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Abstract Several multiple, large-scale, genetic studies on
autoimmune-disease-associated SNPs have been reported
recently: peptidylarginine deiminase type 4 (PADI4) in
rheumatoid arthritis (RA); solute carrier family 22
members 4 and 5 (SLC22A4 and 5) in RA and Crohn’s
disease (CD); programmed cell death 1 (PDCD1) in sys-
temic lupus erythematosus (SLE), type 1 diabetes mellitus
(T1D), and RA; and protein tyrosine phosphatase non-
receptor type 22 (PTPN22) in T1D, RA, and SLE. Be-
cause these reports on association were not always
evaluated in multiple ethnic groups and because ethnic
difference in allele frequency of the variants has been also
reported, we investigated allele frequencies of nine SNPs
in four autoimmune-disease-associated loci in Caucasian,
African-descent, and Japanese populations. Although
SNPs in PADI4 had similar allele frequency among three
groups [maximal difference 11%; (P >0.05)], the other
three loci revealed statistically significant allele frequency
differences (maximal difference 39% (P <0.00001), 13%
(P <0.00001), and 8% (P <0.00001) in SLC22A4,
PDCD1, andPTPN22, respectively). Of note, three SNPs
in the three loci that had allele frequencymore than 8% in
the Caucasian population were either not polymorphic at
all or extremely rare in the Japanese population. Our data
suggest that ethnic variations of polymorphisms should
be evaluated in detail, and differences should be incor-
porated into investigations of susceptibility variants for
common diseases.
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Introduction

Autoimmune diseases are common disorders, affecting
more than 5% of the world population. They share
aspects of aberrant immunological tolerance toward
self-antigens, and all are known to have genetic com-
ponents. Several multiple, large-scale, genetic studies on
autoimmune-disease-associated SNPs have been re-
ported recently: peptidylarginine deiminase type 4
(PADI4) in rheumatoid arthritis (RA) (Suzuki et al.
2003); solute carrier family 22 members 4 and 5
(SLC22A4 and 5) in RA (Tokuhiro et al. 2003) and
Crohn’s disease (CD) (Peltekova et al. 2004); pro-
grammed cell death 1 (PDCD1) in systemic lupus ery-
thematosus (SLE) (Prokunina et al. 2002), type 1
diabetes mellitus (T1D) (Nielsen et al. 2003), and RA
(Prokunina et al. 2004); and PTPN22 in T1D (Bottini
et al. 2004), RA (Begovich et al. 2004), and SLE
(Kyogoku et al. 2004).

Interestingly, the allele frequencies of some of these
autoimmune-disease-associated SNPs vary substantially
in different ethnic groups, as reported for CD-associated
SNPs in the Caucasian and Japanese populations
(Yamazaki et al. 2004). Information on ethnic differ-
ences in allele frequency of disease-associated variants is
important for better understanding of the pathologic
mechanisms of polymorphisms. We therefore investi-
gated the allele frequency of nine SNPs in four auto-
immune-disease-associated genes/loci in Caucasian,
African-descent, and Japanese populations.

Subjects and methods

Japanese volunteers were recruited, and their informed
consent to the study was obtained, as required by our
ethical committee and as previously described (Suzuki
et al. 2003). Human variation panels for African
American and Caucasian samples were obtained from
Coriell Cell Repositories. We genotyped 376 Japanese,
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94 African American, and 94 Caucasian subjects for
the following nine SNPs in four loci: padi_89, 90, 92,
and 104 in PADI4 (Suzuki et al. 2003); slc2F1 and
slc2F2 (Tokuhiro et al. 2003) and L503F in SLC22A4
(Peltekova et al. 2004); G-207C in SLC22A5 (Peltek-
ova et al. 2004); PD-1.3A in PDCD1 (Prokunina et al.
2002), and R620W in PTPN22 (Bottini et al. 2004).
Japanese data for the four SNPs in PADI4 were
identical to those reported previously (Suzuki et al.
2003). Genotyping was performed using the Invader
assay, TaqMan assay, or direct sequencing, and hap-
lotype frequency was inferred with an EM algorithm
and/or Haplotyper (Niu et al. 2002). The statistical
significance of differences in allele frequency was
determined (P value in Fisher’s exact test), and the
genetic distance indicated by differences in allele fre-
quency was quantitated as FST.

Results

Allele frequencies of the nine SNPs in the three ethnic
groups are shown in Table 1. The largest difference in
allele frequency among ethnic groups was 39%
(L503F, C versus J). Three pairwise comparisons
Caucasian versus Japanese (C versus J), African
American versus Japanese (A versus J), and African
American versus Caucasian (A versus C), were per-

formed for the allele frequency of each SNP and CD-
susceptible haplotype in the SLC22A4/5 locus. Of the
nine SNPs in four loci, a significant difference in allele
frequency (P < 0.01) was observed: five SNPs in three
loci were significant in the C versus J comparison, five
SNPs in three loci in the A versus J comparison, and
two SNPs in two loci in the A versus C comparison.
The FST values of more than 0.1 were obtained for
four SNPs in two loci: one SNP in one locus was
significant in the C versus J comparison, two SNPs in
one locus in the A versus J comparison, and two
SNPs in two loci in the A versus C comparison.

