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Abstract: Background: Osteosarcoma is a kind of highly malignant tumor and the growth and metastasis is closely 
related to angiogenesis. Vascular endothelial growth factor (VEGF) is an important angiogenesis-promoting factor. In 
the current study, we investigated the effects of suppressed VEGF on osteosarcoma and its molecular mechanism 
provided for a basis by targeting angiogenesis. Material/Methods: We established bearing human osteosarcoma 
Wistar rats model by subcutaneous inoculation of human SaOS-2 cells and the adenovirus vector Ad-VEGF-siRNA 
was constructed for further study. We assessed the efficiency of VEGF silencing and its influence on SaOS-2 cells. 
The expression of mRNA and protein were detected by RT-PCR and western blotting, respectively. Intratumoral mi-
crovessel density (MVD), VEGF and CD31 were evaluated by immunohistochemistry. We detected the cell apoptotic 
rates by flow cytometry. Results: Our results indicated that Ad-VEGF-siRNA could effectively suppressed the expres-
sion of VEGF expression, inhibited the proliferation capability and promoted apoptosis of SaOS-2 cells in vitro. 
Silencing of VEGF expression also suppress osteosarcoma tumor growth and reduce osteosarcoma angiogenesis 
in the Wistar rats model in vivo. Furthermore, We found that phosphoinositide 3-kinase (PI3K) and protein kinase B 
(AKT) activation were considerably reduced while inhibition VEGF expression in SaOS-2 cells. Conclusion: Our data 
demonstrated that VEGF silencing could suppress cells proliferation, promote cells apoptosis and reduce osteosar-
coma angiogenesis through inactivation of VEGF/PI3K/AKT signaling pathway. 
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Introduction

Osteosarcoma is one of the most commonly 
malignant bone cancer in adolescents [1]. 
Tumor resection, neoadjuvant chemotherapy 
and/or adjuvant radiotherapy were the conven-
tional treatment for osteosarcoma, which has 
achieved 70% 5-year survival and 90% limb sal-
vage rate [2, 3]. Despite treated the patients 
with limb salvage therapy and neoadjuvant che-
motherapy to improve the limb salvage rate and 
survival rate, but the malignancy degree of 
osteosarcoma continually strengthen and the 
age of onset constantly decreased, it still seri-
ously affect the physical and mental health of 
patient [4]. Therefore, it is still urgent to find a 
new therapeutic approach to fight against 
osteosarcoma.

The occurrence and development of malignant 
osteosarcoma is a process of genetic damage 

and pathological changes, of which angiogene-
sis is involved in the entire process of osteosar-
coma growth, invasion and metastasis [5]. In 
addition, osteosarcoma is a kind of highly vas-
cular malignancy, and the growth and metasta-
sis of osteosarcoma is also closely related to 
tumor angiogenesis. S U et al. reported that 
many pro-angiogenic factors play a crucial role 
in the process of tumor angiogenesis, including 
vascular endothelial growth factor (VEGF), basic 
fibroblast growth factor (bFGF) and insulin-like 
growth factor (IGF), of which particularly VEGF 
plays the most important role [6]. 

