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Abstract

Background: As a key gene in the immunosurveillance of cell malignancy, Cytotoxic T-lymphocyte antigen 4
(CTLA-4 is an important negative regulator of T cell activation and proliferation. The CTLA-4 +49G > A
polymorphism is one of the most commonly studied polymorphisms in this gene due to its association with
cancer risks, but previous results have been conflicting.

Methods: We preformed a meta-analysis using 22 eligible case-control studies (including 32 datasets) with a total
of 11,273 patients and 13,179 controls to summarize the existing data on the association between the CTLA-4
+49G > A polymorphism and cancer risk.

Results: Compared with the common CTLA-4 +49G > A GG genotype, the carriers of variant genotypes (CTLA-4
+49 GC/CC) had a 1.24-fold elevated risk of cancer (95% CI = 1.18-1.32, P < 0.05) under the dominant genetic
model, as estimated using a fixed effect model. The effect of the CTLA-4 +49G > A polymorphism was further
evaluated using stratification analysis. In four breast cancer studies, patients with the variant genotypes had a
significantly increased risk of breast cancer (OR = 1.31, 95% CI = 1.17-1.48, P < 0.00001). A similar result was found
in three skin cancer studies (OR = 1.30, 95% CI = 1.10-1.52, P = 0.001). In 26 solid tumor studies, subjects with the
variant genotypes had a significantly higher risk of developing solid tumors (OR = 1.25, 95% CI = 1.18-1.33, P <
0.00001) compared with the 6 non-solid tumor studies (OR = 1.08, 95% CI = 0.79-1.48, P = 0.62). Patients with
variant genotypes had significantly increased risk of non-epithelial tumors and epithelial tumors, with ORs of 1.23
(95% CI = 1.14-1.32, P < 0.00001) and 1.29 (95% CI = 1.17-1.41, P < 0.00001), respectively. It was also demonstrated
that the increased risk of cancer associated with CTLA-4 +49G > A variant genotypes was more pronounced in
Caucasians (OR = 1.29, 95% CI = 1.13-1.47, P = 0.0002), Asians (OR = 1.23, 95% CI = 1.16-1.32, P < 0.00001) and
Chinese (OR = 1.23, 95% CI = 1.15-1.31, P < 0.00001).

Conclusion: Our meta-analysis suggests that the CTLA-4 +49G > A polymorphism genotypes (GA + AA) might be
associated with an increased risk of cancer, especially in Caucasians and Chinese.

Background
The human body generates an immune response to
tumors, but it is generally ineffective at causing tumor
destruction. One possible reason is that T-cell activation
will not occur until two separate signals are received by
the cell. The first signal is specific antigen-recognition,

which requires T-cell receptors to recognize and bind to
major histocompatibility complex (MHC) molecules of
antigen-presenting cells (APCs). The second signal is
nonspecific and antigen-independent, generated by the
interaction between CD28 on the T-cell surface and its
ligands CD80 and CD86 on the APCs [1-4]. The CD28
costimulatory pathway plays a critical role in the induc-
tion and regulation of autoreactive T-cells. Cytotoxic
T-lymphocyte antigen 4 (CTLA-4), a CD28 homologue,
is a glycoprotein expressed on activated T-cells that has
a high binding affinity with the molecule B7, primarily
expressed on APCs [5-8]. Though CTLA-4 shares the
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same costimulatory ligands as CD28, it delivers a differ-
ent costimulatory signal. While CTLA-4 is a well docu-
mented T-cell negative regulator [3], the underlying
molecular basis of its signaling is poorly understood.
A large body of evidence supports the hypothesis that
CTLA-4 may down-regulate T-cell responses [9-11].
Moreover, the majority of cancer cells either have low
immunogenicity, lack costimulatory molecules, or both
[12,13]. Therefore, CTLA-4 may contribute to NPC
development by controlling an individual’s immune
response.
An A®G dimorphism at position 49 in CTLA-4 exon

1 (rs231775) has been reported by Nistico [14], which
causes an amino acid change (threonine to alanine) in
the peptide leader sequence of the CTLA-4 protein [15].
Recent studies found that this polymorphism may influ-
ence the ability of CTLA-4 to bind with B7.1 and subse-
quently, may affect T-cell activation [16,17]. These
results suggest that a G allele instead of an A allele at
position +49 can attenuate the CTLA-4-driven down-reg-
ulation of T-cell responses [16,18,19]. However, the results
of studies on the association between the +49 A > G
polymorphism and the risk of cancers have been
conflicting. So in order to summarize and clarify the
published data we have performed a meta-analysis, using
all eligible case-control studies to assess the association
between the CTLA-4 +49 A > G polymorphism and
cancer risk.

