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Abstract Rheumatoid arthritis (RA)is acommon systemic
autoimmune disease and its onset and prognosis are con-
trolled by genetic, immunological, and environmental fac-
tors. The HLA locus, particularly HLA-DRB], is its strongest
genetic risk determinant across ethnicities. Several other
genes, including PTPN22 and PADI4, show modest associ-
ation with RA. However, they cover only a part of its genetic
components and their relative contribution is different
between populations. To identify novel genetic determi-
nants, we took a candidate gene approach in a trans-ethnic
manner. After critical selection of 169 genes based on their
immunological function, we performed SNP discovery of
these genes by the resequencing of exons and surrounding
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areas using European and Japanese DNAs. We then gener-
ated a panel of 1,509 SNPs for case~control association study
in both populations. The DerSimonian-Laird test for meta-
analysis, using the combined results of the two populations,
identified rs7551957 at the 5'-flanking region of the low-
affinity Fc-gamma receptor Ila (FCGR2A) gene as the
strongest candidate for the association (p = 8.6 x 1073,
odds ratio = 1.58 with 95%CI 1.25-1.99). Suggestive sig-
nals were also obtained for three SNPs in the dihydropy-
rimidine dehydrogenase (DPYD) gene (rs6685859; p =
1.3 x 107, 157550959; p = 1.5 x 10™* and 1s7531138;
p = 1.7 x 10 and an intronic SNP, 1s2269310, of the
erythrocytic spectrin beta (SPTB) gene (p = 7.9 x 107%).
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Introduction

Rheumatoid arthritis (RA [OMIM: 180300]) is a systemic
autoimmune disease [1], and is one of the most common
forms of inflammatory arthritis, affecting up to 1% of the
adult population [2]. Symptoms are chronic, destructive,
and debilitating arthritis with a variation in the number of
clinical features, such as the presence of autoantibody and
joint erosions [3]. Clinical manifestation of RA is related to
the development of a variety of autoantibodies, including
antibodies to citrullinated peptide antigens and rheumatoid
factor, although their pathological role is still unclear [4, 5].
Compelling evidence from genome-wide association
(GWA) studies demonstrated that the HLA locus is the
strongest genetic determinant beyond ethnicity. [6]. How-
ever, the HLA locus contributes to only approximately 37%
of the overall genetic susceptibility [7], suggesting the
presence of other genes that are genetically associated with
pathogenesis, clinical phenotype, and disease heterogene-
ity. Moreover, the relative contribution of RA-related
genes is considered to be different between ethnicities.
Indeed, the PTPN22 gene was shown to be associated with
RA in populations of European descent, but not in Asians
[8]. Similarly, the PADI4 gene showed a strong association
with RA in Asians [9], but the association was much
weaker in Europeans. Intronic SNPs in the STAT4 gene
were identified to be strongly associated with RA in
Europeans [10], and their modest statistical association was
confirmed in Asians [11], providing the first example of
non-HLA RA-associated genes in two major ethnicities.
Importantly, however, very few hypothesis-independent
GWA studies have succeeded in the identification of non-
HILA genes associated with RA. A genome scan by the
Wellcome Trust study was only able to successfully identify
HLA and PTPN22 loci as genome-wide significant [6]. This
may be due to the disease heterogeneity with phenocopies,
and the insufficient power to detect genes with modest
effects [12]. Indeed, SNPs associated with RA in non-HLA
genes showed only intermediate allelic odds ratios (ORs) of
1.3-2.0. To overcome such shortcomings, studies need to be
enlarged, enrolling several thousand patients and a similar
number of controls. Alternatively, a candidate gene
approach, which focuses on genes critically selected by
their biological function, can be an efficient and more cost-
effective strategy because SNPs that are associated with RA
are mostly within genes that are functionally implicated in
the pathogenicity of RA [13]. Above all, comparative
genetic analysis across different ethnic groups is ideal.

@ Springer

In this study, we performed a trans-ethnic case—control
association study of RA in Japanese and European RA
patients by applying an SNP marker panel of 169 genes
related to the immune system and drug metabolisms
designed for genetic approaches of various immune-related
diseases. A total of 1,509 SNPs were exhaustively geno-
typed in 238 RA cases and 184 controls of Japanese origin,
as well as in 182 cases and 273 controls of German and
French populations.

Materials and methods
Study populations

Sample collection and genotyping was initiated after
approval from the local ethical committees. Written
informed consent was obtained from all patients and con-
trol individuals after adequate explanation of the study.
The disease subjects were recruited in Germany and in
Japan. The 420 patients with RA consisted of 182 Germans
from the Freiburg area and 238 Japanese from the Kyoto
and Kobe areas. All subjects satisfied the American
Rheumatism Association’s revised criteria (1987) for
classification of RA [14]. For population controls, 91
German subjects from the Freiburg area and 184 Japanese
subjects were recruited. Additionally, 182 French Cauca-
sian controls from the Epidemiological study on the
Genetics and Environment of Asthma (EGEA) were used.

Selection of candidate genes and single nucleotide
polymorphisms

A total of 169 genes on autosomes were chosen for case—
control association studies of different immune-related
diseases, such as autoimmune diseases, immune deficien-
cies, and allergies, as well as drug response in such dis-
eases. The selection was made according to their biological
function in the immune system, such as cytokines and their
receptors, cell adhesion molecules, transcriptional factors,
and genes involved in signal transduction and cell—cell
communication (Table 1). Genes already known for their
association with the diseases, in addition to those shown to
be related to drug metabolism prior to 2006 when the SNP
discovery was performed, were also included in the panel.

The identification of SNPs was performed by an
exhaustive resequencing of exons and flanking regions of
these genes, using 32 each of French and Japanese control
DNAs. Additional SNPs located in the linkage disequilib-
rium (LD) blocks covering the 169 genes in the Interna-
tional HapMap Project were also included. Among
approximately 10,000 SNPs, those having a minor allele
frequency (MAF) greater than 0.05 were tested using the
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Table 1 Classification of candidate genes by their immunological function

Signal transduction

ABCBI, ANK1, APOH, CARD4, CARD15, CBLB, CCND2, CCND2P, CCND3, CCNDBP1, CDC37, CDKNIA, CDKN2A2, EIF2AK2,
EVISL, GABI, GAB2, GRB2, HCK, HSPCA, HSPCB, ITPKB, KIR3DL2, LAT, LCK, LCP2, MBL2, PTPNI11, PTPNI13, RASGRP1, SOCS3,
SOS1, SYK, TANK, TGFBI, VAVI, VAV2, VAV3, XPOl1, ZAP70, FTHI, NPM1

Transcription factors

AIRE, APOBEC3G, CCNTI, CCNT2, CDK7, CDK9, CD3EAP, NFATS, NFATCI, NFATCZ, NFATC3, NFATC4, STATI, TBX1, TGFBIII,

TRIM21, TROVE2, TSC22D1, YBX1
Cell-cell communication

CD274, CD28, CD36, CD38, CD3Z, CD4, CD58, CD8A, CD8B, COMMDI, CTLA4, FCGR2A, FCGR3A, FER, ICAM2, ICAM3, ITGAI,
ITGA2, ITGA4, ITGAL, ITGAV, ITGBI, ITGB4, PECAM1, SELL, TGFB, VCAM1, VIL2, VILL

Cytokines and receptors

FAS, FASLG, IFNA2, IFNARI, IFNG, IFNGRI, IFNGR2, IL10, ILIORA, ILIORB, IL12A, ILI2B, IL13, IL15, IL18, ILIA, ILIB, IL]R],‘
ILIRN, IL2, IL2IR, IL2RA, IL2RB, IL4, ILAR, IL6, IL6R, IL6ST, IL7, IL8, L8RA, ILSRB, KIT, TNFRSF11A, TNFRSF13C, TNFRSFI8,

TNFRSFIA, TNFRSFI1B, TNFRSF7, TNFSF15, TNFSF7
Metabolism

ALDH?2, ANPEP, BCHE, CYP2C19, CYP2D6, CYP2EIl, DPP4, DPYD, EPB41, FKBP4, GSTM4, GSTP1, NAT2, NOS2A, NQOI, NQO2,

PLCGI, PPIA, SODI1, SOD2, SPTAl, SPTB, TPMT, TRIMS
Regulation factor of immune response

GYPA, GYPB, GYPC, OAS1, OAS2, OAS3, THYI
Genes in the HLA locus

HLA-DOB, PSMBS8, PSMB9, TAP2, LTA, CSNK2B
Other

CIQBP: role in complement pathway (binding Clq protein)

GoldenGate technology marker panel selection program by
Illumina Inc. (San Diego, CA, USA), and only markers with
Tllumina Design Scores (IDS) greater than 0.4 were chosen.
SNPs in the same LD block with pairwise-r> greater than
0.8 were divided into subgroups, and the SNP which
showed the highest IDS in each subgroup was selected.
When there were multiple SNPs sharing the highest IDS,
the one with the highest MAF was chosen. Following these
selection steps, a total of 1,509 SNPs were finally chosen as
tag SNP markers for the genotyping study.

