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Abstract
Objective: Vascular endothelial growth factor (VEGF) and VEGF receptors (VEGFRs) play 
important roles in angiogenesis of different developmental mechanisms such as wound 
healing, embryogenesis and diseases, including different types of cancer. VEGFR2 is as-
sociated with cell proliferation, migration, and vascular permeability of endothelial cells. 
Blocking VEGF and its receptors is suggested as a therapeutic approach to prevent tumor 
growth. In this study, we aim to block VEGF signaling via small interfering RNA (siRNA) 
inhibition of VEGFR2.         

Materials and Methods: In this experimental study, we used the RNA interference (RNAi) 
mechanism to suppress expression of the VEGFR2 gene. We conducted the 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay, real-time polymerase 
chain reaction (PCR), Western blot, and flow cytometry analyses of VEGFR2 expression.       
Results: Real-time PCR and Western blot results showed that VEGFR2 expression 
significantly downregulated. This suppression was followed by inhibition of cell prolifera-
tion, reduction of viability, and induction of apoptosis in the cancer cells.                       
Conclusion: These findings suggest that VEGFR2 has a role in cell proliferation and 
tumor growth. Accordingly, it is suggested that VEGFR2 can be a therapeutic target 
for controlling tumor growth and proliferation.            

Keywords: VEGFR2, Downregulation, siRNA, Apoptosis
Cell Journal(Yakhteh), Vol 18, No 3, Oct-Dec (Autumn) 2016, Pages: 381-388

Citation: Zarei Mahmudabadi A, Masoomi Karimi M, Bahabadi M, Bagheri Hoseinabadi Z, JafariSani M, Ahmadi 
R. Inhibition of AGS cancer cell proliferation following siRNA-mediated downregulation of VEGFR2. Cell J. 2016; 
18(3): 381-388.

Introduction
Vascular endothelial growth factor (VEGF) and 

its receptors are central regulators of angiogenesis 
during wound healing, reproduction, organ devel-
opment, and embryogenesis as well as different 
diseases such as cancer and inflammatory diseases 
(1, 2). They are secreted from glycoproteins that 
act as vital survival factors for endothelial cells 
and mediate cell proliferation, vascular permeabil-
ity, and migration (3, 4). The biological function 

of VEGF is mainly mediated via interaction with 
its receptors that belong to the family of tyrosine 
kinases-VEGFR1 (FLT1), VEGFR2 (KDR) and 
VEGFR3 (5). Although both VEGFR1 and VEG-
FR2 are found in endothelial cells, VEGFR1 is ex-
pressed in macrophages, hematopoietic stem cells, 
and tumor cells such as lung, breast, and pancreat-
ic cancers, as well as hematopoietic malignancies 
(6). VEGFR1 has been well-described as a key 
regulator of migration as well as VEGFR2 signal-
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ing. VEGFR1 seems to be associated with acceler-
ated proliferation of transformed cells and plays an 
important role in malignant cell growth (7). It has 
been shown that VEGFR2 induces expression of 
growth factors in liver sinusoidal endothelial cells 
(8). VEGFR2 expression in certain cancers such as 
breast cancer showed a significant relation to high 
risk for metastasis and relapse. Hence, it is consid-
ered a marker for breast tumor aggressiveness (9).

Recent studies show that VEGF and its receptors 
are crucial molecules in induction or inhibition of 
angiogenesis and growth of  tumor cells (10). High 
level expression of VEGF stimulates angiogene-
sis while applying monoclonal antibodies inhibit 
or degrade VEGF and  suppress the angiogenesis 
process (11). These findings highlight the issue 
that the VEGF pathway may be an important ther-
apeutic target. Results from clinical trials using 
an aptamer (12) or an antibody fragment (13) that 
bind VEGF have already supported this concept. 
Another strategy to antagonize VEGF is to block 
the VEGFRs. A remarkable advantage of this ap-
proach is simultaneously blocking multiple VEGF 
family members (14).

