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Background: Recent genetic association studies identified more than 160 susceptibility loci for inflammatory bowel disease in Caucasian populations,
but studies in Asian populations are limited. We have previously reported 3 loci associated with Korean ulcerative colitis (UC).

Methods: Using the Immunochip custom single nucleotide polymorphisms (SNP) array designed for dense genotyping of 186 known disease loci from
12 immune-mediated diseases, we analyzed 705 patients with UC and 1178 controls for 536,821 SNPs (89,057 genotyped and 447,764 imputed) in the
discovery stage followed by replication in additional 980 affected individuals and 2694 controls in a Korean population.

Results: We confirmed the associations of 10 known UC risk loci in Koreans: rs76418789 in IL23R (combined P ¼ 1.25 · 1028), rs4728142 in IRF5
(combined P ¼ 3.17 · 1028), rs1830610 near JAK2 (combined P ¼ 2.28 · 1029), rs1555791 near TNFRSF14 (combined P ¼ 1.62 · 1026), rs880790
between IL10-IL19 (combined P ¼ 3.73 · 1026), rs10185424 between IL1R2-IL1R1 (combined P ¼ 1.54 · 1024), rs6478108 in TNFSF15 (combined
P ¼ 9.28 · 1025), rs861857 between UBE2L3-YDJC (combined P ¼ 3.05 · 1025), rs1801274 in FCGR2A (discovery P ¼ 1.54 · 1024), and
rs17085007 between GPR12-USP12 (discovery P ¼ 3.64 · 1024). The percentage of phenotype variance explained by the 13 risk loci (including 3
previously reported loci) was 5.61% in Koreans (on the liability scale, population prevalence ¼ 0.0308%).

Conclusions: Our study increased the number of UC susceptibility loci in Koreans to 13 and highlighted the extensive sharing of genetic risk across
populations of UC.

(Inflamm Bowel Dis 2016;22:13–19)
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U lcerative colitis (UC) and Crohn’s disease (CD) are 2 major
subtypes of inflammatory bowel disease (IBD). IBD is

believed to arise by combined genetic and environmental factors
that cause dysregulated mucosal immune responses to the gut
flora in genetically susceptible individuals.1 UC is confined to

the colon and rectum with inflammations limited to the mucosa,
whereas CD can involve in any part of gastrointestinal tract with
transmural inflammation. The incidence of IBD is rapidly increas-
ing in China, Japan, and Korea but is still lower than in the
West.2–4 Of the 163 genetic susceptibility loci to IBD identified

Supplemental digital content is available for this article. Direct URL citations appear in the printed text and are provided in the HTML and PDF versions of this article on
the journal’s Web site (www.ibdjournal.org).

Received for publication July 6, 2015; Accepted July 28, 2015.

From the *Department of Gastroenterology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea; †Department of Biochemistry and Molecular
Biology, University of Ulsan College of Medicine, Seoul, Korea; ‡The F. Widjaja Foundation Inflammatory Bowel and Immunobiology Research Institute; Cedars-Sinai Medical
Center, Los Angeles, California; §Department of Pathology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea; kDepartment of Rheumatology,
Hanyang University Hospital for Rheumatic Diseases, Seoul, Korea; ¶Department of Life Science, Sogang University, Seoul, Korea; **Department of Preventive Medicine,
Seoul National University College of Medicine, Seoul, Korea; ††Department of Pediatrics, Gyeongsang National University School of Medicine, Jinju, Korea; and ‡‡Human
Genetics, Genome Institute of Singapore, Singapore.

Supported by a Mid-career Researcher Program grant through NRF (National Research Foundation of Korea) to K. Song (2014R1A2A1A09005824) funded by the
Ministry of Science, Information & Communication Technology and Future Planning and a Korean Health Technology R&D Project grant to S.-K. Yang (A120176) from the
Ministry of Health & Welfare, the Republic of Korea.

The authors have no conflicts of interest to disclose.

Reprints: Kyuyoung Song, PhD, Department of Biochemistry and Molecular Biology, University of Ulsan College of Medicine, 88, Olympic-ro 43-gil, Songpa-gu, Seoul
138–736, Korea (e-mail: kysong@amc.seoul.kr); Suk-Kyun Yang, MD, PhD, Department of Gastroenteology, University of Ulsan College of Medicine, Asan Medical
Center, 88, Olympic-ro 43-gil, Songpa-gu, Seoul 138-736, Korea (e-mail: sky@amc.seoul.kr).

Copyright © 2015 Crohn’s & Colitis Foundation of America, Inc.

