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Several studies have demonstrated that the genetic polymorphisms in the genes encoding immune regulatory 
molecules, namely cytotoxic T‑lymphocyte‑associated protein 4 (CTLA4) and CD28, play a fundamental role 
in susceptibility to rheumatoid arthritis (RA). Several disperse population studies have resulted in conflicting 
outcomes regarding the genetic polymorphisms in these genes and RA risk. This systematic review and 
meta‑analysis study was performed to reach a conclusive understanding of the role of single‑nucleotide 
polymorphisms (SNPs) of CTLA4‑rs231775, CTLA4‑rs5742909, and CD28‑rs1980422 in susceptibility to RA. 
Databases (ISI Web of Science, MEDLINE/PubMed, and Scopus) were searched to find the case–control 
studies surveying the association of CTLA4 gene rs231775, CTLA4 gene rs5742909, and CD28 gene rs1980422 
polymorphisms and RA susceptibility in different population until August 2020. Association comparison between 
the polymorphisms and RA proneness was assessed using pooled odds ratio (OR) and their corresponding 
95% confidence interval. This study was conducted on 16 population studies, comprising 1078 RA patients and 
1118 healthy controls for CTLA4‑rs231775, 2193 RA patients and 2580 healthy controls for CTLA4‑rs5742909, 
and 807 RA patients and 732 healthy controls for CD28‑rs1980422. Analysis indicated that G‑allele, GG and GA 
genotypes, and dominant model for rs231775, recessive model for rs5742909, and C‑allele, CC and CT genotypes, 
and recessive model for rs1980422 were significantly associated with increased RA risk. This meta‑analysis 
showed that genetic polymorphisms of both immune inhibitory and activating genes, including CTLA4‑rs231775, 
CTLA4‑rs5742909, and CD28‑rs1980422 polymorphisms, may increase susceptibility to RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune and 
inflammatory disorder, primarily occurs in the synovial 
joints, which causes remarkable disability in body limbs, 
reduced life expectancy, and even mortality.[1] Although the 
exact etiology and pathogenesis of RA have not been disclosed 
yet, it has been suggested that interactions between genetic 
and environmental contribute factors play a major role in the 
susceptibility to RA.[2] Immune system has repetitively been 
blamed as the major culprit in the development of RA. In the 
disease, overactivation of CD4 + T‑cells and its helper subsets 
results in the production of inflammatory mediators in RA 
synovium that further recruits and activates the pathogenic 
cells, leading to the development of the disease.[3] Activation 
of T‑cells is modulated through the interactions between 
the inhibitory CTLA‑4 and CD28, as a stimulatory signal 
transducer, with their ligands. Both of these receptors are 
activated by the same ligands, namely CD80 and CD86, which 
are expressed particularly on the antigen‑presenting cells.[4] 
CD28 ligation to CD80 and CD86 molecules promotes the 
activation of T‑cells, while the ligation of CTLA‑4 culminates 
in the suppression of T‑cell activation.[5]

The immune checkpoint molecule CTLA‑4 is expressed on 
T‑cells and plays an important role in suppressing T‑cell 
activation as well as peripheral tolerance.[6] Numerous 
studies have established that CTLA‑4 plays a marked role 
in modulating the self‑tolerance by the immune system and 
consequently is connected to the pathogenesis of various 
autoimmune diseases like RA.[7] T‑allele of rs5742909 
single‑nucleotide polymorphism (SNP) has been reported 
to be associated with autoimmune diseases through 
upregulating the expression of CTLA‑4.[8] Moreover, the 
rs231775 SNP in the CTLA4 gene has been reported to be 
associated with the susceptibility to several autoimmune 
disorders, including RA.[9] On the other hand, genome‑wide 
association studies (GWAS) of 3393 cases and 12,462 controls 
reported the association of CD28 gene rs1980422 SNP with 
the RA risk.[10]

Several association studies have evaluated the role of 
CTLA4‑rs231775, CTLA4‑rs5742909, and CD28‑rs1980422 
polymorphisms in susceptibility to RA. However, the results 
were inconclusive and reached conflicting findings, which 
may stem from a relatively small sample size in each study 
as well as the difference in the ethnicity of the different 
populations. Therefore, conducting an accumulative analysis 
of the available data is needed to elicit a more conclusive and 
comprehensive estimation by performing meta‑analysis.   Such 
analysis, via pooling of the available data from different 
individual studies, provide a tool to obtain a unique estimation 
of the main effect. With respect to these issues, the purpose 
of this meta‑analysis was to assess the association between 

CTLA4 gene rs231775, CTLA4 gene rs5742909, and CD28 gene 
rs1980422 polymorphisms and RA risk.

