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VEGF silencing inhibits human osteosarcoma  
angiogenesis and promotes cell apoptosis  
via PI3K/AKT signaling pathway
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Abstract: Vascular endothelial growth factor (VEGF) is one of the most potently angiogenic factors which promotes 
generation of tumor vasculature. VEGF is usually up-regulated in multiple cancers include osteosarcoma and glio-
mas. To further explore the potential molecular mechanism that inhibits tumor growth induced by interference of 
VEGF expression, we constructed an Lv-shVEGF vector and assessed the efficiency of VEGF silencing and its influ-
ence on U2OS cells. Our data demonstrated that Lv-shVEGF has high inhibition efficiency on VEGF expression, which 
inhibits proliferation and promotes apoptosis of U2OS cells in vitro. Our results also indicated that inhibition of VEGF 
expression suppresses osteosarcoma tumor growth in vivo, VEGF inhibition reduces osteosarcoma angiogenesis. 
We also found that the phosphoinositide 3-kinase (PI3K) and protein kinase B (AKT) activation was considerably 
reduced after osteosarcoma cells were treated with Lv-shVEGF. Taken together, our data demonstrated that VEGF 
silencing suppresses cells proliferation, promotes cells apoptosis and reduces osteosarcoma angiogenesis through 
inactivation of PI3K/AKT signaling pathway.
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Introduction

Osteosarcoma is one of the most common 
malignant bone tumor in adolescents, and 
tumor angiogenesis is closely related to the 
cancer cells growth, invasion and metastasis 
[1-3]. In this process, tumor cells release pro-
teolytic enzymes to degrade the basement of 
membrane and directly contact with the blood 
circulation [4]. Tumor growth dependents on 
angiogenesis, which is regulated by the interac-
tions between numerously regulatory factors, 
such as VEGF, Tie and Eph [5, 6]. Particularly, 
VEGF has a key role in the tumor angiogenesis 
[4, 7].

As an important regulator of tumor angiogene-
sis, VEGF directly promotes angiogenesis, vas-
cular remodeling and increases vascular per-
meability, which lead to the formation of the 
tumor stroma [8]. VEGF also promotes tumor 
growth and metastasis via interaction with 

metal protease [9]. Human VEGF gene is locat-
ed on chromosome 6p21.3, with the size of 14 
kb, and contains eight exons and seven introns 
[10]. VEGF can stimulate vascular endothelial 
cells to produce and release nitric oxide (NO) in 
a dose-dependent manner in human and rab-
bit, which plays an important role in blood ves-
sels [11, 12].

Previous studies have shown that VEGF is up-
regulated in multiple cancers. Expression of 
VEGF indirectly provides the necessary oxygen 
and nutrients for tumor growth, which promotes 
tumor invasion and metastasis [13]. Many stud-
ies revealed that VEGF protein is up-regulated 
in liver cancer, pancreatic cancer, osteosarco-
ma, lymphoma and other malignancies, and is 
positively correlated with poor prognosis [14-
17]. In this study, we explored the effect of 
VEGF inhibition on osteosarcoma angiogenesis 
in a Wistar rat osteosarcoma model. We inhib-
ited the expression of VEGF in U2OS cells and 
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measured the growth of osteosarcoma cells. 
We found phosphorylation of PI3K and AKT was 
significantly reduced in U2OS cells after silenc-
ing of VEGF. Our data revealed the relationship 
between VEGF inhibition, osteosarcoma angio-
genesis and tumor growth.

Materials and methods

Cell culture

Human osteosarcoma cell line U2OS was pur-
chased from American Type Culture Collection 
(ATCC). U2OS cells were cultured in RPMI-1640 
medium supplemented with 10% heated-inacti-
vation FBS (Life Technologies), 100 mg/ml of 
streptomycin sulfate and 100 U/ml of penicillin 
sodium (Life Technologies).

Lentivirus infection

U2OS cells were seeded onto 6-well plates with 
2×105 cells per well. After 12 h, U2OS cells cul-
tured in RPMI-1640 medium containing 2% 
FBS and 8 μg/ml polybrene were infected with 
Lv-shscramble or Lv-shVEGF at 10 MOI, respec-

tively. Virus-containing culture medium was 
changed with fresh RPMI-1640 medium 12 h 
postinfection.

