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Abstract
AIM: To examine the effects of vascular endothelial 
growth factor (VEGF)-targeted small interfering RNA 
(siRNA) on proliferation of gastric cancer cells in vitro. 

METHODS: Several siRNAs were transfected into human 
gastric cancer cell line SGC-7901 with Lipofectamine 
2000. Cells not transfected with LipofectamineTM 2000 or 
scrambled (SCR) siRNA served as controls. The inhibitory 
effect of siRNA on the expression of VEGF mRNA and 
protein was detected by RT-PCR and ELISA. MTT assay 
was used to examine the inhibition rate of cell growth. 
The change in cell cycling of siRNA-treated cells was 
detected by flow cytometry.

RESULTS: siRNA targeting human VEGF effectively 
inhibited the proliferation of gastric cancer cell line 
SGC-7901 and the distr ibution of cel l cycle. The 
percentage of G0/G1 phase was significantly higher in 
siRNA1- and siRNA2-transfected cells than in control cells. 
The expression of VEGF mRNA was significantly inhibited 
in siRNA1- and siRNA2-transfected cells compared with 
that in control cells. VEGF protein notably decreased in 
siRNA-transfected cells, but had no effect on SCR siRNA.

CONCLUSION: VEGF siRNA inhibits proliferation of 
gastric cancer cells in vitro.
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INTRODUCTION
A number of  tumor-released angiogenic cytokines 
affecting vessel formation, tumor growth, invasion, and 
metastasis have been identified. Vascular endothelial 
growth factor (VEGF) is one of  the most important 
angiogenic factors[1-3].

Tumor neoangiogenesis plays an important role 
in identifying subsets of  cancer patients with poor 
outcome. As neoangiogenesis is crucial for sustained 
tumor growth, angiogenesis inhibitors may be used as 
therapeutic agents in treatment of  cancer. Long double-
stranded RNAs (dsRNAs; typically > 200 nt) can be 
used to silence the expression of  target genes in a 
variety of  organisms and cell types (e.g., worms, fruit 
flies, and plants). Upon introduction, long dsRNAs 
enter a cellular pathway which is commonly referred to 
as the RNA interference (RNAi) pathway[4,5]. dsRNAs 
can be transformed into 21-23 nucleotide (nt) small 
interfering RNAs (siRNAs) by a RNase Ⅲ-like enzyme 
called Dicer and silence the expression of  target genes 
distinctively[6]. Gastric cancer is the most common cause 
of  cancer-related death and one of  the most malignant 
carcinomas in China[7-11]. In this study, we investigated 
the effects of  VEGF siRNA on proliferation of  gastric 
cancer cells in vitro.

MATERIALS AND METHODS
Materials
Human gastric cancer cell line (SGC-7901 was purchased 
from the Cell Center of  Peking Union Medical College. 
Dulbecco ' s modi f ied Eag le ' s medium (DMEM), 
LipofectamineTM 2000, TRIzol reagent, and RPMI 
medium1640 were purchased from Invitrogen Company. 
T7 RiboMAXTM express RNAi system kit and Access RT-
PCR introductory system were purchased from Promega 
Company. MTT (thiazolyl blue tetrazolium bromide) was 
purchased from Sigma Compan. Human VEGF ELISA 
kit was purchased from Boster Biological Technology 
Company.

Preparation of siRNA
The sequence data of  human VEGF mRNA (ACCESSION 
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No: AB021221) used in this study were collected from 
GenBank. Two siRNAs targeting human VEGF and one 
scrambled siRNA were designed on line and obtained by 
in vitro transcription using a kit from Promega Company 
(Table 1). (The basic GC composition of  scrambled 
siRNA was the same as siRNAs targeting human VEGF, 
but had no distinguished homology with human VEGF 
RNA, used as a negative control)[12]. 

Cell culture
SGC-7901 cell line was maintained in RPMI medium 1640 
supplemented with 100 mL/L newborn calf  and incubated 
at 37℃ with a humidified incubator containing 50 mL/L 
CO2. 

MTT assay
Cells were divided into 7 groups: (1) 100 nmol/L siRNA1 
or siRNA 2 group, (2) 200 nmol/L group, (3) 400 nmol/L 
group, (4) 1000 nmol/L group, (5) 200 nmol/L scrambled 
siRNA group, (6) lipofectin group with no siRNAs, 
(7) untreated group with no siRNAs and lipofection. 
LipofectamineTM2000 in transfection medium was used 
according to the manufacturer’s instructions (0.5 mL/well).