RNA interference (RNAi), a fundamental bi-
ological process by which cells regulate gene 
expression, acts through complementary base-
pairing with target mRNA and retrieves cellu-
lar RNases which in turn degrade mRNA tran-
scripts (15). The RNAi strategy has developed 
rapidly from a basic scientific discovery to a 
powerful research tool and more recently, to a 
promising therapeutic approach (16). RNAi is 
now routinely used to evaluate gene function 
both in vitro and in vivo. Many innovative stud-
ies have reported the use of RNAi to investi-
gate potential drug targets (17). Specific gene 
knockdown that can be achieved using RNAi as 
a therapeutic approach have made such thera-
pies very attractive to many scientists as cure 
for different diseases. Small interfering RNAs 
(siRNAs) provide a useful means to selectively 
reduce the amount of mRNA transcripts and 
probe the function of gene products (18). In our 
previous study we have used siRNA to reduce 
VEGFR1 expression in vitro (19-22). In the pre-
sent study, we aimed to specifically downregu-
late VEGFR2 expression in the ATCC® CRL-
1739™ human gastric carcinoma cells (AGS) 
using synthetic siRNA. 

Materials and Methods
In this experimental study, we used the RNAi 

mechanism to suppress expression of the VEGFR2 
gene. This project conducted according to approv-
al from the Baqiyatallah University of Medical 
Sciences Ethical Committee. 

Materials
RPMI-1640, fetal bovine serum (FBS), penicil-

lin-streptomycin (Pen/Strep), and trypsin enzyme 
were purchased from Gibco (USA). RNA extrac-
tion, cDNA synthesis and polymerase chain reac-
tion (PCR) purification kits were obtained from 
Roche, Germany. Restriction enzymes were pur-
chased from Jena Bioscience.

Methods
Small interfering RNA design

Anti-VEGFR2 siRNAs were purchased from 
Takapuzist Gene Molecular Biotechnology Co., Ltd. 
(Iran). The siRNA was designed using an AsiDe-
signer  (Bioinformatics Research Center, KRIBB) 
to target VEGFR2 at the 5´-TAGCTGGGAATAG-
TAAAGC-3´ sequence. Sense and antisense sequenc-
es were as follows for siRNA1: Si-sense1: 5´-GC-
UUUACUAUUCCCAGCUA-3´; and Si-antisense1: 
5´-UAGCUGGGAAUAGUAAAGC-3´. Each siR-
NA was re-suspended in double distilled water and 
the stock solutions (20 μmol/L) were stored at 4˚C.

Cell culture 

AGS cells (Pasteur Institute, Iran) were grown 
in RPMI-1640 medium that contained 10% FBS. 
Cells were incubated in a humidified 5% CO2 incu-
bator at 37˚C for 48 hours. Viability of cells were 
examined by trypan blue, after which they were 
incubated under hypoxic conditions (3% O2, 5% 
CO2, 92% N2) for 24 hours to upregulate expres-
sion of the target gene.

Transfection of small interfering RNA  
AGS cells were cultured in RPMI-1640 medi-

um. Briefly, 4×105 cells were seeded onto six-well 
plates that contained antibiotic-free Dulbecco’s 
Modified Eagle Medium (DMEM, Gibco, USA). 
Plates were incubated overnight at 37˚C. For each 
well, 2 μl of siRNA (0.1 nmol/L) was mixed with 
50 μl of DMEM. This mixture was then combined 
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with a solution of 1 μl lipofectamine® 2000 (Inv-
itrogen, USA) in 50 μl DMEM and incubated for 
20 minutes at room temperature. Finally, a mixture 
that had a final concentration of 20 pmol/L for each 
siRNA was applied to the cells. After incubation 
for 4 hours at 37˚C, we replaced the media with 
fresh RPMI-1640 medium supplemented with se-
rum and Pen/Strep (100 µg/ml). All tests were per-
formed in triplicate at 24, 48, and 72 hours after 
siRNA transfection.

Cell viability assay   
The cells were seeded onto 96-well plates at a 

density of approximate 2×104 cells per well and 
incubated at 37˚C in a 5% CO2 humid incubator for 
24 hours. The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT) assay (23) 
was used to determine cell viability at 24, 48, and 
72 hours after the cells were transfected with anti-
VEGFR2 siRNA. We measured absorbance at 570 
nm using a Quant Universal Microplate Spectro-
photometer (BioTek, Winooski, VT).

Colony formation assay   

In the colony formation assay, we seeded the 
cells onto a 12-well plate at a density of 300 single 
cells per well after transfection. The medium was 
changed every three days. After approximately 10 
days, most clones contained more than 50 cells. 
The clones were subsequently washed with 1X 
phosphate-buffered saline (PBS) and stained with 
crystal violet for approximately 5 minutes. Finally, 
the clones were imaged and quantified. The colony 
formation rate was calculated as the (number of 
clones)/(number of seeded cells)×100.

