
HOSTED BY Contents lists available at ScienceDirect

Asian Pacific Journal of Tropical Medicine 2016; 9(1): 58–6258
Asian Pacific Journal of Tropical Medicine

journal homepage: http://ees.elsevier.com/apjtm
Original research http://dx.doi.org/10.1016/j.apjtm.2015.12.012
*Corresponding author: Xiu-Wen Wang, PhD, Department of Chemotherapy,
Qilu Hospital of Shandong University, No.107, West Wenhua Road, Ji'nan, Shandong
250000, China.

Tel: +86 18560082906, +86 13791122979
E-mail: sdmzc0518@163.com
Peer review under responsibility of Hainan Medical College.
Foundation project: It was supported by National Natural Science Foundation

(No. 81372530).

1995-7645/Copyright © 2016 Hainan Medical College. Production and hosting by Elsevier B.V. This is an open access a
creativecommons.org/licenses/by-nc-nd/4.0/).
Mechanism of Wnt/b-catenin signaling pathway in enhanced malignant phenotype of non-small cell
lung cancer induced by anti-angiogenesis therapy
Xiao-Xue Zhang1, Ling-Ling Zhang2, Huan-Lian Yang2, Xiu-Wen Wang3*
1Shandong University School of Medicine, Qingdao, Shandong 250000, China

2Department of Oncology, Binzhou People's Hospital, Binzhou, Shandong 256610, China

3Department of Oncology, Qilu Hospital of Shandong University, Ji'nan, Shandong 250000, China
ARTICLE INFO

Article history:
Received 15 Oct 2015
Received in revised form 20 Nov
2015
Accepted 3 Dec 2015
Available online 19 Dec 2015

Keywords:
Anti-angiogenesis
Wnt1
b-Catenin
Epithelial mesenchymal transition
Proliferation and invasion
ABSTRACT

Objective: To study the mechanism of Wnt/b-catenin signaling pathway in the enhanced
malignant phenotype of A549 cells of human non-small cell lung cancer induced by the
anti-angiogenesis therapy.
Methods: The siRNA technique was employed to inhibit the expression of vascular
endothelial growth factor (VEGF) in A549 cells and simulate the clinical course of anti-
angiogenesis therapy. Real-time PCR and western blot were used to study the change in
the expression of Wnt/b-catenin signaling molecules at the mRNA and protein level
respectively, as well as the effect on the epithelial mesenchymal transition in A549 cells.
The proliferation and invasion abilities of tumor cells were detected to discuss the
mechanism of Wnt/b-catenin signaling pathway in the enhanced malignant phenotype of
non-small cell lung cancer induced by the anti-angiogenesis therapy.
Results: The specific siRNA could significantly inhibit the expression of VEGF in cells
to simulate the anti-angiogenesis therapy. Under the action of 50 nM VEGF siRNA, the
proliferation ability of A549 significantly increased (P < 0.05). After being treated with
VEGF siRNA, the invasion ability of cells increased. Twenty-four hours after the tran-
scription of 50 nM siRNA into cells, the number of cells that come through the membrane
was 278.3 ± 12.9. Compared with the Ctrl siRNA group, when VEGF was inhibited, the
expression of b-catenin and Cyclin D1 increased by 86% and 55% respectively. Mean-
while, the expression of E-cadherin decreased, while the one of vimentin increased.
Conclusions: siRNA can significantly inhibit the expression of VEGF. For the anti-
angiogenesis therapy, the inhibited expression of VEGF can activate the Wnt/b-catenin
signaling pathway to cause the epithelial mesenchymal transition and then the enhanced
malignant phenotype of non-small cell lung cancer.
1. Introduction

The metabolism of tumor cells is more active than that of the
normal cells, especially the malignant cancer. The new blood
vessels can provide more oxygen and nutrients for the tumor cells
to offer the pathway for the hematogenous metastasis of tumor
cells. Meanwhile, the endothelial cells of new blood vessels can
express and secrete many growth factors, such as the insulin-like
growth factor and platelet-derived growth factor, which can
stimulate the growth of adjacent tumor cells [1–4]. Therefore, the
angiogenesis plays a key role in the infiltration and metabasis
of tumor growth. The angiogenesis that can inhibit the tumor
would lead to the insufficient nutrients for the growth of tumor
and thus cause the inhibition against the growth of tumor cells
[5]. In recent years, the research on the anti-angiogenesis ther-
apy of tumor has been a hot topic in the field of tumor biotherapy
and a great number of chemical small molecule drugs and
monoclonal antibody agents for the anti-angiogenesis have been
sold on the market [6–8]. These drugs mainly affect the
angiogenesis in the tumor for the therapy. However, the
previous researches reported that these drugs might reduce the
efficiency of some other anti-cancer drugs and enhance the in-
vasion of tumors. For instance, it's found that the angiogenesis
inhibitor could reduce the delivery of cytotoxic drugs to the tumor
location and thus affect the therapeutic effect of drugs [9,10]. With
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the in-depth research and development of anti-angiogenesis
drugs, more and more research data indicated that these treat-
ments had the certain limitations [11,12].