Establishment of rat model

Wistar rats were purchased from the Animal 
Center of Chinese Academy of Medical 
Sciences. The animals manipulate was per-
formed under the approved protocol. The 
Wistar rats were randomly divided into three 
groups with 6 rats in each group. Osteosarcoma 
U2OS cells were infected with Lv-shscramble 
and Lv-shVEGF, respectively. Different amount 
(1000, 10,000 and 100,000) of untreated, 
Lv-shscrmble treated and Lv-shVEGF treated 
U2OS cells were suspended in 100 μl of PBS 
and subcutaneously injected into the left hind 
legs of rats. Rats injected with untreated U2OS 
cells were used as control. Tumor volume and 
weight were measured. Tumor volume was cal-
culated according to the formula ab2/2, where 
‘a’ is the length and ‘b’ is the width of a tumor 
[25].

Quantification of intratumoral MVD

10% formalin-fixed and paraffin-embedded 
tumor tissues were cut into 4 μM sections. 
Sections were de-paraffinized in xylene and 
rehydrated in ethanol. Antigen retrieval was 
then performed and slides were incubated with 
anti-CD31 primary antibody (Abcam) overnight 
at 4°C in a humidified chamber. DAB was used 
for staining. The slides were also stained with 
haematoxylin. Tumor angiogenesis was evalu-
ated by a blinded operator.

Cell proliferation assay

The cell proliferative potential was evaluated 
with Cell Counting Kit-8 assay (Tongren) accord-
ing to the manufacturer’s instruction. Briefly, 
1×103 cells were infected with lentivirus Lv- 
scramble or Lv-shVEGF respectively. After 1-7 
days postinfection, 10 μl of CCK-8 per well was 
added to each plate and the cells were cultured 
2 h. The absorbance at 450 nm was read with 
multi-well spectrophotometer (Bio-Rad).

RT-PCR and real-time PCR

Total RNA was extracted using RNAiso kit 
(TaKaRa Bio.) according to the manufacturer’s 
instruction. RT-PCR and real-time PCR were 
performed for detection of VEGF expression. 

Figure 1. Inhibition of VEGF expression by lentiviral 
vector-mediated VEGF-shRNA. A. The expression of 
VEGF mRNA in untreated, Lv-shscramble and Lv-sh-
VEGF treated U2OS cells was measured with RT-PCR. 
**P < 0.01. B. The expression of VEGF protein was 
detected by western blotting.
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β-actin was used as a control for normali- 
zation.

Western blotting

Total proteins were extracted from the U2OS 
cells with RIPA buffer (Thermo Fisher Sci.). 
Proteins were separated by SDS-PAGE on 10% 
gel. Primary antibodies for western blotting 
were rabbit anti-VEGF (Cell Signaling), anti-p-
PI3K and anti-p-AKT (Santa Cruz Biotech.), anti-
PI3K (Abcam), anti-AKT (Cell Signaling) and 
anti-GAPDH (Santa Cruz Biotech.) antibodies. 

In order to investigate the role of VEGF in osteo-
sarcoma tumorigenesis, we firstly studied the 
biological effect of VEGF silencing in osteosar-
coma cell line U2OS. We constructed a lentivi-
rus shRNA vector Lv-VEGF shRNA (abbreviated 
as Lv-shVEGF) to inhibit expression of VEGF. 
The knockdown efficiency was measured by 
RT-PCR and western blotting. The data indicate 
that expression of VEGF mRNA (Figure 1A) and 
protein (Figure 1B) were markedly reduced in 
the Lv-shVEGF treated group, compared with 
the control group or the Lv-shscramble treated 
group.

Figure 2. VEGF silencing inhibits proliferation of U2OS cells in Wistar rats. (A) 
Tumor volume during tumor formation. **P < 0.01, ***P < 0.001. (B and C) 
Quantification of tumor weight (B) and volume (C) in each group. (D) Tumorige-
nicity in Wistar rats.

Secondary antibody was 
HRP-conjugated anti-rabbit 
antibody (Jackson Labs). 
The antibodies were dete- 
cted with a chemofluores-
cence detection kit (GE 
Healthcare). Representat- 
ive images were shown.

Cell apoptosis measure-
ment with flow cytometry

U2OS cells were treated 
with Lv-shscramble or Lv- 
shVEGF. After 24 h treat-
ment, 1×106 cells were har-
vested and double-stained 
with fluorescein APC-label- 
ed annexin V and propidi-
um iodide (PI, Becton Dick- 
inson). The percentage of 
apoptotic cells was then 
measured with flow cytom-
etry (Becton Dickinson).

