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Abstract: Osteosarcoma (0S) is a kind of malignant bone tumor accounting for ~6% of all cancer in children. The
precise mechanism of occurrence and development of OS remains under investigation. Vascular endothelial growth
factor (VEGF), known for the role as a key mediator of angiogenesis, has been shown to have some associations with
a variety of malignant tumors, including OS. VEGF gene polymorphisms may involve in the carcinogenesis by influ-
encing the formation of blood vessels. In order to estimate the correlation between VEGF gene polymorphisms and
the risk of OS, we performed the meta-analysis based on five case-control studies from PubMed and CNKI. The re-
sults of this study indicated that in Chinese populations, the VEGF 1612G/A, -1156G/A gene polymorphisms are not
associated with the susceptibility to OS and the -2578C/A and -460T/C gene polymorphism are associated with the
risk of OS, and for -634G/C and -936C/T, there may be exist an association in OS risk. Due to the limitations of this
study, further larger-size, multi-center and higher-quality case-control studies are warranted to validate our findings.
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Introduction

Osteosarcoma (OS) is an aggressive bone can-
cer, it is the most common primary malignant
bone tumor in children and adolescents. It is
arising from mesenchymal tissues, the long
bone is the most common lesion site. The
annual incidence of OS is estimated about
4-5/10° globally, which assumes a proportion
of ~6% of childhood cancer [1-3]. The process
of OS is complex, multistep and multifactorial,
the precise mechanism of progression of OS is
not well understood [4, 5]. Many studies have
showed that environmental and genetic factors
were involved in the pathogenesis of OS [6-8].
In addition to that, a growing body of research
suggests that microenvironment and cancer
stem cells may have play a crucial role in the
occurrence and development of OS [9-11].

Some previous studies have reported that the
development of OS was related with many
genetic factors, including CTLA-4, MDM2 and

TNF-a gene polymorphisms [12-14], they indi-
cated that single nucleotide polymorphisms
were associated with the risk of OS. Recent
years, some studies indicated that VEGF are
associated with the pathogenesis of 0S [15-
17], and some persuasive evidences have indi-
cated that VEGF expression has very important
effects on prognosis in patients with OS, espe-
cially in the aspect of overall survival [18-21].
However, the association with VEGF gene poly-
morphisms and the risk on OS has not yet been
assessed comprehensively.

Recently, some case-control studies have been
conducted to investigate the potential associa-
tion between VEFG gene polymorphism and OS.
However, the results are not consistent or even
contradictory. Therefore, for deriving more reli-
able conclusions and clarifying its relationship
with OS risk, we conducted this meta-analysis
from the published literatures to present the
genetic knowledge on the VEGF polymorphisms
and the susceptibility to OS.
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Figure 1. Flowchart presenting the steps of literature search and selection.

Materials and methods

Search strategy

A comprehensive online search was performed
in PubMed and China National Knowledge
Infrastructure (CNKI) databases for relevant
articles. The search time is up to October 1,
2015. The following search terms were used
for the publication search: (“vascular endo-
thelial growth factor” or “vascular endothelial
growth factor” or “vegf” or “VEGF”) and (“poly-
morphism, genetic” or “polymorphism”) and
(“genetic” or “genetic polymorphism” or “poly-
morphism”) and (“osteogenic sarcoma” or
“osteosarcoma”). In addition, reference lists of
retrieved articles were also examined.

Inclusion and exclusion criteria

Any study that met the following criteria was
included: (1) case-control studies design; (2)
Studies are evaluating the association between
VEGF gene polymorphisms and osteosarcoma
in humans; (3) The literatures have the basic
information, and enough data was recorded for
estimating of odds ratio (OR) and 95% confi-
dence interval (Cl); (4) osteosarcoma confirmed
by the accepted diagnostic criteria.

Date extraction and quality assessment

Date extraction: Two investigators (ZL and XGF)
extracted data from the eligible studies inde-
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cluded is assessed by two
reviewers (ZL and XGF) ac-
cording to a set of criteria
described by Wang et al [22].
A total of five aspects includ-
ed in the predetermined crite-
ria are as following: the source
of cases and controls, case-control matching,
the source of obtained specimens used for
determining genotypes, total sample size, evi-
dence of Hardy-Weinberg equilibrium (HWE).
For disagreements, a consensus was reached
by the third investigator (ZY). The quality of the
studies was scored from O to 18, with higher
scores indicating a better quality (high quality
>12, low quality <12).