MATERIALS AND METHODS

This study was performed in a stepwise process in accordance 
with the guidelines of the 2009 Preferred Reporting Items 
for Systematic Reviews and Meta‑analyses statement.[11] This 
meta‑analysis was registered in the International Prospective 
Register of Systematic Reviews (PROSPERO). The current 
project did not include data involving human or animal 
participants conducted by any of the authors.

Searches and data sources
In this meta‑analysis, we investigated main databases, 
including ISI Web of Science, MEDLINE/PubMed, and 
Scopus (from the beginning until August 2020) to find any 
related case–control studies about the CTLA4 and CD28 
gene polymorphisms and RA risk up to August 2020. The 
following keywords were used to search the databases: 
“rs231775 OR + 49A > G CTLA‑4 polymorphism” AND 
“Rheumatoid arthritis OR RA,” “rs5742909 or − 319C/T” 
AND “Rheumatoid arthritis OR RA,” and rs1980422 AND 
“Rheumatoid arthritis OR RA.” Moreover, related references 
in the obtained studies from the searches above were also 
assessed. In the search procedure, we evaluated studies 
conducted on only human population studies. To ensure the 
relevancy if the studies found, the title and abstracts of all the 
studies were assessed. The reference list of the eligible studies 
was also assessed to prevent exclusion of any potential study.

Inclusion and exclusion criteria
The following inclusion criteria were considered in this 
meta‑analysis. (1) Case–control studies with an evaluation 
of CTLA4‑rs231775, CTLA4‑rs5742909, or CD28‑rs1980422 
polymorphisms and RA risk. (2) Only studies that contained 
allele or genotype frequencies were included, which permitted 
the calculation of odds ratio (OR) with a 95% confidence 
interval (CI). The exclusion criteria were (1) duplicated studies 
and (2) studies other than original research works, including 
Letter, Comment, and Review [Table 1 and Figure 1].

Data extraction and quality assessment
Data were extracted by two researchers (MJM and SA) based 
on the inclusion and exclusion criteria mentioned above. 
The extracted information included the first author’s last 
name, publication year, detection method, country and 
ethnicity of the study population, number of cases and 
controls, and the frequency of the alleles and genotypes 
for all of the polymorphisms. In case of ambiguous data, 
the corresponding authors were contacted for clarification. 
Furthermore, we contacted the authors of non‑English 
papers for data acquisition, if applicable. Two independent 
authors 
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the search procedure for eligibility with respect to the 
inclusion/exclusion criteria and any conflicting study was 
discussed by the third author to reach a consensus.

Statistical methods
Pooled OR and their corresponding 95% CI for all of 
the comparisons, including minor alleles, genotypes, 
dominant, and recessive models, were calculated to 
measure the association of polymorphisms and RA risk. 
The risks were calculated for the following comparisons: 
G versus A (allelic), GG versus AA (genotypic), GA versus 
AA (genotypic), GG versus GA + AA (dominant), and 
GG + GA versus AA (recessive) for CTLA4‑rs231775, T 
versus C (allelic), TT versus CC (genotypic), TC versus 
CC (genotypic), TT versus TC + CC (dominant), and 
TT + TC versus CC (recessive) for CTLA4‑rs5742909, and 
C versus T (allelic), CC versus TT (genotypic), CT versus 
TT (genotypic), CC versus CT + TT (dominant), and 
CC + CT versus TT (recessive) for CD28‑rs1980422 SNPs. 
To determine the possible between‑study heterogeneity 
across the included data of studies, the Chi‑square 
Q‑test was used.[12] Furthermore, to quantitatively 
determine the heterogeneity level, I‑squared (I2) test 
was measured. Significant heterogeneity was assigned 
when I2 score exceeded 50% or the Q test had a P ≤ 0.1. 
In the current meta‑analysis, in case of a significant 
level of heterogeneity (PQ‑statistic < 0.10 or I2 > 50%), the 
random‑effects model (REM; DerSimonian–Laird method) 
was implemented. Conversely, a lack of significant level of 

