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Objective. Systemic sclerosis (SSc) is an auto-~
immune disease for which multiple susceptibility genes
have been reported. Genome-wide association studies
have shown that large numbers of susceptibility genes
are shared among autoimmune diseases. Recently, our
group identified 9 novel susceptibility genes associated
with rheumatoid arthritis (RA) in a Japanese popula-
tion. The aim of this study was to elucidate whether the
18 genes that displayed associations or suggestive asso-
ciations for RA in our previous study are associated with
SSc in Japanese.

Methods. We performed an association study that
included 415 patients with SSc and 16,891 control
subjects, followed by a replication study that included
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315 patients and 21,054 control subjects. The 18 mark-
ers reported to display association with RA were ana-
lyzed for their associations with SSc in the first study,
and 5 markers were further analyzed in the replication
study. The inverse variance method was used to evaluate
the associations of these markers with SSc in a com-
bined study.

Results. In the phospholipase D4 gene (PLD4),
rs2841277 displayed a significant association with SSc
in Japanese patients (7 = 0.00017). We observed that
rs2841280 in exon 2 of PLD4 was in strong linkage
disequilibrium with rs2841277 and introduced an amino
acid alteration. We also observed associations between
SSc and rs6932056 in TNFAIP3 and rs2280381 in IRF8
P = 0.0000095 and P = 0.0030, respectively), both of
which displayed associations with SSc in a European
population.

Conclusion. We determined that PLD4 is a novel
susceptibility gene for SSc in Japanese, thus confirming
the involvement of PLD4 in autoimmunity. Associations
between SSc and TNFAIP3 or IRF8 were also detected in
our Japanese population. SSc and RA appear to share
relatively large proportions of their genetic back-
grounds.

Systemic sclerosis (SSc) is a connective tissue
disease that affects 7-489 individuals per million world-
wide and is characterized by the excess production of
extracellular matrix molecules and fibrosis (1). Patients
with SSc display skin sclerosis, obliterative microvascu-
lopathy such as Raynaud’s phenomenon, and multiorgan
involvement. Severe complications of SSc sometimes
develop, including interstitial lung disease, pulmonary
hypertension, and renal crisis. These severe symptoms
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and complications of SSc result in a poor prognosis and
a shortened lifespan (2,3). No effective method for
preventing or curing SSc has been established (4).

It is well known that SSc has genetic components
(5); for example, a US study revealed that the incidence
of SSc was much higher among the families of patients
with SSc compared with the general population (6).
Recent technologic developments enabled the use of
genome-wide association studies (GWAS) to identify
novel susceptibility loci for autoimmune diseases (7).
GWAS of European patients with SSc revealed that
CD247 (8), HLA (8), TNIP1, PSORSICI, and RHOB (9)
are susceptibility loci for SSc. In addition, another
GWAS identified associations between IRFS, GRBIO0,
and SOX5 and limited cutaneous SSc (IcSSc) in a
European population (10). Furthermore, studies adopt-
ing a candidate gene approach based on subjecting genes
to functional inference analysis led to the identification
of STAT4 (11), IRF5 (12), TBX21 (13), NLRPI (14),
TNFSF4 (15), CD226 (16), BLK (17), and TNFAIP3 (18)
as novel susceptibility genes for SSc in Europeans. SSc
association studies in Japanese populations confirmed
that STAT4 (19), IRF5 (20), and BLK (21) are associated
with SSc and identified UBE2L3 as a susceptibility gene
for diffuse cutaneous SSc (dcSSc) (22). An association
between HLA and SSc was also detected in Asians (23).
These findings suggest a clear overlap in the genetic
background of SSc between different populations.

It is well known that susceptibility genes are
shared by various autoimmune diseases (24). In fact,
HLA (25), STAT4 (26), and TNFAIP3 (27,28), which are
susceptibility genes for SSc, have also been reported to
be associated with rheumatoid arthritis (RA). In addi-
tion, PTPN22, which was shown to be strongly associated
with RA in a European population (29), showed a
suggestive association with SSc in Europeans (30). The
sharing of these susceptibility genes between RA and
SSc raises the possibility that newly identified suscepti-
bility genes for RA could also be susceptibility genes for
SSc. Recently, a large Japanese consortium, the Genetic
and Allied research in Rheumatic diseases Networking
consortium, identified 9 novel susceptibility genes and 6
candidate susceptibility genes for RA using a meta-ana-
lysis of GWAS and replication studies (31). Four other
genes, namely, HLA, PADI4, CCR6, and TNEAIP3, were
also confirmed to display associations with RA. Here, we
performed a 2-stage association study of Japanese pa-
tients with SSc, in which we genotyped these genes as
candidate susceptibility loci.
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PATIENTS AND METHODS

Study subjects. DNA samples were obtained from 415
patients with SSc at Kyoto University Hospital and Tokyo
Women’s Medical University; these samples comprised the
first set. Independent DNA samples were obtained from 315
patients with SSc at Keio University Hospital, Sagamihara
National Hospital, and Kanazawa University Hospital; these
samples were used as the replication set. All patients were
Japanese, all had a diagnosis of SSc as determined by a
rheumatologist, and all fulfilled the 1980 American College of
Rheumatology classification criteria for SSc (32). The patients
with SSc for whom clinical information was available were
classified as having 1cSSc or dcSSc, according to the definitions
developed by LeRoy et al (33). The control samples were
described in detail in our previous study (31). The current
study was approved by the local ethics committees at each
institution, and written informed consent was obtained from all
subjects. The basic characteristics of the study subjects are
shown in Table 1.

Genotyping. The 9 novel susceptibility markers, 6
potentially associated markers, and 4 confirmed markers of
RA that were identified in our previous study in a Japanese
population (31) were chosen as candidate susceptibility mark-
ers for SSc in Japanese. Eighteen of the 19 markers (HLA was
excluded; see Results), none of which had previously been
reported to be associated with SSc in Japanese individuals,
were genotyped in the current study. The 5 candidate markers
in the first set that showed associations with P values less than
0.1 were further genotyped in the replication study. Single-
nucleotide polymorphisms (SNPs) 152841280 and rs894037
were chosen as candidate causative variants in the phospho-
lipase D4 gene (PLD4) region. Because 1s894037 was shown to
be monomorphic in Japanese, 152841280 was genotyped in 334
control subjects, in addition to all patients, for imputation
reference. The patients in the first and replication studies were
genotyped at Kyoto University or Tokyo Women’s Medical
University and at Keio University or University of Tsukuba,
respectively, using TagMan assays (Applied Biosystems). The
genotyping methods in control subjects were described in
detail in our previous study (31).

Briefly, control genotypes in the first set were imputed
based on the genome-scanning data, using mach2dat software
with HapMap Phase II East Asian Populations as reference.
The control genotypes for the replication study were extracted
from genome-scanning data for the markers included on
Ilumina HumanHap610 Quad BeadChips. The genotypes for
156932056 (which is not included in the array) were imputed
based on the genome-scanning data, using mach2dat software
with HapMap Phase II East Asian Populations as reference,
and were used as control data for the replication set. The
genotypes for rs2841280 (which is not included in the HapMap
data or the array) were also imputed in control subjects, based
on the genome-scanning data, using mach2dat software. Geno-
typing data for the 334 control subjects as determined by
TagMan assay in combination with genome-scanning data
were used as reference.