VEGF was an important regulatory factor in 
tumor angiogenesis via directly promote angio-
genesis, vascular remodeling and increase vas-
cular permeability, which lead to the formation 
of the tumor stroma [7, 8]. VEGF also can pro-
mote tumor growth and metastasis via interac-
tion with metal protease. The human VEGF 
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gene is located on chromosome 6p21.3, length 
of 14 kb, which includes eight exons and seven 
introns [9]. It has been reported that VEGF is a 
selective endothelial cell mitogen, can increase 
the permeability of microvascular and selec-
tively stimulate division of endothelial cell. 
VEGF also can promote angiogenesis by bind-
ing with the corresponding receptor in normal 
endothelial cells [10]. However, Matsumoto 
reported that multiple variants of VEGF and its 
corresponding receptors were expressed in 
osteosarcoma cells, and which were co-located 
in the tumor vascular endothelial cells and 
tumor cells, suggesting that VEGF plays an 
important role in tumor evolution [11, 12]. The 
news report of Baptista indicated that there are 
six VEGF variants in osteosarcoma cells could 
combine different transmembrane receptors 
and then start the signal transmission system, 
finally promote the tumor angiogenesis [13]. In 
addition, Goi demonstrated that blocking of 
VEGF expression could inhibit tumor angiogen-
esis and eventually starve the tumors [14]. 
VEGF is considered to be the most important 
factor to promote angiogenesis, thereby inhib-
ited VEGF expression becomes the main mean 
of anti-angiogenic therapy [14]. Since Tirumani 
proposed that tumor angiogenesis could be as 
a therapeutic target for tumor [15], many schol-
ars focused on anti-angiogenic therapy in 
osteosarcoma to block the transfer of osteo-
sarcoma cells in the source and inhibit the 
development of tumor metastasis foci, thus 
improve the clinical efficacy of osteosarcoma 
[16, 17].

In the current study, we constructed the adeno-
virus vector carrying small interfering RNA 
(Ad-VEGF-siRNA) against human VEGF. And we 
also built the solid tumor model in Wistar rats 
bearing human osteosarcoma SaOS-2 cells. 
Subsequently, Ad-VEGF-siRNA was intratumor-
ally injected and the tumorigenicity was deter-
mined. We also observed the difference 
between treatment group and the control 
group, clarifying the effect of Ad-VEGF-siRNA on 
the tumor angiogenesis in Wistar rats. 
Moreover, we detected the expression of VEGF 
in vitro and in vivo by RT-PCR and western blot-
ting. Taken together, our data will provides a 
relationship of VEGF inhibition and tumor 
growth, osteosarcoma angiogenesis, which 
associated with the down-regulated of PI3K/
AKT signaling pathway. We want to provide a 
theoretical and experimental basis for success-

fully beating the osteosarcoma by anti-tumor 
angiogenesis.

Materials and methods

Cell culture and main reagents

Human osteosarcoma cell line SaOS-2 came 
from ATCC was provided by the China Center for 
Type Culture Collection (CCTCC). RPMI-1640 
medium, trypsin-EDTA mixture and PBS buffer 
was purchased from Hangzhou Gino company. 
Fetal bovine serum and DMSO was purchased 
from Beijing Dingguo Changsheng Biote- 
chnology Company. The anti-CD31 antibody, 
anti-human VEGF antibody and SABC kit was 
purchased from Abcam.

Construction of adenovirus vector carrying 
specific siRNA target for VEGF

We designed the 19nt target sequence corre-
sponding to siRNA design principles and 
according to the sequence of VEGF in Genebank, 
the sequence are as follows: VEGF-siRNA#1, 
Sense: GCACAUAGGAGAGAUGAGCUUdTdT, Anti- 
sense: AAGCUCAUCUCUCCUAUGUGCUGdTdT; 
VEGF-siRNA#2, Sense: UGAAGUUCAUGGAUGU- 
CUAdTdT, Antisense: UAGACAUCCAUGAACUUC- 
AdTdT; VEGF-siRNA#3, Sense: GCCUUGCCUU- 
GCUGCUCUAdTdT, Antisense: UAGAGCAGCAA- 
GGCAAGGCdTdT. The adenoviral vector Ad- 
VEGF-siRNA and Ad-Control-siRNA were con-
structed by ourselves and packaging the corre-
sponding virus. 

Establishment of wistar rats model bearing 
human osteosarcoma

Wistar rats were purchased from the Animal 
Center of Chinese Academy of Medical 
Sciences, fed in SPF level and aged 4-8 weeks, 
male and female each half. The animals manip-
ulate was performed as describe under the 
approved agreement. Osteosarcoma cell line 
SaOS-2 were incubated of 5% CO2 and saturat-
ed humidity at 37°C, and cultured in RPMI-
1640 medium containning 10% fetal bovine 
serum. When the cells grew to confluence, 
digestion of SaOS-2 cells with 0.25% trypsin 
supplemental 0. 02% EDTA, and then collected 
cells into centrifuge tube, 1000 rpm centrifu-
gated 5 min, the supernatant was removed. 
Preparation of SaOS-2 single cell suspension, 
and adjusted the cell density of 1.5×107/mL. 
3×106 SaOS-2 cells were suspended in 50 μL 
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PBS and subcutaneously injected into the left 
axillary in Wistar rats.

