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Abstract: In this study, the expression of silencing RhoA gene in gastric MGC-803 Cells was investigated, in order to 
discuss the effect of RhoA gene on cell proliferation, cell cycles and tumor migration. SiRNA sequence of RhoA gene 
was designed and synthesized; MGC-803 cells were transfected by LipofectamineTM2000. The expression of RhoA 
gene in mRNA and protein after interference was detected by RT-PCR and Western blot; flow cytometry was used 
to detect the cell cycle; cell proliferation was detected by CCK-8 assay and cell migration was detected by scratch 
healing assay. RhoA expression in mRNA and protein of the experimental group was significantly lower than that of 
the control group and blank group, and the difference was statistically significant (P < 0.05). The growth rate signifi-
cantly slowed down in experimental group; the cell cycle was arrested in the G0/G1 phase and the number of cells 
in S-phase reduced; there was a statistically significant difference (P < 0.05). Scratch healing assay showed that 
cell migration of the experimental group was significantly decreased, with a statistically significant difference (P < 
0.05). Specific interference on RhoA gene expression could inhibit the proliferation and migration of MGC-803 cells; 
therefore, siRNA sequences of RhoA gene may be an effective target for the treatment of gastric cancer.
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Introduction

Gastric cancer is one of the most common 
malignancies in clinical. Chemotherapy and 
neoadjuvant chemotherapy has been widely 
used in the treatment of gastric cancer. But the 
prognosis of gastric cancer is still not ideal, 
especially in patients with clinical metastasis 
and tumor recurrence. In recent years, Rho pro-
teins, particularly RhoA, were discovered to 
play an important role in cancer incidence and 
development; the abnormal expression of RhoA 
may be associated with the proliferation and 
metastasis of malignant tumors [1-3]. In this 
study, RNA interference was used to silence 
RhoA gene of gastric MGC-803 cells and its 
impact on the biological behavior of gastric 
cancer cells was explored, in order to provide 
the experimental basis for targeted RhoA gene 
therapy against gastric cancer.

Materials and methods

The main materials

MGC-803 cells were provided by the laborato-
ry; RPMI 1640 culture medium, trypsin and 
fetal bovine serum were purchased from Gibco 

Company, America; TRIzol and Lipofecta- 
mineTM2000 liposomal transfection reagents 
were purchased from Invitrogen Corporation, 
America; RT-PCR two-step kit (Beijing Parkson 
gene Technology Co., Ltd.); AMV reverse tran-
scription kit (Hangzhou Bioer); cDNA synthesis 
kit (Japan TOYOBO Corporation); siRNA gene 
fragments were synthesized by Zhuhai Ying 
Ping biotechnology Co., Ltd.; G418 was pur-
chased from American Klontech company; 
CCK-8 (Shanghai Yan Bin Chemical Company); 
RhoA mouse anti-human monoclonal antibod-
ies were purchased from Santa Cruz, USA; HRP-
conjugated goat anti-mouse secondary anti-
body was purchased from Beijing Zhongshan 
company; cationic liposome reagent (Lipo- 
fectamine III 2000) were purchased from 
Invitrogen, USA; RIPA protein lysates and BCA 
protein quantification kit were purchased from 
Jiangsu Biyotime Company; ECL kit was pur-
chased from American Thermo company.

Design, synthesis and transfection of siRNA

mRNA sequence NM_001664 of human RhoA 
gene was searched with the NCBI database, 
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and according to the siRNA design principles, 
RhoA siRNA was designed. siRNA sequence 
was composed by 5’-TTITCTAAACTATCAC- 
GGCTG-3’ (sense strand) and 5’-GCCCTGA- 
TAGTVFAGAAAAT-3’ (antisense strand); the neg-
ative control siRNA sequence was composed of 
5’-CCAGAAGAGCAATCTGTAC-3’ (sense strand) 
and 5’-GTACAGATTGCTC3TCTGG-3’ (antisense 
strand), both synthesized by Zhuhai Ying Ping 
biotechnology Co., Ltd. MGC-803 cells were 
cultured in RPMI 1640 medium containing 10% 
fetal calf serum (37°C, 5% CO2, saturated 
humidity). Passage was conducted every 2 d, 
and cells at logarithmic growth phase were 
used for the experiment. Gastric MGC-803 
cells were seeded in 24-well plates, 1 × 105 
cells/well; when the fusion rate was 70%, lipo-
some transfection was performed. Trans- 
fections were divided into three groups: Cells 
transfected with pGenesil-1-RhoA-siRNA vector 
were the MGC-803/RhoA-siRNA group (experi-
mental group); cells transfected with random 
control vector were MGC-803/control group 
(control group), and non-transfected gastric 

