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ABSTRACT

Objectives: Autoimmune pancreatitis (AlP) is characterized by high serum 1gG4
concentrations, lymphoplasmacytic inflammation, and a favorable response to
corticosteroid treatment. Although the HLA DRB1*0405-DQB1*0401 haplotype and Fc
receptor-like 3 polymorphisms have been associated with AIP, the role of other genetic
factors is largely unknown. As cytotoxic T lymphocyte antigen 4 (CTLA4) polymorphisms
have recently been linked with several autoimmune diseases, we sought to determine if
CTLA4 polymorphisms and serum sCTLA4 levels were associated with AIP as well.
Methods: Five CTLA4 polymorphisms, located at -1722, -658, and -318 in the promoter,
+49 in exon 1, and +6230 in the 3’ untranslated region, were genotyped in 59 patients with
AIP and 102 healthy subjects. Serum sCTLA4 levels were also determined in cohorts of
52 patients and 32 controls. Results: Compared with healthy subjects, we found a
significant increase in the +6230 G/G genotype (64% vs. 42%, odds ratio [OR], 2.48; P =
0.011) in AIP patients. Haplotype 2, which had the +6230A, was associated with AIP
resistance (OR, 0.49; P =0.011). The +49A/A and +6230A/A genotypes were associated
with an enhanced risk of relapse (OR, 5.45; P = 0.038 and OR, 12.66; P = 0.022).
Additionally, median serum sCTLA4 levels were significantly higher in patients with AIP
(8.9 ng/mL) compared with healthy subjects (2.9 ng/mL; P < 0.001). The +6230G/A
polymorphism did not influence sCTLA4 levels in AIP patients. Conclusions: Our
findings suggest that AIP is associated with a genetic polymorphism in CTLA4 and is
positively correlated with serum sCTLA4 levels.
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STUDY HIGHLIGHTS

1) What Is Current Knowledge

e The HLA DRB1*0405-DQB1*0401 haplotype and Fc receptor-like gene 3
polymorphisms are associated with autoimmune pancreatitis (AIP) in the Japanese
population.

2) What Is New Here

e The cytotoxic T lymphocyte antigen 4 (CTLA4) +6230 G/G genotype is significantly
associated with AlP.

e The +49A/A and +6230A/A genotypes are associated with an enhanced risk of
relapse.

e sCTLAM4 levels are significantly higher in patients with AIP compared with healthy
subjects.
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INTRODUCTION

Autoimmune pancreatitis (AIP) is a unique form of chronic pancreatitis
characterized by male preponderance, irregular narrowing of the main pancreatic duct,
swelling of the pancreatic parenchyma, histological evidence of lymphoplasmacytic
inflammation, and a favorable response to corticosteroid treatment (1-6). This disease is
also characterized by systemic complications involving various extra-pancreatic lesions
of similar lymphoplasmacytic inflammation, and has thus been recognized as a systemic
inflammatory condition (7-12). In this regard, considerable attention has been drawn to
the clinical importance of this disease, and the pathogenesis and role of genetic factors
have been extensively explored. We and others have previously reported that IgG4
concentrations are significantly and specifically higher in patients with AIP, suggesting
that 1IgG4 plays a major role in pathogenesis (13, 14). The HLA DRB1*0405-DQB1*0401
haplotype has been identified as the main determinant of AIP susceptibility in the
Japanese population (15), along with Fc receptor-like gene 3 (FCRL3) polymorphisms,
which lie outside the major histocompatibility complex region (16). However, because
none of the genetic markers identified so far are sufficient to fully explain disease etiology,
additional genes with influences on immunologic tolerance are likely to be present.

