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Abstract 

Background/Aims: Primary biliary cirrhosis (PBC) is an organ-specific autoimmune 

disease of still unidentified genetic etiology that is characterized by chronic inflammation 

of the liver. Since cytotoxic T-lymphocyte antigen 4 (CTLA4) polymorphisms have 

recently been linked with PBC susceptibility in studies on Caucasians, we investigated 

the genetic association between CTLA4 polymorphisms and PBC in a Japanese 

population.  

Methods: Five single nucleotide polymorphisms (SNPs) in the CTLA4 gene 

(rs733618, rs5742909, rs231775, rs3087243, and rs231725) were genotyped in 308 

patients with PBC and 268 healthy controls using a TaqMan assay.  

Results: One CTLA4 gene SNP (rs231725) was significantly associated with 

susceptibility to anti-mitochondrial antibody (AMA)-positive PBC, but clinical significance 

disappeared after correction for multiple testing. Moreover, CTLA4 gene SNPs did not 

influence AMA development or disease progression to orthotopic liver transplantation in 

our Japanese cohort. In haplotype analyses, one haplotype [haplotype 1 (CGGA)] at 

rs5742909, rs231775, rs3087243, and rs231725, was significantly associated with 

susceptibility to both AMA-positive PBC and overall PBC.  

Conclusions: This study showed that CTLA4 gene polymorphisms had a modest, 
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but significant, association with susceptibility to PBC in the Japanese population. The 

connection between genetic variants and function of the CTLA4 gene remains to be 

addressed in future investigations. 

 

Key words: Primary biliary cirrhosis; Single nucleotide polymorphisms; Cytotoxic 

T-lymphocyte antigen 4; Genetic susceptibility 
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1. Introduction 

Primary biliary cirrhosis (PBC) is a liver-specific autoimmune disease 

characterized by female preponderance and destruction of intrahepatic bile ducts that 

often results in cirrhosis and hepatic failure [1]. The etiology of PBC has yet to be 

conclusively elucidated, although genetic factors are considered to play a prominent role 

in family and population studies [2-5]. Prior reports have shown the HLA-DRB1*08 allele 

to be a weak and regional determinant of PBC susceptibility [6-8]. However, HLA alone 

does not explain the entire genetic predisposition to PBC, mainly since at least 80 to 

90% of patients with the disease do not carry the most common HLA susceptibility alleles. 

In this regard, other non-HLA genes are being considered to contribute to disease 

development [9, 10].  

PBC displays immunologically characteristic features like biliary lymphocytic 

infiltrates, anti-mitochondrial antibodies (AMA) against the inner lipoyl domain of the E2 

subunits of the pyruvate dehydrogenase complex, and elevated serum levels of IFN-  

and TNF- . The serologic hallmark of PBC is the presence of AMA [11, 12], which are 

found in 95% of patients with PBC [13] and have a specificity of 98% for the disease [12]. 

Auto-reactive CD4+ and CD8+ T cells are also found in high concentrations in the portal 

triads of patients with PBC, often surrounding and infiltrating necrotic bile ducts [14-16]. A 
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recent study suggested that a reduction in the number of CD4+CD25+ regulatory T cells 

in livers affected with PBC contributed to disease progression [17]. Accumulating data 

such as these support a direct role of T lymphocytes in the pathogenesis of PBC.  

The cytotoxic T-lymphocyte Antigen 4 (CTLA4) is an inhibitory receptor 

expressed on the cell surface of activated memory T cells and CD4+CD25+ regulatory T 

cells that acts largely as a negative regulator of T-cell responses. Since the potential 

inhibitory functions of CTLA4 [18] may also trigger a break-down of immunological 

self-tolerance, polymorphisms affecting these processes could have significant effects 

on susceptibility to autoimmunity.  

  The CTLA4 gene is a primary candidate for genetic susceptibility to 

autoimmune diseases, including type 1 diabetes, autoimmune hepatitis [19, 20], and 

autoimmune pancreatitis [21]. In particular, two single nucleotide polymorphisms (SNPs), 

rs231775 (49AG) and rs3087243 (CT60), have been widely studied in PBC [22-24].  

