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Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) is important for downregulation of T-cell activation,
and CTLA-4 gene polymorphisms have been implicated as risk factors for rheumatoid arthritis (RA).
Previous studies of the association between the þ49 polymorphism of the CTLA-4 gene in RA have
provided conflicting results. In order to determine association of the CTLA-4 gene with RA in Chinese Han
population, we used denaturing gradient gel electrophoresis (DGGE) to genotype polymorphisms of four
SNPs (MH30, þ49, CT60 and JO31) of the CTLA-4 gene in 326 RA patients and 250 healthy controls.
Furthermore, meta-analysis of all available studies relating þ49 polymorphism to the risk of RA was
performed to confirm the disease association. Among the SNPs examined, the genotype frequencies of
CTLA-4 þ49 and CT60 in RA patients differed significantly from controls (P¼0.028 and 0.007). In addition,
the distribution of four haplotypes constructed by these two SNPs was significantly different between
patients and controls (v2¼10.58, d.f. ¼3, P¼0.014). The meta-analysis also revealed that in both
European and Asian populations, the CLTA-4 þ 49 G allele was associated with the risk of RA. These results
suggested that the CTLA-4 gene might be involved in the susceptibility to RA in the Chinese Han
population and both þ49 and CT60 of CTLA-4 gene might be the causal variants in RA disease.
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Introduction
Rheumatoid arthritis (RA) is a complex autoimmune

disorder, characterized by a chronic T-cell response that

has evaded normal control mechanisms.1 Therefore, the

genes involved in the regulation of T-cell responses may be

primary determinants of susceptibility to RA. CTLA-4 is a

key negative regulator of T-cell activation2 and is consid-

ered a candidate gene for autoimmune diseases including

RA.

It has been reported that CTLA-4 polymorphisms are

associated with several T-cell mediated autoimmune dis-

eases, such as Graves’ disease, type 1 diabetes mellitus (T1D)

and multiple sclerosis.3–5 However, the investigations of

CTLA-4 and RA have yielded variable and inconsistent

results, some indicating association,6–9 while others have

not.10–12 Thus, the relationship between the CTLA-4

polymorphism and clinical features of RA remains unclear.

Most of the previous studies investigating the association

of the CTLA-4 gene with RA were limited to the SNP þ49,Received 1 October 2004; revised 7 March 2005; accepted 9 March 2005
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which located in CTLA-4 exon 1. The 6.1 kb in the 30UTR

and the 24 kb upward 50 head of the CTLA-4 gene were

reported to be significantly associated with Graves’ disease

(GD) in Caucasians.13 In order to determine the attribution

of CTLA-4 gene polymorphisms for RA in the Chinese Han

population, we investigated the polymorphisms of þ49,

CT60 and JO31. The latter two SNPs were in the head and

the tail of the CTLA-4 30UTR, respectively. Another SNP,

MH30, which is near the CTLA-4 50 head and reported to be

highly associated with GD,13 was also genotyped (Figure 1).

Materials and methods
Patients

A total of 326 unrelated Chinese RA patients were recruited

from the Outpatient Departments of Rheumatology in

Guanghua Hospital, the Shanghai Second Medical Uni-

versity. They were composed of 91 men and 235 women,

whose mean age was 48.4 (SD¼78.13). The diagnosis of

RA was based on the 1987 American Rheumatism Associa-

tion revised criteria for RA.14 The healthy control group

consisted of 250 unrelated ethnically matched healthy

subjects (73 men, 177 women, mean age 47.8 years, and

SD¼711.05), who were randomly selected from commu-

nity volunteers in the same district, free of any clinical

evidence of autoimmune diseases or familial history of RA.

The medical ethical community of Fudan University and

Guanghua Hospital approved this study.

PCR-DGGE genotyping

Genomic DNA was extracted from peripheral blood by

standard proteinase-K digestion and phenol/chloroform

extraction and then amplified using specific DGGE primer

sets15 (Table 1), which were designed to attain the optimal

PCR-DGGE fragments. For optimal DGGE analysis, PCR

was followed by a heteroduplex step, which involved

denaturation at 961C for 5min and renaturation at 501C

for 1h. DGGE was performed using the BIO-RAD Decode

system. Optimized DGGE conditions were achieved ac-

cording to the methods for the improvements of broad-

range DGGE analysis.16 After electrophoresis, the gels were

stained with ethidium bromide and photographed under

an UV transilluminator. Amplified products with special

DGGE banding patterns were purified and sequenced using

a corresponding non-GC-clamped primer. The commonly

occurring SNPs were recognized by DGGE pattern identi-

fication.

Statistical analysis

Genotype and allele frequencies were calculated on

patients and control subjects by manual counting.

