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Role of five small nucleotide polymorphisms in the VEGF gene on
the susceptibility to osteosarcoma and overall survival of patients
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Abstract. The present study aimed to investigate the associa-
tion between five common small nucleotide polymorphisms
(SNPs) in the VEGF gene and the risk of osteosarcoma. An
additional aim was to investigate the role of these five SNPs
on the prognosis of osteosarcoma. A total of 186 patients with
osteosarcoma and 186 age- and sex-matched healthy controls
were enrolled into the present study. A polymerase chain
reaction-restriction fragment length polymorphism assay was
conducted to determine the incidence of the VEGF-2578 C/A,
-1156 G/A, +1612 G/A, 4936 C/T and -634 G/C polymor-
phisms. Conditional logistic regression analyses revealed
that individuals carrying the -634 GG genotype possessed a
significantly increased risk of osteosarcoma, with an adjusted
odds ratio [(95% confidence interval (CI)] of 2.00 (1.07-3.75).
In the Cox proportional hazards model, subsequent to adjusting
for potential confounding factors, patients with osteosarcoma
carrying the -634 GG genotype were found to demonstrate
a shorter overall survival time (hazard ratio, 3.10; 95% CI,
1.17-8.38). The VEGF-634 G/C polymorphism may therefore
be used as a genetic marker for the prediction of the risk and
clinical outcome of osteosarcoma.

Introduction

Osteosarcoma is derived from mesenchymal tissues and often
occurs in the distal femur, proximal tibia and humeral metaph-
ysis. Osteosarcoma is one of the most common malignant
tumorsinchildrenandadolescents.Itis estimated thatthe annual
incidence of osteosarcoma is 4-5 cases per 1,000,000 indi-
viduals worldwide, and osteosarcoma is a leading cause
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of cancer-associated mortalities in children and young
adults (1-3).

The development of osteosarcoma is a complex, multistep
and multifactorial process in which numerous factors are
implicated (4-6). Several studies have been performed to inves-
tigate cancer stem cells and the potential of these cells to cause
tumors (7,8). The concept that genetic factors are involved in
the development of osteosarcoma has led to numerous studies
investigating genetic determinants for osteosarcoma in the
past decade (10-13).

Vascular endothelial growth factor (VEGF) is one of
the most potent endothelial cell mitogens, and performs an
important role in angiogenesis (14,15). The VEGF gene, which
consists of eight exons that undergo alternative splicing to
form a family of proteins, is located at chromosome 6p21.3. It
is well known that the VEGF gene results in several alterna-
tively spliced isoforms, and the regulation of VEGF expression
can reveal the difference between normal and tumor tissues.
It is estimated that there are >30 types of single nucleotide
polymorphism (SNP) in the VEGF gene (16), and several
SNPs in the VEGF gene have been reported to affect the
expression of the VEGF gene (16). Among these SNPs, five
common SNPs in the VEGF gene, consisting of -2578C/A,
-1156G/A, +1612G/A, +936C/T and -634G/C, are reported to
be associated with VEGF protein synthesis (17). The -2578C/A
and -1156G/A SNPs are located at the VEGF promoter region,
and the +1612G/A, +936C/T and -634G/C SNPs are located at
the 3'-untranslated region. Previous studies have reported that
VEGEF polymorphisms are associated with the risk of several
cancers, including breast, prostate, renal cell and head and neck
cancers (18-20). However, studies reporting the association
between the five SNPs in the VEGF gene and susceptibility
to osteosarcoma are limited (21,22). Therefore, the aim of the
present study was to investigate the association between five
common SNPs in VEGF and the risk of osteosarcoma, in addi-
tion to the role of the SNPs in the prognosis of osteosarcoma.

Materials and methods

Participants. A hospital-based case-control study was
performed in the present study. A total of 186 patients with
osteosarcoma and 186 age- and sex-matched healthy controls
were enrolled into the present study from the No. 4 Hospital
of Jinan (Jinan, Shandong, China) between January 2008 and
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December 2010. The patients with osteosarcoma were
newly-diagnosed and the diagnosis was histopathologically
confirmed by two independent pathologists. The clinical and
pathological information of the patients was extracted, including
Enneking stage (consisting of stages I, II and IIT) (23), tumor
location in the extremities or other locations, histological type
(consisting of osteoblastic, chondroblastic, fibroblastic and
mixed types), presence of tumor metastasis, and family history
of cancer. The control subjects met the following criteria: No
medical history of any tumor or cancer; no family history
of osteosarcoma or other cancers in first-degree relatives;
and matched with the same nationality as the patients. The
present study was approved by the ethics committee of Jinan
No. 4 Hospital, and each individual provided written informed
consent for participation in the present study.

