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Two-stage case–control association study of
polymorphisms in rheumatoid arthritis susceptibility
genes with schizophrenia

Yuichiro Watanabe1, Ayako Nunokawa1, Naoshi Kaneko1, Tatsuyuki Muratake2, Tadao Arinami3,
Hiroshi Ujike4, Toshiya Inada5, Nakao Iwata6, Hiroshi Kunugi7, Masanari Itokawa8, Takeshi Otowa9,
Norio Ozaki10 and Toshiyuki Someya1

There is strong evidence for a negative association between schizophrenia and rheumatoid arthritis (RA). However, the

mechanism for this association is unknown. We hypothesize that these two diseases share susceptibility genes. Recently,

extensive studies have identified some RA susceptibility genes, including NFKBIL1, SLC22A4, RUNX1, FCRL3 and PADI4,

in the Japanese population. To assess whether polymorphisms in these RA susceptibility genes are implicated in vulnerability

to schizophrenia, we conducted a two-stage case–control association study in Japanese subjects. In a screening population

of 534 patients and 559 control subjects, we examined eight polymorphisms in RA susceptibility genes and found a potential

association of padi4_94 in PADI4 with schizophrenia. However, we could not replicate this association in a confirmatory

population of 2126 patients and 2228 control subjects. The results of this study suggest that these polymorphisms in RA

susceptibility genes do not contribute to genetic susceptibility to schizophrenia.
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INTRODUCTION

Schizophrenia is a chronic mental disorder and rheumatoid arthritis
(RA) is a chronic inflammatory disease. Both diseases affect approxi-
mately 1% of the world population. There is strong evidence for a
negative association between schizophrenia and RA, implying low
comorbidity of these disorders.1–3 However, the mechanism for this
association is unknown. Genetic epidemiological studies including
family, twin and adoption studies have shown that genetic factors play
important roles in the pathogeneses of these two diseases.4 Interest-
ingly, major histocompatibility complex (MHC), class II, DR b 1
(HLA-DRB1) is associated with both schizophrenia5–7 and RA.8,9

These findings led us to hypothesize that these two diseases share
susceptibility genes.
Recently, extensive studies have identified some RA susceptibility

genes in the Japanese population. The study by Okamoto et al.10

identified a second RA susceptibility locus within the MHC region
of the short arm of chromosome 6 as the T allele at position �61 in

the promoter region of nuclear factor of k light polypeptide gene
enhancer in B-cells inhibitor-like 1 (NFKBIL1). The study by Tokuhiro
et al.11 reported an association between slc2F2, an intronic single-
nucleotide polymorphism (SNP) in a Runt-related transcription factor 1
(RUNX1) binding site of solute carrier family 22, member 4
(SLC22A4) on the 5q31 cytokine cluster region and RA. In that
study, an SNP (runx1) of RUNX1 on 21q22.3 was also associated
with RA. Kochi et al.12 showed an association of a functional SNP at
position �169 (fcrh3_3) in the promoter region of Fc receptor-like 3
(FCRL3) on 1q21–23 with RA. This SNP altered the binding affinity
for nuclear factor-kB and regulated the expression of FCRL3 mRNA.
The study by Suzuki et al.13 found that the haplotype of peptidylargi-
nine deiminase type IV (PADI4) on 1p36, which affects the stability of
transcripts, was associated with RA. A recent meta-analysis revealed
associations of PADI4, FCRL3 and SLC22A4 with RA in East Asian
populations.14 To assess whether these polymorphisms of RA suscept-
ibility genes are implicated in vulnerability to schizophrenia,
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we performed a two-stage case–control association study in Japanese
subjects.

MATERIALS AND METHODS

Subjects
This study was approved by the Ethics Committee of each participating

institute, and written informed consent was obtained from each participant.

All the participants were unrelated Japanese subjects. The screening population

consisted of 534 patients with schizophrenia (281 men and 253 women; mean

age, 40.1 (s.d. 14.2) years) and 559 control subjects (297 men and 262 women;

mean age, 37.3 (s.d. 10.1) years). The confirmatory population consisted of

2126 patients with schizophrenia (1137 men and 989 women; mean age, 47.3

(s.d. 14.3) years) and 2228 control subjects (1189 women and 1039 men; mean

age, 46.6 (s.d. 13.9) years). The patients were diagnosed according to the

Diagnostic and Statistical Manual of Mental Disorders Fourth Edition (DSM-

IV) criteria consensus of at least two experienced psychiatrists on the basis of all

available sources of information, including unstructured interviews, clinical

observations and medical records. The control subjects were mentally healthy

subjects with no self-reported history of psychiatric disorders who showed

good social and occupational skills, although they were not assessed by a

structured psychiatric interview.