Hardy–Weinberg equilibrium (HWE) was confirmed with

the w2 test.17 The w2 test was also used to examine the

statistical difference of the genotype or the haplotype

distribution between patients and controls. Odds ratios

(ORs) and 95% confidence intervals (CIs) for the associa-

tion of allele/haplotype with the risk of RA were calculated

using the STATA statistical package (Version 7.0). The

PyPop program was used to estimate the haplotype

frequency and for testing pairwise linkage disequilibrium

(LD).18 Meta-analysis was performed using ReviewManager

software (version 4.2) (http://www.cc-ims.net/RevMan/). A

P-value o0.05 was considered statistically significant.

Results
A total of four SNPs were successfully genotyped in 326 RA

patients and 250 healthy controls. Table 2 shows the

genotype distribution of these four SNPs. Genotype

frequencies of these SNPs in both patients and healthy

control subjects were in HWE. Among the four SNPs, the

genotype and allele distributions of MH30 and JO31 did

not differ significantly between RA patients and controls,

MH30 +49 CT60 JO31

3′ UTR

Figure 1 Location of four SNPs. The figure is not drawn to scale.
Black block represents exon and empty block represents UTR. The
distance between MH30 and þ49 is 23.3 kb, that between þ49 and
CT60 is 6.2 kb and that between CT60 and JO31 is 4 kb.

Table 1 PCR-DGGE primer sequences for each SNP amplicon, PCR product size and annealing temperature

Fragment Primer, 50-30 Fragment size (bp) Tm (1C)

MH30 [32GC] AATGCTCAGTTTTATGACCCAA 177 57.0
TGCCCATCAGCAGCCTAT

+49 [32GC] CCTGAAAGGTTTTGCTCTA 198 51.0
AGAAGACAGGGATGAAGAG

CT60 [32GC] AAGTCATTCTTGGAAGGTAT 221 51.0
CAACTGTAATGCCTGTGATA

JO31 [32GC] GTATCATCTCAATGGGTTGTTCC 150 57.0
GCAGGCGGACAACACAAA

Bp, base pair; Tm, annealing temperature.
GC-clamp used was as follows: [32GC], CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGC.
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while the genotype distribution of þ49 and CT60 differed

significantly between RA patients and healthy controls

(w2¼7.18, d.f.¼2, P¼0.028; w2¼9.89, d.f. ¼2, P¼0.007,

respectively). And the þ49 allele G and CT60 allele G were

associated with an increased risk of RA (OR¼1.36, 95%

CI¼1.06–1.74, P¼0.012; OR¼ 1.41, 95% CI¼1.10–1.82,

P¼0.005, respectively) (Table 3).

We also analyzed the possible haplotypes constructed by

þ49 and CT60. The haplotype frequencies were estimated

with an expectation-maximization (EM) algorithm of the

HyPop program. This analysis revealed that there were four

sets of haplotypes and two SNPs in healthy control subjects

were in linkage disequilibrium (D0 ¼0.6, Po0.0001). The

haplotype þ 49 G: CT60 G and þ49 A: CT60 A were more

frequent than the haplotype þ49 A: CT60 G and þ49 G:

CT60 A. Comparing cases with controls, the distribution of

four haplotypes was significantly different (w2¼ 10.58,

d.f.¼3, P¼0.014). Using the haplotype þ49 A: CT60 A

as reference, the frequencies of the haplotype þ 49 G: CT60

G and þ49 A: CT60 G were significantly different between

cases and controls (P¼0.0015 and P¼0.0425, respec-

tively). The OR of the haplotype þ49 G: CT60 G was

1.57 (95% CI¼1.18–2.10), which was similar with that of

the haplotype þ49 A: CT60 G (OR¼1.54, 95% CI¼ 0.99–

2.39) (Table 4).

For meta-analysis, we searched Medline database and the

China National Knowledge Infrastructure (CNKI) database

and checked the reference lists of the retrieved articles. In

all, 12 case–control studies about association of þ49 with

RA were collected; six studies were on Eur-

opeans,6,7,9,10,19,20 five were on Asians8,11,12,21,22 and other

one was on Africans.23 (Table 5). For genotype frequencies

of SNP þ49 in both patients and healthy controls were in

HWE, we investigated the association of CTLA-4 þ49 allele

G with the risk of RA in two race groups respectively. In

both Europeans and Asians, there was no heterogeneity

between studies (P¼0.42, I2¼0.6%; P¼0.19, I2¼33.2%,

respectively). For the European group, the pooled OR was

1.11 (95% CI¼1.00–1.23) for both fixed effects and

random effects and to Asian group, the pooled OR was

1.18 (95% CI¼1.04–1.35) for fixed effects and 1.16 (95%

CI¼0.98–1.37) for random effects. Funnel plot with 14

studies listing in Table 5 was drawn to test publication bias

(Figure 2). None of small studies with statistically signifi-

cant associations were found.

Discussion
CTLA-4 is an important costimulatory molecule, which can

block IL-2 production and expression of IL-2 receptors and

Table 2 Genotypic distribution of five SNPs polymor-
phismsa

Patients (n¼326) Controls (n¼250) w2 P-value

MH30
G/G 139 (42.6) 110 (44.0) 4.72 0.094
G/C 144 (44.2) 121 (48.4)
C/C 43 (13.2) 19 (7.6)

+49
G/G 148 (45.4) 86 (34.4) 7.18 0.028
G/A 138 (42.3) 125 (50.0)
A/A 40 (12.3) 39 (15.6)

CT60
G/G 156 (47.9) 87 (34.8) 9.89 0.007
G/A 137 (42.0) 131 (52.4)
A/A 33 (10.1) 32 (12.8)

JO31
G/G 151 (46.3) 102 (40.8) 2.06 0.357
G/T 140 (43.0) 122 (48.8)
T/T 35 (10.7) 26 (10.4)

aThe genotypic distribution was in accordance with Hardy–Weinberg
equilibrium in both control and RA patients (P40.05).

Table 3 The effects of each allele on susceptibility to RA

Patients (%) Controls (%) w2 (P) OR (95% CI)

MH30
G 422 (64.7) 341 (68.2) 1.53 (0.216) 0.86 (0.66–1.10)
C 230 (35.3) 159 (31.8) 1.17 (0.91–1.51)

+49
G 434 (66.6) 297 (59.4) 6.26 (0.012) 1.36 (1.06–1.74)
A 218 (33.4) 203 (40.6) 0.74 (0.54–0.94)

CT60
G 449 (68.9) 305 (61.0) 7.74 (0.005) 1.41 (1.10–1.82)
A 203 (31.1) 195 (39.0) 0.71 (0.55–0.91)

JO31
G 442 (67.8) 326 (65.2) 0.86 (0.355) 1.12 (0.87–1.45)
T 210 (32.2) 174 (34.8) 0.89 (0.69–1.15)

w2 (P): chi square test and P-value for frequency differences between patients and controls; OR (95% CI): odds ratio and 95% confidence interval.
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inhibit the function of cytotoxic T lymphocytes.24 It has

been reported that blockade of the CTLA-4: B7 interaction

exacerbates autoimmune diseases in an animal model of

diabetes.25 Moreover, there is a native soluble form of

CTLA-4 (sCLTA-4), encoded by an alternative transcript

product of CTLA-4,26 and the level of sCLTA-4 expression is

associated with autoimmune diseases, such as Autoim-

mune Thyroid Disease, Systemic Lupus Erythematosus, and

Systemic Sclerosis.27 –29 Our present study showed that

CTLA-4 þ49, CT60 and the haplotype constructed by

these two SNPs had a susceptible effect to developing RA in

Chinese Han population, while MH30 and JO31, which

were reported to be most significantly associated with

GD,13 had no such association.

The CTLA-4 þ49 polymorphism has been genotyped

extensively in several autoimmune diseases. In rheumatoid

arthritis, Vaidya has found in Caucasian the þ49 G allele

was positively associated,9 and Lee et al,21 has also reported

similar results in Gaoshan people. Our study showed that

þ49 G allele was a risk factor of RA in Chinese Han

population, which was in accord with above reports in

other populations. Since approximately 10–30% of RA

patients have evidence of thyroid dysfunction and we had

no further clinical data on these patients, we cannot rule

Table 4 Association of estimated CTLA-4 +49:CT60 haplotypes with RA

Haplotype Patients (%) Controls (%) w2 (P) OR (95% CI)

+49G: CT60G 371 (56.97) 251 (50.11) 10.06 (0.0015) 1.57 (1.18–2.10)
+49A: CT60G 78 (11.90) 54 (10.89) 4.11 (0.0425) 1.54 (0.99–2.39)
+49G: CT60A 63 (9.59) 46 (9.29) 2.77 (0.0959) 1.46 (0.91–2.33)
+49A: CT60A 140 (21.54) 149 (29.71)

w2 (P): chi square test and P-value for frequency differences between patients and controls; OR (95% CI): odds ratio and 95% confidence interval; the
distribution difference of four haplotypes between patients and controls:w2¼10.58, d.f.¼3, P¼0.014.

