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Abstract

Background: Angiogenesis is an important biological process involved in the proliferation of endothelial cells, tumor growth 
and metastasis. Vascular endothelial growth factor (VEGF) is considered as a prominent regulator of angiogenesis which exerts the 
aforementioned effect(s) through its respective receptors (VEGFR1 and VEGFR2). VEGF receptors are targeted as a therapeutic candidate 
for cancer growth inhibition. RNAi as a new and promising strategy has provided a useful means to specifically suppress gene expression 
in cancer cells.
Objectives: The current study aimed to down-regulate expression of the VEGFR1 using siRNA.
Materials and Methods: This experimental study designed specific siRNAs against VEGFR1. Total RNA was extracted from human umbilical 
vain endothelial cell (HUVEC) and subsequently cDNA was synthetized. PCR was performed using specific primers to amplify the target 
gene. After double digestion and purification, the gene was cloned into pEFGP-N1 expression vector. Then, AGS cells were transfected with 
recombinant pEGFP-N1 using lipofectamin. The gene expression and down-regulation were evaluated by fluorescence scanning, reverse 
transcription PCR (RT-PCR) and Western blot techniques.
Results: Fluorescent scanning, RT-PCR (27.68%) and western blot analysis (31.06%) showed that the expression of VEGFR1 was suppressed 
effectively.
Conclusions: The results of the current study showed that specifically designed siRNA can be considered as an appropriate strategy to 
suppress gene expression and might be a promising tool to prevent angiogenesis.
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1. Background
Angiogenesis is an important biological process in-

volved in wound healing, reproduction, organ develop-
ment and also pathophysiology of different diseases such 
as cancer (1). Angiogenesis is the formation of new capil-
laries from blood vessels that plays a prominent role in 
tumor growth and invasiveness. Angiogenesis is regulat-
ed by multiple key effectors, mainly through vascular en-
dothelial cell growth factor A (VEGF-A). VEGF-A is defined 
to increase micro-vascular growth and permeability via 
specific receptors such as fms-like tyrosine kinase 1 (FLT-1), 
VEGFR1 and fetal liver kinase 1 (FLK-1) (2). Moreover, VEGF-
A is proposed as a key modulator in revascularization of 
ischemic diseases (3). VEGF-A plays a central role in the 
development of several types of angiogenesis and neo-
vascularization (NV), including retinal and choroidal NV 
(CNV) (4, 5). Furthermore, it is shown that VEGFR1 induces 
expression of growth factors in liver sinusoidal endothe-

lial cells (6). In addition, it mediates survival of endothe-
lial cells through stimulation of phosphatidylinositol 
3-kinase/protein kinase B (AKT) pathway (7). It is reported 
that expression of VEGFR1 in breast cancer cells is signifi-
cantly related to high risk for metastasis and relapses. 
Hence, VEGFR1 is considered as a marker for breast tumor 
aggressiveness (8). Recent studies revealed that the con-
trol of the VEGF and its function is a promising target for 
either induction or inhibition of angiogenesis in tumor 
cells (4). High level expression of VEGF stimulates angio-
genesis while applying monoclonal antibodies inhibit 
or degrade VEGF and suppress the angiogenesis process 
(5). These findings highlight the issue that VEGF pathway 
might be an important therapeutic target. Clinical trials 
supported the importance of this growth factor in cancer 
therapy using an aptamer (9) or an antibody fragment 
(10) with the ability to bind VEGF-A. Another strategy to 
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antagonize VEGF-A is to block VEGF receptors. A remark-
able advantage of this approach is the potency to block 
multiple VEGF family members at once (11).

RNA interference (RNAi), an absolutely fundamental bio-
logical process by which cells regulate gene expression, 
acts through complementary base-paring with target 
mRNA and retrieves cellular RNases which in turn degrade 
mRNA transcripts (12). RNAi strategy rapidly developed 
from a basic scientific discovery to a powerful research 
tool and more recently, to a promising therapeutic ap-
proach (13). RNAi is now routinely used to evaluate gene 
function both in vitro and in vivo and many innovative 
screens reported the use of RNAi to investigate potential 
drug targets (14). Small interfering RNAs (siRNAs) provide 
a useful means to selectively reduce the amount of mRNA 
transcripts and probe the function of gene products (15).