Experimental grouping, administration and 
tumor growth index determination

The Wistar rats were randomly divided into 
three groups, and each group contained 5 
Wistar rats. Group A was treated with Ad-VEGF-
siRNA, injection of Ad-VEGF-siRNA 100 μL from 
tail vein since fourteenth days after inoculation. 
Injected every other day, 3 times a week and 
were injected 9 times for a total of 2×1010  
PFU. Group B was treated with Ad-Control-
siRNA, injection of Ad-Control-siRNA 100 μL 
from tail vein since fourteenth days after inocu-
lation. Injected every other day, 3 times a week 
and were injected 9 times for a total of 2×1010 
PFU. Group C was treated with PBS 100 μL 
from tail vein, injected every other day, 3 times 
a week and were injected 9 times. Tumor vol-
ume and tumor weight were detected accord-
ing to the formula, V=ab2/2 which a represent 
the length and b was the width of the tumor 
[25]. Draw the tumor growth curve and calcu-
late the inhibition rate of tumor. Each group 
was sacrificed on the seventeenth day after 
administration, and the tumors were weighed.

Immunohistochemical staining procedure

Immunohistochemical staining procedure acco- 
rding to the requirements of the operating 
instructions. (1) dewaxed paraffin with water; 
(2) antigen retrieval, each movie three times, 
each two minutes; (3) PBS wash 5 minutes for 
3 times, 3% hydrogen peroxide at room tem-
perature for 15 minutes, to remove the endog-
enous peroxidase activity; (4) PBS wash 5 min-
utes for 3 times, 5% goat serum blocking solu-
tion treatment at room temperature 30 min-
utes. Remove excess liquid; (5) added primary 
antibody, CD31 (1:200), VEGF (1:100), incubat-
ed overnight at 4°C in the refrigerator; (6) 37°C 
incubated for 1 hour. (7) PBS wash 5 minutes 
for 3 times, adding universal secondary anti-
body treatment 30 minutes; (8) PBS wash 5 
minutes for 3 times, adding HRP streptavidin 
working solution for 30 minutes; (9) PBS wash 
5 minutes for 3 times, DAB reagent color, color 
side view in the edge under a microscope. 
washing 5-15 minutes to terminate the color 
reaction; (10) hematoxylin, dehydrated and 
transparent, were mounted.

Quantification of the intratumoral MVD 

10% formalin-fixed and paraffin-embedded 
tumor tissues were cut 4 μM sections. Sections 
were de-paraffinized in xylene and rehydrated 
in ethanol. Then, antigen retrieval was accom-
plished and slides were respectively cultured 
with VEGF and CD31 primary antibody (both 
purchased from Abcam) overnight at 4°C in a 
humidified chamber. DAB used to visualize the 
tissue slide and stained with haematoxylin. The 
blinded operator was performed to quantitative 
the tumor angiogenesis.

Cell proliferation assay

The cell proliferative potential was evaluated by 
Cell Titer Blue assay according to manufactur-
er’ s procedure. At first, 1×103 cells were infect-
ed with Ad-VEGF-siRNA, Ad-Control-siRNA and 
PBS, respectively. After infected with 1-7 days, 
10 μL Cell Titer Blue/well was added to each 
plate and were cultured for another 2 h, the 
absorbance at 450 nm was read by multi-well 
spectrophotometer (Bio-Rad).