Genotyping and quality control

Genomic DNAs were extracted from fresh peripheral blood
mononuclear cells or from EBV-transformed lymphoblasts
in accordance with protocols approved by the appropriate
authority.

A panel of 1,509 SNPs was genotyped using a Gold-
enGate assay on an Illumina BeadArray genotyping plat-
form according to the manufacturer’s instructions. DNA
samples were tracked using a laboratory information
management system (LIMS), and genotypes were called
using the Genotyping module of BeadStudio 2 software
(Illumina Inc.). The results obtained were filtered on the
basis of genotype call rates (success rates of >90% for
marker, >95% for DNA sample).

Statistical analysis

Genotype distribution was evaluated by the Hardy—Wein-
berg equilibrium in the control group (¢ test), and the
markers with p values less than 0.05 were excluded from
the tests [15]. Allele frequency of each SNP was compared
for association with RA between cases and controls in each
population using the trend %> test and a non-biased exact
trend test [16], as well as the DerSimonian—Laird test for
meta-analysis, using the combined results of two popula-
tions [17].

Expression analyses of the FCGR gene family

A gene-expression dataset in lymphoblastoid cell lines
derived from 210 wunrelated HapMap populations
(GSE6536) was obtained from the Gene Expression
Omnibus (GEQO) database [18]. The correlation between
the expression data of FCGRIA, 24, 2B, 2C, 3A, and 3B,
and rs7551957 genotypes of 268 individuals (89 Euro-
pean, 44 Japanese, 45 Chinese, and 90 West African
Yoruba) available from the HapMap phase 2 data, was
examined using the calculation program recommended by
the GEO. The association p values were obtained by the
Joncheere-Terepstra method using R software or SPSS
(version 18). '
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Results

Association analysis in Japanese and European
populations

In order to identify genetic loci associated with suscepti-
bility to RA, 1,509 SNP markers representing 169 candi-
date genes with an average number of 8.9 SNPs (ranging
from 1 to 75) per gene, were genotyped in DNA samples of
Japanese and European origins (summarized in Table 1).
After quality control of the results, 1,375 and 1,330 SNPs
in the Japanese and Europeans, respectively, were tested
for association.

In the Japanese case—control analysis, a total of 41 SNPs
tagging 26 genes showed a nominal p value <0.005, of
which 13 SNPs belonging to ten genes were less than 0.001
(Supplementary Table 1). Of those 41 SNPs, rs17587 in
exond of the PSMB9 gene was non-synonymous (arginine
to histidine), while the others were either in the gene-
flanking regions (11 SNPs), 3’-untranslated region (one
SNP) or in introns (28 SNPs). The association analysis

using the European sample set identified a putative dif-

ference in allele frequency of 20 SNPs in 16 genes with a
nominal p value <0.005, of which five SNPs corresponding
to three genes showed a p value <0.001 (Supplementary
Table 2). One synonymous SNP, rs2302872, was located in
exonl4 of the DPP4 gene, while the others were either in
the gene-flanking regions (11 SNPs) or in introns (nine
SNPs). Markers that are located in the HLA locus showed
association with RA in both populations. The strongest
p value was observed for rs1894408, located adjacent to the
HIA-DOB gene (p = 7.5 x 107°) in the Japanese, and for
rs1383266 near the PSMBY gene (p = 0.0011) in the
Europeans (Supplementary Tables 1 and 2).

Meta-analysis using combined results of Japanese
and European studies

To identify the genes/variants that are associated with RA
in both Japanese and Europeans, we performed a meta-
analysis combining the genotyping results of the two
populations by using the DerSimonian—Laird test. In total,
22 SNPs corresponding to 15 genes showed a p value
(DLp) less than 0.01 (Table 2). Among them, five SNPs,
namely, rs6685859, rs7551957, rs2269304, rs4819522, and
1s5746834, showed relatively modest association with RA
in both populations (p = <0.05).

The strongest association was obtained for rs7551957 of
the FCGR2A (low affinity Fc-gamma receptor Ila) gene,
with DLp = 8.6 x 107> and OR = 1.58 with 95% confi-
dence interval (CI) 1.25-1.99. This SNP showed a strong
association with RA in both populations (trend y* p =
0.0035 in the Japanese and p = 0.0062 in the Europeans).
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Three suggestive signals were obtained in the DPYD
(dihydropyrimidine dehydrogenase) gene by meta-analysis:
1$6685859 (DLp = 1.3 x 10™* and OR = 1.64 with CI
1.27-2.12), rs7550959 (DLp = 1.5 x 107" and OR =
1.52 with CI 1.52-1.89), 157531138 (DLp = 1.7 x 107*
and OR = 1.51 with CI 1.22-1.88; Table 2). One SNP,
rs2269310, in intronl of the SPTB (erythrocytic spectrin
beta) gene also showed a modest association (DLp =
7.9 x 107" and OR = 1.51 with CI 1.18-1.92) with RA.

Discussion

To our knowledge, this is the first report of a candidate
gene-based trans-ethnic association analysis of RA. A
panel of 169 genes that play important roles in immune
response was extensively studied by SNP genotyping in
Japanese and European populations. The HLA gene cluster
is the major gene locus that contributes to RA suscepti-
bility, and the HLA-DRBI gene is reported to be the
strongest candidate [6]. In our study, the association
between SNPs in the HLA region and RA was confirmed in
both populations when the results were analyzed sepa-
rately. However, these SNPs were not found to be signifi-
cant in the meta-analysis. It is well known that the LD
structure in this region is markedly different between eth-
nic groups. Hence, a larger sample size is required for
sufficient statistical power to detect the same SNP as sig-
nificant in both populations. Moreover, the panel used in
this study only contains a single HLA gene, HLA-DOB, and
not the others that are proven to be associated with RA.
The strongest association was obtained in the FCGR2A
gene, which is located within the cluster of low affinity Fc-
gamma receptor genes (FCGR2A, FCGR3A, FCGR2C,
FCGR3B, and FCGR2B) on chromosome 1¢22-23 [19].
Rs7551957 showed a strong association with RA in the two
ethnicities (p = 0.0035 in the Japanese and p = 0.0062 in
the Europeans), which was further confirmed by meta-
analysis (DLp = 8.6 x 107>;Table 2). In both popula-
tions, the variant allele frequency is higher in the RA cases
(0.170 in the Japanese and 0.466 in the Europeans) com-
pared with the controls (0.098 in the Japanese and 0.372
in the Europeans). Another SNP in the FCGR2A gene,
151801274, showed a modest association in the meta-
analysis (DLp = 0.0021). The difference in trend of
p value between the two populations (p = 0.098 in the
Japanese and p = 0.011 in the Europeans) may well be
explained by the difference in the allele frequencies (0.225
in the Japanese and 0.500 in the Europeans). In line with
our results, a recent meta-analysis of European genome-
wide association studies confirmed the association of
FCGR2A with RA risk (p = 0.0004) [20]. FCGRs are
expressed on the surface of cells involved in the immune
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Table 2 Single nucleotide polymorphisms associated with rheumatoid arthritis in meta-analysis using the combined results of Japanese and European populations

dbSNP ID  Chr. Gene Location Nucleotide Amino acid  Japanese freq. A2 Nominal European freq. A2 Nominal  Meta-analysis
trendp T trendp
Ref. (A1) Var. (A2) Ref. Var. Case Cont Case Cont DLp OR (95%CI)

