ARTHRITIS & RHEUMATOLOGY

Vol. 68, No. 5, May 2016, pp 1197-1209
DOI 10.1002/art.39548

© 2016, American College of Rheumatology

Identification of a Systemic Lupus Erythematosus Risk Locus
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Objective. Systemic lupus erythematosus (SLE) is
a chronic autoimmune disorder whose etiology is incom-
pletely understood, but likely involves environmental
triggers in genetically susceptible individuals. Using an
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unbiased genome-wide association (GWA) scan and rep-
lication analysis, we sought to identify the genetic loci
associated with SLE in a Korean population.

Methods. A total of 1,174 SLE cases and 4,246 pop-
ulation controls from Korea were genotyped and analyzed
with a GWA scan to identify single-nucleotide polymor-
phisms (SNPs) significantly associated with SLE, after
strict quality control measures were applied. For select
variants, replication of SLE risk loci was tested in an
independent data set of 1,416 SLE cases and 1,145 popu-
lation controls from Korea and China.

Results. Eleven regions outside the HLA exceeded
the genome-wide significance level (P=5 x 107%). A
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novel SNP-SLE association was identified between
FCHSD2 and P2RY2, peaking at rs11235667 (P = 1.03 X
1078, odds ratio [OR] 0.59) on a 33-kb haplotype
upstream of ATGI6L2. In the independent replication
data set, the SNP rs11235667 continued to show a signifi-
cant association with SLE (replication meta-analysis
P =0.001, overall meta-analysis P = 6.67 X 1074 OR
0.63). Within the HLA region, the SNP-SLE association
peaked in the class II region at rs116727542, with
multiple independent effects observed in this region.
Classic HLA allele imputation analysis identified
HLA-DRBI*#1501 and HLA-DQBI1%0602, each highly
correlated with one another, as most strongly associated
with SLE. Ten previously established SLE risk loci were
replicated: STATI-STAT4, TNFSF4, TNFAIP3, IKZF1,
HIPI1, IRF5, BLK, WDFY4, ETS1, and IRAKI-MECP2. Of
these loci, previously unreported, independent second
risk effects of SNPs in TNFAIP3 and TNFSF4, as well as
differences in the association with a putative causal vari-
ant in the WDFY4 region, were identified.

Conclusion. Further studies are needed to identi-
fy true SLE risk effects in other loci suggestive of a sig-
nificant association, and to identify the causal variants
in the regions of ATG16L2, FCHSD2, and P2RY?2.

Systemic lupus erythematosus (SLE; MIM ID
152700) is a chronic, heterogeneous autoimmune dis-
ease characterized by the loss of tolerance to self anti-
gens, dysregulated type I interferon responses, and
inflammation, often resulting in systemic end-organ
damage (1). Immune dysfunction in SLE involves both
B and T lymphocytes of the adaptive immune system,
together with elements of the innate immune system,
including dendritic cells and the complement system (1).
The clinical manifestations of SLE can be quite variable
and can involve virtually any organ system. Although the
precise etiology of SLE is largely unknown, the patho-
genic mechanism likely involves environmental triggers
in a genetically susceptible host (2). Few effective treat-
ment options exist, largely because understanding of the
pathophysiologic basis of the disease is incomplete.
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Genetic predisposition leading to an increased
risk of SLE is supported by observations of high herita-
bility (>66%), increased risk among siblings of affected
patients (sibling risk ratio [As] ~30), and an ~25% dis-
ease concordance rate in monozygotic twins (3). To
date, associations of more than 50 loci with SLE suscep-
tibility have been identified and confirmed (4). Many of
these genes fall into known pathways that are key to
innate and adaptive immune responses, lymphocyte
activation and/or function, and immune complex clear-
ance (4). However, a significant proportion of heritable
SLE risk has yet to be explained (5). The identification
of SLE-associated genes and their pathogenic mechanisms
will greatly enhance our understanding of the pathophysi-
ologic processes of lupus and facilitate the development of
effective diagnostic, prognostic, and therapeutic tools.

To date, large-scale genome-wide genetic studies
of SLE in Asian populations have focused on Han Chi-
nese subjects (6-8) and Japanese subjects (9). Moreover,
several studies have shown that transracial mapping of
SLE loci can aid in the dissection of risk effects (4). In
this study, we performed a genome-wide association
(GWA) scan to identify genes associated with SLE in an
East Asian population from Korea.

PATIENTS AND METHODS

Subjects. A total of 1,174 patients with SLE were
recruited from the Hanyang University Hospital for Rheumat-
ic Diseases (HUHRD) and 6 other university hospitals in
Korea (10). In addition, 552 ethnically matched healthy con-
trol subjects were recruited from the HUHRD, and 3,700 eth-
nically matched out-of-study population control subjects were
recruited from the Korean National Institutes of Health (10).
For replication studies, an independent cohort of 1,416 SLE
cases and 1,145 population controls was used (11,12). This
independent sample set consisted of 739 Korean SLE cases
and 436 Korean controls, as well as 677 Chinese SLE cases
and 709 Chinese controls (see Supplementary Table 1, avail-
able on the Arthritis & Rheumatology web site at http://onlineli-
brary.wiley.com/doi/10.1002/art.39548/abstract).