Methods
Identification and Eligibility of Relevant Studies
We carried out a literature search using the PubMed
database (between January 2000 and February 2010) to
identify all papers that investigated the association
between the CTLA-4 +49 A > G polymorphism and
cancer risk in all ethnic groups, using combinations of
the search phrases “CTLA-4 and polymorphism and
cancer”. We evaluated the titles and abstracts of all rele-
vant publications, but excluded abstracts, case reports,
editorials, and review articles. Studies included in the
current meta-analysis had to meet the following criteria:
the study must have used a case-control study design;
the report must have included cancer diagnoses and
sources for the cases and controls; the report must have
included genotype frequencies; the authors must have
given size of their samples, the odds ratios (Ors) used,
and their 95% confidence intervals (CIs); definitions of
exposure or risk genotypes must have been similar in all
reports; and the methods of data collection and analysis
must have been statistically acceptable.

Data extraction and stratification
Data were collected on the CTLA-4 +49 A > G geno-
type from studies of different types of cancer. The first

author, year of publication, country, ethnicity of the
study population, the number of cases and controls, and
the type of study were described (Table 1). In the strati-
fication analyses for ethnicity, there were: 7 Caucasian
populations, including Spanish, Polish, German, Ameri-
can, Sardinian, Macedonian and Italian, and 3 Asian
populations, including Chinese (containing Taiwanese),
Trukese, and Irani. In the stratification analyses for can-
cer type, we compared epithelial tumors to non-epithelial
tumors, and solid tumors to non-solid tumors. There
were 12 types of solid tumors, including those caused
by renal cell cancer, colon carcinoma, cervical squamous
cell carcinoma, breast cancer, lung cancer, esophageal
cancer, gastric cancer, oral squamous cell carcinoma,
thymoma, nasopharyngeal carcinoma, HBV-related
HCC and melanoma. There were 3 types of non-solid
tumors, including those caused by CLL, non-Hodgkin’s
lymphoma and MALT lymphoma. The 4 types of
epithelial tumors were those caused by oral squamous
cell carcinoma, cervical squamous cell carcinoma, mel-
anoma, and breast cancer. The 8 non-epithelial tumors
included those caused by gastric cancer, colon carci-
noma, HBV-related HCC, nasopharyngeal carcinoma,
thymoma, renal cell cancer, lung cancer and esopha-
geal cancer.

Methods for quantitative synthesis
The selection of published studies we used for meta-
analysis were further evaluated using sensitivity analyses.
Odds ratios (ORs) and 95% confident interval (CIs)
from each case-control study were used to assess the
strength of association between the CTLA-4 +49A > G
genotypes and the risk of cancer in dominant (GA+AA
vs GG) genetic models. A combined OR was calculated
according to Woolf’s method [20]. A c2-based Q statistic
test was performed to assess between-study heteroge-
neity [21]. If the P value of the heterogeneity test was
≥ 0.05, then a fixed effect model using the Mantel-
Haenszel method was used to calculate the combined
OR, which assumed the same homogeneity of effect
size across all studies. If the P value of the heterogene-
ity test was <0.05, it showed that the between-study
heterogeneity was statistically significant. A random
effects model, using the DerSimonian and Laird
method, was performed to calculate the combined OR
[22]. If there were no between-study heterogeneity, the
combined OR calculated by those two methods would
be identical. The significance of the combined OR was
determined using a Z-test, in which P < 0.05 was con-
sidered significant. Finally, the combined ORs and
their 95% CIs were presented. Stratification analyses
for different types of cancers were conducted for color-
ectal cancer, breast cancer, gastric cancer, lymphoma, skin
cancer, and other cancers (lung cancer, nasopharyngeal
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Table 1 Summary of eligible studies considered in the meta-analysis

First author
(year)

Case
no.

Control
no.

Ethnicity Country Cancer type Matched variables Type of study

Cozar (2007) 125 176 Caucasian Spain Renal Cell Cancer Age, sex, and residence
area matched

Hospital-based

Cozar (2007) 96 176 Spanish Spain Colon Carcinoma Ethnically matched Hostipal-based

Su (2007) 139 375 Taiwanese
Women

China Cervical Squamous Cell
Carcinoma

Age and sex matched Hostipal-based

Pavkovic
(2003)

30 100 Caucasians Macedonia CLL (+)AIHA Age, sex, and residence area
matched

Hospital-based

Pavkovic
(2003)

100 100 Caucasians Macedonia CLL (-)AIHA Age, sex, and residence area
matched

Hospital-based

Suwalska
(2008)

170 224 Polish Poland B-CLL Age and sex matched Hospital-based

Wang (2007) 117 148 Han people China Breast Cancer Age matched Hospital-based

Bouwhuis
(2009)

762 734 German Germany Malignant Melanoma Age matched Hostipal-based

Sun (2008) 1163 1132 Han people China Lung Cancer (Beijing) Aex matched Hospital-based

Sun (2008) 1032 1021 Han people china Lung Cancer(Jiangsu) Age-sex and residential area
matched

Hospital-based

Sun (2008) 1060 1070 Han people China Breast Cancer (Beijing) Age-sex and residential area
matched

Hospital-based

Sun (2008) 1037 1070 Han people China Breast Cancer (Jiangsu) Age-sex and residential area
matched

Hospital-based

Sun (2008) 1010 1008 Han people China Esophagus Cancer (Beijing) Age-sex and residential area
matched

