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Abstract
AIM: To inhibit the expression of vascular endothelial 
growth factor (VEGF) in colon cancer cell line by RNA 
interference (RNAi). 

METHODS: Followed the service of E-RNAi, we designed 
and constructed two kinds of shRNA expression vectors 
aiming at the VEGF gene, then transfected them into 
colon cancer HT29 cells by lipofectamineTM 2000. The 
level of VEGF mRNA was investigated by RT-PCR and 
Northern blotting. The protein expression of VEGF was 
observed by immunofluoresence staining and Western 
blotting.

RESULTS: We got two kinds of VEGF specific shRNA 
expression vectors which could efficiently inhibit the 
expression of VEGF in HT29 cells. RT-PCR, Northern 
blotting, immunofluoresence staining and Western 
blotting showed that inhibition rate for VEGF expression 
was up to 42%, 89%, 73% and 82%, respectively. 

CONCLUSION: The expression of VEGF can be inhibited 
by RNA interference in HT29 cells.
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INTRODUCTION
Angiogenesis is a common process that is essential for 
tumor growth beyond 2 mm[1]. Although numerous growth 
factors are involved, vascular endothelial growth factor 
(VEGF), particularly VEGF-A, has been shown to play an 
important role in tumor angiogenesis[2]. VEGF, a 45 kDa  
heparin-binding growth factor, is induced by hypoxia-
inducible factor-1a. Binding of  VEGF-A to tyrosine 
kinase receptors, especially VEGFR-2, mediates many 
key components of  angiogenesis, including endothelial 
cell proliferation, invasion, migration, survival, as well as 
vessel permeability. VEGF is secreted by most rumors, 
including tumors of  the lung, gastrointestinal tract, kidney, 
thyroid, bladder, ovary, and cervix, and the level of  VEGF 
is correlated with tumor progression, invasion[3].

RNAi is the sequence-specific, posttranscriptional 
gene silencing method initiated by double-stranded RNAs, 
which are homologous to the suppressed gene. Double-
stranded RNAs are processed by Dicer, a cellular RNase 
Ⅲ, to generate duplexes of  about 21nt with 3'-overhang 
small interfering RNA (siRNA), which mediate sequence-
specific mRNA degradation. RNAi technology is not only 
an extremely powerful instrument for functional genomic 
analysis but also a potentially useful method to develop 
highly specific gene silencing therapeutics[4-9]. In this study, 
we constructed vector-based expression systems in which 
sense and antisense strands of  short VEGF sequences 
were transcribed into the hairpin structure under control 
of  the U6 promoter.

A number of  studies are available on VEGF in the 
treatment of  tumors, such as colon cancer and liver 
cancer[10-15]. However, due to the "off-target" of  RNAi, 
experiments have to be done to verify the more effective 
sequence of  VEGF before it is used in clinical practice. 
This study was to find a better VEGF specific RNAi for 
colon cancer.

MATERIALS AND METHODS
Construction of RNAi vectors
RNAi vectors pShRNA-V1 and pShRNA-V2 were 
constructed as previously described[16-19]. In brief, 
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21-nucleotide-long inverted repeats (separated by a 
4-nucleotide linker, ttcg) were inserted downstream of  
the U6 promoter. The transcribed RNA thus comprised a 
21-base pair of  double-stranded RNAs. Five thymidines 
were inserted downstream the antisense strand to provide 
a stop signal for the RNA polymerase. The sense strand 
of  hairpin was homologous to a 21-nucleotide region in 
the target mRNA. The target sequences were selected 
following the advice of  E-RNAi services (http://e-rnai.
dkfz.de/). The sequence of  V1 and V2 is 5'-TGAAGTT
CATGGATGTCTATC-3' and 5'-ACATCACCATGCAG
ATTATGC-3', respectively. An irrelevant RNAi control 
plasmid was constructed for green fluorescent protein 
(GFP) gene, pShRNA-GFP. The sequence (5'-AGCTG
ACCCTGAAGTTCATCT-3') was designed to target the 
nucleotides 126-144 of  the GFP coding region.

Cell culture and transfection
Human colon cancer cells were maintained in RPMI 1640 
medium supplemented with 10% fetal calf  serum (FCS), 
100 μg/mL streptomycin, and 100-units/mL ampicillin. 
The cells were plated in 24- or 6- well plates at 50%-70% 
confluence 24 h prior to transfection. Transfection of  
cells was carried out with LipofectamineTM 2000 reagent 
(Invitrogen, Carlsbad, CA).