Written informed consent was obtained from each par-
ticipant, in accordance with the protocols approved by the
Institutional Review Boards of the participating institutions.
All cases used in this study fulfilled at least 4 of the 11 Ameri-
can College of Rheumatology revised criteria for SLE (13) as
updated in 1997 (14), while healthy, population-based controls
were subjects without a family history of SLE or any other
autoimmune disease.

GWA analysis. Genotyping, sample quality control,
and ascertainment of population stratification. Samples were
genotyped using Illumina HumanOmnil-Quad or HumanOm-
niExpress arrays with Infinium chemistry, in accordance with
the manufacturer’s protocols, at the Oklahoma Medical
Research Foundation (OMRF). The out-of-study population
controls in the GWA analysis were genotyped using Illumina
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HumanOmnil-Quad arrays performed at the Korea National
Institutes of Health.

Strict quality control standards were implemented for
the single-nucleotide polymorphisms (SNPs) retained in the
GWA data set and tested for association, including the
requirement for well-defined clusters in the calling of the gen-
otypes. Samples were excluded if they had a SNP call rate of
<90%. SNPs were considered high-quality SNPs if they had
call rates of >95%, no evidence of differential missingness
between cases and controls (at a significance level of P <
0.05), and no evidence of a departure from expected Hardy-
Weinberg proportions (at a significance level of P < 0.01 for
controls and P < 0.000001 for cases). Inference was based pri-
marily on those SNPs that had a minor allele frequency
(MAF) >1%.

Based on the SNPs that passed the above quality con-
trol thresholds, samples were removed if there were inconsis-
tencies between recorded and genotype-inferred sex or if there
was excess heterozygosity on the autosomes. Duplicates and
first- or second-degree relatives were removed based on
identity-by-descent statistics, computed using the program
KING (15).

With the remaining study samples, principal compo-
nents (PCs) were computed, and the data were then merged
with HapMap phase III genotypes from the CEU (Utah resi-
dents with ancestry from northern and western Europe from
the CEPH [Centre d’Etude du Polymorphisme Humain]),
YRI (Yoruba from Ibadan, Nigeria), and CHB (Han Chinese
from Beijing, China) reference populations (16), using the
program EigenSoft (17). Principal components analysis (PCA)
was performed on a subset of autosomal SNPs that were
selected by removing regions of known high linkage disequilib-
rium (LD), by removing variants with an MAF <0.05, and by
pruning markers to reduce extended pairwise LD. PCs 1-3
were plotted in these analyses, to remove genetic outliers (see
Supplementary Figure 1, http://onlinelibrary.wiley.com/doi/10.
1002/art.39548/abstract). Thus, the final data set that passed
laboratory and statistical quality controls was composed of
1,174 SLE cases (1,096 female patients and 78 male patients)
and 548 within-study controls (547 female subjects and 1 male
subject). In addition, genotype data for 3,698 out-of-study con-
trols (2,330 female subjects and 1,368 male subjects) were
merged with the within-study genotype data.

Statistical analysis. Logistic regression analysis was
used to test for associations between each SNP and SLE status
while adjusting for PC3 as a covariate, since no other PC sig-
nificantly changed the inflation factor A. Primary inference
was based on the additive genetic model, unless there was sig-
nificant lack-of-fit (at a significance level of P < 0.05). If there
was evidence of a departure from an additive model, then
inference was based on the most significant value from the
dominant, additive, or recessive genetic model. The additive
model and recessive model were computed only if there were
at least 10 individuals and 30 individuals, respectively, who
were homozygous for the minor allele. The analyses were com-
pleted using the program SNPGWA version 4.0 (available at
http://www.phs.wfubmc.edu). For the analysis of chromosome
X SNPs, the samples were stratified by sex, and the data were
then meta-analyzed across the sexes using the program
METAL (18).

To determine the number of independent associations
within each SLE risk locus exceeding the genome-wide signifi-
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cance threshold, a manual stepwise model, or conditional ana-
lysis, was computed. The stepwise modeling, or conditional
analysis, was implemented using forward selection with back-
ward elimination, applying both an entry criterion and an exit
criterion of P < 0.0001, which accounted for ~500 indepen-
dent variants within a given genomic region. Specifically, for
each region of interest, the top SNP was included as a covari-
ate and the association statistics were recalculated. SNPs were
allowed to be entered into and exited from the models in this
stepwise manner until no additional SNPs met the significance
threshold of P < 0.0001.

Replication analysis. Genotypes from the replication
cohort were obtained using TagMan assays (Life Technolo-
gies) for 4 SNPs: rs2267828, rs10901656, rs11235667, and
rs1048257. Analyses were conducted for these cohorts inde-
pendently, to allow for PCA using previously collected data.
Ancestry adjustments for the Korean replication cohort have
been described previously (11). For the Chinese subjects, the
PCA was done using the method described in a study by
Kaiser et al (12) with slight modification.

