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We vigorously searched candidate markers in exons of PLD4 which showed strong
age disequilibrium with rs2841277 and picked up two markers registered in 1000
omes Project(34) which displayed more than 5% frequency in genotyped subjects,
mely, rs2841280 and rs894037 in- exon2 (Figure 1B). Genotyping of  these
olymorphisms revealed strong linkage disequilibrium between rs2841280 (E27Q) and
152841277 (D’:0.98, 17:0.75) and monomorphism of rs894037 in a Japanese population.
As ciation study of rs2841280 using control genotypes obtained by imputation
supported association of PLD4 with SSc (p=6.3x107, Supplementary Table 1 and 2, see
thods for detail).

As the three loci are assomated with RA in a Japanese populatlon we
analyzed whether the associations with SSc in the current study were brought by
nts who suffered from both RA and SSc. When 22 patients who had RA as well
s SSc were excluded, we still observed significant associations for the three loci in our
study (Table 2). A further stringent analysis excluding subjects with other autoimmune
diseases demonstrated significant associations of the three genes (Supplementary- Table
When we comparéd SSc with and without other autoimmune diseases for the
ciated alleles, we did not find any difference (data not shown).

ubanalysis of types of systemic sclerosis
Previous studies have revealed that the genetic background of systemic

: It is also interesting to search whether the susceptibility loci affect
athanubody status and severe complications. The association studies revealed
'AIP3 association w1th SSc patlents who possess anti-centromere antlbody (ACA)

enotypes of SSc both in case-control analyses and intra-case analyses.

Efficacy of the current study
In the current study, we performed candldate gene analysis based on a

8.
John Wiley & Sons

— 211 —



Arthritis & Rheumatism

PLD4 association with Japanese systemic sclerosis

meta-analysis of RA GWAS as many autoimmune disease susceptibility genes have
een reported to be shared by a wide range of diseases. As a result, we found three
suéceptlblhty genes for Japanese systemic sclerosis. Thus we analyzed whether the
Can ndidate gene approach taken in the current study for detecting novel susceptibility
pes for SSc was effective. When we calculated the likelihood of finding three
s%epﬂbﬂfcy genes among eighteen genes by chance, we found that it was 2.5x10° (see
Mt od). Our results indicate that our approach to finding novel susceptibility genes for
systemic diseases is effective. It would be mterestmg to compare the risk dlrectlon of
genotyped markers between RA and SSc. While the three susceptibility loci to SSc
shared risk direction with RA, we did not detect correspondence of the risk directions of
%arkers between the two diseases (Figure 2). This indicates that a large proportlon
the eighteen RA markers are not shared by SSc and that the lack of association
Fetween the thirteen of the markers and SSc was not due to the low power produced by
the relatlvely small number of SSc patients included in this study.

3

b
i

o

ISCUSSION

{%?ff’dles have revealed that more than fifteen markers and loc1 are associated with SSc

ctect TNFAIP3 and IRF8 as susceptlblhty genes for Japanese SSc. We provided the
) ﬁ%g fitting model for each association in Supplementary Table 4.

One may argue that these three associations rmght have been obtained due to the
?%%‘lap of RA upon SSc. Even after excluding the patlents with RA and SSc overlap
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ased on physicians’ reports, we still see the significant associations for the three loc1

able 3) RF and ACPA information was available for 371 and 65 SSc patients
without RA, respectively, of which 21.6% and 10.8% were positive for RF and ACPA,
cspectively. These prevalence are compatible with those reported in SSc patients
ithout RA(35-36). Mbreover, 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 patients without any autoimmune disease also
showed the associations of the three loci. These results indicate that the associations in
the three loci are not due to ox}erlapping of RA or other diseases. -

ugh the associations of the ARID5B and CD83 loci with SSc did not reach a
tringently significant level in the combined study, the tendencies towards an
iation with SSc displayed by rs10821944 in the ARIDS5B locus and 1512529514 in
the :\CD83 region in the first study were maintained in the replication study. This
indicates that these loci are potential susceptibility regions for SSc. Further replication
di

ation.