Reverse transcriptase PCR and quantitative 
reverse transcriptase PCR

Samples total RNAs were extracted using Trizol 
reagent (Sigma) according to the requirements 
of the operating instructions. Then, Prime- 
Script™ RT reagent Kit (TaKaRa) was used for 
reverse transcription reaction following the 
manufacturer’s instruction. Real-time PCR 
(RT-PCR) was used to detect the expression of 
VEGF, CD31 and Bax, the reaction was applied 
CFX96 Real-Time PCR System (Bio-Rad). 
GAPDH mRNA was served as a normalization.

Western blotting

Total proteins were separated by SDS-PAGE on 
an 8-10% gel. After electrophoresis, gels were 
transferred onto 0.45 μm PVDF membrane 
(Millipore Corp) and blocked with 2% BSA for 
2-4 h at room temperature. The membranes 
were incubated with the following primary anti-
bodies, VEGF (Abcam), p-PI3K and p-AKT (Santa 
Cruz), total-PI3K (Abcam), total-AKT (Cell 
Signaling Technology) and GAPDH (Santa Cruz). 
Secondary antibody is HRP-conjugated anti-
rabbit (Jackson Labs). The bound antibody was 
detected by chemo-fluorescence detection kit 
(Amersham, Piscataway, NJ) according to the 
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manufacturer’ instructions. GAPDH was used 
as a loading control and the representative 
images were shown.

Analyze the cell apoptotic rates by flow cytom-
etry 

SaOS-2 cells were separately treated with 
Ad-VEGF-siRNA, Ad-Control-siRNA and PBS. 
1×106 SaOS-2 cells were harvested after treat-
ment 24 hours, and double-stained with 
fluorescein APC-labeled annexin V and PI 
(Becton Dickinson). The percentage of apop-
totic cells were detected by flow cytometry 
(Becton Dickinson) after staining. Analysis of 
the apoptotic rates in different groups and the 
representative images were shown. 

Statistical analysis 

All results were presented as mean ± SD. 
Statistical significance was determined by 

SAS9.0 or analysis of one-way ANOVA using the 
SPSS15.0 program. p < 0.05 was considered 
as statistically significant difference.

Results 

Effectively inhibit VEGF expression by adenovi-
rus vector mediated siRNA in SaOS-2 cells

In order to quested the role of VEGF in osteo-
sarcoma tumorigenesis, at first, we investigat-
ed the biological effects of VEGF on SaOS-2 
cells. In the current study, we designed of the 
19nt target sequence corresponding to siRNA 
design principles and the sequence of VEGF in 
Genebank. Then, we constructed three adeno-
viral vectors Ad-VEGF-siRNA-1, Ad-VEGF-
siRNA-2 and Ad-VEGF-siRNA-3 to inhibit the 
expression of VEGF. Detected the inhibition effi-
ciency of the Ad-VEGF-siRNA by RT-PCR and 
western blotting assays. Our results indicated 
that expression of VEGF mRNA (Figure 1A) and 

Figure 1. Effectively inhibit VEGF expression by adeno-
virus vectors mediated VEGF-siRNA in osteosarcoma 
cell line SaOS-2. A. RT-PCR data displayed that the ex-
pression of VEGF mRNA was obviously down-regulated 
in Ad-VEGF-siRNA-1 group, Ad-VEGF-siRNA-2  group and 
Ad-VEGF-siRNA-3 group, compared with untreated group 
and/or Ad-Control-siRNA group. B. The expression of 
VEGF protein were detected by western blotting assay. 