heterogeneity (PQ‑statistic > 0.10 or I2 < 50%) led us to conduct 
the fixed‑effects model (FEM; Mantel–Haenszel method) 
for pooling the data.[13,14] The forest plot demonstrates ORs 
from different studies as the central values and their CIs 
to measure the pooled OR and corresponding 95% CI. 
In fact, each study as well as the summary effect (OR) 
in the forest plot is depicted as a point estimate that is 
bounded by the related CI. The funnel plot is a graphical 
illustration to check for the publication bias and an 
approach for indicating the relationship between the study 
size and the effect size (OR). The funnel plot is usually 
plotted through the variance on the Y‑axis and ORs on 
the X‑axis. To determine the publication bias, the Begg’s 
test, Egger’s regression test, and visual evaluation of the 
funnel plots were implemented.[15,16] The purpose of the 
sensitivity analysis is to measure the robustness of the 
overall OR to the assumptions in conducting the analysis. 
The influence plots were depicted by omitting individual 
studies to evaluate the robustness of the overall OR against 
a given omitted individual study. Statistical analysis was 
conducted through MetaGenyo (http://bioinfo.genyo.
es/metagenyo/): a web tool for meta‑analysis of genetic 
association studies.[17]

RESULTS

Characteristics of eligible studies
Based on the inclusion/exclusion criteria, 16 population studies 
comprising 1078 cases and 1118 controls for CTLA4‑rs231775, 

Table 1: Characteristics of the studies included in the meta-analysis
Author (reference) Published year Country/ethnicity Detection technique N (RA patients) n (healthy controls)
CTLA4 - rs231775

Barton et al.[28] 2004 UK/Caucasian Fluorescence-based primer 
extension method

132 156

Muñoz-Valle et al.[29] 2010 Mexico/Latin American PCR-RFLP 199 199

Liu et al.[30] 2013 China/Asian PCR-RFLP 213 303

Elshazli et al.[31] 2015 Egypt/Caucasian PCR-RFLP 112 122

Luterek-Puszyńska et al.[26] 2017 Poland/Caucasian TaqMan genotyping 422 338
CTLA4- rs5742909

Gonzalez-Escribano et al.[32] 1999 Spain/Caucasian PCR-ARMS 138 305

Lee et al.[33] 2002 Korea/Asian 86 86

Liu et al.[34] 2004 Taiwan/Asian PCR-RFLP 65 81

Barton et al.[28] 2004 UK/Caucasian Fluorescence-based primer 
extension method

151 152

Takeuchi et al.[35] 2006 Japan/Asian PCR-RFLP 100 104

Walker et al.[36] 2009 Canada/Caucasian Mass spectrometric analysis 
(MassArray system)

1140 1248

Torres-Carrillo et al.[37] 2013 Mexico/Latin American PCR-RFLP 200 200

Liu et al.[30] 2013 China/Asian PCR-RFLP 213 304

Fattah et al.[38] 2017 Egypt/Egiptian PCR-RFLP 100 100
CD28

Hegab et al.[27] 2016 Egypt/Egyptian TaqMan genotyping 385 394

Luterek-Puszyńska et al.[26] 2017 Poland/Caucasian TaqMan genotyping 422 338
PCR-RFLP=Polymerase chain reaction-restriction fragment length polymorphism, ARMS=Amplification refractory mutation system, RA=Rheumatoid arthritis, CTLA4=Cytotoxic 
T-lymphocyte-associated protein 4

[Downloaded free from http://www.jmsjournal.net on Sunday, April 4, 2021, IP: 172.104.253.19]
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2193 cases and 2580 controls for CTLA4‑rs5742909, and 
807 cases and 732 controls for CD28‑rs1980422 variation 
were included in the final meta‑analysis. Among the 16 
evaluated studies, five case–control studies were performed 
in European people, five studies in Asians, three studies in 
Africans, and the remaining three studies were conducted 
in Mexico and Canada. The publication year of these studies 
was ranged from 1999 to 2017. The main characteristics of the 
included studies in this meta‑analysis are shown in Table 1.

