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Objective. Anticitrullinating autoantibodies are
specific markers for rheumatoid arthritis (RA). A func-
tional haplotype of 4 exonic single-nucleotide polymor-
phisms (SNPs) in a citrullinating enzyme, peptidylargi-
nine deiminase 4 (PADI4), was shown to be associated
with susceptibility to RA in a Japanese population and
was shown to increase the stability of PADI4 messenger
RNA. However, the association was not confirmed in 4
subsequent studies involving Caucasian RA patients
living in the UK, a French Caucasian population, and a
Spanish population. The aim of the current study was to
investigate the association of SNPs in the PADI4 gene
with RA in a Korean population.

Methods. Four exonic SNPs of the PADI4 gene
(padi4_89, padi4_90, padi4_92, and padi4_104) were
genotyped in 545 unrelated patients with RA and 392
controls, using the MassArray SNP genotyping system.
Allelic, genotypic, and haplotypic associations of the
SNPs with RA susceptibility were examined using the
chi-square test and multivariate logistic regression ana-
lyses.

Results. Increased RA susceptibility was signifi-
cantly associated with the minor alleles of padi4_89
(P � 2.3 � 10�5), padi4_90 (P � 2.3 � 10�5), padi4_92
(P � 2.1 � 10�5), and padi4_104 (P � 1.1 � 10�3) and
the haplotype carrying the 4 minor alleles (P � 1.0 �
10�4). Genotypes carrying the minor alleles and HLA–
DRB1 shared epitope (SE) alleles (P � 9.4 � 10�21)
were also associated with increased RA susceptibility.
The genotypic associations were sustained among indi-
viduals who did not carry any SE alleles, except in the
case of padi4_104. Individuals carrying the risk SNPs
and/or SE alleles were more susceptible to RA than were
individuals carrying neither risk SNPs nor SE alleles.

Conclusion. The PADI4 SNPs and haplotypes are
associated with RA susceptibility in Koreans. Thus, the
association of PADI4 with RA may depend on genetic
heterogeneity between Asians and Europeans.

Rheumatoid arthritis (RA) is a chronic inflam-
matory disease of unknown etiology that leads to pro-
gressive joint destruction. Epidemiologic genetic data
suggest that the heritability of RA is 53–60% (1). The
relative risk for siblings of patients with RA ranges from
2 to 17 (2), which suggests that both genetic and
environmental factors contribute to RA susceptibility.
According to family-based whole-genome linkage analy-
sis data, the RA susceptibility loci are scattered across
several chromosomes (3–6), among which HLA–DRB1
is consistently implicated as an RA susceptibility locus.
Because this locus accounts for only approximately
one-third of total genetic effects (7), other RA suscep-
tibility genes or loci remain to be elucidated (8).

The peptidylarginine deiminase 4 (PADI4) gene
was recently suggested to be an additional RA suscepti-
bility gene in a Japanese population, based on the results
of high-resolution linkage disequilibrium (LD) mapping
for a potential RA susceptibility locus at 1p36 (9). A
haplotype consisting of 17 PADI4 single-nucleotide poly-
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morphisms (SNPs), 4 of which are located in exons, was
reported to be associated with RA susceptibility in a
Japanese population, and PADI4 messenger RNA
(mRNA) carrying a susceptibility haplotype of the 4
exonic SNPs is significantly more stable than its mirror
haplotype mRNA. The susceptibility haplotype stabiliz-
ing PADI4 mRNA would increase the cellular levels of
PADI4 protein and citrullinated peptides because
PADI4 posttranslationally converts arginine residues to
citrulline. In fact, the detection of anti–citrullinated
peptide (anti-CCP) autoantibodies by various methods
has been used as a diagnostic test for RA for decades
since the discovery of the crucial role of citrullination in
RA (10,11). Although in the Japanese study, anticitrul-
linating autoantibodies were detected more frequently
in a group of individuals homozygous for the suscepti-
bility haplotype than in the other group of the remaining
individuals (9), an association of the PADI4 haplotypes
with levels of anti-CCP autoantibodies has not yet been
detected (12,13).

When the SNPs in the PADI4 gene were later
tested for association with RA in 2 populations of
Caucasian subjects living in the UK (12,14), French
Caucasian families (15), and a Spanish population (16),
no association was observed. This type of replication
failure has been reported in many association studies
(17) and may arise from genetic heterogeneity between
study groups or ethnic populations or from incorrect
genotyping in the initial or replication study (18). Bias
regarding the proportions of different stages of disease
severity among the patients may also contribute to the
inconsistency when alleles or haplotypes affect disease
severity rather than susceptibility.