RNA extraction and cDNA synthesis     
Total RNA was extracted from the cells using the 

RNXTM plus solution (Cinnagen, Iran) according 
to the manufacturer’s instructions. Briefly, 2 µg 
of total RNA was reverse transcribed and cDNA 
synthesized using a cDNA synthesis kit (Roche 
Co., Germany), according to the manufacturer’s 
instructions. The reverse transcription reaction for 
first strand cDNA synthesis was performed with 
3-5 µg of purified total RNA with RevertAid™ 
Reverse Transcriptase (Fermentas, Canada) using 
oligo (dT)18 in a 20 µl total reaction mixture, ac-
cording to the manufacturer’s instructions.

Real-time polymerase chain eaction analysis of 
VEGFR2 mRNA levels     
mRNA expression levels of genes were estimated 
with the appropriate primers. The relative expres-
sion of each gene was assessed and compared to the 
housekeeping gene glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) with specific primers. All 
primers were designed using Primer Express® soft-
ware (Applied Biosystems, USA). Amplifications 
were carried out using the following primers for 
VEGFR2:
F: 5´-CACTGGTTGTACCTCAGCAC-3´ 
R: 5´-CGTACCAGAAGACACTTCGT-3´
GAPDH:
F: 5´-GTGAACCATGAGAAGTATGACAA-3´ 
R: 5´-CATGAGTCCTTCCACGATAC-3´.
Quantitative RT-PCR was performed using the 
7500ABI system (Applied Biosystems, USA) in 
final reaction volumes of 20 µl with 20 ng cDNA, 
10 µl of SYBR Green I master mix (Takara, Ja-
pan) and 200 nM of forward and reverse primers, 
according to the manufacturer’s instructions. The 
PCR reaction was performed as follows: initial 
denaturation of templates at 95˚C for 5 minutes, 
followed by 35 cycles of denaturation at 95˚C for 
15 seconds, and annealing/extension at 60˚C for 
30 seconds. Specificity of PCR products was ex-
amined by running on a 2% agarose gel to verify 
their size and dissociation curve analysis. We used 
serially diluted cDNA to obtain a standard curve 
and amplification efficiency for each primer of the 
gene transcript. For all gene expression analyses, 
the appropriate negative controls that contained no 
template controls were subjected to the same pro-
cedure in order to exclude or detect any possible 
contamination. All tests were repeated three times.

Western blot analysis     
Western blot analysis was carried out for VEG-

FR2 using an anti-VEGFR2 antibody (Abcam Co.) 
as the primary antibody. The cells were collected 
and lysed by RIPA lysis buffer (Sigma-Aldrich 
Corp., St. Louis, MO, USA). Total protein was 
extracted and stored at -80˚C. The extracts were 
then mixed with 6× sodium dodecyl sulfate (SDS) 
buffer and boiled for 4 minutes. Samples were sep-
arated by 10% SDS-polyacrylamide gel electro-
phoresis and transferred to a polyvinylidene fluo-
ride (PVDF) membrane. Membranes were blocked 
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with 5% (w/v) skim milk in PBS that contained 
0.1% Tween-20 for 1 hour at room temperature, 
washed with PBS, and probed with primary anti-
bodies overnight at 4˚C. Membranes were washed 
again with PBS and incubated at room tempera-
ture with horseradish peroxidase (HRP)-conjugat-
ed anti-rabbit secondary antibodies (Abcam Co., 
UK) for 1 hour. Proteins were visualized with an 
enhanced chemiluminescence detection kit (Am-
ersham Bioscience, Buckinghamshire, England). 
Actin (a goat polyclonal antibody) was used as the 
internal control.

Apoptosis assay      
The number of apoptotic cells was calculated 

with an Annexin-V-PI detection kit (Abcam Co., 
UK). AGS cells at a density of 2×105 were cul-
tured, suspended in RPMI1640 with 10% FBS, 
and seeded in a 24-well flat-bottomed plate, then 
incubated for 24 hours at 37˚C. Cells were then 
transfected by anti-VEGFR2 siRNA. After incu-
bation for 48 hours, the cells were collected and 
washed with PBS, after which PI and annexin V 
were added directly to the cell suspension in the 
binding buffer that consisted of 10 mM HEPES, 
140 mM NaCl, and 2.5 mM CaCl2 at pH=7.4.  The 
cells were incubated in the dark for 15 minutes at 
37˚C, followed by flow cytometry analysis.