Main results, subgroup, and sensitivity analysis
Overall analysis demonstrated significant association of the 
CTLA4‑rs231775 and CD28‑rs1980422 variations [Table 2 
and Figure 2]. The G‑allele of the CTLA4‑rs231775 SNP 

significantly increased the risk of RA (OR = 1.27, 95% 
CI = 1.03–1.57, P = 0.021). Moreover, both the GG (OR = 1.50, 
95% CI = 1.15–1.95, P = 0.0024) and the GA (OR = 1.43, 95% 
CI = 1.15–1.79, P = 0.0013) genotypes were significantly 
associated with the increased susceptibility to RA. The 
dominant model of GG + GA significantly increased risk 
of the disease (OR = 1.49, 95% CI = 1.21–1.84, P = 0.00017).

In CTLA4‑rs5742909 SNP, only the recessive model of TT versus 
TC + CC comparison was significantly associated with the 
increased risk of RA (OR = 1.97, 95% CI = 1.21–3.18, P = 0.005).

For CD28‑rs1980422 SNP, the C‑allele significantly 
was associated with increased RA risk (OR = 1.36, 95% 

Figure 1: Flowchart for the procedure of the literature search. In this meta-analysis, 16 population studies comprising 1078 cases and 1118 controls for CTLA4-rs231775, 
2193 cases and 2580 controls for CTLA4-rs5742909, and 807 cases and 732 controls for CD28-
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CI = 1.16–1.59, P = 0. 00014). Furthermore, both CC (OR = 2.16, 
95% CI = 1.42–3.27, P = 0.00027) and CT (OR = 1.35, 95% 
CI = 1.09–1.67, P = 0.0057) genotypes were associated with 
increased risk of RA. As well, the recessive model of CC 
increased the proneness to RA (OR = 1.77, 95% CI = 1.19–
2.63, P = 0.0044).

Heterogeneity and publication bias
Heterogeneity of the studies was analyzed using  whit 
Cochran’s Q test  and I2 test [Table 2]. The I2% >50% and 
PHeterogeneity < 0.10 were considered as significant values. 
Among the significantly associated comparisons with 
the RA risk, a heterogeneity was observed in G versus 
A comparison (I2% = 62%, P = 0.03). Then, the fixed‑ and 
random‑effect models were used to pool the results. The 

funnel plot demonstrated the publication bias among the 
studies [Figure 3]. No publication bias was observed among 
the comparisons.

Sensitivity analysis
The stability of meta‑analysis was determined by the 
sensitivity analysis. The pooled ORs were not changed when 
any individual study was omitted [Figure 4].

DISCUSSION

In this study, we carried out a meta‑analysis to raise a clear 
and precise approximation of the associations between 
CTLA4‑rs231775, CTLA4‑rs5742909, and CD28‑rs1980422 
polymorphisms and susceptibility to RA. In fact, we biologically 

Table 2: Meta-analysis of the pooled association between cytotoxic T-lymphocyte associated protein 4-rs231775, 
cytotoxic T-lymphocyte associated protein 4-rs5742909, and CD28-rs1980422 polymorphisms and rheumatoid 
arthritis disease
Comparison Number 

of 
studies

Frequency (%) Association test Heterogeneity 
Test (I2%, P)

Publication bias (Begg’s 
test and Egger’s test)

Effect 
modelCase Control P Pooled 

OR
(95 % CI)

CTLA4-rs231775
G 5 1025 (47.5) 1004 (44.9)
A 5 1131 (52.5) 1232 (55.1)
GG 5 343 (31.8) 318 (28.44)
GA 5 516 (47.9) 494 (44.18)
AA 5 219 (20.3) 306 (27.38)
G versus A 5 - - 0.021 1.27 1.03-1.57 62%, 0.03 P=0. 24, P=0.41 Random
GG versus AA 5 - - 0.0024 1.50 1.15- 1.95 25%, 0.25 P=0. 17, P=0.56 Fixed
GA versus AA 5 - - 0.0013 1.43 1.15- 1.79 47%, 0.11 P=0. 21, P=0.09 Fixed
GG versus GA+AA 5 - - 0.19 1.24 0.88- 1.74 60%, 0.03 P=0. 36, P=0.10 Random
GG+GA versus AA 5 - - 0.00017 1.49 1.21- 1.84 36%, 0.17 P=0.05, P=0.23 Fixed