2. Objectives
The present study aimed to down-regulate specifically 

VEGFR1 expression in human Caucasian gastric adenocar-
cinoma (AGS) cells using synthetic siRNA.

3. Materials and Methods

3.1. Materials
RPMI-1640, fetal bovine serum (FBS), penicillin-strepto-

mycin, and trypsin enzyme were purchased from GIBCO 
(Grand Island, NY, USA). RNA extraction, cDNA synthesis 
and PCR purification kits were from Roche, Germany. Re-
striction enzymes were obtained from Jena Bioscience.

3.2. Methods
This experimental study was conducted in chemical re-

search injury center at Baqiyatallah University of Medical 
Sciences in 2013.

3.2.1. The siRNA Sequences Designing
Anti-VEGFR1 siRNAs was purchased from Takapuzist Gene 

Molecular Biotechnology Co. Ltd. (Tehran, Iran). The siRNA 
was designed to target VEGFR1 at 5‘-CCAGACACTGCATC-
CAA-3’ sequence. Sense and anti-sense sequences were as fol-
lows: siRNA1: Si-Sense1: 5’- GCA,UAA,CUA,AAU,CUG,CCU,G-3’; 
Si-AntiSense1: 5’- CAG,GCA,GAU,UUA,GUU,AUG,C -3’. Each 
siRNA was resuspended in double distilled water and the 
stock solutions (20 μmol/L) were stored at 4°C.

3.2.2. Cell Culture
Human umbilical vein endothelial cells (HUVEC) and 

AGS cells (from Pasteur institute, Tehran, Iran) were grown 
in RPMI-1640 media containing 10% fetal bovine serum 
(FBS). Cells were incubated in a humidified 5% CO2 incuba-
tor at 37°C for 48 hours. Viability of cells were examined by 
trypan blue and then incubated in hypoxic situation for 24 
hours to up-regulate the expression of the target genes.

3.2.3. Amplification of VEGFR1 Gene
Total RNA was extracted from HUVEC cells using RNA 

extraction kit and immediately stored in -80°C. Reverse 
transcription PCR (RT-PCR) was performed according to 
the instruction provided by manufacturer (Roche com-
pany, Germany). PCR reaction was performed to amplify 
the target gene by previously designed and synthesized 
specific primers (Forward: 5’- GAATTCATGGTCAGC-
TACTGGGACACC-3; Reverse: 5‘- GGATCCGTTAGGTGACGTA-
ACCCGGCAG-3). Primers had restriction sites for EcoRI 
and BamH I enzymes. PCR product was cleaned up from 
agarose gel and analyzed by sequencing and digestion 
using EcoR1 and BamH-1 restriction enzymes.

3.2.4. Cloning of VEGFR1 Gene
Double digested VEGFR1was cloned into N-terminal of 

GFP gene in PEGFP vector using T4 ligase. The recombi-
nant vectors were transformed into electrocompetent 
E. coli cells b (DH5α) using electroporation method and 
then cultured on LB medium containing kanamycin (100 
μg/mL) at 37°C and overnight. Plasmids were extracted us-
ing plasmid extraction kit (Sinnagen, Tehran, Iran) from 
grown clones and subjected to sequencing and double 
digestion by the aforementioned restriction enzymes.

3.2.5. Transfection of Recombinant PEGFP-VEGFR1 Vector 
and siRNA

AGS cells (institute Pasteur of Iran) were cultured in RPMI-
1640 medium. Cells were then transfected with recombi-
nant VEGFr1-pEGFP-N1 vector and pEGFP as a control using 
lipofectamin 2000 (Invitrogen, USA) and incubated ac-
cording to the manufacturer’s protocol. In brief, a number 
of 4 × 105 cells were seeded into six-well plates containing 
Dulbecco’s modified Eagle medium (DMEM), which was 
antibiotic-free. Plates were incubated at 37°C overnight. 
For each well, 2 μL of siRNA was mixed with 50 μL of DMEM. 
This mixture was then combined with a solution of 1 μL li-
pofectamine 2000 in 50 μL DMEM followed by 20 minutes 
incubation at room temperature. Finally, the mixture with 
the final concentration of 20 pmol/L for each siRNAwas ap-
plied to the cells. After incubation for 4 hours at 37°C, media 
were replaced with fresh RPMI-1640 supplemented with se-
rum and Pen/Strep antibiotic (100 µg/mL). Cells were then 
cultured for an additional 2 weeks at 37°C before analysis.