MGC-803 cells were the MGC-803 group (blank 
group). RNA interference effect was detected in 
48 h after transfection.

Semi-quantitative RT-PCR

After abandoning the cell culture medium, cells 
was washed with PBS for three times; total RNA 
was extracted using TRIzol method, and cDNA 
was synthesized by reverse transcription using 
cDNA synthesis kit. RhoA and internal control 
GAPDH were amplified respectively. Upstream 
primer of RhoA was 5’-CGGGAGCTAGCCAA- 
GATGAAG-3’, and downstream primer was 
5’-GCTFGCAGAGCAGCTCTCGTA-3’; the ampli-
fied product was 258 bp. Upstream primer of 
GAPDH was: 5’-GAGTCAACGGATTTGGTCGT-3’, 
and downstream primer was: 5’-GACAAG- 
CTTCCCGTTCTCAG-3’; the amplified product 
was 185 bp. PCR reaction conditions were: pre-
degeneration at 95°C for 10 min, degeneration 
at 95°C for 30 s, annealing at 55°C for 30 s, 
extension at 72°C for 30 s, totally 45 cycles. 
2% agarose gel electrophoresis was conducted 

Figure 1. Detection of RhoA mRNA expression in MGC-803 cells by RT-PCR. 

Figure 2. Detection of RhoA protein expression in MGC-803 cells by Western blot.
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to identify PCR products. Gel imaging and anal-
ysis system was used to scan the absorbance 
and RhoA absorbance/that of GAPDH was 
taken as the relative intensity of mRNA 
expression.

The expression of RhoA detected by westem 
blot

After discarding the culture, cells were washed 
three times with PBS; 150 μL pre-cooled RIPA 
lysis buffer was added, and the RIPA lysis buf-
fer was diluted by 1.5 μL PMSF beforehand to a 
final concentration of 1 mmol/L. Operations 
were conducted on ice. Cells were centrifuged 
under 4°C at 10 000 r/min (centrifugal radius 
of 4 cm) for 5 min; protein concentration of the 
supernatant was measured by BCA method 
before denaturation at 99°C for 10 min. 50 μg 
protein was used for 10% SDSPAGE electropho-
resis, and then electrotransferred to a PVDF 
blotting membrane; after soaked in 5% 
skimmed milk for 2 h, it was incubated by RhoA 
monoclonal antibody (1:200) at 4°C overnight. 
After washed by TBS-T, it was incubated at 
room temperature for 2 h by horseradish perox-
idase-labeled goat anti-mouse secondary anti-
body (1:5000), and then washed with PBS 
before being detected using ECL.

once, and the supernatant was discarded and 
the cells were collected, which were washed 
two times with ice-cold PBS, and incubated in 
80% ethanol overnight at 4°C; After being 
rinsed by PBS for three times, cells were fixed 
and washed with PBS, and then re-suspended 
in 0.1 mg/mL propidium iodide in the dark at 
room temperature, dyeing 30 min; cell cycle 
was detected by flow cytometry. The above 
experiment was repeated for three times.

Cell proliferation detected by CCK8 assay

Cells at logarithmic growth phase were collect-
ed and the density was adjusted to 1 × 103 
cells/well, and then 200 μL DMEM/F12 culture 
containing 10% FBS was added, five wells each 
group. 20 μL CCK-8 was added after being cul-
tured for 24 h; after incubation for 4 h, at the 
wavelength of 490 nm, absorbance (A [490]) of 
each well was detected using a microplate 
reader; The averages of cell absorbance were 
taken as the vertical axis to draw growth curve, 
with the time of 48, 72, 96 and 120 h as the 
abscissa.