Although early studies found an association between SNP 49G coding and PBC [22-24], 

ensuing reports showed negative relationships with susceptibility [25-30] or a positive 

association with liver damage [31]. A recent investigation reported that rs231725 in the 3’ 

flanking region of CTLA4 is associated with AMA-positive PBC in Caucasians [27]. In 

addition to CTLA4 polymorphisms, HLA class II, IL12A, IL12RB, and several other 
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candidate SNPs were disclosed as predisposition genes for PBC by a high-density 

genome-wide association study [9]. Since these SNPs have not been extensively 

examined in a large Japanese population, the present study sought to evaluate the 

involvement of CTLA4 SNPs and haplotype SNPs in susceptibility to PBC and disease 

progression in Japanese patients. 

 

2. Patients and Methods 

2.1. Subjects 

We analyzed a total of 576 subjects (308 PBC patients and 268 healthy 

controls) collected from different two regions of Japan (Table 1). Cohort 1 consisted of 

198 patients clinically diagnosed with PBC (173 women, median age 58 years old) and 

170 healthy subjects who were seen at Shinshu University Hospital, Matsumoto, Japan. 

Cohort 2 consisted of 110 patients clinically diagnosed with PBC (92 women, median age 

61 years old) and 98 healthy subjects from the National Hospital Organization Nagasaki 

Medical Center, Omura, Japan. The racial backgrounds of all subjects were Japanese. 

Control subjects were volunteers from hospital staff who had indicated the absence of 

any major illnesses in a standard questionnaire. The diagnosis of PBC was based on 

criteria from the American Association for the Study of Liver Diseases [32]. Serum AMA, 
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specific for the pyruvate dehydrogenase complex-E2 component, was measured by the 

enzyme-linked immunosorbent assay as reported previously [33]. An index of greater 

than seven was considered a positive result. All patients were negative for hepatitis B 

surface antigen, antibody to hepatitis C virus, and antibody to human immunodeficiency 

virus. To evaluate associations between SNPs and disease progression, patients were 

classified into two stages based on their most recent follow-up [34]: early stage patients 

were histologically in Scheuer stage I or II [35, 36] or of unknown histological stage 

without liver cirrhosis, and late stage patients were histologically in Scheuer stage Ⅲ or 

IV or clinically diagnosed with liver cirrhosis or hepatic failure. All participants provided 

informed written consent for this study, which was been approved by the institutional 

ethics committee.  

 

2.2. CTLA4 SNP Genotyping 

Genomic DNA from patients and controls was isolated by phenolic extraction of 

sodium dodecyl sulfate-lyzed and proteinase K-treated cells, as described previously [37, 

38], and adjusted to 10-15 ng/μl.  

The five CTLA4 gene SNPs examined in this study (rs733618, rs5742909, 

rs231775, rs3087243, and rs231725) were genotyped using the 5’ nuclease (TaqMan) 
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assay using primer, probes, and reaction conditions as recommended by the 

manufacturer (Applied Biosystems, Tokyo, Japan). These SNPs were selected based on 

previous reports [21-23, 26, 27], and were all located in the CTLA4 gene; SNPs 

rs733618 and rs5742909 were in the promoter region, SNP rs231775 in exon 1, and 

SNPs rs3087243 and rs231725 in the 3’ untranslated region (UTR). Polymerase chain 

reaction was performed with a TaqMan Assay for Real-Time PCR (7500 Real Time PCR 

System; Applied Biosystems) following the manufacturer’s instructions.  

 

2.3. Haplotype-Genotype Estimation 

The R package “haploview’’ [39] was used to evaluate the haplotype structure 

of the five examined CTLA4 SNPs. Pairwise linkage disequilibrium (LD) patterns and 

haplotype frequency analysis for all SNPs in patients and controls were assessed by the 

block definition by Gabriel et al. [40].  

 

2.4. Statistical Analysis 

The Hardy-Weinberg Equilibrium (HWE) test was done for each SNP between 

control and patient groups. The significance of allele distribution between PBC patients 

and healthy controls was assessed using the 2 test with the use 2 x 2 or 2 x 3 
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comparisons. Fisher’s exact probability test was used for groups with fewer than 5 

samples. A P value of less than 0.05 was considered statistically significant. P values 

were corrected using Bonferroni’s correction by multiplying by the number of different 

alleles observed in each locus (Pc).  

