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A Genome-Wide Association Study identified AFF7 as a
Susceptibility Locus for Systemic Lupus Eyrthematosus in
Japanese
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Abstract

Systemic lupus erythematosus (SLE) is an autoimmune disease that causes multiple organ damage. Although recent
genome-wide association studies (GWAS) have contributed to discovery of SLE susceptibility genes, few studies has been
performed in Asian populations. Here, we report a GWAS for SLE examining 891 SLE cases and 3,384 controls and multi-
stage replication studies examining 1,387 SLE cases and 28,564 controls in Japanese subjects. Considering that expression
quantitative trait loci (eQTLs) have been implicated in genetic risks for autoimmune diseases, we integrated an eQTL study
into the results of the GWAS. We observed enrichments of cis-eQTL positive loci among the known SLE susceptibility loci
(30.8%) compared to the genome-wide SNPs (6.9%). In addition, we identified a novel association of a variant in the AF4/
FMR2 family, member 1 (AFF1) gene at 4q21 with SLE susceptibility (rs340630; P =83 x107°, odds ratio = 1.21). The risk A
allele of rs340630 demonstrated a cis-eQTL effect on the AFFT transcript with enhanced expression levels (P<<0.05). As AFF1
transcripts were prominently expressed in CD4" and CD19" peripheral blood lymphocytes, up-regulation of AFFT may cause
the abnormality in these lymphocytes, leading to disease onset.
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Author Summary

Although recent genome-wide association study (GWAS)
approaches have successfully contributed to disease gene
discovery, many susceptibility loci are known to be still
uncaptured due to strict significance threshold for multiple
hypothesis testing. Therefore, prioritization of GWAS
results by incorporating additional information is recom-
mended. Systemic lupus erythematosus (SLE) is an
autoimmune disease that causes multiple organ damage.
Considering that abnormalities in B cell activity play
essential roles in SLE, prioritization based on an expression
quantitative trait loci (eQTLs) study for B cells would be a
promising approach. In this study, 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 and
identified AFF1 as a novel SLE susceptibility loci. We also
confirmed cis-regulatory effect of the locus on the AFF1
transcript. Our study would be one of the initial successes
for detecting novel genetic locus using the eQTL study,
and it should contribute to our understanding of the
genetic loci being uncaptured by standard GWAS
approaches.

Introduction

Systemic lupus ervthematosus (SLL) is an autoimmune clis
characterized by antoantibody

ase
procuction, complement activa-
ton, and mudti-organ damage 1. Familial aggregation demon-
strates that both genctic and envivonmental factors play a role in
pathogenesis of SLE [2]. Genetie studies using candidate gene-
approaches, and  recently, stuclies
(GWAS), have uncovered more than 25 SLE susceptibility: genes,
including HLA-DRBI, IRFG, ST, ITCAM, BLA, TIPS, and
others |3 18]. However, most ol these studies were conducted in
European populations |3 13,15,17], and lew studies have been

genome-wide  association

conducted - Asian populations [14,16,18]. Since the epidemiol-
ogy of SLIY has demonstrated  that the prevalence of discase

substantally differs among” populations, genetic hackgrounds of

SLE should be also heterogencous across populations ]19.20).
Therelore, additional stucies in Asians might provide novel
insights. {t is of note that GWAS for SLE in Chinese populations
identificd novel loci that had nat heen detected in L opeans, such
as FAST, LR and WDEYS [14,16].

Another issue raised by the previous GIWASs for complex
ciseases is that many susceptibility loci still remained incaptured,
owing o its strict signilicance threshold for multiple hypothesis
testing |21, n SLE, Tor example, the 26 risk loci identilied by the
previous GWAS explained only an estimated 8% of ihe total
genetic susceptibility (o the disease {15]. Therefore, i s stll
important to examine the sub-loct of GWAS, 1 ovder to reveal the
entire picture ol genetie ctiology. To effectively explore these
uncaptured loci, prioritization of GWAS vesults by incorporating
additional information implicated i the discase pathophysiology is
recommended [22,23]. Considering that abnormalities in B cell
activity play  essential roles

i SLE J1] and thar expression
quantitative trait loci eQYUL; have been implicated 1o comprise
approximately a half of genctic risks for autommmune discases |24,
prioritization based on an Q'L study for B cells would be a
promising approach [or SLI 23], Morcover,
assures the presence of functional
expression.

variant(s) that regulate gene
Thus, QL inereases the prior probability of the
presence of disease-causal variant(s) i the locus more effectively
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and wnbiasedly. compared to other knowledge-based prioritiza-
tions such as gene pathway analysis |2+,

Heve,we report a GWAS and minlt-stage replication studies for
SLI examining 2278 SLI cases and 31,948 controls in_Japanese
subjects. We integrated QUL stucly into the vesults of the GWAS,
whieh effectively enabled to detect a novel SLE susceptibility locus.