Real-time polymerse chain reaction for VEGF
Total RNA was isolated from cultured cells and real-
time polymerase chain reaction (RT-PCR) was performed 
using the RNeasy and one step RT-PCR kit from 
Qiagen Corp. RT-PCR of  hGAPDH, a housekeeping 
gene served as a control . The sequences used for 
primers are 5' ctacctccaccatgccaagt-3' (sense) and 5'- 
aaatgctttctccgctctga-3' (antisense) for VEGF (411 bp), 
5 ' -GGCTCTCCAGAACATCAT-3' (sense) and 5 ' - 
CACCTGGTGCTCAGTGTA-3' (antisense) for hGAPDH 
(240 bp). For RT-PCR, two pairs of  primers were added into 
a reaction tube, the program consisted of  an initial reverse 
transcription at 50℃ for 30 min, denaturation at 95℃ for 
10 min, followed by 24 cycles of  amplification (denaturation 
at 95℃ for 30 s, annealing at 55℃ for 1 min, and extension 
at 68℃ for 1 min) and a final extension at 68℃ for 10 min. 
The products were then separated by electrophoresis on 
1.5% agarose gel, the bands were visualized using UV light 
and analyzed by Genetools software.

Northern blotting analysis
Total RNA was extracted from transfected cells on d 3 
post-transfection, and purified using the RNeasy Mini Kit 
(Qiagen). Twenty micrograms of  total RNA was separated 
on 1.2% agarose-formaldehyde gels and transferred onto 
a positively charged nylon membrane (Amersham). The 
presence of  VEGF mRNA was probed with 32P-labeled 
VEGF DNA, which was generated with a random-primed 
labeling kit (Amersham).

Immunofluorescence staining
Cells were harvested on d 2 post-transfection for 
analysis, washed once with PBS and fixed with 4% 
paraformaldehyde in PBS for 20 min at 4℃. After blocked 
with goat serum, the cells were incubated with monoclonal 
mouse anti-VEGF for 2 h at 37℃. After three washes, 
the cells were incubated with Cy3-conjugated rabbit anti-
mouse secondary antibodies for 1 h at 37℃ and washed 
three times with PBS. The stained cells were mounted and 
analyzed under fluorescence microscope.

Western blotting
Cells were harvested on d 3 post-transfection, washed 
twice with 10 mL of  PBS, lysed with SDS buffer, boiled for 
5 min, separated by 10% SDS-PAGE gel electrophoresis, 
transferred onto a nitrocellulose membrane, incubated 
with VEGF antibodies at a dilution of  1/400 and HRP- 
conjugated rabbit anti-mouse antibody at a dilution of  
1/4000. The HRP substrate was observed on the NC 
membrane. After three washes, the NC membrane was 
incubated with actin antibody and HRP-conjugated second 
antibody. The HRP substrate was observed again.

RESULTS
Identification of recombinant plasmid pShRNA and 
sequencing
Recombinant plasmid pShRNAs could not be digested 
by Sal I due to the loss of  Sal I site. However, the blank 
plasmid pTZU6+1 could be lined by sal I. When digested 
by Hind Ⅲ and EcoR I, pShRNAs could be separated 
into two parts (2800 and 395 bp), and pTZU6+1 into 
2800 bp and 352 bp. The correct recombinant plasmids 
were shown in gel electrophoresis and verified by DNA 
sequencing (Figure 1).

Gel electrophoresis of VEGF
The size of  VEGF was 411 bp, and consisted of  the 
Marker in gel electrophoresis. After cloned into T vector, 
its sequence was verified by DNA sequencing (Figure 2).

VEGF mRNA inhibition in HT29 cells by RT-PCR
The inhibition rate of  pShRNA-V1 and pShRNA-V2 was 
42% and 40% respectively in HT29 cells compared with 
the control plasmid pShRNA-GFP (Figure 3A and B).  

VEGF mRNA inhibition in HT29 cells by Northern blotting 
The inhibition rate of  pShRNA-V1 and pShRNA-V2 was 
87% and 89% respectively in HT29 cells compared with 
the control plasmid pShRNA-GFP (Figure 4A and B).
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Figure 1  Restriction map of recombinant plasmid pShRNA. Lanes 1-2: pShRNA 
undigested; Lane 3: undigested null vector pTZU6+1; Lanes 4-5: pShRNA digested 
by salⅠ; Lane 6: pTZU6+1 digested by salⅠ; Lanes 7-8: pShRNA digested by 
Hind Ⅲ and EcoRⅠ(2800 + 395 bp); Lane 9: pTZU6+1 digested by Hind Ⅲ and 
EcoRⅠ(2800 + 352 bp); Lane 10: λT14 DNA Marker.
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VEGF protein inhibition in HT29 cells by
immunofluoresence staining
The inhibition rate of  pShRNA-V1 and pShRNA-V2 was 
63% and 73% respectively in HT29 cells compared with 
the control plasmid pShRNA-GFP and pTZU6+1 (Figure 
5A and B). VEGF was stained red and located in plasma 
of  cells.