 

3. Results 

In total, five SNPs located in the CTLA4 gene were genotyped in 198 patients 

with PBC and 170 healthy controls in cohort 1 and 110 patients with PBC and 98 healthy 

controls in cohort 2 (Table 2). Hardy-Weinberg equilibrium (HWE) was observed for all 5 

of the examined SNPs in both control groups, and the minor allele frequencies of all 

SNPs were greater than 5%. In cohort 1, one SNP (rs733618) differed significantly from 

HWE (P = 0.03) (Table 2), and the frequency of the minor A allele at rs231775 was 

significantly decreased (33.9% vs. 41.5 %, odds ratio (OR) 0.72, 95% confidence interval 

(95% CI) 0.53-0.99, P = 0.042, Pc = 0.209) in 171 AMA-positive PBC patients compared 

with controls. Positivity for the major G allele (A/G+G/G) at rs231775 was significantly 

higher in patients with AMA-positive PBC than in healthy subjects (88.3% vs. 79.1%, OR 

1.96, 95% CI 1.08-3.53, P = 0.026, Pc = 0.128). Additionally, the allele frequency (61.7% 

vs. 53.2%, OR 1.41, 95% CI 1.04-1.92, P = 0.025, Pc = 0.127) and allele carrier 
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frequency (86.0% vs. 75.9%, OR 1.96, 95% CI 1.12-3.41, P = 0.018, Pc = 0.089) of the 

major A allele at rs231725 were significantly increased in AMA-positive PBC patients 

compared with healthy controls. However, these statistical significances disappeared 

after correction for multiple testing. No significant differences were observed among the 

5 SNPs in cohort 2. The allele frequency (60.3% vs. 53.4%, OR 1.33, 95% CI 1.04-1.69, 

P = 0.022) of the major A allele at rs231725 was significantly increased in combined 

analysis (cohorts 1 and 2) of 273 AMA-positive PBC patients compared with 268 healthy 

controls (Table 3), but statistical significance was lost after correction for multiple testing 

(Pc = 0.110) (Table 3). 

Pairwise LD mapping confirmed that all alleles were in strong LD with an index 

of >0.8. A strong LD was detected in the same block for PBC patients and controls. We 

next evaluated haplotype association among AMA-positive PBC patients and healthy 

subjects in a combined analysis. To estimate haplotype frequencies and analyze 

haplotype association with PBC, we selected tag SNPs using the Tagger algorithm from 

the Haploview program. Four tag SNPs (SNPs 2 to 5: rs5742909, rs231775, rs3087243, 

and rs231725) were selected to capture most of the allelic diversity in the two cohorts. 

The four estimated haplotypes showed a frequency of >5% in 11 haplotypes created by 

expectation-maximization algorithms (Table 4). Haplotype 1 (CGGA) was significantly 
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associated with AMA-positive PBC susceptibility (59.7% vs. 51.9%, OR 1.37, 95% CI 

1.08-1.75, P = 0.0095). No other haplotypes were associated with either susceptibility or 

resistance to PBC. 

    Evaluation of the 5 CTLA4 SNPs between AMA-positive and AMA-negative 

subgroups revealed neither significant allelic associations (Table 5) nor significant 

haplotype associations (Table 6), even when compared for early or late stages (Table 5 

and 6). Moreover, a comparison of 17 orthotopic liver transplantation (OLT) PBC cases 

and 291 non-OLT cases revealed no significant differences in allele frequencies (Table 5). 

In haplotype analysis, no statistical associations were found with OLT (Table 6).  

 

4. Discussion 

This study revealed that haplotype 1 (CGGA) was significantly associated with 

disease susceptibility in 273 AMA-positive PBC patients, as well as overall in all 308 

PBC patients (P = 0.012) (data not shown). This finding is in agreement with the 

Caucasian study by Juran et al. [27], and thus constitutes a promising susceptibility gene 

candidate. However, since the precise function of CTLA4 SNPs remains undefined, we 

cannot exclude the possibility that these SNPs may only be a linkage marker for a yet 

unidentified SNP within the CTLA4 gene. Sequencing of the entire gene and assessing 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

14 

the functional role of these SNPs will be required. 

SNP rs231775 associated with PBC is commonly referred to as 49AG in several 

studies [23, 24, 27, 31, 41]. Our finding corroborated a previous report [31], in which 

49AG was not associated with susceptibility to PBC but there was a discrepancy in 

association with liver damage that might have arisen from the number of cases analyzed. 

49AG also appears to affect cell surface expression of CTLA4 by CTLA4-driven 

down-regulation in response to T-cell activation [42]. This coding polymorphism is 

located in a signal peptide that is cleaved from the functional protein, and has been 

shown to affect glycosylation of the autoimmune susceptibility G allele, resulting in 

diminished processing efficiency and thus decreased trafficking to the cell surface [43]. It 

will be necessary to confirm the functional difference between patients with these SNPs 

and T-cell activation in a future study.  

