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Introduction

Gastric cancer is a malignant tumor that is derived from 
the epithelium. It is the most common gastrointestinal 

cancer and one of the most common tumors, with tumor 

morbidity and mortality rates ranking fourth and the 

second in the world, respectively (1). Every year there are 
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approximately 900,000 new gastric cancer patients, while 
approximately 700,000 people die of gastric cancer (2). 
Although the diagnosis and treatment of gastric cancer 
has been greatly improved, there has been no significant 
decline in morbidity and mortality (3-5). Gastric cancer 
remains a serious threat to human life and health with 
a five-year survival rate of less than 24% (6-9). The 
predominant characteristics of gastric cancer are invasion 
and a tendency to metastasize. Approximately 60% of 
gastric cancer patients had a metastasis when diagnosed, 
and approximately 70% of patients had recurrence and 
metastasis after being treated for gastric cancer. Metastasis 
is one of the major causes of death in patients with gastric 
cancer (10,11). Epidemiological data showed that because of 
the low cure rate and the fact that gastric tumor cells were 
prone to invasion, migration, and metastasis, most patients 
with gastric cancer ultimately died of multiple organ 
failure. As a complex biological process, gastric carcinoma 
migration is often accompanied by changes in certain 
cytokines and signaling pathways (12,13). The study of 
genes associated with the metastasis of gastric cancer could 
provide experimental evidence of metastasis and possible 
therapeutic targets.

In eukaryot ic  ce l l s ,  ce l l  growth,  biosynthes is , 
secretion, and other important biological processes are all 
associated with protein transport between the organelles. 
Macromolecule transport and the dynamic balance of 
proteins between cell organelles depend on the two-way 
flow of tubular vesicles (14,15). One of the most important 
determinants of normal cellular activity is whether proteins 
can reach the appropriate cell organelles (16,17). The 
intracellular transport of proteins depends on vesicles (18). 
Rab is an important regulator of vesicle transport and 
is considered a “molecular switch” in vesicle transport. 
It has a role in vesicle formation, transport, adhesion, 
anchoring, and fusion, among other processes (19-21). 
Rab25 is a recently discovered Rab family member that 
belongs to the Ras oncogene family and is also known as  
CATX8 (22,23) .  The Rabs are c losely  related to 
tumorigenesis and metastasis. Studies have shown that 
Rab25 is related to ovarian cancer, colon cancer, breast 
cancer development, and metastasis (24-26). However, 
the correlation between Rab25 protein expression 
and the occurrence, development, and metastasis of 
gastric cancer has not yet been reported. In this study, 
immunohistochemistry and Western blotting showed 
differences in Rab25 protein expression between human 
gastric cancer tissue and normal adjacent gastric tissue. 

Using RNAi, Rab25 protein expression was reduced in the 
human gastric cancer cell line MGC80-3, and a change was 
observed in MGC80-3 cell invasiveness. The correlation 
between Rab25 protein expression and human gastric 
cancer development and metastasis will be discussed.

Materials and methods

Samples

Fresh specimens were collected from 78 gastric cancer 
patients (45 males and 33 females) that were treated in 
our hospital between June 2004 and June 2010. Half of 
each specimen was placed in 4% paraformaldehyde, and 
the other half was immediately frozen in liquid nitrogen. 
None of the patients had preoperative chemotherapy, 
radiotherapy, or other treatment history, and none had 
other inflammatory diseases. The gastric cancer tissue 
and adjacent normal gastric tissue (more than 5 cm from 
the cancer tissue) from the surgical resections of the  
78 patients were all verified by pathologists in our hospital. 
The patients were aged 40-79 years with a mean age of 
70.39 years. Twenty-six patients were less than 60 years old, 
and 52 patients were greater than or equal to 60 years old. 
Thirty-six patients had primary tumors smaller than 3 cm, 
and 42 cases had tumors larger than or equal to 3 cm. The 
differentiation statuses of the tumors were as follows: 49 
cases of highly differentiated tumors and 29 cases of poorly 
differentiated tumors. Regarding the pathological stage, 
47 cases were stages I-II, and 31 cases were stages III-IV. 
Thirty-five cases had lymph node metastasis, and 43 cases 
had no lymph node metastasis. Thirty-two cases had distant 
metastases, and 46 cases had no distant metastasis.

