
PO Box 2345, Beijing 100023, China                                                                                                                 World J Gastroenterol  2006 February 21; 12(7):1140-1143
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                       © 2006 The WJG Press. All rights reserved.

 RAPID COMMUNICATION

Inhibitory effect of antisense vascular endothelial growth 
factor RNA on the profi le of hepatocellular carcinoma cell line 
in vitro  and in vivo

Ji-Hui Hao , Ming Yu , Hui-Kai Li , Yu-Rong Shi , Qiang Li , Xi-Shan Hao

www.wjgnet.com

Ji-Hui Hao, Hui-Kai Li , Yu-Rong Shi , Qiang Li ,Xi-Shan Hao, 
Department of Abdominal Surgery, Tianjin Cancer Hospital, 
Tianjin 300060, China
Ming Yu , Public Health College, Tianjin Medical University, 
Tianjin 300070, China
Supported by the Natural Science Foundation of Tianjin, No 
013615611
Co-fi rst authors: Ming Yu
Correspondence to: Dr. Ji-Hui Hao, Department of Abdominal 
Surgery, Tianjin Cancer Hospital, Hexi District, Tianjin 300060, 
China. jihuihao@yahoo.com 
Telephone: +86-22-23340123-3325
Received: 2005-06-13                            Accepted: 2005-07-12

Abstract
AIM: To evaluate the effect of antisense vascular 
endothelial growth factor (VEGF) RNA (PCMV-FGEV) 
transfection on the profile of hepatocellular carcinoma 
(HCC) SMMC-7721 cells in vitro and in vivo. 

METHODS: SMMC-7721 ce l l s were t ransfected 
with PCMV-FGEV antisense, PCMV-VEGF sense and 
empty vector plasmid encapsulated by lipofectamine 
as antisense group, sense group and control group 
respectively. The positive cell clones were selected 
with G418. The stable transfection and expression 
of VEGF in the cells were determined by RT-PCR and 
immunohistochemistry. Cell proliferation was observed 
by MTT assay. FACS analysis was used to determine the 
effect of PCMV-FGEV transfection on cell apoptosis. The 
growth of transfected cells in vivo  was also observed in 
nude mice. 

RESULTS: VEGF expression was reduced in SMMC-7721 
transfected with PCMV-FGEV, which was confirmed by 
RT-PCR and immunohistochemistry. No effect of PCMV-
FGEV transfection was found on cell proliferation and 
cell apoptosis of SMMC-7721 in vitro . The growth of cells 
transfected with PCMV-FGEV was slow in nude mice 
and accompanied with obvious apoptosis. The latent 
time of tumors in the antisense group was 25.0 ± 1.8 
d, which was longer than that in sense and control 
groups (F  = 19.455, P < 0.01). The average tumor weight 
in antisense group (0.96 g ± 0.28 g) was the smallest 
among the three groups (F  = 21.501, P  < 0.01). 

CONCLUSION: The expression of VEGF can be inhibited 
by antisense PCMV-FGEV. Antisense PCMV-FGEV has no 

effect on cell proliferation and apoptosis of SMMC-7721 
in vitro  but can inhibit tumor growth and induce cell 
apoptosis in vivo .
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INTRODUCTION

Angiogenesis plays an essential role in the proliferation 
and metastasis of  tumor cells by supplying them with nu-
trition and oxygen and disposing waste products. Vascular 
endothelial growth factor (VEGF) is an important element 
in angiogenesis and permeability in normal and pathologi-
cal tissue [1-6]. Hepatocellular carcinoma (HCC) with an ex-
tremely poor prognosis is known to have abundant blood 
supply. VEGF has been reported to play an important role 
in the angiogenesis of  HCC[7-11]. Due to the high expres-
sion level of  VEGF mRNA in HCC, antisense RNA is 
used to elucidate the possible therapeutic effects on HCC. 
Using this experimental approach, we explored the effects 
of  antisense PCMV-FGEV transfection on the profi le of  
HCC SMMC-7721 cells in vitro and in vivo. 