The rs3087243 SNP, also referred to as CT60, is located in the 3’ UTR of the 

CTLA4 gene and reported to influence the production of the soluble isoform of CTLA4 

(sCTLA4). The sCTLA4 mRNA encoded by the +CT60G-allele is produced at a reduced 

rate compared with that encoded by the A allele. As sCTLA4, which is secreted by 

resting T cells, is a suppressor of T-cell activation, it is conceivable that carriers of the 

+CT60G-allele allele may be more susceptible to autoimmune diseases.[44] Although 
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studies from Canada and Italy found an association between PBC and the CT60 SNP 

[29, 41], other studies have since failed to confirm this association [27, 28], including 

ours.  

In haplotype analysis, haplotype 1 contained all of the known SNP risk alleles 

that have been functionally determined in other disease studies. These include the C 

allele at -318, which has been found to affect the expression of CTLA4 mRNA cell 

surface expression [45], the minor G allele at 49AG, reported to reduce cell surface 

expression of CTLA4 [42], and the G allele of CT60, which affects the expression of the 

soluble form of the CTLA4 molecule, indicating the possibility that this haplotype might 

contribute to PBC susceptibility in the Japanese population.  

Lastly, Juran et al. have suggested that CTLA4 plays a role in influencing AMA 

development as well as progression to OLT in PBC based on their haplotype analyses 

[27]. Our data revealed no statistical significance in regards to AMA development or 

disease progression to cirrhosis or OLT, possibly due to the number of patients showing 

AMA negativity and proceeding to OLT being too small to evaluate. Another 

consideration is that disease progression in Japanese patients might have a stronger 

association with positivity for anti-gp210 antibodies as a risk factor of progression to 

hepatic failure than CTLA4 polymorphisms [46]. Further longitudinal follow-up studies in 
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larger cohorts are required to resolve this critical question.  

In conclusion, we found that CTLA4 gene polymorphisms had a modest, but 

significant, association with susceptibility to PBC in the Japanese population and may 

share a common susceptibility haplotype with Caucasians. The connection between 

genetic variants and the function of the CTLA4 gene remains to be addressed in future 

investigations.  
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Table 1. Demographic and clinical data of patients with PBC at study onset 

 

Characteristics Cohort 1 

Shinshu 

n=198 

Cohort 2 

Nagasaki 

n=110 

Combined  

 

n=308 

 

Age, years† 

 

58 (30-83) 

 

61 (34-85) 

 

58 (30-88) 

Female / Male 173 / 25 92 / 18 265 / 43 

Disease progression    

  Early stage, n / Late stage, n  149 / 49 74 / 36 223 / 85 

Orthotopic liver transplantation, n (%) 15 (7.6) 2 (1.8) 17 (5.5) 

AMA positive, n (%) 171 (86.4) 102 (92.8) 273 (88.6) 

† Median (range) 

PBC, primary biliary cirrhosis; AMA, anti-mitochondrial antibody specific for the pyruvate 

dehydrogenase complex-E2 component  

 



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

24 

Table 2. Allele frequencies of SNPs in the CTLA4 gene in PBC patients and controls  

 

SNP No. dbSNP Allele Position 
Gene 

location 

Cohort 1 (Shinshu) Cohort 2 (Nagasaki) 

Patients (n=198) Controls (n=170) Patients (n=110) Controls (n=98) 

  major/minor (bp)  
MAF 

(%) 

HWE 

p value 

MAF 

(%) 

HWE 

p value 

MAF 

(%) 

HWE 

p value 

MAF 

(%) 

HWE 

p value 

1 rs733618 T/C 204439189 promoter 44.4 0.030 39.1 0.071 39.5 0.570 43.4 0.366 

2 rs5742909 C/T 204440592 promoter 9.1 0.347 11.2 0.295 13.2 0.828 13.8 0.514 

3 rs231775 G/A 204440959 exon 1 35.4 0.784 41.5 0.089 39.5 0.334 41.8 0.827 

4 rs3087243 G/A 204447164 3’ UTR 26.3 0.994 30.3 0.709 26.4 0.125 31.1 0.316 

5 rs231725 A/G 204448920 3’ UTR 39.9 1.000 46.8 0.288 41.8 0.586 46.4 1.000 

 

MAF, minor allele frequency; HWE, Hardy-Weinberg equilibrium; UTR, untranslated region 
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Table 3. 