Reagents

The Rab25 antibody was a rabbit anti-human polyclonal 
antibody, and the β-actin antibody was a mouse anti-
human monoclonal antibody. Both were purchased from  
Abcam (UK).  The biot in-l inked goat  anti-rabbit 
IgG secondary antibody was purchased from Santa 
Cruz Biotechnology Inc .  (USA) ,  and the  IRDye 
800-conjugated affinity-purified goat anti-mouse IgG 
and IRDye 800-conjugated affinity-purified goat anti-
rabbit IgG secondary antibodies were purchased from 
the LI-COR Corporation. The concentrated DAB 
chromogenic kit was purchased from Beijing Zhongshan 
Biotechnology Co.,  Ltd. The ready-to-use SABC 
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immunohistochemistry kit was purchased from Wuhan 
Boster Biological Engineering Co., Ltd. The Rab25 
s i R N A  ( 5 ' - G G A G C U C U A U G A C C A U G C U - 3 ' ) 
and the negative control siRNA were purchased from 
Sigma Aldrich. MGC80-3 human gastric cancer cell 
lines were purchased from the Chinese Academy of 
Sciences, Shanghai Institute of Cells. RPMI 1640, 
trypsin, fetal bovine serum, and the Lipofectamine 2000 
transfection reagent were purchased from Invitrogen. 
The  ce l l  cu l ture  p l a te s  and  Transwe l l  inva s ion 
chambers were purchased from the Corning Corporation. 

Immunohistochemistry

The 4% paraformaldehyde-fixed tumor tissue was paraffin 
embedded, cut into 5-μm serial sections, and blocked with 
normal goat serum at room temperature for 20 minutes. 
The tissue section was probed with the Rab25 antibody (at a 
working dilution of 1:200) at 4 ℃ overnight and then washed 
three times with PBS for 2 mins each. The section was 
subsequently probed with the biotinylated goat anti-rabbit 
IgG secondary antibody (at a working dilution of 1:150)  
at 4 ℃ overnight and washed three times with PBS for  
2 min. The section was stained by SAB at 37 ℃ for 20 mins, 
was washed with PBS four times for 5 mins, and then was 
incubated in DAB at room temperature for 10 min. The 
section was stained by hematoxylin and observed using a 
Leica microscope.

Yellow and brown staining in the immunohistochemical 
results was considered positive. According to staining 
intensity and the percentage of cells staining positive, the 
immunohistochemistry results were divided into four levels 
(-, +, ++, +++) based on (i) the presence and depth of color  
(0 for no color, 1 for light yellow or yellow, 2 for pale brown, 
and 3 for brown) and (ii) the percentage of the area that 
stained positively (0 for <5% of the area positively stained, 
1 for 5-25%, 2 for 25-50%, and 3 for >50%). The score for 
each specimen was calculated as (i+ii)/2, and the specimens 
were grouped as follows: 0 was considered negative (-); 0.5-
1 was considered weakly positive (+); 1.5-2 was considered 
positive (++); and 2.5-3 was strongly positive (+++). 

Western blot

A total of 50 mg of the specimen frozen in liquid 
nitrogen was ground, lysed in 1 mL of RIPA lysis buffer  
[150 mM NaCl, 1% NP40, 0.5% sodium deoxycholate, 
0.1% SDS, 50 mM Tris (pH 7.9), 10 mM NaF, PMSF, and 