Hospital-based

Sun (2008) 530 530 Han people China Gastric Cardia Cancer
(Beijing)

Age-sex and residential area
matched

Hospital-based

Hou (2010) 205 262 Han people China Gastric Cancer

Dilmec (2008) 56 162 Trukese Turkey Colorectal Cancer Age, sex and ethnically
matched

Hostipal-based

Welsh (2009) 897 819 New Hampshire
people

American Non-melanoma Skin
Cancer BCC

Age and sex matched Hospital-based

Welsh (2009) 684 819 New Hampshire
People

American Non-melanoma Skin
Cancer SCC

Age, sex, and residence area
matched

Hospital-based

Hadinia (2007) 105 190 Irani Iran Colorectal Cancer Hostipal-based

Hadinia (2007) 43 190 Irani Iran Gastric Cancer Age and sex matched Hostipal-based

Wong (2006) 118 147 Taiwan People China Oral Squamous Cell
Carcinoma

Age and sex matched Hostipal-based

Piras (2005) 100 128 Sardinia People Sardinia Non-Hodgkin’s Lymphoma Sex matched

Ghaderi (2004) 197 151 Iranian Women Iran Breast Cancer Age matched Hostipal-based

Qi (2010) 124 407 Chinese China Colorectal Cancer Age and sex matched

Cheng (2006) 62 250 Han Chinese China MALT Lymphoma Age and sex matched

Solerio (2005) 186 238 Caucasian Italian Colorectal Adenomas Age, sex, and residence area
matched

Hospital-based

Solerio (2005) 132 238 Caucasian Italian Colorectal Cancers Age and sex matched

Monne (2004) 44 76 Caucasian Italy Non-Hodgkin’s
Lymphomas(NHL)

Age and sex matched Hospital-based

Chuang (2005) 79 173 White Germans Germany Myasthenia gravis MG(+)
Thymoma

Hospital-based

Chuang (2005) 46 173 White Germans Germany Myasthenia gravis MG(-)
Thymoma

Hospital-based

Xiao (2009) 457 485 Han Chinese China Nasopharyngeal Carcinoma Age and sex matched Hospital-based

Gu (2010) 367 407 Han Chinese China HBV-related HCC Hospital-based
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carcinoma, cervical squamous cell carcinoma, esopha-
geal cancer, oral squamous cell carcinoma, HBV-
related hepatocellular carcinoma or renal cell cancer)
to estimate cancer-specific ORs. Stratification analyses
by ethnicity were also conducted for Caucasian, Chi-
nese and other Asian race populations to estimate eth-
nicity-specific ORs. Publication bias was assessed using
a funnel plot, in which the standard error of log (OR)
of each study was plotted against its OR value. The
resulting asymmetrical plot suggested, according to
Egger’s linear regression test, that there was possible
publication bias [23]. The significance of the intercept
was determined using a Student t-test, as suggested by
Egger. If the P-value of Egger’s linear regression test
was less than 0.05, it meant that there was a publica-
tion bias in the meta-analysis. The SAS/Genetics soft-
ware program (Version 9.1, SAS Institute, Inc., Cary,
NC, USA) was used to determine the LD of SNP pairs
and the Hardy-Weinberg equilibrium. Other statistical
software used included SPSS12.0 for Windows (SPSS
Inc., Chicago, USA), Stata Version 10.0, and Review
Manager (Version 4.2, the Cochrane Collaboration). All
P-values were two-sided.

Results
Literature search and meta-analysis databases
We searched NCBI PubMed using the key terms ‘CTLA-
4’ ‘cancer’ and ‘polymorphism’ and found 36 epidemio-
logical studies. Of these 36 studies, 14 studies were
excluded either because they were not case-control stu-
dies or because the +49A/G polymorphism or its geno-
type frequency was not reported. The remaining 22
case-control studies contained 32 data sets (Sun’s study
had six datasets, and Pavkovic’s, Welsh’s, Hadinia’s,
Solerio’s, and Chuang’s studies all had two datasets
each) [16,24-28]. We created a database of the informa-
tion extracted from each article. The essential informa-
tion, including first author, cancer type, year of
publication, numbers of cases and controls, and the fre-
quencies of CTLA-4 +49A/G for all studies are listed in
Table 1. There were four studies concerning breast cancer
[16,17,29], six concerning colorectal cancer [25,27,30-32],
six concerning non-solid tumors [26,33-36], three con-
cerning gastric cancer [16,25,37], three concerning skin
cancer [28,38], two concerning Thymoma [24], two con-
cerning lung cancer [16], one concerning nasopharyngeal
carcinoma [39], one concerning cervical squamous cell
carcinoma [40], one concerning Esophagus cancer [16],
one concerning Oral squamous cell carcinoma [41], one
concerning HBV-related hepatocellular carcinoma [42],
and one concerning renal cell cancer [30]. Among the 32
datasets included in the final analysis, there were 14
concerning Caucasians and 18 concerning Asians (14 con-
cerning Chinese, one concerning Trukese and three

concerning Irani). Additional information is listed in the
forest plots in our meta-analyses. We performed a sensi-
tivity analysis on the selection of published studies in this
meta-analysis.