3.2.6. Fluorescence Microscopy
Green florescent protein (GFP) expression level was eval-

uated in different groups (cells transfected with pEGFP-
VEGFR1 and untransfected cells as control) by fluorescence 
microscopy (NikonTS100-F, Japan) 72 hours after transfec-
tion of siRNAs in presence and absence of specific siRNAs.

3.2.7. RNA Extraction and RT-PCR
Total RNA was extracted from the cells using RNA extrac-

tion kit according to the manufacturer’s instruction. In 
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brief, 2 µg of total RNA was reversely transcribed and cDNA 
was synthesized using cDNA synthesis kit (Roche Co., Ger-
many). The cDNA was amplified using the following prim-
ers for VEGFR gene: forward 5‘- CAGACACTGCATCTCCAAT-
GCAGG-3’`, reverse 5‘-GTAGAAGCCAGTGTGGTTTG-3’. The 
following protocol was used for PCR: initial denaturation 
at 95°C for 3 minutes, 30 cycles of denaturation at 95°C for 
50 seconds, annealing at 58°C for 1 minute, extension at 
72°C for 1 minute, followed by final extension at 72°C for 
5 minutes. The PCR product was electrophoresed on 2% 
agarose gel containing ethidium bromide. To analyze the 
gene expression, β-actin was used as reference gene.

3.2.8. Western Blot Analysis
The cells were collected and lysed by RIPA lysis buffer 

(Sigma-Aldrich Corp., St. Louis, MO, USA). Total protein 
was extracted and stored in -80°C. The extracts were 
mixed with 6 × sodium dodecyl sulfate (SDS) buffer and 
boiled for 4 minutes. Samples were separated by 10% SDS-
polyacrylamide gel electrophoresis and then transferred 
to polyvinylidene fluoride (PVDF) membrane. Mem-
branes were blocked with 5% (w/v) skim milk in phos-
phate buffered saline (PBS) containing 0.1% Tween-20 for 
1 hour at room temperature and then washed with PBST, 
and probed with primary antibodies overnight at 4°C. 
Membranes were washed again with PBST and incubated 
at room temperature with horseradish peroxidase (HRP)-
conjugated anti-rabbit secondary antibodies (Abcam 
Co., UAS) for 1 hour. The proteins were visualized with 
enhanced chemiluminescence detection kit (Amersham 
Bioscience, Buckinghamshire, England. Actin (a goat 
polyclonal antibody) was used as an internal control.

3.3. Statistical Analysis
Variables in the current study were the amount of 

mRNA, green fluorescent and receptor protein as the 
VEGFR1 expression. All tests were done triplicate and 
then result were explained as mean ± standard deviation 
(SD). The results were analyzed using Graphpad prism 
5.0 program and SPSS (SPSS, Chicago, IL, USA). Because of 
the large sample size, which was about 5,000,000 cells in 
each group, based on the central limit theorem the mean 
has normal dist. Therefore, comparisons were made by 
one-way ANOVA and t-test; significant P value was consid-
ered less than 0.05 and data were shown as mean ± stan-
dard deviation (SD).

4. Results

4.1. Construction and Identification of Recombi-
nant Plasmid pEGFP-VEGFR1

The expected band of VEGFR1 gene, using specific prim-
ers, was 504 bp amplified by PCR reaction (Figure 1).The 
PCR product and pEGFP vectors were both digested by 
EcoR I and BamH I, and the DNA fragments were ligated 

into plasmid pEGFP using T4 ligase. The recombinant plas-
mids (pEGFP-VEGFR1) were transfected into DH5α cells, re-
combinant plasmids were extracted from cultured DH5α 
cells, and confirmed by digestion with both EcoR I and 
BamH I. Figure 1 demonstrates the double-digestion of 
pEGFP-VEGFR1 vector that shows a 4700 bp and a 504 bp (A; 
well N.3) band that indicate proper cloning and a 504 bp 
PCR product shows amplification of VEGFR1 (B; well N.2).