CTLA4-rs5742909
T 9 558 (23) 526 (10.19)
C 9 2428 (77) 4634 (89.81)
TT 9 40 (2.6) 34 (1.32)
TC 9 478 (32) 458 (17.75)
CC 9 975 (65.4) 2088 (80.93)
T versus C 9 - - 0.385 1.26 0.74- 2.15 92%, 0.0001 P=0. 03, P=0.09 Random
TT versus CC 9 - - 0.060 2.23 0.96- 5.16 53%, 0.044 P=0. 38, P=0.44 Random
TC versus CC 9 - - 0.344 1.37 0.71- 2.64 93%, 0.0001 P=0. 92, P=0.33 Random
TT versus TC+CC 9 - - 0.005 1.97 1.21- 3.18 31%, 0.19 P=0. 16, P=0.28 Fixed
TT+TC versus CC 9 - - 0.348 1.36 0.71- 2.62 93%, 0.0001 P=0. 31, P=0.14 Random

CD28-rs1980422
C 2 512 (31.73) 386 (25.13)
T 2 1102 (68.27) 1078 (74.86)
CC 2 74 (9.16) 42 (5.7)
CT 2 364 (45.10) 302 (41.25)
TT 2 369 (45.74) 388 (53.05)
C versus T 2 - - 0.00014 1.36 1.16- 1.59 56%, 0.13 P=0. 26, P=0.37 Fixed
CC versus TT 2 - - 0.00027 2.16 1.42- 3.27 0%, 0.38 P=0. 48, P=0.19 Fixed
CT versus TT 2 - - 0.0057 1.35 1.09- 1.67 0%, 0.11 P=0. 99, P=0.20 Fixed
CC versus CT+TT 2 - - 0.0044 1.77 1.19- 2.63 0%, 1.63 P=0. 08, P=0.29 Fixed
CC+CT versus TT 2 - - 0.063 1.42 0.98- 2.07 69%, 0.068 P=0. 09, P=0.41 Random

CI=Confidence interval, OR=Odds ratio, CTLA4=Cytotoxic T-lymphocyte-associated protein 4

[Downloaded free from http://www.jmsjournal.net on Sunday, April 4, 2021, IP: 172.104.253.19]
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Figure 2: Forest plot. The plot shows the results of pooled odds ratio for significantly associated comparisons of between CTLA4-rs231775, CTLA4-rs5742909, and 
CD28-
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Figure 3: Funnel plot to show publication bias and heterogeneity. The plot depicts publication bias and heterogeneity between studies for significantly associated 
comparisons of between CTLA4-rs231775, CTLA4-rs5742909, and CD28-
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Figure 4: Influence plot. The graph demonstrates the sensitivity analysis for significantly associated comparisons of between CTLA4-rs231775, CTLA4-rs5742909, 
and CD28-
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of CTLA‑4 on the regulatory T (Treg) cells culminates in 
downmodulation and controlling of the immune system 
function.[21] Numerous studies have established that 
dysregulated expression of CTLA‑4 on T‑cells participates 
in predisposition to autoimmunity through conferring an 
imbalance in the homeostasis of the immune system. The 
rs231775 SNP in the CTLA4 gene is a well‑investigated genetic 
factor in the genetic association studies and has recently 
been suggested as a pathogenic biomarker in the context 
of autoimmune disorders.[22,23] Furthermore, the rs5742909 
SNP is a functional polymorphism‑318 C/T in the promoter 
region that has been reported to influence the cell surface 
expression of CTLA‑4.[24] As a consequence, recognition of 
the RA risk by rs231775 and rs5742909 SNPs seems to be 
beneficial in the clinical diagnosis of the disease and devising 
new therapeutic approaches. Nonetheless, observations 
from various investigations have been conflicting because 
of limited sample size and the data have been incompatible. 
As a result, the current meta‑analysis intended to pool the 
data from various studies to achieve a precise estimation of 
the involvement of CTLA4 gene polymorphisms and CD28 
gene in conferring a genetic risk factor for RA risk.

The previous meta‑analysis by  Wang et al.[9] in 2016 included 
4732 patients and 6270 healthy controls to analyze the 
association of CTLA4 gene rs231775 SNP with autoimmune 
disorders, including RA, systemic lupus erythematosus, 
and type 1 diabetes. The results indicated that all 
genetic comparisons of rs231775, including homozygote 
comparison (GG vs. AA), heterozygote comparison (AG vs. 
AA), allelic model (T vs. G), dominant model (GG/AG vs. 
AA), and recessive model (GG vs. AA/AG) were strongly 
associated with increased risk of autoimmune disorders. 
On the other hand, our study focused on the association 
of CTLA4 gene rs231775 SNP with only RA disease and 
included 1078 cases and 1118 controls for rs231775. It was 
recognized that the G‑allele of the rs231775 SNP significantly 
promoted (OR = 1.27) the risk of RA susceptibility. 
Moreover, both the GG (OR = 1.50) and the GA (OR = 1.43) 
genotypes were significantly associated with the increased 
susceptibility to RA. The dominant model of GG + GA 
significantly increased risk of the disease (OR = 1.49). 
Even though the rs5742909 polymorphism did not show 
a significant association in allelic and genotypic levels, the 
recessive genetic model of TT versus TC + CC conferred a 
significantly increased risk (OR = 1.97) to RA development.

The association of CD28 gene rs1980422 SNP was reported 
to be associated with RA susceptibility in a GWAS.[10] It 
was reported a higher prevalence of C‑allele in RA patients 
in comparison to the controls and increased the risk of 
RA (OR = 1.16). rs1980422 is located 10 kb upstream of 
the CD28 gene and is found in a region that is 129 kb 
upstream the rs3087243 polymorphism, a RA associated 

variant in the CTLA4 gene.[25] It has been reported that 
the CD28 gene rs1980422 variant is strongly associated 
with RA risk in Europeans.[10] On the other hand, a 
study performed in Poland did not show its association 
with RA.[26] On the contrary, CD28 gene rs1980422 SNP 
was strongly associated with RA risk in Egyptians.[27] 
Furthermore, this strong association was also indicated 
in both anticitrullinated protein antibodies or rheumatoid 
factor positive RA subjects.[27] Although a little number 
of studies could meet our inclusion/exclusion criteria, 
the meta‑analysis indicated that the allelic and genotypic 
comparisons of this SNP reached a significant association 
in increasing RA risk.

Although the meta‑analysis demonstrated a statistically 
significant association with RA risk, there are some 
limitations and caveats. Insufficient original data about 
genetic distribution, clinical characteristics, treatment 
options, ethnicity, gene, and environment contribution 
confined the possibility of tracking more risk factors in RA 
susceptibility. Moreover, only English original studies may 
subject to a language bias. Nonetheless, only meta‑analysis 
of case–control studies was carried out, they were directly 
applied for combining the studies with a similar design, 
conferring reliable results. Fortunately, no sparse data were 
identified in this study, as the sparse data are considered as 
the major limitation of such meta‑analysis models.

CONCLUSION

Considering all the facts, the meta‑analysis found that there 
was a positive association between alleles and genotypes of 
CTLA4‑rs231775 and CD28‑rs1980422 polymorphisms and 
RA susceptibility. Since CTLA4 as an inhibitory molecule 
and CD28 as an activating receptor were both involved in 
the susceptibility to RA, it seems that further combinational 
studies are still mandatory to reveal the pooled effect of 
immune regulatory molecules in predisposing a risk for 
RA. Further investigations might disclose the bona fide 
association of the genetic polymorphisms in the immune 
inhibitory and activating genes, which finally might be 
appreciative in the field of personalized medicine for the 
treatment of RA patients.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. McInnes IB, Schett G. The pathogenesis of rheumatoid arthritis. 
N Engl J Med 2011;365:2205‑19.

2. 



Mousavi, et al.: Immune inhibitory and activating SNPs in RA

Journal of Research in Medical Sciences| 2021 | 10

of rheumatoid arthritis with focus on the early and late stages. 
Current Opinion in Rheumatology 2020;32:57‑63.

3. Firestein GS, McInnes IB. Immunopathogenesis of rheumatoid 
arthritis. Immunity 2017;46:183‑96.

4. Borriello F, Sethna MP, Boyd SD, Schweitzer AN, Tivol EA, 
Jacoby D, et al. B7‑1 and B7‑2 have overlapping, critical roles in 
immunoglobulin class switching and germinal center formation. 
Immunity 1997;6:303‑13.