Statistics analysis

Statistical analyses in this Meta-analysis were
performed by using STATA version 12.0 (Stata
Corporation LP, College Station, TX). HWE was
evaluated for controls in each study by the Chi-
square test. The heterogeneity between differ-
ent studies was assessed by using Q-statistic
and the I test [23]. If the heterogeneity was
significant (P<0.1, I1>>50%), the random effects
model was used [24], otherwise, the fixed
effects model was used [25]. The crude odds
ratio (OR) and 95% confidence interval (Cl) was
used to assess the strength of association
between VEGF gene polymorphisms and 0S
susceptibility under five genetic models: the
allele model, dominant model, recessive model,
heterozygous model and homozygous model. In
addition, sensitivity analysis and publication
bias were assessed in the present meta-analy-
sis. All P values were two-tailed, and P<0.05
was considered statistically significant.
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Table 1. Main characteristics of the included studies of VEGF polymorphisms (+1612G/A, -2578C/A,

-460T/C) in the meta-analysis

Gene polymorphism Country Racial G?:ttr)]/sldng S;L:; sz Nzc')g;ztless/ GG Cf:s A GGCO:;:NS A P.e Score
+1612G/A (rs10434)  China Asian PCR-RFLP HB 164/330 68 76 20 151 146 33 0.791 13
China Asian PCR-RFLP HB 330/342 95 157 78 97 172 73 0.841 14
China Asian PCR-RFLP HB 180/360 77 80 23 163 155 42 0.579 14
China Asian PCR-RFLP HB 176/176 77 80 19 80 78 18 0.874 13
CC CA AA CC CA AA
-2578C/A (rs699947)  China Asian PCR-RFLP HB 165/330 64 72 29 159 136 35 0.464 13
China Asian PCR-RFLP HB 182/182 68 79 35 88 71 23 0.153 13
China Asian PCR-RFLP HB 176/176 62 78 36 84 71 21 0.322 13
T T1C CC TIr TC CC
-460T/C (rs833061) China Asian PCR-RFLP HB 182/182 65 91 26 72 86 24 0.832 13
China Asian PCR-RFLP HB 176/176 48 89 39 66 85 25 0.777 13

Table 2. Meta-analysis of VEGF polymorphisms (+1612G/A, -2578C/A, -460T/C) and osteosarcoma

risk in Chinese populations

Test of association

Test of heterogeneity

Gene polymorphism Comparison OR 95% Cl P Model "
+1612G/A (rs10434) Avs.G 1.08 0.94-1.23 0.269 F 0.944 0.00%
AG/AA vs. GG 1.08 0.09-1.30 0.424 F 0.896 0.00%
AA vs. AG/GG 1.14 0.89-1.47 0.300 F 0.986 0.00%
AG vs. GG 1.05 0.86-1.28 0.621 F 0.873 0.00%
AAvs. GG 1.15 0.87-1.52 0.315 F 0.956 0.00%
-2578C/A (rs699947)
Cvs. A 0.67 0.57-0.80  0.000 F 0.904 0.00%
AA/CA vs. CC 156 1.23-1.97  0.000 F 0.899 0.00%
AAvs. CA/CC 1.78 1.282.46  0.001 F 0.942 0.00%
AAvs. CC 211 1.49-2.99 0.000 F 0.93 0.00%
CAvs.CC 14 1.09-1.81  0.008 F 0.917 0.00%
-460T/C (rs833061)
Tvs.C 0.79 0.64-0.97 0.027 F 0.216 34.60%
TT/CT vs. CC 0.71 0.48-1.07  0.103 F 0.279 14.60%
TT vs. CT/CC 0.73 0.54-1.00 0.050 F 0.333 0.00%
TTvs. CC 0.62 0.39-0.96 0.034 F 0.206 37.40%
CT vs. CC 0.8 0.52-1.22  0.299 F 0.391 0.00%
Results Meta-analysis results