Figure 2. Inhibition of VEGF expression impaired the proliferation of SaOS-2 cells. A. The expression of VEGF mRNA 
were detected by RT-PCR assay. B. Cell Titer Blue assay shown that the proliferation of SaOS-2 cells was significantly 
reduced after infected with Ad-VEGF-siRNA-3, compared with untreated group and/or Ad-Control-siRNA-3 group. 
Untreated group cells were used as normalized. *p < 0.05, **p < 0.01, and ***p < 0.001.
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protein (Figure 1B) were dramatically decreased 
in Ad-VEGF-siRNA-1 group, Ad-VEGF-siRNA-2 
group and Ad-VEGF-siRNA-3 group, compared 
with untreated group and/or Ad-Control-siRNA 
group. In the three interfering with VEGF adeno-
virus vector, especially Ad-VEGF-siRNA-3 group 
exhibited the most significant inhibition effect. 

xenograft osteosarcoma model in Wistar rats. 
When the subcutaneous tumors reached 
approximately 0.5 cm in length, the tumor vol-
ume and tumor weight were determined. The 
Wistar rats were randomly divided into three 
groups, and each group contains 5 Wistar rats. 
Group A was treated with Ad-VEGF-siRNA-3, 

Figure 3. Inhibition of VEGF expression impaired the proliferation of SaOS-2 
cells in Wistar rats. (A) Ad-VEGF-siRNA group cells markedly reduced the prolif-
erative capacity of tumor versus with PBS group and/or Ad-Control-siRNA group. 
*p < 0.05, ***p < 0.001. (B, C) The tumor volume (B) and tumor weight (C) 
of Ad-VEGF-siRNA-3 cells were significantly reduced compared with PBS group 
and/or Ad-Control-siRNA group. (D) VEGF silencing could effectively suppressed 
the tumorigenicity of SaOS-2 cells in Wistar rats.

Inhibition of VEGF expres-
sion could impair the cell 
proliferation of SaOS-2 
cells

To illustrate that anti-tumor 
effects of VEGF on SaOS-2 
cells in vitro, we treated 
SaOS-2 cells with Ad-VEGF-
siRNA-3, Ad-Control-siRNA 
and/or untreated. expres-
sion of VEGF mRNA were 
detected by RT-PCR assay 
at different time points. 
The results showed that 
VEGF mRNA (Figure 2A) 
were significantly decrea- 
sed at 48 h, the VEGF ex- 
pression was further re- 
duced with the extension  
of the time after infection. 
CCK-8 assay was applied to 
detected the proliferation 
of SaOS-2 cells. The data 
indicated that the prolifera-
tive potential of SaOS-2 
cells was markedly inhi- 
bited in Ad-VEGF-siRNA-3 
group compared with un- 
treated group and/or Ad- 
Control-siRNA group (Fig- 
ure 2B). The data in vitro 
can effectively support that 
VEGF play an important 
roles in human osteosarco-
ma cells by inhibited cell 
proliferation. 

VEGF silencing efficiently 
inhibited the growth of os-
teosarcoma in Wistar rats 
model

To further investigated the 
effects of VEGF silencing 
on osteosarcoma cells in 
vivo, The human osteosar-
coma cell line SaOS-2 cells 
were applied to generate a 

Table 1. The expression levels of VEGF within osteosarcoma tissues 
after Wistar rats infected with adenovirus (positive area × OD) (

_
x±s)

Groups Number 
of slices VEGF p1 p2

Ad-VEGF-siRNA-3 group 8 341646.16±131753.84 > 0.05
Ad-Control-siRNA group 9 1325485.62±452693.48 < 0.05
PBS group 7 1452542.18±624145.49 < 0.05
Note: The differences between Ad-VEGF-siRNA group and Ad-Control-siRNA group, 
Ad-Control-siRNA group were analyzed and shown in p1. The difference between Ad-
Control-siRNA group and PBS group was analyzed and shown in p2.
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injection of Ad-VEGF-siRNA-3 100 μL from tail 
vein since fourteenth days after inoculation. 
Injected every other day, 3 times a week and 
were injected 9 times for a total of 2×1010 PFU.  
Group B and C were treated with PBS and 
Ad-Control-siRNA 100 μL from tail vein, respec-
tively. Figure 3A indicated that inhibition of 
VEGF expression could significantly reduced 
the growth of tumor in Wistar rats. In addition, 
the tumor volume and tumor weight were obvi-
ously lower in Ad-VEGF-siRNA-3 group com-
pared with PBS group and/or Ad-Control-siRNA 

VEGF mRNA in Wistar rats tumor model. The 
data showed that expression of VEGF mRNA 
was markedly suppressed in Ad-VEGF-siRNA-3 
group compared with PBS group and/or 
Ad-Control-siRNA group (Table 1). 