Genotyping
Genomic DNA was extracted from peripheral blood using a standard phenol/

chloroform method. We examined eight polymorphisms in five RA suscept-

ibility genes. We included the SNPs that showed the strongest associations

in the original studies, namely T-62A (rs2071592) in NFKBIL1,10 slc2F1

(rs2073838) in SLC22A4,11 runx1 (rs2268277) in RUNX1,11 fcrh3_3

(rs7528684) in FCRL312 and padi4_94 (rs2240340) in PADI4.13 We also

examined slc2F2 (rs3792876), which was found to affect the transcriptional

efficiency of SLC22A4.11 For PADI4, we genotyped two additional SNPs

(padi4_104 (rs1748033) and padi4_102 (rs2240337)) because Ikari et al.15

indicated that padi4_94, padi4_104 and padi4_102 allowed them to describe

the four haplotypes detected in the original study.

All the SNPs were genotyped using a TaqMan 5¢-exonuclease assay as

described earlier.16

Statistical analysis
Deviation from the Hardy–Weinberg equilibrium (HWE) was tested using the

w2 test. Pair-wise linkage disequilibrium (LD) indices (D¢ and r2) and haplotype

frequencies were determined using Haploview v4.0.17 Genotypic associations

were examined using the w2 test or Fisher’s exact test. The allele and haplotype

frequencies of the patients and control subjects were compared using the w2

test. A probability level of Po0.05 was considered to indicate statistical

significance.

A power calculation was performed using Genetic Power Calculator.18 The

power was estimated with an a of 0.05, assuming that the disease prevalence

was 0.01 and the risk allele frequencies were the values observed in control

samples.

RESULTS

We genotyped eight SNPs in RA susceptibility genes in a screening
population (Table 1). The genotype distributions of these SNPs did
not deviate significantly from the HWE in both groups. We found a
potential association between padi4_94 and schizophrenia (allelic
uncorrected P¼0.047).
Two SNPs (slc2F2 and slc2F1) in SLC22A4 were in strong LD

(D¢¼0.99; r2¼0.97) and three SNPs (padi4_94, padi4_104 and
padi4_102) in PADI4 were in LD (D¢¼0.80–1; r2¼0.09–0.82). The
degree of LD between the two SNPs in SLC22A4 was very similar to
that of the HapMap data (D¢¼1; r2¼1). The degree of LD between the
three SNPs in PADI4 was higher than that of the HapMap data
(D¢¼0.37–1; r2¼0.01–0.96), but very similar to that found in a
previous study (D¢¼0.76–1).15 Next, we performed haplotype analyses
of SLC22A4 and PADI4 in the screening population (Table 2). There
were no significant differences in the haplotype frequencies
of SLC22A4 and PADI4 between the two groups.
To confirm the potential association between padi4_94 and schizo-

phrenia, we examined this SNP in a confirmatory population
(Table 3). However, we were unable to replicate this association. We
were also unable to find this association in a combined population
comprising the screening and confirmatory populations.

DISCUSSION

In our two-stage case–control study, we found no associations of eight
polymorphisms in RA susceptibility genes with schizophrenia in the

Table 1 Genotype and allele frequencies of eight polymorphisms in the rheumatoid arthritis susceptibility genes in a screening population

Patients Controls P-value

SNP n HWE 1/1a 1/2 a 2/2 a MAF n HWE 1/1a 1/2 a 2/2 a MAF Genotype Allele

T-62A 531 0.168 178 272 81 0.409 556 0.067 193 251 112 0.427 0.054 0.382

slc2F2 526 0.589 245 224 57 0.321 552 0.210 246 235 71 0.342 0.557 0.320

slc2F1 532 0.792 245 234 53 0.320 556 0.516 247 242 67 0.338 0.536 0.356

runx1 530 0.495 174 266 90 0.421 556 0.148 213 249 94 0.393 0.138 0.188

fcrh3_3 532 0.150 195 267 70 0.383 559 0.997 216 263 80 0.378 0.576 0.841

padi4_94 533 0.898 179 261 93 0.419 556 0.954 215 262 79 0.378 0.139 0.047

padi4_104 533 0.972 212 248 73 0.370 557 0.473 242 256 59 0.336 0.216 0.098

padi4_102 531 0.431 449 80 2 0.079 558 0.658 469 86 3 0.082 0.957b 0.775

Abbreviations: HWE, Hardy–Weinberg equilibrium; MAF, minor allele frequency; SNP, single-nucleotide polymorphism.
aGenotypes, major and minor alleles are denoted by 1 and 2, respectively.
bCalculated using Fisher’s exact test.