MATERIALS AND METHODS

Reagents
TRIzol, RPMI1640 medium, 10% fetal bovine serum 
(FBS), lipofectamine, G418 were purchased from GIBCO 
(Carlsbad, CA, USA). VEGF and factor VIII antibody 
were purchased from Boster (Wuhan, China). PI and MTT 
were purchased from Sigma (St. Louis, MO, USA). VEGF 
sense, antisense vector PCMV-VEGF, PCMV-FGEV and 
empty vector PcDNA3.1 were given as gifts by NIH, USA.
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Experimental animals
Twelve female athymic BALB/c-nu/nu nude mice at the 
age of  4 - 6 wk were purchased from Chinese Academy 
of  Sciences and maintained under conditions that met all 
requirements for use in an approved facility. 

Cell culture
Human HCC SMMC-7721 cells were obtained from the 
Central Laboratory of  Tianjin Cancer Hospital and cul-
tured in RPMI1640 medium containing 100 U/mL penicil-
lin G sodium and 100 U/mL streptomycin sulfate, supple-
mented with 10% fetal calf  serum at 37 ℃ in a 50mL/L 
CO2 atmosphere.

Transfection
Cells were transfected with antisense PCMV-FGEV 
(antisense group), sense PCMV-VEGF (sense group) and 
empty vector PcDNA3.1 (control group) encapsulated by 
lipofectamine. Forty-eight hours after transfection, cells 
were diluted and plated into tissue culture dishes for 4 wk 
in complete growth medium containing 400 μg/mL G418. 
Colonies resistant to G418 were isolated. 

Immunohistochemistry
Immunohistochemiscal analysis was performed on forma-
lin-fixed, paraffin-embedded sections using a three-step 
indirect method for VEGF and factor VIII expression. 

RT-PCR
Guanidinium isothiocyanate-phenol single-step method 
was used to extract total RNA from cells using TRIzol 
following instructions of  the kit. The integrity, purity 
and concentration of  the extracted mRNA were detected 
with ultraviolet spectral photometer and agarose gel 
electrophoresis. The RNA extract dissolved in DEPC was 
stored at -70 ℃. According to the sequences of  human 
mRNA of  VEGF, the primers were designed, synthesized 
and supplied by Boya Biotech, Shanghai, China (VEGF 
positive primer: 5’ -AATGCTTTCTCCGCTCTG-3’, 
negative primer :5’-TTGCTGCTCTACCTCCAC-3’ ; 
β-actin positive primer: 5’-TTGCGCTCAGGAGGAGC
AAT-3’, negative primer: 5’-TTCCAGCCTTCCTTCCTG
G-3’). First-strand cDNA was synthesized from 2μg RNA 
dissolved in water administered with DEPC, in which 0.2 
μL oligo dT was added at 70℃ for 5 min and placed on ice 
for 1 min, followed by 1μL M-MLV reverse transcriptase 
(200IU/μL), 0.5μL RNasin (40 IU/μL), 8μL 5×RT buffer, 
and 3μL dNTPs (10 mmol/L) at 42 ℃ for 60 min. The 
reverse transcriptase was inactivated at 95 ℃ for 5 min, 
then 5μL cDNA, 5μL 10×buffer, 3μL 2mmol/L dNTPs, 
1μL 5 IU/L LA Taq enzyme and water were added to a 
volume of  40μL. The fi nal concentrations of  positive and 
negative primers were both 1uM/L. VEGF was amplifi ed 
for 35 cycles at 94 ℃ for 1 min, at 55 ℃ for 1 min, at 72 ℃ 
for 2 min, and a fi nal extension at 72 ℃ for 7 min. The 
area of  electrophoresis bands （AREA）, the absorption 
of  mean optical density (A) and product of  AREA and 
A were quantitatively analyzed after the PCR product was 
detected with auto image manipulating system following 
agarose gel (2%) electrophoresis and stained with EB. The 
samples were controlled with blank and β-actin. 