Statistical analysis     
The results were analyzed with one-way ANO-

VA followed by the t test using the Graphpad 
Prism 5.0 program and SPSS (SPSS, Chicago, IL, 
USA). A P≤0.05 was considered significant. Data 
were shown as mean ± SD.

Results

Cell viability assay  
We conducted the MTT assay to evaluate the ef-

fect of anti-VEGFR2 siRNA on viability of AGS 
cancer cells. AGS cells were transfected with anti-
VEGFR2 siRNA, then incubated for 24, 48, and 
72 hours. The MTT assay results showed that us-
ing specific siRNA against VEGFR2 reduced the 
viability of AGS cells compared with the control 
group in a time-dependent manner (Fig.1). The 
results showed the cytotoxicity of VEGFR2 sup-
pression to AGS cancer cells. Untreated cells were 
used as the control. 

Fig.1: Survival ratios of AGS cells treated with anti-vascular en-
dothelial growth factor 2 (anti-VEGFR2) small interfering RNA 
(siRNA). The 80% confluent cell cultures were treated with siR-
NA. Cell viability significantly reduced in a time-dependent man-
ner. At 48 hours after treatment more than 50% of cells died. 
Results are the means of three independent experiments by the 
MTT assay (P≤0.05). 

Colony formation assay       
In order to further elucidate the effect of anti-

VEGFR2 siRNA AGS cell growth, we performed 
the colony formation assay at 24, 48, and 72 hours. 
Figure 2 shows that the colony formation rate of 
AGS cells transfected with anti-VEGFR2 siRNA 
reduced to approximately 65% compared to the 
control cells. These results showed that anti-VEG-
FR2 siRNA impaired proliferation of the AGS cell 
line. All experiments were performed in triplicate.

Fig.2: Colony formation ratio of AGS cells after transfection with 
anti-vascular endothelial growth factor 2 (anti-VEGFR2) small in-
terfering RNA (siRNA) after 72 hours. The data showed significant 
reduction in colony formation. All experiments were performed 
in triplicate. Values are mean ± SD.
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Real-time polymerase chain reaction for 
VEGFR2 mRNA        

The effect of anti-VEGFR2 siRNA transfec-
tion on VEGFR2 gene expression was analyzed 
by quantitative real-time PCR after 24, 48, and 
72 hours. Total RNA was extracted from both 
transfected and control cells after treatment with 
siRNAs against VEGFR2. GAPDH was used as 
a reference to compare gene expression in dif-
ferent cells. Real-time PCR analysis revealed 
that the expression level of VEGFR2 decreased 
significantly in cells treated with specific siR-
NAs compared to control cells without siRNA 
treatment (Fig.3). The results indicated that anti-
VEGFR2 application successfully decreased the 
VEGFR2 mRNA level.

Fig.3: Quantitative analysis of vascular endothelial growth factor 
2 (VEGFR2) gene expression levels downregulated in AGS cells 
72 hours after treatment with anti-VEGFR2 small interfering RNA 
(siRNA). Each real-time polymerase chain reaction (PCR) analysis 
was carried out at least in triplicate. Data are the fold change in 
relative expression compared with glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) based on the comparative Ct (2-ΔΔCt) 
method. Values are shown as mean ± SD.

Western blot analysis
Total protein was extracted from cells and analyzed 

on sodium dodecyl sulfate-page (SDS-PAGE), fol-
lowed by Western blot analysis to measure VEGFR2 
protein levels in AGS cells after 24, 48, and 72 hours. 
As Figure 4 shows, un-transfected cells expressed a 
19 kDa VEGFR2 band while cells transfected with 
siRNAs against VEGFR2 showed significant reduc-
tion of VEGFR2 protein level compared to the con-

trol group. This indicated that use of anti-VEGFR2 
siRNA specifically targeted VEGFR2 mRNA and in-
fluenced its protein production. We used β-actin as the 
positive control in this experiment.

