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Introduction

 Lung cancer, with high morbidity and mortality 
and poor prognosis, is a worldwide problem. Though 
rapid progress has been made in operation and other 
comprehensive treatment recently, the 5-year survival rate 
of lung cancer is not satisfactory. So doctors are aiming to 
find a new way of treatment, that is gene therapy (Tangney, 
2010). VEGF-C is a specific lymphatic endothelial cell 
growth factor, its roles of promoting tumor cell growth 
and angiogenesis have been reported in more literatures( 
Mandriota et al., 2001; Benke et al., 2010) .In this study, 
VEGF-C ASODN was transfected into A-549 cell lines, 
its invasive ability and expression of VEGF-C were 
examined, maybe the gene VEGF-C will be a new target 
in treatment of lung cancer.
 
Materials and Methods

 Human lung cancer cell line A-549 cells were 
purchased from Shanghai Cell Institute of Chinese 
Academy of Sciences, ASODN and SODN were 
from Shanghai Bio-Engineering Company, and were 
phosphorothioate-modified. RPMI-1640 culture medium 
(containing L-glutamine) was from Gibco BRL Company. 
A-549 cells were maintained in RPMI-1640 with 10% 
heat-inactivated FBS at 37℃ in a humiditied atmosphere 
of 5% CO2.  Cells were inoculated at a density 3×105 cells 
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and cultured under the above conditions. After 15h when 
cells reached to 80% confluence, they were transfected 
in serum-free medium using Lipofectamine-plus in 
accordance with the manufacturer`s instructions.Sequence 
of ASODN is 5`-AAGAAGCCCAGCAAGTGCAT-3`, 
and SODN is 5`-ATGCACTTGCTGGGCTTCTT-3`.
Some oligonucleotides have been fluorescently labeled. 
Oligonucleotides were mixed with lipofectamine by the 
proportion of 1:2.5 according to manual. Four groups 
were divided into according to different transfection 
complexes: control group (blank control group),LIP 
group (lipofectamine transfection),SOND group (SODN 
transfection) and ASODN group(ASODN transfection).
The final concentration is 1333ng/ml.We observed the 
transfection process under fluorescence microscope, the  
labeled oligonucleotides began to appear in cells within 
half an hour. The fluorescence intensity in cells grew with 
the time increasing, which could reach peak after 6 to 12 
hours. Transfection rate was about 70%.
 The 96-well plates, in which were added different 
pretreated cell lines (5x104 per well), was coated by 5µg 
Matrigel and sealed by 2% BSA, and then was put in 
a humiditied atmosphere of 5% CO2 at 37℃. Culture 
medium was discarded after 30min, 60min, 90min and 
120min, respectively. Non-adhesive cells were washed 
to remove with PBS. 20µl MTT and 200µl serum-free 
RPMI-1640 were added to each well, and supernatant were 
aspirated 4 hours later, then 200µl DMSO were added 
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and oscillation was done for 10min.Absorbance (A570) 
of each well was measured with automatic microplate 
and the rate of cell adhesion was calculated three times. 
Adhesion rate = (experimental group A570 value / control 
group A570 value) ×100%.
 The matrix plastic (40µl per well), were covered onto 
small chamber polycarbonate membrane, turned into 
gel after 30 min and irradiated with UV lamp overnight. 
Different pretreatment cells were inoculated into small 
chamber, NIH/3T3 cell supernatant (chemotactic 
factor),600µl each well, were added. After 24-hour 
inoculation, the gel were wiped by cotton swabs, and 
the small chamber were washed with PBS three times, 
fixed with 95% ethanol and subsequent HE staining. The 
polycarbonate membrane were peeled off and attached 
to the glass slide. We countered transmembrane cells in 
five field randomly under 400 times light microscope, the 
experiment was repeated three times and means could be 
got.  
 For Western blotting analysis , the medium was then 
replaced with fresh RPMI-1640 containing insulin (10 
μg/ml), transferrin (5.5 μg/ml), sodium serenite (6.7 ng/
ml), and heparin (20 μg/ml). After 16 h of incubation, 
conditioned medium was collected for analysis. Proteins in 
conditioned medium were separated by electrophoresis on 
15% SDS-PAGE gels and transferred electrophoretically 
onto nitrocellulose membranes. Blots were blocked with 
5% nonfat dried milk and incubated with anti-VEGF-C 
antibody  and horseradish peroxidase-conjugated goat 
antirabbit IgG. Protein bands were visualized using an 
enhanced chemiluminescence detection kit (Amersham 
Pharmacia). Quantitative analysis of the blots was 
performed with an imaging densitometer.