DOI 10.1097/MIB.0000000000000584

Published online 22 September 2015.

Inflamm Bowel Dis � Volume 22, Number 1, January 2016 www.ibdjournal.org | 13

Copyright © 2015 Crohn’s & Colitis Foundation of America, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/article/22/1/13/4561748 by library_hanyang user on 15 June 2021



in Caucasians, two-thirds are shared between CD and UC, and 30
CD-specific and 23 UC-specific loci are identified.5 However, the
disease variance explained by these 163 loci is 13.6% for CD and
7.5% for UC.5 Recent genome-wide association studies (GWASs)
of UC and CD in Korean and Japanese populations suggested that
genetic associations for UC tend to overlap among different
ethnic groups more than for CD that shows well-established eth-
nicity dependence.6–9

We previously reported confirmation of 3 Caucasian IBD risk
loci including the RNF186-OTUD3-PLA2G2E, major histocompat-
ibility complex (MHC), and IRF8 locus through GWAS on UC in
Koreans. As the 3 risk loci for UC accounted for only 2.55% of the
phenotype variance (population prevalence adjusted) in Koreans, we
have used the Immunochip array (Illumina, San Diego, CA) to
identify additional UC susceptibility loci in the Korean population.
The Immunochip custom single nucleotide polymorphisms (SNP)
array is a targeted genotyping array with dense marker coverage
across 186 known disease loci identified through GWASs on 12
immune-mediated diseases including UC. This platform would pro-
vide an opportunity to identify new UC associations with loci impli-
cated in other autoimmune diseases and for fine-mapping
experiments. Here, we report the Immunochip analysis for suscep-
tibility loci of UC in Koreans.

MATERIALS AND METHODS

Study Population
A total of 1685 patients with UC and 3872 unrelated

healthy controls, randomly divided into 2 independent cohorts,
were included in this study. The clinical characteristics of the
study subjects are shown in Table, Supplemental Digital Con-
tent 1, http://links.lww.com/IBD/B98. All study participants were
of Korean descent. All the patients with UC were diagnosed at the
IBD Clinic of Asan Medical Center, Seoul, Korea, on the basis of
conventional clinical, radiologic, endoscopic, and histopathologic
criteria.10,11 Patients with indeterminate colitis were excluded
from the study. Phenotypic subgroups of UC were determined
by 2 independent investigators (S.K.Y. and B.D.Y.) and blinded
to the results of the genotype analysis, using the Montreal classi-
fication.12 Briefly, patients with UC were classified into 3 catego-
ries including ulcerative proctitis, left-sided UC, and extensive
UC on the basis of maximal endoscopic extent. Discovery sam-
ples consisted of 461 healthy controls recruited from the Univer-
sity of Ulsan College of Medicine and the Asan Medical Center.13

In addition, we added another 717 preexisting disease-free Korean
controls genotyped by Immunochip that were obtained from
T.-W. Kim.14 Controls for the replication cohort consisted of
1236 healthy controls recruited from the Asan Medical Center,
602 from Seoul National University, 599 from the National Bio-
bank of Korea supported by the Ministry of Health, Welfare and
Family Affairs, and 257 from the Gyeongsang National Univer-
sity Hospital, a member of the National Biobank of Korea. This
study was approved by the Institutional Review Board of Asan

Medical Center, and written informed consent was obtained from
all subjects.

Genotyping and Quality Controls
Genotyping of the discovery samples, 707 UC cases, and

469 controls (control cohort 1) was performed using Immunochip
at the Cedars-Sinai Medical Center, Los Angeles. We also included
additional Immunochip data of 727 Korean control subjects
(control cohort 2) obtained from T.-W. Kim.14 The control cohort
2 samples were genotyped at the University of Queensland Dia-
mantina Institute (Brisbane, Queensland, Australia). In total, dis-
covery cohort consisted of 707 cases and 1196 controls. To control
possible batch effects, we used the same genotyping and calling
quality metrics; cluster separation (,0.5), call rate ,0.99. In total,
21,374 SNPs from UC case cohort, 44,836 SNPs from control
cohort 1, and 28,120 SNPs from control cohort 2 were excluded
due to poor performance. All SNPs on the X, Y, and mitochondrial
chromosomes were excluded. SNPs with a call rate below 98% or
with a Hardy–Weinberg equilibrium P value of , 1.0 · 1025 in
controls or with a minor allele frequency , 0.01 were excluded.
Similarly, we removed all samples with a genotyping rate less than
96% from further analysis. Six individuals from control cohort 2
were removed due to a genotyping rate less than 96%. We then
combined the 707 UC cases and 2 sets of controls. Quality control
was performed again in combined samples. In the combined sam-
ples, markers with a Hardy–Weinberg equilibrium P value of
,1.0 · 1025 in controls, or with a minor allele frequency
,0.01, or with differential missingness between cases and controls
(P , 0.05) were also excluded from the analysis. Finally, 89,057
SNPs remained for further analysis (see Table, Supplemental
Digital Content 2, http://links.lww.com/IBD/B99).