In the present study, 7,918 randomly selected autoso-
mal ImmunoChip SNPs with an MAF >1%, low pairwise LD
(r*<0.1), and no evidence of association with SLE (P > 0.01)
were used to perform PCA, carried out using the program
EigenSoft (17). PCA plots utilizing the genotype data from
our subjects as well as those from the 1000 Genomes Project
reference populations of CHB and Southern Han Chinese
(CHS) subjects were used to select and remove genetic out-
liers. PC1 (Chinese cohort) and PCs 1, 2, and 3 (Korean data
sets from the OMRF and University of Southern California,
Los Angeles) were included as covariates in the logistic regres-
sion models, based on the variance explained in each data set.
These data sets were than meta-analyzed using the program
METAL (18). To test for heterogeneity among the individual
association results in the meta-analysis, we utilized both the
Cochran’s Q test statistic (19) and the I? index (20).

Imputation analysis. To help localize the associations
in the regions meeting the genome-wide significance level,
ungenotyped variants were imputed based on the reference
panel from the 1000 Genomes Project (21). Specifically, the
program SHAPEIT was used to pre-phase the genotype data
(22). After phasing the data, IMPUTE2 was used for the
imputation based on the 1000 Genomes Project phase I inte-
grated reference panel (23). The imputed data were filtered
using standard postimputation quality control, based on
IMPUTE2 information scores >0.5 and confidence scores
>0.9 for subsequent association tests. Post-association analysis
required inclusion of genotyped SNPs in LD with the imputed
variants, to support the inferred alleles as true signals. The
program SNPTEST (version 2) (24) was used to test for associ-
ation of the imputed variants.

Imputation of the classic HLA alleles in the genes
HLA-A, HLA-B, HLA-C, HLA-DPBI, HLA-DQAI, HLA-
DQBI, and HLA-DRBI was done using the program HiBAG
(25), with imputation analysis based on the Asian reference
panel. In this sample, ~21% of the reference SNPs used in the
HiBAG imputation were missing genotype data. To address
this issue, HLA imputation was repeated after filling in the
missing genotype data with the “best guess” imputed SNP data
from the 1000 Genomes Project data set described above. By
using the “best guess” genotype data with a posterior probabil-
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Figure 1. Summary of the results from the genome-wide association
scan in 1,174 systemic lupus erythematosus (SLE) cases and 4,246
controls from Korea (A) and zoom plot of the region associated with
SLE at 11q14 (B). A, The Manhattan plot shows the —log;o (P val-
ues) for the association of each genotyped variant with SLE, accord-
ing to chromosomal position. The shaded horizontal line indicates
the genome-wide significance threshold of P=5 X 10 % B, The
zoom plot shows the —log;o (P values) for the association of each
genotyped variant (circles) and imputed variant (triangles), as well
as for the variant showing peak association, rs11235667 (diamond),
with SLE, according to basepair position on chromosome 11
(Chrl1). Color key shows the values of linkage disequilibrium with
rs11235667. The broken horizontal line indicates the genome-wide
significance threshold of P=35 X 1078 Association exceeding this
threshold was found in the region extending from ATG16L2 through
FCHSD?2 to the shared promoter region with P2RY2.

ity of >0.90, the percentage of missing variants in the refer-
ence set was reduced to 0.36%.

RESULTS

Summary findings of the GWA analysis. We
observed modest inflation in the test statistic (A = 1.09),
with only slight deviation of observed P values from
expected, once the HLA loci and other known SLE loci
were removed (see Supplementary Figure 2, http://on
linelibrary.wiley.com/doi/10.1002/art.39548/abstract). A
total of 11 regions surpassed the genome-wide signifi-
cance threshold of P =5 X 10~%, with STAT4 (MIM 1D
600558) at rs11889341 yielding the most significant geno-
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typed association with SLE (P =8.02 X 10~'%) (Figure
1A and Table 1). Of the non-HLA regions, 10 risk loci
had been previously identified and confirmed as risk loci
for SLE, including STATI (MIM ID 600555)-STATH4,
IKZF1 (MIM ID 603023), TNFAIP3 (MIM ID 191163),
TNFSF4 (MIM 1D 603594), HIP1 (MIM ID 601767),
IRF5 (MIM 1D 607218), ETS1 (MIM 1D 164740), BLK
(MIM 1D 191305), WDFY4 (MIM ID 613316), and
IRAK1 (MIM ID 300283)-MECP2 (MIM ID 300005).
In addition, a novel risk locus (i.e., not previously
described as being associated with SLE) was observed at
11q14 (Figure 1A).