MTT assay
For analysis of  the transfected SMMC-7721 cell prolifera-
tion, SMMC-7721 cells were seeded in a 96-well plate (6000 
cells/ well), untransfected SMMC-7721 cells were used as 
negative control. After further incubated for 24, 48, 72, 96, 
120, 144 h, cell proliferation activity was determined by 
MTT assay. The absorbance of  each well was measured at 
580nm in a microtiter reader. The survival rate of  tumor 
cells was calculated according to the formula: survival rate 
(%) =(A/ B)×100, where A is the absorbance of  treated 
cells, and B is the absorbance of  negative control cells.

Flow cytometry of apoptosis
To investigate the influence of  transfection on apopto-
sis, cells grown as a monolayer were incubated for 24 h, 
trypsinized, washed with PBS and fixed with 70% etha-
nol overnight at 4 ℃. Then cells were intensively washed 
three times with PBS and incubated with 1% RNase for 
30 min at 37 ℃. Cells were measured with a FACScan 
flow cytometer (BD Biosciences) equipped with a 488 
nm argon-ion laser and a Macintosh Power PC (G4). In 
general, 25 000 events were acquired using CellQuest Pro 
4.0.1. Apoptotic cells were then calculated in percent using 
ModFIT Vers. 3.0 (BD Biosciences).

Tumorigenesis in nude mice
Cells were resuspended at the density of  5 × 107 cells in 
400 μL of  RPMI1640 and injected subcutaneously into 
the fl ank region of  athymic nude mice. Twelve mice were 
distributed to antisense group, sense group or negative 
control group, 4 per group at random. All animals were 
observed for up to 10 wk following the injection, and then 
the tumor was excised. 

Transmission electron microscopy
For electron microscopy, small blocks of  tumor tissue were 
fixed in 1% glutaraldehyde and 4% paraformaldehyde, 
postfi xed in 1% osmium tetroxide and embedded in Epon 
812, double-stained with uranyl acetate and lead citrate, 
and observed under a transmission electron microscope.
. 
Statistical analysis
One-way analysis of  variance (ANOVA) was used to 
compare the results between the different groups. All data 
were processed with SPSS10.0 statistical software. P < 0.05 
was considered statistically signifi cant.

RESULTS

Immunohistochemistry and RT-PCR of SMMC-7721 cells
VEGF protein expression was high in sense group, mod-
erate in control and 7721 groups and weak in antisense 
group (F =16.786, P < 0.01). The same results were also 
confirmed by VEGF mRNA expression in RT-PCR 
analysis (Figure 1). The mRNA expression of  VEGF was 
seen in all groups. However, compared to the control and 
sense groups, the expression was decreased in the antisense 
group (F = 19.693, P < 0.01), suggesting that SMMC-7721 
cells transfected with PCMV-FGEV could effectively 
inhibit VEGF expression at protein and RNA level.



1142          ISSN 1007-9327      CN 14-1219/ R     World J Gastroenterol     February 21, 2006   Volume 12    Number 7

www.wjgnet.com

Proliferation and apoptosis of transfected SMMC-7721 
cells
We used MTT assay to assess the proliferation of  trans-
fected SMMC-7721 cells in vitro. The difference in survival 
rates of  the cells in sense group, antisense group, and 
control group was not significant (F = 0.869, P > 0.05). 
Further we used fl ow cytometry to compare the extent of  
cell apoptosis among the different groups and did not fi nd 
the characteristic changes of  cell apoptosis in each group.  

Time of tumorigenesis in nude mice and weight of tumors
The time of  tumorigenesis was 25.0 ± 1.8 d in antisense 
group, 15.7 ± 2.5 d in sense group and 18.5±2.1 d in 
control group (F = 19.445, P < 0.01). The weight of  tumor 
was 0.96 ± 0.28 g in antisense group, which was obviously 
lighter than that in sense group (2.18 ± 0.36g) and control 
group (1.88 ± 0.47g) (F = 21.505, P < 0.01)(Figure 2).