Statistical amalysis. The associations between the
genotyped markers and SSc were analyzed using a Cochran-
Armitage trend test in both the first and replication studies.
Subanalyses were performed by comparing the genotypes of
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Table 1. Characteristics of the study population*
Patients Controls
First set
Institutions Kyoto University, Kyoto University,
Tokyo Women’s Medical University Tokyo Women’s Medical University,
BioBank Japan
Typing TagMan assay Tllumina HumanHap610 Quad BeadChip,
Illumina HumanHap550 BeadChip,
Affymetrix Genome-Wide Human SNP Array 6.0
Limited SSc/diffuse SSc, % 49.6/50.4 Not applicable
Anti-topo I/ACA, % 30.6/31.1 Not applicable
Interstitial lung disease, % 489 Not applicable
Age, mean = SD years 509 = 14.7 609 = 125
Female, % 91.3 44.9
Replication set
Institutions Keio University, Kyoto University,
Sagamihara National Hospital, BioBank Japan
Kanazawa University
Typing TagMan assay Illumina HumanHap550 BeadChip,
Ilumina HumanHap610 Quad BeadChip
Limited SSc/diffuse SSc, % 63.8/34.6 Not applicable
Anti-topo I/ACA, % 29.5/35.2 Not applicable
Interstitial lung disease, % 43.2 Not applicable
Age, mean * SD years 514 = 14.1 593 £ 142
Female, % 87.3 48.4

* The first set included 415 patients with systemic sclerosis (SSc) and 16,891 control subjects. The replication set included 315 patients
with SSc and 21,054 control subjects. Anti~topo I = anti-topoisomerase I; ACA = anticentromere antibody.

the control subjects with those of patients in the SSc subgroups
based on the disease phenotypes. The subanalyses used the
same control subjects as were used in the association studies.
Intracase analyses based on phenotypes were also performed.

Odds ratios (ORs) and 95% confidence intervals were
also calculated. The associations detected in the first and
replication studies were then meta-analyzed using the inverse
variance method. The resultant P values were corrected using
the Benjamini-Hochberg false discovery rate (FDR) criterion,
and corrected P values less than 0.05 were regarded as
significant in both the combined study and the subanalyses.
The efficiency of the current study was estimated by calculating
the likelihood of detecting 3 significant markers (after correct-
ing the P values using the FDR method) among 18 randomly
selected markers. After the statistically significant markers
were identified, the best-fit model for each association was
- analyzed using dominant, recessive, trend, and allelic chi-
square tests or models. Statistical analyses were performed
using R or SPSS (version 18) software.

RESULTS

Analyses of candidate genes for SSc in a Japa-
nese population. The 415 patients with SSc and 16,891
control subjects in the first set were genotyped for the 18
markers that were shown to have associations or sus-
pected associations with RA in our previous study. The
HLA region was excluded from the genotyped markers,
because this region has already been shown to be
associated with SSc in Asians. The allele frequencies of
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the patients were compared with those of the control
subjects, using a Cochran-Armitage trend test.

As a result, 3 markers that demonstrated associ-
ations with P values less than 0.01 in the first set (Table
2) were identified, namely, rs6932056 in the TNFAIP3
region (P = 0.0000038, OR 1.69), 1510821944 in the
ARIDS5B region (P = 0.0025, OR 1.25), and 152841277 in
the PLD4 region (P = 0.0054, OR 1.25). Two loci that
showed suggestive associations with P values less than
0.1 (Table 2) were also identified, namely, rs12529514 in
the CD83 region (P = 0.083, OR 1.18) and rs2280381 in
the IRF8 region (P = 0.095, OR 1.19). The TNFAIP3
and IRF8 regions were previously reported to display
associations with SSc and 1cSSc, respectively, in Euro-
pean populations (10,18). These 5 markers were selected
as candidate susceptibility markers for SSc in Japanese
and were subjected to validation.

Next, a replication study consisting of 315 pa-
tients with SSc and 21,054 control subjects was per-
formed to validate the associations of the 5 markers with
SSc. The patients were genotyped for the 5 markers. The
genotypes of the control subjects for the 5 markers,
except 156932056, were extracted from the Illumina
Infinium HumanHap610 Quad array, as reported previ-
ously (31). The genotypes for rs6932056 were imputed
based on genome-scanning data using mach2dat soft-
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Table 2. Association studies of Japanese patients with SSc*
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Allele 1 frequency

First set

Replication set Combined study

P, patients without

Allele P, patients OR overlapping RA

SNP  Chr Gene 1/2 Controls Patients P Controlst Patients P  vs.controls  (95% CI) vs. controls
15766449 1 PADI4 T/C 040 037 0.12 - - - - -
1511900673 2 B3GNT2 TC 029 028 0.65 - - - -
152867461 4 ANXA3 A/G 044 043 0.57 - - - - -
15657075 5 IL3-CSF2 A/G 036 0.34 025 - - - - - -
1512529514 6 CD83 cT o 014 0.16 0.083 0.15 016 031 0.046 1.15(1.00-1.33) 0.040
11571878 6 CCR6 CT 049 047 0.28 - - - - - -
156932056 6 TNFAIP3 CT 0069 011 38X107% 0067 0079 023 95X 107° 1.50(1.25-1.80) 54 x107°
152233434 6 NFKBIE G/A 021 0.21 0.93 - - - - - -
1510821944 10 ARIDSB G/T 036 041 0.0025 036 037 064 00073  1.16(1.04—1.29) 0.010
153781913 11 PDE24-CENTD2 T/G  0.69 0.69 0.91 - - - - - -
rs4937362 11 ETSI-FLI1 T/C 068 0.68 0.88 - - - - - -
152841277 14 PLD4 T/C  0.69 0.74 0.0054 0.69 073 0012 000017 1.25(1.11-1.41) 0.00052
1s3783637 14 GCHI CT 074 0.73 0.54 - - - - - -
1s1957895 14 PRKCH G/T 039 041 0.26 - - - - - -
1s6496667 15 ZNF774 A/C 035 0.37 0.33 - - - - -
17404928 16 PRKCBI T/C 062 0.63 0.51 - - - - - -
1s2280381 16 IRF8 T/C 084 0.86 0.095 0.83 0.87 0.0099 0.0030 1.26(1.08—1.47) 0.0021
1s2847297 18 PTPN2 G/A 034 0.34 0.85 - - - - - -

* 8Sc = systemic sclerosis; SNP = single-nucleotide polymorphism; Chr = chromosome; OR = odds ratio; 95% CI = 95% confidence interval;

RA = rheumatoid arthritis.

T The control rs6932056 genotypes used in the replication study were imputed using genome-scanning data obtained for 3,765 subjects.

ware, because 156932056 was not included in the array.
As a result, 1s2841277 in the PLD4 region and rs2280381
in the IRFS region showed relatively strong associations
with SSc (P = 0.012, OR 1.25 and P = 0.0099, OR 1.37,
respectively) (Table 2). Interestingly, we observed that
all 5 of the markers that displayed associations in the
first study also demonstrated the same association direc-
tions in the replication study.

The inverse variance method was used to com-
bine the data for the first and replication studies. SNPs
rs2841277 in the PLD4 region, rs6932056 in the
TNFAIP3 region, and rs2280381 in the IRF8 region
showed significant associations with SSc even after cor-
recting the associated P values using the FDR method
for multiple testing (Table 2). Importantly, all 3 of these
loci shared risk alleles with RA. Although rs6932056 in
the TNFAIP3 region did not show a strong association
with SSc in the replication study, its association was
significant in the combined study. The PLD4 region was
shown to be a novel susceptibility gene for SSc, and, for
the first time, the TNFAIP3 and IRF8 regions were
confirmed to be associated with SSc in Japanese.

The association between rs2841277 and SSc was
then investigated in detail. When the 200-kbp region
around rs2841277 was evaluated, 2 hypothetical genes

32

and cell division cycle associated 4 gene (CDCA4) were
located at the region, in addition to PLD4. PLD4 was the
only gene whose region showed moderate to strong
linkage disequilibrium (LD) with rs2841277, indicating
PLD4 as a susceptibility gene (Figure 1A). We vigor-
ously searched candidate markers in exons of PLD4 that
showed strong LD with rs2841277 and selected 2 mark-
ers registered in the 1000 Genomes Project (34) that
displayed >5% frequency in genotyped subjects,
namely, rs2841280 (Figure 1B) and rs894037 in exon 2.
Genotyping of these polymorphisms revealed strong LD
between rs2841280 (E27Q) and rs2841277 (D' = 0.98,
r* = 0.75) and monomorphism of rs894037 in Japanese.
An association study of rs2841280 using control geno-
types obtained by imputation supported association of
PLD4 with SSc (P = 6.3 X 107°) (see Supplementary
Tables 1 and 2, available on the Arthritis & Rheumatism
web site at http://onlinelibrary.wiley.com/doi/10.002/
art.37777/abstract). '

Because the 3 loci were associated with RA in a
Japanese population, we analyzed whether the associa-
tions with SSc in the current study were contributed by
patients with both RA and SSc. When 22 patients who
had RA as well as SSc were excluded, significant asso-
ciations for the 3 loci were still observed (Table 2). A
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A chwis , Subanalysis of types of SSc. Previous studies
10d 4 104,58 have revealed that the genetic background of SSc varies

Locz3s38 - mm..fﬁ§ | between differen.t types of §Sc (.11,18). Thus,‘ subanaly-

— pury £ocas ses of the 5 regions examined in the combined study

were performed, in which the allele frequencies of the
control subjects were compared with those of the pa-
tients with 1cSSc or dcSSc. The control subjects were the
same as those used in the first study or the combined
study. Although PLD4 and TNFAIP3 did not display a
preference for either SSc phenotype, IRFS and ARIDS5
showed suggestive preferences for 1cSSc, and CD&3
showed a suggestive preference for dcSSc (Table 3).
We also investigated whether the susceptibility
loci affect autoantibody status and severe complications.
The association studies revealed an association of
TNFAIP3 with SSc patients who possess anticentromere

Figure 1. Linkage disequilibrium (LD) block around the PLD4 region antibodies (ACAs) (see Supplementary Table 3, avail-
and the PLD4 structure. A, LD block and genes around PLD4. The LD able on the Arthritis & Rheumatism web site at http://
block is based on HapMap phase 3 data. Asterisk indicates rs2841277. Onlinelibrary.wﬂey. com/doi/10.1002/art.37777 /abStraCt)

B, Schematic view of PLD4 structure. Rectangles represent exons of . . .
PLDA. but intracase analyses did not demonstrate clear signif-

icance (P = 0.043). We did not observe other associa-
tions between the susceptibility loci and clinical pheno-

further stringent analysis excluding patients with other types of SSc, in either case—control analyses or intracase
autoimmune diseases demonstrated significant associa- analyses.

tions of the 3 genes (see Supplementary Table 2). When Efficacy of the curremt study. In the current
we compared SSc patients with and those without other study, a candidate gene analysis was performed based on
autoimmune diseases for the associated alleles, no dif- a meta-analysis of RA GWAS, because many suscepti-
ferences were observed (data not shown). bility genes for autoimmune disease have been reported

Table 3. Associations of the 2 SSc subtypes*

Limited cutaneous SSc (n = 408) Diffuse cutaneous SSc (n = 318)
Controls,
Allele allele 1 Allele 1 Allele 1
SNP Chr Gene 172 frequency  frequency P OR (95% CI) frequency P OR (95% CI)
15766449 1 PADIH4 T/C 0.40 0.39 052 0.94(0.77-1.14) 0.36 0.11  0.85(0.69-1.04)
1s11900673 2 B3GNT2 T/C 0.29 0.25 0.096 0.82 (0.66—1.03) 0.31 032  1.11(0.9-1.38)
152867461 4 ANXA3 AIG 0.44 0.42 040 0.92(0.75-1.12) 0.44 0.97 1.00(0.82-1.22)
1s657075 5 IL3-CSF2 A/G 0.36 0.34 0.54 094 (0.76—1.15) 0.33 0.23  0.88(0.72—1.08)
1s12529514 6 CDS83 cr 0.14 0.15 079  1.03(0.85—1.25) 0.18 0.0075 1.32(1.08-1.62)
151571878 6 CCR6 C/r 0.49 0.48 0.81  0.98 (0.80—1.19) 0.46 020 0.88(0.72-1.07)
186932056 6 TNEAIP3 C/T 0.069 0.093 0.0062 1.40(1.1-1.78) 0.10 0.00063 157 (1.21—2.04)
152233434 6 NFKBIE G/A 021 0.20 0.60  0.94 (0.73—1.20) 0.22 070  1.05(0.83—1.33)
1s10821944 10 ARID5B G/T 0.36 0.40 0.0085 1.22(1.05—-141) 0.38 030 1.09(0.93—1.29)
1s3781913 11 PDE24-CENTD2 T/G 0.69 0.69 0.98  1.00(0.81—1.24) 0.69 0.90 1.01(0.82—1.25)
152841277 14 PLD4 T/C 0.69 0.73 0.0067 1.24 (1.06—1.45) 0.74 0.0049 1.29 (1.08—1.55)
152841280 14 PLD4 C/G 0.64 0.69 0.0011 1.30(1.11-1.52) 0.69 0.0086 1.27 (1.06—1.51)
152847297 18 PTPN2 G/A 0.34 0.33 0.67  0.96 (0.78—1.18) 0.34 0.87 1.02(0.83—1.25)
154937362 11 ETSI-FLI1 T/C 0.68 0.68 075 0.97(0.78—1.19) 0.69 0.92  1.01(0.82—1.25)
153783637 14 GCHI cr 0.74 0.73 0.69  0.96 (0.77—1.19) 0.73 0.65 0.95(0.76—1.18)
151957895 14 PRKCH G/T 0.39 0.40 0.84 1.02(0.84—1.25) 0.42 016 1.15(0.95-1.41)
156496667 15 ZNF774 A/C 0.35 0.39 0.088 1.19 (0.97—1.45) 0.34 0.75  0.97(0.79-1.19)
157404928 16 PRKCBI T/C 0.62 0.61 0.60  0.95(0.78—1.16) 0.66 015 1.17(0.95-1.44)
rs2280381 16 IRF8 T/C 0.84 0.88 0.0038 1.36 (1.11—-1.68) 0.86 021 1.16 (0.92—1.45)

* SSc = systemic sclerosis; SNP = single-nucleotide polymorphism; Chr = chromosome; OR = odds ratio; 95% CI = 95% confidence interval.
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Figure 2. Comparison of associations for systemic sclerosis (SSc) and
rheumatoid arthritis (RA). The odds ratios obtained for 18 genes in
association studies of SSc and RA are plotted.

to be shared by a wide range of diseases. As a result, 3
susceptibility genes for SSc in Japanese were identified.
Thus, we analyzed whether the candidate gene approach
taken in the current study for detecting novel suscepti-
bility genes for SSc was effective. When the likelihood of
finding 3 susceptibility genes among 18 genes by chance
was calculated, the likelihood was determined to be
2.5 X 1078, These results indicated that our approach to
identifying novel susceptibility genes for systemic dis-
eases is effective. It would be interesting to compare the
risk direction of the genotyped markers between RA
and SSc. Although the 3 susceptibility loci for SSc shared
risk direction with RA, no correspondence of the risk
directions of the markers between the 2 diseases was
detected (Figure 2). This indicated that a large propor-
tion of the 18 RA markers are not shared by SSc, and
that the lack of association between the 13 markers and
SSc was not attributable to the low power produced by
the relatively small number of SSc patients included in
this study.

DISCUSSION

Because SSc can lead to severe complications,
poor quality of life, and shortened survival, clarifying the
characteristics of SSc is important. Clarification of the
disease would aid the search for novel therapeutic
targets and the development of new therapeutic strate-
gies. Detecting susceptibility genes using GWAS or a

candidate gene approach would also help to uncover the
pathophysiology underlying SSc.

Previous studies have revealed that more than 15
markers and loci are associated with SSc. However, the
markers detected so far cannot fully explain the genetics
of SSc, indicating that many susceptibility genes are yet
to be identified. Because a relatively large proportion of
RA susceptibility genes are shared by other autoimmune
diseases (24), a candidate gene approach using novel
markers observed in GWAS of RA is a fascinating way
of identifying new SSc markers. In fact, some of the
novel susceptibility markers for RA identified in the
meta-analysis were shown to be susceptibility markers
for systemic lupus erythematosus (SLE) and Graves’
disease (31).

In the current study, we successfully identified 3
susceptibility genes for SSc in Japanese. No studies have
identified PLD4 as an SSc-associated locus. The current
study is also the first to detect TNFAIP3 and IRF8 as
susceptibility genes for SSc in a Japanese population.
The best-fit models for each association are shown in
Supplementary Table 4, available on the Arthritis &
Rheumatism web site at http://onlinelibrary.wiley.com/
doi/10.002/a1t.37777/abstract.

It is conceivable that these 3 associations might
have been obtained due to the overlap of RA and SSc.
Even after excluding the patients with both RA and SSc
based on physicians’ reports, the significant associations
for the 3 loci were still observed (Table 3). Information
regarding rheumatoid factor (RF) and anti—citrullinated
protein antibody (ACPA) was available for 371 SSc
patients without RA and 65 SSc patients without RA,
respectively, of whom 21.6% and 10.8% were positive
for RF and ACPA, respectively. These prevalences are
compatible with those previously observed in SSc pa-
tients without RA (35,36). Moreover, we showed that
the effect sizes and risk direction of the markers tested
in this study were dissociated between SSc and RA. In
addition, further stringent analysis comprising SSc pa-
tients without any autoimmune disease also showed the
associations of the 3 loci. These results indicate that the
associations of the 3 loci are not attributable to overlap-
ping of RA or other diseases.

Although the associations of the ARID5B and
CD&3 loci with SSc did not reach a stringently significant
level in the combined study, the tendencies toward an
association with SSc displayed by rs10821944 in the
ARIDS5B locus and rs12529514 in the CD83 region in the
first study were maintained in the replication study. This
indicates that these loci are potential susceptibility re-
gions for SSc. Further replication studies are needed to



478

address the associations of these 2 loci with SSc in a
Japanese population.

Because TNFAIP3 was reported to be strongly
associated with SSc in a European population (18), the
significant associations detected in the combined study
indicate that TNFAIP3 displays general associations with
SSc that go beyond ethnic boundaries. In addition,
156932056, which displayed a strong association with SSc
in a European population (18), is in strong LD with
1s5029939 (r* = 0.85) in the Japanese population. SNP
1s6932056 also displays strong LD with 1s2230926, a
missense mutation of TNFAIP3 (r* = 0.85), in Japanese.
The rs2230926 missense mutation leads to an amino acid
alteration in the OTU (ovarian tumor) domain of the
A20 protein, which is considered to result in decreased
NF-«B signaling. Because we did not observe strong
associations between rs6932056 and SSc in the replica-
tion study, it will be necessary to reexamine the associ-
ation between TNFAIP3 and SSc using independent
sample sets of Japanese patients with SSc, in spite of the
significant associations detected in this study.

PLD4 is a recently reported member of the
phospholipase family without phospholipase D activity.
PLD4 is expressed in the spleen and early postnatal
microglia in the white matter of mice (37). The pheno-
types of Pld4-deficient mice have not been reported. In
addition, little is known about the expression or distri-
bution of PL.D4 in humans. Although the functions of
PLD4 are also poorly understood, it is known to be
involved in the phagocytosis of microglia (38). The
expression of PLD4 around the marginal zone in the
spleen might support the functional involvement of
PLD4 in immunologic systems. It is interesting that
152841280, which alters an amino acid of PLD-4, is
associated with SSc. Minor allele G of rs2841280 is
associated in a protective manner. The impact of an
amino acid alteration brought by rs2841280 on the effect
of PLD-4 protein is not known.

When we analyzed the impact of the amino acid
alteration using in silico analysis (SIFT software; http://
sift.jevi.org/), it was shown to result in a small effect.
However, the association raises the possibility that this
polymorphism leads functional modulation of PLD-4,
and it is feasible to analyze the functional change of
PLD-4 protein with rs2841280, using animal models of
SSc. When we performed an in silico analysis of the
effect of rs2841277 and rs2841280 on PLD4 expression,
we did not detect any clear associations between the 2
genotypes and PLD4 transcription (P > 0.05) (39).
Therefore, in spite of the association of these 2 muta-
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tions, it has not been confirmed whether one of these 2
polymorphisms is the causative mutation.

Although the detection of a P value less than 5 X
1078 in a GWAS is stringent evidence of an association
between a marker and a particular disease, the detection
of suggestive associations between the PLD4 region and
SSc in European GWAS would indicate that associa-
tions exist between PLD4 and SSc in other populations.
However, when we examined the associations between
the PLD4 locus or nearby loci and SSc in GWAS
involving a European population, we did not detect any
strong associations (P < 107%) (8,9). According to the
HapMap database, the European population displays a
higher risk allele frequency for rs2841277 than the
Japanese population. In addition, the HapMap database
also indicates that the LD block spanning PLD4, which
includes 152841277, is similar in Europeans and Japa-
nese. Nevertheless, a European population did not show
a strong association between PLD4 and SSc, suggesting
that PL.D4 has a stronger effect on autoimmune diseases
in Japanese than in Europeans. There is also a possibil-
ity that these 2 polymorphisms are only markers, and
that a rare variant in LD with the 2 markers affects
disease onset. A rare causative variant might explain a
different association of PLD4 with SSc between popula-
tions.

IRF8 was shown to be associated with SLE in a
European population (40). Interferon regulatory factor
8 (IRF-8) protein is a transcription factor involved in the
interferon pathway. The interferon pathway has been
shown to be involved with a broad range of autoimmune
diseases, including SSc (41). Thus, it is interesting that
IRFS5 and IRF8, both of which belong to the IRF family,
displayed associations with SSc. Although a European
GWAS of SSc patients revealed suggestive associations
between the IRF4 locus and SSc, the results were not
successfully replicated (8), indicating that the different
functional roles of each IRF family molecule might
influence the development of SSc. IRF8 promotes B cell
differentiation; however, the roles and importance of B
cells in skin fibrosis in SSc patients have not been
established (42-44). IRF8 and its mutant variants are
also known to be involved in the development of den-
dritic cells (45). Thus, the association between IRF8 and
SSc might indicate the involvement of B cells and
dendritic cells in the development of SSc.

When the patients with SSc were classified as
having either 1cSSc or dcSSc and subanalyses were
performed, ARIDS5B, IRFS, and CD83 displayed stronger
associations with one of the 2 phenotypes. However, the
associations of these 3 markers with the phenotypes
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were not strong enough to provide convincing evidence
of a clear distinction between the genetic backgrounds of
the 2 SSc phenotypes. When the associations of the SSc
subtypes with the other 13 markers in the first set were
analyzed, no strong association was detected (P > 0.05).
Other subanalyses of the susceptibility loci in the com-
bined set did not show significant results between dis-
ease phenotypes, due to lack of power. Because classi-
fication according to disease phenotypes resulted in
limited numbers of subjects in each subset, we con-
ducted this subanalysis only in the combined set. The
association between TNFAIP3 and ACAs should be
confirmed in a large-scale association study.

Although GWAS are an extremely powerful way
to detect novel susceptibility genes for diseases, GWAS
of patients with SSc have been performed only in
European populations. Our study detected strong evi-
dence for the sharing of susceptibility genes between RA
and SSc in a Japanese population. In addition, the
current study indicated that a candidate gene approach
based on the results of GWAS of other diseases that
display pathologic signaling pathways or mechanisms
similar to those associated with the disease being exam-
ined is an effective approach to identifying novel suscep-
tibility genes.

It will be interesting to perform GWAS of Japa-
nese patients with SSc and analyze the similarities and
differences in the detected associations not only between
Japanese and Europeans but also between Japanese
patients with SSc and Japanese patients with RA.
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Objective: To investigate the prevalence and correlates of postmicturition urinary
incontinence in Japanese men, and to compare with those of other types of urinary
incontinence.

Methods: A total of 3224 male participants in a community-based survey were inves-
tigated. Three types of urinary incontinence were assessed; that is, postmicturition
urinary incontinence, stress urinary incontinence and urge urinary incontinence. Age,
body mass index, alcohol intake, cigarette smoking, and medical history of 18 diseases
and conditions were the dependent variables for candidate correlates of the three types
of incontinence.

Results: Unlike stress urinary incontinence and urge urinary incontinence, the preva-
lence of postmicturition urinary incontinence was constant throughout all generations
(6.5% for the 30 s, 6.6% for the 40 s, 6.0% for the 50 s, 6.3% for the 60 s and 5.1% for the
70 s). The independent correlates for postmicturition urinary incontinence were asthma
(P < 0.001; odds ratio 3.01), prostatic disease (P < 0.001; odds ratio 2.38), rhinosinusitis
(P =10.001; odds ratio 1.92}, low back pain (P = 0.003; odds ratio 1.58), sleeplessness
(P =0.013; odds ratio 1.86), depression (P =0.024; odds ratio 3.41} and body mass
index (P = 0.025; odds ratio 0.73).

Conclusions: Postmicturition urinary incontinence has different characteristics from
those of stress urinary incontinence and urge urinary incontinence. Unlike stress urinary
incontinence and urge urinary incontinence, postmicturition urinary incontinence is not
age-dependent. Several diseases related to an allergic status, such as asthma and rhi-
nosinusitis, are correlates for postmicturition urinary incontinence.

Key words: epidemiology, male, urinary incontinence.

introduction

Ul affects substantial proportions of men. The estimated prevalence of Ul increases with
age, from 4.8% in men aged 19-44 years to 21.1% in men older than 65 years.! As most
previous epidemiological studies assessing male Ul focused on UUI, SUI and MUI, the
prevalences and risk factors for these types of Ul have been well investigated. These types
of Ul in men, especially UUI, result in considerable distress and deterioration of the quality
of life.??

Postmicturition dribble is another type of U, and is classified as a postmicturition
symptom. This symptom has been defined by the International Continence Society in 2002
as involuntary loss of urine immediately after the individual has finished passing urine,
usually after leaving the toilet in men,* and is distinct from terminal dribbling.” Several
studies have found that the prevalence of postmicturition dribble is relatively high in
men,>*? and the degree of distress caused by this symptom is substantial.”> However, more
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detailed information about this symptom, such as its age-
stratified prevalence and correlates, is scarce.® In the present
study, we investigated the prevalence and correlates of male
postmicturition dribble using data from a Japanese cohort
population, in comparison with those of other types of UL
We refer to postmicturition dribble as PUI hereafter, because
we want to emphasize an aspect of urinary incontinence
with this symptom for comparisons with other types of UL

Methods

The Nagahama cohort project is a prospective study com-
posed of a questionnaire survey, anthropometric measures,
physiological measures, biochemical measures from blood
samples and genomic information.!® The baseline data for
the study population were obtained from August 2008 to
November 2010. All the protocols and informed consent
procedures were approved by the Kyoto University Graduate
School and Faculty of Medicine Ethics Committee, the ad
hoc Review Board of the Nagahama Cohort Project, and the
Nagahama Municipal Review Board of Personal Informa-
tion Protection.

Although the questionnaire was designed to be self-
reporting, the interviewers confirmed the appropriate answer
by interview if no answer was written to minimize the lack
of data. Self-reported information on the medical history,
major comorbidities, current medication use, lifestyle and
psychosocial factors were also collected. The three types of
U, that is, SUIL, UUI and PUI, were assessed using the
ICIQ-SF, the Japanese version of which has been validated
for use.!! When assessing the prevalence of UL, we examined
all severities of UI, that is, “about once a week or less often”
or more in frequency and “a small amount” or more in
volume. When assessing the severity of Ul, we classified it
into the following three levels: mild, once or less per week;
moderate, two or three times per week; severe, once or more
per day.

The independent variables used in the analyses for corre-
lates of the three types of incontinence were age; BMI;
alcohol intake; cigarette smoking; and 18 medical history
diseases and conditions, comprising low back pain, hyper-
tension, rhinosinusitis, dyslipidemia, prostatic disease, dia-
betes mellitus, gout, sleeplessness, hepatic disease, coronary
artery disease, anemia, malignant disease, atopic dermatitis,
asthma, depression, reflux esophagitis, renal disease and
stroke. Several diseases or conditions included in the ques-
tionnaire were omitted from the analyses because of their
low prevalence or relation to injury.

Statistics

Statistical analyses were carried out using a logistic regres-
sion model. Univariate analyses were first carried out to
confirm the basic relationships between each independent
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variable and the three types of UL If the univariate analysis
produced a P-value of less than 0.25, the variable was
applied to a multivariate analysis. All P-values were two-
sided, and values of P < 0.05 were considered significant.
Spss version 13.0 (SPSS, Chicago, IL, USA) was used for all
calculations.

Results

A total of 3228 male residents participated in the Nagahama
project. Of these, four residents were excluded from the
study because of insufficient data. The data for the remain-
ing 3224 (99.9%) residents were evaluated in the study. The
characteristics and distributions of the participants are
shown in Table 1.

Overall, 441 residents (13.7%) had some type of Ul Of
these, 334 (10.4%), 46 (1.4%) and 61 (1.9%) residents had
mild, moderate and severe UL, respectively. The prevalences
of mild UI and moderate to severe Ul increased with aging

© 2013 The Japanese Urological Association
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Fig. 1 (a) Prevalences of mild Ul and moderate to severe Ul

stratified by age. (b) Prevalences of the three types of Ul strati-
fied by age. B, moderate to severe Ul; i, mild Ul; &, SUI; 8, UUI;
&, PUL

(Fig. 1a). Regarding the types of U, 79 residents (2.5%) had
SUI, 204 (6.3%) had UUI and 199 (6.2%) had PUL A total
of 15 residents (0.5%) had MUL As shown in Figure 1b, the
prevalences of SUI and UUI increased with aging, whereas
the prevalence of PUI did not change.

The results of the analyses for correlates of each type of
UI are shown in Tables 2 and 3. The univariate analyses
showed that prostatic disease, age, malignant disease,
anemia and hypertension were associated with SUI
(Table 2). Among these variables, prostatic disease (OR
2.14), age (OR 1.29), anemia (OR 2.27) and malignant
disease (OR 2.22) were independent correlates for SUI in
the multivariate analyses (Table 3). Although both prostatic
disease and malignant disease were independently corre-
lated with SUT, the number of participants with prostate
cancer was 22, which accounted for 10% of all participants
with prostatic disease and 15% of all participants with
malignant disease. Age, low back pain, diabetes, prostatic
disease, hypertension, coronary artery disease, renal
disease, malignant disease, sleeplessness, hepatic disease,
dyslipidemia, BMI and alcohol intake were associated with
UUI in the univariate analyses (Table 2). Among these vari-
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ables, diabetes (OR 1.98), age (OR 1.92), low back pain (OR
1.74), alcohol intake (OR 1.84), renal disease (OR: 1.91)
and prostatic disease (OR 1.48) remained statistically sig-
nificant in the multivariate analyses (Table 3).

Unlike SUI and UUI, age was not associated with PUIL In
contrast, asthma, prostatic disease, rhinosinusitis, sleepless-
ness, reflux esophagitis, anemia and BMI were associated
with PUI in the univariate analyses (Table 2). Among these
variables, asthma (OR 3.01), prostatic disease (OR 2.38),
rhinosinusitis (OR 1.92), low back pain (OR 1.58) and BMI
(OR 0.73) remained statistically significant in the multivari-
ate analyses. Depression was another independent correlate
for PUI (OR 3.41). Reflux esophagitis was marginally asso-
ciated with PUI (P = 0.09) (Table 3). The lack of association
between age and PUI was also observed after adjustment for
the other independent correlates.

Discussion

The development of the three types of Ul in men is deemed
to be caused by different mechanisms. UUI, which is a
component symptom of overactive bladder syndrome, is
usually attributed to detrusor overactivity. SUT is induced by
dysfunction of the urethral sphincter, which typically results
from iatrogenic causes, such as prostatectomy. Meanwhile,
the mechanism for the development of PUI is not well rec-
ognized. An earlier study by Stephenson ef al. showed that
most patients with PUI had normal urodynamic bladder
function.’ That study also found that half of the patients
could not occlude their urethra voluntarily or “milk back”
residual urine in the urethra into the bladder, suggesting
contraction failure of the bulbocavernosus muscle.
However, another study found that patients with PUI had
normal reflex and activity of the bulbocavernosus muscle, as
assessed by electromyography.’? Despite the lack of an
obvious mechanism, residual urine in the bulbar urethra has
been attributed to PUL’

The different mechanisms naturally suggest different
prevalences and correlates of the three types of Ul, and this
was confirmed in the present study. Among the independent
correlates of UUI, age, history of diabetes and low back pain
had especially strong associations with UUI Aging and
diabetes have frequently been reported as risk factors for UL
Diabetes can induce various types of bladder dysfunctions,
including detrusor overactivity," and therefore the associa-
tion of diabetes with UUI is reasonable. Low back pain is a
novel correlate of UUL Although this symptom can arise
from various problems, age-related degenerative processes
in the intervertebral disks and facet joints, spinal stenosis,
and disk herniation are considered to be common causes.’*
These structural deformations of the spine might induce
compression of the spinal cord or spinal roots, and poten-
tially result in neurogenic bladder dysfunction, such as
detrusor overactivity. Conversely, one longitudinal study
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showed that incontinence increased the risk of future back
pain.’® In any case, low back pain has a close relationship
with UUL PUI, as well as UUI had an independent asso-
ciation with low back pain. The common symptom of low
back pain would be better noted as an associated factor for
various lower urinary tract symptoms including UUI and
PUL Similar to the case for UUL aging was also a strong
correlate of SUIL The other independent correlates of SUI
were history of prostatic disease, malignant disease and
anemia. Some previous studies have reported that men with
prostatic disease have higher rates of UL'®!7 Although it is
well known that SUI is one of the most important compli-
cations after prostatectomy for prostatic diseases, especially
prostate cancer, the present study population had a low
prevalence of prostate cancer. Therefore, the association
between SUI and prostatic disease and/or malignant disease
in the present study would not be mainly attributable to
radical prostatectomy.

The most striking observation in the present study was the
lack of correlation between aging and PUI The prevalence
of PUI was found to remain constant at 5-6% throughout the
generations, and the severity and frequency of this symptom
were also not age dependent (data not shown). These obser-
vations suggest that this symptom does not arise through
mechanical or functional dysfunction induced by aging. Fur-
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thermore, the independent correlates of PUI included
uncommon parameters, such as asthma and rhinosinusitis;
along with relatively common parameters, such as prostatic
disease, sleeplessness and depression. There was also a mar-
ginal association between reflux esophagitis and PUL
Although some recent studies have suggested a relationship
between overactive bladder and asthma,'®" asthma had no
association with UUI, but was associated with PUI in the
present study. It is recognized that asthma and rhinitis/
rhinosinusitis have a strong correlation with each other.?
The most accepted explanation for the interaction between
the upper and lower airways is increased oral breathing and
systemic response. In other words, impaired filtering in the
nose of patients with rhinitis leads to mouth breathing,
which can result in increased exposure of the lower airways
to allergens. It is also known that asthmatic patients have a
much greater risk of gastro-esophageal reflux disease-
related symptoms and vice versa.?’ Gastro-esophageal reflux
disease, including reflux esophagitis, could worsen asthma
either by direct effects on airway responsiveness or through
aspiration-induced inflammation, and the bronchoconstric-
tion observed in asthma, as well as asthma medications,
could induce gastro-esophageal reflux. Although these three
diseases, asthma, rhinosinusitis and reflux esophagitis, have
associations with one another and with allergy, the present
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study showed that each of these diseases was independently
associated with PUI. As the mechanism for the development
of PUI is completely unknown, as aforementioned, we
cannot even speculate about the reasons why these diseases
have relationships with PUL Further investigations in this
area are warranted in the future.

There have been a few epidemiological studies investigat-
ing the prevalence of PUL®*® The previously reported
results for the prevalence of PUI were quite variable ranging
from 5.5 to 38.3%. Including the present study, the highly
variable percentages might result from different questioning
methods, interviews or self-reporting, and different races of
the study populations. However, the most likely reason for
" the difference would be subtle differences in the formulation
of questions indicating PUI. We used the ICIQ-SE, whereas
others used a questionnaire based on the International Con-
tinence Society definition. Every question used in studies on
the prevalence of PUI is validated for use, and the results
obtained are significant. However, it is noteworthy that
subtle differences in the formulation of questions can influ-
ence the outcomes.

The present study had several limitations. One is the
ambiguity in the names of several diseases/conditions. For
example, prostatic disease includes benign prostatic hyper-
plasia, prostate cancer and prostatitis, and we cannot distin-

© 2013 The Japanese Urological Association

guish concrete disease entities. Low back pain is also an
ambiguous name for a symptom that can result from various

* diseases as described earlier. However, in actuality, many of

the participants, who are amateurs in the medical field, did
not know the exact disease causing their symptom of low
back pain. Another limitation was the lack of data on bladder
or bowel diseases, which can affect the function of the lower
urinary tract, Despite these limitations, we believe that our
observations provide some clues for the future solution of
the mechanism of PUIL
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Introduction disease activity index (CDAI) [8] are frequently used for disease
. activity evaluation among rheumatologists. All of the three indices

Rheumatoid arthritis (RA) is the most frequent inflammatory  5re shown to be well correlated with future joint destruction [7,9].
arthritis worldwide affecting 0.5 to 1% of the population [1]. As  These three methods include the same 28 joints for evaluation of
RA is a bone-destructive disease and functional impairment disease activity, namely, bilateral wrist, 1% to 5™ metacarpal
caused by joint damage is well correlated with swelling and (MCP) joints and proximal interphalangeal (PIP) joints, elbow,
tenderness of joints [2-3], the evaluation of joints in patients with shoulder, and knee joints. Though RA is known to show
RA is very important to assess disease activity and predict the risk symmetric joint symptoms [10], the frequency of bilateral joint
of future joint deformity. ACR core set [4] and DAS (discase symptoms and the correlations between each joint symptom are
activity score) [5-6] were developed for evaluation of disease not fully analyzed by using large numbers of joint assessments.
activity in RA. Recently, the three composite indices, namely, There are several reports of successful prediction of joint damage
DAS28 [5], simplified disease activity index (SDAI) [7] and clinical using a reduced number of joints for evaluation by ultrasonogra-
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phy [11-12]. These reports raise the possibility that some of the 28
joints are less frequently involved, and are less informative for
disease activity. Analyses for characterization of joint symptoms
would uncover correlations of unexpected joint symptoms and
distribution of synovitis in RA.

Here, we analyzed the distribution of affected joints in the 28
joints in patients with RA using more than 17,000 joint
assessments from 1,314 patients with RA and showed that
synovitis in RA patients can be classified into three groups. We
also showed that affected rates of the 28 joints greatly vary in RA
patients, and that RA patients could be classified into subgroups
based on the distribution of joint synovitis.

Results

Frequency order of joints involvement

We recruited 17,311 assessments for the 28 joints in 1,314
patients with RA from 2005 to 2011. A summary of the registered
patients is listed in Table 1. The distribution of the number of
patients with RA in each year and the number of joint assessments
for each patient are shown in Figure S1. We analyzed how often
each of the 28 joints was tender or swollen in patients with RA in
2011. From the analysis of 735 patients, we found that the
frequency of joint swelling and tenderness in the 28 joints is widely
different from joint to joint (Figure 1 and Table S1). The wrist
joints were the most frequently affected joints for swelling and
tenderness. The frequency of the right wrist joint being affected
was more than four times as high as the least frequently affected
joint. Many of the joints showed right-dominant tenderness (eleven
of fourteen joints, p = 0.057, binomial test), indicating mostly right-
handedness. We found strong correlations for the affected rates of
each joint between swellings and tenderness except for shoulder
joints (Spearman’s rank-sum coefficient, rho=0.70 and
p=3.8x107", Figure 1, Table S1). Shoulder joints showed much
higher frequencies of tenderness than those of swellings.

Next, we tried to replicate the order of affected frequencies of
the 28 joints and the correlation between tenderness and swellings
in different RA patients. We obtained 579 patients whose joints
data were not available for 2011, indicating we analyzed
independent RA patients. We found that the order of the affected
joint frequencies were well correlated for both swelling and
tenderness among different sets of RA patients (Spearman’s rank-
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Figure 1. Affected rate of joint symptoms. Affected rate of joint
symptoms. Each joint is arranged in the order of right and left.
S:shoulder, E:elbow, W:wrist, K:knee.
doi:10.1371/journal.pone.0059341.g001
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Table 1. Summary of the KURAMA database.

The KURAMA database

Age {mean=*SD) 60.2:£15.1

disease duration (years) 12.2+9.8

Class 1.87£0.69

*Stage and Class represent Steinbrocker's stage and class, respectively.
SD: standard deviation.
doi:10.1371/journal.pone.0059341.t001

sum coefficient, rho:0.815 and 0.904, p=13x10"7 and
p=4.6x10"" for swelling and tenderness, respectively, Fig-
ure S2). We also confirmed that rates of tenderness were well
correlated with those of swellings in the 28 joints in the 579
patients (rho:0.604). These results indicate that some of the 28
joints are more likely to develop arthritis than the others in RA
patients. The swelling and tenderness correlate with each other
except for shoulder joints.

Whether the right-dominant involvement of joints in patients
with RA is associated with joint destruction was analyzed. Joint
destruction in the hand was evaluated for 246 patients with RA by
modified Sharp score [13]. The six elements of the scores were
separately analyzed, namely erosion of PIP, MCP, and wrist joints
(we defined as joints other than MCP and PIP in hand) and
narrowing of PIP, MCP, and wrist joints. We found that five out of
six elements showed right-dominant destruction. In particular,
narrowing and erosion of MCP joints showed a statistically
significant right-dominance in binomial test (p<=0.0050, Ta-
ble S2).

Three groups of 28 joints in RA synovitis

Next we analyzed correlations of joint symptoms between the 28
joints. We randomly picked up one assessment from each of the
1,314 patients to maximize the power. When the correlation of
tenderness of the 28 joints was analyzed with kappa coefficient, we
confirmed that each joint showed a symmetric involvement
(Figure 2A). The results also showed that the tenderness of large
joints and wrist joints are not correlated with the tenderness of PIP
and MCP joints. We found that the tenderness of MCP joints was
especially well correlated with each other and that PIP joints
tenderness was well correlated with each other. The correlation of
swelling in the 28 joints showed the same tendency as that of
tenderness, namely, symmetric joint involvement, correlations
between large joints and wrist joints, and no strong correlations
between wrist joints and other small joints (Figure 2B).

Next we used eigen vectors of principal component analysis to
assess the correlations of the 28 joints involvement. When we
analyzed correlations of tenderness, eigen vectors revealed that
PIP and MCP joints can be clearly distinguished from large joints
and wrist joints (Figure 3A). PIP joints and MCP joints turned out
to make independent groups after excluding large joints and wrist
joints (Figure 3B). These three groups of affected joints were found
both for tenderness and swelling (Figure 3C and 3D). We
confirmed these three correlation groups in four independent
resampling analyses by randomly picking up one assessment from
each of the 1,314 patients four times (data not shown). The three
groups were observed in the two independent sets of RA patients
which were used in the analysis of joints involvement frequency
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Figure 2. Correlations between the 28 joint symptoms.
Brightness of the red color corresponds to the strength of correlations
between joint tenderness (A) or swellings (B), using the Kappa
coefficient. Each joint is arranged in the order of right and left. The
joint order in the y axis is the same as the x axis. The result is a
representative of five analyses based on resampled assessments.
S:shoulder, E:elbow, W:wrist, Kknee.
doi:10.1371/journal.pone.0059341.g002

(Figure S3). In addition, no significant difference was observed in
the relationship of the three groups of joint involvement when we
divided the 1,314 patients into two groups according to the
patients’ caring physicians (Figure S4). We confirmed the three
groups by resampling four times for each analysis (data not shown).
These results indicate that these three groups were not due to
specific patients, examiners, or time of evaluation.

Taken together, the correlation analyses using kappa coefficient
and eigen vectors in principal component analysis indicated that
there are three correlated groups of joints in RA synovitis, namely,
large joints with wrist joints (which we express as “large and wrist
joints™), PIP joints, and MCP joints.

Subgroups of patients with RA

We performed a clustering analysis of 5,383 evaluations of 28
joints from 1,314 patients with RA. Six subgroups of evaluations of
28 joints were observed (Figure 4). Each of the subgroups was
characterized by 1) no synovitis (34.6%), 2) mild activity with
dominant involvement of large and wrist joints (17.4%), 3)
dominant involvement of MCP joints (18.3%), 4) dominant
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involvement of PIP joints (9.3%), 5) active synovitis (4.1%), and
6) moderate activity with dominant involvement of large and wrist
joints (16.4%) (Table S3). Whether patients with RA are classified
into the same subgroups was analyzed. There were 998 patients
with four or five evaluations, and of these, 734 were categorized
into the regular groups across different evaluations, indicating that
the patterns of synovitis in the same patients were stable. Analysis
of joint destruction in each subgroup revealed that the sixth
subgroup demonstrated dominant destruction of large and wrist
joints compared with MCP and PIP joints (p<<=2.8x1077,
Figure S5 and Figure S6).

Discussion

Since RA is a joint destructive autoimmune arthritis and joint
damage occurs rapidly in the early stages of the disease course
[14], the development of a quantitative scale which assesses disease
activity and predicts joint damage is very important. After DAS
and ACR core sets were introduced, DAS28, SDAI, and CDAI
were developed to evaluate disease activity and easily calculate the
disease activity score in patients with RA. All three indices were
shown to be well correlated with future joint destruction and they
share the same 28 joints for evaluation. Joint symptoms especially
joint swelling is known to correlate with future joint damage [3].
While these indices were developed for use in clinical trials such as
responsiveness to treatment, they are used by rheumatologists in
daily clinical practice and they are reported to coincide very well
amonyg different examiners [9]. Characterizing the relative affected
frequency of each joint and analysis of correlation between joint
symptoms are important to analyze the basic mechanisms of
synovitis and to efficiently select the joints to predict future joint
destruction. However, there is no detailed analysis to address the
correlations between the 28-joint symptoms.

In the current study, we characterized the 28-joint symptoms
using large numbers of joint assessments. While we reported the
affected rates of each joint in the 28 joints for tenderness and
swelling of RA patients registered in the KURAMA database in
2011 as a representative (Table S1), these rates should not be
generalized considering large effects of treatment especially
biologics agents on joint symptoms. Thus, we focused on relative
frequencies of joint involvement for the 28 joints. The affected
frequency pattern was compared between the two sets of RA
patients, and there were no apparent differences between the two
sets for both tenderness and swelling. We also showed that joint
symptoms in RA could be classified into three groups both for
tenderness and swelling. Our analysis also demonstrated that
patients with RA can be regularly classified into six subgroups
based on patterns of joint symptoms. These results suggest that
regular RA joint involvement pattern, including relative frequency
and groups of joints, is largely maintained in RA patients. In
addition, we confirmed that these patterns of joint involvement
were not attributed to evaluators and fractions of RA patients.

It is interesting that the affected frequencies greatly varied from
joint to joint, and the rate of the most highly affected joint was
more than four times as high as the least-affected joint. The
affected frequencies indicated that wrist joints were the most
frequently affected. It should be noted that surface area may have
influenced the sensitivity of detecting synovitis in physical exams
when different joints were compared. The relatively high
frequency of tenderness and swelling in large and wrist joints
compared with MCP and PIP joints can be explained by this
difference in surface area. However, surface area cannot fully
explain the highest frequency of wrist involvement and different
frequencies within the MCP or PIP joints. A dominant involve-
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Figure 3. Relationship of the 28-joint involvement. The 1° and 2™ components of eigen vectors of the joint symptoms are plotted, using
principal component analysis of the 28 joint involvement for tenderness (A) and swelling (C) or using that of the 20 joint involvement other than
large and wrist joints for tenderness (B) and swelling (D). The results are representatives of five analyses based on resampled assessments. Green:

large and wrist joints. Red: MCP joints. Blue: PIP joints.
doi:10.1371/journal.pone.0059341.g003

ment of right joints seemed to indicate a majority of the study
population being right-handed in spite of the small difference of
affected rates between bilateral joints. We also demonstrated that
the right dominant involvement was also true for joint destruction.
We could not compare the joint involvement and joint destruction
between right-handed patients and left-handed patients due to a
lack of information regarding handedness of patients.

Correlation analysis confirmed the well-known symmetric joint
involvement in patients with RA. Strong correlations of tenderness
and swelling in the same joints except for shoulder joints may
indicate low sensitivity of shoulder swelling in the physical exams
and common mechanisms of swelling and tenderness. It is striking
that joint symptoms can be classified into three groups based on
correlation analysis and principal component analysis. The
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Figure 4. Six subgroups of evaluations of the 28 joints in RA.
Results of clustering analysis with Ward method using randomly
obtained 5,383 evaluations of the 28 joints in 1,314 patients were
plotted.

doi:10.1371/journal.pone.0059341.g004
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association observed between the symptoms in the wrist joints
and the large joints is worth noting, since wrist joints are regarded
as small joints according to ACR/EULAR criteria set in 2010. As
wrist joints are much closer to other small joints than large joints,
the relationship between wrist joints and large joints cannot be
explained by the distance of joints. The distance of joints cannot
explain the two different groups of MCP and PIP joints either.
While symptoms of large and wrist joints are not related with those
of MCP and PIP joints, they were not very strongly correlated with
each other, compared with correlations among PIP joints or MCP
joints. This may indicate that there are no common strong factors
which predispose large and wrist joints to swelling and tenderness
in patients with RA.

We also showed that patients with RA can be divided into six
subgroups based on these three groups of joint involvement. More
than 70% of patients are classified into regular subgroups,
indicating that the pattern of synovitis in a patient with RA is
stable. When patients who were regularly classified into the first
subgroup of patients characterized by no synovitis were removed,
more than 60% of patients were still classified into regular
subgroups (data not shown), indicating that the stable patterns
were observed regardless of activity of RA. As joint destruction was
influenced by disease duration, disease activity, and treatment, we
analyzed the relative distribution of joint destruction between the
three joint groups in a patient with RA. We found that the sixth
subgroup of patients, characterized by moderate activity with
dominant involvement of large and wrist joints, demonstrated
dominant destruction of wrist joints. This suggests that classifying
patients with RA into appropriate subgroups would lead to
prediction of patterns of joint destruction.

March 2013 | Volume 8 | Issue 3 | e59341