Test for heterogeneity
The results of our Q test show that there was no
between-study heterogeneity in the dominant genetic
models (GA+AA VS GG) for all 32 datasets (P = 0.12).
In the subgroup analyses for cancer type and ethnicity
(results shown in Figures 1, 2, 3, 4 and 5), the heteroge-
neity test did not reveal any significant differences
between the dominant genetic models (GA+AA VS
GG): six colorectal cancer studies (P = 0.40), four breast
cancer studies (P = 0.11), six non-solid tumor studies
(P = 0.23), three skin cancer studies (P = 0.30) (Figure 1),
and twenty-six solid tumor studies (P = 0.15) (Figure 3),
seventeen non-epithelial tumor studies (P = 0.16), nine
epithelial tumor studies (P = 0.25) (Figure 5), fourteen
Caucasian population studies (P = 0.51), fourteen
Chinese population studies (P = 0.13), and eighteen
Asian studies (P = 0.05) (Figure 2 and 4). However, the
results of our heterogeneity test did indicate significant
differences (P = 0.01) for gastric cancer (Figure 1).

Quantitative data synthesis
For the CTLA-4 +49G > A polymorphism, we obtained
our meta-analysis data from 32 datasets consisting of
11,273 cases and 13,179 controls. The associations
between the CTLA-4 +49G > A genotype and cancer
risks were estimated using dominant (GA+AA vs GG)
genetic models in either fixed or random effect models
according to the heterogeneity Q test. We used 32
datasets in these comparisons. Compared with the
wild-type +49G > A GG genotype, the carriers of var-
iant genotypes (GA/AA) had a 1.24-fold elevated risk
of cancer (95% CI = 1.18-1.32, P <0.05) as estimated
by a fixed effect model for dominant genetic effects
(Figure 6).
The effect of the CTLA-4 +49G > A polymorphism

was further evaluated using stratification analysis. In the
six colorectal cancer studies, which included 699 cases
and 1,411 controls, subjects with variant genotypes (597
cases and 1,144 controls) had a non-significant increased
risk of colorectal cancer (OR = 1.03, 95% CI = 0.78-1.35,
P = 0.86) as estimated using a fixed effect model (Figure 1).
Similar results were found in the three gastric cancer
studies, with 778 cases and 982 controls (OR = 1.17,
95% CI = 0.96-1.43, P = 0.12), and the six non solid
tumour studies, with 506 cases and 878 controls (OR
= 1.08, 95% CI = 0.79-1.48, P = 0.62) (Figure 1). How-
ever, in the four breast cancer studies, consisting of
2,411 cases and 2,439 controls, the variant genotypes
(1,436 cases and 1,292 controls) were associated with a
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significantly increased risk of breast cancer (OR = 1.31,
95% CI = 1.17-1.48, P < 0.00001) (Figure 1). Similar
results were found in the three skin cancer studies,
which included 2,342 cases and 2,372 controls (OR =
1.30, 95% CI = 1.10-1.52, P = 0.001), and in the 26
solid tumour studies, which had 10,767 cases and
12,301 controls (OR = 1.25, 95% CI = 1.18-1.33, P <
0.00001) (Figure 1 and 3). We also found that patients
with the variant genotypes had significantly increased
risks for developing either non-epithelial tumors or

epithelial tumors, with ORs of 1.23 (95% CI = 1.14-
1.32, P < 0.00001) and 1.29 (95% CI = 1.17-1.41, P <
0.00001), respectively (Figure 5).
In the stratification analyses for ethnicity, we found

that the increased risk of cancer associated with +49G >
A variant genotypes was more pronounced in Cauca-
sians (OR = 1.29, 95% CI = 1.13-1.47, P = 0.0002),
Asians (OR = 1.23, 95% CI = 1.16-1.32, P < 0.00001),
and Chinese (OR = 1.23, 95% CI = 1.15-1.31, P <
0.00001) (Figure 2 and 4).

Figure 1 Meta-analysis for CTLA-4 +49G > A polymorphism variant genotypes GA + AA vs. GG in different type of cancers.
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Bias diagnostics
To evaluate publication bias, the CTLA-4 +49G > A
genotypes were plotted against the precision ones using
a funnel plot. The result was approximately symmetrical,
so Egger’s test suggests that there is no publication bias
in the current meta-analysis (P = 0.998). This indicates
that biases from publications and other factors may not
have had a significant influence on the results of our
meta-analysis on the association between CTLA-4 +49G >
A polymorphism and cancer risk (Figure 7).