5. Schwartz JC, Zhang X, Fedorov AA, Nathenson SG, Almo SC. 
Structural basis for co‑stimulation by the human CTLA‑4/B7‑2 
complex. Nature 2001;410:604‑8.

6. Greenwald RJ, Oosterwegel MA, van der Woude D, Kubal A, 
Mandelbrot DA, Boussiotis VA, et al. CTLA‑4 regulates cell cycle 
progression during a primary immune response. Eur J Immunol 
2002;32:366‑73.

7. Imboden JB. The immunopathogenesis of rheumatoid arthritis. 
Annu Rev Pathol 2009;4:417‑34.

8. Wang XB, Zhao X, Giscombe R, Lefvert AK. A CTLA‑4 gene 
polymorphism at position ‑318 in the promoter region affects the 
expression of protein. Genes Immun 2002;3:233‑4.

9. Wang K, Zhu Q, Lu Y, Lu H, Zhang F, Wang X, et al. CTLA‑4+49 
G/A polymorphism confers autoimmune disease risk: An updated 
meta‑analysis. Genet Test Mol Biomarkers 2017;21:222‑7.

10. Raychaudhuri S, Thomson BP, Remmers EF, Eyre S, Hinks A, 
Guiducci C, et al. Genetic variants at CD28, PRDM1 and CD2/
CD58 are associated with rheumatoid arthritis risk. Nat Genet 
2009;41:1313‑8.

11. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting 
items for systematic reviews and meta‑analyses: The PRISMA 
statement. Ann Intern Med 2009;151:264‑9.

12. Huedo‑Medina TB, Sánchez‑Meca J, Marín‑Martínez F, Botella J. 
Assessing heterogeneity in meta‑analysis: Q statistic or I² index? 
Psychol Methods 2006;11:193.

13. DerSimonian R, Laird N. Meta‑analysis in clinical trials. Control 
Clin Trials 1986;7:177‑88.

14. Mantel N, Haenszel W. Statistical aspects of the analysis of 
data from retrospective studies of disease. J Natl Cancer Inst 
1959;22:719‑48.

15. Begg CB, Mazumdar M. Operating characteristics of a rank 
correlation test for publication bias. Biometrics 1994;50:1088‑101.

16. Egger M, Smith GD, Schneider M, Minder C. Bias in meta‑analysis 
detected by a simple, graphical test. BMJ 1997;315:629‑34.

17. Martorell‑Marugan J, Toro‑Dominguez D, Alarcon‑Riquelme ME, 
Carmona‑Saez P. MetaGenyo: A web tool for meta‑analysis of 
genetic association studies. BMC Bioinformatics 2017;18:563.

18. Walker LS, Sansom DM. The emerging role of CTLA4 as a 
cell‑extrinsic regulator of T cell responses. Nat Rev Immunol 
2011;11:852‑63.

19. Olde Nordkamp MJ, Koeleman BP, Meyaard L. Do inhibitory 
immune receptors play a role in the etiology of autoimmune 
disease? Clin Immunol 2014;150:31‑42.

20. Kuehn HS, Ouyang W, Lo B, Deenick EK, Niemela JE, Avery DT, 
et al. Immune dysregulation in human subjects with heterozygous 
germline mutations in CTLA4. Science 2014;345:1623‑7.

21. Brzostek J, Gascoigne NR, Rybakin V. Cell type‑specific regulation 
of immunological synapse dynamics by B7 ligand recognition. 
Front Immunol 2016;7:24.

22. Ueda H, Howson JM, Esposito L, Heward J, Snook H, 
Chamberlain G, et al. Association of the T‑cell regulatory gene 
CTLA4 with susceptibility to autoimmune disease. Nature 
2003;423:506‑11.

23. Bicek A, Zaletel K, Gaberscek S, Pirnat E, Krhin B, Stopar TG, 
et al. 49A/G and CT60 polymorphisms of the cytotoxic 
T‑lymphocyte‑associated antigen 4 gene associated with 
autoimmune thyroid disease. Hum Immunol 2009;70:820‑4.

24. Ligers A, Teleshova N, Masterman T, Huang WX, Hillert J. 
CTLA‑4 gene expression is influenced by promoter and exon 1 
polymorphisms. Genes Immun 2001;2:145‑52.

25. Stahl EA, Raychaudhuri S, Remmers EF, Xie G, Eyre S, 
Thomson BP, et al. Genome‑wide association study meta‑analysis 
identifies seven new rheumatoid arthritis risk loci. Nat Genet 
2010;42:508‑14.

26. Luterek‑Puszyńska K, Malinowski D, Paradowska‑Gorycka A, 
Safranow K, Pawlik A. CD28, CTLA‑4 and CCL5 gene 
polymorphisms in patients with rheumatoid arthritis. Clin 
Rheumatol 2017;36:1129‑35.

27. Hegab MM, Abdelwahab AF, El‑Sayed Yousef AM, Salem MN, 
El‑Baz W, Abdelrhman S, et al. CD28 and PTPN22 are associated 
with susceptibility to rheumatoid arthritis in Egyptians. Hum 
Immunol 2016;77:522‑6.

28. Barton A, Jury F, Eyre S, Bowes J, Hinks A, Ward D, et al. Haplotype 
analysis in simplex families and novel analytic approaches in a case 
Control cohort reveal no evidence of association of the CTLA‑4 
gene with rheumatoid arthritis. Arthritis Rheum 2004;50:748‑52.

29. Muñoz‑Valle JF, Valle Y, Padilla‑Gutiérrez JR, Parra‑Rojas I, 
Rangel‑Villalobos H, Vázquez del Mercado M, et al. The+49A>G 
CTLA‑4 polymorphism is associated with rheumatoid arthritis in 
Mexican population. Clin Chim Acta 2010;411:725‑8.

30. Liu CP, Jiang JA, Wang T, Liu XM, Gao L, Zhu RR, et al. CTLA‑4 and 
CD86 genetic variants and haplotypes in patients with rheumatoid 
arthritis in southeastern China. Genet Mol Res 2013;12:1373‑82.

31. Elshazli R, Settin A, Salama A. Cytotoxic T lymphocyte associated 
antigen‑4 (CTLA‑4) +49 A>G gene polymorphism in Egyptian cases 
with rheumatoid arthritis. Gene 2015;558:103‑7.

32. Gonzalez‑Escribano MF, Rodriguez R, Valenzuela A, Garcia A, 
Garcia‑Lozano JR, Nuñez‑Roldan A. CTLA4 polymorphisms 
in Spanish patients with rheumatoid arthritis. Tissue Antigens 
1999;53:296‑300.

33. Lee YH, Choi SJ, Ji JD, Song GG. No association of polymorphisms 
of the CTLA‑4 exon 1(+49) and promoter(‑318) genes with 
rheumatoid arthritis in the Korean population. Scand J Rheumatol 
2002;31:266‑70.

34. Liu MF, Wang CR, Chen PC, Lin TL. CTLA‑4 gene polymorphism 
in promoter and exon‑1 regions is not associated with Chinese 
patients with rheumatoid arthritis. Clin Rheumatol 2004;23:180‑1.

35. Takeuchi F, Kawasugi K, Mori M, Nakaue N, Kobayashi N, 
Kuwata S, et al. The genetic contribution of CTLA‑4 dimorphisms 
in promoter and exon 1 regions in Japanese patients with 
rheumatoid arthritis. Scand J Rheumatol 2006;35:154‑5.

36. Walker EJ, Hirschfield GM, Xu C, Lu Y, Liu X, Lu Y, et al. CTLA4/
ICOS gene variants and haplotypes are associated with rheumatoid 
arthritis and primary biliary cirrhosis in the Canadian population. 
Arthritis Rheum 2009;60:931‑7.

37. Torres‑Carrillo N, Ontiveros‑Mercado H, Torres‑Carrillo NM, 
Parra‑Rojas I, Rangel‑Villalobos H, Ramírez‑Dueñas MG, et al. 
The ‑319C/+49G/CT60G haplotype of CTLA‑4 gene confers 
susceptibility to rheumatoid arthritis in Mexican population. Cell 
Biochem Biophys 2013;67:1217‑28.

38. Fattah SA, Ghattas MH, Saleh SM, Abo‑Elmatty 