Immunohistochemistry for VEGF and VIII factor expression
VEGF immunohistochemical staining showed faint sig-
nals in antisense group. The number of  positive cells and 
intensity of  staining were significantly lower than those 
in sense or control group (F = 21.365, P < 0.01). Factor 
VIII staining showed that the number of  tumor vessels in 
antisene group was signifi cantly less than that in sense or 
control group (F = 9.985, P < 0.01).

Tumor apoptosis assay
Electron micrographs of  the tumor cells in antisense 
group showed characteristic chromatin condensation 
forming a crescentic-like cap, which was characteristic 
appearance of  apoptosis. Comparatively, such chromatin 
change of  the cells was not detectable in control or sense 
group (F = 24.548, P < 0.01).

DISCUSSION
Hepatocellular carcinoma (HCC) is one of  the most 
common malignant neoplasms. All the treatment strategies 
used today have no good curative effect [12]. Gene therapy 

might be a promising way. Gene transfer is a key technique 
in gene therapy. Antisense gene technologies have been 
proven to be powerful tools for selective regulation of  
gene expression in experimental settings and are under 
evaluation for their therapeutic potential in clinic [13-16]. 
Antisense agents down-regulate the expression of  specifi c 
target genes at mRNA level by pairing with their comple-
mentary RNA and preventing their translation into pro-
teins. Theoretically, antisense molecules could be used to 
cure a variety of  diseases, especially some cancers[17-20]. 
    VEGF plays an important role in the angiogenesis of  
HCC. VEGF, known as a vascular permeability factor, has 
two major biological functions: growth stimulatory activ-
ity for a variety of  vascular endothelial cells and increasing 
microvascular permeability [21-23]. Use of  antisense VEGF 
RNA for inhibiting vessel formation in HCC might be a 
rational approach. Our study showed that antisense VEGF 
RNA could effectively inhibit the expression of  VEGF 
in HCC cell line SMMC-7721, but could not signifi cantly 
inhibit growth of  the cells in vitro, which is in accordance 
with the report of  Gu et al[24]. The reasons may be as 
follows: VEGF is specific to endothelial cells and there 
is no vessel in the HCC cells. Although antisense VEGF 
RNA can inhibit the expression of  VEGF, it can not 
effectively inhibit tumor cells without vessels. Furthermore 
If  we use the vascular endothelial cells as the model to 
study the inhibitory effect of  antisense VEGF RNA on 
them, the results may be that antisense RNA could inhibit 
not only the expression of  VEGF but also the growth of  
vascular endothelial cells. 
    This study also demonstrated that antisense VEGF 
RNA could inhibit the growth of  tumor in vivo. The 
secretion of  VEGF and the vessels of  tumor in antisense 
group were significantly decreased, leading to inhibition 
of  tumor growth and metastasis. Becker et al[25] reported 
that transfecting the gene of  soluble vascular endothelial 
growth factor receptor fl k-1 to the prostate cancer nude 
model can inhibit tumor growth and metastasis. Zhang et 
al [26] found that angiogenic inhibition mediated by DNase 
targeting at vascular endothelial growth factor receptor -2 
could inhibit the formation of  vessels and the growth of  
tumor. 

Figure 1  Expression of VEGF mRNAs. Lanes 1- 5: 7721 group ,control group, 
sense group and antisense group respectively (418 bp and 490 bp indicate VEGF, 
240 bp indicatesβ-actin).

Figure 2  Gross appearance of tumor growth in sense group (A), control group (B) 
and antisense group (C). The weight of tumor in antisense group was obviously 
lighter than that in sense and control groups (F = 21.505, P < 0.01).
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   In conclusion, antisense VEGF RNA has inhibitory 
effect on the growth of  HCC cells in vitro and in vivo and 
can be used in the treatment of  HCC. 
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