1× protease inhibitors (Complete cocktail tablets, Roche)], 
and homogenized. The homogenate was transferred to a 
1.5-mL tube and centrifuged at 16,000 g for 30 minutes, 
and the protein content of the supernatant was measured 
using a bicinchoninic acid (BCA) assay (Shen Neng Bocai 
Biotechnology Co., Ltd.). The gastric carcinoma samples 
were made from a mixture of 10 μg of protein from each 
gastric carcinoma sample, and the adjacent normal tissue 
samples were made from a mixture of 10 μg of protein 
from each adjacent normal tissue sample. A 5% stacking 
gel and a 12% separating gel were made, and 50 μg protein 
per lane was separated by electrophoresis and transferred 
to a PVDF membrane (Bio-Rad, USA). The membrane 
was blocked with a TBST [10 mM Tris-HCl (pH 7.5), 
150 mM NaCl, and 0.1% Tween-20] solution containing 
5% skim milk at room temperature for 1 h and then 
probed with the rabbit anti-Rab25 polyclonal antibody  
(1:500 dilution) and the mouse anti-human β-actin 
monoclonal antibody (1:1,000 dilution) at 4 ℃ overnight. 
The membrane was then incubated with the appropriate 
IRDye 800-labeled secondary antibody (1:2,000 dilution 
in PBS) at 4 ℃ overnight. After the blot was washed with 
TBST, it was scanned using an Odyssey Infrared Imaging 
system (Rockland Company). The relative amount of 
Rab25 is shown as Rab25/β-actin and was quantified using 
Quantity One (Bio-Rad, USA).

Rab25 siRNA transfection and MGC80-3 cell invasiveness 
and metastasis ability 

MGC80-3 cells were plated at 1×105 cells/well in a  
24-well cell culture plate. The next day, sense and antisense 
Rab25 siRNA were transfected into MGC80-3 cells 
using Lipofectamine 2000. A Western blot detecting the  
Rab25 protein expression levels was performed to 
determine the effect of RNA interference. A Transwell 
invasion assay was performed to examine the invasiveness of 
non-transfected MGC80-3 human gastric cancer cells, cells 
transfected with the control, and Rab25 siRNA-transfected 
cells. The cells that passed through the polycarbonate 
membrane were counted using a Leica microscope. Those 
passing through the polycarbonate membrane were counted 
as invading cells, and eight random fields were counted.

Statistical analysis

The Stata 7.0 statistical software was used for the statistical 
analysis of the experimental results. A Ridit analysis and a t 
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test were performed, and P<0.05 was considered statistically 
significant.

Results

Immunohistochemical detection of Rab25 protein in 
gastric carcinomas and its correlation with gastric cancer 
development and pathology

As shown in Figure 1, Rab25 staining was mainly localized 
in the cytoplasm, and no positive staining was detected in 
the nucleus. The expression rate of Rab25 protein in gastric 
carcinomas was 78.21%, and its expression intensity was 
primarily designated “++” to “+++.” The expression rate of 
Rab25 protein in adjacent relatively normal gastric tissue 
was 23.08%, and its expression intensity was mostly “+”.  
Rab25 protein expression in gastric carcinoma was 
significantly higher than in adjacent normal gastric  
tissues (P<0.01). The less differentiated the gastric cancer 
cells were, the higher the expression of Rab25 protein 
was (P<0.01). Rab25 protein expression in patients with 
late pathological stages of gastric carcinoma (III-IV) was 
significantly higher than that in patients with early stages 
(I-II, P<0.01). Rab25 protein expression in the gastric 
carcinomas of patients with lymph node metastasis was 
significantly higher than that of lymph node metastasis-
negative patients (P<0.01). Rab25 protein expression in 
gastric carcinoma patients with distant metastases was 
significantly higher than that of the distant metastasis-
negative patients (P<0.01). Rab25 protein expression in 
gastric cancer was not affected by the patients’ sex, age, or 
tumor size (P>0.05). These results are shown in Table 1.

Western blot detection of Rab25 protein expression in 
gastric cancer 

The Western blotting results showed that Rab25 protein 
expression in gastric cancer tissues was significantly higher 
than that in adjacent normal gastric tissue (P<0.01). The 
less differentiated the gastric cancer cells were, the higher 
the Rab25 protein expression was (P<0.01). Rab25 protein 
expression in patients with late pathological stages of 
gastric carcinoma (III-IV) was significantly higher than 
that of patients with early stages (I-II, P<0.01). Rab25 
protein expression in gastric carcinoma in patients with 
lymph node metastasis was significantly higher than that 
in lymph node metastasis-negative patients (P<0.01). 
Rab25 protein expression in the gastric carcinomas 
of patients with distant metastases was significantly 
higher than that in the distant metastasis-negative 
patients (P<0.01). These results are shown in Figure 2. 