Scratch healing assay

The above three kinds of cells in the logarithmic 
growth phase were seeded in 6-well plates at a 
density of 5 × 103 cells/well. After cell mono-
layer formation in each group, “-” shaped 
scratch was conducted with a pipette dropper 
along the bottom of the culture plate; after PBS 
gentle washing, each well was added 2 ml 
serum-free RPMI 1640 medium for continuous 
incubation. Scratches healing were observed 
after 48 h.

Statistical analysis

Data were analyzed by SPSS 15.0 statistical 
software; the results were presented as mean 
± standard deviation (_

x  ± s); differences 
between the groups were compared using t-test 

Table 1. siRNA inhibition of RhoA expression on MGC-803 cell 
cycle (

_
x  ± s, n = 3)

Group The G0/G1 phase Phase S The G2/M phase
Blank group 56.4 ± 3.8 35.1 ± 1.3 8.7 ± 0.8
Control group 56.4 ± 2.6 35.4 ± 2.6 9.4 ± 1.1
Experimental group 68.4 ± 3.4* 21.9 ± 1.3* 10.0 ± 1.2
And the control group, the control group, *P < 0.05.

Figure 3. Growth curve of three groups.

Cell cycle detection using flow 
cytometry

Cells were treated by 0.25% tryp-
sin and centrifuged at 1000 r/
min for 5 min (centrifuge radius 
of 17 cm) to remove the culture 
medium; then the remaining 
cells were washed with PBS 
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and analysis of variance; P < 0.05 was consid-
ered statistically significant.

Results

RhoA siRNA inhibition of RhoA mRNA expres-
sion

Comparisons of RhoA mRNA expression detect-
ed by RT-PCR in MGC-803/RhoA-siRNA group 
(experimental group), MGC-803/control group 
(control group) and MGC-803 group (blank 
group) showed that the experimental group had 
significantly narrower bands, and there were 
statistically significant differences between the 
experimental group and the control group, and 
the observation group and blank group (P < 
0.05). It was shown in Figure 1.  

siRNA inhibition of the expression of RhoA 
proteins

Comparisons of RhoA protein expression 
detected by Western blot in MGC-803/RhoA-
siRNA group (experimental group), MGC-803/
control group (control group) and MGC-803 
group (blank group) showed that the experi-
mental group had significantly narrower bands, 
and there were statistically significant differ-
ences in Gray value (P < 0.05). It was shown in 
Figure 2.

Cell cycle detection using flow cytometry

Flow cytometric analysis of cell cycle showed 
that compared with the control group and blank 
group, there was a slight increase in the G0/G1 
phase and a slight decrease in S phase in the 
experimental group; There were significant dif-
ferences between observation group and con-
trol group, and the observation group and the 
blank group (P < 0.05). Cells in M phase had no 
significant changes and the difference was not 
statistically significant (P > 0.05), indicating a 
clear S-phase arrest (Table 1).

differences were statistically significant (P < 
0.05, Table 2).

Cell scratch healing results

After 48 hours, the MGC-803/RhoA-siRNA 
group (experimental group) has a slow healing 
of scratches, while scratches of MGC-803 
group (blank group) and MGC-803/control 
group (control group) had been basically cov-
ered, shown in Figure 4.

Discussion

Rho family is a member of Ras superfamily 
small G binding protein, which is an important 
molecule in cellular signal transduction path-
way. In recent years, studies have shown that 
Rho plays an extremely important role in cancer 
development. By regulating the reconstruction 
of the actin cytoskeleton skeleton, the biologi-
cal behavior, such as cell morphology, adhe-
sion, polarity, apoptosis, cytokinesis are adjust-
ed accordingly, and therefore these caused 
tumor invasion and metastasis [4, 5]. Rho sub-
family includes three members: RhoA, RhoB 
and RhoC. The RhoA gene is located on chro-
mosome 3p21.3, with a total length of 582bp 
and encoded 193 amino acids containing pro-
tein RhoA. Previous studies show that RhoA 
protein was only expressed in the cell mem-
brane and cytoplasm. But in recent years, stud-
ies have shown that Rho proteins were 
expressed in the cell membrane, pulp and 
nuclear in varying degrees [6], and the 
increased expression and activity of RhoA pro-
tein in S-phase cells suggested that RhoA acti-
vation in the nucleus may be involved in cell 
mitosis. Research showed that RhoA protein 
and mRNA expression had significantly 
increased in tissues of liver cancer, breast can-
cer, lung cancer, kidney cancer and colon can-
cer [7, 8]. Recent studies showed that RhoA 
expression in gastric carcinoma was signifi-
cantly increased [9]. Pan et al [10] determined 
the RhoA in 53 cases of Gastric cancer tissues 

Table 2. Absorbance at 490 nm (_
x  ± s, n = 5)

Group 48 h 72 h 96 h 120 h
Blank group 0.6 ± 0.03 1.6 ± 0.22 2.3 ± 0.23 2.7 ± 0.18
Control group 0.6 ± 0.07 1.6 ± 0.20 2.3 ± 0.28 2.7 ± 0.19
Experimental group 0.6 ± 0.05 1.2 ± 0.17 1.6 ± 0.24 1.9 ± 0.20

Effect of siRNA on cell prolifera-
tion

The growth curve of CCK-8 assay 
showed that the curve of experi-
mental group was significantly 
lower than that of the control group 
and the blank group (Figure 3), and 
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and corresponding adjacent tissues, and the 
results showed that RhoA mRNA levels of gas-
tric cancer tissues were significantly higher 
than that of the adjacent tissues and the 
expression of of RhoA mRNA was higher in 
poorly differentiated gastric cancer than that in 
highly differentiated gastric cancer. Cai et al 
[11] measured the RhoA expression in 60 
cases of gastric carcinoma and 10 cases of 
normal gastric mucosa by immunohistochemi-
cal method, the results showed that RhoA 
expression in gastric cancer tissues was signifi-
cantly higher than that in normal gastric 
mucosa.

The main biological function of RhoA is to 
change the cell skeleton structure and be 
involved in the adhesion, shrinkage and move-
ment of tumor cells, releasing adhesion, matrix 
degradation and regulating the invasion of 
blood vessels and lymphatic vasculature [12], 
which was considered to have enhanced effect 
on tumor invasion and metastasis [13, 14]. In 
the research of IL-6 promotion in gastric cancer 
development, Lin et al [15] found that IL-6 could 
activate downstream signals by serine phos-
phorylation to increment RhoA expression and 
the activated RhoA caused actin cytoskeletal 
rearrangement, resulting in gastric cancer cell 
migration. In this study, the expression of RhoA 
gene in gastric MGC-803 cells was inhibited by 
RNAi technology, in order to compare the cell 
cycle, apoptosis, cell proliferation and migra-

tion in the experimental and control groups. 
The results showed that the growth rate of the 
experimental group significantly slowed down 
and the migration significantly decreased, with 
statistically significant differences (P < 0.05). 
After the RhoA gene silencing, cell cycle was 
arrested in the G0/G1 phase, and the number 
of cells in S phase was decreased; the differ-
ence was statistically significant (P < 0.05). 
This suggested that specific interference of 
RhoA gene expression in gastric MGC-803 cells 
can inhibit the migration and proliferation of 
tumor cells.

In short, RhoA gene not only was closely related 
to the changes of the adhesion of tumor cells, 
but also played an important role in promotion 
of tumor cell proliferation. Specific interference 
of RhoA gene expression in gastric MGC-803 
cells can inhibit the migration and proliferation 
of tumor cells; therefore, siRNA sequences of 
RhoA may be an effective target for the treat-
ment of gastric cancer. 
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