According to the above inclusion criteria, a total
of five studies were finally identified in this
Meta-analysis [26-30]. Six gene polymorphisms
of the VEFG gene were investigated, and the
participants in all included case-control studies
are Chinese. A flowchart showing the steps of
literature search and selection is presented in
Figure 1. The quality score of all included case-
control studies ranged 13-14, with classified as
high quality (=12).
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All studies were published in English and con-
ducted in China. The controls were all healthy
individuals and were matched for age and gen-
der. The genotypes of all studies were analyzed
using PCR-RFLP (polymerase chain reaction-
restriction fragment length polymorphism). The
studies in the meta-analysis are all case-con-
trol studies with high quality.

Zhang T [26] studied five polymorphisms,
-2578C/A (rs699947), -1156G/A (rs1570360),

Int J Clin Exp Med 2016;9(5):7638-7647
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Figure 2. Forest plot of the association between the rs699947 polymorphism and the OS risk under the allele model

(Cvs. A).
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Figure 3. Forest plot of the association between the rs699947 polymorphism and the OS risk under the codominant

model (AA vs. CC).
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Figure 4. Forest plot of the association between the rs699947 polymorphism and the OS risk under the codominant

model (AC vs. CC).
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Figure 5. Forest plot of the association between the rs833061 polymorphism and the OS risk under the allele model
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Figure 6. Forest plot of the association between the rs833061 polymorphism and the OS risk under the codominant

model (TT vs. CC).

+1612G/A (rs10434), +936C/T (rs3025039)
and -634G/T (rs2010963). Two studies re-
spectively by Wang Z [27] and Zhang G [28]
were all concerned with three polymorphism,
+1612G/A (rs10434), +936C/T (rs3025039)
and -634G/T (rs2010963). Zhang HF [29]
surveyed three polymorphisms, -2578C/A (rs-
699947), 936C/T (rs3025039) and -460T/C
(rs833061). Zhao LL [30] inquired about six
polymorphisms, -2578C/A (rs699947), -1156-
G/A (rs1570360), +1612G/A (rs10434), +936-
C/T (rs3025039), -634G/T (rs2010963) and
-460T/C (rs833061).

+1612G/A polymorphism and osteosarcoma

A total of four studies [26-28, 30] investigated
the 1612G/A polymorphism in osteosarcoma
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(Table 1). As there is no heterogeneity, the fixed
effects models were used for all five genetic
models. The results indicate that the VEGF
gene 1612G/A polymorphism was not associ-
ated with the risk of osteosarcoma (Table 2).

-2578C/A polymorphism and osteosarcoma

A total of three studies [26, 29, 30] investigat-
ed the -2578C/A polymorphism and osteosar-
coma (Table 1). Based on the fixed effects
model for no heterogeneity, the results show
that the genotype at the -2578C/A polymor-
phism exhibited a significant association be-
tween -2578C/A polymorphism and the risk of
osteosarcoma. The C allele was associated
with a reduced risk of osteosarcoma (Table 2;
Figure 2). When comparing with the carrier with

Int J Clin Exp Med 2016;9(5):7638-7647
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CC, the carriers with AA or CA all have
an increased susceptibility to osteosarcoma
(Table 2; Figures 3, 4).

-460T/C polymorphism and osteosarcoma

A total of two studies [29, 30] investigated
the -460T/C polymorphism and osteosarco-
ma (Table 1). Table 2 shows the results of
the meta-analysis based on the fixed effects
models. The results indicated that there was a
positive association between the VEGF gene
-460T/C polymorphism and the risk of osteo-
sarcoma only in Tvs. Cand TT vs. CC gene mo-
del (Figures 5, 6), suggesting T allele may have
the potential values as a protective factor.

-634G/C polymorphism and osteosarcoma

A total of four studies [26-28, 30] investigated
the -634G/C polymorphism and osteosarcoma.
Table 3 shows the main characteristics of the
634G/C polymorphism in the meta-analysis
and Table 4 shows the results of the 634G/C
polymorphism in overall and removed by Zhang
T, respectively. The results indicated that there
was a positive association between the VEGF
gene-634G/C polymorphism and the risk of
osteosarcoma in C vs. G, CG/CC vs. GG, CC vs.
CG/GG and CC vs. GG gene model in overall,
but when deletion of the study by Zhang T, a
positive association only found in CC vs. CG/
GG.