Because results of the initial association study
involving Japanese patients were not reproduced in the
4 subsequent association studies with Europeans, the
present study was designed to test whether the 4 exonic
SNPs of PADI4 and their haplotypes are associated with
RA susceptibility in a Korean population.

PATIENTS AND METHODS

Patients. A total of 545 Korean patients with RA (92%
of whom were women) and 392 controls (88% of whom were
women) were recruited from the Hospital for Rheumatic
Diseases, Hanyang University, Seoul, South Korea. The study
was approved by the Institutional Review Board of Hanyang
University Medical Center, and all subjects provided written
informed consent. The mean � SD age of the patients was
50.3 � 11.5 years, and that of the controls was 41.9 � 14.1
years. The mean � SD age of the patients at the onset of RA
was 37.9 � 11.9 years. All patients satisfied the American

College of Rheumatology (formerly, the American Rheuma-
tism Association) 1987 revised criteria for a diagnosis of RA
(19). Genomic DNA was extracted from blood leukocytes from
all subjects, using standard protocols.

Genotyping of HLA–DRB1 alleles and PADI4 SNPs.
All of the patient and control samples were genotyped for the
HLA–DRB1 alleles, using polymerase chain reaction and
sequence-specific oligonucleotide probe hybridization, accord-
ing to the reference protocol of the 12th International Histo-
compatibility Workshop (20), followed by direct DNA se-
quencing (21).

Three nonsynonymous PADI4 SNPs (padi4_89
[rs11203366], padi4_90 [rs11203367], and padi4_92 [rs874881])
and 1 synonymous PADI4 SNP (padi4_104 [rs1748033]) were
genotyped using the MassArray system (Sequenom, San Di-
ego, CA) according to the manufacturer’s instructions. Spec-
troTyper software (Sequenom) was used to characterize the
alleles. The accuracy of genotyping was controlled by testing in
a blinded manner, using 12 samples for each SNP.

Statistical analysis. Allele associations between RA
and individual PADI4 SNPs were assessed using the chi-square
test and 2 � 2 contingency tables. For genotype association
tests, multivariate logistic regression analysis was performed
using SPSS software (version 11.5; SPSS, Chicago, IL), with
adjustment for age, because the mean ages of patients and
controls were significantly different (P � 1.6 � 10�23). Indi-
vidual samples from patients and controls who carried none of
the minor risk alleles of the PADI4 SNPs (padi4_89G,
padi4_90T, padi4_92G, and padi4_104T) and no shared
epitope (SE) alleles (*0101, *0401, *0404, *0405, *0410, *1001,
*1402, and *1406) served as the reference group. The com-
bined effects of PADI4 SNPs with HLA–DRB1 SE alleles in
RA susceptibility were evaluated by logistic regression analy-
ses. Haplotypes were reconstructed using the Haplotyper
program (22), which is based on a Bayesian algorithm.

RESULTS

Findings of allele and genotype association tests
and LD estimation. Samples obtained from 545 patients
with RA and 392 controls were genotyped individually
for 4 exonic SNPs. Every sample was successfully geno-
typed for all 4 SNPs, and the SNPs were in Hardy-
Weinberg equilibrium (P � 0.05) in both the patient and
control groups. The padi4_89 (163A�G; 55Ser�Gly),
padi4_90 (245C�T; 82Ala�Val), and padi4_92
(335C�G; 112Ala�Gly) alleles are nonsynonymous,
and padi4_104 (349C�T; 117Leu) is synonymous (num-
bers within the parentheses indicate either nucleotide or
amino acid positions; major alleles are shown first,
followed by minor alleles).

Each of the 4 SNPs was significantly associated
with RA (Table 1). The minor alleles of the 3 nonsyn-
onymous SNPs were strongly associated with increased
RA susceptibility (odds ratio [OR] 1.5 [95% confidence
interval (95% CI) 1.2–1.8], P � 2.3 � 10�5 for padi4_89

PADI4 ASSOCIATED WITH RA IN KOREANS 91
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and padi4_90; OR 1.5 [95% CI 1.2–1.8], P � 2.1 � 10�5

for padi4_92), while the minor allele of synonymous
SNP padi4_104 was moderately associated with in-
creased RA susceptibility (OR 1.4 [95% CI 1.1–1.7], P �
1.1 � 10�3).