Electrophoresis analysis of recombinant plasmids di-
gestion showed two bands of 4700 bp and 501 bp, which 
suggested that the target fragment, had been inserted 
into plasmid pEGFP correctly.

4.2. Fluorescence Microscopy Analysis
Efficiency of transfection methods and expression level 

were investigated by fluorescence microscopy. The VEG-
FR1 fragment in recombinant vector was co-expressed 
by GFP, therefore, reduction in VEGFR1 expression causes 
decline in fluorescence. After transfection of both recom-
binant vector and specific siRNAs into AGS cells, reduc-
tion of green fluorescence of GFP expression indicated 
that VEGFR1 gene expression significantly reduced in the 
treated cells when compared with those of the control 
cells 100.88 ± 13.82 (lux/inch) for control and 93.5 ± 9.29 
(lux/inch) for the treated group (P < 0.05) (Figure 2).

4.3. RT-PCR of VEGFR1mRNA
Gene expression was analyzed in cells using RT-PCR. To-

tal RNA was extracted from both pEGFP and pEGFP-VEGFR1 
transfected cells after treating with anti-VEGFR1 siRNAs. 
The intensity of cDNA bands demonstrated the expression 
of genes (well N.3 in comparison with well N.2). β-actin was 
used as a reference to compare gene expression in different 
cells. RT-PCR analysis revealed that the intensity of VEGFR1 
bands was different in the two groups and mRNA level of 
VEGFR1 decreased significantly in cells treated with specific 
siRNAs compared to pEGFP transfected cells without siRNA; 
54.9 ± 3.2 ng/μL mRNA for the control and 15.2 ± 0.93 ng/μL 
for the treated groups respectively (P < 0.001) (Figure 3).

4.4. Western Blot Analysis
Total protein was extracted from cells and analyzed on 

SDS-PAGE and then western blot was used to evaluate 
the VEGFR1 protein expression in AGS cells. As indicated 
by Figure 4, pEGFP-VEGFR1 transfected cells expressed a 
17 kDa VEGFR1 band while cells transfected with pEGFP 
vector did not express any VEGFR1. Treating transfected 
cells with anti-VEGFR siRNA causes significant reduction 
in VEGFR1 protein level compared to the control group. 
This finding showed that the use of anti-VEGFR1 siRNA, 
specifically degraded VEGFR1 mRNA and influenced its 
protein production (well N.5 in compare with well N.4). 
β-actin was used as a positive control in this experiment. 
The VEGFR1 concentration was 63.45 ± 4.6 μg/mL for the 
control and 19.71 ± 2.3 μg/mL for treated group which was 
a significant decrease (P < 0.003).
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Figure 1. Agarose Gel Electrophoresis of VEGFR1 PCR and Double-Digestion Products

A, double-digestion of pEGFP-VEGFR1 vector shows a 4700 bp and a 504 bp (well N.3) band that indicates proper cloning; B, a 504 bp PCR product shows 
amplification of VEGFR1.

Figure 2. Analysis of GFP Gene Expression in AGS Cells Using Fluorescent Microscope (20 X) in Presence and Absence of Anti-VEGFR1 siRNA

A, pEGFP-VEGFR1 transfected cells without siRNA; B, pEGFP-VEGFR1 transfected cells after treating with anti-VEGFR siRNA; C, Cells without any transfection 
as control. As it is shown, after transfecting cells with anti-VEGFR1, the level of GFP significantly decreased, compared to cells without siRNA transfection.
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Figure 3. Comparison of VEGFR1 Gene Expression in AGS Cells Using Semi-Quantitative RT-PCR in Presence and Absence of Anti-VEGFR1 siRNA

1, DNA marker; 2, pEGFP-VEGFR1 transfected cells without siRNA treatment; 3, pEGFP-VEGFR1 transfected cells after treatment with siRNA. As shown, VEG-
FR1mRNA level decreased in presence of specific anti-VEGFR1 siRNA. β-actin was used a reference gene for comparison.