-936C/T polymorphism and osteosarcoma

A total of five studies [26-30] investigated the
-936C/T polymorphism and osteosarcoma.
Among them, the genotype distributions of
rs3025039 in two studies (Zhang T; Zhang HF)
were not in HWE in the control subjects, and
they all detected non-statistically significantly
association between 936C/T polymorphism
and osteosarcoma. For deriving a more reliable
conclusion, an analysis was performed with
three studies which are in HWE in the controls.
Table 5 shows the main characteristics of the
936C/T polymorphism in the meta-analysis.

We detected a statistically significantly in-
creased risk of osteosarcoma only in T vs. C
(OR=1.21, 95% CI: 1.03-1.41, P=0.019), TT vs.
CC (OR=1.69, 95% CI: 1.15-2.50, P=0.008) and
TT vs. CT/CC (OR=1.57, 95% Cl: 1.09-2.28,
P=0.016), but when deletion of the study by
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Wang Z, the results showed that the genotype
at the -936C/T polymorphism exhibited nega-
tive association between -936C/T polymor-
phism and osteosarcoma in T vs. C (OR=1.15,
95% Cl: 0.94-1.41, P=0.185), TT vs. CC (OR=
1.33, 95% Cl: 0.83-2.15, P=0.239), TT vs. CT/
CC (OR=1.23, 95% CI: 0.78-1.93, P=0.371).

-1156G/A polymorphism and osteosarcoma

A total of two studies [26, 30] investigated the
-1156G/A polymorphism and osteosarcoma.
The genotype distributions of rs1570360 in
one studies (Zhang T) was in line with HWE, the
other (Zhao LL) was not. They all reported that
there was no association between -1156G/A
polymorphism and osteosarcoma.

Sensitivity analysis

Sensitivity analysis was conducted by omit-
ting every study by sequence from the pool-
ed analysis to examine the influence of the
removed data set to the pooled OR. The re-
sult showed no individual study significant-
ly affected the overall ORs in specific genotype
in gene polymorphism (+1612G/A, -2578C/A,
-460T/C), suggesting that the results of the
meta-analysis were steady.

Publication bias

Each genetic model were used by funnel plot,
Egger test and Begg’' test, respectively (Not
shown). The results all showed there were no
publication biases of all included studies in
gene polymorphism.

Discussion

This study comprehensively assessed the asso-
ciations between VEFG polymorphism and OS
susceptibility in Chinese populations. A total of
six gene polymorphisms of the VEFG gene were
investigated, and the five case-control studies
included were all Chinese participants. This
meta-analysis we performed addresses the
potential association between six VEGF gene
polymorphisms and OS risk in Chinese popula-
tions. We evaluated the genetic associations
between six VEGF gene polymorphisms and 0S
by pooling the data from published literatures,
the six VEGF gene polymorphisms were -2578C/
A, -1156G/A, +1612G/A, +936C/T, -634G/T
and -460T/C. There were no associations iden-
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Table 3. The main characteristics of the 634G/C polymorphism in the meta-analysis

Gene polymorphism Author, year ~ Country  Racial Genotyping - Source of - No. cases/ Cases Controls P Score
method controls controls CC CG GG CC CG GG HWE
634G/C (rs2010963) Zhang, 2014 China Asian PCR-RFLP HB 165/330 42 80 43 120 151 59 0.34 13
Wang, 2014 China Asian PCR-RFLP HB 330/342 50 165 115 58 166 118 0.976 14
Zhang, 2015 China Asian PCR-RFLP HB 180/361 48 90 42 138 170 53 0.956 14
Zhao, 2015 China Asian PCR-RFLP HB 176/176 61 85 30 67 81 28 0.671 13
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Table 4. The results of the 634G/C polymorphism in overall and in part (omitting one study by Zhang
T)

