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Gastric cancer (GC) is the fourth most common malignancy and the second leading cause of cancer mortal-
ity around the world. However, the regulatory mechanisms of GC tumorigenesis and cancer cell motility are
completely unknown. We investigated the role of a RAS-related protein (Rap1b) in the progression of GC. Our
results showed that the expression of Rap1b is aberrantly upregulated in GC tissue samples and human GC cell
lines, and the high expression of Rap1b indicated a positive correlation with poor prognosis in patients with
GC. Inhibition of endogenous Raplb dramatically reduced the cell cycle progression but strongly enhanced
the apoptosis capacity of human GC cell lines MKN-28 and SGC-7901 cells compared with the control group.
Western blotting assay showed that Rap1b inhibition resulted in a significant increase in the ratio of LC3-1I
to LC3-1, and the levels of p62 protein were decreased in both MKN-28 and SGC-7901 cells. Furthermore,
PI3K/Akt/mTOR activation was found to be maintained in a low level in the normal gastric mucosal epithelial
cells, while it was significantly upregulated in GC cells, which could be decreased by Rap1b inhibition. The
PI3K inhibitor LY294002 was enhanced but activator insulin-like growth factor 1 (IGF-1) blocked the Rap1lb
silencing-induced enhancement of apoptosis and autophagy in MKN-28 and SGC-7901 cells. In conclusion,
we demonstrate that Rap1b expression is aberrantly increased in GC, resulting in the inhibition of autophagy
and apoptosis of GC cells by the PI3K/Akt/mTOR pathway. This might provide a new understanding and rep-

resent a novel therapeutic target for human GC.
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INTRODUCTION

Gastric cancer is the fourth most common malignancy
and the second leading cause of cancer mortality around
the world. Gastric cancer has a high migratory poten-
tial and a poor prognosis, with a 5-year survival rate of
20% (1). According to the difference in clinicopathologi-
cal entities, gastric cancer can be classified with mul-
tiple histological subtypes, including adenocarcinomas
(approximately 90%), non-Hodgkin’s lymphomas and
leiomyosarcomas (10%), and adenosquamous, undif-
ferentiated carcinomas, squamous, choriocarcinomas,
rhabdomyosarcomas, carcinoid tumors, hemangiopericy-
tomas, and others (rare) (2). Although there are distinct
clinical and genetic features, most subtypes of gastric
cancer are malignant tumors of the stomach (3). Despite
significant improvements in surgery and radiotherapy/
chemotherapeutic treatments, the prognosis of patients
with gastric cancer is very poor with a high mortal-
ity. Therefore, more knowledge about the pathology of

gastric cancer is needed to develop the therapeutic strat-
egy for human gastric cancer.

Raplb is an important member of the small GTPase
Ras family. As a molecular switch, Ras facilitates the
alternation between inactive guanosine diphosphate
(GDP) and active guanosine 5’-triphosphate (GTP), and
plays a crucial role in the regulation of cell growth and
differentiation. It is reported that Rap1 can modulate the
activation of the ERK/MAP kinase pathway via B-Raf
to regulate the cell-matrix adhesion and cell—cell junc-
tions by activating integrins via RAPL and RIAM (4).
The available data indicate that Raplb expression is
aberrantly altered in various cancer-related diseases and
involved in the pathogenesis of cancers, including human
colorectal carcinoma, esophageal squamous cell carci-
noma, squamous carcinomas, and ovarian cancer (5-7).
In terms of gastric cancer, Raplb was recently identi-
fied to be highly expressed and is significantly associated
with malignant behavior and poor prognosis in gastric
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cancer (8). However, the specific role and potential mech-
anism of Raplb in human gastric cancer tumorigenesis
and cancer cells motility are not clear.