Statistical Methods
 The results were expressed as mean ± standard 
deviation. One-way analysis of variance (ANOVA) 
was used to determine the levels of difference between 
all groups. Comparisons for all pairs were made using 
Student-Newman-Keuls (SNK) test. p < 0.05 was 
considered statistically significant.

Results 

 The procession of transfection was smooth, and 
transfection rate was about 70% after 6 to 12 hours. The 
adhesion of the cells in ASODN group was suppressed 
obviously after 30min, though it increased with time in 
four groups, at the same time point, the adhesion rate in 
ASODN group was significantly lower than the other three 
groups (P<0.01), and there is no significant difference in 
these three groups(P>0.05) (Table 1). 
 In the invasion assay, the number of the transmembrane 
cells was significantly reduced in ASODN group compared 
with other three groups after 48 hours (58.6+9.2  P<0.01), 
cell structure was not clear under light microscope, 
and invasion on the reconstituted basement membrane 
weakened (Figure 1). However, there is no difference 
in control group, LIP group and SOND group (132.5+
15.6,129.7+16.1,118.2+12.5  P>0.05). In Western blot 
experiment, The expression of VEGF-C protein is lower 

0

25.0

50.0

75.0

100.0

N
ew

ly
 d

ia
gn

os
ed

 w
ith

ou
t 

tr
ea

tm
en

t 

N
ew

ly
 d

ia
gn

os
ed

 w
ith

 t
re

at
m

en
t 

Pe
rs

is
te

nc
e 

or
 r

ec
ur

re
nc

e

Re
m

is
si

on

N
on

e

Ch
em

ot
he

ra
py

Ra
di

ot
he

ra
py

Co
nc

ur
re

nt
 c

he
m

or
ad

ia
tio

n

10.3

0

12.8

30.025.0

20.310.16.3

51.7

75.0
51.1

30.031.3
54.2

46.856.3

27.625.0
33.130.031.3

23.7
38.0

31.3

in ASODN group than the other three groups  (0.15±0.01 
P<0.01). there is also no difference in control group, LIP 
group and SOND group (0.48±0.03,0.45±0.02,0.36±0.02  
P>0.05). 

Discussion

Lung carcinoma is the most common cause of 
disease-related death worldwide, and the outcome  of  
patient with lung  carcinoma  remains poor. Lymph node 
metastasis specifically is recognized as an important 
prognostic factor (Suzuk et al., 1999). Lymphatic invasion 
and blood vessel invasion are additional  indicators of 
disease recurrence or poor  overall survival. VEGF-C is 
believed to be the only  lymphangiogenic factor in the 
VEGF family. The structure of lymphangiogenesis is in 
favor of tumor cells into the lymphatic channels, thus the 
formation of lymphatic metastasis and distant metastasis 
(Ishikawa et al., 2003; Neuchrist et al., 2003). Current 
studies suggest a clinicopathologic role for VEGF-C 
in various malignancies, Positive correlations between 
lymph node metastasis or lymphatic vessel invasion 
and VEGF-C expression have been reported in patients 
with lung carcinoma (Bo et al., 2009). Overexpression 
of VEGF-C and components  of  their signaling systems 
is observed frequently in lung carcinoma and  serves as 
the principal cause of metastasis (Saharinen and Petrova, 
2004; Taniguchi et al., 2006).  The  growth  and metastasis 
of tumor cells can be slow after inhibition of  VEGF-C 
activity and protein expression (Lin et al., 2005;Roberts et 
al., 2006). Thus, VEGF-C and their receptors have become 
one of the major targets gene to develop new modes of 

