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	 Background:	 Rab7 belongs to the Ras oncogene family. Many studies have shown that its dysfunction is associated with 
many types of malignant tumors, but its effect on the pathogenesis of gastric cancer (GC) is still unknown. 
Therefore, we investigated the effect and mechanism of Rab7 in GC.

	 Material/Methods:	 The expression of Rab7 in GC and adjacent tissues was detected by immunohistochemistry, Western blot anal-
ysis, and qRT-PCR. The relationship of Rab7 with clinicopathological parameters and prognosis was analyzed. 
The expressions of Rab7, PI3K, and AKT in GC cells were assessed by Western blot. Overexpressed and silenced 
GC cell lines were constructed and AGS cells were treated with LY294002. The proliferation capacity of GC cells 
was detected by CCK8 assay, cell cycle changes were detected by flow cytometry, and the invasion and migra-
tion abilities of GC cells were assessed by transwell assay.

	 Results:	 The expression of Rab7 was upregulated in the samples and cells, and was positively correlated with lymph 
node metastasis but negatively correlated with histological differentiation and clinical prognosis. In cell func-
tion experiments, overexpression of Rab7 induced the transition from S phase to G2 phase and promoted the 
proliferation, invasion, and migration of GC cells. Our assessment of the molecular mechanism showed that 
Rab7 promoted the phosphorylation of PI3K and AKT in GC cells. Incubation with the PI3K inhibitor Ly294002 
impaired the enhanced effect of Rab7 overexpression on proliferation, migration, and invasion abilities of GC 
cells. These results show that the Rab7 affects GC cell progression by modulating the PI3K/AKT pathway.

	 Conclusions:	 Rab7 could be a prognostic biomarker and therapeutic target of the PI3K/AKT pathway in GC.
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Background

The incidence and mortality rates of gastric cancer (GC) rank 
fifth and second, respectively, among all cancers. There were 
more than 1 000 000 new cases and an estimated 783 000 
deaths (accounting for 1 in every 12 deaths globally) in 2018 [1]. 
Although diagnosis and treatment have made great progress 
in recent decades, the burden of GC remains very high in Asia, 
Latin America, and Central and Eastern Europe [2]. Because most 
patients with GC are in the middle and late stage of disease at 
diagnosis, the prognosis remains poor [3,4]. Determining the 
molecular mechanism underlying the occurrence and devel-
opment of GC will help find new therapeutic targets and im-
prove the prognosis of GC.

The Ras-related protein Rab7 is a small GTPase and is the basis 
of lysosomal biogenesis, positioning, and functions, as well as 
the transport and degradation of several signal receptors, thus 
also affecting transduction of the signal pathway [5,6]. The lit-
erature suggests that Rab7 participates in a variety of physi-
ological processes, such as cell apoptosis [7–9], neurotrophin 
transportation, signal pathway, and neurite outgrowth [10,11], 
phagocytosis [12], and autophagy and mitophagy [13,14]. 
The dysfunction of Rab7 is associated with development of 
many diseases. For instance, the occurrence of Charcot-Marie-
Tooth type 2B peripheral neuropathy is closely associated with 
Rab7 gene mutation [15,16]. Recently, the role of Rab7 in can-
cer has been reported. Many studies have found that Rab7 is a 
tumor promotor. The weakening of Rab7 suppresses the inva-
sion of breast cancer and cholangiocarcinoma [17,18]. However, 
the anti-tumor effect of Rab7 has been reported in prostate 
cancer and glioblastoma [19,20]. Interestingly, Rab7 has a bi-
directional regulatory effect on some tumors. For example, 
Alonso-Curbelo et al. found that Rab7 was selectively upreg-
ulated in melanoma and partially downregulated in highly in-
vasive melanoma cells [21]. However, the role of Rab7 in the 
pathogenesis of GC is unknown. Therefore, it is of great sig-
nificance to reveal the role of Rab7 in the carcinogenesis and 
development of GC.

In the present study, we collected tissue samples from 115 pa-
tients with GC and analyzed the relationship of Rab7 with clin-
icopathological characteristics and survival prognosis. Through 
a series of cell function experiments, we also explored the ef-
fects of Rab7 on the progression of GC.

Material and Methods

Clinical samples

A total of 115 GC carcinoma and adjacent tissues were col-
lected at the Second Affiliated Hospital of Fujian Medical 

University (Quanzhou, China) from 2013 to 2015, and the 
clinicopathological characteristics and survival time were re-
corded. The tissues were stored in a freezer at –80°C for further 
research. This study was approved by the Ethics Committee 
of the Second Affiliated Hospital of Fujian Medical University, 
and all patients signed an informed consent form.

Cell lines

Six human GC cell lines (MKN74, N87, SNU216, MGC803, 
HGC-27, and AGS) were purchased from the Chinese Academy 
of Sciences (Shanghai, China). All cell lines were cultured in 
RPMI-1640 (Gibco BRL, Grand Island, NY, USA) supplemented 
with 10% fetal bovine serum (FBS), except for AGS cells cul-
tured in Ham’s F12 medium (Cellgro, Manassas, VA, USA), and 
incubated them in an atmosphere containing 5% CO2 at 37°C.

Immunohistochemistry (IHC)

Paraffin-embedded sample tissues were sliced at a thickness 
of 5 um for HE staining and immunohistochemical analysis. 
Endogenous peroxidase was blocked with 3% hydrogen per-
oxide for 15 min. After washing 3 times with PBS, anti-Rab7 
primary antibody was added, and samples were incubated at 
4°C for 30 mins, then the secondary antibody was added, fol-
lowed by incubation at 37°C. AEC was used for immunohis-
tochemical staining, and the resin was observed under a mi-
croscope. The positive staining of Rab7 protein was evaluated 
as follows: 0 points for £5% positive cells, 1 point for 5–25% 
positive cells, 2 points for 26–50% positive cells, 3 points for 
51–75% positive cells, and 4 points for ³75% positive cells. 
The total score was calculated according to the staining in-
tensity score: 0 points for no staining, 1 point for weak stain-
ing (light yellow color), 2 points for moderate staining (yellow-
brown color), and 3 points for strong staining (brown color). All 
samples were divided into a low-expression group (score £3) 
or a high-expression group (4£ score £12). Yellow-to-brownish 
staining of Rab7 in more than 10% of cells was considered as 
a positive reaction.

Western blot analysis

Following the instructions of the BCA protein analysis kit 
(Thermo Fisher Scientific, Waltham, MA, USA), GC cells were 
lysed in WESTERN & IP cell lysis buffer (Beyotime, Shanghai, 
China) and PMSF (AMRESCO, Solon, Ohio, USA). The supernatant 
was collected after centrifugation at 4°C for 10 min. The same 
amount of sample proteins was added to the wells for elec-
trophoresis, and then transferred to the membrane by using 
0.45 μm PVDF membrane (Amersham Hybond, GE Healthcare, 
Munich, Germany). Wells were incubated with rabbit antibody 
at 4°C overnight using anti-Rab7 (1-2000, Abcam, UK), PI3K 
(1-1000, Cell Signaling Technology, USA), pPI3K (1-1000, cell 
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signal), AKT (1-1000, cell signal), pAKT (Ser308) (1-1000, Cell 
Signaling Technology, USA), and pAKT (Ser473) (1-1000, Cell 
Signaling Technology, USA). After washing for 10 min in TBST, 
the primary antibody was incubated with enhanced chemilu-
minescence substrate (Abcam, UK) for 2 h at room tempera-
ture, and then protein signal detection was performed using 
enhanced chemiluminescence (Lulong Biotech, Xiamen, China).

RNA extraction and quantitative real-time PCR (qRT-PCR)

The total RNA of GC tissues was extracted according to the 
TRIzol reagent instruction manual (Treasure Creature, Dalian, 
China). The concentration and purity of RNA were assessed 
using a ND-1000 spectrophotometer (Thermo Fisher Scientific, 
USA) to ensure that D260 nm/D280 nm >2.0, D230 nm/D260 nm 
>1.8. Adopt RevertAid Reverse transcriptase kit (Thermo Fisher 
Scientific, USA) reverse-transcribed RNA into cDNA. The qPCR 
reaction system was prepared with 25 uL 2*SGExcel SYBR 
Mixture+1 μL upstream primers+1 μL downstream prim-
ers+1 μL cDNA, added to ultra-pure water to 50 μL accord-
ing to the instructions of the 2*SGExcel FastSYBR Mixture 
(Shanghai, China). Detection of relative mRNA expression of 
Rab7 was performed using a StepOnePlus™ PCR (ABI, USA) 
testing instrument. Primers used were Rab7 forward primer: 
5’-CCGCTCGAGCTATGACCTCTAGGAAG- 3’, Rab7 reverse primer: 
5’-GCCCCATGGTCAGCAACTGCAGCTTT-3’, internal reference 
primer b-actin, forward: 5’-ACGGGAAGCTTGTCATCAATGG-3’, 
reverse: 5’-ATGGTGGTGAAGACGCCAGTGG-3’. All primers were 
purchased from Shanghai Shenggong. The reaction procedures 
were: pre-denaturation at 95°C for 20 s, denaturation at 95°C 
for 3 s, and annealing/extension at 60°C for 30 s, for 35 cycles.

Plasmid construction and cell transfection

To overexpress Rab7 in AGS cells, the cDNAs en-
coding human Rab7 were amplified (Rab7 Forward: 
5’-TCCGCTCGAGATGGCAACTGCACCATAC-3’; Rab7 Reverse: 
5’-ATGGGGTACCGAGCAGCCACAGCCTTCTCTC-3’) and cloned 
into the pCDH (Invitrogen, Carlsbad, CA, USA) expression vec-
tor (AGS-pRab7). Empty vector pCDH was used as the control 
in the gain-of-function experiments (AGS-pCDH). To silence 
Rab7 in MCG803 and HGC-27 cells, a short hairpin RNA was 
designed based on the sequence 5’-TGCAAGGAATCTCACCAAT-3’ 
and 5’-AACAAGATTGACCTCGAAA-3’, and was cloned into 
pSuper-retro-puro (Oligoengine, Seattle, USA) expression vector 
(MCG803-psh1Rab7, HGC-27-psh1Rab7, MCG803-psh2Rab7, 
HGC-27-psh2Rab7). Empty vector pSuper-retro-puro was used 
as the control in the loss-of-function experiments (MCG803-
psuperRab7 and HGC-27-psuperRab7).

Cell proliferation assay

Follow the instructions of the Cell Counting Kit-8 (CCK-8, 
Dojindo, Kuma-moto, Japan). Cells were incubated into a 96-
well plate (103 cells/well) at 37°C for 24, 48, 72, 96, and 120 
hours respectively. Then went on incubating for another 4 hours 
after adding CCK-8. The OD value was measured using a UV 
spectrometer reader (Bio-Tek, Winooski, VT, USA) at 450 nm.

Flow cytometry assay detected cell cycle

The treated cells in logarithmic growth phase were inoculat-
ed into 24-well plate. After fixed, the cells were stained with 
400uL’s propidium iodide solution (PI, Thermo Fisher Scientific, 
USA). The PI absorbance of the cells was detected by flow cy-
tometry, and the results were analyzed by software ModFit 
(Verity Software House, USA).

Cell migration and invasion assay

Cells in a serum-free medium (105 cells/L) were incubated into 
the upper chamber of transwell (BD Bioscience, USA). Cell cul-
ture medium containing fetal calf serum was added to the low-
er chamber and incubated for 48 hours. The cell culture medi-
um was then removed, washed twice with PBS, fixed with 4% 
paraformaldehyde for 15 mins, and stained with 0.1% crystal 
violet for 15 mins. Before the cell invasion experiment, Matrigel 
was added to the upper chamber and incubated at 37°C for 
30 mins. The other steps were the same as the migration ex-
periment. The cell counts in 5 random fields per were evaluat-
ed by using the Qimaging MicroPublisher 5.0RTV microscope 
camera (OLYMPUS).

Statistical analysis

The data represent the mean (±standard deviation, SD) of 
three independent experiments. SPSS22.0 software was used 
for statistical analysis. Two-tailed t test was used to compare 
the measurement data of the 2 samples, Pearson c2 test was 
used to compare the counting data of the 2 samples, and one-
way ANOVA was used to compare the counting data of multi-
ple samples. Kaplan-Meier method was used to draw Survival 
Curve. The difference was statistically significant (P<0.05).

Results

Expression of Rab7 in GC tissues and cells, and its 
relationship with clinical characteristics and prognosis

In order to determine the expression of Rab7 in GC tissues. First, 
we used IHC to detect the expression of Rab7 in 115 carcino-
ma tissues and the corresponding adjacent normal tissues (NT). 
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A

Figure 1. �Upregulation of Rab7 in carcinoma tissues was associated with the prognosis. (A) Expression of Rab7 in carcinoma tissues 
and adjacent tissues was detected by IHC. Scale bar, 50 μm. The chart shows that the score of Rab7 in GC is significantly 
higher than that of NT (* P<0.05, by 2-tailed t test, n=115). (B, C) The results of Western blot and qRT-PCR showed the 
expression level of Rab7 protein and mRNA in cancer tissues and adjacent tissues. β-actin was used as load control (n=8). 
(D) According to the staining score, the high-expression group and low-expression group of Rab7 were identified. Kaplan-
Meier analysis showed that the overall survival in patients(n=69) with high Rab7 expression was significantly shorter than 
that(n=40) with low Rab7 expression (P=0.015, by log-rank test). (E) The Rab7 expression of normal tissues and 6 GC cell 
lines were analyzed by Western blot analysis. β-actin was used as a loading control.
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Table 1. �Clinicopathologic characteristics of 115 GC patients 
according to the Rab7 expression.

Variant Total 
Rab7 p value

Low (44) High (71)

Age (years) 0.876

	 <60 69 26 43

	 ³60 46 18 28

Sex 0.622

	 Male 84 31 53

	 Female 31 13 18

Tumor size (cm) 0.125

	 <5 70 24 46

	 ³5 45 20 25

Depth of tumor invasion 0.255

	 T2 9 4 5

	 T3 14 8 6

	 T4 92 32 60

Lymph node metastasis 0.001*

	 N0 22 9 13

	 N1 23 5 18

	 N2 20 2 18

	 N3 50 28 22

Clinical stage 0.757

	 I/II 28 10 18

	 III/IV 87 34 53

Differentiation 0.001*

	 High 16 10 6

	 Middle 8 7 1

	 Low/undifferentiation 91 27 64

* Significant difference.

It was identified that the expression of Rab7 was significant-
ly higher in carcinoma tissues than that in the adjacent tis-
sues (Figure 1A). The results of Western blot and qRT-PCR also 
showed that Rab7 was highly expressed in most cancer tissues. 
(Figure 1B, 1C). According to the staining score of tumor cells, 
the immunohistochemical results of high and low Rab7 expres-
sion of GC tissues were shown in Figure 1D. Correlation analysis 
between expression of Rab7 and patient’s clinicopathological 
features (Table 1) showed that expression of Rab7 was nega-
tively correlated with histological differentiation (P=0.001) and 
positively correlated with the presence of lymph node metasta-
sis (P=0.001). Other pathologic parameters, including age, gen-
der, depth of tumor invasion, tumor size and clinical stage, were 
not significantly correlated with expression of Rab7. In addition, 
We Used Kaplan-Meier method to determine the relationship 
between survival time and expression level of Rab7 in GC pa-
tients. It was identified that the survival of patients with high 
Rab7 expression was significantly shorter than patients with 
low Rab7 expression (Figure 1D). To further confirm the upreg-
ulation of Rab7 in GC, we used Western blot analysis to detect 
expression of Rab7 in normal gastric tissues and 6 GC cell lines 
(Figure 1E). We found that the expression of Rab7 was signifi-
cantly upregulated in moderately and poorly differentiated GC 
cells and Rab7 expression level was negatively associated with 
the GC cells differentiation status. Because Rab7 is highly ex-
pressed in MCG803 and HGC-27 cells, but low in AGS cells, for 
further explore the function of Rab7 in GC, we selected MCG803 
and HGC-27 cells to construct Rab7 silent expression cell lines, 
and AGS cells to construct Rab7 overexpression cell lines.

Effect of Rab7 on GC cell proliferation capacity and cell 
cycle

On account of the evidence had shown that Rab7 expression 
was associated with the prognosis of GC, Therefore, we tried 
to ascertain whether Rab7 can affect the malignant behavior 
of GC in vitro. We first studied the effect that Rab7 gene on GC 
cell proliferation capacity. Gene overexpression and silencing 
methods were used to establish Rab7 overexpressing or silenc-
ing GC cell lines. Western blot analysis confirmed that Rab7 
was stably knockdown in MCG803 and HGC-27 cells and over-
expressed in AGS cells (Figure 2A). As shown by CCK-8 assay, 
Rab7 knockdown results in suppressed MCG803 and HGC-27 
cells proliferation (Figure 2B, 2C). Inversely, overexpression 
of Rab7 significantly increased the proliferation rate of AGS 
cells (Figure 2D). The result of flow cytometry (Figure 2E–2G) 
showed that Rab7 knockdown resulted in increasing S phase 
distribution and decreasing G2 phase distribution in MCG803 
and HGC-27 cells. On the contrary, overexpression of Rab7 led 
to the opposite result in AGS cells. However, the overexpres-
sion and silencing of Rab7 did not significantly change the G1 
phase distribution. These results suggest that Rab7 can induce 
the transition from S phase to G2 phase.

Effect of Rab7 on GC cell migration and invasion capacity

We used the transwell chamber assay to verify the effect of 
Rab7 on the GC cells invasion and migration. The results of 
transwell chamber migration assay (Figure 3A, 3B) showed 
that knockdown of Rab7 suppressed the migration ability of 
MCG803and HGC-27 cells compared with empty vector trans-
fected cells, while the overexpression of Rab7 promoted the 
migration ability of AGS cells. The result of transwell cham-
ber invasion assay (Figure 3C, 3D) revealed that knockdown of 
Rab7 significantly weakened the invasive ability of MCG803and 
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Figure 2. �Rab7 promoted the GC cells proliferation ability and changed the cell cycle. (A) Western blot analysis confirmed that Rab7 
was overexpressed in AGS cells and was knocked down in MCG803 and HGC-27 cells. β-actin acted as loading control. 
(B–D) Proliferation rate of GC cells after depleting or strengthening Rab7 expression, as determined by the CCK8 assay. 
The results revealed that knockdown of Rab7 suppressed MCG803 and HGC-27 cells proliferation and overexpression of 
Rab7-promoted AGS cells proliferation. The data represent the mean±SD of 3 independent experiments, * P<0.05, by 2-tailed 
t test). (E, F) the cycle changes of GC cells were detected by flow cytometry (data represent the mean±SD of 3 independent 
experiments, * P<0.05, by 2-tailed t test).
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HGC-27 cells compared with the cells transfected with emp-
ty vector. In contrast, the overexpression of Rab7 in AGS cells 
obviously enhanced their invasive ability.

Rab7 promotes the proliferation, invasion and migration 
of GC cells through PI3K/AKT signaling pathway

The pathogenesis of GC involves a variety of molecular mech-
anisms. Dysregulation in the PI3K/AKT pathway often leads 
to cancer, including GC [22,23]. A variety of receptors can acti-
vate this pathway, including intracellular small GTPases such as 
Ras [24]. Therefore, we were interested to determine whether 

Rab7 affects the proliferation, invasion, and migration of GC 
cells by mediating the PI3K/AKT signal pathway. The expres-
sion of PI3K and AKT proteins in the GC cell line was detect-
ed by Western blot analysis to evaluate the effect of Rab7 on 
PI3K/AKT pathway. As shown in Figure 4A, overexpression of 
Rab7 significantly increased the protein expression of phos-
phorylated PI3K and AKT (Ser308 and Ser473) in AGS cells, 
while the protein expression level of total PI3K and AKT re-
mained unchanged. In contrast, knockdown of Rab7 had the 
opposite effects in MCG803 and HGC-27 cells. The results show 
that Rab7 can promote PI3K and AKT phosphorylation in GC 
cells. To further determine whether Rab7 affects the malignant 
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Figure 3. �Rab7 regulated GC cells migration and invasion potential. (A, B) Migration ability of GC cells was measured by transwell 
chamber migration assay. Scale bar, 50 μm. The results showed that Rab7 knockdown results in suppressed MCG803 and 
HGC-27 cells migration ability, while the overexpression of Rab7 promoted the AGS cells migration ability. Data represent 
the mean±SD of 3 independent experiments, * P<0.05, by 2-tailed t test). (C, D) Invasion ability of gastric cancer (GC) cells 
was measured by transwell chamber invasion assay. Scale bar, 50 μm. The results showed that Rab7 knockdown results in 
suppressed MCG803 andHGC-27cells invasion ability, while the overexpression of Rab7 promoted the invasion ability of AGS 
cells. Statistical analysis revealed that, compared with p-super groups, the psh-Rab7 groups had significantly fewer invading 
and migrating cells, and, compared with p-CDH groups, the p-Rab7 groups had significantly more invading and migrating 
cells. Data represent the mean±SD of 3 independent experiments. * P<0.05, n=5 random fields, by 2-tailed t test).
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potential of GC cells through action of the PI3K/AKT signaling 
pathway, we treated AGS cells with LY294002 (a PI3K inhibi-
tor that indirectly suppresses the AKT phosphorylation level). 
As shown in Figure 4B and 4C, after AGS cells were treated 
with Ly294002, the enhanced proliferation, invasion and mi-
gration capacity stimulated by overexpression of Rab7 was sig-
nificantly weakened. These results show that Rab7 promotes 
the progression of GC through the PI3K/AKT signaling pathway.

Discussion

Gastric cancer (GC) is one of the major human cancers, and its 
morbidity and mortality rates are increasing steadily all over 
the world [25]. The survival rate is still poor in GC patients in 
spite of improved treatment [26,27]. The search for new tu-
mor biomarkers is of great significance for the diagnosis and 
treatment of GC. Recently, an increasing number of studies 
have identified Rab7 as a cancer biomarker [28], but it has 
not been reported in GC. The objective of the present study 
was to assess the regulatory role of Rab7 in GC by measuring 
the expression of Rab7 and cell function experiments in vitro.

Previous studies found that Rab7 is upregulated in thyroid ad-
enoma, breast cancer, lung cancer, and ovarian/primary peri-
toneal serous carcinoma, and is a tumor promotor [17,29–31]. 
The results of the present study are consistent result with those 
of previous studies, showing that the expression of Rab7 is 
upregulated in GC tissue samples and cells, and its upregula-
tion is associated with poor clinical prognosis.

To further explore the mechanism of Rab7 underlying the pro-
gression of GC, we performed an in vitro functional experiment, 
showing that Rab7 can promote the proliferation of GC cells. 
The results of flow cytometry showed that overexpression of 
Rab7 induced the transition from S phase to G2 phase in GC 
cells, while knockdown of Rab7 led to S phase arrest, suggest-
ing that Rab7 can accelerate the cell cycle, which may be one 
of the ways by which Rab7 promotes the proliferation of GC 
cells. These results are consistent with the results of Xie et al. 
in breast cancer, showing that Rab7a knockdown suppresses 
MDA-MB-231 cell proliferation and induces S phase arrest [17]. 
Zhao et al. had also found that Rab7 knockdown suppresses 
the proliferation of endothelial cells [32]. To further elucidate 
the effect of Rab7 on the growth of GC cells, it is necessary to 
further assess the apoptotic ability or verify it by colony for-
mation assay in the future.

Many reports had revealed that Rab7 is involved in the inva-
sion and migration of cancer cells. For example, in breast can-
cer, Xie et al. found that Knockdown of Rab7a suppressed xe-
nografted tumorigenesis of MDA-MB-231 cells [17]. Another 
study on breast cancer reported that dominant inactivation 
of Rab7 impairs the ability of breast cancer cells to migrate 
and invade [33]. A report has revealed that the destruction of 
Rab7 protein inhibits the invasiveness of cholangiocarcinoma 
cells [18]. Zhao et al. found that knockdown of Rab7 reduced 
the migration ability of LLC cells and Ly6G+ cells across the 
LAL/EC monolayer [32]. In the present study, we found that 
overexpression of Rab7 enhanced the invasion and migra-
tion abilities of AGS cells, while knockdown of Rab7 reduced 
the invasion and migration abilities of MGC803 and HGC-27 
cells, which also confirms the tumor-promoting effect of Rab7.
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Figure 4. �Rab7 promotes the proliferation, invasion and migration of GC cells through PI3K/AKT signaling pathway. (A) Detection 
of PI3K and AKT protein expression in GC cell lines by Western blot analysis. β-actin was used as loading control. 
(B, C) The enhancement of Rab7-overexpressing on cell proliferation, invasion and migration was weakened by LY294002. 
Data represent the mean±SD of 3 independent experiments. * P<0.05; NS – no statistical significance, n=5 random fields, 
by 2-tailed t test).
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Rab7 is the basis of the transport and degradation of a variety 
of signal receptors, which can regulate the signal transduction 
pathway [5,6]. The carcinogenesis of Rab7 involves a variety of 
molecular mechanisms. It has been reported that Rab7 regu-
lates cell migration through Rac-1 and vimentin [34]. Vimentin 
is an indicator of epithelial-stromal transformation and is reg-
ulated by Rab7 in cancer cells [35,36]. Rab7 can affect the in-
vasion and migration of cervical cancer Hela cells by affecting 
the internal transport and recovery of membrane-anchored 
membrane type 1 matrix metalloproteinase (MT1-MMP) [33]. 
Endothelial cells (EC) are an important type of stromal cell, 
which can interact with malignant cells to promote tumor an-
giogenesis and cancer cell extravasation [37]. Zhao et al. found 
that Rab7 interacts with the mTOR signal pathway to promote 
the tumorigenesis of EC cells [32]. Xie et al. found that Rab7a 

promotes the occurrence of breast cancer by regulating eu-
karyotic translation initiation factor 4F (eIF4F) [17]. The pres-
ent study found that Rab7 plays a positive regulatory role in 
the development of GC, but the molecular mechanism is un-
clear. We plan to explore the potential molecular mechanism 
of Rab7 affecting the progression of GC in future research.

Recent studies reported that Rab7 can inhibit the degradation 
of EGFR, which is an activating molecule of the PI3K/AKT path-
way [38], and maintains the level of AKT phosphorylation in 
epidermoid carcinoma cells, suggesting that Rab7 can main-
tain the AKT signaling pathway [39,40]. The PI3K/AKT signaling 
pathway plays an extremely important role in regulating cell 
survival and proliferation and thus is a key regulatory axis in 
tumor development and progression [41,42]. The roles of the 
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AKT signaling pathway in GC have been revealed by several 
studies, and its abnormal regulation frequently results in tu-
morigenesis [43,44] Therefore, we speculate that Rab7 affects 
the progress of GC through the PI3K/AKT signaling pathway. 
Here, we detected the interaction between Rab7 and PI3K/AKT 
pathways. Our Western blot results showed that the overex-
pression of Rab7 significantly increased the protein expres-
sion of phosphorylated PI3K and AKT (Ser308 and Ser473), 
and knockdown of Rab7 significantly suppressed the expres-
sion of pPI3K and pAKT (Ser308 and Ser473), while the ex-
pression of total PI3K and AKT was not significantly changed. 
We also found that LY294002 eliminated the effect of overex-
pression of Rab7 on proliferation, migration, and invasion of 
AGS cells. These results further confirm that Rab7 affects the 
progression of GC through the PI3K/AKT signaling pathway.

Conclusions

In conclusion, the present study provides evidence for the role 
of Rab7 in the carcinogenesis and development of GC. We dem-
onstrated that the expression of Rab7 was increased in GC and 
was associated with poor prognosis. We also found that Rab7 
can promote the proliferation, invasion, and migration of GC 
cells, and it targets GC cells through the PI3K/AKT signaling 
pathway. Our findings suggest that Rab7 may be a prognos-
tic factor and target for the treatment of GC.
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