136685859  1p21.3 DPYD intron16 G C 0.023 0.050 0.042 0.506 0.619 5.0x107% 13 x 107 1.64 (1.27-2.12)
1s7550959 intron13 G A 0.166 0.215 0.079 0.387 0.504 6.4x107* 15 % 107 152 (1.22-1.89)
1s7531138 intronl13 T A 0.168 0.215 0.090 0.392 0.509 59x10™" 1.7 x 107 1.51 (1.22-1.88)
rs7551957 1923.3 FCGR2A  5'-flanking T C 0.098 0.170 0.0035 0.372 0.466 0.0062 8.6 x 1075 1.58 (1.25-1.99)
151801274 exon4 A G His Arg 0176 0.225 0.098 0.412 0.500 0.011 0.0021 1.40 (1.13-1.74)
1697846  1q42.12  ITPKB 3'-flanking A G 0.202 0.283 0.010 0.140 0.181 0.14 0.0042 1.44 (1.12-1.85)
51050567  2pl15 XPOI 3'UTR C T 0.236 0.331 0.0053 0.102 0.133 0.17 0.0021 1.50 (1.15-1.94)
1s3770768  2p22.2 EIF2AK2  intronl3 G A 0.004 0.014 0.15 0.099 0.155 0.015 0.0082 1.72 (1.15-2.58)
15926169  2q33.2 CTLA4 5'-flanking G* T 0.660 0.597 0.091 0.423 0.357 0.047 0.0087 1.31 (1.07-1.61)
152686399  3q.26.1 BCHE 3'-flanking C* G 0.844 0.819 0.36 0.732 0.648 0.0064 0.0077 1.37 (1.08-1.73)
1s6946119 7q21.12  ABCBI 3'-flanking T C 0.121 0.159 0.12 - 0.238 0.304 0.028 0.0076 1.39 (1.09-1.78)
rs2269310 14233  SPTB intron26 G A 0.368 0.475 0.0054  0.108 0.147 0.073 79 x 107 1.51 (1.18-1.92)
15229670 intronl A* C 0.413 0349  0.061 0.268 0.177 0.0011 0.0024 1.48 (1.14-1.91)
152269304 intron14 C* A 0.118 0.075 0.049 0.213 0.153 0.018 0.0025 1.54 (1.16-2.05)
14787426  16pl12.1  II4R 3'-flanking T G 0.104 0.170 0.012 0.122 0.153 0.21 0.0076 1.49 (1.11-2.01)
14968681 17q23.3  ICAM2 5'-flanking G A 0.323 0.409 0.016 0.326 0.371 0.17 0.0082 1.32 (1.07-1.62)
157503550 179233 PECAMI intron4 G* A 0.529 0.467 0.096 0.566 0.474 0.0072 0.0018 1.37 (1.12-1.67)
1s537188  19pl13.2  EVISL intronl1 G A 0.085 0.105 0.34 0.140 0.212 0.0032 0.0045 1.52 (1.13-2.04)
rs347033  19p13.3  VAVI intron4 T C 0.144 0.227 0.0045 0.163 0.205 0.11 0.0028 1.50 (1.15-1.97)
1s2866370 20q12 PLCGI intronl G A 0.039 0.077 0.022 0.050 0.078 0.080 0.0054 1.81 (1.19-2.75)
rs4819522 22q11.21 TBXI exon9 C T Thr Met 0.058 0.097 0.042 0.182 0.254 0.013 0.0014 1.58 (1.19-2.09)
155746834 3'-flanking G T 0.037 0.069 0.039 0.190 0.248 0.039 0.0049 1.52 (1.13-2.03)

SNPs with a p value (DLp) less than 0.01 according to the DerSimonian—Laird test are listed with odds ratio (OR) and 95% confidence interval (95%CTI).
The risk allele is indicated by an asterisk if it is the reference allele.
Arg arginine, His histidine, Met methionine, Thr threonine, Ref. reference allele, Var. variant allele
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system, and participate in diverse functions such as
phagocytosis of immune complexes and modulation of
antibody production by B cells. Various genetic polymor-
phisms of these receptors were reported to be associated
with several autoimmune diseases [21, 22]. In particular,
FCGR2A was shown to be associated to systemic lupus
erythematosus [23, 24]. In the mouse model, Fcgr3-defi-
cient hosts exhibit resistance to arthritis induced by colla-
gen type II or anti-glucose-6-phosphate isomerase antibody
[25]. In contrast, mice deficient for Fcgr2b lead to
increased susceptibility to collagen-induced arthritis [26].
Theses findings suggest that expression of FCGRs on
synovial cells may contribute to the antibody-triggered
inflammation in joints [27]. In addition, we examined the
association of rs7551957 with the expression level of the
other FCGR family members according to the four popu-
lation groups (European, Japanese, Chinese, and West
African Yoruba), but linear regression analyses failed to
reveal any significant associations (results not shown).

Variation in gene copy number is postulated to influence
clinical phenotype. There have been conflicting reports
regarding the association of copy number variations (CNV)
in the FCGR locus with RA in Caucasian studies [28, 29].
In the vicinity of the FCGR locus there are at least three
reported regions showing CNV, but 157551957 is located
more than 19-kb away from the nearest CNV region, which
extends from the 3'-UTR of FCGR2A to the 3/-UTR of
FCGR2C [30]. In addition, a careful examination of the
rs7551957 genotype results did not reveal any indications
of CNV in the observed cluster signals. Hence the associ-
ation observed for 17551957 with FCGR2A is unlikely to
be caused by CNV of the FCGR locus.

Rs6685859 in intronl6 of the DPYD gene showed
DLp = 1.3 x 107*, although trend p value was at a mar-
ginal level (p = 0.042) in the Japanese compared with the
Europeans (p = 5.1 x 1077). Again this may be due to the
difference in allele frequencies (case versus control; 0.023
versus 0.050 in the Japanese and 0.506 versus 0.619 in the
Europeans), because the risk allele is the same in both
populations. The two other markers, rs7550959 and
157531138, showed similar trends as rs6685859. DPYD is a
pyrimidine catabolic enzyme, mutation of which leads to
dibydropyrimidine dehydrogenase deficiency, putting can-
cer patients receiving 5-fluorouracil chemotherapy at an
increased risk of toxicity [31]. To our knowledge, there
have been no published reports on its association with RA
or other autoimmune-related diseases to date.

Among the SNPs in the SPTB gene examined, three
(152269310, 15229670, and 1s2269304) showed significant
DLp values. Rs2269310, which showed DLp = 7.9 x 1074
and a significant trend p value of 0.0054 in the Japanese, did
not show a similar level of association in the Europeans
(p = 0.073). Again this may be due to a lower frequency of

@ Springer

the variant allele in Europeans. SPTB acts to stabilize
erythrocyte membranes, and mutations in the SPTB gene
have been associated with spherocytosis type 2 [32], and
neonatal hemolytic anemia [33]. Again, its association with
RA is not known, although it has been previously reported
that there was no significant immunoreactivity observed
against spectrin in the sera of 50 RA patients [34].