One of the characteristic pathological features in AIP is lymphoplasmacytic
infiltration, which includes CD4 or CD8 T lymphocytes and IgG4-bearing plasma cells in
the pancreatic parenchyma and other involved organs (7, 8, 12, 17). Thus, factors
regulating T cell function may also influence the development of AIP. The cytotoxic T
lymphocyte antigen 4 (CTLA4; CD152) gene is an inhibitory receptor expressed on the
cell surface of activated memory T cells and on CD4"CD25" regulatory T cells, and acts
largely as a negative regulator of T cell responses (18). CTLA4 seems to modulate
positive T cell costimulatory signals by competing with the CD28 molecule for
engagement with the B7 molecules CD80 and CD86 that are found on antigen presenting
cells. CTLA4-deficient mice develop lymphoproliferative disorders with multiorgan
lymphocytic infiltration (19). Specifically, CTLA4 +49A/G single nucleotide
polymorphisms (SNPs) have been associated with susceptibility to autoimmune diseases,
such as type 1 diabetes, autoimmune thyroid disease, autoimmune hepatitis, and primary
biliary cirrhosis (18).

Recent studies have revealed an alternative splice form of CTLA4, secreted by
resting T cells, can suppress T cell activation. This soluble isoform of CTLA4 (sCTLA4) is
present in human serum, and is elevated in patients with autoimmune diseases, such as
autoimmune thyroid disease (20), systemic lupus erythematosus (21), and myasthenia
gravis (22). Furthermore, the +6230G/A SNP in the 3’ untranslated region of CTLA4 was
found to be associated with Graves’ disease, type 1 diabetes (23), and clearance of
hepatitis B virus (24). However, this gene has not been previously examined with respect
to AIP.

Therefore, in the present study, we investigated the association of AIP disease
susceptibility and four haplotype-tagging SNPs and the SNP at +6230 of CTLA4 in the
Japanese population. Furthermore, we sought to determine whether or not serum
sCTLA4 levels were varied with the genotypes of CTLA4 in the AIP patients.

PATIENTS AND METHODS
Subjects
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Between September 1994 and October 2006, serum samples were obtained from
59 patients with AIP (49 men and 10 women), aged 38-76 years (median 63 years), and
102 healthy control subjects. All control subjects had indicated the absence of major
illness on a standard questionnaire. This group was formed by enrolling volunteers from
hospital staff. Racial backgrounds were all Japanese.

The diagnosis of AIP in all patients was based on criteria released by the Japan
Pancreas Society using clinical data, imaging tests, and/or histopathological findings, as
reported previously (25). High serum 1gG4 concentrations (median, 730.0 mg/dL;
interquartile range, 265.0-1037.5 mg/dL) were found in 55 of the 59 patients with AIP, and
52 of our 59 patients were treated with 40 mg prednisolone daily for 4 weeks, which was
then reduced by 5 mg per week over a period of several weeks. All 52 AIP patients
responded favorably to corticosteroid therapy, resulting in the improvement of clinical,
laboratory, and imaging findings. Thirty-seven (63%) had concurrent autoimmune
diseases, including hypothyroidism (11 patients) and sclerosing cholangitis (34 patients),
whose diagnosis was described in our prior studies (11, 26). We found no high
concentrations of serum IgG4 in healthy subjects.

In total, we followed 55 patients, 52 of whom were treated with corticosteroids
every month for a period of at least 12 months (median 72 months; 12-178 months).
Patients underwent regular follow-up with an interview every month, laboratory tests
every 2-3 months, and imaging tests, such as CT or MRI, every 6 months or in the event
of relapse until October 2006. Sixteen of the 55 (29%) patients relapsed during follow-up,
which was defined as a recurrent attack of pancreatic swelling that resulted in irregular
narrowing of the pancreatic duct or stenosis of the common bile duct, as reported
previously (27).

All participants provided written informed consent for tests with DNA samples, and
serum samples were obtained after receiving permission from patients. Serum samples
were also collected from normal subjects after informed consent was obtained. This study
has been approved by the institutional ethics committee.

CTLA4 Genotyping

Genomic DNA from patients and healthy individuals were isolated by phenolic
extraction of sodium dodecyl sulfate-lysed and proteinase K-treated cells, as described
previously (28, 29).