In this study, byusing siRNAto inhibit the expression of vascular
endothelial growth factor (VEGF) in A549 cells, it was to study the
effect of change in the expression of VEGF on Wnt/b-catenin
signaling pathway. Besides, by analyzing the correlation between
the change in the proliferation and invasion of A549 cells and the
expression of VEGF, it was to discuss the mechanism of Wnt/b-
catenin signaling pathway in the enhanced malignant phenotype of
non-small cell lung cancer induced by anti-angiogenesis therapy.

2. Materials and methods

2.1. Main materials and reagents

The human non-small cell lung cancer A549 cells were
purchased from Committee on Type Culture Collection of
Chinese Academy of Sciences and the cells conserved in the
liquid nitrogen in this laboratory.

VEGF siRNA was purchased from Santa Cruz Biotechnology
(America, item No. sc-29520); the total RNA extraction kit from
TIANGEN Biotech (China, item No. DP430); miRNA isolation kit
from mirVana (America, item No. AM1561); the reverse transcrip-
tion kit from Applied Biosystems (America, item No. 4366597);
Real-time PCR fluorescent quantitative kit from Bio-Rad (America,
itemNo. 172–5264); ReadyPrep protein extraction kit fromBio-Rad
(America); BCA protein quantitative kit from Vazyme Biotech
(China, itemNo.E112-01);Gsk3b, p-Gsk3b andVEGFmonoclonal
antibodies from Santa Cruz Biotechnology (America, item No.
377213, 81496 and 390741); Transwell chamber from Corning
(America, itemNo. 4395);Matrigel fromBD(America); horseradish
peroxidase-labeled secondary antibody from Beijing Zhongshan
Jinqiao Biotechnology; ECL Chemiluminescent Substrate Reagent
Kit from Life Technologies (America, item No. WP20005).

CO2 cell culture incubator (Thermo Scientific Series 8000),
DNA/RNA analyzer (Qubit Fluorometer); the cell nuclear transfer
system (Amaxa Nucleofector) and the fluorescent quantitative
PCR system (Bio-Rad-CFX96 Touch) were also used in this study.

2.2. Methods

2.2.1. Cell culture and transfection
A594 cells were conserved in the liquid nitrogen. DMEM

culture medium was used after the recovery of cells; MRC-5 was
cultured in EMEM culture medium that contained 15% fetal
bovine serum (GIBIC) at 37 �C and 5% CO2.

The cell nuclear transfer system of Amaxa Nucleofector was
used for transfection of siRNA. By regulating and optimizing the
electroporation parameters, the exogenous siRNA was then
transfected into the cell nucleus directly.

To verify the inhibition efficiency of siRNA and confirm its
concentration range, A549 cells were seeded on 6-well plate.
When cells grown up by about 70%, the cell nuclear transfer
system of Amaxa Nucleofector was employed to transfect VEGF
siRNA and Control siRNA with the different concentrations.
Real-time PCR and western blot were adopted to detect the in-
hibition efficiency of siRNA.

2.2.2. Real-time PCR
The collected cells were washed with PBS (RNase free).

miRNA isolation kit and total RNA extraction kit were used to
extract miRNAs and total RNA. Qubit Fluorometer system was
used to detect the concentration and purity of RNA. The total RNA
was reversely transcripted to cDNA following the instruction
manual of reverse transcription kit (it was guaranteed that only the
mature miRNAs were transcripted, but no precursor reaction on
miRNA. The transcription product cDNA was used as the tem-
plate). The Real-time PCR was employed to detect the expression
of related genes. The mRNA sequence of E-cadherin, Vimentin, b-
catenin and Cyclin D1 genes could be referred to NCBI database
and then the Real-time PCR primers could be designed.All primers
were synthesized by Shanghai Generay Biotech Co, Ltd.