Statistical analysis

All results were presented 
as mean ± SD. Statistical 
significance was determin- 
ed using t-test or analysis 
of variance (ANOVA) with 
SPSS15.0 program. P < 
0.05 was considered as 
statistically significant.

Results

Effective silencing of VEGF 
by lentiviral vector-mediat-
ed shRNA knockdown in 
U2OS cells



VEGF silencing inhibits human osteosarcoma angiogenesis

12414 Int J Clin Exp Med 2015;8(8):12411-12417

VEGF silencing efficiently inhibits the growth of 
osteosarcoma in vivo

To further investigate the effect of VEGF silenc-
ing in osteosarcoma cells in vivo, U2OS cells 
were used to generate a xenograft osteosarco-
ma model in Wistar rats. U2OS were infected 
with Lv-shscramble and Lv-shVEGF, respective-
ly, then subcutaneously injected into the left 
hind legs of the rats. When the subcutaneous 
tumors reached approximately 0.5 cm in length, 

the tumor volume and tumor weight were mea-
sured. As shown in Figure 2A, silencing of VEGF 
significantly inhibited the growth of tumor in the 
rats. The tumor volume and weight were signifi-
cantly lower in the Lv-shVEGF group at day 15 
compared with the untreated group and the 
Lv-shscramble group (Figure 2B and 2C). The 
results also indicated that tumorigenesis of 
U2OS cells infected with Lv-shVEGF was 
decreased compared with the untreated group 
and the Lv-shscramble group (Figure 2D).

Knockdown of VEGF effectively inhibits angio-
genesis in xenograft osteosarcoma model

We next studied the effect of VEGF knockdown 
on osteosarcoma angiogenesis. As shown in 
Figure 3A, Lv-shVEGF treatment decreased the 
counts of intratumoral MVD compared with the 
Lv-shscramble group and the untreated group 
(P < 0.001), which confirmed that angiogenesis 
was significantly inhibited in the Lv-shVEGF 
group. Since VEGF is one of the most effective 
pro-angiogenic growth factors, we measured 
expression of VEGF mRNA and protein in the 
rats. The data showed that expression of VEGF 
mRNA and protein was markedly decreased in 
the Lv-shVEGF group (Figure 3B and 3C). In 
summary, these results indicate that knock-
down of VEGF in U2OS cells reduce angiogene-
sis and generate anti-tumor effects.

Knockdown of VEGF inhibits U2OS cells prolif-
eration

To verify that VEGF has similar anti-tumor 
effects on U2OS cells in vitro, we treated U2OS 
cells with Lv-shVEGF and applied CCK-8 assay 
to detected U2OS cells proliferation. As shown 
in Figure 4, the proliferative potential of U2OS 
cells was inhibited markedly in the Lv-shVEGF 
group compared with the untreated group and 
the Lv-shscramble group. The in vitro data are 
consistent with our in vivo results, and sup-
ports the hypothesis that VEGF plays an impor-
tant role in human osteosarcoma cells through 
inhibition of cell proliferation.

Knockdown of VEGF promotes U2OS cells 
apoptosis

To further investigate whether VEGF plays  
a crucial role in human osteosarcoma cells 
through induction of cell apoptosis, we stained 
the cells with APC-AnnexinV/PI and measured 
cell apoptotic rates by flow cytometry. The 

Figure 3. VEGF silencing decreases intratumoral 
blood vessels in human U2OS-bearing Wistar rats. 
A. Quantification of the intratumoral MVD in 10 high 
power fields. ***P < 0.001. B. VEGF mRNA expres-
sion in tumor tissues of Wistar rats was measured 
with RT-PCR. **P < 0.01. C. Expression of VEGF pro-
tein in tumor tissues of Wistar rats was detected with 
western blotting. GAPDH was used as a control for 
normalization of total protein loading.
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results showed that the apoptotic rate of U2OS 
cells after infected with Lv-shVEGF was mark-
edly increased compared with the untreated 
group and the Lv-shScramble group (Figure 5). 
The data suggest that VEGF silencing can sup-
press osteosarcoma cell survival by induction 
of cell apoptosis.