In the current study, none of the SNPs remained sig-
nificant after nominal trend p values were corrected for
multiple testing using the Bonferroni method (data not
shown). Therefore, detection of significant association
requires replication analyses using independent sample
sets. Nonetheless, we succeeded in the identification of
several genetic variants as being associated with RA sus-
ceptibility across ethnicities, indicating the usefulness of a
trans-ethnic comparison. Additional research is necessary
to further confirm their association with the disease, and to
elucidate their biological role in the pathophysiology of
RA.
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Rheumatoid arthritis (RA) is a typical complex trait and the major cause of chronic inflammation worldwide.
Although multiple genetic loci have been shown for their association with the onset of RA, they cover only a
part of its genetic components and are largely ethnicity-specific. To identify novel genetic factors related to
the predisposition and prognosis of RA in Japanese, we conducted a large-scale genome-wide association
(GWA) study. We performed a GWA analysis by scanning the genome of 1247 RA cases and 1486 controls
for 277 420 single nucleotide polymorphisms (SNPs), followed by replication analysis using two independent
sample sets consisting of 1865 cases and 1623 contirols, and 2303 cases and 3380 controls. We identified two
SNPs, rs2075876 and rs760426, in intron of the autoimmune regulator AIRE gene at chromosome 21¢22 that
showed strong associations with the disease (P= 3.6 x 107 %and P = 4.4 x 1078, respectively). Rs1800250, in
exon? of AIRE, was in strong linkage disequilibrium (r* = 0.94) with rs2075876 and introduced an amino acid
alteration (S278R) in the SAND domain of the AIRE protein. In silico analysis showed the decreased transcrip-
tion of AIRE by the risk allele of rs2075876 compared with the alternative allele (P = 6.8 x 1075). No corre-
lation was observed between the rs2075876 genotype and quantitative traits reflecting the progression of
RA. As AIRE is a key molecule which regulates the expression and presentation of self-antigens in thymic
negative selection, its downregulation by genetic polymorphisms may result in the survival of auto-reactive
T cells to trigger auto-inflammation in RA.

INTRODUCTION Jjoint destruction. The impairment of joints and disability for

social activity bring strong social and economic impact (1).
Rheumatoid arthritis (RA) is a major cause of chronic arthritis  Both environmental and genetic factors are considered to be
worldwide and results in severe functional impairment and associated with its onset and progression (2). Twin studies of
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the European populations showed that ~60% of RA onset could
be attributed to genetic factors (3). In them, HLA-DRBI is the
strongest genetic component of the disease beyond ethnicity,
and is estimated to correspond to 30—50% of the genetic com-
ponents in Europeans (4). Although extensive genetic analyses
including hypothesis-independent genome-wide association
(GWA) studies identified >20 genes in Europeans (5-13)
and 7 genes in East Asians (14-19) as genetic risk loci for
RA, they account for only a part of its genetic components.
Moreover, trans-ethnic comparison demonstrated that their
association with RA is mostly specific to a particular ethnicity
and as little as three genes, namely, CCR6, STAT4 and
TNFAIP3, have shown their association in both populations.
These results strongly suggest the existence of additional sus-
ceptibility loci to RA in East Asian populations (14—19). By
these reasons, we have conducted a GWA study using large
DNA collections of Japanese RA patients.

RESULTS
GWA analysis

We performed a large-scale genome scan using a Japanese
DNA collection (collection 1) consisting of 1247 RA cases
and 1486 general population controls with Illumina Infinium
arrays (Supplementary Material, Table S1). After a standard
procedure of quality control (see Materials and Methods),
241 523 single nucleotide polymorphisms (SNPs) were exam-
ined for their association with RA. Quantile-quantile plot to esti-
mate population stratification resulted in a small inflation factor
(A = 1.05). The strongest association was detected for markers
in the HLA locus with the strongest P-value of 2.4 x 10738
for rs9296015. Another known genetic determinant, PADI4,
also showed strong association (strongest P = 1.8 x 1078 for
1s2240335). Also, a modest association was found in the
CCR6 gene (strongest P=9.7 x 107* for rs1556413) (16).
However, there was no evidence of association for STAT4 and
the disease in our study (P > 0.070). There were no other loci
that showed significant association (P <2.1 x 1077) after
Bonferroni’s correction for multiple testing.

We then took a strategy to select candidate genes/markers
for further genotyping analysis based on their functional rel-
evance in the immune system. For this purpose, we generated
a list of SNP markers showing potential association with the
disease (nominal P < 0.001), and investigated their chromoso-
mal locations and corresponding genes in the order of associ-
ation strength. Among the top 471 SNPs with P-value smaller
than 0.001, we found two SNPs located in intron of the AIRE
gene at chromosome 21q22, which is known as an auto-
immune regulator. They were 152075876 and rs760426 with

-value of 5.1 x 107 and 2.0 x 107%, respectively, and
were ~6.7 kb apart from each other and in moderate linkage
disequilibrium (LD) (+* = 0.63, Fig. 1). We performed geno-
typing of these two markers using an additional DNA collec-
tion (termed as collection 2) consisting of 1865 cases and 1623
controls. All the RA cases and 855 controls were newly geno-
typed with the Tagman method, and the genotypes of the other
768 controls were extracted from genome scan results of other
population-based genetic studies. We successfully confirmed
the association of rs2075876 (P =5.1 x 10”4) in collection

Human Molecular Genetics, 2011, Vol. 20, No. 13 2681

2. The other marker, rs760426, showed a moderate association
(P=10.011) (Table 1).

We further examined whether or not the results of our study
were reproducible in another Japanese RA GWA study of
Biobank Japan Project recruiting 2303 cases and 3380 controls
(termed as collection 3) (16). The statistical test again returned
significant associations for these markers (P = 3.6 x 107 for
152075876 and P = 8.2 x 10™* for rs760426, Table 1). When
the genotyping results of the three collections were pooled, the
association P-value reached P =3.6 x 10™° for rs2075876
and P = 4.4 x 107% for rs760426 (Table 1).

We then investigated whether or not the association of the
AIRE gene with RA was observed in Europeans. Our own
genome scan results of German RA samples (.M., M.L. and
F.M., unpublished data) showed no associations for the SNP
markers in the A/RE locus. Two large-scale GWA studies of
European descents, namely, Wellcome Trust Case Control
Consortium (9) and a meta-analysis of multiple GWA
studies (12), did not identify AIRE as a risk locus, strongly
suggesting its limited contribution to RA in East Asian
populations.

Structure and organization of the human AIRE locus

LD structure of the chromosomal region containing rs2075876
and rs760426 was generated using Japanese HapMap results.
As shown in Figure 1, rs2075876 and rs760426 are located
in an LD block encompassing the 32 kb region between
intron 5 of the A/RE gene and intron 12 of the liver phospho-
fructokinase PFKL gene. As the SNPs around the PFKL gene
showed weaker association with RA (P > 0.002) than the two
SNPs, we considered that the observed association with RA
was most likely with the 4/RE polymorphisms. However,
both of these SNPs were located in intron and no other SNP
markers in the genotyping arrays were mapped in this LD
block and showed similar degree of association with RA.
Hence, we searched for SNPs in dbSNP that were located in
exons of A/RE and introduce functional alterations of the
AIRE protein. There were five non-synonymous SNPs in the
coding region of A/RE out of which rs1800520 in exon7
showed an allele frequency similar to that of rs2075876
(0.420). Rs1800520 introduced an amino- acid alteration
from serine to arginine at amino acid residue 278 (S278R).
We genotyped rs1800520 in the DNA samples of all the
cases (n = 1865) and a part of controls (n = 855) of collection
2 and found that rs1800520 was in strong LD with rs2075876
(r* = 0.94) and was also associated with RA (P =10.0071).

AIRE polymorphism and expression

Although both 152075876 and rs760426 are located in intron,
they may have functional roles such as regulation of A/RE
transcription. The correlation between these SNPs and tran-
scription levels of AIRE was examined by using the expression
profiles of 210 lymphoblastoid cells in Gene Expression
Omnibus (GEO) database (20). As the result, the transcription
of AIRE was decreased by the risk allele (A) of 152075876
(P =6.8x 107, Fig. 2) but not by that of rs760426
(P = 0.24). Although we hypothesized the presence of a tran-
scription factor-binding site around 12075876, in silico study
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Figure 1. A schematic organization of fhe human A/RE locus at 21q22.
P-values of the initial genome scan using collection 1 were calculated by
the Trend x* test and plotted in ted circles. The blue circles indicate
P-values obtained by imputation using HapMap Japanese results. Overall
P-values of 152075876 and rs760426 using the combined results of collections
1, 2 and 3 were also shown in green circles. A horizontal line indicates
Bonferroni-adjusted P = 2.5 x 107", The structure and orientation of four
genes were shown below the plots with their transcriptional orientations
according to the NCBI Reference Sequence Build 36.3. LD blocks were gen-
erated according to the pairwise LD estimates of the SNPs in HapMap Japa-
nese results.

did not predict a motif of transcription factor-binding site
spanning rs2075876. Multiple nucleotide sequence alignment
around rs2075876 showed a high degree of conservation
among seven mammalian species (human, chimpanzee,
rhesus macaque, bushbaby, horse, cow and dog). The corre-
sponding region of rodents (mouse and rat) showed much
weaker conservation (Supplementary Material, Fig. S1).