Figure 4. Analysis of siRNA Effect on VEGFR1 Protein Expression in AGS Cells Using

A, western blot and B, SDS-PAGE; 1, β-actin as positive control; 2, Protein marker; 3, AGS cells transfected with pEGFP vector as negative control; 4, pEGFP-
VEGFR1 transfected cells without siRNA treatment; 5, pEGFP-VEGFR1 transfected cells after treatment with siRNA. As shown, a 17 kDa protein was expressed 
in cells transfected with pEGFP-VEGFR1 and transfection with siRNA significantly reduced the level of VEGFR1 protein.
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5. Discussion
There are different anti-VEGF agents including chemi-

cals and antibodies that are used to control angiogenesis 
(16), in addition, inhibition of VEGF receptor1 is a main 
point in angiogenesis and also is another strategy which 
can block several VEGF family including VEGF-A at once. 
VEGF receptors are considered for cancer therapy and 
production of anti-cancer drugs (17). Several VEGFR in-
hibitors such as SU6668, ZD6474, PTK787 compounds and 
mono-clonal antibodies are developed (18).

RNAi is a post translational silencing mechanism of 
gene expression which targeting mRNA. Small interfer-
ence RNA (siRNA) has attracted great attention between 
researchers as a new and powerful approach (19); there-
fore, the current study used this technology. A powerful 
point in siRNA usage is the less immune system stimula-
tion. The siRNA is used as a therapeutic strategy to control 
angiogenesis through inhibition of different angiogene-
sis factors (12). A research on RPE cells demonstrated that 
inhibiting the expression of VEGF and HIF-α factors using 
specific siRNA prevented angiogenesis through down-
regulating molecules involved in angiogenesis such as 
neurophilin, angiogenin, interleukin 6 and 8, MCP-1 and 
TGF-β (2). Applying siRNAs against VEGF in a mouse model 
showed significant reduction of the gene expression and 
prevention of tumor growth (20).

Jiang et al. showed that anti-HIF-α and anti-VEGF-165 siR-
NAs significantly prevented angiogenesis in mouse eyes 
(21). Jiang et al. by specific siRNA against HIF-α gene in vi-
tro showed significant reduction of angiogenesis rate (22) 
and Xu et al. showed that anti-HIF-α siRNA leads to inhibi-
tion of angiogenesis and tumor growth in vivo (23). Gu et 
al. concluded that specific and non-specific siRNAs against 
VEGFR2 and VEGF-A decreased the expression of VEGFR2 
and VEGF-A genes about 40% and 55%, respectively (12).

The current study aimed to inhibit antigenic effect of 
VEGF but not others; therefore, RNAi mechanism was 
used to down-regulate the expression of VEGFR1 gene 
involved in angiogenesis. For this purpose, first, VEGFR1 
gene was cloned and expressed into AGS cells. Then, two 
different specific siRNAs were designed against VEGFR1 
gene to evaluate their efficiency to inhibit gene expres-
sion. RT-PCR results indicated that specific siRNAs de-
signed against a unique sequence of external fraction 
of VEGFR1 significantly silenced the gene expression at 
mRNA level. It is probably that siRNA acts specifically 
on target gene at mRNA level, but, either the silencing ef-
fect is not long enough or gene product has big half-life; 
therefore the protein level does not reduce. The Western 
blot result showed that the effect of anti-VEGFR1 siRNAs 
was enough to significantly reduce the protein level of 
VEGFR1. Results showed that both siRNAs silenced the 
target gene to an approximately same level. The current 
study, in accordance with the other studies, showed that 
siRNAs can specifically and efficiently suppress expres-
sion of different genes involved in angiogenesis includ-

ing VEGFR1 and thus it can be useful to inhibit angiogen-
esis and tumor growth.

The present study employed the process known as RNAi 
to down regulate the expression of VEGFR1 gene using 
specific siRNAs. Results showed that the specific siRNAs 
can be considered as appropriate molecules to (31.06% de-
crease in the protein level and 27.68% decreased in mRNA) 
reduce the expression of specific genes. The designed 
siRNAs reduced VEGFR1 level and can be used for VEGFR1 
signaling studies and in vivo angiogenesis inhibition as a 
therapeutic approach.
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