The padi4_89 and padi4_90 SNPs, both of which
are located in exon 2, were in complete LD with each
other, with no breakage detected, and the padi4_92 SNP
in exon 3 was in almost complete LD with them, given
that breakage was detected in samples from only 3
individuals. The padi4_104 SNP in exon 4 also was in
very high LD (D� � 0.99) with the other SNPs. Thus,
the 4 SNPs constitute a single haplotype block. The
association test results for padi4_89 and padi4_90 would
be exactly the same, and those for padi4_92 would be
very similar to them, whereas the results for padi4_104
would be somewhat different from those for the other
SNPs.

All 4 minor alleles exhibited significant associa-
tions with RA in Koreans; these results are similar to the
data on Japanese patients previously reported by Suzuki
et al (9), with the exception of padi4_89 (Table 1). When
the allele frequencies were calculated using the geno-
type frequency data for a UK Caucasian population
reported by Barton et al (14), no allelic association was
observed for any SNP (Table 1). In another study
involving Caucasian patients with RA living in the UK,
Harney et al (12) reported no allelic association of
padi4_90 and padi4_104, as well as some other PADI4
SNPs, with RA. Martinez et al (16) reported that
padi_94 and padi_104 were not associated with RA in
the Spanish population.

Genotypic associations of all 4 SNPs with RA
susceptibility were also significant by logistic regression
analysis, as shown in Table 2. Age-adjusted ORs for the

SNPs were 1.7 or 1.8, with P values on the order of 10�4

for padi4_89, padi4_90 (P � 1.5 � 10�4), and padi4_92
(P � 1.4 � 10�4) and was P � 1.0 � 10�2 for padi4_104.

Combined effects of PADI4 risk SNPs and HLA–
DRB1 SE alleles. HLA–DRB1 SE alleles have been
shown to be strongly associated with RA in Korean
patients as well as in other populations (7,23,24). When
SE allele carriers were compared with noncarriers in this
study, SE alleles were strongly associated with RA
susceptibility (OR 4.0 [95% CI 3.0–5.3], P � 9.4 �
10�21), as shown in Table 2.

Table 1. Association of the minor alleles of 4 exonic PADI4 SNPs with RA susceptibility*

SNP
Allele

1/2

Allele 2 frequency

Korean population (current study) Japanese population (9)† UK Caucasian population (14)

Patients
(n � 545)

Controls
(n � 392)

OR
(95% CI) P

Patients
(n � 830)

Controls
(n � 658) P

Patients
(n � 839)

Controls
(n � 481)

OR
(95% CI) P

padi4_89 A/G 0.48 0.38 1.5 (1.2–1.8) 2.3 � 10�5 0.45 0.40‡ 0.069 0.43 0.40 1.2 (1.0–1.4) 0.083
padi4_90 C/T 0.48 0.38 1.5 (1.2–1.8) 2.3 � 10�5 0.50‡ 0.40‡ 6.9 � 10�3 0.43 0.40 1.1 (1.0–1.4) 0.12
padi4_92 C/G 0.48 0.38 1.5 (1.2–1.8) 2.1 � 10�5 0.45 0.39 4.4 � 10�4 0.45 0.42 1.1 (0.9–1.3) 0.31
padi4_104 C/T 0.41 0.34 1.4 (1.1–1.7) 1.1 � 10�3 0.39 0.33§ 5.1 � 10�4 0.34 0.31 1.1 (1.0–1.4) 0.12

* The major alleles are referred to as allele 1, and the minor alleles as allele 2. SNP � single-nucleotide polymorphism; RA � rheumatoid arthritis;
OR � odds ratio; 95% CI � 95% confidence interval.
† Data were retrieved from Supplementary Table 1 in reference 9, which does not show ORs or 95% CIs.
‡ A total of 188 samples were genotyped.
§ A total of 736 samples were genotyped.