Knockdown of VEGF inhibits PI3K/AKT signal-
ing pathway in U2OS cells

PI3K/AKT signaling pathway is one of the main 
downstream of VEGF, which is involved in many 

ically reduced in the U2OS cells (Figure 6). 
Taken together, our data suggest that the 
effects of VEGF silencing on tumor angiogene-
sis and growth is correlated with down-regula-
tion of PI3K/AKT signaling pathway.

Discussion

Osteosarcoma is one of highly malignant solid 
tumors, which is derived from mesenchymal 
tissues [18]. It is common in children and ado-
lescents and 50% osteosarcoma patients have 
lung metastasis within a few months [19]. At 
present, the most effective clinical treatment 
strategy is still operation resection. Sometimes, 
it The operation sometimes is combined with 
chemotherapy, but patients are prone to 
relapse and have drug resistance [20].

RNA interference (RNAi) is one of the most 
commonly used gene therapy methods with 
high specificity and efficiency [21]. VEGF is a 
crucial factor that promotes tumor angiogene-
sis. Since it had been reported that angiogene-
sis is an efficient target for cancer therapy, 
many studies focused on treating malignant 
tumors by down-regulation of VEGF using RNAi 
[2, 21-23]. In order to identify potential therapy 
for osteosarcoma, we constructed Lv-shVEGF 
vector which reduces the mRNA and protein 
expression of VEGF both in vitro and in vivo. Our 
data showed that osteosarcoma tumor was sig-
nificantly inhibited in the rat model when treat-
ed with Lv-shVEGF. Moreover, MVD of the osteo-

Figure 4. VEGF silencing inhibits proliferation of U2OS cells. It was shown that 
the proliferation of U2OS cells was measured with CCK-8 assay. Untreated 
group cells were used for normalization. ***P < 0.001.

Figure 5. VEGF silencing promotes U2OS cells apop-
tosis. The data showed that the apoptotic rates of 
U2OS cells are shown. Untreated group cells were 
used for normalization. **P < 0.01.

cellular biological process-
es. In addition, many stud-
ies support that VEGF/
PI3K/AKT signaling path-
way plays a critical role in 
tumor development and 
progression. We therefore 
determined expression of 
VEGF in U2OS cells after 
Lv-shVEGF treated. A repre-
sentative data is shown in 
Figure 1B. Then the total 
PI3K, total AKT, the activat-
ed PI3K and AKT were ana-
lyzed with western blotting 
in U2OS cells. The data 
suggest that Lv-shVEGF 
treatment did not influence 
expression of PI3K or AKT, 
in contrast, the activated 
PI3K and AKT were dramat-
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sarcoma in the Lv-shVEGF group was remark-
ably reduced compared with the control group, 
which suggest that malignancy of osteosarco-
ma can be reduced by Lv-shVEGF treatment. 
Our data also showed that tumor angiogenesis 
was obviously inhibited by down-regulation of 
VEGF, which may lead to tumor hunger, sup-
pressed tumor growth, reduced tumor invasion 
and metastasis, and eventually leads to com-
plete treatment of osteosarcoma.

It has been reported that malignantly solid 
tumor cells secrete VEGF to promote formation 
of vascular system [24]. Our results suggest 
that the MVD of osteosarcoma had a positive 
correlation with expression of VEGF in the 
untreated group and the Lv-shScramble group, 
which consistent with prior research. In con-
trast, the MVD of osteosarcoma was signifi-
cantly decreased in the Lv-shVEGF group. The 
data implied that VEGF is a key factor in the 
process of tumor angiogenesis and indicates 
that VEGF expression may be negatively related 
to the prognosis of osteosarcoma. Therefore, 
specific inhibition of VEGF may provide us an 
appropriate method to improve the prognosis 
of osteosarcoma.

In order to explore the molecular mechanism of 
suppressed osteosarcoma through down-regu-
lation of VEGF, we studied the effect of VEGF 
silencing on PI3K/AKT signaling pathway. The 
results suggest that along with clearly down-
regulation of VEGF, the levels of p-PI3K and 
p-AKT was subsequently decreased in the 

U2OS cells infected with Lv-shVEGF, which sug-
gest that VEGF may affect occurrence and 
development of osteosarcoma by regulating 
PI3K/AKT signaling pathway [25, 26]. Taken 
together, these results may provide a basis for 
developing a therapeutic strategy that targets 
osteosarcoma angiogenesis.
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