2.2.3. Cell invasion assay
To study the effect of inhibited expression of VEGF on the

growth of A549 cells, A549 cells were transfected with 0, 5, 10
and 50 nM VEGF siRNA respectively, while the control was
Ctrl siRNA with the random sequence. MTT method was
employed to detect the effect of inhibited expression of VEGF
on the proliferation of A549 cells. Matrigel was taken out and
then melted at 4 �C over night. The pre-cooled serum-free
DMEM medium was used to dilute Matrigel to the final con-
centration of 1 mg/mL 100 mL digested Matrigel was added in
the center of bottom of upper chamber of Transwell and then it
was incubated at 37 �C to be gelatinous. 200 mL DMEM me-
dium was added in each well for the reconstruction.

After being trypsinized and centrifuged, the culture medium
was removed and cells were washed with sterile PBS. The serum-
free culture medium was used to resuspend the cells. A549 cells
was added in the upper chamber of Transwell, while the lower
chamber contained DEME medium with 10% FBS for the further
24 h of culture. The cells were cultured at 37 �C. After the culture,
the liquid in the upper chamber was removed. Then the upper
chamber was taken out and the cells that were not transferred were
wiped by the cotton swab. 4% Paraformaldehyde was used for the
fixation at room temperature for 10 min and it was then stained
with the crystal violet. The number of membrane-penetrating cells
in 3 fields was counted as mean ± SD under the inverted optical
microscope and the statistical analysis was performed.

2.2.4. Western blotting
The collected cells were washed with PBS twice. After being

trypsinized and centrifuged, the supernatant was removed.
ReadyPrep protein extraction kit was used to extract the total
protein (After being put on the ice for 30 min, the probe-type
ultrasound was used to produce the short impact with the
appropriate frequency on the ice. The lysis mixture was centri-
fuged at 4 �C and 13000 r/min for 20 min). The supernatant was
transferred to the new centrifuge tube. BCA kit was employed to
detect the protein concentration.

SDS-PAGE electrophoresis was performed on 20 mg protein
samples. The gel was soaked in the transfer buffer for 10 min of
equilibrium. It was installed with the transfer ‘sandwich’ with
100 V and 45–60 min. After the transfer, PVDF film was
washed with TBS for 10–15 min. The film was placed in TBS/T
blocking buffer containing 5% (w/v) skimmed milk powder and
shaken at the room temperature for 1 h. Then the primary
antibody with the appropriate degree of dilution was added
[diluted with TBST containing 1% (w/v) skimmed milk pow-
der]. It was incubated at the room temperature for 2 h and then
the film was washed with TBST for 3 times, 5–10 min every
time. The film was incubated with the secondary antibody
(1:10000, horseradish peroxidase-labeled) that was diluted with
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TBST containing 0.05% (w/v) skimmed milk powder. It was
incubated at the room temperature for 1 h and then the film was
washed with TBST for 3 times, 5–10 min every time. It was
exposed and then photographed to save the experimental results.
The experiment was repeated three times. Quantity one v4.62
was used to measure the gray value of molecular band (trace
tracking). The semi-quantitative value of target protein/reference
protein was chosen as the quantitative basis and the statistical
analysis was performed.

2.2.5. Statistical analysis
The experimental data was treated with SPSS11.5. The re-

sults were expressed by mean ± SD. The t test was employed for
the comparison between groups, where P < 0.05 indicated the
significant difference.

3. Results

3.1. Inhibition effect of siRNA on expression of VEGF

Results showed that the specific siRNA could significantly
inhibit the expression of VEGF in cells, especially the concen-
tration of siRNA over 50 nM (P < 0.05). The western blot was
used to further detect the change in the protein level. The results
also showed that the concentration of siRNA over 50 nM could
significantly inhibit the expression of VEGF.

3.2. Effect of inhibited expression of VEGF on
proliferation and invasion of A549 cells

The results showed that, under the action of 50 nM VEGF
siRNA, the proliferation of A549 was significantly increased
(P < 0.05) (Table 1). The cell invasion assay was performed to
study the effect of inhibited expression of VEGF on the invasion
of A549 cells. Table 2 showed the number of cells that trans-
ferred through Transwell chamber. According to the results, the
inhibited expression of VEGF could enhance the invasion of
A549 cells. The number of cells that transferred through the
basement membrane in the control group was 154.7 ± 8.3. After
being treated with VEGF siRNA, the invasion of cell was
Table 1

OD of A549 cells treated with different concentrations of siRNA.