Fig.4: Analysis of the small interfering RNA (siRNA) effect on 
vascular endothelial growth factor 2 (VEGFR2) protein expres-
sions in AGS cells according to Western blot after 72 hours. Lane 
1; β-actin as the positive control, Lane 2; Protein marker, Lane 
3; Negative control without protein loading, Lane 4; AGS cells 
without siRNA treatment, and Lane 5; AGS cells transfected with 
siRNA. As shown, a 19 KDa protein expressed in transfected cells 
without siRNA treatment. Transfection with siRNA significantly 
reduced VEGFR2 protein levels.

Apoptosis assay 
We used an Annexin-V-PI kit to measure the num-

ber of apoptotic cells after transfection with siRNA 
against VEGFR2 after 24, 48, and 72 hours. Cells 
seeded in a 24-well plate were transfected with anti-
VEGFR2 siRNA. Cells were subsequently treated 
with Annexin V-FITC and PI, then analyzed by flow 
cytometer. Figure 5 shows that the number of apop-
totic cells significantly reduced following transfection 
with siRNA compared with the control group. Total 
apoptosis increased from approximately 2.93% (Q2 
as early apoptotic) to 27.0% (Q3 as late apoptotic) 
in the treated group compared to the control group, 
which supported the cell viability assay results. 
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Fig.5: Flow cytometry analysis of AGS cells stained with Annexin V-FITC and PI. A. Untreated cells were used as controls and B. Cells 
underwent apoptosis induced by anti-vascular endothelial growth factor 2 (anti-VEGFR2) small interfering RNA (siRNA) after 72 hours. 
Diagrams Q1 to Q4 represent necrotic, early apoptotic, late apoptotic and live cells, respectively. Treated cells significantly increased in 
the rate of early and late apoptosis compared with the control.

Discussion
The key roles of VEGF and its receptor VEG-

FR1 and VEGFR2 in tumor angiogenesis and 
tumor growth are well-established. Activation of 
VEGFR2 leads to the activation of downstream 
signaling pathways (24). In contrast, the func-
tion of VEGFR1 is still poorly determined (25). 
VEGFR1 has been shown to be associated with 
tumor growth, tumor cell activation, and metasta-
sis (26). Studies reported VEGFR1 expression in 
many tumors including breast, lung, and gastric 
cancers (27-29). Upregulation of serum VEGFR1 
has been shown in gastric cancer patients (30). 
Blocking VEGF is an important way to control an-
giogenesis and cancer growth. It was previously 
demonstrated that VEGF, VEGFR1 and VEGFR2 
co-expressed in gastric adenocarcinoma MGC803 
cells as well as eight gastric cancer cell lines that 
included AGS-1, RF-1 and RF-48, as well as gas-
tric tumor specimens (31-35).

There are different anti-VEGF agents used to 
control angiogenesis include chemicals and anti-
bodies (35, 36). Inhibition of its receptors is an-
other strategy to antagonize VEGF which in turn 
can simultaneously block several VEGF family 

members. VEGFRs have been considered for can-
cer therapy and production of anti-cancer drugs 
(37). Several VEGFR inhibitors have been devel-
oped such as SU6668, ZD6474, PTK787 com-
pounds and mono-clonal antibodies (38). Hwang 
et al. (30) reported that blockage of VEGFR1 and 
VEGFR2 with concomitant paclitaxel increased 
cell cytotoxicity of TUBB3-expressing gastric 
cancer cells. They demonstrated that AGS cell cy-
totoxicity was more obvious when cells were treat-
ed simultaneously with paclitaxel, anti-VEGFR1, 
and anti-VEGFR2. From these results, we sug-
gested that the AGS cells expressed VEGFR1. In 
the present study, we suppressed the expression of 
VEGFR2 in the AGS cell line using anti-VEGFR2 
siRNA. Real-time PCR analysis of mRNA levels 
showed that siRNA efficiently decreased VEGFR2 
expression compared to control cells. Western 
blot analysis showed that after the use of siRNA 
against VEGFR2, its protein level significantly re-
duced compared to the control group. The colony 
formation assay and MTT assay results showed 
that downregulation of VEGFR2 inhibited cancer 
cell growth and significantly reduced cell viabil-
ity. Also, apoptosis assay results indicated signifi-
cant induction of cell death. However, in addition 

A B
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to inhibition of cell growth, our results suggested 
that suppression of VEGFR2 could significantly 
drive cells to apoptosis. Some investigators have 
reported that VEGFR2 suppression is not adequate 
to hinder tumor growth without the combined in-
hibition of VEGFR2 (39, 40). Of note, VEGFR2 
signaling within tumor cells was previously shown 
to regulate growth and survival of several mouse 
tumor models and cell lines (31, 41). Some reports 
suggested a possible role for VEGFR2 in survival 
and growth of cancer cell lines such as pancreatic 
and colorectal cancer cell lines (42). Inhibition 
of VEGFR2 signaling using hyper methylation 
showed tumor growth inhibition and decreased 
survival of cancer cells in some tumor models (35). 