Discussion

The allele frequencies of the four SNPs in PADI4 do not
differ among the three ethnic groups, as indicated by a
low FST value and an insignificant P value. However,
SNPs in all the other three loci had allele frequencies
that were significantly different in at least one of the
comparisons among the three ethnic groups. The most
remarkable difference was observed for the L503F SNP
and haplotypes containing the SNP in SLC22A4/5 in a
comparison between the Caucasian and Japanese pop-
ulations. The SNP and the corresponding haplotypes
were much rarer in the Japanese population and were
also rare in African Americans. Although other differ-

Table 1 Allele frequency of autoimmune-disease-associated variants in three ethnic groups

Gene name/
variant name

Caucasian Japanese African
American

Caucasian versus
Japanese

African American
versus Japanese

African American
versus Caucasian

P value FST P value FST P value FST

PADI4
padi_89 0.38 (0.40a) 0.40j 0.49 0.86 0.00034 0.10 0.0079 0.078 0.12
padi_90 0.42 (0.41a) 0.40j 0.46 0.86 0.00052 0.51 0.0037 0.88 0.0014
padi_92 0.38 (0.42a) 0.39j 0.48 0.84 0.000053 0.023 0.0090 0.31 0.010
padi_104 0.31 (0.31a) 0.33j 0.35 0.66 0.0056 0.70 0.00065 0.73 0.0024
SLC22A4
slc2F1 0.09 (0.07b) 0.29 0.04 <0.00001* 0.064 <0.00001* 0.12 0.14 0.012
slc2F2 0.09 (0.05b) 0.29 0.04 <0.00001* 0.066 <0.00001* 0.12 0.14 0.012
L503F
(C1672T)

0.39 (0.43b) 0.001 (0.00k) 0.04 <0.00001* 0.24 <0.00001* 0.018 <0.00001* 0.19

SLC22A4/A5
Haplotype TC 0.39 (0.42c) 0.00 (0.00k) 0.02 <0.00001* 0.24 <0.00001* 0.011 <0.00001* 0.037
PDCD1
PD-1.3A 0.13 (0.07d) 0.00 0.03 <0.00001* 0.068 0.00040* 0.014 0.0039* 0.036

0.13 (0.07e)
0.13 (0.07f)

PTPN22
R620W 0.08 (0.09g) 0.00 0.02 <0.00001* 0.040 0.0032* 0.011 0.16 0.016

0.08 (0.09h)
0.08 (0.12i)

Data from other groups shown in parenthesis:
aBritish data derived from Barton et al. (2004)
bCanadian data derived from Newman et al. (2005)
cEuropean data derived from Peltekova et al.(2004)
dSwedish data derived from Prokunina et al. (2004) and
Prokunina et al. (2002)
eEuropean American data derived from Prokunina et al. (2004)

fDanish data derived from Nielsen et al. (2003)
gNorth American data derived from Begovich et al. (2004)
hNorth American data derived from Kyogoku et al. (2004)
iNorth Amerian data derived from Bottini et al. (2004)
jJapanese data from our group, reported by Suzuki et al. (2003)
kJapanese data derived from Yamazaki et al. (2004)
* P value calculated by Fisher’s exact test: P < 0.01
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ences in allele frequency less outstanding than L503F in
SLC22A4/5, it was of note that PD-1.3A in PDCD1 and
R620W in PTPN22 were only polymorphic in Cauca-
sians and in the African-descent population, as for
L503F in SLC22A4/5. Populations of African descent,
Caucasians, and Japanese (an ethnic subgroup from far-
east islands), should have different population histories
of mutation, migration, isolation, and genetic drift, and
there is no doubt that there should be substantial dif-
ferences in allele frequencies among these ethnic groups.
However, an explanation of the remarkable difference
seen for L503F in SLC22A4/5 and others appears to
require an additional mechanism. We note that Ste-
fansson et al. (2005) reported that a 900-kb inversion
polymorphism is frequently present in Caucasians but is
rare in Africans and almost absent in East Asians,
similar to the L503F SNP, and that prevalence of the
variation in Caucasians was due to a positive effect in
reproduction.

Beside the population genetics perspective, the dif-
ference in allele frequency among ethnic groups is
important for association studies. Ioannidis et al. (2004)
recently summarized multiple meta-analyses on common
disease-susceptible polymorphisms from the perspective
of ethnic variability. They concluded that the relative
risk produced by susceptible variants seemed to be more
similar among various ethnic groups compared with
variability in their allele frequency. These findings would
be correct in general but may not be applicable for
polymorphisms that are common for some ethnic groups
but absent in other groups. Ethnic uniformity and
diversity in the identity of common disease-susceptible
variants and their genetic contribution need to be
extensively investigated before ethnic variations of
polymorphisms are understood. Therefore, the details
and differences in ethnic variations need to be incorpo-
rated into investigations of susceptibility variants for
common diseases.
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