Association with SLE at 11q14. SNP-SLE asso-
ciation exceeding the genome-wide significance thresh-
old was only observed for one genotyped variant,
located between FCHSD2 (MIM ID not available) and
P2RY?2 (MIM ID 600041) (P = 1.03 X 10~% odds ratio
[OR] 0.59, 95% confidence interval [95% CI] 0.50-0.71)
(Figure 1B and Table 2). Moreover, additional support
from other genotyped variants in the region was
observed but with P > 5 X 10~® (a complete list of the
variants identified by single-locus GWA analysis is avail-
able in Supplementary Table 2, http://onlinelibrary.
wiley.com/doi/10.1002/art.39548/abstract).

After imputation of the 11q14 region showing
association with SLE, rs11235667 remained the variant
showing the most significant association (Figure 1B and
Supplementary Table 2, http://onlinelibrary.wiley.com/
doi/10.1002/art.39548/abstract). However, a haplotype
with 8 variants exceeding the genome-wide significance
threshold was identified, spanning from ATGI6L2
(MIM ID not available) through FCHSD?2 to the shared
promoter region with P2RY2. Stepwise logistic regres-
sion analysis adjusted for rs11235667 indicated that this
variant accounted for all of the association in the region
and likely the presence of only a single effect (see Sup-
plementary Figure 3, http://onlinelibrary.wiley.com/doi/
10.1002/art.39548/abstract).

Replication analysis of the primary signal in the
region of FCHSD2-P2RY?2 was done using independent
cohorts from Korea and China. The SNP rs11235667
between FCHSD2 and P2RY2 continued to show a sig-
nificant association with SLE and had a similar effect
size (replication meta-analysis P [Ppeta-rep] = 0.001, OR
0.71, 95% CI 0.57-0.87). In the meta-analysis of the
GWA and replication studies, the overall meta-analysis
P was 6.67 X 10~ (OR 0.63, 95% CI 0.55-0.72) (Table
2). No evidence of heterogeneity was observed in the
meta-analysis (Table 2).

Bioinformatics database mining using HaploReg
version 2 (26) identified that the region encompassing
rs11235667 was hypersensitive to DNase I in B cells, as
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Table 2.  Single-locus analysis of regions genotyped in the replication study*
Marker
region name MAF in L . .
( & . ) Replication meta-analysis Overall meta-analysis
major/minor cases/
allele controls  Pgwas Model OR (95% CI) P Q/r? OR (95% CI) P QI OR (95% CI)
152267828 0.40/0.45  7.02 X 1077 Add 0.79 (0.72-0.87)  0.02 0.56/0 0.87 (0.77-0.98) 646 x 10°% 0.41/0 0.81 (0.76-0.88)
(GTF2IRDI),
A/G
110901656 027023 691 x 1077 Dom 139 (1.22-1.58)  0.095 0.60 114 (0.98-1.31) 956 X 10°° 0.23/28.72 1.21 (1.12-1.32)
(DOCK1),
/T
1511235667 0.07/0.11  1.03 x 107® Add 0.59 (0.50-0.71)  0.0014  0.29/18.43  0.71 (0.57-0.87) 6.67 X 107" 0.14/44.37  0.63 (0.55-0.72)
(FCHSD2-P2RY2),
A/G
151048257 0.34/0.39  1.67 X 10°° Add 0.79 (0.72-0.87)  0.086  0.29/17.06  0.90 (0.80-1.01) ~ 8.66 X 1077  0.12/47.82  0.82 (0.76-0.89)
(AHNAK2),
T/C

* MAF = minor allele frequency; Powas =P value in the genome-wide association study; OR = odds ratio; 95% CI =95% confidence interval;

Add = additive; Dom = dominant.

reported by the ENCODE project (27). This variant has
been shown to be located within an enhancer element in
multiple immunologic cell types, based on data from the
Epigenetics Roadmap project (see Supplementary
Table 3, http://onlinelibrary.wiley.com/doi/10.1002/art.
39548/abstract) (28). Chromatin immunoprecipitation
followed by sequencing (ChIP-seq) conducted by the
ENCODE project identified 2 proteins, POL2 and YY1,
that were cross-linked to this region. Moreover, studies
using sequence prediction methods in HaploReg version
2 have indicated that rs11235667 can alter the binding
motif for the FOXa family of transcription factors (26).
These data suggest that the likely functional mechanism
involves regulation of expression of ATG16L2, FCHSD?2,
and/or P2RY2. However, the data in current eQTL data-
bases do not suggest that rs11235667 influences the
expression of these loci (26,29). This could be due to the
lack of data from the correct cell and/or tissue type, and/
or could be attributed to the fact that some databases do
not interrogate this SNP in their studies.

Of the 8 other variants that exceeded genome-
wide significance on the haplotype, several findings
pointed to rs11235604 as an intriguing potential causal
variant. This variant is a missense allele (R220W) that
resides in the coding region of ATGI6L2. Although it
has been predicted to be benign using the PolyPhen-2
predictive tool (30), it is possible that this variant may
still have an impact on the risk of SLE. In HaploReg
version 2 (26), rs11235604 has been reported to alter
8 predicted binding motifs, and this variant is thought to
be located within an active enhancer element in several
immunologically relevant cell types (for further details,
see Supplementary Table 3, http:/onlinelibrary.wiley.
com/doi/10.1002/art.39548/abstract). Further work is
needed to conclusively identify the polymorphism or
polymorphisms responsible for this association signal.