Silencing of VEGF expression effectively inhib-
its angiogenesis of osteosarcoma xenografd in 
Wistar rat model

Our previously study shown that silencing of 
VEGF expression could efficiently inhibited the 

Figure 4. Silencing of VEGF expression effectively inhibits xenografted osteosarcoma angiogenesis in Wistar rats 
model. (A) Quantification of the intratumoral MVD in 10 high power fields. ***p < 0.001. (B, C) Expression of VEGF 
mRNA (B) and CD31 mRNA (C) was determined by RT-PCR in tumor tissues of Wistar rats. **p < 0.01, ***p < 
0.001. (D) Expression of VEGF and CD31 protein were analysed by immunohistochemistry in tumor tissues of dif-
ferent Wistar rats. 

Table 2. The VEGF levels and MVD value in Wistar rats 
with osteosarcoma (

_
x±s)

Groups VEGF MVD
Ad-VEGF-siRNA-3 group 287632.03±125212.54 6.38±0.39
Ad-Control-siRNA group 1023744.93±219364.36 12.47±1.63
PBS group 1143239.52±193745.41 11.95±1.79

group at day 25 (Figure 3B, 3C). The 
results also indicated that tumorigenic 
proportion of SaOS-2 cells infected 
with Ad-VEGF-siRNA-3 was lower than 
PBS group and/or Ad-Control-siRNA 
group (Figure 3D). VEGF is one of the 
most effective angiogenic growth fac-
tors, we determined the expression of 
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Figure 5. Silencing of VEGF expres-
sion promote apoptosis of SaOS-2 
cells. A. Expression of Bax mRNA 
was assayed by RT-PCR in SaOS-
2 cells, **p < 0.01. B. The cell 
apoptotic rate was cauculated by 
flow-cytometry (FCM) in SaOS-2 
cells after treated with Ad-VEGF-
siRNA-1 and Ad-VEGF-siRNA-3 
for 24 h, PBS and/or Ad-Control-
siRNA group cells were considered 
as normalizion, ***p < 0.001. C. 
The representative images were 
shown in FCM detection. 
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growth of osteosarcoma in Wistar rats model. 
Afterwards, we further investigated the factors 
which caused inhibited the growth of osteosar-
coma cells. Angiogenesis is an important factor 
in promoting the growth of osteosarcoma. MVD 
is an important indicator for evaluating tumor 
angiogenesis, so we assayed the effect of VEGF 
silencing on osteosarcoma angiogenesis. The 
data showed that Ad-VEGF-siRNA-3 could 
decrease the counts of intratumoral MVD com-
pared with PBS group and/or Ad-Control-siRNA 
group (Figure 4A, p < 0.001; Table 2). VEGF and 
CD31 were used to label the vascular endothe-
lial cells. The results indicated that expression 
of VEGF (Figure 4B, p < 0.01) and CD31 (Figure 
4C, p < 0.001) were also decreased in Ad-VEGF-
siRNA-3 group compared with PBS group and/
or Ad-Control-siRNA group. The representative 
images were shown in Figure 4D. All together, 
these results demonstrated that the angiogen-
esis was inhibited obviously in silencing of VEGF 
expression. 