Test of association Test of heterogeneity

Gene polymorphism Comparison OR 95% CI P Model P 2
634G/C (rs2010963) Cvs.G 0.79 0.65-0.96 0.020 R 0.077 56.20%
CG/CCvs. GG 0.79 0.64-0.97 0.025 F 0.145 44.40%
CCvs. CG/GG 0.71 0.58-0.87 0.001 F 0.347 9.20%
CG vs. GG 0.86 0.69-1.08 0.192 F 0.437 0.00%
CCyvs. GG 0.64 0.49-0.83 0.001 F 0.118 48.90%

Removed by Zhang T

Cvs.G 0.83 0.66-1.05 0.126 R 0.082 59.90%
CG/CCvs. GG 0.81 0.57-1.16 0.248 F 0.135 50.20%
CCvs. CG/GG 0.75 0.59-0.95 0.017 F 0.299 17.20%
CG vs. GG 0.9 0.70-1.16 0.428 F 0.35 4.70%
CCvs. GG 0.69 0.44-1.09 0.111 R 0.108 55.10%

Table 5. The main characteristics of the 936C/T polymorphism in the meta-analysis

Gene Polymorphism Country Racial

Year

Author, Genotyping Source of No. Cases/

Method Controls  Controls

CcC Cr 11 CC CT TT

+936C>T (rs3025039) Wang, 2014  China  Asian PCR-RFLP
Zhang, 2015 China  Asian  PCR-RFLP
Zhao, 2015 China  Asian  PCR-RFLP

HB 330/342 185 116 29 207 123 12 0.224 14
HB 180/360 66 92 22 148 175 37 0.158 14
HB 176/176 8 75 16 92 71 13 0.89 13

tified between the 1612G/A, -1156G/A po-
lymorphisms and OS. However, a significant
association was revealed by the results be-
tween -2578C/A, -460T/C and OS. For the
-634G/C polymorphism and OS, the results
indicated that there was an significant asso-
ciation between the VEGF gene -634G/C po-
lymorphism and the risk of OS in allele, domi-
nant, recessive and codominant model in over-
all, but when omitting the study by Zhang Tie, a
statistical significance only found in recessive
model, suggesting the results should be treat-
ed with caution. And for -936C/T polymorphism
and OS, a statistically significance were found
in some gene models, but when deletion of the
study by Wang Zhen, the results showed no
association between -936C/T polymorphism
and O0S, suggesting the results may be not
steady, more case-control studies should be
brought into the analysis in the future.

This meta-analysis we present still has some
strengths. Firstly, all included studies are meth-
odologically rigorous and high quality (score
>12). The heterogeneity was also checked by Q
and I? test, and the heterogeneity of the meta-
analysis was not significant. The sensitivity
analysis was also conducted by omitting one
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study by sequence to ensure the steadiness of
the pooled results. Secondly, all five genetic
models were performed in six gene polymor-
phism, which offered enough information to
detect the association. At last, the literature
search was comprehensive and extensive,
including all studies published about VEGF
gene polymorphisms and OS. Six VEFG gene
polymorphisms were identified in this study, it
was essential for us to get a comprehensive
understanding of the relationships between
VEGF gene polymorphisms and OS.

Also, there are still a few limitations of this
study that the findings should be interpreted
with caution. Firstly, there may exist some
potential bias for only including published liter-
atures and all included studies are hospital-
based. Secondly, this meta-analysis is based
on unadjusted estimates, a more precise analy-
sis are needed. Thirdly, the number of studies
and subjects was relatively small and limited,
for this reason, more case-control studies with
larger sample size and higher quality are
required. Finally, because of lacking of relevant
enough information provided in all included
studies, other influence factors such as gene-
environment were fail to investigated.

Int J Clin Exp Med 2016;9(5):7638-7647
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In conclusion, the current meta-analysis we
performed suggested that in a Chinese popula-
tion, the 1612G/A, -1156G/A gene polymor-
phisms are not associated with the risk of OS,
while there was a significant association
between -2578C/A polymorphism and OS, and
for -460T/C, T allele may reduce the suscepti-
bility to OS for Chinese. But the results about
-634G/C and -936C/T should be treated with
caution. Due to the limitations of this study, fur-
ther larger-size, multi-center and higher-quality
case-control studies are required to validate
these findings in the future.

Disclosure of conflict of interest
None.
Authors’ contribution

Zhu ZM was involved in the design of this meta-
analysis and revision of this manuscript, he has
also given final approval for submission. Zhou
L, Xia GF and Zhang Y were involved in publica-
tion collection and assessment of study quality.
Liu FT was involved in data analysis of the
study, and wrote this manuscript, he has also
assisted in the design of this work. Luo HL and
Zhu PQ assisted in the revision of this manu-
script. All authors read and approved the final
manuscript.

Address correspondence to: Dr. Zhengming Zhu,
Department of Gastrointestinal Surgery, The Se-
cond Affiliated Hospital of Nanchang University,
Nanchang 330000, Jiangxi Province, China. E-mail:
zzm8654@163.com

References

[1] Mirabello L, Troisi RJ and Savage SA. Osteo-
sarcoma incidence and survival rates from
1973 to 2004: Data from the Surveillance,
Epidemiology, and End Results Program.
Cancer 2009; 115: 1531-1543.

[2] Ottaviani G and Jaffe N. The Epidemiology of
Osteosarcoma. Cancer Treat Res 2009; 152:
3-13.

[3] Moore DD and Luu HH. Osteosarcoma. Cancer
Treat Res 2014; 162: 65-92.

[4]  Zhu L, McManus MM and Hughes DP. Under-
standing the Biology of Bone Sarcoma from
Early Initiating Events through Late Events in
Metastasis and Disease Progression. Front
Oncol 2013; 3: 230.

[5] Hameed M and Dorfman H. Primary malignant
bone tumors--recent developments. Semin
Diagn Pathol 2011; 28: 86-101.

7646

(6]

(7]

(8]

)

(10]

(11]

[12]

[13]

(14]

(16]

[17]

Yang J, Annala M, Ji P, Wang G, Zheng H,
Codgell D, Du X, Fang Z, Sun B, Nykter M, Chen
K and Zhang W. Recurrent LRP1-SNRNP25
and KCNMB4-CCND3 fusion genes promote
tumor cell motility in human osteosarcoma. J
Hematol Oncol 2014; 7: 76.

Tang YJ, Wang JL, Nong LG, Lan CG, Zha
ZG, Liao PH. Associations of IL-27 polymor-
phisms and serum IL-27p28 levels with os-
teosarcoma risk. Medicine (Baltimore) 2014;
93: eb6.

He ML, Wu Y, Zhao JM, Wang Z, Chen YB.
PIK3CA and AKT gene polymorphisms in sus-
ceptibility to osteosarcoma in a Chinese popu-
lation. Asian Pac J Cancer Prev 2013; 14:
5117-5122.

Salvatore V, Focaroli S, Teti G, Mazzotti A and
Falconi M. Changes in the gene expression of
co-cultured human fibroblast cells and osteo-
sarcoma cells: the role of microenvironment.
Oncotarget 2015; 6: 28988-28998.

Alfranca A, Martinez-Cruzado L, Tornin J,
Abarrategi A, Amaral T, Alava E, Menendez P,
Garcia-Castro J and Rodriguez R. Bone micro-
environment signals in osteosarcoma develop-
ment. Cell Mol Life Sci 2015; 72: 3097-3113.
Yu FX, Hu WJ, He B, Zheng YH, Zhang QY, Chen
L. Bone marrow mesenchymal stem cells pro-
mote osteosarcoma cell proliferation and inva-
sion. World J Surg Oncol 2015; 13: 52.

He J, Wang J, Wang D, Dai S, Yv T, Chen P, Ma
R, Diao C and Lv G. Association between CTLA-
4 genetic polymorphisms and susceptibility to
osteosarcoma in Chinese Han population.
Endocrine 2013; 45: 325-330.

Hu Z, Li N, Xie X, Jiang R. The association of
MDM2 ¢.346G>A genetic variant with the risk
of osteosarcoma in Chinese. Genet Test Mol
Biomarkers 2015; 19: 108-111.

Zhao Z, Tang X, Song K, Li X and Zhang Y.
Association of -308G/A and -238G/A polymor-
phisms of TNF-a and osteosarcoma risk. Int J
Clin Exp Pathol 2015; 8: 4177-4181.

Zhao J, Zhang ZR, Zhao N, Ma BA, Fan QY.
VEGF silencing inhibits human osteosarcoma
angiogenesis and promotes cell apoptosis via
PI3BK/AKT signaling pathway. Int J Clin Exp Med
2015; 8: 12411-12417.

Daft PG, Yang Y, Napierala D and Zayzafoon
M. The growth and aggressive behavior of hu-
man osteosarcoma is regulated by a CaMKII-
controlled autocrine VEGF signaling mecha-
nism. PLoS One 2015; 10: e0121568.

Ohba T, Cates JM, Cole HA, Slosky DA, Haro H,
Ando T, Schwartz HS and Schoenecker JG.
Autocrine VEGF/VEGFR1 signaling in a sub-
population of cells associates with aggressive
osteosarcoma. Mol Cancer Res 2014; 12:
1100-1111.

Int J Clin Exp Med 2016;9(5):7638-7647


mailto:zzm8654@163.com

(18]

[19]

[20]

[21]

[22]

(23]

[24]

7647

Gene polymorphisms of VEGF and OS in Chinese

Baptista AM, Camargo AF, Filippi RZ, Oliveira
CR, Azevedo Neto RS, Camargo OP. Corre-
lation between the expression of vegf and
survival in osteosarcoma. Acta Ortop Bras
2014; 22: 250-255.

Charity RM, Foukas AF, Deshmukh NS and
Grimer RJ. Vascular endothelial growth factor
expression in osteosarcoma. Clin Orthop Relat
Res 2006; 448: 193-198.

tugowska |, Wozniak W, Klepacka T, Michalak
E and Szamotulska K. A prognostic evaluation
of vascular endothelial growth factor in chil-
dren and young adults with osteosarcoma.
Pediatr Blood Cancer 2011; 57: 63-68.

Chen GL, Lin HB, Wu XW, Li RY and Chen XH.
[The correlation between the level of serum
VEGF and bFGF with metastasis and prognosis
of osteosarcomal]. Xi Bao Yu Fen Zi Mian Yi Xue
Za Zhi 2011; 27: 1343-1345.

Wang F, Sun G, Zou Y, Fan L and Song B. Lack
of association of miR-146a rs2910164 poly-
morphism with gastrointestinal cancers: evi-
dence from 10206 Subjects. PLoS One 2012;
7: e39623.

Higgins JP and Thompson SG. Quantifying het-
erogeneity in a meta-analysis. Stat Med 2002;
21: 1539-1558.

DerSimonian R, Laird N. Meta-analysis in clini-
cal trials. Control Clin Trials 1986; 7: 177-188.

[25]

[26]

[27]

(28]

[29]

[30]

Mantel N and Haenszel W. Statistical aspects
of the analysis of data from retrospective stud-
ies of disease. J Natl Cancer Inst 1959; 22:
719-748.

Tie Z, Bai R, Zhai Z, Zhang G, Zhang H, Zhao Z,
Zhou D and Liu W. Single nucleotide polymor-
phisms in VEGF gene are associated with an
increased risk of osteosarcoma. Int J Clin Exp
Pathol 2014; 7: 8143-8149.

Wang Z, Wen P, Luo X, Fang X, Wang Q, Ma F
and Lv J. Association of the vascular endothe-
lial growth factor (VEGF) gene single-nucleo-
tide polymorphisms with osteosarcoma sus-
ceptibility in a Chinese population. Tumour Biol
2013; 35: 3605-3610.

Zhang G, Bai R, Zhang T, Zhang H, Wen SZ and
Jiang DM. Investigation of the role of VEGF
gene polymorphisms in the risk of osteosarco-
ma. Genet Mol Res 2015; 14: 8283-8289.
Zhang HF, Yan JP, Zhuang YS and Han GQ.
Association between angiogenic growth factor
genetic polymorphisms and the risk of osteo-
sarcoma. Genet Mol Res 2015; 14: 10524-
10529.

Li-Lian Z, Lin W, Lei S, Yao-Nan Z. Investigation
on the role of VEGF gene polymorphisms in the
risk of osteosarcoma. Pak J Med Sci 2015; 31:
364-368.

Int J Clin Exp Med 2016;9(5):7638-7647