These studies might include evaluating the potential
impact of rs11235667 on the expression of ATGI6L2,
FCHSD?2, and/or P2RY?2. In addition, experiments are
needed to assess the impact on ATGI6L2 of the mis-
sense allele arising from rs11235604 and/or any other
variants within this haplotype.

Associations with the HLA region in Koreans
with SLE. One of the most consistent associations with
SLE has been with the HLA region. Although the HLA
was not the most statistically significant genotyped
region, the SNP rs116727542, located in an observed
broad peak of association spanning from HLA-DR
(MIM ID 142860) to HLA-DQ (MIM ID 146880),
showed the strongest SNP-SLE association (P = 6.15 X
10~?*) after imputation (Figure 2A and Table 3; see also
Supplementary Table 4, http://onlinelibrary.wiley.com/doi/
10.1002/art.39548/abstract). The interval between HLA-
DR and HLA-DQ has previously been implicated in stud-
ies of Korean patients with SLE (31). In an attempt to
identify the number of independent effects in this complex
region, we used a stepwise approach (as described in
Patients and Methods) and identified 10 independent
effects (for complete results of the stepwise regression
analysis of the HLA region after imputation, see Supple-
mentary Figure 4A, http://onlinelibrary.wiley.com/doi/10.
1002/art.39548/abstract). The first 4 variants identified in
the stepwise regression analysis, rs116727542, rs9273371,
rs114653103, and rs115253455, are all located in the HLA
class II region (Figure 2A; see also Supplementary Figure
4A and Supplementary Table 4, http://onlinelibrary.wiley.
com/doi/10.1002/art.39548/abstract).

To better understand the relationship between the
variants reported in this study and the classic HLA alleles,
we imputed alleles at HLA-A, B, C, DPB1, DOAI, DQOBI,
and DRBI. Peak statistical significance (P = 5.55 X 10~ '°)
was observed for the 2 tightly linked alleles HLA-
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Figure 2. Expanded view of the association between systemic lupus erythematosus (SLE) and the HLA (A), TNFAIP3 (B), TNFSF4 (C), and
WDFY4 (D) regions. A, The zoom plot shows the —log;o (P values) for the association with SLE of each observed variant (circles) and imputed
variant (triangles) in the major histocompatibility complex region, according to basepair position from 26 Mb to 34 Mb on chromosome 6
(Chr6). Color key shows the values of linkage disequilibrium with the first 4 variants included in the stepwise logistic regression analysis
(rs116727542, rs114653103, rs9273371, and rs115253455), all located within the HLA class II region. Insert on the left shows the —log;o (P val-
ues) for the association with SLE of the imputed classic alleles, according to basepair position from 31 Mb to 33.5 Mb. B-D, The zoom plot
shows the —log;o (P values) for the association with SLE on chromosome 6 in the region of TNFAIP3 (B), chromosome 1 in TNFSF4 (C), and chro-
mosome 10 in WDFY4 (D). For each independent effect, the variants showing peak association are represented by a diamond (in blue for the first
effect, and in red for the second, if applicable). Color keys show the correlation of variants accounted for by each effect. The broken horizontal line

in A-D indicates the genome-wide significance threshold of P =35 X 1075,

DRBI*1501 (OR 1.85, 95% CI 1.59-2.14) and HLA-
DQBI#0602 (OR 1.90, 95% CI 1.62-2.21) (Figure 2A
and Table 4; see also Supplementary Table 5, http:/
onlinelibrary.wiley.com/doi/10.1002/art.39548/abstract). Step-
wise logistic regression modeling of the HiBAG-imputed
HLA alleles identified 13 independent effects (Table 4).

To better relate the classic alleles to the variants
identified in this GWA scan, stepwise modeling with both
the SNPs and classic HLA alleles was performed. After
imputation analysis using the 1000 Genomes Project data,
the peak effect observed was with the variant 15116727542,
which was accounted for in HLA-DQBI*0602 and
HILA-DRB1%0803 (for results of the additional 8 rounds
of the stepwise regression analysis, see Supplementary Fig-
ure 4B, http://onlinelibrary.wiley.com/doi/10.1002/art.395
48/abstract).

Confirmation of previously reported non-HLA
associations with SLE and identification of novel inde-
pendent effects. Several previously identified non-HLA
loci associated with SLE were also replicated in this
study, including STATI-STAT4, TNFSF4, TNFAIP3,
IKZF1, HIPI1, IRF5, BLK, WDFY4, ETSI1, and IRAKI-
MECP2 (Table 1 and Figures 2B-D; see also Supple-
mentary Figures 5-11 and Supplementary Tables 6-15,
http://onlinelibrary.wiley.com/doi/10.1002/art.39548/abstract).
Of these loci, the associations in the region of TNFAIP3,
TNFSF4, and WDFY4 had notable differences compared to
those in previous studies.