Table 2 Haplotype analyses of SLC22A4 and PADI4 in a screening

population

Haplotype Patients Controls P-value

slc2F2-slc2F1 0.340a

1-1 0.676 0.656 0.334

2-2 0.318 0.337 0.348

padi4_94-padi4_104-padi4_102 0.283a

1-1-1 0.574 0.610 0.091

2-2-1 0.297 0.266 0.114

2-2-2 0.073 0.069 0.765

2-1-1 0.050 0.042 0.359

aGlobal p.
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Japanese population. Although there was a marginally significant
association between padi4_94 and schizophrenia in the screening
population, this association could not be replicated in the confirma-
tory population. The positive association observed in the screening
population was probably because of a type I error. It is unlikely that
the negative results in the confirmatory and combined populations
were due to type II errors because the power calculation showed that,
when the genotypic relative risk was set at 1.3 for homozygous risk
allele carriers under the multiplicative model of inheritance, the power
was more than 0.80 in the confirmatory population.
To the best of our knowledge, the RA susceptibility genes examined

in this study have not been tested for their associations with schizo-
phrenia, with the exception of NFKBIL1. NFKBIL1 is located on
6p21.3 where a genome scan meta-analysis has suggested a locus
of susceptibility to schizophrenia.19 The study by Shirt et al.20 investi-
gated 26 SNPs covering a 100-kb region centered on D6S2672,
including two SNPs in NFKBIL1. These two SNPs in NFKBIL1 were
not associated with schizophrenia in their Caucasian samples of 236
patients and 240 control subjects. The study by Morar et al.21 analyzed
36 SNPs in a 165-kb region around tumor necrosis factor, including
five SNPs in NFKBIL1. There were no significant associations of these
five SNPs in NFKBIL1 with schizophrenia in their sample of 204
families (79 sib-pairs and 125 trios). In this study, we did not find an
association between T-62A in NFKBIL1 and schizophrenia in our
Japanese samples of 534 patients and 559 control subjects. Our results
are in line with the negative findings reported in the previous
studies.20,21 To draw a definitive conclusion that NFKBIL1 does not
contribute to genetic susceptibility to schizophrenia, however, further
studies using larger sample sizes and sufficient markers are required in
different ethnic populations.
We recognize several limitations of this study. First, we investigated

only eight SNPs in five RA susceptibility genes. Overall, 10, 4, 15,
7 and 14 tagging SNPs for NFKBIL1, SLC22A4, RUNX1, FCRL3 and
PADI4, respectively, covering these RA susceptibility gene regions and
the 5¢ and 3¢ flanking regions were selected from the HapMap database
(release #23a; population: Japanese in Tokyo; minor allele frequency:
more than 0.05). We applied the criterion of an r2 threshold greater
than 0.8 in the ‘aggressive tagging: use 2- and 3-marker haplotype’
mode using the ‘Tagger’ program22 as implemented in Haploview
v4.0,17 and all polymorphisms examined, with the exception of runx 1,
were forced to be selected as tagging SNPs. Therefore, our results
cannot exclude the possible contributions of other polymorphisms in
these RA susceptibility genes to the pathogenesis of schizophrenia.
Second, the sample size of the screening population was moderate.
The power calculation showed that when the genotypic relative risk
was set at 1.69 for homozygous risk allele carriers under the multi-
plicative model of inheritance, the power was more than 0.80 for seven
of the examined SNPs, but only 0.43 for padi4_102. Therefore, we
could not exclude the possibility that our negative results in the
screening population, especially for padi4_102, were because of type II

errors. Third, no standardized structured interview was applied to
verify the clinical diagnoses of the enrolled patients, but the diagnosis
of schizophrenia was assigned on the basis of all available sources of
information. The control samples were not well characterized. We
cannot exclude the possibility that our control samples may have
contained some younger individuals who will suffer from schizophre-
nia later in life. To the best of our knowledge, however, there were no
control subjects who were likely to develop schizophrenia at their
present stage of life. Thus it is unlikely that our failure to find
a significant association is attributable to misdiagnosis. Fourth,
substantial differences in the susceptibility genes to RA exist between
Caucasian and Japanese populations. A missense SNP (R620W) in
protein tyrosine phosphatase non-receptor type 22 (PTPN22) was
associated with RA in a Caucasian population,23 whereas R620W was
not polymorphic in a Japanese population.24 If R620W in PTPN22
explains the negative association between schizophrenia and RA, an
association of R620W with schizophrenia should only be observed in
Caucasian populations, although such association studies have not
been conducted. In this study, therefore, we evaluated polymorphisms
in RA susceptibility genes identified in the Japanese population.
However, there are no solid epidemiological data to support a negative
association between schizophrenia and RA in the Japanese population.
Thus our strategy based on this negative association may not be
effective.
In conclusion, this study suggests that the eight polymorphisms in

RA susceptibility genes examined do not contribute to genetic
susceptibility to schizophrenia in the Japanese population.
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