VEGF protein inhibition in HT29 cells by Western blotting
The inhibition rate of  pShRNA-V1 and pShRNA-V2 was 
69% and 82% respectively in HT29 cells compared with 
the control plasmid pShRNA-GFP and pTZU6+1 (Figure 
6A and B).

DISCUSSION
Angiogenesis is a process of  generating new capillaries 
from pre-existing blood vessels, which involves multiple 
gene products expressed by various cell types. This 
uncontrolled process of  new blood vessel growth from the 

preexisting circulation network is an important pathogenic 
cause of  tumor growth[20-24]. Although several proteins 
such as hepatocyte growth factor, tumor necrosis factor-α, 
and fibroblast growth factor 2 (FGF2) have been identified 
as stimulators of  angiogenesis in various settings, the most 
important angiogenic growth factor is VEGF, which is 
over-expressed in many human cancers. VEGF expression 
in tumors can be induced by more than one mechanism. 
Hypoxia, which is found in most tumors, has long been 
known to be a potent inducer of  VEGF[25-28].  

In this study, shRNAs targeting VEGF efficiently 
reduced the transcript levels of  VEGF mRNAs, and 
ultimately resulted in the reduction in VEGF protein 
levels. Furthermore, this inhibition was shown to be highly 
selective and sequence-specific, since control siRNAs 
had almost no inhibitory effect on the expression and 
transcription of  VEGF. 

There has been a considerable interest in treating a 
wide range of  diseases with RNAi therapeutics[29,30]. In 
this study, in addition to the above-reported target sites in 
the VEGF genome, the specific 21-bp siRNAs targeting 
VEGF could efficiently and specifically inhibit VEGF 
expression, suggesting that it is a good method to inhibit 
the expression of  VEGF.

The results of  this study demonstrated that the 
constructed shRNA could efficiently reduce the level of  
VEGF transcripts and expression, suggest that shRNA-

Figure 2  Gel electrophoresis of VEGF. 
Lane 1: 100 bp Marker; Lane 2: RT-PCR 
for VEGF (411 bp).
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Figure 4  VEGF mRNA inhibited in HT29 cells by Northern blotting analysis (A) 
and the inhibition rate of pShRNA-V1 and pShRNA-V2 (B). Lane 1: pShRNA-GFP; 
Lane 2: pShRNA-V1; Lane3: pShRNA-V2.
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Figure 3  VEGF gene expression inhibited by shRNAs (A) and the inhibition rate 
of pShRNA-V1 and pShRNA-V2 (B) in HT29 cells. Lane 1: pShRNA-GFP; Lane 2: 
pShRNA-V2; Lane 3: pShRNA-V1; Lane 4: 100 bp Marker.
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expressing vectors can be used as RNAi-based anti-VEGF 
therapeutics[31]. Future studies should be centered on the 
evaluation of  the anti-VEGF efficacy of  RNAi vectors 
in animal models, as well as on the preclinical elucidation 
using the RNAi technology.
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 COMMENTS
Background
Vascular endothelial growth factor (VEGF) has been shown to play an important 
role in tumor angiogenesis. RNAi is the sequence-specific, posttranscriptional 
gene silencing method initiated by double-stranded RNAs. A number of studies 
are available on VEGF used in the treatment of tumors, such as colon cancer, liver 
cancer. However, due to the "off-target" of RNAi, experiments have to be done to 
verify the more effective sequence of VEGF before it is used in clinical practice. 
This study was to find a better VEGF specific RNAi for colon cancer. 

Research frontiers
Other researches have applied VEGF in the treatment of tumors, such as colon 

cancer, liver cancer. There has been a considerable interest in treating a wide 
range of diseases with RNAi. 

Innovations and breakthroughs
The results of our study suggest that shRNA-expressing vectors can be used as 
RNAi-based anti-VEGF therapeutics. Future studies should be centered on the 
evaluation of the anti-VEGF efficacy of RNAi vectors in animal models, as well as 
on the preclinical elucidation using the RNAi technology.

Applications 
shRNA-expressing vectors can be used as RNAi-based anti-VEGF therapeutics

Terminology
RNAi is the sequence-specific, posttranscriptional gene silencing method initiated 
by double-stranded RNAs, which are homologous to the suppressed gene. 
Double-strand RNAs are processed by Dicer, a cellular RNase Ⅲ, to generate 
duplexes of about 21nt with 3'-overhang small interfering RNA (siRNA), which 
mediate sequence-specific mRNA degradation. 

Peer review
This manuscript describes the methodology for RNAi of VEGF in HT29 cells 
by lipofectamine. The process was evaluated quite well. No application of the 
technique has reported prior to this study.
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