AIRE polymorphism and difference in clinical phenotypes
and disease activity

RA is often subdivided into two groups based on the presence
of circulating antibodies to citrullinated peptide antigen
(ACPA), a specific predictive biomarker for destructive: RA
(21-22). In our patient collections (collection 1 and collection
2), there were 803 patients with ACPA quantification of which
176 patients were negative for ACPA. We compared the allele
frequency of rs2075876 between APCA(+4) and ACPA(—)
groups and found no significant difference [0.39 for
ACPA(+) and 0.40 for ACPA(—), P=0.66]. We next
tested whether 152075876 was associated with the disease
activity and prognosis. For this purpose, 212 RA patients for
whom the quantitative DAS28 score was available were
chosen to evaluate the correlation of RA activity and
rs2075876 genotypes. Statistical analysis did not return corre-
lations between rs2075876 genotypes and DAS28 (Sup-
plementary Material, Fig. S2).

DISCUSSION

AIRE is a transcriptional regulator primarily expressed in
medullary thymic epithelial cells (mnTEC), and plays a func-
tional role in thymocyte education and negative selection by
controlling the expression of peripheral antigens in thymus
(23). The expression of AIRE in non-thymic tissues is still
controversial; some studies detected AJRE transcripts at a
lower level in secondary lymphoid organs and in periphery
while others did not (24-25), and the expression of the AIRE
protein in such tissues is yet to be established. In human, dys-
function of A/RE caused a rare systemic multi-organ auto-
immune disease known as autoimmune polyendocrinopathy—
candidiasis—ectodermal dystrophy (APECED) (26). However,
the patients rarely show joint destruction as observed in RA

{(27). In mice deficient for aire which develop APECED-like .

multi-organ autoimmune features and do not manifest with
arthritis, a dramatic decrease in the expression of type II col-
lagen was observed in mTEC and the incidence and severity
of collagen-induced arthritis were augmented when compared
with the wild-type (28). Such observations indicate the possible
involvement of A/RE in immunopathology both in the human
and in the mouse. However, the involvement of AIRE in
human multigenetic autoimmune diseases still remains to be
elucidated. Our study is the first successful case which clearly
showed the involvement of A/RE in systemic autoimmunity.
The function of the AIRE protein in the secondary lymphoid
organs is not fully understood. Elucidation of the functions of
AIRE in peripheral organs may provide hints to the involve-
ment of AIRE in the predisposition or progression in RA.

In silico analysis using the GEO database showed that the
risk allele of rs2075876 decreased the transcription level of
AIRE. This may cause lower expression of various peripheral
tissue antigens (PTAs), resulting in the failure of negative
selection in the thymus resulting in the survival of auto-
reactive T cells. Although low amount of 4/RE transcripts in
B-lymphocytes was detected in most of the reported exper-
iments, the conclusive answer for the functional impact of
rs2075876 to the immune regulation needs further studies
using the tissues in which AIRE is strongly expressed. The
S278R replacement by rs1800520 is located in the SAND
domain, a conserved sequence motif in nuclear proteins
including Sp100 family and plays a key role in transcription
regulation. However, the SAND domain of AIRE lacks the
canonical KDWF motif for the interaction with DNA. Also
amino acid sequence alignment of the SAND domains in
different nuclear proteins revealed that S278R was located at
the poorly conserved carboxyl terminal (29). Moreover, the
interaction of AIRE with histone H3 through a plant homeodo-
main finger was suggested to be important to up-regulation of
PTA genes (30). On the other hand, an assessment of mRNA
stability by a computerized modeling showed lower stability
of AIRE mRNA with the risk allele of rs1800520 than the
alternative allele, suggesting the possibility of shorter half-life
of the transcripts and thus lower amount of the AIRE protein.
As such, we cannot conclude whether or not these SNPs have
functional impact to the regulation of A/RE expression. The
existence of unidentified SNPs that are in strong LD with
them and play important functional roles is also conceivable.
Extensive analyses of the A/RE locus by fine mapping and
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Table 1. Association analysis of two SNPs in the 4/RE gene with RA in Japanese
rs2075876 Genotype counts Frequency A OR (95% CI) P-value
GG GA AA
Collection 1 Case 480 554 201 0.39 1.22 (1.09-1.36) 5.1 x 107
Control 639 680 167 0.34
Collection 2 Case 706 887 243 0.37 1.18 (1.07-1.31) 9.4 x 107*
Control 710 671 192 0.34
Collection 3 Case 905 1061 330 037 1.15 (1.07-1.25) 3.6 x 107
Control 1462 1506 398 0.34
Combined study Case 2091 2502 774 0.38 1.18 (1.11-1.24) 3.6 % 107°
Control 2811 2857 757 0.34
rs760426 Genotype counts Frequency G OR (95% CI) P-value
AA AG GG
Collection 1 Case 464 559 219 0.40 1.23 (1.10-1.38) 2.0 x 107
Control 608 709 169 0.35
Collection 2 Case 684 897 265 0.39 1.13 (1.03-1.25) 0.011
Control 666 741 205 0.36
Collection 3 Case 866 1078 357 0.39 1.14 (1.06-1.23) 82x 1074
Control 1408 1520 450 0.36
Combined study Case 2014 2534 841 0.39 1.16 (1.10-1.22) 44 %107°
Control 2682 2970 824 0.36

OR, odds ratio; 95% CI, 95% confidence interval.

p=6.8x105

144

asbRrary unit
14.0
i

138

o
o R —
-~

GG AG AA

Figure 2. Comparison of the expression levels of A/RE among three sub-
groups of cell lines according to the genotype of rs2075876. ‘G’ and ‘A’ cor-
respond, respectively, to the risk and the alternative alleles of rs2075876.

extensive sequencing in combination with examination of pro-
moter activity will answer this question.

There was no association between A/RE and RA in Eur-
opeans even in the large-scale meta-analysis of GWA
studies with a strong detection power (12). Although the fre-
quency of the risk allele of rs2075876 is much lower in Cau-
casians (0.15 in Caucasian HapMap results and 0.097 in our
own genome scan results) compared with that of the current
study (0.34), this does not fully explain the Jack of association
in Europeans. This suggests that the association of 4A/RE with
RA is, like that of PADI4, specific to East Asian populations
including Japanese. The future validation study using other
Asian population will address this issue.

MATERIALS AND METHODS
Study subjects

RA collections 13 consisted of 1247 affected individuals and
1486 controls, 1865 cases and 1623 controls, and 2303 cases

and 3380 controls, respectively (summarized in Supplemen-
tary Material, Table S1). The case subjects of collections 1
and 2 were recruited at the rheumatology departments of
Kyoto University Hospital, Dohgo Spa Hospital, Sagamihara
National Hospital, Tokyo University Hospital and Tokyo
Women’s Medical University. The control subjects for collec-
tion 1 were from Aichi Cancer Center Hospital and Research
Institute and the Department of Ophthalmology and Visual
Science at Kyoto University Hospital. DNA samples of
healthy Japanese volunteers in collection 2 were from
Pharma SNP Consortium (31) and the Center for Genomic
Medicine, Graduate School of Medicine, Kyoto University.
The case and control subjects in collection 3 were recruited
in the Biobank Japan Project at the Institute of Medical
Science, the University of Tokyo; the Department of Allergy
and Rheumatology, Graduate School of Medicine, the Univer-
sity of Tokyo (32). All cases fulfilled the revised criteria
(1987) of the American College of Rheumatology for RA.
Among the RA cases, DAS28 score for RA activity in 212
RA patients was obtained at each institution. Written informed
consent was obtained from all the participants at the institute
of sample collection after being approved for genetic studies
by the local ethical committee.