The demographic data and medical and family histories
were obtained by a face to face interview using a self-designed
questionnaire. The face to face interview was completed by
trained nurses or doctors.

All the patients were followed up until 30th December 2012,
with a median follow-up time of 35.6 months (range,
2-60 months). All patients were followed up by telephone every
four weeks until mortality or the end of the study. The overall
survival (OS) time was calculated from the date of enrolling
in this study to the date of mortality or last clinical follow-up.

Blood samples and genotyping. Each patient provided 5 ml
of peripheral blood, which was maintained at -70°C prior to
use, and EDTA with 0.5 mg/ml was used as an anticoagulant.
Genomic DNA was isolated using the TITANamp blood DNA
kit (Tiangen, Beijing, China) according to the manufac-
turer's instructions. Probes and primers for VEGF-2578C/A
(rs699947), -1156G/A (rs1570360), +1612G/A (rs10434),
+936C/T (rs3025039) and -634G/C (rs2010963) were designed
using Primer 5.0 software (PREMIER Biosoft, Palo Alto,
CA, USA). Polymerase chain reaction restriction fragment
length polymorphism (PCR-RFLP) assay was conducted to
determine the frequency of the VEGF-2578C/A, -1156G/A,
+1612G/A, +936C/T and -634 G/C polymorphisms. The PCR
reaction was conducted using a Perkin-Elmer 9700 thermo-
cycler (Perkin-Elmer, Waltham, MA, USA) with an initial
denaturation step of 5 min at 94°C, followed by 35 cycles of
denaturing at 94°C for 45 sec, annealing at 62°C for 60 sec
and extending at 72°C for 60 sec, and a final extension was
performed at 72°C for 10 min. The PCR products were visu-
alized in 1.0% agarose gel electrophoresis and stained using
ethidium bromide staining and ultraviolet light. In order to
perform quality control, a randomly chosen subgroup of 10%
of osteosarcoma cases was selected to repeat the genotyping,
and the reproducibility was 100%.

Statistical analysis. Continuous variables were expressed as
the mean + standard deviation and were analyzed using a
Student's #-test. Categorical variables were expressed as the
frequency and percentage of study participants, and were
analyzed using the y>-test. The Hardy-Weinberg equilibriums
of the VEGF -2578C/A, -1156G/A, +1612G/A, +936C/T and
-634 G/C genotype frequencies in the control subjects were
analyzed using the y-test. The differences in genotype
frequencies between the osteosarcoma and control groups
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were assessed using the y*-test, and the results were assessed
in terms of odds ratio (OR) and confidence intervals (CI).
The hazard ratio (HR) and 95% CI were calculated by Cox
proportional hazards models, and used to evaluate the effect
of the VEGF -2578C/A, -1156G/A, +1612G/A, +936C/T and
-634 G/C polymorphisms on the OS time of patients with
osteosarcoma. The Kaplan-Meier method was used to plot the
OS curves. P<0.05 was considered to indicate a statistically
significant difference, and all tests were two-tailed. All statis-
tical analyses were performed using SPSS statistical software,
version 16.0 (SPSS, Inc., Chicago, IL, USA) for Windows.

Results

The characteristics of patients with osteosarcoma and control
individuals are shown in Table I. No significant differences
were identified between the gender and age at enrollment
of patients and control individuals in the present study. The
mean age of patients with osteosarcoma was 18.5+10.3 years
and the mean age of control individuals was 19.2+11.8 years.
Of the 186 patients with osteosarcoma, 125 patients (72.58%)
possessed tumors of the long tubular bones and 51 (27.42%)
possessed tumors of the axial skeleton. In total, metastasis was
identified in 43 (23.12%) patients at the time of enrollment in
the present study.

The frequency of the VEGF-2578C/A, -1156G/A, +1612G/A,
+936C/T and -634G/C genotypes in the osteosarcoma and
control groups are shown in Table II. The genotype frequencies
of the VEGF-2578C/A, -1156G/A, +1612G/A, +936C/T and
-634G/C SNPs were found to be in line with the Hardy-Wein-
berg equilibrium. Conditional logistic regression analysis
revealed that subjects carrying the -634GG genotype possessed
a significantly increased risk of osteosarcoma, with an adjusted
OR (95% CI) of 2.00 (1.07-3.75). However, no significant asso-
ciation was identified between the VEGF-2578C/A, -1156G/A,
+1612G/A and +936C/T SNPs and the risk of osteosarcoma.