Overall, the current research indicated that 
blocking VEGFR2 using RNAi suppressed cell 
proliferation in AGS cells, as well as induction of 
apoptosis in AGS cells.

Conclusion

Blocking VEGF and its receptors have been pro-
posed as a therapeutic approach for inhibition of 
cancer growth. In the present study, we used RNAi 
to downregulate expression of the VEGFR2 gene 
using specific siRNAs in AGS cells. The results 
showed that suppression of VEGFR2 inhibited 
AGS cell proliferation and drove them to apoptosis. 

 
Acknowledgments

The authors would like to express their ap-
preciation to the Department of Biochemistry of 
Shahroud University of Medical Sciences for their 
financial and Baqiyatallah University for techni-
cal support. The authors declare that they have no 
conflicts of interest.

References
1.	 Yancopoulos GD, Davis S, Gale NW, Rudge JS, Wiegand 

SJ, Holash J. Vascular-specific growth factors and blood 
vessel formation. Nature. 2000; 407(6801): 242-248.

2.	 Carmeliet P, Jain RK. Angiogenesis in cancer and other 
diseases. Nature. 2000; 407(6801): 249-257.

3.	 Ferrara N, Gerber HP, LeCouter J. The biology of VEGF 
and its receptors. Nat Med. 2003; 9(6): 669-676.

4.	 Ferrara N. Role of vascular endothelial growth factor in 
the regulation of angiogenesis. Kidney Int. 1999; 56(3): 
794-814.

5.	 Carmeliet P, Jain RK. Molecular mechanisms and clinical 
applications of angiogenesis. Nature. 2011; 473(7347): 
298-307.

6.	 Fischer C, Mazzone M, Jonckx B, Carmeliet P. FLT1 and 
its ligands VEGFB and PlGF: drug targets for anti-angi-

ogenic therapy? Nat Rev Cancer. 2008; 8(12): 942-956.
7.	 Hiratsuka S, Minowa O, Kuno J, Noda T, Shibuya M. Flt-1 

lacking the tyrosine kinase domain is sufficient for normal 
development and angiogenesis in mice. Proc Natl Acad 
Sci USA. 1998; 95(16): 9349-9354.

8.	 Gerber HP, Dixit V, Ferrara N. Vascular endothelial growth 
factor induces expression of the antiapoptotic proteins 
bcl-2 and a1 in vascular endothelial cells. J Biol Chem. 
1998; 273(21): 13313-13316.

9.	 Gerber HP, McMurtrey A, Kowalski J, Yan M, Keyt BA, 
Dixit V, et al. Vascular endothelial growth factor regulates 
endothelial cell survival through the phosphatidylinositol 
3′-kinase/akt signal transduction pathway: requirement for 
flk-1/kdr activation. J Biol Chem. 1998; 273(46): 30336-
30343.

10.	 Kenyon BM, Voest EE, Chen CC, Flynn E, Folkman J, 
D'Amato RJ. A model of angiogenesis in the mouse cor-
nea. Invest Ophthalmol Vis Sci. 1996;  37(8): 1625-1632.

11.	 Zheng M, Schwarz MA, Lee S, Kumaraguru U, Rouse BT. 
Control of stromal keratitis by inhibition of neovasculariza-
tion. Am J Pathol. 2001; 159(3): 1021-1029. 

12.	 Kim B, Tang Q, Biswas PS, Xu J, Schiffelers RM, Xie FY, 
et al. Inhibition of ocular angiogenesis by siRNA targeting 
vascular endothelial growth factor pathway genes: thera-
peutic strategy for herpetic stromal keratitis. Am J Pathol. 
2004; 165(6): 2177-2185.