Table 2. Association of PADI4 SNP genotypes and SE alleles with
RA susceptibility*

Polymorphism/
genotype

Patients
(n � 545)

Controls
(n � 392)

OR
(95% CI) P

padi4_89
AG � GG 397 (72.8) 240 (61.2) 1.7 (1.3–2.2) 1.5 � 10�4

AA 148 (27.2) 152 (38.8) 1 –
padi4_90

CT � TT 397 (72.8) 240 (61.2) 1.7 (1.3–2.2) 1.5 � 10�4

CC 148 (27.2) 152 (38.8) 1 –
padi4_92

CG � GG 399 (73.2) 241 (61.5) 1.7 (1.2–2.4) 1.4 � 10�4

CC 146 (26.8) 151 (38.5) 1 –
padi4_104

CT � TT 358 (65.7) 226 (57.7) 1.8 (1.2–1.9) 1.0 � 10�2

CC 187 (34.3) 166 (42.3) 1 –
SE†

SE� 369 (67.7) 136 (34.7) 4.0 (3.0–5.3) 9.4 � 10�21

SE� 176 (32.3) 256 (65.3) 1 –

* Values are the number (%). Age-adjusted odds ratios (ORs) and P
values for carriers of minor susceptibility alleles versus noncarriers
were calculated by multivariate logistic regression. SNP � single-
nucleotide polymorphism; SE � shared epitope; RA � rheumatoid
arthritis; 95% CI � 95% confidence interval.
† HLA–DRB1 SE alleles include *0101, *0401, *0404, *0405, *0410,
*1001, *1402, and *1406.
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We then divided the samples into 4 groups ac-
cording to the presence of the risk allele in each SNP
and of any HLA–DRB1 SE allele (Table 3). For analysis
of the padi4_89 SNP, for example, both patient and
control samples were divided into SE�/padi4_89G�,
SE�/padi4_89G�, SE�/padi4_89G�, and SE�/
padi4_89G� groups (with G being the risk allele).
Individuals carrying the risk allele padi4_89 but no SE
allele (SE�/padi4_89G�) had a 2.1-fold higher risk
than the reference individuals carrying neither padi4_89
nor an SE allele (SE�/padi4_89G�), with the genotypic
association being significant (OR 2.1 [95% CI 1.4–3.3],
P � 6.5 � 10�4) in the absence of SE alleles. Also,
individuals carrying SE�/padi4_89G� had a 5.4-fold
increased risk compared with the reference subjects,
with the association of SE alleles being significant (OR
5.4 [95% CI 3.2–9.1], P � 3.1 � 10�10) in the absence of

the padi4_89 risk allele. Moreover, individuals carrying
both the padi4_89 risk allele and an SE allele (SE�/
padi4_89G�) had the highest risk (8.0-fold versus the
reference group; OR 8.0 [95% CI 5.0–13], P � 2.4 �
10�18).

The results were the same for the padi4_90 SNP,
which was in complete LD with padi4_89 and was very
similar to padi4_92 (Table 3). A similar pattern was also
observed for padi4_104, but a genotypic association was
not observed for padi4_104 (P � 0.08) in SE allele–
negative individuals (Table 3). Thus, persons carrying a
risk SNP and/or an SE allele are more susceptible to RA
than are those carrying neither a risk SNP nor an SE
allele.

The interaction between each PADI4 risk allele
and SE alleles was examined by linear logistic model
analysis. The interaction effect was not significant for
any of the 4 SNPs (P � 0.26, P � 0.26, P � 0.33, and P �
0.96 for padi4_89, padi4_90, padi4_92, and padi4_104,
respectively).

Findings of haplotype analysis and association
tests. When haplotypes were reconstructed with respect
to the 4 PADI4 SNPs using the Bayesian algorithm-
based Haplotyper program, 5 haplotypes were found in
our samples. Haplotypes ACCT and ACGT were omit-
ted from the association tests because only 1 and 3
copies, respectively, were found (e.g., haplotype ACGT
consists of padi4_89A, padi4_90C, padi4_92G, and
padi4_104T). Among the 3 common haplotypes shown
in Table 4, 2 mirror haplotypes, ACCC and GTGT,
accounted for 96% of the controls and 94% of the
patients. The most frequent haplotype (ACCC) carries
only the major nonrisk alleles of the SNPs, and its
frequency was lower in patients (52%) than in controls
(62%). The second most frequent haplotype (GTGT)
carries only the minor risk alleles and was associated
with increased RA susceptibility (OR 1.5 [95% CI
1.2–1.8], P � 1.0 � 10�4) in comparison with the
reference haplotype ACCC. The RA-susceptibility hap-