After imputation of the TNFAIP3 region, the pri-
mary independent effect in the stepwise model was
observed at rs5029937, located within the second intron
of TNFAIP3 (Table 1 and Figure 2B). The second inde-
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Table 4. Multilocus model of the imputed HLA dosages in single-locus and stepwise analyses™

HLA dosage
frequency Best guess count OR Stepwise OR
HLA allele Cases Controls Cases Controls (95% CI) Single locus P Stepwise P (95% CI)
DQBI*0602% 0.25 0.15 301 636 1.90 555 x 1071° 1.93 x 102 2.35
(1.62-2.21) (1.99-2.78)
DRBI*0803 0.20 0.13 251 613 1.59 737 %1078 7.63 X 10710 2.14
(1.34-1.88) (1.78-2.58)
DQBI*0202 0.18 0.12 212 502 1.60 757 %1078 219 x 10718 2.50
(1.35-1.90) (2.04-3.07)
DQAI*0302 0.19 0.16 286 847 1.41 127 x 1073 492 x 107° 1.98
(1.15-1.75) (1.58-2.50)
B*0801 0.02 0.004 20 14 5.43 342 x10°° 515 % 107° 571
(2.66-11.08) (2.70-12.07)
DQAI*0401 0.04 0.03 54 133 1.73 5.94 x 1073 311 x 107 2.36
(1.17-2.57) (1.58-3.54)
C*0702 0.22 0.17 261 711 1.37 545 x 107 2.06 X 1073 1.30
(1.17-1.59) (1.10-1.54)
DRBI*0406 0.03 0.07 41 354 0.15 2.63 x 10711 1.11 x 107* 0.32
(0.09-0.26) (0.18-0.57)
DPBI*0501 0.79 0.72 930 3092 1.16 287 x 1073 1.06 x 10™* 1.23
(1.05-1.28) (1.11-1.36)
DRBI*1602 0.03 0.02 38 87 1.78 773 X 1073 153 x 1073 2.05
(1.16-2.72) (1.32-3.20)
DPBI*1701 0.03 0.04 41 160 0.90 5.66 X 107! 1.07 x 1073 0.5
(0.62-1.30) (0.33-0.76)
C*0102 0.29 0.32 359 1429 0.88 6.51 x 1072 582 % 1073 0.82
(0.77-1.01) (0.71-0.94)
DRBI*1202 0.04 0.07 39 266 0.52 298 x 1074 7.07 X 1073 0.61
(0.37-0.74) (0.42-0.87)

* Imputation analyses were done using the program HiBAG. The results presented are the findings after adjustment for all other
variants identified in the stepwise model. OR = odds ratio; 95% CI = 95% confidence interval.

T The allele HLA-DRBI*1501 had the same P value as that of HLA-DQBI*0602, but the latter was selected by the stepwise
modeling procedure (for complete results, see Supplementary Table 5), available on the Arthritis & Rheumatology web site at http://

onlinelibrary.wiley.com/doi/10.1002/art.39548/abstract.

pendent effect was identified at rs9373203, which was
located 3’ of the TNFAIP3 coding region. A previous
study of Han Chinese patients with SLE (6) demonstrat-
ed that rs2230926 was associated with disease, and
another transracial mapping study of SLE in Koreans (a
cohort that partially overlaps with subjects in the current
study) and Europeans (32) identified an association of
157749323 with risk of SLE. Both variants (rs2230926
and rs7749323) are highly correlated with rs5029937
(D' = 1.0, 1> >0.98), indicating that our results (see Sup-
plementary Figure 12, http://onlinelibrary.wiley.com/
doi/10.1002/art.39548/abstract) are consistent with the
findings from these previous reports.

In addition, the second effect tagged by
rs9373203 (Figure 2B) was not identified in studies by
either Han et al (6) or Adrianto et al (32). Musone et al
(33) identified effects of multiple variants, some of
which spanned even further 3’ of TNFAIP3 than
rs9373203. After their stepwise analysis, they identified
156922466 as the tagging variant accounting for this
association; however, this variant was not found to be

associated with SLE in Koreans in the present study.
Moreover, the LD between these variants is very weak
in Koreans (D' = 0.43, r? = 0.00; Supplementary Figure
12, http://onlinelibrary.wiley.com/doi/10.1002/art.39548/
abstract), thus providing additional evidence that
rs9373203 may be an independent effect warranting
further study.

In the region of TNFSF4, after imputation, 2 inde-
pendent effects were observed in the stepwise model. The
first effect, peaking at rs76413021, was found to be located
in the first intron of the TNFSF4 coding region (Table 1
and Figure 2C). This variant is in LD with 12205960
(D' =0.98, r* = 0.94) and 151234315 (D' = 0.97, r* = 0.48)
(details in Supplementary Figure 13, http://onlinelibrary.
wiley.com/doi/10.1002/art.39548/abstract) and was identi-
fied previously in a GWA scan of a Han Chinese popula-
tion (6). Moreover, this effect was consistent with the
findings reported in Europeans (34).