13.	 Zheng M, Deshpande S, Lee S, Ferrara N, Rouse BT. 
Contribution of vascular endothelial growth factor in the 
neovascularization process during the pathogenesis of 
herpetic stromal keratitis. J Virol. 2001; 75(20): 9828-
9835.

14.	 Nakamura H, Sasaki Y, Uno M, Yoshikawa T, Asano 
T, Ban HS, et al. Synthesis and biological evaluation of 
benzamides and benzamidines as selective inhibitors of 
VEGFR tyrosine kinases. Bioorg Med Chem Lett. 2006; 
16(19): 5127-5131.

15.	 Gu L, Chen H, Tuo J, Gao X, Chen L. Inhibition of ex-
perimental choroidal neovascularization in mice by anti-
VEGFA/VEGFR2 or non-specific siRNA. Exp Eye Res. 
2010; 91(3): 433-439.

16.	 Autiero M, Luttun A, Tjwa M, Carmeliet P. Placental growth 
factor and its receptor, vascular endothelial growth fac-
tor receptor-1: novel targets for stimulation of ischemic 
tissue revascularization and inhibition of angiogenic and 
inflammatory disorders. J Thromb Haemost. 2003; 1(7): 
1356-1370.

17.	 van de Wetering M, Oving I, Muncan V, Pon Fong MT, 
Brantjes H, van Leenen D, et al. Specific inhibition of gene 
expression using a stably integrated, inducible small-inter-
fering-RNA vector. EMBO Rep. 2003; 4(6): 609-615.

18.	 Agrawal N, Dasaradhi PV, Mohmmed A, Malhotra P, 
Bhatnagar RK, Mukherjee SK. RNA Interference: biol-
ogy, mechanism, and applications. Microbiol Mol Biol Rev. 
2003; 67(4): 657-685.

19.	 Zarei Mahmud Abadi A, Masoomi  Karimi M, Bahabadi M, 
Kamali M, Kushki R, Khalili F, Farhadi N, et al. Preventing 
the expression of VEGFR-1 in culture medium using specif-
ic SiRNA-as a potential therapeutic method in eye neovas-
cularization. J Birjand Univ Med Sci. 2012; 19(3): 255-265.

20.	 Jafari Sani M, Yazdi F, Masoomi Karimi M, Alizadeh J, 
Rahmati M, Zarei  Mahmudabadi A. The siRNA-mediated 
down-regulation of vascular endothelial growth factor re-
ceptor1. Iran Red Crescent Med J. 2016; 18(4): e23418.

21.	 Jafarisani M, Masoomikarimi M, Zarei Mahmudabadi A, 
Bahabadi M. In-vitro knock down of VEGFR2 expression 
using specific siRNA in the culture medium. Journal of 
Knowledge & Health. 2016; 10(4): 6-12.

22.	 Sani MJ, Mahmudabadi AZ, Bahabadi M, Mohseni A, Ali-



          CELL JOURNAL(Yakhteh), Vol 18, No 3, Oct-Dec (Autumn) 2016 388

Inhibition of Cancer Cell Proliferation Using Anti-VEGFR2 siRNA

zadeh J. Inhibition of cornea angiogenesis by small inter-
ference rna targeting vascular endothelial growth factor 
receptor2. Malden: Blackwell; 2010; 156.

23.	 Gerlier D, Thomasset N. Use of MTT colorimetric assay to 
measure cell activation. J Immunol Methods. 1986; 94(1-
2): 57-63.

24.	 Cao Y. Positive and negative modulation of angiogenesis 
by VEGFR1 ligands. Sci Signal. 2009; 2(59): re1.

25.	 Hiratsuka S, Maru Y, Okada A, Seiki M, Noda T, Shibuya 
M. Involvement of Flt-1 tyrosine kinase (vascular endothe-
lial growth factor receptor-1) in pathological angiogenesis. 
Cancer Res. 2001; 61(3): 1207-1213.

26.	 Wey JS, Fan F, Gray MJ, Bauer TW, McCarty MF, Somcio 
R, et al. Vascular endothelial growth factor receptor-1 pro-
motes migration and invasion in pancreatic carcinoma cell 
lines. Cancer. 2005; 104(2): 427-438.

27.	 Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, 
Hainsworth J, Heim W, et al. Bevacizumab plus irinote-
can, fluorouracil, and leucovorin for metastatic colorectal 
cancer. N Engl J Med. 2004; 350(23): 2335-2342.