Results

GWAS for SLE

In the GWASN, 891 SLE cases and 3,384 controls i Japanese
subjects were genotyped over 330,000 smgl, nucleotide polymor-
phism (SNPY marvkers (Fable 51, 82 and Figure 1), We applied
stringent qualiiy control ({QC) eriteria and evaluated associations of
430,797 autosomal SNPs, as previously  deseribed  (26]. No
substantal population stratification was demonstrated  through
prineipal component analysis (Figure S1) or a Quantie Quantile
plot of Pvalues (infladon factor, Age, = 1.088, Figure .82),
suggesting homogenous ancestries ol our study population |27].

We ddentified  significant associations i six - chromosomal
loci that satisficd the genome-wide  significance  threshold  of
P<5.0x1077 Sable 1 oand Figure 2A) These loci have been
reported o beassociated withe SLE susceptibility  (S7A474,
TNICULS P, BLA, I91ST, and the HLA region) |3 18]. We
also observed signilicant veplications in 17 of (‘he previously
reported SLE susceptibility loci |3 18] (a=0.01: Table 2). OFf
these, significant replications were enriched in lhe loct identified
through the studies in Asian populations (80%: 8 of the 10 loci),
cluding RASGRES, IRIFL, HIPI, WDFYS, intergenic region at
Vi3, FTST0 SLCTIAL, [LE], and HIC2-UBE2LE | 14,16,18],
mm])‘uul to those in Buropean populations (36.3%; 9 of the 16
lociy |3 13,1517

Incorporation of eQTL study into GWAS results

For the seleetion of SNPs incorporated in the replication stuclies
of the potential association signals, we evaluated cis-eQUL effects
of the SNPs using publically available gene expression data [28],
andd priovitized ihe results of the GWAS. Afier applying QC
eriterta. we evaluated  the expression levels of 19,047 probes
assayed i lvimphoblastoid Bocell lines o Phase 11 HapMap
Last-Astan individuals |29] using Dumina’s human whole-genome
expression array {WG-6 version 1) [28]. For cach of the SNPs
included in our GWAS, probes located within 300 kbp regions
were focused on as cis-eQ¥ 1 'Ls (average .93 probes per SNP). We
denoted the SNPs which exhibited significant associations with

expression levels ol any of the corvesponding cis-cQ'lLs as eQUL
positive {false discovery rate (FDR) Q-values<?0.2). We observed
enrichments of =)L positive loct among the SLE susceptibility
loct (30.8%: 8 of the 26 evaluated loct) ncluding a well-known
eQ'UL gene of BLATTTT25] (Table 21 compared to the genome-
wide BNPs (6.9 and compared oven o 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 ¢QI'L
positive; Table 53).

By prioritizing the results of the GWAS using the eQI'L study,
we selected 57 SNPs from 1,207 SNPs that satisfied £<<1.0x107*
i the GWAS SVe subsequently referved the associations of the
selectedd SNPs using the results of the concurrent genome-wide
scane for SEE e an ndependent Japanese population (Pahiva 'l
et al, Presented at the 39th Aunual Meeting of the American
Soctety of Human Genceties, October 21, 2009). In the scan, 447
SLE cases and 680 controls of Japanese origin were evaluated
using a pooled HDNA approach [30]. We selected SNPs if any
association signak. were observed i the neighboring SNPs of the
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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 (Lable S4).

Replication studies and identification of AFF1

Then, we performed  two-stage  replication  stuclies  using
independent SLE cohorts for Japanese subjects (cobort T with
562 SLI cases and 653 coutrols, and cohort 2 with 825 S1IN cases
and 27,911 controls). First, we evaluated the selected 8 SNPs i the
replication stucdy 1. In the replication study

v SINPs that satisfied
P<LOx107" i the combined study of GIWVAS and replication

D,

@ PLoS Genetics | www.plosgenetics.org
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study | were furiher evaluated (Migure 1). Among the evaluated
SNPs, e observed significant replications in the SNP located in
the genomic vegion of the AF4E/MR2 family, member 1 gene
(AFFD) at 421 {05340630; P=4.6%] 077 and = 0.0094 in the two
individual cohorts, respectively; Table 3, Table S5, and Vigure 2B).
The combimed study for the GWAS (1’:].5><10—"') and the
replication  studies  demonstrated

significant  associations  of
1340650 that sausfied the genome-wide significance threshold
(P=83x107" OR =1.21, 95% C1 1.14 2.30).