In addition, an analysis was performed to assess the
association between the five SNPs in the VEGF gene and the
OS time of patients with osteosarcoma (Table III). During
the follow-up period, 63 patients (33.87%) succumbed to
osteosarcoma during the follow-up period. In the Cox propor-
tional hazards model, subsequent to adjusting for potential
confounding factors, patients with osteosarcoma carrying
the -634GG genotype demonstrated a shorter OS time (HR,
3.10; 95% CI, 1.17-8.38), and the -634G/C polymorphism
was therefore an independent prognostic factor for osteo-
sarcoma (Fig. 1). However, no significant association was
observed between the -2578C/A, -1156G/A, +1612G/A and
+936C/T polymorphisms and the OS time of patients with
osteosarcoma.

Discussion

VEGEF, a growth factor that regulates angiogenesis, is local-
ized on chromosome 6p21.3. In total, >30 SNPs have been
identified in this gene. VEGF is regarded as the most potent
stimulatory cytokine for the initiation of tumor angiogenesis
and is also an important factor for the development, metas-
tasis, survival and spread of the tumor (24). Previous studies
have reported that the expression of VEGF demonstrates an
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Table I. Characteristics of the patients with osteosarcoma and the control subjects.

Characteristics Osteosarcoma group Control group t or y” test P-value
Total, n (%) 186 (100.00) 186 (100.00)
Age, years 0.03 0.87
Mean age 18.5+10.3 19.2+11.8)
<20 119 (63.98) 127 (68.28)
>20 67 (36.02) 69 (37.10)
Gender, n (%) 0.00 1.00
Male 114 (61.29) 114 (61.29)
Female 72 (38.71) 72 (38.71)
Tumor location, n (%)
Long tubular bones 135 (72.58)
Axial skeleton 51 (27.42)
Metastasis, n (%)
No 43 (23.12)
Yes 143 (76.88)
Table II. Genotype distribution of five SNPs in VEGF gene between osteosarcoma cases and controls.
SNPs Genotype Osteosarcoma, n (%) Control group, n (%) OR (95% CI)* P-value
-2578C/A CC 79 (42.47) 87 (46.77) 1.0 (Ref.) -
CA 75 (40.32) 73 (39.25) 1.13 (0.62-1.81) 0.59
AA 32 (17.20) 26 (13.98) 1.36 (0.73-2.59) 0.32
-1156G/A AA 107 (57.53) 116 (62.37) 1.0 (Ref.) -
AG 53 (28.49) 49 (26.34) 1.17 (0.64-1.93) 0.51
GG 27 (14.52) 21 (11.29) 1.39 (0.68-2.76) 0.30
+1612G/A GG 75 (40.32) 84 (45.16) 1.0 (Ref.) -
GA 86 (46.24) 83 (44.62) 1.16 (0.74-1.83) 0.50
AA 25 (13.44) 19 (10.22) 1.47 (0.71-3.07) 0.25
+936C/T CC 125 (67.20) 134 (72.04) 1.0 (Ref.) -
CT 46 (24.73) 42 (22.58) 1.17 (0.66-1.96) 0.52
TT 16 (8.60) 10 (5.38) 1.71 (0.71-4.39) 0.20
-634G/C CC 50 (26.88) 69 (37.10) 1.0 (Ref.) -
CG 91 (48.92) 86 (46.24) 1.46 (0.89-2.40) 0.11
GG 45 (24.19) 31(16.67) 2.00 (1.07-3.75) 0.02

*Adjusted for sex and age. SNPs, single nucleotide polymorphisms; OR, odds ratio; CI, confidence interval; Ref., reference genotype (wild type).

effect on the development and prognosis of several types of
cancer (18-20,25). The VEGF-2578C/A, -1156G/A, +1612G/A,
+936C/T and -634G/C SNPs have been previously identi-
fied, and all the polymorphisms were found to be located at
the promoter region of VEGF. The five SNPs perform a role
in the alteration of the transcription of the VEGF gene and
also affect the expression of the VEGF gene. Several previous
clinical studies have revealed that the five SNPs are associated
with the development and prognosis of cancers (18-20,25).
In the present study, it was found that subjects carrying the
-634GG genotype possessed a significantly increased risk of
osteosarcoma, and this genotype was also associated with a

shorter OS time in patients with osteosarcoma. The present
study suggested that the -634G/C polymorphism may be an
independent factor for the development and prognosis of
osteosarcoma.

The exact mechanism of the VEGF gene polymorphisms
on the susceptibility and clinical outcome of osteosarcoma
remains unknown. It is well known that angiogenesis is an
important factor for the development and prognosis of tumors,
VEGEF expression regulates angiogenesis, and therefore VEGF
may have been involved in the promotion of endothelial cell
proliferation and regulation of the extracellular matrix in the
blood vessels (26,27). The present study identified that the
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Table III. Role of five SNPs in VEGF gene in the overall survival of osteosarcoma cases.