Table 3. Combined effects of PADI4 SNPs and HLA–DRB1 SE
alleles*

Genotype
Patients

(n � 545)
Controls

(n � 392)
OR

(95% CI) P

SE�/padi4_89G� 265 87 8.0 (5.0–13) 2.4 � 10�18

SE�/padi4_89G� 104 49 5.4 (3.2–9.1) 3.1 � 10�10

SE�/padi4_89G� 132 153 2.1 (1.4–3.3) 6.5 � 10�4

SE�/padi4_89G� 44 103 1 –
SE�/padi4_90T� 265 87 8.0 (5.0–13) 2.4 � 10�18

SE�/padi4_90T� 104 49 5.4 (3.2–9.1) 3.1 � 10�10

SE�/padi4_90T� 132 153 2.1 (1.4–3.3) 6.5 � 10�4

SE�/padi4_90T� 44 103 1 –
SE�/padi4_92G� 267 87 7.9 (5.0–13) 3.0 � 10�18

SE�/padi4_92G� 102 49 5.3 (3.1–8.9) 5.9 � 10�10

SE�/padi4_92G� 132 154 2.1 (1.4–3.3) 8.3 � 10�4

SE�/padi4_92G� 44 102 1 –
SE�/padi4_104T� 244 80 5.7 (3.7–8.8) 1.1 � 10�15

SE�/padi4_104T� 125 56 4.1 (2.6–6.6) 2.7 � 10�9

SE�/padi4_104T� 114 146 1.5 (1.0–2.2) 8.0 � 10�2

SE�/padi4_104T� 62 110 1 –

* G and T represent risk alleles. Age-adjusted odds ratios (ORs), 95%
confidence intervals (95% CIs), and P values were calculated by
logistic regression analysis in comparison with the reference genotype
groups carrying neither the risk single-nucleotide polymorphisms
(SNPs) nor the shared epitope (SE) alleles.

Table 4. Association of PADI4 haplotypes with rheumatoid arthritis susceptibility*

Haplotype

Korean population (current study) UK Caucasian population (14)

Cases
(n � 1,090)

Controls
(n � 784)

OR
(95% CI) P

Cases
(n � 645)

Controls
(n � 373)

OR
(95% CI) P

ACCC 563 (0.52) 483 (0.62) 1 – 372 (0.56) 224 (0.59) 1 –
GTGT 452 (0.42) 265 (0.34) 1.5 (1.2–1.8) 1.0 � 10�4 215 (0.32) 113 (0.30) 1.1 (0.9–1.5) 0.34
GTGC 73 (0.067) 34 (0.043) 1.8 (1.2–2.8) 4.8 � 10�3 58 (0.087) 36 (0.094) 1.0 (0.6–1.5) 0.89

* Haplotypes ACCT and ACGT (frequencies �0.2%) were not included. Nucleotides are listed in the order of padi4_89, padi4_90, padi4_92, and
padi4_104. Odds ratios (ORs), 95% confidence intervals (95% CIs), and P values for each haplotype were calculated by logistic regression analysis
in comparison with the reference haplotype ACCC.
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lotype (GTGT) was more frequent in patients (42%)
than in controls (34%). The third haplotype (GTGC),
which carries all of the risk alleles except padi4_104, also
appeared to be associated with increased RA suscepti-
bility (OR 1.8 [95% CI 1.2–2.8], P � 4.8 � 10�3).

When haplotypes were reconstructed with only 3
SNPs (omitting padi4_104), only 2 haplotypes, ACC and
GTG, constituted virtually all of the samples (99.8%).
The frequency of haplotype GTG was higher in patients
(48%) than in controls (37%), whereas the frequency of
haplotype ACC was lower in patients (52%) than in
controls (62%). Haplotype GTG was significantly asso-
ciated with increased RA susceptibility, as compared
with haplotype ACC (OR 1.5 [95% CI 1.3–1.8], P �
1.2 � 10�5).

When the same tests were performed using data
from the UK Caucasian population described by Barton
et al (14), however, no association of either 3- or 4-SNP
haplotypes with RA was detected (Table 4). Haplotypes
for a Japanese population were previously constructed
with 17 PADI4 SNPs (9), but a lack of information on
their copy numbers made it impossible to obtain 4-SNP
haplotype data for these Japanese patients for compar-
ison with our data.

DISCUSSION

The present study showed that the minor alleles
of 4 exonic SNPs in the PADI4 gene and the haplotype
comprising them were associated with 	1.5-fold in-
creased susceptibility to RA in a Korean population
(Tables 1 and 4). The minor allele–carrying genotypes
were also associated with a 1.7- or 1.8-fold increase in
RA susceptibility (Table 2). Although the SE allele–
carrying individuals showed 4.0-fold increased suscepti-
bility, the genotypic associations were sustained (OR
2.1) among individuals who did not carry any SE alleles,
except in the case of padi4_104 (Table 3). Therefore,
PADI4 was shown to be associated with RA susceptibil-
ity in Koreans.