Cells (6 × 107/L cells) were suspended in RPMI 
medium 1640, plated onto gelatinized 96-well culture 
plates (0.1 mL/well), and incubated in a humidified 
incubator containing 50 mL/L CO2 at 37℃ for 24 h. The 
media were replaced with transfection medium or Opti-
MEM (0.1 mL/well). After incubated for 6 h, newborn 
calf  serum were added (10 mL/well) and incubated for 24 h, 
Cell proliferation was determined by MTT assay.

Cell cycle assay
Cells (1.5 × 105/L cells) were suspended in RPMI medium 
1640 and then plated onto 25 cm2 culture flasks. After 
gene transferring for 2 d, cells were collected, suspended 
in 0.01 mol/L phosphate-buffer saline (PBS) and fixed in 
70 mL/L ethanol for 30 min. The cells were washed once 
with PBS, digested by 200 μL RNase (1 g/L) at 37℃ for 
30 min, and stained with propidium iodide (PI) at room 
temperature for 30 min. DNA histograms were assayed 
by flow cytometry (EPICS-ELITE-ESP). In each sample, 
a minimum of  11 000 cells was counted and stored in list 
mode. Data analysis was performed using standard Cell 
Quest software (Becton-Dickinson). 

Semi-quantitative reverse transcription-PCR analysis
The sequences of  PCR pr imers used for VEGF 
amplification are 5′-TCCGGGCCTCCG AAACC-3' 
and 5′-CCTGGTGAGATCTGG-3′. The predicted 
size of  PCR products was 421 bp. Glyceraldehyde-

3-phosphate -dehydrogenase (GAPDH) served as a 
positive control (Terada et al, 1992). The sequences 
of  PCR pr imers used for GAPDH ampl i f icat ion 
a r e  5 ′ - A C T G C C A C C C A G A A G A C T - 3 ′  a n d 
5'-GCTCAGTGTAGCCCAGGAT-3′. The predominant 
cDNA amplification product was 292 bp in length.

Cells (1.0 × 105/L cells) were suspended in RPMI 
medium 1640, plated onto 6-well culture plates, and 
incubated with a humidified incubator containing 50 mL/L 
CO2 for 24 h at 37℃. After transfected with siRNAs for 
24 h, cells were collected and total RNA was extracted.

Thirty cycles of  PCR were performed at 94℃ for 30 
s, at 53℃ for 60 s, at 72℃ for 60 s, and a final extension 
at 72℃ for 5 min. After electrophoresis and ethidium 
bromide staining, DNA bands were visualized with an 
ultraviolet transilluminator. The results were scanned into 
computer to measure DNA band intensities by Tianneng 
Technology Company. 

Concentration of VEGF in cell culture
After gene transfer ring for 24 h, supernatant was 
collected. The concentration of  VEGF in cell culture 
supernatants was determined using sandwich enzyme-
linked immunosorbent assay (ELISA) kits according to the 
manufacturer’s instructions. 

Statistical analysis 
Results were presented as mean ± SD. Data were analyzed 
using analysis of  variance (ANOVA). P < 0.05 was 
considered statistically significant.

RESULTS
Inhibition of proliferation of SGC-7901 cells
The OD value of  MTT reduction assay showed that 
siRNA1 and siRNA 2 markedly inhibited the growth 
of  SGC-7901 cells while the scrambled siRNA showed 
no inhibitory effects on the growth of  SGC-7901 cells. 
Compared with the untransfected group, there was a 
significant difference between siRNA1 and siRNA2 groups 
(Figure 1). The scrambled siRNA or lipofectin group (no 
siRNAs) had no statistical significance compared with 
untreated group (no siRNAs and no lipofectin)（P > 0.05, 
Table 2).

Influence of cell cycle
The change of  cell cycle is listed in Table 3. Compared 
with the untreated group, the percentage of  cells increased 
in the G0/G1 phase and decreased in the S and G2/M 

BA

Figure 1  Growth of SGC-7901 cells after transfected by siRNA for 24 h in 
lipofectin group (A) and siRNA2 group (B).

Table 1  Sequence of designed siRNA

siRNA Sense strand Antisense strand
SiRNA1 5’-GAUCAAACCUCACC

AAGGCUU-3’
5’-GCCUUGGUGAGG
UUUGAUCUU-3’

siRNA2 5’-GGAGUACCCUGAUG
AGAUCUU-3’

5’-GAUCUCAUCAGG
GUACUCCUU-3’

siRNASCR 5’-GCGUAACGCGGGAA
UUUACUU-3’

5’-GUAAAUUCCCGC
GUUACGCUU-3’
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phase in siRN-treated group. The scrambled siRNA group 
and lipofection group (no siRNAs) had no significant 
change compared with the untreated group, suggesting 
that siRNA inhibited the growth of  SGC-7901 cells.

Expresson of VEGF mRNA after tranfected with siRNA 
RT-PCR data showed that VEGF mRNA expression was 
markedly down-regulated in SGC-7901 cells transfected 
with siRNA1 and siRNA2 for 24 h, while the scrambled 
siRNA and lipofectin showed no effects on the VEGF 
mRNA expression in SGC-7901 cells (Table 4) .

Change of VEGF protein in supernatant
The ELISA data showed that secretion of  VEGF protein 
in the supernatant of  SGC-7901 cells transfected with 
siRNA1 and siRNA 2 for 24 h was significantly lower than 
that of  untransfected cells, while the scrambled siRNA 
showed no such effects (Table 5) .

DISCUSSION
Gastric adenocarcinoma remains the second common 
cause of  cancer-related death in the world[13]. Although 
surgery can cure it in some patients, the majority of  
the patients lose their surgical chance when they visit 
hospitals. With the rapid development of  molecular 
biology, potential treatment methods for gastric cancer 
are available[14]. Solid tumors need adequate blood supply 
to grow and metastasize. VEGF has therefore been 
extensively studied in many types of  tumor (Please provide 
the references for the studies ).

VEGF has been shown to be a critical angiogenic 
cytokine involved in blood supply for different tumors[15]. 

VEGF is a highly potent angiogenic agent that increases 
vessel permeability and endothelial cell growth, proliferation, 
migration and differentiation. In addition, VEGF induces 
vasodilation and increases permeability of  vascular 
beds[12]. VEGF, also known as VEGF-A, belongs to a 
gene family consisting of  placental growth factor (PlGF), 
VEGF-B, VEGF-C, VEGF-D and VEGF-E. VEGF 
gene splicing generates four main VEGF isoforms that 
differ in their molecular mass and biological activities. In 
humans, it corresponds to isoforms VEGF121, VEGF165, 
VEGF189 and VEGF206[12,16]. Secreted VEGF121can 
freely diffuse in extracellular matrix without binding to 
heparin or extracellular matrix. Secreted VEGF165 can 
also bind to cell surface heparin and extracellular matrix. 
VEGF189 and VEGF206 have a higher affinity to heparin 
and heparin sulphate than VEGF165. The secreted 
forms of  VEGF induce proliferation of  endothelial cells,  
in vivo angiogenesis and expression in carcinomas including 
gastric adenocarcinoma. VEGF165 is one of  the most 
common VEGF isoforms and plays an important role in 
angiogenesis[17,18]. RNAi technology is a powerful reverse 
genetic tool that has been widely employed to silence 
gene expression in mammalian and human cells. RNAi-
based gene therapy has become a promising therapy for 
cancer[19,20]. This therapy targeting the molecular mechanism 
of  angiogenesis, especially those interacting with VEGF and 
its receptors or antibody against VEGF and its receptors 
may prove useful in the management of  cancer[21,5].

By using molecular biology technology, we obtained 
two kinds of  siRNA by in vitro transcription, and then 
transfected them into SGC-7901 cells with lipofectin 
to inhibit the expression of  VEGF. The results showed 
that siRNAs could significantly inhibit the expression 
of  VEGF mRNA and the seceretion of  VEGF protein. 
At the same time, the growth of  SGC-7901 cells was 
markedly inhibited, indicating that VEGF is an effective 

Table 2  Data of MTT assay after transfected by siRNA for 24 h 
(mean ± SD, n  = 5) 

Grouping Absorption Inhibitory rate (%)

Untreaded group 0.444 ± 0.027   -
Lipofectin group 0.440 ± 0.029   0.9
siRNASCR group 0.438 ± 0.023   1.3
siRNA1-100 nm group 0.377 ± 0.024b 15.1
siRNA1-200 nm group 0.279 ± 0.023d 37.2
siRNA1-400 nm group 0.383 ± 0.022b 13.7
siRNA1-1000 nm group 0.395 ± 0.040 11.0
siRNA2-100 nm group 0.379 ± 0.031b 14.6
siRNA2-100 nm group 0.278 ± 0.025d 37.3
siRNA2-100 nm group 0.383 ± 0.026b 13.7
siRNA2-100 nm group 0.394 ± 0.033 11.3

bP < 0.01, dP < 0.001 vs the lipofectin group.