The second independent effect peaking at
1s4916342 located in an intron of the gene LOC100506023,
just 5/ of TNFSF4, was determined to be distinct from
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signals found in previous studies (Figure 2C). Neither Han
et al (6) nor Cunninghame Graham et al (34) reported
association signals as far 5’ of TNFSF4 as that observed in
the present study for the second independent effect tagged
by rs4916342. In a transracial mapping study of this region
by Manku et al (35) that included subjects from East Asia,
a second independent effect (tagged by rs1234314) was
identified. In the present study of SLE in Koreans, we
found that the first effect, tagged by rs76413021, accounted
for the effect of rs1234314 in the stepwise model. Although
151234314 and rs4916342 are located in the same general
genomic location, the LD structure further supports the
observation that they are not the same genetic effect; how-
ever, all of the risk variants are located on a single risk hap-
lotype (see Supplementary Figure 13, http://onlinelibrary.
wiley.com/doi/10.1002/art.39548/abstract). This suggests
that risk alleles for both rs76413021 and rs4916342 must be
present to confer susceptibility to disease.

In the region of WDFY4, the present study did not
replicate an effect of rs§77819 (Table 1), which had been
previously reported to result in a down-regulation of
WDFY4 through modification of a YY1 binding site (36).
However, the results with regard to WDFY+4 in Koreans
are consistent with those from 2 previous studies. First,
the most statistically significant association within this
region, the coding variant rs7097397 leading to the amino
acid substitution R1816Q (P =2.10 X 10~"), was previ-
ously reported by Yang et al (8). Second, we also demon-
strated an association of rs1913517 (P =2.54 X 107°)
(Table 1 and Figure 2D), which was identified previously
by Han et al (6). Our haplotype and stepwise regression
analysis indicated that there were 2 independent effects
in the region, with rs7097397 accounting for the associa-
tion observed at rs1913517, and rs10857631 tagging the
second independent effect (Figure 2D and Supplementa-
ry Figures 14 and 15, http://onlinelibrary.wiley.com/doi/
10.1002/art.39548/abstract).

Suggestive association with SLE identified in
the GWA analysis. In total, 15 genotyped variants sur-
passed the suggestive significance threshold of P =2 X
10° and were considered for further replication analy-
sis (see Supplementary Table 16, http://onlinelibrary.
wiley.com/doi/10.1002/art.39548/abstract). Replication of
the association was attempted for 3 additional variants,
located within GTF2IRD1, DOCKI, and AHNAK? (Table
2), all of which have multiple genotyped variants that
have been found to show suggestive significance in SLE
and/or have been previously implicated in other related
phenotypes. Only rs2267828 near GTF2IRD] yielded a
Pcta-rep value of <0.05, but this variant did not surpass
genome-wide significance in the overall meta-analysis
that included the data from the GWA scan (Table 2).

LESSARD ET AL

The variant in the region of AHNAK?2, rs1048257, was
trending toward significance, while rs10901656 near
DOCKI showed association in one replication cohort
with the opposite allele (Table 2).

Outside of the 10 previously reported SLE loci
described above, we observed 8 additional loci (on the
list of ~50 that have been described previously) that
showed a suggestive association at levels ranging from
P>5x10%to P <5 X 107> (see Supplementary
Table 17, http://onlinelibrary.wiley.com/doi/10.1002/art.
39548/abstract). This finding is likely due to the limited
power of the present study and/or could be attributed to
population-specific differences between this study and
the studies in which these discoveries were originally
identified.

DISCUSSION

The association in the 11q14 region observed in
the present study peaked between 3 candidate genes,
ATGI16L2, FCHSD?2, and P2RY2, all of which have the
biologic potential to affect the pathophysiologic process-
es of SLE. Although this locus has not been identified
as significant in other systemic autoimmune diseases,
variants in this region have been found to be associated
with Crohn’s disease (MIM ID 266600) in Korean sub-
jects (37). Moreover, the variant identified as showing
peak significance in Crohn’s disease, rs11235667, was
also the variant revealed to be of peak significance in
the present study of Korean patients with SLE. The mis-
sense variant, rs11235604, was also reported to be asso-
ciated with Crohn’s disease (37). GWA studies
conducted in Europeans with SLE did not identify an
association of the rs11235604 locus, since it iS monomor-
phic in that population. Moreover, the GWA scans in
the Han Chinese population (6-8) used the Illumina
Human 610-Quad bead chip, which does not contain
rs11235667.