Allele frequencies of 5 SNPs in 273 AMA
+
 patients with PBC and 268 healthy subjects 

SNP No. Allele Patients Controls P Pc OR 95%CI 

1 C 43.2 40.7 0.395 1.975 1.11 0.87-1.41 

 T 56.8 59.3     

2 C 89.6 87.9 0.380 1.900 1.18 0.81-1.73 

 T 10.4 12.1     

3 G 63.9 58.4 0.062 0.310 1.26 0.99-1.61 

 A 36.1 41.6     

4 G 74.4 69.4 0.070 0.350 1.28 0.98-1.67 

 A 25.6 30.6     

5 A 60.3 53.4 0.022 0.110 1.33 1.04-1.69 

 G 39.7 56.6     

AMA, anti-mitochondrial antibodies; PBC, primary biliary cirrhosis; OR, odds ratio; Pc, corrected P value; 95% 

CI, 95% confidence interval; *, frequency (%) 

P value was calculated by a 
2
-test 2 x 2 contingency table (df =1).  
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Table 4. CTLA4 haplotypes in 273 AMA+ patients with PBC and 268 healthy subjects  

 

 

 

 

 

 

 

PBC, primary biliary cirrhosis; OR, odds ratio; 95% CI, 95% confidence interval; *, Proportion of indicated haplotype (%) 

Values for n indicate two times the number of individuals since each person carries two haplotypes. 

P value was calculated by a 
2
-test 2 x 2 contingency table (df =1).  

Haplotype 
SNP No.  Patients* Controls*    

2 3 4 5  (n=546) (n=536) P OR 95% CI 

1 C G G A  59.7 51.9 0.0095 1.37 1.08-1.75 

2 C A A G  25.5 29.4 0.1464 0.82 0.62-1.07 

3 T A G G  10.3 11.8 0.4186 0.85 0.58-1.25 

4 C G G G  3.8 5.4 0.2153 0.70 0.39-1.23 
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Table 5. Allele frequencies of CTLA4 SNPs in AMA, histological or clinical disease progression, and OLT states  

  AMA
+ 

* AMA
- 
*   Early * Late *   non-OLT * OLT *  

SNP No. Allele (n=273) (n=35) P  (n=223) (n=85) P  (n=291) (n=17) P 

1 C 43.2 38.6 0.459  44.4 38.2 0.167  42.6 44.1 0.863 

 T 56.8 61.4   55.6 61.8   57.4 55.9  

2 C 89.6 88.6 0.800  90.0 89.2 0.783  89.3 91.2 0.736 

 T 10.4 11.4   10.0 10.8   10.7 8.8  

3 G 63.9 57.1 0.267  63.9 61.2 0.531  62.9 67.6 0.576 

 A 36.1 42.9   36.1 38.8   37.1 32.4  

4 G 74.4 68.6 0.300  74.7 71.2 0.380  73.7 73.5 0.981 

 A 25.6 31.4   25.3 28.8   26.3 26.5  

5 A 60.3 52.9 0.235  60.8 55.9 0.270  59.5 58.8 0.942 

 G 39.7 47.1   39.2 44.1   40.5 41.2  

PBC, primary biliary cirrhosis; AMA, anti-mitochondrial antibodies; OLT, orthotopic liver transplantation;  

SNP, single nucleotide polymorphism; *, frequency (%)  

P value was calculated by a 
2
-test 2 x 2 contingency table (df =1).  
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Table 6. Comparison of CTLA4 haplotype frequencies in AMA, histological or clinical disease progression, and OLT states 

Haplotype 
SNPs No.  AMA+ * AMA- *   Early * Late *   non-OLT * OLT *  

2 3 4 5  (n=546) (n=70) P  (n=446) (n=170) P  (n=582) (n=34) P 

1 C G G A  60.1 52.8 0.245  60.5 55.9 0.292  59.3 58.8 0.959 

2 C A A G  25.5 30.0 0.415  25.1 28.2 0.430  26.1 23.5 0.738 

3 T A G G  10.3 10.0 0.947  10.3 10.0 0.909  10.3 8.8 0.781 

4 C G G G  3.5 4.3 0.720  3.1 4.7 0.346  3.4 5.9 0.458 

PBC, primary biliary cirrhosis; AMA, anti-mitochondrial antibodies; OLT, orthotopic liver transplantation; SNP, single nucleotide polymorphism; *, Proportion of indicated 

haplotype (%) 

Values for n indicate two times the number of individuals since each person carries two haplotypes. P value was calculated by a 
2
-test 2 x 2 contingency table (df =1).  

 

 