The five CTLA4 gene SNPs used in this study (-1722, -658, -318, +49, and +6230)
were genotyped using the 5’ nucleae (TagMan) assay using primers, probes, and
reaction conditions as supplied by the manufacture (Applied Biosystems, Tokyo, Japan).
The SNPs at -1722, -658, and -318 were located in the promoter region, the SNP at +49
was in exon 1, and the SNP at +6230 was in the 3’ untranslated region. Polymerase chain
reaction was performed with a TagMan Assay for Real-Time PCR (7500 Real Time PCR
System; Applied Biosystems) following manufacturer’s instructions.

Haplotype-Genotype Estimation

The R package ‘haplo.stats’ from the R Project for Statistical Computing
(http://www.r-project.org/) was used to evaluate the haplotype structure of the five SNPs
in CTLA4. Pair-wise linkage disequilibrium (LD) among the SNPs were measured in both
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patients and controls, as indicated by ‘Lewontin’s D’ obtained in the ‘genetics’ R package
from the R Project for Statistical Computing.

HLA Typing

HLA class | and Il alleles were identified using a Micro SSP™ DNA Typing Kit
(One Lambda, Canoga Park, CA, USA) (30). DNA typing of DRB1 and DQB1 alleles was
performed by polymerase chain reaction-restriction fragment length polymorphism
analysis, as reported previously (28, 29).

Laboratory Tests

Serum levels of IgG4 were determined by single radial immunodiffusion kits
(normal: < 135 mg/dL) and circulating immune complexes (CIC) (immune complex mRF
“Nissui”; Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) were measured as reported
previously (13). Serum sCTLA4 levels were examined by commercially available ELISA
kits (MedSystems Diagnostics, Vienna, Austria) following manufacturer’s instructions.

Statistical Analysis

The significance of allele distribution between AIP patients and healthy subjects
were tested using the y? test for two-by two or two-by-three comparisons. When the
number of subjects was less than 5, Fisher’'s exact test was used. A threshold P value of
less than 0.05, prior to correction for multiple hypotheses testing (Bonferroni correction),
was considered as suggestive evidence of association. The Mann-Whitney U test was
used to analyze continuous variables. Spearman’s rank order correlations were used to
evaluate clinical features. Statistical analyses were performed using SigmaStat software
(version 2.03; SPSS, Chicago, IL).

RESULTS
CTLA4 Genotyping in Patients with AIP and Healthy Subjects

A total of five SNPs in the CTLA4 gene were genotyped in patients and controls,
and observed genotype frequencies were all in Hardy-Weinberg equilibrium. Analysis of
allelic frequencies revealed a significant difference between AIP patients and healthy
subjects for the SNP +6230 (y% = 7.50, P = 0.024). Positivity for SNP +6230A was
significantly decreased in patients with AIP (odds ratio [OR] = 0.40; 95% confidence
interval [Cl], 0.21-0.78; P = 0.011) than in healthy subjects (Table 1), indicating a
significant association of the +6230G/G genotype with AIP, which was significantly
increased (OR = 2.48; 95% ClI, 1.28-4.81; P = 0.011) in comparison with healthy controls
(Table 1). No other SNPs were found to be significantly associated with AlP.

The pairwise LD mapping confirmed that these alleles were strong LD with each
other in a narrow range, showing LD index (>0.8). Strong LD was indicated in the same
block for AIP patients and controls. Seven unique SNP haplotypes were found altogether,
and four of them had frequencies of >5% (Table 2). Association analysis using haplotypes
calculated by EM algorithms showed haplotype 2, which was the only SNP +6230A, was
associated with AIP resistance (OR = 0.49; 95% ClI, 0.29-0.83; P = 0.011). None of the
other haplotypes were associated with either susceptibility or resistance to AlP.

Since we previously reported that the HLA DRB1*0405-DQB1*0401 haplotype is
associated with AIP (15), we further investigated the genetic association between this and
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CTLA4 SNPs in AIP patients. Analysis of allelic frequencies revealed no significant
difference between patients with and without the HLA DRB1*0405-DQB1*0401 haplotype
for +6230 SNPs (x* = 0.54, P = 0.76).