GWA analysis

Genome scan for collection 1 was performed using Infinium
Technology (Illumina Inc., San Diego, CA, USA). Case sub-
jects were genotyped with Human-Hap300 (version 1.0,
302 627 SNPs), Human CNV370-Duo (version 1.0, 332270
SNPs) or Human610-Quad (version 1.0, 577 348 SNPs). For
control subjects, they were genotyped with Human610-Quad
(version 1.0, 577348 SNPs) and HumanHap550 (version
3.0, 547163 SNPs). For validation analysis, Taqman
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technology (Life Technologies Corp., Foster City, CA, USA)
was employed.

Quality control and statistical tests for case—control
association

A total of 277420 SNPs that were common among the four
types of arrays described above were selected for the associ-
ation study. One thousand two hundred and forty-six cases
and 1486 controls with call rate being >0.90 and not
showing high degree of kinship (PI_HAT < 0.10 by PLINK)
were examined for the association analysis. A total of
241 523 SNPs with call rate >0.95 for both cases and controls
and minor allele frequency >0.05 either in the case or in the
control were used for the analysis. The case—control associ-
ation was examined with the Cochran—Armitage trend for
each collection as well as for the combined pooled study.
Population stratification was examined and corrected with
Genomic Control. SNPs that showed P-value <107> were
selected as candidates for further evaluation. SNPs in the
HLA, PADI4 and CCR6 loci were not selected for validation
studies. Haploview version 4.1 software (33) was used for
LD evaluation, and MapViewer (build 36.3) (34) was used
to identify the location and structure of the genes in the region.

Analysis of AIRE expression

A gene-expression data set in lymphoblastoid cell lines
derived from 210 unrelated HapMap populations was obtained
from GEOQO database (20). The correlation between the
expression of AIRE and genotypes of SNPs in the region
was examined using the calculation program recommended
by GEO. The association P-values were obtained by the
Joncheere—Terepstra method using R software or SPSS
(version 18).

Bioinformatics analysis

Genome sequence alignment of 14 placental mammals was
obtained from the UCSC genome browser (http://genome.
ucsc.edu). Motif search was carried out by the Jaspar database
(35) (http://jaspar.cgb.ki.se) using ‘Jasper Core Subset’ which
contains 138 matrices for known cis-acting elements. The
matrices were converted into bit scores and used to search
against the genomic sequences around the SNP of interest.
Identification of orthologs of the AIRE gene in different
mammals and multiple nucleotide sequence alignment was
performed using KEGG SSDB Database (www.genome.jp/
kegg/ssdb).

SUPPLEMENTARY MATERIAL
Supplementary Material is available at HMG online.

ACKNOWLEDGEMENTS

We are grateful to all patients and medical staffs who were
concerned with the establishment of the RA cohorts.

Conflict of Interest statement. None declared.

FUNDING

C.T. is an associate fellow of Global COE program supported
by the Ministry of Education, Culture, Sports, Science, and
Technology (MEXT), Japan. G.D. is a postdoctoral fellow of
Japan Society for the Promotion of Science (JSPS). The
study was supported in part by CREST, SORST, Japan
Science and Technology Agency (JST), and by grants-in-aid
for scientific research from the Ministry of Education,
Culture, Sports, Science and Technology and from the Minis-
try of Health, Labour and Welfare in Japan, the Institut
National de la Sante et de la Recherche Medicale
(INSERM) and by Okawa Foundation for Information and
Telecommunications.

REFERENCES

1. Lajas, C., Abasolo, L., Bellajdel, B., Hernandez-Garcia, C., Carmona, L.,
Vargas, E., Lazaro, P. and Jover, J.A. (2003) Costs and predictors of costs
in rheumatoid arthritis: a prevalence-based study. Arthritis Rheum., 49,
64-70.

2. Firestein, G.S. (2003) Evolving concepts of rheumatoid arthritis. Nature,
423, 356-361.

3. MacGregor, AJ., Snieder, H., Rigby, A.S., Koskenvuo, M., Kaprio, J.,
Aho, K. and Silman, A.J. (2000) Characterizing the quantitative genetic
contribution to rheumatoid arthritis using data from twins. Arthritis
Rheum., 43, 30-37.

4. Deighton, C.M., Walker, D.J., Griffiths, [.D. and Roberts, D.F. (1989) The
contribution of HLA to rheumatoid arthritis. Clin. Genet., 36, 178—182.

5. Begovich, A.B., Carlton, V.E., Honigberg, L.A., Schrodi, S.J.,
Chokkalingam, A.P., Alexander, H.C., Ardlie, K.G., Huang, Q., Smith,
AM., Spoerke, J.M. er al. (2004) A missense single-nucleotide
polymorphism in a gene encoding a protein tyrosine phosphatase
(PTPN22) is associated with theumatoid arthritis. Am. J. Hum. Genet., 75,
330-337.

6. Remmers, E.F., Plenge, RM., Lee, A.T., Graham, RR., Hom, G.,
Behrens, T.W., de Bakker, P.1., Le, JM., Lee, H.S., Batliwalla, F. er al.
(2007) STAT4 and the risk of rheumatoid arthritis and systemic lupus
erythematosus. N. Engl. J. Med., 357, 977-986.

7. Plenge, R.M., Seielstad, M., Padyukov, L., Lee, A.T., Remmers, E.F.,
Ding, B., Liew, A., Khalili, H., Chandrasekaran, A., Davies, L.R. et al.
(2007) TRAF1-C5 as a risk locus for rheumatoid arthritis—a genomewide
study. N. Engl. J. Med., 357, 1199-1209.

8. Plenge, R.M., Cotsapas, C., Davies, L., Price, A.L., de Bakker, P.L.,
Maller, J., Pe’er, L., Burtt, N.P., Blumenstiel, B., DeFelice, M. ef al.
(2007) Two independent alleles at 6q23 associated with risk of
theumatoid arthritis. Nar. Genet., 39, 1477-1482.

9. The Wellcome Trust Case Control Consortium. (2007) Genome-wide
association study of 14 000 cases of seven common diseases and 3000
shared controls. Nature, 447, 661—-678:

10. Raychaudhuri, S., Remmers, E.F., Lee, A.T., Hackett, R., Guiducci, C.,
Burtt, N.P., Gianniny, L., Korman, B.D., Padyukov, L., Kurreeman, F.A.
et al. (2008) Common variants at CD40 and other loci confer risk of
rheumatoid arthritis. Nat. Genet., 40, 1216-1223.

11. Raychaudhuri, S., Thomson, B.P., Remmers, E.F., Eyre, S., Hinks, A.,
Guiducci, C., Catanese, J.J., Xie, G., Stahl, E.A., Chen, R. es al. (2009)
Genetic variants at CD28, PRDM1 and CD2/CD38 are associated with
rheumatoid arthritis risk. Nat. Gener., 41, 1313-1318.

\2. Stahl, E.A., Raychaudhuri, S., Remmers, E.F., Xie, G., Eyre, S., Thomson,
B.P., Li, Y., Kurreeman, F.A., Zhernakova, A., Hinks, A. et al. (2010)
Genome-wide association study meta-analysis identifies seven new
rheumatoid arthritis risk loci. Nat. Genet., 42, 508-514.

13. Thomson, W., Barton, A., Ke, X., Eyre, S., Hinks, A., Bowes, J., Donn,
R., Symmons, D., Hider, S., Bruce, I.N. et ¢/. (2007) Rheumatoid arthritis
association at 6q23. Nat. Genet., 39, 14311433,

— 128 —

7102 “y Atenuep uo K)SI9AIUN) 03043 1e /810 sjeuunolpioyxo Sy dyy woly papeojumoq



15.

20.

21.

23.

24.

25.

26.

217.

. Tokuhiro, S., Yamada, R., Chang, X., Suzuki, A., Kochi, Y., Sawada, T.,

Suzuki, M., Nagasaki, M., Ohtsuki, M., Ono, M. ¢¢ al. (2003) An intronic
SNP in a RUNXI binding site of SLC22A4, encoding an organic cation
transporter, is associated with rheumatoid arthritis. Nat. Genet., 35, 341
348.

Suzuki, A., Yamada, R., Chang, X., Tokuhiro, S., Sawada, T., Suzuki, M.,
Nagasaki, M., Nakayama-Hamada, M., Kawaida, R., Ono, M. et al. (2003)
Functional haplotypes of PADI4, encoding citrullinating enzyme
peptidylarginine deiminase 4, are associated with rheumnatoid arthritis.
Nat. Genet., 34, 395-402.

. Kochi, Y., Okada, Y., Suzuki, A., Ikari, K., Terao, C., Takahashi, A.,

Yamazaki, K., Hosono, N., Myouzen, K., Tsunoda, T. e al. (2010) A
regulatory variant in CCR6 is associated with rheumatoid arthritis
susceptibility. Nat. Genet., 42, 515-519.

. Suzuki, A., Yamada, R., Kochi, Y., Sawada, T., Okada, Y., Matsuda, K.,

Kamatani, Y., Mori, M., Shimane, K., Hirabayashi, Y. et al. (2008)
Functional SNPs in CD244 increase the risk of rheumatoid arthritis in a
Japanese population. Nat. Genet., 40, 1224--1229.

. Kobayashi, S., Ikari, K., Kaneko, H., Kochi, Y., Yamamoto, K., Shimane,

K., Nakamura, Y., Toyama, Y., Mochizuki, T., Tsukahara, S. ef al. (2008)
Association of STAT4 with susceptibility to rheumatoid arthritis and
systemic lupus erythematosus in the Japanese population. Arthritis
Rheum., 58, 1940—1946.

. Shimane, K., Kochi, Y., Yamada, R., Okada, Y., Suzuki, A., Miyatake, A.,

Kubo, M., Nakamura, Y. and Yamamoto, K. (2009) A single nucleotide
polymorphism in the IRF5 promoter region is associated with
susceptibility to rheumatoid arthritis in the Japanese population. Ann.
Rheum. Dis., 68, 377—-383,

Stranger, B.E., Forrest, M.S., Dunning, M., Ingle, C.E., Beazley, C.,
Thorne, N., Redon, R., Bird, C.P., de Grassi, A., Lee, C. et al. (2007)
Relative impact of nucleotide and copy number variation on gene
expression phenotypes. Science, 315, 848—853.

Kroot, E.J., de Jong, B.A., van Leeuwen, M.A., Swinkels, H., van den
Hoogen, F.H., van’t Hof, M., van de Putte, L.B., van Rijswijk, M.H., van
Venrooij, W.J. and van Riel, P.L. (2000) The prognostic value of
anti-cyclic citrullinated peptide antibody in patients with recent-onset
rheumatoid arthritis. Arthritis Rheum., 43, 1831-1835.

. Meyer, O., Labarre, C., Dougados, M., Goupille, P., Cantagrel, A,

Dubois, A., Nicaise-Roland, P., Sibilia, J. and Combe, B. (2003)
Aaticitrullinated protein/peptide antibody assays in early rheumatoid
arthritis for predicting five year radiographic damage. Ann. Rheum. Dis.,
62, 120-126. .
Anderson, M.S., Venanzi, E.S., Klein, L., Chen, Z., Berzins, S.P., Turley,
S.J., von Boehmer, H., Bronson, R., Dierich, A., Benoist, C. et al. (2002)
Projection of an immunological self shadow within the thymus by the aire
protein. Science, 298, 1395-1401.

Poliani, P.L., Kisand, K., Marrella, V., Ravanini, M., Notarangelo, L.D.,
Villa, A., Peterson, P. and Facchetti, F. (2010) Human peripheral
lymphoid tissues contain autoimmune regulator-expressing dendritic cells.
Am. J. Pathol., 176, 11041112,

Suzuki, E., Kobayashi, Y., Kawano, O., Endo, K., Haneda, H., Yukiue, H.,
Sasaki, H., Yano, M., Maeda, M. and Fujii, Y. (2008) Expression of AIRE
in thymocytes and peripheral lymphocytes. Autoimmunity, 41, 133139,
Nagamine, K., Peterson, P., Scott, H.S., Kudoh, J., Minoshima, S., Heino,
M., Krohn, K.J., Lalioti, M.D., Mullis, P.E., Antonarakis, S.E. et al. (1997)
Positional cloning of the APECED gene. Nat. Genet., 17, 393-398.
Podkrajsek, K.T., Milenkovic, T., Odink, R.J., Claasen-van der Grinten,
H.L., Bratanic, N., Hovnik, T. and Battelino, T. (2008) Detection of a
complete autoimmune regulator gene deletion and two additional novel
mutations in a cohort of patients with atypical phenotypic variants of
autoimmune polyglandular syndrome type 1. Eur. J. Endocrinol., 159,
633-639.

. Campbell, K., Kinkel, S.A., Drake, S.F., van Nieuwenhuijze, A., Hubert,

F.X., Tarlinton, D.M., Heath, W.R., Scott, H.S. and Wicks, LP. (2009)
Autoimmune regulator controls T cell help for pathogenetic autoantibody
production in collagen-induced arthritis. Arthritis Rheum., 60, 1683~
1693.

Human Molecular Genetics, 2011, Vol. 20, No. 13 2685

29. Bottomley, M.J., Collard, M.W., Huggenvik, J.1., Liu, Z., Gibson, T.J. and
Sattler, M. (2001} The SAND domain structure defines a novel
DNA-binding fold in transcriptional regulation. Nat. Struct. Biol., 8, 626—
633.

30. Org, T., Chignola, F., Hetenyi, C., Gaetani, M., Rebane, A., Liiv, I.,
Maran, U., Mollica, L., Bottomley, M.J., Musco, G. et al. (2008) The
autoimmune regulator PHD finger binds to non-methylated histone H3K4
to activate gene expression. EMBO Rep., 9, 370-376. )

31. Kamatani, N., Sekine, A., Kitamoto, T., lida, A., Saito, S., Kogame, A.,
[noue, E., Kawamoto, M., Harigai, M. and Nakamura, Y. (2004)
Large-scale single-nucleotide polymorphism (SNP) and haplotype
analyses, using dense SNP Maps, of 199 drug-related genes in 752
subjects: the analysis of the association between uncommon SNPs within
haplotype blocks and the haplotypes constructed with haplotype-tagging
SNPs. Am. J. Hum. Genet., 75, 190-203.

32. Nakamura, Y. (2007) The BioBank Japan Project. Clin. Adv. Hematol.
Oncol., 5, 696—697.

33. Barrett, J.C,, Fry, B., Maller, J. and Daly, M.J. (2005) Haploview: analysis
and visualization of LD and haplotype maps. Bivinformatics, 21, 263—
265.

34. Wheeler, D.L., Church, D.M., Lash, A.E., Leipe, D.D., Madden, T.L.,
Pontius, J.U., Schuler, G.D., Schriml, L.M., Tatusova, T.A., Wagner, L.
et al. (2001) Database resources of the National Center for Biotechnology
Information. Nucleic Acids Res., 29, 11-16.

35. Bryne, J.C., Valen, E., Tang, M.H., Marstrand, T., Winther, O., da
Piedade, L., Krogh, A., Lenhard, B. and Sandelin, A. (2008) JASPAR, the
open access database of transcription factor-binding profiles: new content
and tools in the 2008 update. Nucleic Acids Res., 36, D102-D106.