Discussion and Conclusions
In this meta-analysis, which includes 22 independent
case-control studies with 32 data sets, we found that the
carriers of the CTLA-4 +49 (GA+AA) variant genotypes

had a 1.24-fold increased risk of cancer in the dominant
genetic model. These results support the hypothesis that
polymorphisms of CTLA-4 play an important role in
the development of cancer. However, we did not find
evidence of significant associations in subgroup analyses
for individual types of cancers, such as colorectal cancer,
gastric cancer and non-solid tumors.
The immune system is a complex network that has

evolved to protect humans against infectious agents and
tumor growth. T-cells and natural killer (NK) cells are
the major anti-tumor factors. Given that the activation of
T-cells requires two signals, the CD28 costimulatory
pathway has been shown to play a critical role in the
induction and regulation of autoreactive T-cells. Further-
more, the human CTLA4 and CD28 genes are located

Figure 2 Meta-analysis for CTLA-4 CTLA-4 +49G > A polymorphism variant genotypes GA + AA vs. GG in different ethnicities.
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in the same chromosome region and are closely linked
and separated by only 130 kb [43]. The gene structure
of CTLA4 is very similar to that of CD28, except for
3’ and 5’ flanking sequences. All these data suggest
that CTLA-4 and CD28 may be members of the same

pathway, but execute different functions. Several
groups found that CTLA-4 binds to the same ligands
as CD28, i.e. CD80 and CD86 molecules, but has at
least a 20-fold greater affinity [44]. In contrast to
CD28, CTLA-4 does not provide a positive signal for

Figure 3 CTLA-4 +49G > A polymorphism variant genotypes GA + AA vs. GG in Solid tumor.

Figure 4 CTLA-4 +49G > A polymorphism variant genotypes GA + AA vs. GG in Chinese.
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T-cell activation. Thus, CTLA-4 may contribute to the
down-regulation of anti-tumor immune responses via
interference with the CD28 costimulatory pathway.
Moreover, CTLA-4 has been reported to increase TGF
production, engage negative signaling pathways, inhibit
lipid-raft and disturb TCR-induced stop signals
[11,45,46]. Nistico and his colleagues reported a func-
tional polymorphism in CTLA4 exon 1 which causes a
threonine to alanine amino acid exchange in this pro-
tein’s leader sequence [14]. We noted the impact of
the CTLA4 exon 1 + 49 A/G dimorphism on immune
regulation after T-cell stimulation. Several studies
found that the surface expression and intracellular dis-
tribution of CTLA-4 differ between the two genotypes
[18,19]. Results of the T-cell proliferation and B7.1
binding capability studies by Sun et al. suggest that
the G allele at this position is correlated with increased
T-cell activation [16].

This study evaluated the associations of CTLA-4
+49A/G polymorphisms with different cancers. We
found that this polymorphism was associated with an
increased risk of developing solid tumors (including
lung caner, breast cancer, colorectal cancer, gastric
cancer, skin cancer, thymoma, nasopharyngeal carci-
noma, cervical squamous cell carcinoma, esophageal
cancer, oral squamous cell carcinoma, HBV-related
hepatocellular carcinoma, and renal cell cancer), but
not non-solid tumors, suggesting that the CTLA-4
gene plays different roles in the carcinogenesis of these
two types of tumors. In our stratified analysis for eth-
nicity, the CTLA-4 +49G > A variant genotypes (GA +
AA) were associated with an increased risk of cancer
in Caucasians (OR = 1.29, 95% CI = 1.13-1.47, P =
0.0002), Chinese (OR = 1.23, 95% CI = 1.15-1.31, P <
0.00001), and Asians (OR = 1.23, 95% CI = 1.16-1.32,
P < 0.00001), suggesting that the different genetic

Figure 5 CTLA-4 +49G > A polymorphism variant genotypes GA + AA vs. GG in epithelial and non-epithelial tumors.
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backgrounds of the different populations may to some
extent explain the different risk estimates associated
with the variant CTLA-4 genotypes. It seems that cer-
tain populations may have a higher susceptibility to

cancer because they have higher frequencies of the var-
iant genotypes +49G > A (GA + AA). Potential publi-
cation biases may exist in this meta-analysis, because
studies with negative results are less likely to be pub-
lished. Because only four out of 32 datasets were popu-
lation-based case-control studies, with the others being
hospital-based case-control studies, the study subjects
may also not be representative of the general popula-
tion. This could lead to selection bias.
In conclusion, our meta-analysis found evidence for an

association between CTLA-4 +49A/G polymorphisms and
multiple cancers in the general population, particularly for
solid tumors. Due to the limitations of meta-analyses,
larger association studies or multi-centric case-control
studies are needed to confirm these findings.

Acknowledgements
Our work was supported by startup fund from Soochow University, grant
09KJD310006 from University Science Foundation of Jiangsu Province and
National Natural Scientific Foundation of China grants 81001278 and
30671813.

Figure 6 CTLA-4 +49G > A polymorphism variant genotypes GA + AA vs. GG in all cancers.

Figure 7 Funnel plot of the Egger’s test of CTLA-4 +49G > A
polymorphism for publication bias.

Zheng et al. BMC Cancer 2010, 10:522
http://www.biomedcentral.com/1471-2407/10/522

Page 9 of 11



Author details
1Soochow University Laboratory of Cancer Molecular Genetics, School of
Basic Medicine & Biological Sciences, Medical College of Soochow University,
Suzhou 215123, China. 2Department of Otorhinolaryngology-Head and Neck
Surgery, Sir Run Run Shaw Hospital, Key Laboratory of Biotherapy of
Zhejiang province, Zhejiang University, Hangzhou, China. 3The Institute for
Chemical Carcinogenesis, Guangzhou Medical College, Guangzhou, China.