Association between CTLA4 SNPs and Clinical Findings

In this study, AIP was found to be associated with the autoimmune diseases of
sclerosing cholangitis (34/44; 77%) and hypothyroidism (11/50; 22%). Since autoimmune
thyroid disease was previously associated with CTLA4 SNPs (23, 31), we evaluated
whether the concurrent autoimmune diseases here were also associated with CTLA4
SNPs. However, we found no significant association between CTLA4 SNPs and the two
diseases (data not shown). We further analyzed the relationship between CTLA4 SNPs
and risk of AIP relapse. Sixteen out of 55 (29%) patients experienced relapse during the
follow-up period, and the +49A/A and +6230A/A genotypes were associated with an
enhanced risk of relapse (OR = 5.45; 95% ClI, 1.12-26.55; P = 0.038 and OR = 12.66;
95% Cl, 1.29-124.51; P = 0.022, respectively) (Table 3). In addition, analysis of allelic
frequencies revealed a significant difference between patients with or without relapse for
the SNP +6230 genotype (x? = 7.23, P = 0.027). However, there was no significant
statistical haplotype association with the relapse of AIP.

Detection of Serum sCTLA4 Levels in Patients with AIP

Serum sCTLA4 levels were examined in 52 patients with AIP, and 32 healthy
subjects. Median sCTLA4 levels were significantly higher in AIP patients (8.9 ng/mL;
interquartile range [IQR], 5.8-10.7) than healthy subjects (2.9 ng/mL; IQR, 2.1-3.8; P <
0.001) (Figure 1). Values higher than control mean plus 2 standard deviations (5.7 ng/mL)
were considered to be elevated in this study. Patients with AIP (77%) had a significantly
higher incidence of elevated sCTLA4 levels than healthy controls (0%; P < 0.001).
Median serum sCTLA4 levels were similar in AIP patients with +6230A/A (7.9 ng/mL; IQR,
4.0-10.3), +6230A/G (8.9 ng/mL; IQR, 5.9-10.4), and +6230G/G (9.1 ng/mL; IQR,
5.8-11.1) (P = 0.87; Figure 2).

Serum IgG4 concentrations and immune complex levels are closely associated
with AIP, both clinical parameters were examined for their correlation with sCTLA4 levels
in AIP patients. However, there were no significant correlations between sCTLA4 levels
and IgG4 concentrations (correlation coefficient -0.18, P = 0.21) or CIC levels (correlation
coefficient -0.028, P = 0.85).

DISCUSSION

Thus far, several risk factors have been implicated in the etiology of AIP, including
the HLA DRB1*0405-DQB1*0401 haplotype and polymorphisms of FCRL3 gene (15, 16).
However, a number of other genes outside the major histocompatibility complex region
may also play a role in susceptibility to AIP. One such candidate gene is CTLA4, which
has been associated with increased risk for various autoimmune diseases (18).

Although most reported disease associations with CTLA4 SNPs have shown
significantly higher frequencies of the +49G allele in patients than in controls, our results
showed that the +49 SNP was not associated with AIP. However, we were able to detect
an association with the +6230G/G genotype in patients with AIP. Recent studies have
shown the G susceptibility allele to also be associated with Graves’ disease, autoimmune
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hypothyroidism, and type 1 diabetes (23). Thus, our results suggest that the +6230 SNP
may be functionally linked with susceptibility to AIP, though we can not exclude the
possibility that the +6230 SNP may only be a linkage marker for an unidentified
susceptibility gene for AIP on chromosome 2q33.

We also found that the CTLA4 haplotype may be an important determinant of AIP
protection as well, since haplotype containing the +6230A allele was significantly
associated with a 0.4 times less likelihood to develop AIP. Taken together, these results
suggest that CTLA4+6230 SNP plays a pivotal role for both susceptibility to and
protection from AIP in Japanese. Although the functional effects of CTLA4 SNPs are still
uncertain, further investigation is needed to clarify this association from different
ethnicities in Europe and the USA.