Table 3  Change of cell cycle measured by flow cytometry

Group G0/G1 phase (%)    S phase (%) G2/M phase (%)
Untreaded group 58.37 39.52 2.11
Lipofectin group 58.76 40.18 1.06
siRNASCR group 58.23 41.34 0.43
siRNA1 group 75.04b 17.82b 7.14
siRNA2 group 76.52b 16.73b 6.75

bP < 0.01 vs untreated group.

Table 4  Data of absorbance (AVEGF/AGAPDH)  (mean ± SD, 
n  = 3)

Group AVEGF/AGAPDH

Normal control group 0.856 ± 0.009
Lipofectin group 0.834 ± 0.020
siRNASCR group 0.815 ± 0.017
siRNA1 group 0.456 ± 0.030b

siRNA2 group  0.468 ± 0.019b

bP < 0.01 vs lipofectin group.

Table 5  Change of VEGF protein in supernatant  (mean ± SD, 
n  = 3)

bP < 0.01 vs lipofectin group; Inhibition efficiency = (lipofectin group- siRNA 
group)/lipofectin group. 

Group  VEGF (p/ng per L) Inhibition efficiency (%)

Normal control group        414.0 ± 61.5             -
Lipofectin group        366.3 ± 25.5             -
siRNASCR group        350.0 ± 25.7              4.46
siRNA1  group         164.6 ± 22.7b               55.1
siRNA2 group          166.3 ± 26.6b           54.6
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target site in the gene therapy for gastric adenocarcinoma. 
The two kinds of  siRNA obtained by in vitro transcription 
had a high purity and could be used to transtfect cultured 
cells. Cationic liposome is a potential candidate for gene 
delivery. Formation of  RNA-cationic liposome complex 
and its adherence to the surface of  cells may be the 
mechanism of  gene transfection[22]. 

In conclusion, RNAi gene therapy is effective against 
gastric adenocarcinoma. The accessory genes in cancers 
take part in cell growth, proliferation and migration. 
Silencing these genes is a good strategy for the treatment 
of  cancers. RNAi inhibits the expression of  VEGF in 
human gastric cancer cells[23]. Further study is required 
before VEGF technology can be used in treatment of  
gastric adenocarcinoma.

 COMMENTS
Background
Gastric cancer is the most common cause of cancer-related death in China. Since 
there is no satisfactory therapy for it, we studied the effects of VEGF siRNA on 
proliferation of gastric cancer cells in vitro.

Research frontiers
Tumor needs adequate blood supply to grow and metastasize. VEGF has 
been shown to be a critical angiogenic cytokine in different tumors including 
gastric cancer. Secreted VEGF165 induces proliferation of endothelial cells and  
in vivo angiogenesis in gastric adenocarcinoma and plays an important role in 
angiogenesis. RNAi technology is a powerful reverse genetic tool that has been 
widely used to silence gene expression in mammalian and human cells. RNAi-
based gene therapy has become one of the promising therapies.

Innovations and breakthroughs
Studies showed that therapies targeting VEGF may be useful in the management 
of cancer. We obtained two kinds of siRNAs by in vitro transcription, and then 
transfected them into human gastric cancer cells (SGC-7901) with lipofectin to 
inhibit the expression of VEGF. The results indicate that VEGF is an effective 
target site in gene therapy for astric adenocarcinoma. RNAi can inhibit the 
expression of VEGF in human gastric cancer cells, thus providing a chance to 
develop more effective therapies for gastric adenocarcinoma.

Applications
siRNA targeting VEGF can inhibit proliferation of gastric cancer cells, which may 
used as a new strategy against gastric cancer.

Peer review
This paper describes that siRNA targeting human VEGF can effectively inhibit 
proliferation of gastric cancer cells. In this study, the authors investigated the 
effects of VEGF siRNA on cell proliferation of gastric cancer cells in vitro. VEGF 
expression was suppressed by RNAi, suggesting that our method might be 
effective in the treatment of cancer. Further study is required before VEGF 
technology can be used to in the treatment of gastric adenocarcinoma.
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