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Objective: Previous studies have investigated the role of cytotoxic T-lymphocyte antigen-4 (CTLA-4) and
tumor necrosis factor-alpha (TNF-a) in carcinogenesis of osteosarcoma, but their results were inconsistent.
We aimed to clarify the associations between CTLA-4, TNF-a polymorphism and osteosarcoma risk by
using meta-analysis.

Methods: We searched relevant studies without language restriction in PubMed, EMbase, Cochrane
Library, Google Scholar databases, Chinese National Knowledge Infrastructure (CNKI) and conference
literature in humans published prior to March 2013. The strengths of the associations between genetic
variants and osteosarcoma risk were estimated by odds ratio (OR) with 95% confidence interval (95% CI).
Results: A total of seven studies with 1,198 osteosarcoma patients and 1,493 controls were selected. Four
studies were eligible for CTLA-4 (1,003 osteosarcoma and 1,162 controls), and three studies for TNF-o,
(195 osteosarcoma and 331 controls). Pooled results showed that rs231775 polymorphism of CTLA-4 was
associated with osteosarcoma risk (GG vs. AA: OR=1.63, 95% CI=1.24-2.13; GG + GA vs. AA: OR=1.56,
95% ClI=1.21-2.01; AA + GA vs. GG: OR=0.83, 95% CI=0.71-0.97; G vs. A: OR=1.21, 95% CI=1.08-1.36).
No significant heterogeneity was observed across the studies. No significant associations were found between
155742909 polymorphism of CTLA-4 or rs1800629 polymorphism of TNF-o and osteosarcoma risk.
Conclusions: These results suggest that the rs231775 polymorphism of CTLA-4 may play an important

role in carcinogenesis of osteosarcoma.
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Introduction

Osteosarcoma is the most common malignancy of bone and
has peak occurrence in children and young adults (1). The
exact mechanisms of osteosarcoma are largely unknown,
but many evidences have suggested that multiple genetic
and environmental factors may play important roles in
the carcinogenesis of osteosarcoma. Many studies have
confirmed that the T cell response plays an important role

in the immune system, including the antitumor effect,
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therefore, genes encoding T cell response molecules may
potentially affect the carcinogenesis of cancers (2). Cytotoxic
T-lymphocyte antigen-4 (CTLA-4) is a costimulatory
molecule; it is expressed by activated T cells and is able
to down-regulate T-cell proliferation and activation (3,4).
Previously, several studies identified that CTLA-4 is able to
affect T cell responses in animal tumor models and cancer
immunotherapy trials in humans (5-8). Recently, Contardi
et al. (9) showed that CTLA-4 molecule is expressed and
functions on human tumor cells, such as osteosarcoma and
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breast cancer, which indicates that CTLA-4 may affect these
cancers through multiple pathways. CTLA-4 gene is located
on chromosome 2q33 and consists of four exons that encode
separate functional domains. Several variants of CTLA-4
gene, such as rs5742909 (-318C/T), rs231775 (+49G/A),
and rs3087243 (CT60A/G), are reported to be associated
with various cancers (10-12). However, little is known
about the association between CTLA-4 polymorphisms
and osteosarcoma risk, and the current results about this
relationship remained controversial (13-16).

Tumor necrosis factor-alpha (TNF-a) is a cytokine
produced by macrophages and monocytes with a wide range
of activities, and the polymorphisms of this gene have been
found to contribute to major histocompatibility complex
(MHC) associations with some autoimmune diseases (17).
There are evidences showed that the polymorphisms of
TNF-a promoter related to the development and poor
prognosis of some cancers, such as gastric cancer (18), prostate
cancer (19) and cervical cancer (20). TNF-a rs1800629
(308G/A) polymorphism was wildly studied and there is a
functional study suggesting that the A allele of rs1800629
is associated with increased TNF-a production (21).
Currently, fewer studies (22-24) investigated the
susceptibility of TNF-a polymorphisms to osteosarcoma
risk, and their results were inconclusive due to the limited
number of subjects.

Recently, there are studies reported that CTLA-4 and
TNF-a polymorphisms as a susceptibility marker for
recurrent miscarriage (25), and GG genotype of CTLA-4
rs231775 was associated to lower TNF-a levels in patients
with chronic hepatitis B virus (HBV) infection (26).
Considering the important role of CTLA-4 and TNF-a
polymorphisms in the response to cancer carcinogenesis,
as well as the inconsistent results of current studies on
the association with osteosarcoma risk, we systematically
analyzed the CTLA-4 and TNF-a polymorphisms on
carcinogenesis of osteosarcoma through a meta-analysis.