Cis-eQTl. effeci of rs340630 on AFFT transcripts
Since the lanchnark SNP in the AFF/ locus, rs340630, was
prioritized through the eQ UL study as an QI positive SNP
(Fable 3), we [urther validated iis cis-cQ' UL effect using LEpstein-
Barr virus (LBV-oransfected B cell lines established from Japanese
mdividuals (Pharma SNP Consortium (PSC) cells, n=62). 'Lhe
correlation between 15340630 genotypes and the expression levels
of AFI'T was significant in the PSC eells stimulated with phorbol
istate acetate (PMA) (B7=0.074, P=0.033; Figure 3A). The
expression levels inercased with the number of SLE-risk (A) alleles.
To further confirm this cis-regulatory effect, we performed allele-
specific tanscript quantification (ASTQ) of AL, The transeript
levels of cach allele were quantified by PCR using an allele
specific probe for a SNP i the 3’ -untranslated region (rs340638),
which was m absolute LD with 15340630 (7 =1.0, ' = 1.0). We
examined PSCecells (n=17) that were heterozygous for both
r$340630 and rs340638. T'he 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, £=0.012) (Figure 3B). These
results suggest that rs340630, or SNP(s) m LD with it, are a
regulatory variaut predisposing SLE susceptibility through in-
creased expression levels of 4077,

yris

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

AFFT s known o be involved in eytogenctic translocations of
acute lymphoblastic leukemia (ALL) |31]. Its fusion protein with
the mixed-lneage leukemia gene (AMLL) is implicated in the
regulation of wranscription and the cell eycle of lymphocytes |31].
To investigate the expression pattern of AFFT i normal tissues, we
evaluated the transeript levels of ALFT in a panel of various tissues.
We observed proniinent expression of LT in CD4" and CD19*
peripheral blood lymphocytes, iaplying an important role for
AEEL iy helper-L-cells and B-cells (Figure 3C).

Discussion

CLthrough o GWAS  and  multi-staged  replication  studies
consisting of 2,778 SLE cases and 31,948 controls in Japanese
subjects, our stady identified that the AFFT locus was significantly
associated with SLI susceptibility.

As well as the identification of the novel SLI susceptibility
locus, we observed significant veplications of associations in the
previously reported susceptibility loci. The replications were
especially enviched in the loct identified through the studies in
Asian populations, compared to those in European populations.
Considering the ethnical heterogeneities in the epidemiology of
SLE [19.20], ihese observations suggest the similarities in the
genetic backgrounds of SLIL shared within Asian populations,
and also the

wstence of the both common and  divergent
genetic backgrounds encompassed beiween Luropean and Asian
populations.

January 2012 | Volure 8 | Issue 1 | 1002455
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Table 1. Results of a genome-wide association study for Japanese patients with SLE.

rsID? Chr Position (bp) Cytoband Gene Allele®  No. subjecis Allele 1 freq OR (95%Cl) P
"l 12 Case Cont;éi” Case Control

1510168266 2 191,644,049 2932 STAT4 T/C 891 3,384 037 0.27 1,59 (1.42-1.78) 2.7x107'%
159501626 6 32,508,322 6p21 HLA region A/C 891 3,381 0.20 0.12 1.86 (1.62-2.13) 1.0x107"8
152230926 6 138,237,759 - 6q23 TNFAIP3 G/ 891 3,377 0.11 0.069 1.75 (1.47-2.08) 1.9%10" ¢
156964720 7 75018280 7a11 HIPT G/A 891 3384 0.25 0.19 1.43 (1.27-1.63) 1.3x107#
152254546 8 11,381,089 8p23 BLK G/A 891 3,384 0.78 0.72 1.42 (1.61-1.25) 4.1%x107"
156590330 11 127,816,269 1124 ETSI A/G 1.44 (1.30-1.60) 13x107"

891 3,368 0.48 0.39

SNPs that satisfied the threshold of P-:5.0x107° were indicated.
PBased 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 ocus, we
tegrated cis-cQFL eflects of the SNPs aud prioritized the results
of the GWAS. In addition to identifying a novel locus for SLI-
susceptibility, our study  demonstrated  approximately 30% ol
contirmed SLl-susceptibility Joct were comprised of cis-e() L.
We also confirmed cis-regnlatory effect of the Jandmark SNP in
the AFFT locus, v340650, on AT wanseripes, which had been
prioritized through the e(QYTL study. These vesults would suggest
that accumulation ol quantitative changes i gene expression
would accelerate the disease onset ol SLE. Tt would also
demonstrate the validity of applying ¢QI'l. stucdy in the scarch
of the susceptible genes for SLE or other antoimnmune diseases, as
previously suggested i the study for celiac disease [24]. o our
knowledge, this is one of the nitial studies to successfully discover a
new locus by priovitizing GWAS vesults using ¢Q s, and should

contribute 1o the approaches assessing genetic loci still heing
uncaptured by recent large-scaled GWASs due (0 stringent
significance threshold for multiple hypothesis testing |21].

We observed prominent expression levels of A27 in CD4 and
GO peripheral bload lymphoeytes, which would imply
important role for AL v helper-T-cells and B-cells., T faet 4857
is essential for normal lymphoceyte development, as demonstrated
in mice deficient for AFF severe reduction were observed in the
thymic double positive GD4/CDE population and the bone
marrow pre-B and mature B-cell mmbers [32]. The risk A allele
of 1340630 demonstrated  a cis-eQUL effect on the AFFT
tanseript with enhanced expression levels. As the L1447 Jocus
was also demoustrated as an QUL primary liver cells |33], the

cis-regulatory  effcct may  hold in primary calls as well as
lymphoblastoid cells used in the present study. However, because
the mechanism ol transeriptional regulation s substantially
different among cell types |34, cell-type specific analyses including
those for primary "-cells and B-cells are needed for understanding
the precise role of A2 vaviant in I)mn(u\' lymphoceytes. Although
further functional  Imvestigation is necessary, our  observation
suggested that AL s involved i the etiology of SLE through
the regulation of deveJopment and activity of lymphocytes. {tis of
note that JAFF3, which also helongs 1o the AF4/FMR2 family, is
(lsxorml(d with susceptibility 1o autoimmune dis s

One of owr study’s imitations is the selection of \'\Px tor the
replication study using the results of the pooled DNA approach
130], which used a different genotyping platform from that of the
present GWAS. Morcover,  the
Sithouette scores in pooled

association  signals bascd on
analysis would be  less reliable
compared to those based on individual genotyping. Since direct
comparisons ol the association signals ol the same single SNPs
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hetween e sindies would be difficult due 1o these issues, we
adopted the complementary approach that veferved the association
signals of the multiple SNPs wn the pooled analysis for each of the
single SNPs i the GWAS, taking account of LI and physical
distances between the SNPs. However, there would exist a
possibiline that the vavian(s) tuly associated with SLIL was left
not to be examnined in the replication study. 1t should be noted that
only | BNP among the 8 selected SNPs yielded the significant
association  with SLE, although further enrvichments of  the
significant might  be anticipated. Fo  elucidate
effectiveness andd limitation of our approach, further assessments
ol the studies on ihe ramaining loct would be desirable, It should
also be noted that the control-case ratio of the subje were
relatively high in the veplication study 2 (=35.8), and this
disproportionaic ratio could have induced potential bias on the
results of the analysis ol the SNPs. However,
considlering the homogeneous ancestries of the Japanese popula-
ton [27] and that principal component analysis  did  not
demoustrate significant population stratfication m the control
subjects of e rephcation study 2 {data not shown), the bias owing
to population stragfication might not be substantial.

associations

association

In summary, through a GWAS and multi-staged  replication
staclies i a Japanese population integrating ¢Q L study, our
study identificd 1477 as a novel susceptibility locus tor SLE.

Materials and Methods

Subjecis
We enrolled 2,278 systemice lupus erythematosus (SLE) cases
aud 31,948 conivols, SLE cases enrolled in the genome-wide
association stuch (GWAS) (n=891) or part of the md 1(‘pln ation
study = 835 were collected from 12 medical institutes in Japan
under the support of the autoimmuue discase study group of
Rescareh i invractable D 5, Japanese Ministry of Health,
Labor and Weltare: Hokkaido University Graduate School of
Medicine, Tolioku University Graduate School of Medicine, the
University of Keio University School of  Medlicine,
Juntendo University School of Medicine, University of Occupa-
tonal and Environmental Health, University of 'T'sukuba, "Tokyo
Medical and Dental University, Natonal Center for Global
Health and Medicine, Nagasaki University, Wakayama Medical
University, and jichi Medical University. SLL cases (= 562) and
53 corolled in the

tokyo,

controls (=653 Ist replication study  were
collected trom Kyashu University. Some of the SLIE cases
(=742 and controls (1= 27,911) enrolled in the 2ud replication
sty were collected from Kyoto University, "Fokyo Women’s
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