Recently, a haplotype consisting of 17 PADI4
SNPs (comprising 4 exonic and 13 nonexonic SNPs) was
reported to be associated with RA susceptibility in a
Japanese population. The PADI4 mRNA carrying the
haplotype (GTGT) of the minor alleles in the 4 exonic
SNPs was significantly more stable than the major allele
haplotype (ACCC) mRNA, suggesting that haplotype
GTGT increases RA susceptibility (9). A subsequent
study in a UK Caucasian population, however, revealed
no association with RA of haplotype GTGT or any of its
constituent SNP alleles (12,14,16). In contrast, haplo-

type GTGT was significantly associated with increased
RA susceptibility in the present study of a Korean
population (P � 1.0 � 10�4). This finding is consistent
with the implications of the Japanese study (9), although
in the Japanese study, the association tests were per-
formed with 17-SNP haplotypes rather than with 4-SNP
haplotypes.

Despite the consistency of the haplotype associ-
ation between Korean and Japanese populations, the
allele association test results differed slightly between
the 2 populations. Although all 4 constituent SNPs
showed significant association with RA in Koreans, the
padi4_89 SNP was not associated with RA (P � 0.069) in
that Japanese population (Table 1).

The discrepancy may be associated with genetic
heterogeneity of RA susceptibility–increasing variants in
different ethnic groups. Although PADI4 is likely to be
an RA-susceptibility gene in Koreans and Japanese, in
UK Caucasian, French, and Spanish populations, the
PADI4 gene might not carry variants that increase RA
susceptibility. The minor allele frequency for each SNP
was similar among the control populations in the Ko-
rean, Japanese, and UK studies, with the largest differ-
ences being 2%, 2%, 4%, and 3% in padi4_89, padi4_90,
padi4_92, and padi4_104, respectively (Table 1). The
estimated frequencies of the haplotypes in these control
populations were also similar (Table 4). If the suscepti-
bility haplotype of the 4 exonic SNPs also increases RA
susceptibility in Europeans, it is very likely to be attrib-
utable to an increase in PADI4 mRNA stability. Because
this is not the case, however, it is still possible that in
Koreans and Japanese, the susceptibility haplotype is
linked with an as-yet-unknown functional genetic vari-
ant(s) of PADI4 (or nearby) that is absent in Europeans.
It is possible that such a variant(s) was missed in the
sequencing of DNA from the 48 Japanese RA patients
in the previous study (9).

Another possible explanation is a variation in the
effects of other genetic factors. RA susceptibility due to
the PADI4 functional haplotype might be modified by
the presence of a certain allele(s) in other genes. Re-
cently, Hill et al (25) studied the interaction of arginine-
or citrulline-harboring peptides with 8 variants of HLA–
DRB1 (*0101, *0401, *0404, *0301, *0701, *0802, *1101,
and *1302 alleles) and showed that the *0401 variant
had the highest affinity for citrullinated peptide, leading
to activation of CD4� T cells. Thus, one possible
hypothesis is that the pathogenesis of RA mediated by
PADI4 is influenced by the status of HLA–DRB1 vari-
ants, which is different between Asians and Europeans.
For example, DRB1*0401 is the most common risk
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allele among European patients with RA (7) but is rare
(�2%) in Asian patients (23,24). In contrast,
DRB1*0405 is the variant that is most significantly
associated with RA in Asian patients (23,24). The bind-
ing affinity of the *0405 variant to citrullinated peptide
was not measured by Hill et al (25). If the binding
affinity of the *0405 variant is significantly different
from that of the *0401 variant, this may explain the
genetic heterogeneity of the PADI4 association with RA
susceptibility in Asians and Europeans.

The percentages of female patients with RA in
the present study of Koreans (92%) and in the Japanese
study (84%) were substantially higher than those in the
UK (74%) and Spanish (75%) studies (9,14,16). How-
ever, the discrepancy between the Asian and European
association test results cannot be explained by the
differences in the percentage of female patients, because
Barton et al (14) showed no association in the subana-
lysis using samples from only women from the UK,
whereas in the subanalysis with Korean female patients
(n � 499) and controls (n � 344), a significant associa-
tion was detected (e.g., for padi4_89 risk allele–carrying
genotypes, age-adjusted OR 1.9 [95% CI 1.4–2.5], P �
7.0 � 10�5).