Osteosarcoma Five-year
SNPs Genotype group, n (%) Mortalities, n (%) survival rate, % HR (95% CI)* P-value
-2578C/A CC 79 (42.47) 30 (47.62) 87.10 1.0 (Ref.) -
CA 75 (40.32) 24 (38.10) 8548 1.29 (0.62-2.67) 0.46
AA 32 (17.20) 9 (14.29) 93.55 1.38 (0.52-3.51) 0.47
-1156G/A AA 107 (57.53) 39 (61.90) 81.72 1.0 (Ref.) -
AG 53 (28.49) 17 (26.98) 89.78 1.20 (0.56-2.53) 0.61
GG 27 (14.52) 7 (11.11) 94.09 1.48 (0.55-3.81) 0.38
+1612G/A GG 75 (40.32) 29 (46.03) 87.63 1.0 (Ref.) -
GA 86 (46.24) 28 (44 .44) 83.87 1.21 (0.59-2.48) 0.57
AA 25 (13.44) 6 (9.52) 94.62 1.51 (0.52-4.22) 0.39
+936C/T CcC 125 (67.20) 45 (71.43) 77.96 1.0 (Ref.) -
CT 46 (24.73) 14 (22.22) 90.86 1.20 (0.55-2.56) 0.61
TT 16 (8.60) 4(6.35) 96.24 1.59 (0.46-5.18) 0.38
-634G/C CC 50 (26.88) 11 (17.46) 78.00 1.0 (Ref.) -
CG 91 (48.92) 31(49.21) 65.93 1.83 (0.78-4.51) 0.13
GG 45 (24.19) 21(33.33) 53.33 3.10 (1.17-8.38) 0.01

*Adjusted for sex and age. SNPs, single nucleotide polymorphisms; HR, hazard ratio; CI. confidence interval; Ref., reference genotype

(wild type).
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Figure 1. Kaplan-Meier analysis for the overall survival of individuals with the VEGF-634G/C polymorphism.

-634G/C polymorphism affects the development and prog-
nosis of osteosarcoma. The VEGF-634G/C polymorphism
is located in the 5'- and 3'-UTR of VEGF, and this SNP has
been reported to influence the protein translation efficiency,
circulating plasma concentrations and expression of VEGF
in tumor tissues (28-30). Numerous studies have reported
that the VEGF-634G/C polymorphism is associated with
several types of cancers, including gastric, colorectal, lung

and breast cancers (30-33). Liu er al (30) reported that the
VEGF-634GC+CC genotype was associated with an increased
risk of gastric cancer. The present study is consistent with
these results. However, Zhao ef al (31) and Deng et al (32)
revealed that the VEGF-634CC genotype decreased the risk
of colorectal and lung cancers. Yao et al (33) reported that the
-634G/C polymorphism does not appear to represent a risk
factor for breast cancer. The inconsistent role of the -634G/C
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polymorphism may be due to the association between -634G/C
and other unknown functional SNPs or environmental factors
in the angiogenesis pathway. In addition, the variations in
ethnicities, study design, tumor types and sample size demon-
strated by these studies may affect the results and cause such
discrepancies. Therefore, additional studies with different
populations are required to confirm the association between
this polymorphism and the risk of cancer.

In the present study, it was found that the -634G/C poly-
morphism is associated with the prognosis of osteosarcoma.
Previous studies have reported that -634G/C polymorphism
is associated with the clinical outcome of breast, gastric,
prostate and ovarian cancers (33-36). One study investigated
the association between VEGF polymorphism and the prog-
nosis of osteosarcoma, but this previous study did not identify
that the -634G/C polymorphism played a role in the clinical
outcome of osteosarcoma (37). Additional studies are required
to confirm the association between this polymorphism and
osteosarcoma.

Several limitations should be considered in the present
study. First, the enrolled patients and control individuals were
selected from one hospital. A certain risk of selection bias
may be present, as the patients and control individuals were
not a random sample of patients with osteosarcoma and may
not be representative of the overall situation of patients with
osteosarcoma. Secondly, due to the rarity of osteosarcoma,
only a small number of patients with osteosarcoma were
enrolled. The relatively small sample size may limit the statis-
tical power to identify differences between groups. Thirdly,
additional factors in the angiogenesis pathway may affect
the development and prognosis of osteosarcoma, and the
VEGEF gene polymorphism may interact with these factors.
Therefore, additional large samples are required to confirm
the association between VEGF gene polymorphisms and the
development and prognosis of osteosarcoma.

In summary, the present study revealed that the
VEGF-634G/C polymorphism is an independent factor
for the development and prognosis of osteosarcoma. The
VEGF-634G/C polymorphism may be used as a genetic
marker for the prediction of the risk and clinical outcome of
osteosarcoma.
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