es are needed to address the associations of these two loci with SSc in a Japanese

FAIP3 was reported to be strongly associated with SSc in a European population
the significant associations detected in the combined study indicate that TNFAIP3

onsidered to result in decreased NFk-B signaling. As we did not find strong
iations between 156932056 and SSc in the replication study; it will be necessary to

ivity. PLD4 is expressed in the spleen and early postnatal micfoglia in the white
atter of mice (37). The phenotypes of Pld4 deficient mice have not been reported. In
ddltlon, little is known about the expression or distribution of PLD4 in humans. While
the “functions of PLD4 are also poorly understood, it is known to be involved in the
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ha ocytosis of microglia (38). The expression of PLD4 around the marginal zone in

oIt § pretty interesting that rs2841280, which alters amino acid of PLD4 is associated
: SSc. Minor allele G of rs2841280 is associated in a protective manner. The impact
ino acid alteration brought by 1s2841280 on effect of PLD4 protein is not known.
Wh n we analyzed the impact of the amino acid alteration by SIFT software
gglhco(http //sift.jcvi.org/), it was shown to result in a small effect. However, the
aséoaahon raises possibility that this polymorphlsrn leads functional modulation of
D4 and it is feasible to analyze the functional change of PLD4 protein with
§41280 using animal models for SSc. When we performed an in-silico analysis of
ik ”(%‘ ffect of rs2841277 and rs2841280 on PLD4 expression, we did not detect any clear
écmtlons between the two genotypes and PLD4 transcription (p>0.05)(39). Taken

pol”i’?morphlsms is the causative mutation is not confirmed. While the detection of a
p-value of less than 5x10° in a GWAS is stringent evidence of an association between a
fi \

ker and a particular disease, the. detection of suggestive associations between the
D4 region and SSc in European GWAS would indicate that associations exist
etween PLD4 and SSc in other populations. However, when we examined the
; Z’)pean population, we did not detect any strong associations (p<10™) (8-9).
@é@ordlng to the HapMap database, the European population displays a higher risk

1ele frequency for 1s2841277 than the Japanese population. In addition, the HapMap
f%base also indicates that the LD block spanning PLD4, which includes 12841277, is
" &% %?%n Europeans and Japanese. Nevertheless, a European population did not find a
sfrong'%ssomatlon between PLD4 and SSc, suggestlng that PLD4 has a stronger effect
on ,aut01mmune diseases in Japanese than in Europeans There is also a possibility that
ﬂ fﬁgse two polymorphisms are only markers and that a rare variant in linkage
: dls%qulhbnum with the two markers affects the disease onset. A causative rare variant

t explain a different association of PLD4 with SSc between populations.

'73 was shown to be associated with SLE in a European populatlon (40). IRF8 protein

53 transcrlptlon factor involved in 1nterferon pathway Interferon pathway is shown to

associations between the IRF4 locus and SSc, it was not successfully replicated (8),
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gether in spite of association of these two mutations, whether one of these two

ass&matlons between the PLD4 locus or nearby loci and SSc in GWAS involving a
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icating that the different functional roles of each IRF family molecule might
lence the development of SSc. IRF8 promotes B cell differentiation; however, the
and importance of B cells in skin fibrosis in SSc patients have not been established
4). IRF§8 and its mutant variants are also known to be involved in the development
ndritic cells (45). Thus, the association between IRFS8 and SSc might indicate the
invelvement of B cells and dendritic cells in the development of SSc.

hen we classified the SSc patients into IcSSc and deSSc groups and subjected them to
ubanalyses, ARID5B, IRFS8, and CD83 displayed stronger associations with one of the
phenotypes. However, the associations of these three markers with the phenotypes
) not strong enough to provide convincing evidence of a clear distinction between
he genetic backgrounds of the two SSc phenotypes. When we analyzed the associations
C the SSc subtypes with the other thirteen markers in the first set, we did not detect any
strong associations (p>0.05). Other subanalyses of the susceptibility loci in the
combined set did not show significant results between dlse_ase phenotypes due to lack of

r. As classification according to disease phenotypes resulted in limited number of .
cts in each subset, we conducted this subanalyses only in the combined set. The .
ociation between TNFAIP3 and ACA should be confirmed in a large-scale association

though GWAS are an extremely powerful way of detecting novel susceptibility genes
for diseases, GWAS of SSc patients have only been performed in European populations.
r. study detected strong evidence for the sharing of susceptibility genes between RA
and .SS¢ in a Japanese population. In addition, the current study indicated that a
e gene approach based on the results of GWAS of other diseases that display
imilar pathological signaling pathways or mechanisms to the disease being examined is
ffective way of finding novel susceptibility genes. '

It is interesting to perform GWAS of Japanese SSc patients and analyze the similarities
differences in the detected associations not only between Japanese and Europeans,
Iso between Japanese SSc and Japgnese RA patients.
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URE LEGENDS v

gure 1. LD block around PLD4 region and PLD4 structure. ‘
@ ADD block and genes around PLD4 are shown in the figure. LD block is drawn based
rrebnrhapmap phase 3 data. Star indicates rs2841277. ‘ '
Schematic view of PLD4 structure. Rectangles represent exons of PLD4.
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e 1. Study population.

Case Cont
Number 415 16,891
Institutions Kyoto, TWMU _ Kyoto, TWMU, BBJP

‘ , Illumina Human Hap610-Quad BeadChip,
Typing Taqman Assay INlumina Human Hap550 BeadChip;
Affymetrix Genome-wide Human SNP Array 6.0

Limited%/Diffuse%  49.6%/50.4% : N.A.

topol/ACA 30.6%/31.1% " ' NA.
ILD 48.9% 4 N.A.
Age 509+ 14.7 . 609+12.5
Female ratio 91.3% 44.9%
Number 315 21,054
Keio,
Institutions Sagamihara, Kyoto, BBJP
Kanazawa v )
Typing Tagman Assay. Illumina Human Hap550 BeadChip,
- : Ttumina Human Hap610-Quad BeadChip
imited%/Diffuse%  63.8%/34.6% ‘ N.A. o
‘topol/ACA 29.5%/35.2% N.A.

ILD 43.2% .  NA.
Age 51.4+14.1 , . 593+14.2
- Female ratio 87.3% 48.4%

.. not applicable, BBJP: BioBank Japan, TWMU: Tokyo Women’s Medical
niversity, Kyoto: Kyoto University, Keio: Keio University, Sagamihara: Sagamihara
- National Hospital, Kanazawa: Kanazawa University, topol: anti-topoisomerase I antibody,
\: anti-centromere antibody, ILD: interstitial lung disease ‘
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able 2. Association studies of Japanese SSc patients 4
1st set Replication Combined study
Allele Allele 1 Allele 1
rsID ne \n o | " ‘ | ! OR
: : equency =value equency - -vaiuc -vaiue nonRA**
,q 4 p q p p (95%CI) PronRA:
Control Case Control* Case
rs766449 PADI4  TIC | 040 037 012
rs11900673 " 'NT2 T/C 0.29 0.28 0.65
rs2867461 ANXA3 A/G 044 0.43 0.57
rs657075 SE2 A/G 0.36 0.34 0.25
1.15 0.040
1512529514 83 C/T 0.14 0.16 0.083 0.15 0.16 0.31 0.046 :
(1.00-1.33)
15157187 CCR6 CT | 049 047 0.28
. © 1.50 5.4x10°
rs6932056 6 ‘;EAIP.? C/IT 0.069 0.11 3.8x10 0.067 - 0.079 0.23 9.5x10
‘ . (1.25-1.80)
rs2233434 NFKBIE G/A | 021 0.21 - 0.93
‘ ‘ - 1.16 0.010
rs10821944 5B G/T 0.36 0.41 0.0025 0.36 0.37 0.64 0.0073
\ (1.04-1.29).
rs3781913 T/G 0.69 0.69 0.91
154937362 ‘ o T/C 0.68 0.68 0.88
' : \ 1.25 0.00052
rs2841277 T/C 0.69 0.74  0.0054 0.69 0.73 0.012 | 0.00017
(1.11-1.41)
153783637 C/IT 0.74 0.73 0.54
rs1957895 G/T 0.39 0.41 0.26
16496667 ~AIC 0.35 0.37 0.33
rs7404928 T/C 0.62 0.63 0.51
’ 1.26 0.0021 |
rs2280381 T/IC 0.84 0.86 0.095 0.83 0.87 0.0099 | 0.0030 :
_ (1.08-1.47)
rs2847297 G/A 0.34 0.34 0.85

nd controls

gen%)me-scanning data from 3,765 subjects.
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le 3. Associations of the two SSc subtypes

" 1cSSc (N=408)

deSSc (N=318)

John Wiley & Sons
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Allele Control
Gene Allele 1 OR Allele 1 OR
1/2 | Allele 1freq p-value p-value :
freq (95%CI) freq (95%CI)
‘ 0.94 0.85
PADI4 T/C 0.40 0.39 - 0.52 0.36 0.11
0.77-1.14) | . - (0.69-1.04)
& ! : 0.82 1.11
rs11900673 B3GNT2 T/C 0.29 0.25 0.096 0.31 0.32
- (0.66-1.03) (0.9-1.38)
, 0.92 1.00
rs286746 ANXA3 AIG 0.44 0.42 0.40 0.44 0.97
(0.75-1.12) (0.82-1.22)
‘ ' 0.94 0.88
rs65707 3-CSF2  A/G 0.36 0.34 0.54 B 0.33 0.23
: (0.76-1.15) - (0.72-1.08)
’ 1.03 1.32
rs12529514 C/IT 0.14 0.15 0.79 0.18 0.0075
(0.85-1.25) ' (1.08-1.62)
: 0.98 0.88
rs1571 CCR6 C/IT 0.49 0.48 0.81 _ 0.46 0.20
. (0.80-1.19) (0.72-1.07)
: o ' 1.40 1.57
r$6932056" C/T 0.069 0.093 0.0062 ‘ 0.10 0.00063
(1.1-1.78) (1.21-2.04)
0.94 : 1.05
G/A 0.21 0.20 0.60 0.22 0.70
(0.73-1.20) : (0.83-1.33)
1.22 1.09
G/T 0.36 0.40 0.0085 : 1 0.38 0.30
(1.05-1.41) (0.93-1.29)
: ~ 1.00 - 1.01
T/G . 0.69 0.69 0.98 0.69 0.90
(0.81-1.24) (0.82-1.25)
' 1.24 1.29
T/C 0.69 0.73 0.0067 0.74 0.0049
(1.06-1.45) V (1.08-1.55)
' , 1.30 1.27
C/G 0.64 0.69 0.0011 0.69 0.0086
, (1.11-1.52) (1.06-1.51)
’ 0.96 1.02
rs2847297 G/A 0.34 0.33 0.67 0.34 0.87
(0.78-1.18) v (0.83-1.25)
' 0.97 ‘ 101
rs493736 T/C .0.68 0.68 0.75 0.69 0.92 ,
1 : (0.78-1.19) (0.82-1.25)
0.96 0.95
rs378363 GCHI C/T 0.74 - 0.73 0.69 0.73 0.65
(0.77-1.19) (0.76-1.18)
, 1.02 1.15
rs1957895 G/T 0.39 0.40 0.84 0.42 0.16
: (0.84-1.25) (0.95-1.41)
20
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1.19 0.97
A/C 0.35 0.39 0.088 0.34 0.75
‘ (0.97-1.45) (0.79-1.19)
0.95 1.17
T/IC 0.62 0.61 0.60 » 0.66 0.15 A
(0.78-1.16) : (0.95-1.44)
: ‘ 1.36 1.16
T/C 0.84 0.88 0.0038 0.86
(1.11-1.68) (0.92-1.45)
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease
characterized by autoantibody production, complement activa-
tion, and multi-organ damage [1]. Familial aggregation demon-
strates that both genetic and environmental factors play a role in
pathogenesis of SLE [2]. Genetic studies using candidate gene-
approaches, and recently, genome-wide association studies
(GWAS), have uncovered more than 25 SLE susceptibility genes,
including HLA-DRBI, IRF5, STAT4, ITGAM, BLE, TNFAIP3, and
others [3-18]. However, most of these studies were conducted in

European populations [3-13,15,17], and few studies have been-

conducted in Asian populations [14,16,18]. Since the epidemiol-
ogy of SLE has demonstrated that the prevalence of disease
substantially differs among populations, genetic backgrounds of
SLE should be also heterogeneous across populations [19,20].
Therefore, additional studies in Asians might provide novel
insights. It is of note that GWAS for SLE in Chinese populations
identified novel loci that had not been detected in Europeans, such
as ETS1, IKZF1, and WDFY4 [14,16].

Another issue raised by the previous GWASs for complex
diseases is that many susceptibility loci still remained uncaptured,
owing to its strict significance threshold for multiple hypothesis
testing [21]. In SLE, for example, the 26 risk loci identified by the
previous GWAS explained only an estimated 8% of the total
genetic susceptibility to the disease [15]. Therefore, it is still
important to examine the sub-loci of GWAS, in order to reveal the
entire picture of genetic etiology. To effectively explore these
uncaptured loci, prioritization of GWAS results by incorporating
additional information implicated in the disease pathophysiology is
recommended [22,23]. Considering that abnormalities in B cell
activity play -essential roles in SLE [1] and that expression
quantitative trait loci (€QTL) have been implicated to comprise
approximately a half of genetic risks for autoimmune diseases [24],
prioritization based on an eQTL study for B cells would be a
promising approach for SLE [25]. Moreover, an eQTL itself
assures the presence of functional variant(s) that regulate gene
expression. Thus, ¢QTL increases the prior probability of the
presence of disease-causal variant(s) in the locus more effectively

.@ PLoS Genetics | www.plosgeneticsorgA
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and unbiasedly, compared to other knowledge-based prioritiza-
tions such as gene pathway analysis [24].

Here, we report a GWAS and multi-stage replication studies for
SLE examining 2,278 SLE cases and 31,948 controls in Japanese
subjects. We integrated eQTL study into the results of the GWAS,
which effectively enabled to detect a novel SLE susceptibility locus.

- Results

GWAS for SLE

In the GWAS, 891 SLE cases and 3, 384- controls in Japanese
subjects were genotyped over 550,000 smgle nucleotide polymor-
phism (SNP) markers (Table S1, S2 and Figure 1). We applied
stringent quality control (QC) criteria and evaluated associations of *
430,797 autosomal SNPs, as previously described [26]. No

. substantial population stratification was demonstrated through

principal component analysis (Figure S1) or a Quantile-Quantile
plot of P-values (inflation factor, Agc,=1.088, Figure $S2),
suggesting homogenous ancestries of our study population [27].
We identified significant associations in six chromosomal
loci that satisfied the genome-wide significance threshold of
P<5.0x107% (Table 1 and Figure 2A). These loci have been
reported to be associated with SLE susceptibility (S7A47%,

' TNFAIP3, HIPI, BLK, ETSI, and the HLA region) [3-18]. We

also observed significant replications in 17 of the previously
reported SLE susceptibility loci [3-18] (¢=0.01; Table 2). Of
these, significant replications were enriched in the loci identified
through the studies in Asian populations (80%; 8 of the 10 loci),
including RASGRP3, IKJF1, HIPI, WDFY4, intergenic region at
11923, ETS1, SLCI1544, ELFI, and HIC2-UBE2L3. [14,16,18],
compared to those in European populations (56.3%; 9 of the 16
loci) [3~13,15,17]. )

Incorporation of eQTL study into GWAS results

For the selection of SNPs incorporated in the replication studies
of the potential association signals, we evaluated cis-eQTL effects
of the SNPs using publically available gene expression data [28],
and prioritized the results of the GWAS. After applying QC
criteria, we evaluated the expression levels of 19,047 probes
assayed in lymphoblastoid B cell lines from Phase II HapMap
East-Asian individuals [29] using Illumina’s human whole-genome
expression array (WG-6 version 1) [28]. For each of the SNPs
included in our GWAS, probes located within %300 kbp regions
were focused on as cis-eQTLs (average 4.93 probes per SNP). We
denoted the SNPs which. exhibited significant associations with
expression levels of any of the corresponding cis-eQTLs as eQTL
positive (false discovery rate (FDR) Q-values<<0.2). We observed -
enrichments of eQTL positive loci among the SLE susceptibility
loci (30.8%; 8.of the 26 evaluated loci) including a well-known
eQTL gene of BLK [11,25] (Table 2), compared to the genome-
wide SNPs (6.9%) and compared even to the SNPs in the vicinity
of expressed loci (among the SNPs located within *£10 kbp of
probes used for the expression analysis, 13.1% were ¢QTL
positive; Table S3).

By prioritizing the results of the GWAS using the eQTL study,

“we selected 57 SNPs from 1,207 SNPs that satisfied P<1.0x10™"

in the GWAS. We subsequently referred the associations of the
selected SNPs using the results of the concurrent genome-wide
scan for SLE in an independent Japanese population (Tahira T
et al. Presented at the 59th Annual Meeting of the American
Society of Human Genetics, October 21, 2009). In the scan, 447
SLE cases and 680 controls of Japanese origin were evaluated
using a,pooled DNA approach [30]. We selected SNPs if any
association signals were observed in the neighboring SNPs of the
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Genome-wide association study
430,797 SNPs »
891 SLE cases vs 3,384 controis

1,207 SNPs with
P<1.0x10%in GWAS

_ In-silico SNP selection 1
By using the resuits of eQTL study

57 SNPs

In-silico SNP selection 2
By using the genome-wide scan data for SLE

8 SNPs

 Replication study 1
562 SLE cases vs 653 controls

2 SNPs

Replication study 2
825 SLE cases vs 27,911 controls

Figure 1. Design of the GWAS and multi-stage replication
studies for SLE in Japanese subjects. A total of 2,278 SLE cases and
31,948 controls were enrolled. The clinical characteristics of the subjects
_are summarized in Table S1 and S2. Details of the genome-wide scan
data for SLE referenced in the in silico SNP selection 2 are described
elsewhere (Tahira T et al. Presented at the 59th Annual Meeting of the
American Society of Human Genetics, October 21, 2009).
doi:10.1371/journal.pgen.1002455.g001 ‘ .

pooled analysis. As a result, 8 SNPs remained for further
investigation (Table S4).

Replication studies and identification of AFF1

Then, we . performed two-stage replication studies using
independent SLE cohorts for Japanese subjects (cohort 1 with
562 SLE cases and 653 controls, and cohort 2 with 825 SLE. cases
and 27,911 controls). First, we evaluated the selected 8 SNPs in the
replication study 1. In the replication study 2, 2 SNPs that satisfied
P<1.0x107° in the combined study of GWAS and replication
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study 1 were further evaluated (Figure 1). Among the evaluated
SNPs, we observed significant replications in the SNP located in
the genomic region of the AF4/FMR2 family, member 1 gene
(AFF) at 4q21 (rs340630; P=4.6x107° and P=0.0094 in the two

. individual cohorts, respectively; Table 3, Table S5, and Figure 2B).

The combined study for the GWAS (P=15x10"% and the
replication studies demonstrated significant associations of
rs340630 that satisfied the genome-wide significance threshold
(P=8.3x107%, OR=1.21, 95% CI 1.14-2.30).

Cis-eQTL effect of rs340630 on AFF1 transcripts

S'ince'the landmark SNP in the AFFI locus, rs340630, was
prioritized through the eQTL study as an eQTL positive SNP
(Table 3), we further validated its cis-eQTL effect using Epstein-
Barr virus (EBV)-transfected B cell lines established from Japanese
individuals (Pharma SNP Consortium (PSC) cells, n=62). The
correlation between rs340630 genotypes and the expression levels
of AFFI was significant in the PSC cells stimulated with phorbol
myristate acetate (PMA) (R? =0.074, P=0.033; Figure 3A). The
expression levels increased with the number of SLE-risk (A) alleles. -
To further confirm this cis-regulatory effect, we performed allele-
specific transcript quantification (ASTQ) of 4FFI. The transcript -
levels of each allele were quantified by qPCR using an allele

" specific probe for a SNP in the 5'-untranslated region (rs340638),

which was in absolute LD with rs340630 (*=1.0, D' = 1.0). We
examined PSC-cells (n=17) that were heterozygous for both
rs340630 and rs340638. The mean ratio of each transcript (A over
G allele; the A allele comprises a haplotype with the risk (A) allele
of rs340630) were significantly increased to 1.07 compared to the
ratio of the amount of DNA (1.00, P=0.012) (Figure 3B). These

_ results suggest that rs340630, or SNP(s) in LD with it, are a

regulatory variant predisposing SLE suscepublhty through in-
creased expression levels of AFF].

Expressioh of AFF1 in CD4" and CD19" peripheral blood
lymphocytes

AFF] is known to be involved in cytogenetic translocations of
acute lymphoblastic leukemia (ALL) [31]. Its fusion protein with
the mixed-lineage leukemia gene (MLL) is implicated in the
regulation of transcription and the cell cycle of lymphocytes [31].
To investigate the expression pattern of AFF! in normal tissues, we
evaluated the transcript levels of AFF] in a panel of various tissues.
We observed prominent expression of AFF! in CD4" and CD19*
peripheral blood lymphocytes, implying an important role for
AFF] in helper-T-cells and B-cells (Figure 3C).

Discussion

Through a GWAS and multi-staged replication studies
consisting of 2,278 SLE cases and 31,948 controls in Japanese
subjects, our study identified that the AFFI locus was significantly
associated with SLE susceptibility.

As well as the identification of the novel SLE susceptibility
locus, we observed significant replications of associations in the
previcusly reported susceptibility loci. The replications were
especially enriched in the loci identified through the studies in
Asian populations, compared to those in European populations.
Considering the ethnical heterogeneities in the epidemiology of
SLE [19,20], these observations suggest the similarities in the
genetic backgrounds of SLE shared within Asian populations,
and also the existence of the both common and divergent
genetic backgrounds encompassed between European and Asian
populations.
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Table 1. Results of a genome-wide association study for Japanese patients with SLE.

Chr Allele®

Position (bp)

Cytoband Gene
soE

191,644,049 STAT4

P

152254546

L

2SNPs that satisfied the threshold of P<5.0x10™® were indicated.
®Based on forward strand of NCBI Build 36.3. ‘

SLE, systemic lupus erythematosus; OR, odds ratio,
doi:10.1371/journal.pgen.1002455.t001

To effectively detect the novel SLE susceptibility locus, we
integrated cis-eQTL effects of the SNPs and prioritized the results
of the GWAS. In addition to identifying a novel locus for SLE-
susceptibility, our study  demonstrated approximately 30% of
confirmed SLE-susceptibility loci were comprised of cis-eQTLs.
We also confirmed cis-regulatory effect of the landmark SNP in
the AFFI locus, rs340630, on AFFI transcripts, which had been
prioritized through the eQTL study. These results would suggest
that accumulation of quantitative changes in gene expression
would accelerate the disease onset of SLE. It would also
demonstrate the validity of applying eQTL study in the search
of the susceptible genes for SLE or other autoimmune diseases, as
previously suggested in the study for celiac disease [24]. To our
knowledge, this is one of the initial studies'to successfully discover a
new locus by prioritizing GWAS results using eQTLs, and should
contribute to the approaches assessing genetic loci still being
uncaptured by recent large-scaled GWASs due to stringent
significance threshold for multiple hypothesis testing [21].

We observed prominent expression levels of AFF7 in CD4* and
CD19" peripheral blood lymphocytes, which would imply an
important role for AFFI in helper-T-cells and B-cells. In fact, AFFI
is essential for normal lymphocyte development, as demonstrated
in mice deficient for AFFI; severe reduction were observed in the
thymic double positive CD4/CD8 population and the bone
marrow pre-B and mature B-cell numbers {32]. The risk A allele
of rs340630 demonstrated a cis-eQTL effect on the AFFI
transcript with enhanced expression levels. As the AFFI locus
was also demonstrated as an eQTL in primary liver cells [33], the
cis-regulatory effect may hold in primary cells as well as
lymphoblastoid cells used in the present study. However, because
the mechanism of transcriptional regulation is substantially
different among cell types [34], cell-type specific analyses including
those for primary T-cells and B-cells are needed for understanding
the precise role of AFFI variant in primary lymphocytes. Although
further functional investigation is necessary, our observation
suggested that AFF] is involved in the etiology of SLE through
the regulation of development and activity of lymphocytes. It is of
note that AFF3, which also belongs to the AF4/FMR2 family, is
associated with susceptibility to autoimmune diseases [35].

One of our study’s limitations is the selection of SNPs for the
replication study using the results of the pooled DNA approach
[30], which used a different genotyping platform from that of the
present GWAS. Moreover, the association signals based on
Silhouette scores in pooled analysis would be less reliable
compared to those based on individual genotyping. Since direct
comparisons of the association signals of the same single SNPs
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No. subjects Allele 1 freq.

OR (95%CI) P

1.59 (1.42-1.78)

between the studies would be difficult due to these issues, we
adopted the complementary approach that referred the association
signals of the multiple SNPs in the pooled analysis for each of the
single SNPs in the GWAS, taking account of LD and physical
distances between the SNPs. However, there would exist a
possibility that the variant(s) truly associated with SLE was left
not to be examined in the replication study. It should be noted that
only 1 SNP among the 8 selected SNPs yielded the significant
association with SLE, although further enrichments of the
significant associations might be anticipated. To elucidate
effectiveness and limitation of our approach, further assessments
of the studies on the remaining loci would be desirable. It should
also be noted that the control-case ratio of the subjects were
relatively high in the replication study 2 (=33.8), and this
disproportionate ratio could have induced potential bias on the
results of the association analysis of the SNPs. However,
considering the homogeneous ancestries of the Japanese popula-
tion [27] and that  principal component analysis did not
demonstrate significant population stratification in the control
subjects of the replication study 2 (data not shown), the bias owing
to population stratification might not be substantial.

In summary, through a GWAS and multi-staged replication
studies in a Japanese population integrating eQTL study, our
study identified AFFI as a novel susceptibility locus for SLE.

Materials and Methods

Subjects : ' .

We enrolled 2,278 systemic lupus erythematosus (SLE). cases
and 31,948 controls. SLE cases enrolled in the genome-wide
association study (GWAS) (= 891) or part of the 2nd replication
study (2= 83) were collected from 12 medical institutes in Japan
under the support of the autoimmune disease study group of
Research in Intractable Diseases, Japanese Ministry of Health,
Labor and Welfare: Hokkaido University Graduate School of
Medicine, Tohoku University Graduate School of Medicine, the
University of Tokyo, Keio University School of Medicine,
Juntendo University School of Medicine, University of Occupa-
tional and Environmental Health, University of Tsukuba, Tokyo
Medical and Dental University, National Center for Global
Health and Medicine, Nagasaki University, Wakayama Medical
University, and Jichi Medical University. SLE cases (2= 562) and
controls (n=653) enrolled in the Ist replication study were
collected from Kyushu University. Some of the SLE cases
(n=742) and controls (n=27,911) enrolled in the 2nd replication
study were collected from Kyoto University, Tokyo Women’s
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