Materials and methods
Literature search and data extraction

All methods were based on the guidelines proposed by the
Human Genome Epidemiology Network for systematic
review of genetic-association studies and followed preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) guidelines (27). A systematic literature search
was performed on PubMed, EMbase, Cochrane Library,
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Google Scholar databases, Chinese National Knowledge
Infrastructure (CNKI) and conference literature in
humans published prior to March 2013 without language
restrictions. The search terms included “Osteosarcoma”,
“Polymorphism”, “CTLA-4”, “Tumor Necrosis Factor-a”
as well as their combinations. We also identified additional
studies by screening reference lists of key studies and
reviews.

Selection criteria of an eligible study included: (I) studies
that investigated the association between the CTLA-4 or
TNF-a polymorphism and risk of osteosarcoma; (II) case-
control design; (III) studies that reported crude odds ratio
(OR) with 95% confidence interval (95% CI) values or
sufficient data to calculate crude OR and 95% CI; (IV) for
studies with over one publication describing results among
the same or overlapping groups of subjects or controls, only
the largest of the available published data sets was included;
and (V) in order to achieve enough statistical power, we
only selected single nucleotide polymorphisms (SNPs)
which had been reported by more than two publications.

The following data of the studies were extracted: first
author, published year, original country, number of case
and control, and genotypes of CTLA-4 and TNF-a.
Two investigators (Liu JW and Wang JL) independently
extracted the data. The discrepancy in data extraction was
resolved by repeating the study review and discussion.

Statistical analysis

Association between CTLA-4 or TNF-a polymorphism
and osteosarcoma risk was calculated using crude OR with
95% CI. Four models of allele contrast model, codominant
model, dominant model, and recessive model were analyzed
respectively. If the P value of the heterogeneity test was >0.05,
a fixed-effect model was performed to calculate the
combined OR, which assumed the same homogeneity
of effect size across all studies. If the P value of the
heterogeneity test was <0.05, it showed that the between-
study heterogeneity was statistically significant. A random-
effects mode was used to calculate the combined OR.
Hardy-Weinberg equilibrium (HWE) was calculated in
control population to evaluate the quality of the data by
using chi-square test. Publication bias was tested graphically
by using funnels plots, and the funnel plot asymmetry
was assessed by the method of Egger’s test. The statistical
analyses were performed using Stata Statistical package
(version 11.2; Stata Corp., College Station, TX). All P
values were two-sided.
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Figure 1 Flow chart of study selection based on the inclusion and exclusion criteria.

Results
Literature search process

The initial search yielded 32 studies. Twelve potential
relevant studies were identified through screening the titles
and abstracts. Next by screening the full texts, five studies
were excluded. Therefore, a total of seven case-control
studies (13-16,22-24) analyzing two SNPs of CTLA-4
(rs231775: +49G/A, rs5742909: -318C/T) and one SNP of
TNF-a (rs1800629: —308G/A) were finally included in the
present meta-analysis. Figure I provides a flow summary
of selection process. Table 1 presents the characteristics of
individual studies in the meta-analysis and the HWE of
controls.

Quantitative data syntbesis

For rs231775 polymorphism of CTLA-4, 4 studies (13-16)
consisting of 1,003 osteosarcoma patients and 1,162
controls were synthesized. All the included subjects were
Chinese. There were significant associations between

rs231775 polymorphism and osteosarcoma risk (GG vs. AA:
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OR=1.63, 95% Cl=1.24-2.13; GG + GA vs. AA: OR=1.56,
95% CI=1.21-2.01; AA + GA vs. GG: OR=0.83, 95%
CI=0.71-0.97; G vs. A: OR=1.21, 95% CI=1.08-1.36). No
significant heterogeneity was found between studies by
Q-test and I’ test (all P>0.05) (Figure 2).

For rs5742909 polymorphism of CTLA-4, three studies
(13,14,16) consisting of 798 osteosarcoma patients and 946
controls were synthesized. No significant associations were
found between rs5742909 polymorphism and osteosarcoma
risk (CC vs. TT: OR=1.42, 95% CI=0.82-2.44; CC + CT
vs. TT: OR=1.41, 95% CI=0.82-2.41; TT + CT vs. CC:
OR=0.97, 95% CI=0.84-1.13; C vs. T: OR=1.09, 95%
CI=0.91-1.29). No between-study heterogeneity was
observed (all P>0.05) (Figure 3).

For rs1800629 polymorphism of TNF-a, three studies
(22-24) consisting of 195 osteosarcoma patients and 331
controls were synthesized. No significant associations
were presented between rs5742909 polymorphism and
osteosarcoma risk (AA vs. GG: OR=0.98, 95% CI=0.74-1.30;
AA + AG vs. GG: OR=0.98, 95% CI=0.75-1.28; GG + AG
vs. AA: OR=1.79, 95% CI=0.60-5.39; A vs. G: OR=0.98,
95% CI=0.82-1.18). No between-study heterogeneity was

www.thecjcr.org Chin J Cancer Res 2013;25(6):671-678



First author (Ref.)

Patio-Garcia et al. (23)
Oliveira et al. (22)
Xie et al. (24)

Year Country

2000 Spain
2007 Brazil
2008 China

Liu et al. CTLA-4 and TNF-a polymorphism and osteosarcoma

Polymorphism

TNF-a

rs1800629
rs1800629
rs1800629

Cases/controls

63/111
80/160
52/60

HWE of control

0.122
0.128
0.324

Study %

D OR(95% Cl)  Weight

GG vs. AA !

Liu (2011) - ~ 1.86 (1.05,3.29) 1.74

Wang (2011) - - 1.82(0.99, 3.33) 1.54

Yang (2012) -+ 1.10 (0.66, 1.84) 2.72

Feng (2013) ! - 1.99 (1.19,3.31) 2.07

Subtotal (I-squared =4.1%, P=0.372) | - 1.63(1.24,2.13) 8.07
1

. 1

GG+GA Vs.AA !

Liu (2011) - - 1.92(1.11,3.32) 1.88

Wang (2011) - o 1.76 (0.99, 3.12) 1.76

Yang (2012) —_— 0.94 (0.58, 1.53) 3.32

Feng (2013) | ———————— 201(1.23,3.29) 2.26

Subtotal (I-squared =49.6%, P=0.114) |— 1.56 (1.21,2.01) 9.22
1

AA+GA vs.GG :

Liu (2011) —_—1 0.87 (0.64,1.19) 8.14

Wang (2011) —_— 0.78 (0.53, 1.13) 6.09

Yang (2012) — 0.82(0.59, 1.14) 7.58

Feng (2013) — 0.83 (0.63, 1.11) 9.97

Subtotal (I-squared =0.0%, P=0.973) ! 0.83 (0.71,0.97) 31.79
1

Gvs. A :

Liu (2011) ~ 1.19 (0.95, 1.50) 12.87

Wang (2011) e 1.24 (0.96, 1.60) 10.28

Yang (2012) - 1.20 (0.95, 1.52) 12.25

Feng (2013) 1.23(1.00, 1.52) 15.52

Subtotal (I-squared =0.0%, P=0.996) 1.21(1.08, 1.36) 50.92
1

Overall (I-squared =59.9%, P=0.001) ¢ 1.16 (1.06, 1.26) 100.00
1

| h

0.3 1

© Chinese Journal of Cancer Research. All rights reserved.

Figure 2 Meta-analysis of rs231775 polymorphism of CTLA-4 and osteosarcoma risk.
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Figure 3 Meta-analysis of rs5742909 polymorphism of CTLA-4 and osteosarcoma risk.
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Figure 4 Meta-analysis of rs1800629 polymorphism of TNF-o and osteosarcoma risk.
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observed (all P>0.05) (Figure 4).

Publication bias

Genotypes of rs231775, rs5742909 and rs1800629
polymorphisms were plotted against the precision
ones using a funnel plot. The result was approximately
symmetrical, and no publication bias was observed by
Egger’s test (P=0.567 for rs231775 GG + GA vs. AA;
P=0.424 for rs5742909 CC + CT wvs. TT; P=1.000 for
rs1800629 AA + AG vs. GG).

Discussion

CTLA-4 is expressed by cytotoxic T-lymphocytes and binds
to B7.1/B7.2 ligands on the surface of antigen-presenting
cells, which functions on cell cycle arrest and directly
down-regulates T-cell proliferation (3,6,8). CTLA-4 is also
known to be able to cause tumor tolerance due to its role
in diminishing antitumor responses (9). More and more
evidences have shown that CTLA-4 may be correlated with
the pathnogenesis of bone diseases, such as rheumatoid
arthritis (RA), osteosarcoma, and Ewing’s sarcoma (14,15).
CTLA-4 gene consists of four exons that encode separate
functional domains: leader sequence, extracellular domain,
transmembrane domain, and cytoplasmic domain (2,28).

There are more than one hundred SNPs have been
identified in the CTLA-4 gene region (28), in which the
rs231775 mutation has been reported as one of the most
important polymorphisms. The rs231775 polymorphism
is located at position +49 in exon 1, and causes an amino
acid exchange (alanine to threonine) in the peptide leader
sequence. The A allele of rs231775 at this position is
found to be correlated with high expression of CTLA-4
protein (2). Previous studies have evaluated the relationship
between this polymorphism and the susceptibility to
various autoimmune diseases and cancers. Their results
demonstrated that the AA genotype and A allele of rs231775
were associated with increased risk of multiple types of
cancer, such as pancreatic cancer, breast cancer and cervical
cancer (10-12,29).

In the present study, we found that rs231775
polymorphisms of CTLA-4 were associated with
osteosarcoma risk, and the people with A allele and AA
genotype of rs231775 have an increased risk of developing
osteosarcoma compared to those G allele carriers. These
results were similar to previous reports in some cancers,
such as pancreatic cancer, breast cancer and cervical
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cancer (10-12,29). In addition, there was no significant
heterogeneity between studies, suggested the uniform of the
subject and method of the included studies. However, all
the subjects were Chinese, and no Caucasian ethnicity was
included, therefore, our results should be interpreted when
extrapolated to other ethnicities.

rs5742909 of CTLA-4 is localized in the promoter
region, and the C/T genotype of rs5742909 was associated
with higher serum CTLA-4 levels in normal people (30).
Recently, Liu ez al. (31) showed that the genotype and
allele distributions of rs5742909 were differed significantly
between RA patients and controls (P<0.05). In the case of
cancer, Jiang et /. (29) found that T allele of rs5742909,
which is localized in the promoter region, was significantly
higher in cervical cancer patients than in controls. In the
present study, our results did not support the association
between rs5742909 polymorphism and osteosarcoma risk.
These results were similar in other cancers, such as lung
cancer (32) and melanoma (33).

Although there have been many studies demonstrated the
association of TNF-a rs1800629 polymorphism with various
cancers (18,20,33), only few studies investigated the role of
TNF-a in osteosarcoma. Kawashima et /. (34) showed that
TNF-o was able to provoke up-regulation of a2p1 and a5p1
integrins, and cell migration in osteosarcoma cells. Harimaya
et al. (5) found that TNF-o was able to induce motility and
invasion of human osteosarcoma cells, and this function
was possibly through the activation NF-kappa B. Recently,
Oliveira et al. (22) showed that osteosarcoma patients with
GG genotype of TNF-p rs909253 showed an event-free
survival rate of 20% at 100 months. In the present study, our
results did not indicate that TNF-0 rs1800629 polymorphism
conferred a susceptibility to osteosarcoma risk, suggested
rs1800629 might to involve in the carcinogenesis of
osteosarcoma. However, these results should be interpreted
with caution due to the small sample size.

This study clarifies the associations between CTLA-4
or TNF-a polymorphism and the risk of osteosarcoma.
We pooled all the available data to explore the genetic
association, and the enlarged sample size enhanced statistical
power to detect more stable association than any previous
individual study. We also assessed the association by testing
our results under four different genetic models in order
to obtain a robust and accurate estimation. In addition,
there were no significant between-study heterogeneity and
publication bias in the individual SNP analysis, indicating
the reliable of the synthesis results.

However, some limitations of the present study should
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be noted. First, due to limited studies available, the
number of included subjects was relatively small, especially
in the analysis of TNF-a. Thus, the statistical power is
undermined on this SNP. Second, the ethnicity did not
included Caucasian population, and all the subjects were
Chinese population in the analysis of CTLA-4, thus, the
conclusion may not be applicable to other ethnicities. Third,
the present meta-analysis was based on unadjusted evaluation
due to lack of the original information, thus, the lack of
potential confounder adjustment may raise a concern of bias.
Fourth, the limited data also restricted us from evaluating the
effect of potential gene-gene interaction on the association.
Therefore, in order to provide a more precise evaluation
on the basis of adjustment for confounders, a well-designed
study is warranted by taking potential confounders or gene-
gene interaction into account.

In conclusion, our meta-analysis showed that the
rs231775 polymorphism of CTLA-4 was associated to
the osteosarcoma risk, while rs1800629 polymorphism of
CTLA-4 and rs1800629 polymorphism of TNF-a failed to
show the association with the osteosarcoma risk.
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