Table 1. Adhesion Rates in the Four Groups by MTT 
(Mean±SD)
Group             30min          60min           90min       120min

Control  0.32±0.03 0.58±0.02 0.79±0.03 0.96±0.03
LIF   0.28±0.02 0.56±0.03 0.77±0.02 0.95±0.02
SODN         0.26±0.02 0.45±0.02 0.76±0.02 0.92±0.02
ASODN  0.15±0.01 0.29±0.02 0.49±0.02 0.76±0.01

Figure 1. Invasion in the Control (upper) and ASODN  
(lower) Groups (HE X400)
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therapy for lung carcinoma. 
Gene therapy, showing a great hope, gradually 

becomes one of the most prospective methods  in  biologic 
treatment of tumor (Edelstein et al., 2007).  It is the fifth 
treatment modality from Flotte (2007) after surgery, 
radiotherapy, chemotherapy and immunotherapy. It 
transfects the external functional gene into the patient`s 
body by certain ways so that it could decrease and/or 
increase expressions of certain genes.  Because of the 
rapid development of  tumor molecular pathology as well 
as recombinant DNA technology, the clinical application 
of gene therapy in lung carcinoma is practicable.  

Antisense  nucleic acid is a naturally existing or 
synthetic nucleotide sequence. VEGF-C  ASODN  
hybridizes with target genes through Watson Crick 
principle of complementary base pairing to prevent gene 
expression, inhibit cell proliferation,  promote apoptosis,  
and achieve the purpose of preventing or treating tumors.  
The natural oligonucleotide is easily degraded,  but 
phosphorathioate modifying can increase the capacity 
of its tolerance to nucleic acid hydrolysis, with good 
solubility and hybridization properties. The effectiveness 
and safety have been universally accepted by researchers.
ASODN targeting the gene has yielded beneficial results to 
suppress tumor growth in vitro. Typical examples are basic 
fibroblast growth factor and its receptor in melanoma (Oku 
T et al., 1998), and insulin-like growth factor-Ⅰreceptor, 
hepatocyte growth factor, and tumor necrosis factor in 
glioblastoma (Aggarwal et al., 1996; Rininsland et al., 
1997; Abounader et al., 1999). However, it is still at the 
initial stage.

In the current study, we found that the VEGF-C  
ASODN  with  phosphorothioate modification was 
successfully transfected in  A549 cells.  As time passed,the 
transfection rate increased.  Adhesion experiments and 
invasion assay showed low adhesion rate and invasive 
in group of  ASODN  transfection. The expression of 
VEGF-C  protein in A549 cells with VEGF-C ASODN 
transfection were lower than the other three groups. The 
signal translation of VEGF-C is broken, so the growth and 
infiltration of tumor are inhibited.

In conclusion, we demonstrated potent growth 
inhibitory effects of VEGF-C ASODN on lung carcinoma 
growth in vitro. However, Much work remains to be 
performed before VEGF-C ASODN can be applied to 
treatment of human lung carcinoma.

 
Acknowledgements 

The authors wish to thank Tian Hui (of the Thoracic 
Department of Qilu Hospital) for his continued support 
and major contributions to this research work. The author 
also wish to express special thanks to Zhao Yunpeng 
(Division of Thoracic Surgery , Shandong University) and 
Hao Yingtao (Division of Thoracic Surgery, Shandong 
University) for data management and outstanding 
technical assistance. Regarding funding, this piece of his 
research was supported by the Science and Technology 
Agency of Shandong Province, the Peolples Republic of 
China.

References

Abounader R, Ranganathan S, Lal B, et al (1999). Reversion of 
human glioblastoma malignancy  by U1 small nuclear RNA/
ribozyme  targeting  of  scatter factor/hepatocyte   growth 
factor and c-met expression. J Natl Cancer Inst, 91, 1548-56. 