Autophagy and apoptosis, two different types of pro-
grammed cell death, occur in multicellular organisms and
have important roles in maintaining metabolic homeo-
stasis. By “self-eating” or “self-killing,” autophagy and
apoptosis caused by stress can degrade the damaged
protein and organelles to make damaged cells survive or
program death. The dysfunction of autophagy and apop-
tosis has severe pathophysiological consequences and is
significantly associated with tumor angiogenesis (9-11).
In the present study, we aimed to determine the expres-
sion of Raplb in human gastric cancer tissues and cells.
Furthermore, we addressed whether and how Raplb
affects the autophagy and apoptosis of gastric cancer cells
in vitro. We also investigated the interaction between
Rap1b and the PI3K/Akt/mTOR pathway to further elu-
cidate the potential role of Rap1b in gastric cancer.

MATERIALS AND METHODS
Human Gastric Cancer Samples and Cell Cultures

Frozen normal gastric tissues (12 cases) and gastric
cancer tissue samples (44 cases) were obtained from
Hi-Tech People Hospital. The protocol was approved by
the Ethics Committee of the Hi-Tech People Hospital.
All patients gave informed consent.

The human gastric cancer cell lines MKN-45 and
MKN-28 and gastric adenocarcinoma cell lines SGC-
7901 and AGS were obtained from American Type
Culture Collection (ATCC; Manassas, VA, USA) and
cultured in DMEM containing 10% fetal bovine serum
(FBS; Invitrogen) at 37°C in 5% CO, atmosphere. Human
normal gastric mucosal epithelial cell line GES1 was
obtained from ATCC and cultured in DMEM supple-
mented with 10% FBS and 1% penicillin/streptomycin
(Gibco/Invitrogen) at 37°C.

Quantitative RT-PCR

Total RNA was isolated from tissues or cells using
TRIzol. The expression of Raplb was measured using
the CellAmp Direct RNA Prep kit for qPCR and Protein
Analysis Kit (Takara, Dalian, China). Ct values of glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) were used
as the internal control to normalize the relative expression
of target genes. Relative expression levels were presented
using the 224 method.

Western Blotting

Total protein was isolated from tissues or cell lysates
using lysis buffer. Equal amounts of protein were sepa-
rated using SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) gels (Invitrogen) and then were transferred
to polyvinylidene difluoride (PVDF) membranes. Primary
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antibodies [rabbit anti-Rap1b, mTOR p-mTOR (S2481),
1:1,000 dilution (Abcam); mouse anti-LC3-II, LC3-1,
1:2,000 dilution (VIVA Bioscience); rabbit anti-p62,
1:1,000 dilution (Santa Cruz Biotechnology); rabbit anti-
phospho-Akt, anti-total Akt, 1:1,000 dilution (Abcam);
mouse anti-p85, 1:1,000 dilution (Abcam); mouse anti-
B-actin, 1:2,500 dilution (ABclonal)] were reacted with
the blots overnight at 4°C. Then secondary antibodies
were incubated with the blots for 1 h, followed by ECL
(Amersham Pharmacia, Piscataway, NJ, USA).

Cell Transfection

The Raplb siRNA and nontargeting negative control
siRNA were purchased from Santa Cruz Biotechnology.
Cells were cultured to approximately 80% confluence and
then transfected with specific siRNA or negative control
siRNA by Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s instructions.

Cell Cycle Analysis

Transfected cells were cultured for 48 h, harvested
with ice-cold phosphate-buffered saline, and then resus-
pended in binding buffer containing 0.5 mM CaCl,, 1 mM
MgCl,, 150 mM NaCl, 10 mM HEPES (pH 7.4), and 5%
bovine serum albumin with 5x 10 cells in a volume of
250 pl. Cells were then incubated with 0.6 pug/ml propid-
ium iodide (PI) for 15 min in the dark. The FACSCalibur
system (Becton Dickinson) was applied to analyze the
cell cycle.

Cell Apoptosis Assay

Transfected cells were cultured for 48 h and were main-
tained in the serum-free DMEM for another 12 h. Cells
were harvested with ice-cold phosphate-buffered saline
and then resuspended in binding buffer with 5x 10° cells
in a volume of 250 pl. Cells were then incubated with
0.6 pg/ml PI and 0.5 pg/ml annexin V-fluorescein isothio-
cyanate (FITC) for 15 min in the dark. The FACSCalibur
system (Becton Dickinson) was applied to analyze the
apoptosis of cells.

Statistical Analysis

Data are expressed as mean = SEM. The differences
between groups were measured by GraphPad Prism 6
(GraphPad Software, La Jolla, CA, USA). All experi-
ments were performed at least three times. A value of
p<0.05 was considered to be statistically significant.

RESULTS

Raplb Is Overexpressed in Human Gastric Cancer
Tissue and Cell Lines

To identify whether Rap1b has a regulatory role in the
progression of human gastric cancer, we first detected the
expression profile of Rap1b in gastric cancer tissues from



Raplb INHIBITS GASTRIC CANCER CELL MOTILITY

patients by reverse transcription polymerase chain reac-
tion (RT-PCR) analysis. As shown in Figure 1A, Raplb
was expressed at low levels in normal gastric tissues,
whereas it was aberrantly upregulated in the gastric cancer
tissues. Additionally, the upregulation of Raplb expres-
sion showed a positive correlation with poor prognosis in
patients with gastric cancer, as seen in Figure 1B.

We further investigated the expression of Raplb in
human gastric cancer cell lines MKN-45 and MKN-28
and gastric adenocarcinoma cell lines SGC-7901 and
AGS. Compared to the normal gastric mucosal epithe-
lial cell line GESI1, the levels of Raplb were markedly
increased in all gastric cancer cell lines (Fig. 1C). These
results suggest that the upregulation of Raplb expression
might be a general character in gastric cancer.

Knockdown of Rap1b Enhances the Apoptosis of
Gastric Cancer Cells In Vitro

We then employed Raplb siRNA knockdown to fur-
ther evaluate the effects of high Raplb levels on the
tumorigenesis of human gastric cancer. Human gastric
cancer cell lines MKN-28 and SGC-7901 were chosen
to be the objects of our study in vitro according to the
difference of Rap1b expression in all four gastric cancer
cell lines. Compared to the nontargeting negative control
siRNA and control groups, the expression of Raplb was
significantly decreased with a loss of approximately 60%
in MKN-28 and SGC-7901 cells transfected with spe-
cific siRNA, as measured by RT-PCR analysis (Fig. 2A).
Further, the suppression of endogenous Raplb dramati-
cally reduced the cell cycle progression in MKN-28 and
SGC-7901 cells in comparison with the control groups
(Fig. 2B). On the contrary, the apoptosis capacity of
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MKN-28 and SGC-7901 cells was strongly enhanced by
Rap1b silencing, as shown in Figure 2C. These data indi-
cate that high levels of endogenous Raplb might play a
positive role in the development of gastric cancer by pro-
moting gastric cancer cell cycle progression and inhibit-
ing cancer cells apoptosis.

Knockdown of Rap1b Enhances the Autophagy of
Gastric Cancer Cells

Autophagy is a cellular stress adaptation response.
We next investigated whether the autophagy of gastric
cancer cells is affected by endogenous Raplb. The ratio
of LC3-II to LC3-I is a reliable indicator of autophagy.
As seen in Figure 3, Raplb inhibition resulted in a sig-
nificant increase in the ratio of LC3-II to LC3-I in both
MKN-28 and SGC-7901 cells compared to the control.
We also measured the levels of p62 protein, a negative
indicator of autophagy, in MKN-28 and SGC-7901 cells.
A decrease of p62 levels was found in cultured gastric
cancer cells transfected with Rap1b siRNA in comparison
with the control. Taken together, these data suggest that
high Rap1b levels might be a potential suppressor for cell
autophagy in gastric cancer.

PI3K/Akt/mTOR Pathway Is Involved in the Regulation
of Rap1b to Gastric Cancer Cells Motility

The PI3K/Akt/mTOR signaling pathway is known
to be important in tumor metastasis and angiogenesis
during cancer progression (12). To evaluate the possible
mechanism by which Raplb affects the apoptosis and
autophagy capacity in gastric cancer, we analyzed the
expression profile of key molecules in the PI3K/Akt/
mTOR signaling pathway by Western blot. As seen in
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Figure 1. Expression of Raplb in human gastric cancer tissues and cells. (A) Reverse transcription polymerase chain reaction
(RT-PCR) was used to measure the expression levels of Rap1b in normal gastric tissues (Normal) and gastric cancer tissues. (B) The
correlation between Rap1b levels and the survival rate in patients with gastric cancer was analyzed using the Kaplan—Meier test. Rap1b
high indicates high Rap1b mRNA levels (more than threefold higher than normal tissue), and Rap1b low represents low Raplb mRNA
levels (less than threefold). (C) The levels of Rap1b in the human gastric cancer cell lines MKN-45, MKN-28, SGC-7901, and AGS as
well as in normal gastric mucosal epithelial cell line GES1 were examined using RT-PCR. *p <0.05 and **p<0.01 versus GES1.
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Figure 2. Knockdown of Rap1b enhances the apoptosis of gastric cancer cells. MKN-28 and SGC-7901 cells were cultured (Control),
followed by transfection with Rap1b siRNA or nontargeting control siRNA (Ctrl-siR). (A) The expression of Raplb was measured
after 48 h by RT-PCR to confirm the efficiency of Raplb silencing. (B) The cell cycle and (C) apoptosis of cells were tested by flow
cytometric analysis. *p<0.05 versus Control.
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Figure 3. Knockdown of Rap1b enhances the autophagy of gastric cancer cells. MKN-28 and SGC-7901 cells were cultured (Control),
followed by transfection with Rap1b siRNA or nontargeting control siRNA (Ctrl-siR). The expression of LC3-I, LC3-I1, and p62 pro-
tein was detected by Western blotting. *p <0.05 versus Control.
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Figure 4A, the p85 subunit of PI3K was expressed in a
low level in the normal gastric mucosal epithelial cell
line GESI1, while it was significantly upregulated in
the gastric cancer cell lines MKN-28 and SGC-7901.
In addition, Rap1b inhibition resulted in a significant
decrease in the expression of p85 in MKN-28 and SGC-
7901 cells. A similar change in the pattern of phosphor-
ylated Akt levels was also observed in MKN-28 and
SGC-7901 cells, although there is no significant change
in the levels of total Akt. Consistently, the activation
of mTOR was also enhanced in gastric cancer cells but
reduced by Raplb silencing.

Further, we applied the PI3K inhibitor LY294002 and
activator insulin-like growth factor 1 (IGF-1) to verify the
role of PI3K/Akt/mTOR signaling. The Raplb silencing-
induced enhancement of apoptosis and autophagy in
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MKN-28 and SGC-7901 cells was enhanced by LY294002
but was blocked by IGF-1 treatment (Fig. 4B and C). These
data suggest that the PI3K/Akt/mTOR pathway could be
activated by Rap1b overexpression in gastric cancer cells
and be involved in the regulation of Rap1b to gastric can-
cer cells motility.

DISCUSSION

As a member of the small GTPase Ras family, Rap1b
has been demonstrated to be aberrantly expressed and
involved in the development of several cancers (13). In
colorectal carcinoma, Raplb was found to be directly
targeted by miR-100 and miR-139 and overexpressed
in cancer tissues, contributing to the proliferation and
invasion of human colorectal cancer cells (6,14). Highly
expressed Raplb is also associated with the enhanced
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Figure 4. Effect of Raplb on the PI3K/Akt/mTOR pathway in gastric cancer cells. (A) The levels of p85, total Akt, phosphorylated
Akt, total mTOR, and phosphorylated mTOR were tested by Western blotting in MKN-28 and SGC-7901 cells as well as GES1.
(B and C) MKN-28 and SGC-7901 cells were transfected with Rap1b siRNA, followed by treatment with 200 nM LY 294002 (AbMole,
Shanghai, China) or 10 ng/ml IGF-1 (R&D Systems China, Shanghai, China) for 12 h. Apoptosis assay was performed on cells, and
cell extracts were prepared for Western blotting using antibody specific for LC3-I, LC3-II, and p62. *p<0.05 versus Rap1b siRNA.
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proliferation and invasion as well as repressed apoptosis
in esophageal squamous cell carcinoma, which is inhib-
ited by miR-518b (5). Lin et al. reported that glucocor-
ticoid-induced miR-708 could result in the reduction of
invasion and abdominal metastasis in ovarian cancer cells
by directly targeting Rap1b (7). In this study, we showed
that Rap1b is aberrantly upregulated in the tumor tissues
of gastric cancer patients as well as in four human gastric
cancer cell lines. Notably, high levels of Rap1b presented
a positive relationship with the poor prognosis of gastric
cancer patients. These observations are in line with a pre-
vious study demonstrating that highly expressed Raplb
contributed to the gastric cancer malignant behavior and
poor prognosis (8).

Apoptosis is an important process of programmed cell
death. Disruption of cell apoptosis is one of the basic
pathologies involved in the carcinogenesis of human
carcinomas, including human gastric cancer (15,16). In
a previous study, the effect of Raplb on cell apoptosis
has been reported. Sun et al. found that Raplb moder-
ates the glucose-induced apoptosis in renal tubular cells
by ameliorating the dysfunction of mitochondria (17).
In the present article, we found that the reduced apop-
totic capacity of gastric cancer cells was significantly
increased by Raplb repression. Additionally, the cell
cycle progression of cancer cells was inhibited by Rap1b
silencing, indicating the effect of Rap1b on cell apoptosis
in the progression of gastric cancer.

Another approach we took to identify the role of Rap1b
was to investigate the effect of Raplb on autophagy in
gastric cancer cells. Autophagy is another type of pro-
grammed cell death and is significantly associated with
metabolic homeostasis (18). In the initial phase, cell
responds to the stimulus signals and forms the auto-
phagosome, in which the lysosomal membrane is fused
to deliver those damaged contents, including impaired
proteins and organelles, for further degradation (15,18).
During the process of autophagy, the ratio of LC3-II to
LC3-I is a reliable indicator of autophagy. In the auto-
phagosome, LC3-I is fused with phosphatidylamine to
form LC3-phosphatidylamine (LC3-II), which is essen-
tial for autophagosome activity. The ubiquitin binding
protein p62 is a negative indicator of autophagy, and it
is accumulated when autophagy is disrupted (19,20).
Increasing evidence demonstrates that the disruption
of autophagy contributes to the development of tumor
angiogenesis (21,22). On the contrary, induced autophagy
by the specific ingredient celecoxib or celastrol could
inhibit cancer cell growth by induction of autophagy
(12,16). Herein, we hypothesized that Rap1b might also
regulate autophagy in gastric cancer cells and found that
highly expressed Raplb is associated with the inhibition
of autophagy. When Raplb expression is suppressed, the
autophagy capacity is upregulated in gastric cancer cells.
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Previous studies have reported that apoptosis and
autophagy signaling can be activated by various path-
ways. The PI3K/Akt/mTOR pathway is a key signal-
ing pathway with pleiotropic functions and has been
demonstrated to be involved in many malignant tumors
(12,23,24). In tumorigenic cells, PI3K could be activated
by hormones, growth factors, and other stimuli. The acti-
vated PI3K produces a messenger PIP3, which makes
inactive Akt undergo a conformational shift (25,26).
Then the Ser124/Thr450 and Thr308/Serd73 sites are
successively phosphorylated, resulting in the activation
of Akt signal. Activated Akt further triggers the phos-
phorylation activation of mTOR to regulate cell growth,
apoptosis, and autophagy in the development of tumors,
including gastric cancer (27-29). We hypothesized that
PI3K/Akt/mTOR signaling might be implicated in the
regulation of Raplb in gastric cancer cell apoptosis and
autophagy. Results showed that the PI3K/Akt/mTOR
signaling is significantly activated in parallel with the
Rap1b overexpression in gastric cancer cells. In addition,
the PI3K/Akt/mTOR pathway is involved in the regula-
tion of Rap1b to the apoptosis and autophagy capacity of
gastric cancer cells.

In conclusion, we have demonstrated that Raplb
expression is aberrantly increased in gastric cancer, result-
ing in the inhibition of autophagy and apoptosis of gastric
cancer cells by the PI3K/Akt/mTOR pathway. This might
provide new understanding and represent a novel thera-
peutic target for human gastric cancer.
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