A prior study from our laboratory showed that 11 of 42 (26%) patients relapsed
during follow-up (27), though we could not make the characteristic findings or find reliable
parameters in these patients at that time. After increasing the number of patients, we
measured that 16 of 55 (29%) patients relapsed during follow-up. We also found that
patients who experienced relapse had high association with +49A/A or +6230A/A
genotypes. However, as there was still a small number of patients in our cohort, it will be
necessary to conclude this association following more studies with larger groups. No
haplotype association was found in patients with relapse. Patients with AIP presented
with sclerosing cholangitis and hypothyroidism, as reported previously (11, 26). Although
some studies have shown that autoimmune thyroid disease is associated with CTLA4
SNPs (23, 31), we did not find any associations in our cohort. Hypothyroidism
complicated with AIP may have different genetic background from autoimmune thyroid
disease.

Previously, Oaks et al. reported that sCTLA4 immunoreactivity was inhibited by
binding to CD80 ligand, implying that sCTLA4 was indeed acting as a functional receptor
(20). They reported that serum sCTLA4 levels were higher in patients with autoimmune
thyroid disease than in healthy volunteers, in which sCTLA4 was not detectable. However,
they also suggested that the sCLTA4 molecule may have a dual role by blocking the
interaction of CD80 on antigen-presenting cells and mCTLA4 on T cells and interfering
with the inhibitory signal sending to T cells, thus enhancing immune responses. In
another report, Magistrelli et al. (32) reported that sCTLA4 was detectable in 14 of 64
healthy subjects. Our study clearly demonstrated that patients with AIP have significantly
increased sCTLA4 levels in serum and higher overall incidences of elevated sCTLA4.
Due to the fact that we found no correlation between sCTLA4 and IgG4 level, which is
associated with disease activity, we could not conclude whether increased sCTLA4 levels
are beneficial or harmful to patients with AIP. Further longitudinal follow-up studies are
required to resolve this critical question.

Recently, functional analyses revealed the existence of two mRNA CTLA4
isoforms: a full length isoform (fICTLA4) encoded by exons 1-4, and a sCTLA4 that lacks
exon 3 (23). The ratio of sCTLA4 to fICTLA4 mRNA splice forms in unstimulated CD4 T
cells was 50% lower in +6230G/G positive disease-susceptible individuals compared with
A/A protected individuals, suggesting that this 6.1kb region determines splicing efficiency
and production of sCTLA4, with the +6230G disease-susceptibility haplotype producing
less sCTLA4 transcripts than the +6230A haplotype. However, Anjos et al. (33) reported
no observable effect of the +6230 SNP on the expression of either sSCTLA4 or fICTLA4
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using allele-specific single-nucleotide primer extensions. We also failed to find a
correlation between +6230 alleles and serum sCTLA4 levels, regardless of susceptibility
to AIP in +6230G/G. These conflicting interpretations may be accounted by patient and
control selections, sample size differences, and/or technical variances, and a reasonable
explanation for the increased sCTLA4 in patients with AIP needs further exploration.

As previous studies have reported that serum IgG4 concentrations and CIC levels
are closely associated with AIP (13), we therefore examined the correlation between
these indicators and CTLA4 SNPs in our AIP patients, but could find no correlation. We
had reported in an earlier study that FCRL3+110 SNP was positively correlated with
serum IgG4 concentrations and CIC levels in patients with AIP (16). Since FCRL3 shows
high structural homology with classical Fcy receptor genes, the +110 SNP might have
accounted for the associated with IgG4 secretion in AIP. CTLA4 is expressed on T cell
surfaces and plays a role as a negative regulator of T cell responses, so the lack of
association between CTLA4+6230 SNP and serum IgG4 concentrations and CIC levels is
understandable.

Lastly, although the HLA DRB1*0405-DQB1*0401 haplotype and CTLA4+6230
SNP both indicated susceptibility to AIP, we showed that there was no genetic
association between these two markers in this study. These data suggest that the
mechanisms by which HLA and CTLA4 induce AIP are different. Since HLA-DR genes
and CTLA4 gene are located on different chromosomes, there is no genetical linkage
between these genes.