Time (h) siRNA

0 nm 5 nm 10 nm 50 nm

0 0.79 ± 0.04
24 1.06 ± 0.02 0.91 ± 0.03 1.04 ± 0.03* 1.36 ± 0.01*

36 0.98 ± 0.04 0.86 ± 0.09 0.93 ± 0.03* 1.27 ± 0.01**

48 0.83 ± 0.06 0.76 ± 0.06 0.79 ± 0.06 0.93 ± 0.01*

*P < 0.05, **P < 0.01 vs. control group.

Table 2

Result of cell invasion assay.

Field of vision Control group

0 nm

V1 152 142
V2 148 177
V3 164 169
Total 154.7 ± 8.3 162.7 ± 18.3

Compared with the control group, *P < 0.05, **P < 0.01.
enhanced. Twenty-four hours after the transfection of 50 nM
siRNA, the number of cells that transferred through the mem-
brane was 278.3 ± 12.9.

3.3. Effect of inhibited expression of VEGF on Wnt/b-
catenin signaling pathway

According to the results, when A549 were treated with
50 nM VEGF siRNA, after inhibiting the expression of VEGF,
the expression of b-catenin and Cyclin D1 was significantly
increased in cells. Compared with the Ctrl siRNA group, after
inhibiting VEGF (50 nM, 24 h), the expression of b-catenin and
Cyclin D1 was increased by 86% and 55% respectively, which
indicated that after inhibiting VEGF, Wnt/b-catenin signaling
pathway was activated. Meanwhile, the results of western blot
showed the limited change in the total amount of Gsk3b, while
p-Gsk3b was inversely proportional to the expression of VEGF.

To specify the effect of inhibited expression of VEGF on
epithelial mesenchymal transition (EMT) process of A549 cells,
the change in the expression of E-cadherin and Vimentin at
mRNA level was detected. The results showed that, after
inhibiting VEGF, the activation of Wnt/b-catenin signaling
pathway caused EMT process. It could detect that after inhib-
iting VEGF, the expression of E-cadherin was down-regulated,
while the expression of Vimentin was up-regulated.

4. Discussion

The research on the anti-angiogenesis therapy of tumor has
been the hot topic in the field of tumor biotherapy and a great
number of chemical small molecule drugs and monoclonal
antibody agents for the anti-angiogenesis have been sold on the
market [6–8], which mainly affected the angiogenesis of tumors
for the treatment of cancer. The anti-angiogenesis therapy has
also been the part of clinical standard therapy of non-small cell
lung cancer. However, the further researches on the mechanism
of anti-angiogenesis showed that these drugs might reduce the
efficiency of some other anti-cancer drugs and enhance the
malignant phenotype of tumors [9].

One of the important characteristics of tumor cells is the
abnormal metabolism. To maintain the energetic metabolism,
the tumor cells require more oxygen and nutrients. Thus the
growth of tumors will depend on the angiogenesis to guarantee
the sufficient oxygen and nutrients. Accordingly, in the clinical
practice, the anti-angiogenesis drugs or the combination with the
common cytotoxic drugs are adopted to treat some kind of tu-
mors. To be specific, the tumor cells can be ‘starved to death’ to
realize the inhibition against the growth of tumors. Presently, the
research on the anti-angiogenesis therapy of tumor has been the
hot topic in the field of tumor biotherapy and a great number of
chemical small molecule drugs and monoclonal antibody agents
siRNA

5 nm 10 nm 50 nm

169 204 269
176 214 273
153 226 293
166.0 ± 11.8 214.7 ± 11.0* 278.3 ± 12.9**



Xiao-Xue Zhang et al./Asian Pacific Journal of Tropical Medicine 2016; 9(1): 58–62 61
for the anti-angiogenesis have been sold on the market. How-
ever, the molecular mechanism of these combination therapies
has not been clear and even more and more researches have
indicated the limitations of these therapies. According to Dutch
scholar Van der Veldt, it's found that the angiogenesis inhibitor
could reduce the delivery of cytotoxic drugs to the tumor loca-
tion and thus affect the therapeutic effect of drugs [13]. While
Conley et al. also found that the tumor could accumulate the
cells with the strong ability of invasion to adapt to the anti-
angiogenesis therapy [11].