Rab25 expression level affects in vitro invasiveness of 
MGC80-3 human gastric cancer cells 

Rab25 protein expression was reduced using RNA 
interference, and the change in the invasiveness of MGC80-
3 human gastric cancer cells was examined using a Transwell 
invasion chamber assay. MGC80-3 cells were divided 
into three groups: a non-transfected control group, a 
transfected control group, and a Rab25 siRNA transfection 
group. A Western blot analysis showed that MGC80-
3 cells transfected with Rab25 siRNA had significantly 
lower Rab25 protein expression (P<0.01), and significantly 
fewer cells passed through the polycarbonate membrane of 

A B

Figure 1 Rab25 expression in gastric cancer (A. ×200; B. ×400)
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the Transwell invasion chamber (P<0.01). Rab25 protein 
expression and cell invasiveness were not significantly 
different between the untransfected and transfected control 
groups of MGC80-3 cells. The results shown in Figure 3 
demonstrate that reducing in Rab25 protein levels reduced 
the MGC80-3 human gastric cancer cell invasiveness. It was 
also found that the Rab25 protein expression level positively 
correlated with MGC80-3 cell invasiveness.

Discussion

Rab proteins are the largest subfamily of small molecular 
G proteins (the Ras superfamily). They are found in 
all eukaryotes and have been highly conserved during 
evolution. However, the quantity and function of these 
proteins also exhibit diversity among different species (27).  
The first studies on Rab proteins were performed by 
Novick and colleagues in the budding yeast S. cerevisiae. 

Many genes that are necessary for normal cell secretion 
were identified and named by the SEC nomenclature (28).  
Subsequently, Gallwitz et al. identified the YPT1 gene 
between the myosin gene and the tubulin gene (29). 
Touchot and colleagues cloned a SEC4/Yptl gene homolog 
with similar function from a rat (Rattus norvegicus) brain 
cDNA library and named it Rab (ras-like in rat brain) (30). 
In recent years, the Rab proteins that have been identified 
in yeast, C. elegans, Drosophila, Arabidopsis, human, and 
other organisms were shown to be distributed throughout 
various organelles and intracellular transport vesicles and 
to regulate a specific means of vesicle transport (31-33). 
The degree of conservation of the Rab proteins during 
evolution and the defects in vesicle trafficking caused by 
their mutation have been widely characterized (34).

Eukaryotic intracellular organelles are connected 
through vesicle transport, and the transport is generally 
divided into the formation of vesicles (budding), transport, 

Table 1 Correlation of Rab25 expression in gastric cancer with clinical pathology

Pathologic parameter No.
Rab25 expression

P
- + ++ +++

Normal tissue 78 60 10 7 1
<0.001

Carcinoma tissue 78 17 6 29 26

Sex

Male 45 9 4 17 15
0.877

Female 33 8 2 12 11

Age

<60 26 6 2 10 8
0.234

≥60 52 11 4 19 18

Size of primary carcinoma (cm)

<3 36 8 3 13 12
0.764

≥3 42 9 3 16 14

Degree of differentiation

Well and moderately differentiated 49 15 5 24 5
<0.001

Poorly differentiated 29 2 1 5 21

TNM stage

I-II 47 16 4 23 4
<0.001

III-IV 31 1 2 6 22

Lymph nodes metastasis

Negative 43 17 5 19 2
<0.001

Positive 35 0 1 10 24

Distant metastasis

Negative 46 17 5 24 1
<0.001

Positive 32 0 1 5 26
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adhesion, docking, and fusion (35,36). Rab proteins are 
ubiquitous components of vesicle transport and have both 
basic functions and fine regulatory features. Because Rab 
proteins have an important role in vesicle transport and 
intracellular signal transduction, the abnormal expression 
of Rab proteins may be associated with cell proliferation 

and malignancy. With further research, a number of Rab 
proteins have been found not only to regulate certain 
kinase activities but also directly or indirectly control the 
activation, metabolism, and signal transduction of many 
membrane receptors. Furthermore, Rab proteins affect cell 
growth, differentiation, and apoptosis. Therefore, abnormal 