In conclusion, AIP is closely associated with the CTLA4+6230 SNP and serum
sCTLA4 levels. The CTLA4 gene might play a crucial role in the pathogenesis of this
multi-factorial disease, and further studies are needed to clarify its role in AlP.
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Table 1. CTLA4 Polymorphisms in 59 Patients with AIP and 102 Healthy Subjects

Frequency (%)

AIP Controls P value (OR: 95% CI) Pc
(n=59) (n=102)
+6230
Genotype frequency
A/A 8.5 11.8 0.70
AIG 271 46.1 0.027 (0.44: 0.22-0.87) 0.14
G/G 64.4 422 0.011 (2.48: 1.28-4.81) 0.055
Allele carrier frequency
A (AJA+A/G) 35.6 57.8 0.011 (0.40: 0.21-0.78)
G (A/G+G/G) 91.5 88.2 0.70
Allele frequency
A allele 22.0 34.8 0.023(0.53: 0.31-0.89)
G allele 78.0 65.2 0.023(1.89: 1.12-3.18)
-1722
C allele 39.0 35.3 0.15
T allele 61.0 64.7 -
-658
T allele 0.0 0.0 1.00
C allele 100.0 100.0 -
-318
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+49
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G allele

14.4

85.6

34.7

65.3

9.8

90.2

44.6

55.4
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1.00

0.33

1 Abbreviations: AIP, autoimmune pancreatitis; OR, odds ratio; Cl, confidence interval.

2 Pc value was detected after a Bonferroni correction.
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1 Table 2. CTLA4 Haplotypes in Patients with AIP and Healthy Subjects

SNP at position: Proportion of indicated haplotype (%) Hapmap
Haplotype AIP Controls P value (OR:95% ClI)
-1722  -658 -318 +49 +6230 (n=118) (n=204) (n=54)
1 C C C G G 39.0 34.7 0.53 38.6
2 T C C A A 20.3 34.2 0.011 (0.49: 0.29-0.83) 29.5
3 T C C G G 26.3 20.7 0.30 25.0
4 T C T A G 12.7 9.8 0.53 6.8

2 Abbreviations: AIP, autoimmune pancreatitis; OR, odds ratio; Cl, confidence interval.
3  Values for n indicate two times the number of individuals since each person carries two haplotypes.

4  Hapmap data indicate the 4 haplotype-tagging SNPs at -1722, -658, -318, and +49.
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Table 3. CTLA4 +49 and +6230 Polymorphisms and Relapse of AIP

Frequency (%)

Relapse (+) Relapse (-) P value (OR: 95% Cl)
(n=16) (n=39)

+49A/A 31.3 7.7 0.038 (5.45: 1.12-26.55)*
+49A/G 25.0 48.7 0.14

+49G/G 43.8 43.6 0.77

+6230A/A 25.0 2.6 0.022 (12.66: 1.29-124.51)*
+6230A/G 18.8 33.3 0.34

+6230G/G 56.3 64.1 0.81

Abbreviations: AIP, autoimmune pancreatitis; OR, odds ratio; Cl, confidence interval.

* Fisher’s exact test.
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Figure Legends

Figure 1. Detection of serum sCTLAA4 levels in patients with AIP, and healthy
controls.

Serum sCTLA4 levels were detected in 52 patients with AIP, and 32 healthy subjects.
Solid lines indicate median values. The broken line indicates the cutoff value (control
group mean + 2 standard deviations).

AIP, autoimmune pancreatitis.

Figure 2. CTLA4+6230 SNPs and serum sCTLA4 levels in patients with AIP.
Serum sCTLA4 levels were detected in 4 patients with the +6230A/A SNP, 16 patients
with the +6230A/G SNP, and 32 patients with the +6230G/G SNP. Solid lines indicate
median values.

AIP, autoimmune pancreatitis.
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Figure 1.
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Figure 2.
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