APPENDIX

Human Disease Genomics Working Group: Miki Kokubo at
CREST program, Japan Science and Technology Agency, Kawaguchi
332-0012, Japan; the Center for Genomic Medicine, Kyoto Univer-
sity Graduate School of Medicine, Kyoto 606-8501, Japan. Gora
Diop, Chanavee Ratanajaraya at the Center for Genomic Medicine,
Kyoto University Graduate School of Medicine, Kyoto 606-8501,
Japan. Naocichiro Yukawa, Daisuke Kawabata, Takashi Usui, Takao
Fujii at Department of Rheumatology and Clinical Immunology,
Kyo%o University Graduate School of Medicine, Kyoto 606-8501,
Japan. Nagahisa Yoshimura at Department of Ophthalmology and
Visual Science, Kyoto University Graduate School of Medicine,
Kyoto 606-8507 Japan. Keitaro Matsuo at Division of Epidemiology
and Prevention, Aichi Cancer Center Research Institute, Nagoya
464-8681, Japan. Kazuo Tajima at Aichi Cancer Center Hospital

and Research Institute, Nagoya 464-8681, Japan. Roubila Meziani -

at Commisariat a I’energie Atomique (CEA), Institut Genomique,
Centre National de Genotypage, Evry 91000, France; CREST
program, Japan Science and Technology Agency, Kawaguchi,
332-0012, Japan; Fondation Jean Dausset, Centre d’Etude du Poly-
morphisme Humain, Paris 75010, France.

RA Clinical and Genetic Study Consortium: Kota Shimada,
Shigeto Toma at Sagamihara National Hospital, Sagamihara
228-8522, Japan. Kiyoshi Takasugi at Dohgo Spa Hospital, Mat-
suyama 790-0858, Japan, Kazuyuki Nakagome at Department of
Allergy and Rheumatology, The University of Tokyo Hospital,
Tokyo 113-8655, Japan. Hisashi Yamanaka, Naoyuki Kamatani at
Institute of Rheumatology, Tokyo Women’s Medical University,
Tokyo 162-0054, Japan.

— 129 —

2102 b Atenuef uo AsIaaruf) 030Ky 1e /B1o-spewmofpioyxo-Suiyy/:dyy woy pspeojumoq



© pros one

OPEN 8 ACCESS Freely available online

Association between the SERPING1 Gene and Age-
Related Macular Degeneration and Polypoidal Choroidal
Vasculopathy in Japanese

Isao Nakata'?, Kenji Yamashiro'*, Ryo Yamada®, Norimoto Gotoh'?, Hideo Nakanishi'?, Hisako
Hayashi'?, Akitaka Tsujikawa', Atsushi Otani', Masaaki Saito®, Tomohiro lida®, Akio Oishi*, Keitaro
Matsuo®, Kazuo Tajima®, Fumihiko Matsuda?, Nagahisa Yoshimura’

1 Department of Ophthalmology and Visual Sciences, Kyoto University Graduate School of Medicine, Kyoto, Japan, 2 Center for Genomic Medicine/inserm U.852, Kyoto
University Graduate School of Medicine, Kyoto, Japan, 3Department of Ophthalmology, Fukushima Medical University, Fukushima, Japan, 4Department of
Ophthalmology, Kobe City Medical Center General Hospital, Kobe, Japan, 5 Division of Epidemiology and Prevention, Aichi Cancer Center Research Institute, Nagoya,
Japan

Abstract

Purpose: Recently, a complement component 1 inhibitor (SERPINGT) gene polymorphism was identified as a novel risk
factor for age-related macular degeneration (AMD) in Caucasians. We aimed to investigate whether variations in SERPING1
are associated with typical AMD or with polypoidal choroidal vasculopathy (PCV) in a Japanese populauon ;

Methods: We performed a case-control study in a group of Japanese patients with typical AMD (n=401) or PCV (n=510)
and in 2 independent control groups—336 cataract patients without age-related maculopathy and 1,194 healthy Japanese
individuals. Differences in the observed genotypic distribution between the case and control groups were tested using chi-
square test for trend. Age and gender were adjusted using logistic regression analysis.

Results: We targeted rs2511989 as the haplotype-tagging single nucleotide polymorphism (SNP) for the SERPING1 gene,
which was reported to be associated with the risk of AMD in Caucasians. Although we compared the genotypic distributions
of 12511989 in typical AMD and PCV patients against 2 independent control groups (cataract patients and healthy
Japanese individuals), SERPINGT rs2511989 was not significantly associated with typical AMD (P=0.932 and 0513,
respectively) or PCV (P =0.505 and 0.141, respectively). After correction for age and gender differences based on a logistic
regression model, the difference in genotypic distributions remained insignificant (P>0.05). Our sample size had a statistical
power of more than 90% to detect an association of a risk allele with an odds ratio reported in the original studies for”
rs2511989 for developing AMD.

Conclusions: In the present study, we could not replicate the reported association between SERPINGT and either
neovascular AMD or PCV in a Japanese population; thus, the results suggest that SERPINGT does not play a significant role in
the risk of developing AMD or PCV in Japanese.
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Introduction and are typically visualized by indocyanine green angiography

[11]. Whether PCV represents a subtype of neovascular AMD

Age-related macular degeneration (AMD) is the leading cause of
visual loss in the developed world [1]. Several genes have been
reported to be associated with this disease, including complement
factor H [2—4] and the age-related maculopathy susceptibility 2/
HtrA serine peptidase 1 (ARMS2/HTRAI) region [5,6], and
subsequent studies have replicated the association between
susceptibility genes and the development of AMD using a different
ethnic cohort [7-10].

Inner choroidal vascular networks that terminate in polypoidal
lesions are defined as polypoidal choroidal vasculopathy (PCV),

@ PLoS ONE | www.plosone.org

remains controversial; moreover, whether this condition represents
mner choroidal vascular abnormalities or is a variety of choroidal
neovascularization remains unknown [12]. Previous studies
identified several genes that contribute to the development of
PCV; however, almost all reported genetic risk factors for PCV are
the same as for AMD [13-15], and this suggests that AMD and
PCV share, at least in part, the same genetic background.
Studies in cohorts from both the United Kingdom and the United
States have shown that the complement component | inhibitor
(SERPINGI) gene is positively associated with AMD [16]. However,
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Table 1. Characteristics of the Study Population.

Cases Controls
tAMD - PCV Control 1* Control 2'
No. of participants 401 510 336 1194
Age Mean + SD 77.38:839 74.98%7.77 74.16x842 5034X15.9
Gender Men 287‘ 372 142 493
Women 114 138 - 194 . 707

tAMD, typical age-related macular degeneration; PCV, polypoidal choroidal
vasculopathy; SD, standard deviation.

*Cataract patients without age-related maculopathy.

tHealthy Japanese individuals.

doi:10.1371/journal.pone.0019108.t001

another study in a larger cohort (n = 7723 and 2327) which involved
the same population could not replicate the finding of the previous
study [17,18]. Recently, Lee et al. have shown that SERPING! is
positively associated with AMD in Caucasians [19], but whether this
gene is truly associated with AMD remains controversial.
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Association of SERPING1 with Japanese AMD and PCV

Furthermore, the association of SERPINGI with AMD has been
evaluated also in Asians. Lu et al. examined the association in 194
AMD patients and 285 controls and reported that SERPINGI is
not associated with AMD in the Chinese population [20]. The
association between PGV and SERPINGI has also been evaluated
in a smaller Chinese cohort (118 patients and 115 controls), also
with negative findings [21]. So far, all Asian studies for SERPING!
did use smaller cohorts than those of original studies and not
consider their statistical power. For evaluating the true gene-
disease association, it would be helpful to replicate the positive
association reported in previous studies using a different ethnic
cohort. The aim of this study, which involved a relatively large
number of participants, was to investigate whether the SERPINGI
gene variants are associated with typical AMD or PCV in a
Japanese population.

Materials and Methods

All procedures in this study adhered to the tenets of the
Declaration of Helsinki. This study was approved by the Ethics
Committee of each institute involved (Kyoto University Graduate
School and Faculty of Medicine, Ethics Committee, the Ethical
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Figure 1. Linkage disequilibrium (LD) structure across the complement component 1 inhibitor (SERPINGT) gene in Caucasian and
Japanese populations. Genotype data were retrieved from HapMap CEU (Utah residents with ancestry from northern and western Europe; A) and
JPT (Japanese in Tokyo, Japan; B) data sets. Haplotype blocks were determined using the “four-gamete rule” option in Haploview; all HapMap single
nucleotide polymorphisms on SERPINGT gene are in the same block in both populations. Each box provides estimated statistics of the coefficient of
determination (%), with darker shades representing stronger LD.
doi:10.1371/journal.pone.0019108.g001
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