Table 5 Distribution of CTLA-4 +49 genotypes and frequency of alleles for RA patients and controls

Distribution of CTLA-4 +49 genotype Frequency of CTLA-4 allele

GG GA AA G A

Study Case Con Case Con Case Con Case Con Case Con OR (95%)

European
Seidl C et al (1998) 37 68 138 210 83 178 212 346 304 566 1.14 (0.91–1.43)
Gonzalez-E MF et al (1999) 10 30 63 103 65 172 83 163 193 447 1.18 (0.85–1.63)
Barton A et al (2000)-UK 38 19 86 51 68 26 162 89 222 103 0.85 (0.59–1.22)
Barton A et al (2000)-SP 14 12 57 70 65 62 85 94 187 194 0.94 (0.65–1.36)
Milicic A et al (2001) 63 73 223 213 135 166 349 359 493 545 1.07 (0.88–1.31)
Vaidya B et al (2002) 20 45 65 158 38 146 105 248 141 450 1.35 (1.00–1.84)
Barton A et al (2004) 34 29 55 68 43 59 123 126 141 186 1.29 (0.91–1.82)

Asian
Matsushita M et al (1999) 200 56 199 72 62 22 599 184 323 116 1.17 (0.88–1.54)
Yanagawa T et al (2000) 29 78 50 88 6 34 108 244 62 156 1.21 (0.82–1.80)
Lee YH et al (2002) 41 49 35 29 10 8 117 127 55 45 0.75 (0.46–1.23)
Lee CS et al (2003) 103 85 67 100 16 18 273 270 99 136 1.39 (1.01–1.92)
Liu MF et al (2004) 14 21 42 50 9 10 70 92 60 70 0.89 (0.54–1.45)
Present study 148 86 138 125 40 39 434 297 218 203 1.36 (1.06–1.74)

African
Hadj KH et al (2001) 23 68 27 62 10 20 73 198 47 102 0.80 (0.51–1.27)

OR (95% CI): odds ratio (allele G versus allele A) and 95% confidence interval; Con: control.
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Figure 2 Funnel plot of studies about association of þ49 with RA
diseases. X-axis: OR of þ49 G allele, Y-axis: standard error of log OR.
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out the possibility that the associations reported here

might be due to thyroiditis, even though this possibility

was very small. In order to confirm the disease association

and to minimize the influence of study bias, we performed

meta-analysis of all comparable genetic association study

data sets, the importance of which has been recently

advocated.30 To this end, we combined the data of

European populations with 1400 RA patients and 1958

healthy controls and Asian populations with 1209 RA

patients and 970 healthy controls, respectively. In the

European group, the OR of þ49 G allele was 1.11, which

was similar to that in Asian group (OR¼1.18). This result

supported with Ioannidis’s conclusion that the biological

impact of genetic markers on the risk for common diseases

may usually be consistent between different races.31 In

European and Asian populations, the meta-analysis results

suggested that CTLA-4 þ49 allele G might be associated

with RA. From the funnel plot, we found none of the small

studies with statistically significant association. There

might be two reasons, one is that studies published in

languages other than English and Chinese, such as Korean

and Japanese, could not be found; the other is that small

studies with statistically significant association could not

be published for small samples.

The CT60 G allele has recently been found to be highly

associated with several autoimmune diseases, such as

Graves’ disease,13 celiac disease and systemic lupus erythe-

matosus.32,33 Our study demonstrated that CT60 G allele

were positively associated with RA in Chinese Han

population. This finding was at odds with a report by

Barton et al.20 This might be due to the fact that in Barton’s

study, all patients and controls were Caucasians living in

the UK, whereas we studied the Chinese Han population,

and in different populations the same SNP might have

different effects. Furthermore, our study also demonstrated

that using the haplotype þ49 A: CT60 A as reference, the

OR of the haplotype þ49 G: CT60 G was similar with that

of the haplotype þ49 A: CT60 G. And the haplotype þ49

G: CT60 G (OR¼1.57) had a little more effects than CT60

G allele (OR¼1.41) or þ49 G allele (OR¼1.36) did. These

results indicated that CT60 was the independent causal

variant in RA disease and the effect of þ49 G allele

depended on CT60 G allele, and when þ49 G allele

combined with CT60 G allele, the effect of the haplotype

þ49 G: CT60 G increased. According to previous reports,

the þ49 G allele was considered to be related to reduced

CTLA-4 expression and increased proliferation of auto-

reactive T cells,34 and the CT60 G allele was associated with

producing lower mRNA levels of sCTLA-4,13 it was possible

that the haplotype þ 49 G: CT60 G might alter production

of CTLA-4 protein both in membrane and in soluble form,

and might interfere with regulation of T-cell activation and

proliferation leading to RA. This speculation requires

further work to be confirmed at the cellular level. In

addition, the functional meanings of these SNPs and

haplotypes need to be elucidated with a suitable gene dose

regulation model.

In conclusion, the CTLA-4 gene might be involved in the

susceptibility to RA in Chinese Han population and both

þ49 and CT 60 of CTLA-4 might be the causal variants in

RA disease.
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