Silencing of VEGF expression could promote 
the apoptosis of SaOS-2 cells in osteosarcoma

To further investigated that whether VEGF plays 
an important role in human SaOS-2 cells via 
induced cell apoptosis. Bax is a crucial pro-
apoptotic gene, so we detected the expression 
of Bax by RT-PCR. The results indicated that 
expression of Bax mRNA were significantly  

SaOS-2 cells 

VEGF was one of the crucial regulator in tumor 
angiogenesis, playing an important role in 
tumor cells survival. PI3K/AKT signaling path-
way was the main downstream of VEGF, partici-
pating in differently cellular biological pro- 
cesses. More and more reports supported  
that VEGF/PI3K/AKT signaling pathway was  
an necessary in tumor initiation, progression 
and prognosis. In the current study, we firstly 
detected the expression of VEGF in SaOS-2 
cells after infected with Ad-VEGF-siRNA, 
Ad-Control-siRNA or PBS. Expression of VEGF 
protein was markedly inhibited in Ad-VEGF-
siRNA-3 group. Phosphorylation of PI3K and 
AKT was indicated as the activation PI3K/ 
AKT signaling pathway. In SaOS-2 cells, we  
further assayed the expression of total- 
PI3K, total-AKT, p-PI3K, and p-AKT by western 
blotting. The results demonstrated that expres-
sion of total-PI3K or total-AKT was not influ-
enced by Ad-VEGF-siRNA-3 treatment. However, 
phosphorylation of PI3K and AKT was notablely 
decreased in SaOS-2 cells compared with PBS 
group and/or Ad-Control-siRNA group (Figure 
6). In a word, our these results indicated that 
effects of silencing VEGF expression on SaOS-2 
cells proliferation and angiogenesis was closely 
interrelated with inactivation of VEGF/PI3K/
AKT signaling pathway.

Figure 6. Silencing of VEGF expression suppressed the phosphorylation 
of PI3K and AKT in osteosarcoma cell line SaOS-2. The levels of VEGF, 
total-PI3K, p-PI3K, total-AKT and p-AKT were detected by western blot-
ting in PBS group, Ad-Control-siRNA group and Ad-VEGF-siRNA-3 group. 
PBS and/or Ad-Control-siRNA group cells were considered as normal-
izion.

up-regulated in Ad-VEGF-siRNA-1 
group and Ad-VEGF-siRNA-3 gro- 
up. APC-AnnexinV/PI double-la- 
beled was also used to detected 
the cell apoptotic rates by flow 
cytometry in human SaOS-2 cells. 
The results showed that the apop-
totic rates of SaOS-2 cells were 
obviously increased after infected 
with Ad-VEGF-siRNA-1 and Ad- 
VEGF-siRNA-3, compared with 
PBS group and/or Ad-Control-
siRNA group (Figure 5B, p < 
0.001). The representative imag-
es were shown in Figure 5C. These 
data implied that VEGF silencing 
could suppress the cell survival of 
SaOS-2 cells by inducing cell 
apoptosis. 

Silencing of VEGF expression 
could inhibit activation of VEGF/
PI3K/AKT signaling pathway in 
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Discussion

Osteosarcoma is a highly malignant tumor rich 
in blood vessels, and tumor angiogenesis was 
closely related to tumor growth, invasion and 
metastasis [18, 19]. VEGF is known to the 
strongest pro-angiogenic factor, and generally 
considered that tumor cells can self-secrete 
VEGF to improve the formation of its own vascu-
lar system [20]. The new blood vessels are the 
foundation for malignant tumor growth, inva-
sion and metastasis, but also are important 
indicator of tumor malignancy degree. JL 
reported that VEGF expression was negative 
correlated to the prognosis of osteosarcoma 
[21]. Yu et al. has analyzed retrospectively 56 
cases with stage IIB osteosarcoma, results 
showed that cumulative 5-year survival rate 
was 42.5% in the patients with less than 25% 
positive VEGF, while cumulative 5-year survival 
rate was only 8.3 % in the patients with more 
than 25% positive [22], furtherly confirmed that 
it had a close relationship between the VEGF 
expression and osteosarcoma.

Qiao reported that the tumor vessel wall was 
directly constituted by the tumor cells without 
attachment of endothelial cells, and tumor 
cells could release proteolytic enzymes to 
degrade the basement membrane within the 
pipe, then directly contact with the blood circu-
lation, which is known as “vasculogenicm imic-
ry” [23]. The vasculogenicm imicry may be 
more conducive to tumor growth, invasion and 
metastasis, implying that suppressed tumor 
angiogenesis may be an more effective strate-
gy in the treatment of tumor [24].