The average age at disease onset in our Korean
patients (37.9 years) was lower than that in UK Cauca-
sian patients (43 years) and Spanish RA patients (53
years) (14,16). The Korean patients were divided into 2
subgroups according to their age at disease onset. One
group (n � 272) comprised patients whose age at disease
onset was higher than the median (38.3 years), and the
other group (n � 273) comprised the remaining patients.
When samples from these 2 subgroups were separately
compared with total control samples, for example, the
genotypes with the padi4_89 risk allele were associated
with 2.1-fold increased susceptibility in the subgroup of
patients whose average age at disease onset was 48.2
years (OR adjusted for age at diagnosis and sex 2.1 [95%
CI 1.4–3.1], P � 3.7 � 10�4), and with 1.6-fold increased
susceptibility in the subgroup of patients whose average
age at disease onset was 28.6 years (OR adjusted for age
at diagnosis and sex 1.6 [95% CI 1.1–2.2], P � 6.2 �
10�3). Thus, the differences in the distribution of age at
disease onset between the study populations do not
appear to have caused the replication discrepancies.

Although a functional haplotype of PADI4 has
been demonstrated to be associated with RA suscepti-
bility in Korean and Japanese populations, the func-
tional haplotype has not yet been demonstrated to be
associated with increased levels of anti-CCP autoanti-
bodies, which have been useful in the diagnosis of RA.

Because no such association was observed in Europeans
(12,13), the haplotype association with antibody levels
needs to be tested in Asians. Also, citrullinating genes
other than PADI4 and downstream or upstream genes in
the citrullination pathway should be investigated to
determine whether combined effects with the PADI4
haplotype are present.

ACKNOWLEDGMENTS

We thank Jung-Ah Kim, Young-Hi Lee, and Eun-
Kyoung Ju (Hospital for Rheumatic Diseases) for assistance
with sample preparation and data collection, and Professor
Sung-Ho Kim and Geon Youp Noh (Department of Applied
Mathematics, KAIST) for assistance with statistical analyses.

REFERENCES

1. MacGregor AJ, Snieder H, Rigby AS, Koskenvuo M, Kaprio J,
Aho K, et al. Characterizing the quantitative genetic contribution
to rheumatoid arthritis using data from twins. Arthritis Rheum
2000;43:30–7.

2. Seldin MF, Amos CI, Ward R, Gregersen PK. The genetics
revolution and the assault on rheumatoid arthritis [review]. Ar-
thritis Rheum 1999;42:1071–9.

3. MacKay K, Eyre S, Myerscough A, Milicic A, Barton A, Laval S,
et al. Whole-genome linkage analysis of rheumatoid arthritis
susceptibility loci in 252 affected sibling pairs in the United
Kingdom. Arthritis Rheum 2002;46:632–9.

4. Cornelis F, Faure S, Martinez M, Prud’homme JF, Fritz P, Dib C,
et al. New susceptibility locus for rheumatoid arthritis suggested by
a genome-wide linkage study. Proc Natl Acad Sci U S A 1998;95:
10746–50.

5. Jawaheer D, Seldin MF, Amos CI, Chen WV, Shigeta R, Monteiro
J, et al. A genomewide screen in multiplex rheumatoid arthritis
families suggests genetic overlap with other autoimmune diseases.
Am J Hum Genet 2001;68:927–36.

6. Shiozawa S, Hayashi S, Tsukamoto Y, Goko H, Kawasaki H,
Wada T, et al. Identification of the gene loci that predispose to
rheumatoid arthritis. Int Immunol 1998;10:1891–5.

7. Gregersen PK, Silver J, Winchester RJ. The shared epitope
hypothesis: an approach to understanding the molecular genetics
of susceptibility to rheumatoid arthritis. Arthritis Rheum 1987;30:
1205–13.

8. Felson DT, Anderson JJ, Boers M, Bombardier C, Furst D,
Goldsmith C, et al. American College of Rheumatology prelimi-
nary definition of improvement in rheumatoid arthritis. Arthritis
Rheum 1995;38:727–35.

9. Suzuki A, Yamada R, Chang X, Tokuhiro S, Sawada T, Suzuki M,
et al. Functional haplotypes of PADI4, encoding citrullinating
enzyme peptidylarginine deiminase 4, are associated with rheuma-
toid arthritis. Nat Genet 2003;34:395–402.

10. Schellekens GA, Visser H, de Jong BA, van den Hoogen FH,
Hazes JM, Breedveld FC, et al. The diagnostic properties of
rheumatoid arthritis antibodies recognizing a cyclic citrullinated
peptide. Arthritis Rheum 2000;43:155–63.