ATGI6L2 (autophagy-related 16-like 2) is a
ubiquitously expressed homolog of ATGI16L1 (MIM ID
610767), a gene that has been implicated as a risk locus
for Crohn’s disease in patients of European descent
(38,39). Both loci are involved in autophagy; however,
little is known about the role that ATG16L2 plays in the
process. Interestingly, this pathway has been previously
implicated in SLE. The gene ATG5 (MIM ID 604261)
has also been associated as a risk locus for lupus (6,40).
Studies in mice have shown that Apgl6l (the mouse
equivalent of human ATGI6L) interacts with Apg5 (the
mouse equivalent of human A7TGS5), suggesting that
ATGI16L2 and ATG5 may also interact in humans (41).
More studies are needed to understand the functions of
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ATGI6L2 and whether it is involved in the association
with SLE.

FCHSD2 (FCH and double SH3 domains 2) has
been described as a regulator of F-actin assembly
through interactions with WAS (also known as WASP)
and WASL (also known as N-WASP) (42). FCHSD?2 is
primarily expressed in CD19+ B cells, dendritic cells,
myeloid cells, CD4+ T cells, and CD8+ T cells (39).
Previous studies have shown that WAS plays an impor-
tant role in the migration of T cells through reorganiza-
tion of the actin cytoskeleton subsequent to interactions
with dendritic or B cells (43).

P2RY2 (purinergic receptor P2Y, G protein—
coupled, 2) is known to be involved in many cellular
functions and is expressed in myeloid cells, including
monocytes (39). P2RY?2 is a receptor for ATP and UTP
that acts as a sensor for the release of nucleotides by
apoptotic cells (44). Mice null for P2RY2 showed a
decreased ability to recruit monocytes and macrophages
upon activation of nucleotides from apoptotic cells (44).
P2RY2 is also known to induce CCL2 secretion in
macrophages, and coding variants in the receptor have
been shown to influence secretion of this proinflamma-
tory chemokine (45).

Although the HLA region has been associated
with SLE susceptibility since the 1970s, the precise loci
responsible for the risk conferred have not been fully
characterized. A further cross-comparison of popula-
tions could be beneficial to take advantage of differ-
ences in LD and will likely help further refine
the association signals seen in the GWA studies. For
the classic alleles, previous studies have identified asso-
ciations with alleles in the HLA-DR locus in Euro-
peans, Chinese, Japanese, and Koreans (46-49), but
HLA-DQBI%0602 has not been implicated previously
in Koreans. Two prominent classic HLA alleles identi-
fied in Europeans with SLE showed differences in
association in Koreans. While HLA-DRBI*1501 was
among the alleles that were most significantly associat-
ed with SLE, HLA-DRBI*0301 was found to be
expressed at low frequency in this Korean population
and was not associated with SLE (for details, see Sup-
plementary Table 5, http://onlinelibrary.wiley.com/doi/
10.1002/art.39548/abstract). These results are consis-
tent with those from a recent study in Koreans that
evaluated the role of HLA in this population (50).
Moreover, that study showed that amino acid changes
to HLA-DRBI evident at positions 11, 13, and 26
accounted for the HLA association with SLE (50).
However, it is possible that other amino acid—changing
variants, noncoding RNAs, and/or transcriptional
changes for other HLA loci that are coinherited with
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HLA-DRBI on these haplotypes may also be contribut-
ing to SLE risk.

The GWA scan in the present study replicated
several loci that have been identified by prior studies as
significantly associated with SLE, including STATI-
STAT4, TNFSF4, TNFAIP3, IKZF1, HIPI, IRF5, BLK,
WDFY4, ETS1, and IRAKI-MECP2. 1t is important to
note that a previous GWA scan of Korean women with
SLE also demonstrated replication of the association of
STAT4 and BLK at a genome-wide significant level (31).
Of these replicated regions, TNFSF4, TNFAIP3, IKZF1,
HIPI, IRF5, BLK, and ETSI have functional effects that
have been previously described (for details, see Supple-
mentary Table 18, http:/onlinelibrary.wiley.com/doi/10.
1002/art.39548/abstract). Although most of the signals in
these loci are identical, we did describe notable differ-
ences with independent effects in 7TNFSF4 and
TNFAIP3. Moreover, we did not observe association with
rs877819, which had been proposed as a putative causal
variant leading to expression differences of WDFY4 (36).

In conclusion, in this study we performed a
GWA scan of Korean SLE patients and population con-
trols, resulting in identification of 12 regions that sur-
passed the genome-wide significance level. The region
from ATGI6L2 through FCHSD2 to the promoter
region of the P2RY?2 locus was identified and confirmed
as an SLE-associated region. Herein, we also observed
strong associations in the HLA region and showed the
relationship between the classic HLA alleles and the
variants reported within this GWA study in Koreans.
The 10 additional regions identified, STATI-STATH4,
TNFSF4, TNFAIP3, IKZF1, HIP1, IRFS5, BLK, WDFY4,
ETSI, and IRAKI-MECP2, have previously been impli-
cated in SLE. Additional replication analyses of the loci
suggestive of a significant association in this study are
needed to determine their relationship with SLE.
Although GWA approaches have been very successful
in the identification of risk loci, continued efforts are
needed to narrow down the association signals to the
causal variants, and to determine the functional causal
mechanisms contributing to the pathogenesis of SLE.
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