Aggarwal BB, Schwarz L, Hogan ME, et al (1996). Triple helix-
forming oligodeoxyribonucleotides targeted to the human 
tumor necrosis factor (TNF) gene inhibit TNF production 
and block the TNF-dependent growth of human glioblastoma 
tumor cells. Cancer Res, 56, 5156-64.

Benke EM, Ji Y, Patel V, et al (2010). VEGF-C contributes to 
head and neck squamous cell carcinoma growth and motility. 
Oral oncol, 46, 19-24.

Bo C, Xiaopeng D, Chuanliang P, et al (2009). Expression of 
vascular endothelial growth factors C and D correlates with 
lymphangiogenesis and lymph node metastasis in lung 
adenocarcinoma. Thorac Cardiovasc Surg, 57, 291-4.

Edelstein ML, Abedi MR, Wixon J (2007). Gene therapy clinical 
trials worldwide to 2007 -an update. J Gene Med, 9, 833-42.

Flotte TR (2007). Gene therapy: the first two decades and the 
current state-of-the-art. J Cell Physiol, 213, 301-5.

Ishikawa M, Kitayama J, Kazama S, et al (2003).  Expression of 
vascular endothelial growth factor C and D (VEGF-C and 
–D) is an important risk factor for lymphatic metastasis in 
undifferentiated early gastric carcinoma. Jpn J Clin Oncol, 
33, 21-7. 

Lin J, Lalani AS, Harding TC, et al (2005). Inhibition of lymph 
node metastasis using adeno-associated virus-mediated 
gene transfer of a soluble VEGFR-3 decoy receptor. Cancer 
Res.65, 6901-9.

Mandriota SJ, Jussila L, Jehsch M, et al (2001).Vascular 
endothelial growth factor-C-mediated lymphangiogenesis 
promotes tumour metastasis. EMBO J, 20, 672-82.

Neuchrist C, Erovic BM, Handisulya A, et al (2003). Vascular 
endothelial growth factor C and vascular endothelial growth 
factor receptor 3 expression in squamous cell carcinomas of 
the head and neck. Head Neck, 25, 467-74.

Oku T, Tjuvajev JG, Miyagawa T, et al (1998). Tumor 
growth modulation by sense and antisense vascular 
endothelial growth factor gene expression: effects on 
angiogenesis, vascular permeability, blood volume, blood 
flow, fluorodeoxyglucose uptake, and proliferation of 
human melanoma intracerebral xenografts. Cancer Res, 
58, 4185-92.

Rininsland F, Johnson TR, Chernicky CL, et al (1997).  
Suppression of insulin-like growth factor type I receptor 
by a triple-helix strategy inhibits IGF-I transcription and 
tumorigenic potential of rat C6 glioblastoma cells. Proc Natl 
Acad Sci USA, 94, 5854-9. 

Roberts N, Kloos B, Cassella M, et al (2006). Inhibition of 
VEGFR-3 activation with the antagonistic antibody more 
potently suppresses lymph node and distant metastases than 
inactivation of VEGFR-2. Cancer Res, 66, 2650-7.

Saharinen P, Petrova TV (2004). Molecular regulation of 
lymphangiogenesis. Ann N Y Acad Sci, 1014, 76-87.

Suzuki K, Nagai K, Yoshida J, et al (1999). Conventional 
clinicopathologic prognostic  factors in surgically resected 
nonsmall cell lung carcinoma. A comparison of prognostic 
factors for each pathologic TNM stage based on multivariate  
analyses. Cancer, 86, 1976-84.

Tangney M (2010). Gene therapy for cancer:dairy bacteria as 
delivery vectors. Discov Med, 10, 195-200.

Taniguchi K, Iida T, Hori T, et al (2006). Impact of lymph node 
micrometastasis in hilar bile duct carcinoma patients. World 
J Gastroenterol, 12, 2549-55.