Osteosarcoma cells play an critical role in 
tumor blood supply and tumor development. 
Moreover, VEGF may act on multiple kinds of 
cells in tumor development, including endothe-
lial cells and endothelial precursor cells, to 
form typed-vascular pipeline and eventually 
participate in the process of osteosarcoma 
SaOS-2 cells proliferation and apoptosis [25]. 
Therefore, VEGF secreted by osteosarcoma 
cells may be an important initiating factor in the 
original tumors and metastases. In our study, 
the results showed that the microvascular was 
thin and dense with strong expression of VEGF 
in Ad-Control-siRNA group and PBS group, while 
the microvascular was thick and thin with low 
expression of VEGF in the Ad-VEGF-siRNA 
group, suggested that MVD and VEGF had a 

strong positive correlation, which were consis-
tent with our subsequently correlation analysis 
(r=0.9992, p=0.0209, p < 0.05). Our data 
showed that formation of fine and dense capil-
laries were stimulated by strong expression of 
VEGF in osteosarcoma, which is the rapid for-
mation and immature tumor angiogenesis. Our 
results also demonstrated that tumor micro-
vascular usually distributed in the irregular 
edges of osteosarcoma. In addition, our find-
ings also confirmed that there were no signifi-
cant correlation between MVD and age, onset 
time or histological subtype in osteosarcoma. 
Subsequently, our data further demonstrated 
that there was a positive correlation between 
tumor MVD and VEGF expression (r=0.9990). 

Tumor MVD is an important indicator for evalu-
ating tumor angiogenesis and treatment effect 
of anti-angiogenesis [26-28]. CD31 is a mem-
brane protein embedded onto the surface of 
vascular endothelial cells [29], implying that 
CD31 staining have a high specificity for vascu-
lar endothelial cells. Therefore, CD31 staining 
was used to detect the tumor microvascular of 
endothelial cells, and MVD was calculated by 
the shading in the vision. The results showed 
that MVD value were 6.38±0.39 in Ad-VEGF-
siRNA-3 group, apparently lower than in PBS 
group (11.95±1.79) and/or Ad-Control-siRNA 
group (12.47±1.63). 

PI3K/AKT signaling pathway was one of the 
main downstream of VEGF, participating in dif-
ferently cellular biological processes [30, 31]. 
So we further explore the molecular mecha-
nism of suppressed osteosarcoma by inhibition 
of VEGF expression, and assessed the effect of 
VEGF silencing on PI3K/AKT signaling pathway. 
Our data suggested that along with obvious 
down-regulation of VEGF, level of p-PI3K and 
p-AKT was subsequently decreased in SaOS-2 
cells after infected with Ad-VEGF-siRNA. 
However, the level of total-PI3K and total-AKT 
remained constant, which implies that VEGF 
may affect the occurrence and development of 
osteosarcoma by regulating PI3K/AKT signaling 
pathway. These results will provide a basis for 
developing a therapeutic strategy for targeting 
osteosarcoma angiogenesis. 

In the process of targeting VEGF gene therapy, 
tumor may still escape suppression owing to 
other angiogenic factors will be expressed in 
the mutated tumor and other cells outside the 
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tumor also can produce VEGF into blood circu-
lation [32]. Moreover, how the long-term effects 
of Ad-VEGF-siRNA on osteosarcoma, and how 
the side effects of Ad-VEGF-siRNA on the exper-
imenter themselves. The impact of these pro-
cesses on osteosarcoma gene therapy still 
needs further study. But the anti-angiogenesis 
therapy has become a new model of cancer 
therapy, provides a new target for anti-angio-
genic gene therapy for osteosarcoma. 

Address correspondence to: Xu Guo, Department of 
Orthopaedic, Cangzhou Central Hospital, Cangzhou 
061001, Hebei, China. E-mail: gaoxugaoxugaog@ 
163.com
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