Figure 2 I. Correlation of Rab25 protein expression in gastric cancer and relatively normal adjacent gastric tissue with clinical pathological 
factors; II. Relative expression of Rab25 protein in gastric carcinoma and in adjacent normal gastric tissues (A. relatively normal adjacent 
gastric tissue; B. gastric cancer tissue; C. highly and moderately differentiated cancer tissue; D. poorly differentiated cancer tissue; E. 
patients with early pathological staging (I-II); F. patients with late pathological staging (III-IV); G. lymph node metastasis-negative patients; 
H. lymph node metastasis-positive patients, I. distant metastasis-negative patients; J. distant metastasis-positive patients. *indicates P<0.05)

Figure 3 I. Western blot analysis of Rab25 protein expression in MGC80-3 cells; II. Changes in relative Rab25 protein expression in each 
group of MGC80-3 cells; III. Number of cells passing through the Transwell invasion chamber; IV. Bright field of crystal violet staining in 
MGC80-3 cells after transfection (A. non-transfected control group; B. transfected control group; C. Rab25 siRNA transfection group)

A B C
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Rab protein expression may have an important role in 
tumor occurrence and development (37).

Cheng’s work and other studies have demonstrated 
that Rab25 protein levels were significantly higher 
in breast and ovarian cancer, and higher levels of the 
Rab25 protein correlated with a lower the survival rate 
of patients and poor prognosis (26,38). In this study,  
Rab25 protein mainly stained in the cytoplasm, and no 
staining was observed in the nucleus. The expression rate of  
Rab25 protein in gastric carcinoma was 78.21%, and its 
expression intensity was mostly categorized as “++” to “+++”. 
The expression rate of Rab25 protein in relatively normal 
adjacent gastric tissue was 23.08%, and its expression 
intensity was mostly categorized as “+”. Rab25 protein 
expression in gastric carcinomas was significantly higher 
than that in adjacent normal gastric tissues (P<0.01). 
The less differentiated the gastric cancer cells were, 
the higher the Rab25 protein expression was (P<0.01).  
The Rab25 protein expression in patients with late 
pathological  stages of  gastric  carcinoma (III-IV)  
was significantly higher than that of patients with early 
stages (I-II, P<0.01). The Rab25 protein expression in the 
gastric carcinomas of patients with lymph node metastasis 
was significantly higher than that of lymph node metastasis-
negative patients (P<0.01). The Rab25 protein expression 
in the gastric carcinomas of patients with distant metastasis 
was significantly higher than that of the distant metastasis-
negative patients (P<0.01). Rab25 protein expression in 
gastric cancer was not affected by the patients’ sex, age, or 
tumor size (P>0.05). These results are consistent with those 
of previous studies.

Fan et al. found that reducing Rab25 protein expression 
by RNAi in A2780 ovarian cancer cells led to decreased 
invasiveness (39). Cheng’s work and other studies found 
that reduced Rab25 protein expression in A2780, DOV13, 
HEY, MCF-7, and other cells decreased the invasiveness of  
these cells (38). Our results showed that Rab25 protein 
expression levels were significantly lower in the Rab25 
siRNA-transfected MGC80-3 cells (P<0.01) and that the 
number of cells that passed through the polycarbonate 
membrane in a Transwell chamber invasion assay was 
significantly less (P<0.01). This result demonstrates that 
Rab25 protein expression and MGC80-3 cell invasiveness 
are positively correlated. The results of this study are 
consistent with those of previous studies.

Metastasis and recurrence are the leading cause of 
death in patients with gastric cancer. Metastasis is the 
interaction between the tumor and host and is the result of  

many factors and a complex mechanism. The identification 
and study of the genes related to gastric carcinoma 
metastasis and recurrence will lay a foundation for exploring 
the nature of gastric cancer metastasis and recurrence while 
providing a scientific basis for the treatment of gastric 
cancer. Our results showed that Rab25 protein expression 
positively associated with the development of gastric cancer 
and that Rab25 is involved in the invasion and metastasis 
of gastric cancer cells. However, the exact mechanism 
must be further studied. The Rab25 protein may regulate 
intracellular signal transduction in tumor development and 
thereby have an important role in this process. Although 
it is not a cancer gene product, it can alter cancer cell 
proliferation, survival, and invasiveness and could be  
a potential future therapeutic target for gastric cancer.
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