Authors’ contributions
JZ and XY participated study design and drafted the manuscript. JL carried
out bioinformatics analysis and critically revised the manuscript. LJ and MX
performed the statistical analysis. BB participated in the critical revision of
the manuscript. YZ conceived of the study, and participated in its design
and coordination. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 5 May 2010 Accepted: 4 October 2010
Published: 4 October 2010

References
1. Freeman GJ, Freedman AS, Segil JM, Lee G, Whitman JF, Nadler LM: B7, a

new member of the Ig superfamily with unique expression on activated
and neoplastic B cells. J Immunol 1989, 143(8):2714-2722.

2. Gimmi CD, Freeman GJ, Gribben JG, Sugita K, Freedman AS, Morimoto C,
Nadler LM: B-cell surface antigen B7 provides a costimulatory signal that
induces T cells to proliferate and secrete interleukin 2. Proc Natl Acad Sci
USA 1991, 88(15):6575-6579.

3. Linsley PS, Greene JL, Tan P, Bradshaw J, Ledbetter JA, Anasetti C,
Damle NK: Coexpression and functional cooperation of CTLA-4 and CD28
on activated T lymphocytes. J Exp Med 1992, 176(6):1595-1604.

4. Nabavi N, Freeman GJ, Gault A, Godfrey D, Nadler LM, Glimcher LH:
Signalling through the MHC class II cytoplasmic domain is required for
antigen presentation and induces B7 expression. Nature 1992,
360(6401):266-268.

5. Azuma M, Ito D, Yagita H, Okumura K, Phillips JH, Lanier LL, Somoza C: B70
antigen is a second ligand for CTLA-4 and CD28. Nature 1993,
366(6450):76-79.

6. Freeman GJ, Borriello F, Hodes RJ, Reiser H, Hathcock KS, Laszlo G,
McKnight AJ, Kim J, Du L, Lombard DB, et al: Uncovering of functional
alternative CTLA-4 counter-receptor in B7-deficient mice. Science 1993,
262(5135):907-909.

7. Hathcock KS, Laszlo G, Dickler HB, Bradshaw J, Linsley P, Hodes RJ:
Identification of an alternative CTLA-4 ligand costimulatory for T cell
activation. Science 1993, 262(5135):905-907.

8. Townsend SE, Allison JP: Tumor rejection after direct costimulation of
CD8+ T cells by B7-transfected melanoma cells. Science 1993,
259(5093):368-370.

9. Grohmann U, Orabona C, Fallarino F, Vacca C, Calcinaro F, Falorni A,
Candeloro P, Belladonna ML, Bianchi R, Fioretti MC, et al: CTLA-4-Ig
regulates tryptophan catabolism in vivo. Nat Immunol 2002,
3(11):1097-1101.

10. Manzotti CN, Tipping H, Perry LC, Mead KI, Blair PJ, Zheng Y, Sansom DM:
Inhibition of human T cell proliferation by CTLA-4 utilizes CD80 and
requires CD25+ regulatory T cells. Eur J Immunol 2002, 32(10):2888-2896.

11. Schneider H, Valk E, Leung R, Rudd CE: CTLA-4 activation of
phosphatidylinositol 3-kinase (PI 3-K) and protein kinase B (PKB/AKT)
sustains T-cell anergy without cell death. PLoS One 2008, 3(12):e3842.

12. Carlow DA, Kerbel RS, Elliott BE: Failure of expression of class I major
histocompatibility antigens to alter tumor immunogenicity of a
spontaneous murine carcinoma. J Natl Cancer Inst 1989, 81(10):759-767.

13. Elliott BE, Carlow DA, Rodricks AM, Wade A: Perspectives on the role of
MHC antigens in normal and malignant cell development. Adv Cancer
Res 1989, 53:181-245.

14. Nistico L, Buzzetti R, Pritchard LE, Van der Auwera B, Giovannini C, Bosi E,
Larrad MT, Rios MS, Chow CC, Cockram CS, et al: The CTLA-4 gene region
of chromosome 2q33 is linked to, and associated with, type 1 diabetes.
Belgian Diabetes Registry. Hum Mol Genet 1996, 5(7):1075-1080.

15. Harper K, Balzano C, Rouvier E, Mattei MG, Luciani MF, Golstein P: CTLA-4
and CD28 activated lymphocyte molecules are closely related in both

mouse and human as to sequence, message expression, gene structure,
and chromosomal location. J Immunol 1991, 147(3):1037-1044.

16. Sun T, Zhou Y, Yang M, Hu Z, Tan W, Han X, Shi Y, Yao J, Guo Y, Yu D, et al:
Functional genetic variations in cytotoxic T-lymphocyte antigen 4 and
susceptibility to multiple types of cancer. Cancer Res 2008,
68(17):7025-7034.