28.	 Miller K, Wang M, Gralow J, Dickler M, Cobleigh M, Perez 
EA, et al. Paclitaxel plus bevacizumab versus paclitaxel 
alone for metastatic breast cancer. N Engl J Med. 2007; 
357(26): 2666-2676.

29.	 Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, 
Dowlati A, et al. Paclitaxel–carboplatin alone or with beva-
cizumab for non–small-cell lung cancer. N Engl J Med. 
2006; 355(24): 2542-2550.

30.	 Hwang JE, Lee JH, Park MR, Kim DE, Bae WK, Shim 
HJ, et al. Blockade of VEGFR-1 and VEGFR-2 Enhances 
paclitaxel sensitivity in gastric cancer cells. Yonsei Med J. 
2013; 54(2): 374-380.

31.	 Yao J, Wu X, Zhuang G, Kasman IM, Vogt T, Phan V, et 
al. Expression of a functional VEGFR-1 in tumor cells is a 
major determinant of anti-PlGF antibodies efficacy. Proc 
Natl Acad Sci USA. 2011; 108(28): 11590-11595.

32.	 Abdel-Rahman O. Targeting vascular endothelial growth 
factor (VEGF) pathway in gastric cancer: preclinical and 
clinical aspects. Crit Rev Oncol Hematol. 2015; 93(1): 
18-27.

33.	 Cai W, Li Y, Yi Q, Xie F, Du B, Feng L, et al. Total saponins 
from Albizia julibrissin inhibit vascular endothelial growth 

factor-mediated angiogenesis in vitro and in vivo. Mol Med 
Rep. 2015; 11(5): 3405-3413.

34.	 Chen J, Zhang C, Xu X, Zhu X, Dai D. Downregulation of 
A disintegrin and metallopeptidase with thrombospondin 
motif type 1 by DNA hypermethylation in human gastric 
cancer. Mol Med Rep. 2015; 12(2): 2487-2494.

35.	 Fernando W, Rupasinghe HP, Hoskin DW. Regulation 
of hypoxia-inducible factor-1α and vascular endothelial 
growth factor signaling by plant flavonoids. Mini Rev Med 
Chem. 2015; 15(6): 479-489.

36.	 Ferrara N, Hillan K, Novotny W. Bevacizumab (avastin), 
a humanized anti-VEGF monoclonal antibody for cancer 
therapy. Biochem Biophys Res Commun. 2005; 333(2): 
328-335.

37.	 Frumovitz M, Sood A. Vascular endothelial growth factor 
(VEGF) pathway as a therapeutic target in gynaecologic 
malignancies. Gynecol Oncol. 2007; 104(3): 768-778.

38.	 Glade Bender J, Yamashiro DJ, Fox E. Clinical develop-
ment of VEGF signaling pathway inhibitors in childhood 
solid tumors. Oncologist. 2011; 16(11): 1614-1625.

39.	 Adams J, Palombella VJ, Sausville EA, Johnson J, 
Destree A, Lazarus DD, et al. Proteasome inhibitors: a 
novel class of potent and effective antitumor agents. Can-
cer Res. 1999; 59(11): 2615-2622.

40.	 Braicu E, Fotopoulou C, Chekerov R, Richter R, Blohmer 
J, Kümmel S, et al. Role of serum concentration of VEG-
FR1 and TIMP2 on clinical outcome in primary cervical 
cancer: Results of a companion protocol of the rand-
omized, NOGGO-AGO phase III adjuvant trial of simulta-
neous cisplatin-based radiochemotherapy vs. carboplatin 
and paclitaxel containing sequential radiotherapy. Cy-
tokine. 2013; 61(3): 755-758.

41.	 Bianco R, Rosa R, Damiano V, Daniele G, Gelardi T, Ga-
rofalo S, et al. Vascular endothelial growth factor recep-
tor-1 contributes to resistance to anti-epidermal growth 
factor receptor drugs in human cancer cells. Clin Cancer 
Res. 2008; 14(16): 5069-5080.

42.	 Jubb A, Pham T, Hanby A, Frantz G, Peale F, Wu T, et al. 
Expression of vascular endothelial growth factor, hypoxia 
inducible factor 1α, and carbonic anhydrase IX in human 
tumours. J clin pathol. 2004; 57(5): 504-512. 

 