11. Nogueira L, Sebbag M, Vincent C, Arnaud M, Fournie B,
Cantagrel A, et al. Performance of two ELISAs for antifilaggrin
autoantibodies, using either affinity purified or deiminated recom-
binant human filaggrin, in the diagnosis of rheumatoid arthritis.
Ann Rheum Dis 2001;60:882–7.

12. Harney SM, Meisel C, Sims AM, Woon PY, Wordsworth BP,

PADI4 ASSOCIATED WITH RA IN KOREANS 95

 15290131, 2006, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/art.21536 by H

anyang U
niversity L

ibrary, W
iley O

nline L
ibrary on [12/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Brown MA. Genetic and genomic studies of PADI4 in rheumatoid
arthritis. Rheumatology (Oxford) 2005;44:869–72.

13. Cantaert T, Coucke P, de Rycke L, Veys EM, de Keyser F, Baeten
D. Functional haplotypes of PADI4: relevance for rheumatoid
arthritis-specific synovial intracellular citrullinated proteins and
anti-citrullinated protein antibodies. Ann Rheum Dis 2005;64:
1316–20.

14. Barton A, Bowes J, Eyre S, Spreckley K, Hinks A, John S, et al. A
functional haplotype of the PADI4 gene associated with rheuma-
toid arthritis in a Japanese population is not associated in a United
Kingdom population. Arthritis Rheum 2004;50:1117–21.

15. Caponi L, Petit-Teixeira E, Sebbag M, Bongiorni F, Moscato S,
Pratesi F, et al. A family based study shows no association between
rheumatoid arthritis and the PADI4 gene in a white French
population. Ann Rheum Dis 2005;64:587–93.

16. Martinez A, Valdivia A, Pascual-Salcedo D, Lamas JR, Fernan-
dez-Arquero M, Balsa A, et al. PADI4 polymorphisms are not
associated with rheumatoid arthritis in the Spanish population.
Rheumatology (Oxford) 2005;44:1263–6.

17. Huizinga TW, Pisetsky DS, Kimberly RP. Associations, popula-
tions, and the truth: recommendations for genetic association
studies in Arthritis & Rheumatism. Arthritis Rheum 2004;50:
2066–71.

18. Colhoun HM, McKeigue PM, Davey Smith G. Problems of
reporting genetic associations with complex outcomes. Lancet
2003;361:865–72.

19. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF,
Cooper NS, et al. The American Rheumatism Association 1987

revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988;31:315–24.

20. Bignon JD, Fernandez-Vina MA. Protocols of the 12th Interna-
tional Histocompatibility Workshop for typing of HLA class II
alleles by DNA amplification by the polymerase chain reaction
(PCR) and hybridization with sequence specific oligonucleotide
probes (SSOP). In: Charron D, editor. Genetic diversity of
HLA: functional and medical implications. Paris: EDK; 1997. p
584–95.

21. Kotsch K, Wehling J, Blasczyk R. Sequencing of HLA class II
genes based on the conserved diversity of the non-coding regions:
sequencing based typing of HLA-DRB genes. Tissue Antigens
1999;53:486–97.

22. Niu T, Qin ZS, Xu X, Liu JS. Bayesian haplotype inference for
multiple linked single-nucleotide polymorphisms. Am J Hum
Genet 2002;70:157–69.

23. Lee HS, Lee KW, Song GG, Kim HA, Kim SY, Bae SC. Increased
susceptibility to rheumatoid arthritis in Koreans heterozygous for
HLA–DRB1*0405 and *0901. Arthritis Rheum 2004;50:3468–75.

24. Kochi Y, Yamada R, Kobayashi K, Takahashi A, Suzuki A, Sekine
A, et al. Analysis of single-nucleotide polymorphisms in Japanese
rheumatoid arthritis patients shows additional susceptibility mark-
ers besides the classic shared epitope susceptibility sequences.
Arthritis Rheum 2004;50:63–71.

25. Hill JA, Southwood S, Sette A, Jevnikar AM, Bell DA, Cairns E.
Cutting edge: the conversion of arginine to citrulline allows for a
high-affinity peptide interaction with the rheumatoid arthritis-
associated HLA-DRB1*0401 MHC class II molecule. J Immunol
2003;171:538–41.

96 KANG ET AL

 15290131, 2006, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/art.21536 by H

anyang U
niversity L

ibrary, W
iley O

nline L
ibrary on [12/12/2022]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense


