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Abstract Cytotoxic T lymphocyte antigen 4 (CTLA-4) gene +
49G>A polymorphism was implicated to be associated with
risk of malignant bone tumors, but the finding was inconclusive
owing to the limited sample of a single study. The objective of
the current study was to conduct a pooled analysis of four
previously published studies to investigate the association be-
tween CTLA-4 +49G>A polymorphism and the risk of malig-
nant bone tumors. Data were extracted, and the pooled odds
ratio (OR) with the corresponding 95 % confidence interval
(95 % CI) was calculated to assess the association. Those four
published studies included a total of 2,165 subjects. The pooled
results indicated that CTLA-4 +49G>A polymorphism was
significantly associated with risk of malignant bone tumors
(AA versus GG: OR=2.24, 95 % CI 1.67–2.99, P<0.001;
AA/GA versus GG: OR=1.35, 95 % CI 1.14–1.61, P=0.001;
AA versus GG/GA: OR=2.00, 95 % CI 1.53–2.62, P<0.001).
Stratified analyses by tumor type showed that CTLA-4 +
49G>A polymorphism was associated with risks of both oste-
osarcoma (AA versus GG: OR=2.23, 95 % CI 1.45–3.43,
P<0.001; AA/GA versus GG: OR=1.35, 95 % CI 1.04–1.75,
P=0.024; AA versus GG/GA: OR=2.00, 95 % CI 1.34–2.98,
P=0.001) and Ewing's sarcoma (AA versus GG: OR=2.24,
95 % CI 1.51–3.31, P<0.001; AA/GA versus GG: OR=1.36,
95 % CI 1.07–1.72, P=0.011; AA versus GG/GA: OR=2.01,
95 % CI 1.39–2.89, P<0.001). Therefore, results from the
current pooled analysis suggest that CTLA-4 +49G>A poly-
morphism is associated with risk of malignant bone tumors,
including osteosarcoma and Ewing's sarcoma.
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Introduction

Malignant bone tumors are usually aggressive tumors that
require aggressive treatments [1]. Osteosarcoma and Ewing's
sarcoma are the two most common primary malignant bone
tumors, and both of these tumors cause serious damage to
human health [1, 2]. Although many advances have been
established in the pathogenesis of bone tumors, the molecu-
lar pathogenesis of osteosarcoma and Ewing's sarcoma is
unclear [1, 2]. It is no doubt that a better understanding of
the pathogenesis of osteosarcoma and Ewing's sarcoma can
help us develop new treatments [2, 3]. Previous studies have
suggested that both of these tumors develop as multifactorial
diseases that result from complex interactions between ge-
netic and environmental factors [4, 5]. Currently, tumor
immunity is increasing as a hot spot in cancer research, and
the antitumor response involves T lymphocytes and natural
killer (NK) cells [5, 6]. Previous studies have suggested that
genetic variants in the genes that regulate the activation and
proliferation of T lymphocytes and NK cells can affect the
development of common cancers [7]. Cytotoxic T lympho-
cyte antigen 4 (CTLA-4) is a member of the immunoglobulin
superfamily and plays a critical role in the negative regula-
tion of T cell proliferation and activation [8, 9]. Previous
studies showed that CTLA-4 could elevate the T cell activa-
tion threshold, attenuate the antitumor response, and increase
the host's susceptibility to common cancers [8, 9]. There are
many single-nucleotide polymorphisms identified in the
CTLA-4 gene, and CTLA-4 +49G>A polymorphism is the
most commonly studied one [10, 11]. Many studies have
indicated that CTLA-4 +49G>A polymorphism is involved
in the etiology of various cancers, such as pancreatic cancer
and breast cancer [12, 13]. There were also several studies
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assessing the association between CTLA-4 +49G>A poly-
morphism and risk of malignant bone tumors, but the finding
was inconclusive owing to the limited sample of a single
study [14–17]. The objective of the current study was to
conduct a pooled analysis of four previously published stud-
ies to investigate the association between CTLA-4 +49G>A
polymorphism and the risk of malignant bone tumors.

Methods

Identification of eligible studies

A literature search of PubMed and Wanfang databases (up-
dated to March 19, 2013) was conducted using combinations
of the following terms: “polymorphism or variant or muta-
tion” and “bone cancer or bone carcinoma or osteosarcoma
or Ewing's sarcoma” and “CTLA-4 or cytotoxic T-
lymphocyte antigen-4.” There was no language restriction
in the literature search. All studies that evaluated the associ-
ation between CTLA-4 +49G>A polymorphism and the risk
of malignant bone tumors were retrieved. Eligible studies in
the meta-analysis must meet all of the following criteria: (1)
Assessment of the association between CTLA-4 +49G>A
polymorphism and the risk of malignant bone tumors, (2)
case–control design, and (3) sufficient genotype numbers for
estimating an odds ratio (OR) with a 95 % confidence inter-
val (95 % CI). Abstracts, reviews, or studies that did not
report genotype frequency were all excluded.

Data extraction

Two authors extracted all data independently and reached a
consensus on all items. The following information was collected:
first author's name, year of publication, country of origin, ethnic-
ity, source of the control group (controls), matching factors,
genotyping methods, type of bone tumors, total number of cases
and controls, and genotype distributions in cases and controls.

Statistical analysis

The strength of the association between CTLA-4 +49G>A poly-
morphism and the risk of malignant bone tumors were assessed
using OR with corresponding 95 % CI. The pooled ORs were

calculated with the following models (AA versus GG, AA/GA
versus GG, and AAversus GG/GA). The OR was calculated by
using a fixed-effects model (the Mantel–Haenszel method) or a
random-effects model (the DerSimonian and Laird method)
according to heterogeneity. The statistical heterogeneity among
studies was assessed with the I2 test which was used to quantify
inconsistency. An I2 value ≥50 % was considered to represent
significant statistical heterogeneity, and the random effect model
was used to calculate the pooled OR. An I2 value <50 % was
considered to represent less heterogeneity, and the fixed-effects
model was used to calculate the pooled OR. Subgroup analysis
by tumor types was also performed. All statistical tests were
performed using STATA statistical software package (version
11.0; StataCorp, College Station, TX).

Results

Characteristics of included studies

After literature search and detailed evaluation, four individual
studies were included into this pooled analysis [14–17]. The
summary of eligible studies included in the meta-analysis was
shown in Table 1. Those four published studies included a total
of 2,165 subjects, and all studies were performed on Asians
[14–17]. Among those four studies, two were on the association
between CTLA-4 +49G>A polymorphism and risk of osteosar-
coma [14, 15], and the other twowere on the association between
CTLA-4 +49G>A polymorphism and risk of Ewing's sarcoma
[16, 17]. Different genotyping methods were used, and polymer-
ase chain reaction–restriction fragment length polymorphism
was the main method. All studies matched the cases and controls
by age, sex, and residence area (Table 1).

Quantitative synthesis

The pooled results were shown in Table 2. There was no
between-study heterogeneity among those four studies. The
pooled results indicated that CTLA-4 +49G>A polymor-
phism was significantly associated with risk of malignant
bone tumors (AAversus GG: OR=2.24, 95 % CI 1.67–2.99,
P<0.001; AA/GA versus GG: OR=1.35, 95 % CI 1.14–
1.61, P=0.001; AA versus GG/GA: OR=2.00, 95 % CI
1.53–2.62, P<0.001) (Table 2, Figs. 1, 2, and 3).

Table 1 Summary of eligible studies included in the meta-analysis

First author [ref.] Year Number (cases/control) Ethnicity Country Cancer type Matching factors

Feng et al. [17] 2013 308/362 Asians China Ewing's sarcoma Age, sex, and residence area

Yang et al. [16] 2012 223/302 Asians China Ewing's sarcoma Age, sex, and residence area

Liu et al. [14] 2011 267/282 Asians China Osteosarcoma Age and gender

Wang et al. [15] 2011 205/216 Asians China Osteosarcoma Age, sex, and residence area (urban or rural)
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Stratified analyses by tumor type showed that CTLA-4 +
49G>A polymorphism was associated with risks of both
osteosarcoma (AA versus GG: OR=2.23, 95 % CI 1.45–
3.43, P<0.001; AA/GA versus GG: OR=1.35, 95 % CI
1.04–1.75, P=0.024; AA versus GG/GA: OR=2.00, 95 %
CI 1.34–2.98, P=0.001) and Ewing's sarcoma (AA versus
GG: OR=2.24, 95 % CI 1.51–3.31, P<0.001; AA/GA ver-
sus GG: OR=1.36, 95 % CI 1.07–1.72, P=0.011; AAversus
GG/GA: OR=2.01, 95 % CI 1.39–2.89, P<0.001) (Table 2).

Discussion

Osteosarcoma and Ewing's sarcoma are the two most com-
mon primary malignant bone tumors, and both of these

tumors cause serious damage to human health [1, 2]. It is
no doubt that a better understanding of the pathogenesis of
osteosarcoma and Ewing's sarcoma can help us develop new
treatments, but the molecular pathogenesis of osteosarcoma
and Ewing's sarcoma is unclear [2, 3]. Previous studies have
suggested that genetic factors also play important roles in the
development of common cancers including osteosarcoma
and Ewing's sarcoma [4, 5]. Previous studies have suggested
that genetic variants in the genes that regulate the activation
and proliferation of T lymphocytes and NK cells can affect
the development of common cancers, and there are possible
roles of T lymphocytes in the development of osteosarcoma
and Ewing's sarcoma [7].

Host genetic factors, especially variants of genes involved
in the tumorigenesis of osteosarcoma and Ewing's sarcoma,

Table 2 Summary of the pooled
results in the meta-analysis

OR odds ratio, 95 % CI 95 %
confidence interval, I2 index of
heterogeneity

Comparison models Total subjects OR (95 % CI) POR Model I2

Total studies

AA versus GG 2,165 2.24 (1.67–2.99) <0.001 Fixed 0.0 %

AA/GA versus GG 2,165 1.35 (1.14–1.61) 0.001 Fixed 0.0 %

AA versus GG/GA 2,165 2.00 (1.53–2.62) <0.001 Fixed 0.0 %

Osteosarcoma

AA versus GG 970 2.23 (1.45–3.43) <0.001 Fixed 0.0 %

AA/GA versus GG 970 1.35 (1.04–1.75) 0.024 Fixed 0.0 %

AA versus GG/GA 970 2.00 (1.34–2.98) 0.001 Fixed 0.0 %

Ewing's sarcoma

AA versus GG 1,195 2.24 (1.51–3.31) <0.001 Fixed 0.0 %

AA/GA versus GG 1,195 1.36 (1.07–1.72) 0.011 Fixed 0.0 %

AA versus GG/GA 1,195 2.01 (1.39–2.89) <0.001 Fixed 0.0 %
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Fig. 1 Meta-analysis of the
association between CTLA-4
+49G>A polymorphism and the
risk of malignant bone tumors
(fixed-effects model, AA versus
GG)
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can affect the host's differences in the susceptibility to can-
cers [18, 19]. Thus, interest in the genetic susceptibility to
osteosarcoma and Ewing's sarcoma has led to an increase in
the studies on the association between genetic polymorphisms
and risks of osteosarcoma and Ewing's sarcoma [20, 21].
CTLA-4 is a member of the immunoglobulin superfamily and
plays a critical role in the negative regulation of T cell prolifer-
ation and activation [8, 9]. Previous studies showed that CTLA-

4 could elevate the T cell activation threshold, attenuate the
antitumor response, and increase the host's susceptibility to
common cancers including osteosarcoma and Ewing's sarcoma
[8, 9]. CTLA-4 +49G>A polymorphism is the most commonly
studied single-nucleotide polymorphism in the CTLA-4 gene
[10, 11]. Many studies have indicated that CTLA-4 +49G>A
polymorphism is involved in the etiology of various cancers,
such as pancreatic cancer and breast cancer [12, 13].
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Fig. 2 Meta-analysis of the
association between CTLA-4
+49G>A polymorphism and the
risk of malignant bone tumors
(fixed-effects model, AA/GA
versus GG)
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Fig. 3 Meta-analysis of the
association between CTLA-4
+49G>A polymorphism and the
risk of malignant bone tumors
(fixed-effects model, AA versus
GG/GA)
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Currently, there were also several studies assessing the asso-
ciation between CTLA-4 +49G>A polymorphism and risk of
malignant bone tumors, but the finding was inconclusive owing
to the limited sample of a single study [14–17]. So, we conducted
a pooled analysis of four previously published studies to further
investigate the association between CTLA-4 +49G>A polymor-
phism and the risk of malignant bone tumors. Those four pub-
lished studies included a total of 2,165 subjects. The pooled
results indicated that CTLA-4 +49G>A polymorphism was sig-
nificantly associated with risk of malignant bone tumors (AA
versus GG: OR=2.24, 95 % CI 1.67–2.99, P<0.001; AA/GA
versus GG: OR=1.35, 95 % CI 1.14–1.61, P=0.001; AAversus
GG/GA: OR=2.00, 95 % CI 1.53–2.62, P<0.001). Stratified
analyses by tumor type showed that CTLA-4 +49G>A polymor-
phism was associated with risks of both osteosarcoma (AA
versus GG: OR=2.23, 95 % CI 1.45–3.43, P<0.001; AA/GA
versus GG: OR=1.35, 95 % CI 1.04–1.75, P=0.024; AAversus
GG/GA: OR=2.00, 95 % CI 1.34–2.98, P=0.001) and Ewing's
sarcoma (AA versus GG: OR=2.24, 95 % CI 1.51–3.31,
P<0.001; AA/GA versus GG: OR=1.36, 95 % CI 1.07–1.72,
P=0.011; AA versus GG/GA: OR=2.01, 95 % CI 1.39–2.89,
P<0.001). Therefore, results from the current pooled analysis
suggest that CTLA-4 +49G>A polymorphism is associated with
risk of malignant bone tumors, including osteosarcoma and
Ewing's sarcoma.

However, some limitations should be considered in
interpreting the results from the pooled analysis. Firstly, all
case–control studies were on Asians; thus, our results may be
applicable only to Asian groups. The association between
CTLA-4 +49G>A polymorphism and the risk of malignant
bone tumors in other populations need further studies. Sec-
ondly, our pooled analysis only included published studies
which were indexed by the selected databases, but some
possible unpublished studies with null results may be missed,
which might bias the pooled results in our study. Thirdly, the
gene–gene and gene–environment interactions between
CTLA-4 polymorphisms and risk of malignant bone tumors
were not analyzed owing to the lack of relevant data. Future
large-scale studies are needed to clarify the gene–gene and
gene–environment interactions between CTLA-4 polymor-
phisms and risk of malignant bone tumors [22].

In conclusion, the results from this pooled analysis suggest
that CTLA-4 +49G>A polymorphism is associated with risk of
malignant bone tumors, including osteosarcoma and Ewing's
sarcoma. Future large-scale studies are needed to clarify the
gene–gene and gene–environment interactions between CTLA-
4 polymorphisms and risk of malignant bone tumors.
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