity of
NF-κB. 1 Normal control group;
2 SGC-7901 cells transfected
with RKIP scramble; 3 SGC-
7901 cells transfected with RKIP
siRNA; 4 SGC-7901/DDP cells
transfected with pcDNA3.1; and
5 SGC-7901/DDP cells
transfected with pcDNA3.1-
RKIP. **P<0.01
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