17. Wang L, Li D, Fu Z, Li H, Jiang W: Association of CTLA-4 gene
polymorphisms with sporadic breast cancer in Chinese Han population.
BMC Cancer 2007, 7:173.

18. Kouki T, Sawai Y, Gardine CA, Fisfalen ME, Alegre ML, DeGroot LJ: CTLA-4
gene polymorphism at position 49 in exon 1 reduces the inhibitory
function of CTLA-4 and contributes to the pathogenesis of Graves’
disease. J Immunol 2000, 165(11):6606-6611.

19. Maurer M, Loserth S, Kolb-Maurer A, Ponath A, Wiese S, Kruse N,
Rieckmann P: A polymorphism in the human cytotoxic T-lymphocyte
antigen 4 (CTLA4) gene (exon 1 +49) alters T-cell activation.
Immunogenetics 2002, 54(1):1-8.

20. Woolf B: On estimating the relation between blood group and disease.
Ann Hum Genet 1955, 19(4):251-253.

21. Lau J, Ioannidis JP, Schmid CH: Quantitative synthesis in systematic
reviews. Ann Intern Med 1997, 127(9):820-826.

22. Petitti DB: Of babies and bathwater. Am J Epidemiol 1994, 140(9):779-782.
23. Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-analysis

detected by a simple, graphical test. BMJ 1997, 315(7109):629-634.
24. Chuang WY, Strobel P, Gold R, Nix W, Schalke B, Kiefer R, Opitz A, Klinker E,

Muller-Hermelink HK, Marx A: A CTLA4high genotype is associated with
myasthenia gravis in thymoma patients. Ann Neurol 2005, 58(4):644-648.

25. Hadinia A, Hossieni SV, Erfani N, Saberi-Firozi M, Fattahi MJ, Ghaderi A:
CTLA-4 gene promoter and exon 1 polymorphisms in Iranian patients
with gastric and colorectal cancers. J Gastroenterol Hepatol 2007,
22(12):2283-2287.

26. Pavkovic M, Georgievski B, Cevreska L, Spiroski M, Efremov DG: CTLA-4
exon 1 polymorphism in patients with autoimmune blood disorders. Am
J Hematol 2003, 72(2):147-149.

27. Solerio E, Tappero G, Iannace L, Matullo G, Ayoubi M, Parziale A, Cicilano M,
Sansoe G, Framarin L, Vineis P, et al: CTLA4 gene polymorphism in Italian
patients with colorectal adenoma and cancer. Dig Liver Dis 2005,
37(3):170-175.

28. Welsh MM, Applebaum KM, Spencer SK, Perry AE, Karagas MR, Nelson HH:
CTLA4 variants, UV-induced tolerance, and risk of non-melanoma skin
cancer. Cancer Res 2009, 69(15):6158-6163.

29. Ghaderi A, Yeganeh F, Kalantari T, Talei AR, Pezeshki AM, Doroudchi M,
Dehaghani AS: Cytotoxic T lymphocyte antigen-4 gene in breast cancer.
Breast Cancer Res Treat 2004, 86(1):1-7.

30. Cozar JM, Romero JM, Aptsiauri N, Vazquez F, Vilchez JR, Tallada M,
Garrido F, Ruiz-Cabello F: High incidence of CTLA-4 AA (CT60)
polymorphism in renal cell cancer. Hum Immunol 2007, 68(8):698-704.

31. Dilmec F, Ozgonul A, Uzunkoy A, Akkafa F: Investigation of CTLA-4 and
CD28 gene polymorphisms in a group of Turkish patients with
colorectal cancer. Int J Immunogenet 2008, 35(4-5):317-321.

32. Qi P, Ruan CP, Wang H, Zhou FG, Xu XY, Gu X, Zhao YP, Dou TH, Gao CF:
CTLA-4 +49A > G polymorphism is associated with the risk but not with
the progression of colorectal cancer in Chinese. Int J Colorectal Dis 2010,
25(1):39-45.

33. Cheng TY, Lin JT, Chen LT, Shun CT, Wang HP, Lin MT, Wang TE, Cheng AL,
Wu MS: Association of T-cell regulatory gene polymorphisms with
susceptibility to gastric mucosa-associated lymphoid tissue lymphoma. J
Clin Oncol 2006, 24(21):3483-3489.

34. Monne M, Piras G, Palmas A, Arru L, Murineddu M, Latte G, Noli A,
Gabbas A: Cytotoxic T-lymphocyte antigen-4 (CTLA-4) gene
polymorphism and susceptibility to non-Hodgkin’s lymphoma. Am J
Hematol 2004, 76(1):14-18.

35. Piras G, Monne M, Uras A, Palmas A, Murineddu M, Arru L, Bianchi A,
Calvisi A, Curreli L, Gaviano E, et al: Genetic analysis of the 2q33 region
containing CD28-CTLA4-ICOS genes: association with non-Hodgkin’s
lymphoma. Br J Haematol 2005, 129(6):784-790.