VEGF is the specific heparin-binding growth factor of
vascular endothelial cell, which can induce the angiogenesis
inside the body. It is the most effective factor to stimulate the
vasculogenesis and angiogenesis, which plays a key role in the
development of tumor angiogenesis [12–14]. At present, most
anti-angiogenesis drugs or monoclonal antibody drugs achieve
the goal of anti-angiogenesis by inhibiting the expression of
main target VEGF [15–17]. Wnt/b-catenin signaling pathway is of
critical importance to regulate the proliferation, differentiation
and metabasis of cells. In normal mature cells, the Wnt signal
is in the inhibitory state. In case of the abnormal activation of
Wnt signaling pathway, there would be different kinds of
diseases such as the tumor [18,19]. The abnormal activation of
Wnt signaling pathway has been proved in the lung cancer.
The previous researches indicated that Wnt/b-catenin signaling
pathway might promote the expression of Cyclin D1 [20,21],
where Cyclin D1 is the key regulatory protein in G1 phase of
cell cycle and also the classical downstream gene of Wnt/b-
catenin signaling pathway. The regulation of Wnt/b-catenin
signaling pathway on VEGF has been clear. According to the
previous researches, in the colon cancer cells, there is the
binding element of TCF-4 at 805 bp of VEGF promoter,
which means that Wnt/b-catenin signaling pathway can up-
regulate the expression of VEGF.

Based upon above findings, it's believed that the anti-
angiogenesis therapy can inhibit the angiogenesis of tumor tis-
sues and has also some limitations. Considering that Wnt/b-
catenin signaling pathway can regulate the expression of VEGF
at multiple levels and Wnt/b-catenin signaling pathway has also
been proved with the abnormal activation in many kinds of tu-
mors [22–25], this paper studied the mechanism of Wnt/b-catenin
signaling pathway in the enhanced malignant phenotype of non-
small cell lung cancer induced by the anti-angiogenesis therapy
at the cellular level, in order to provide some experimental
reference for the research, development and optimization of anti-
angiogenesis drugs.

By specifically inhibiting the expression of VEGF in A549
cells using siRNA, it was to achieve the simulation environment
of anti-angiogenesis drugs. The experimental results showed that
50 nM siRNA could significantly inhibit the expression of
VEGF (P < 0.01). After inhibiting the expression of VEGF, we
analyzed the correlation between the expression of key mole-
cules of b-catenin and Cyclin D1 of Wnt/b-catenin signaling
pathway and the inhibited expression of VEGF. The results
showed that, after inhibiting VEGF, the expression of b-catenin
and Cyclin D1 was all significantly increased. Compared with
the Ctrl siRNA group (siRNA with the random sequence), the
expression of b-catenin and Cyclin D1 was increased by 86%
and 55% respectively, which indicated that Wnt/b-catenin
signaling pathway was activated. Meanwhile, the western blot
was employed to detect the key molecule of Gsk3b and the
results showed the limited change in the total amount of Gsk3b
after inhibiting VEGF, while p-Gsk3b was inversely propor-
tional to the expression of VEGF. In Wnt/b-catenin signaling
pathway, the phosphorylated Gsk3b could not further degrade
the b-catenin. To be specific, Wnt/b-catenin signaling pathway
was in the active state to cause the accumulation of b-catenin
and then the metabasis into the nucleus. By analyzing the cor-
relation between the change in the proliferation and invasion of
A549 cells and the expression of VEGF, it's found that the
inhibited expression of VEGF would lead to the certain up-
regulation of proliferation and invasion abilities of A549 cells.
Because the invasion ability of cells is closely related to EMT
process, the EMT in the tumor cells to make them possess the
invasion and metabasis abilities is the important process in the
development of tumor. When Wnt/b-catenin signaling pathway
is activated, b-catenin is bound with T-cell factor/lymphoid
enhancer factor in the nucleus to regulate the expression of
related target genes [26–28]. The previous researches also
indicated the close correlation between the expression of
Vimentin and b-catenin in the nucleus [29,30]. According to the
experimental results, the activation of Wnt/b-catenin signaling
pathway caused EMT. It could be detected that after inhibiting
VEGF, the expression of E-cadherin was down-regulated,
while the expression of Vimentin was up-regulated. Accord-
ingly, it's believed that there may be some kind of compensation
mechanism. In other words, when the expression of VEGF is
inhibited, the important upstream Wnt/b-catenin signaling
pathway is activated to simulate the expression of VEGF. But
the activation of Wnt/b-catenin signaling pathway will enhance
the series of malignant phenotypes of tumor cells. The specific
molecular mechanism will be the focus of further researches.
Meanwhile, in our opinion, it's necessary to evaluate the benefits
and limitations of anti-angiogenesis therapy. Such therapy may
be improved by regulating the administration order of cytotoxic
drugs and anti-angiogenesis drugs or using the combination
therapy with other drugs that make use of targeting progenitor
cell signaling.
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