36. Suwalska K, Pawlak E, Karabon L, Tomkiewicz A, Dobosz T, Urbaniak-
Kujda D, Kuliczkowski K, Wolowiec D, Jedynak A, Frydecka I: Association
studies of CTLA-4, CD28, and ICOS gene polymorphisms with B-cell
chronic lymphocytic leukemia in the Polish population. Hum Immunol
2008, 69(3):193-201.

Zheng et al. BMC Cancer 2010, 10:522
http://www.biomedcentral.com/1471-2407/10/522

Page 10 of 11

http://www.ncbi.nlm.nih.gov/pubmed/2794510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2794510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2794510?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1650475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1650475?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1334116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1334116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1279442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1279442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7694153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7694153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7694362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7694362?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7694361?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7694361?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7678351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7678351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12368911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12368911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12355442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12355442?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19052636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19052636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19052636?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2654405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2654405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2654405?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2678947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2678947?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8817351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8817351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8817351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1713603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1713603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1713603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1713603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18757416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18757416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17825114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17825114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11086105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11086105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11086105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11086105?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11976786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11976786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14388528?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9382404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9382404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7977287?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9310563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9310563?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16178018?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16178018?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18031393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18031393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12555221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12555221?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15888281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15888281?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19622768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19622768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15218356?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17678726?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17678726?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18680513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18680513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18680513?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19787358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19787358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16849765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16849765?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15114591?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15114591?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15953005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15953005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15953005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18396212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18396212?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18396212?dopt=Abstract


37. Hou R, Cao B, Chen Z, Li Y, Ning T, Li C, Xu C: Association of cytotoxic T
lymphocyte-associated antigen-4 gene haplotype with the susceptibility
to gastric cancer. Mol Biol Rep 2010, 37(1):515-520.

38. Bouwhuis MG, Gast A, Figl A, Eggermont AM, Hemminki K, Schadendorf D,
Kumar R: Polymorphisms in the CD28/CTLA4/ICOS genes: role in
malignant melanoma susceptibility and prognosis? Cancer Immunol
Immunother 2009.

39. Xiao M, Qi F, Chen X, Luo Z, Zhang L, Zheng C, Hu S, Jiang X, Zhou M,
Tang J: Functional polymorphism of cytotoxic T-lymphocyte antigen 4
and nasopharyngeal carcinoma susceptibility in a Chinese population.
Int J Immunogenet 2010, 37(1):27-32.

40. Su TH, Chang TY, Lee YJ, Chen CK, Liu HF, Chu CC, Lin M, Wang PT,
Huang WC, Chen TC, et al: CTLA-4 gene and susceptibility to human
papillomavirus-16-associated cervical squamous cell carcinoma in
Taiwanese women. Carcinogenesis 2007, 28(6):1237-1240.

41. Wong YK, Chang KW, Cheng CY, Liu CJ: Association of CTLA-4 gene
polymorphism with oral squamous cell carcinoma. J Oral Pathol Med
2006, 35(1):51-54.

42. Gu X, Qi P, Zhou F, Ji Q, Wang H, Dou T, Zhao Y, Gao C: +49G > A
polymorphism in the cytotoxic T-lymphocyte antigen-4 gene increases
susceptibility to hepatitis B-related hepatocellular carcinoma in a male
Chinese population. Hum Immunol 2010, 71(1):83-87.

43. Buonavista N, Balzano C, Pontarotti P, Le Paslier D, Golstein P: Molecular
linkage of the human CTLA4 and CD28 Ig-superfamily genes in yeast
artificial chromosomes. Genomics 1992, 13(3):856-861.

44. Linsley PS, Ledbetter JA: The role of the CD28 receptor during T cell
responses to antigen. Annu Rev Immunol 1993, 11:191-212.

45. Chen W, Jin W, Wahl SM: Engagement of cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4) induces transforming growth factor beta
(TGF-beta) production by murine CD4(+) T cells. J Exp Med 1998,
188(10):1849-1857.

46. Rudd CE: The reverse stop-signal model for CTLA4 function. Nat Rev
Immunol 2008, 8(2):153-160.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2407/10/522/prepub

doi:10.1186/1471-2407-10-522
Cite this article as: Zheng et al.: Association between the Cytotoxic T-
Lymphocyte Antigen 4 +49G > A polymorphism and cancer risk: a meta-
analysis. BMC Cancer 2010 10:522.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Zheng et al. BMC Cancer 2010, 10:522
http://www.biomedcentral.com/1471-2407/10/522

Page 11 of 11

http://www.ncbi.nlm.nih.gov/pubmed/19688278?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19688278?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19688278?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19672595?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19672595?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19922464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19922464?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17341658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17341658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17341658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16393254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16393254?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19778566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19778566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19778566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19778566?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1322357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1322357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1322357?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8386518?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8386518?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9815262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9815262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9815262?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18219311?dopt=Abstract
http://www.biomedcentral.com/1471-2407/10/522/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Identification and Eligibility of Relevant Studies
	Data extraction and stratification
	Methods for quantitative synthesis

	Results
	Literature search and meta-analysis databases
	Test for heterogeneity
	Quantitative data synthesis
	Bias diagnostics

	Discussion and Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