We examined the potential genetic relatedness of 1897
samples based on the identity by descent analysis using PLINK
1.07 software (http://pngu.mgh.harvard.edu/purcell/plink/). For
each pair of first or second degree-related samples (PI_HAT .
0.25, IBS .0.8), the sample with the lower genotype call rate
was removed. Fourteen samples were removed due to sample
duplications and/or close genetic relatedness (2 cases and 12 con-
trols). Subsequently, we performed principal-component analysis
(PCA) to detect population outliers and stratification using PLINK
1.07 software and R (v3.2.0; http://www.r-project.org/). All SNPs
within 5 distinct regions of long-range linkage disequilibrium (LD),
including the human leukocyte antigen region on chromosome 6,
inversions on chromosomes 8 and 5, and 2 regions on chromosome
11, were excluded during PCA. First, all the 1883 samples (705
cases and 1178 controls) were analyzed together with 194 reference
samples from the International HapMap Project to detect popula-
tion outliers. Second, PCA was used again to detect population
stratification among the cases and controls. The second PCA anal-
ysis suggested minimal genetic mismatch between the cases and
controls. After the SNP and sample quality control procedures, the
final discovery cohort data set included 89,057 SNPs in 705 cases
and 1178 controls (average call rate of 99.96%; see Table, Supple-
mental Digital Content 2, http://links.lww.com/IBD/B99).
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Imputation
We used software IMPUTE (v2.0; https://mathgen.stats.

ox.ac.uk/impute impute_v2.html) to impute genotype data of
untyped SNPs in the Immunochip data.15 Imputation was per-
formed using the Asian reference panel (JPT + CHB) from the
1000 Genomes Project databases (February 2012 release).
Imputed genotypes with a genotype probability of ,90%, as well
as SNPs with an imputation certainty ,80% (based on informa-
tion scores of imputation results), a minor allele frequency ,0.01,
and a missing rate of .10% were excluded from further analysis.
A total of 447,764 imputed SNPs passed quality control and were
combined with 89,057 genotyped SNPs for association analysis.

Replication
After the immunochip analysis, SNPs with P , 1024 were

selected for replication. We only chose regions with multiple SNPs
having association evidence; the top SNP association signal from each
region was then used for validation. We chose genotyped SNPs pref-
erentially over imputed SNPs if there was strong LD (r2 . 0.8)
between them, even if imputed SNPs might have lower P value. SNPs
from the previously reported 3 Korean UC susceptibility loci (the
MHC region, IRF8, and OTUD3 loci) were not selected for replica-
tion.7 Of 651 SNPs with P , 1024, 226 SNPs were from the MHC
region, 186 SNPs from the JAK2 locus, and 16 SNPs from the IRF8
locus. Of the remaining 223 SNPs across 15 distinct loci (1p36.1,
1p36.3, 1p22, 1q32, 2q11, 5q33, 7q21, 7q32, 8p23, 9q31, 10q21,
11q24, 14q24, 22q11, and 22q13), we chose only the top signal from
each of 15 loci for validation (see Table, Supplemental Digital Content
3, http://links.lww.com/IBD/B100). The imputation revealed 10 addi-
tional top signal SNPs from each of 10 loci that showed P , 1024.
Among those, 9 SNPs were from the 9 new loci (1p36.33, 2p22, 2p23,
2p25, 2q31, 12q23, 17p11, 17p13, and 22q12.2) and 1 SNP from an
overlapping locus (1q32). All the 10 imputed SNPs were selected for
validation as the SNP on 1q32 showed a more significant P value than
that of a genotyped SNP (see Table, Supplemental Digital Content 3,
http://links.lww.com/IBD/B100). Although the top signal in the dis-
covery did not reach P, 1024, we included rs76418789 (IL23R) and
rs6478108 (TNFSF15) in the validation as they were reported to be
associated with UC and CD in Caucasians.5,16,17

The genotyping of the replication cohort was performed
with either iPLEX system (Sequenom, San Diego, CA) at the
Analytical Genetics Technology Centre, Princess Margaret Hos-
pital/University Health Network in Toronto, Canada, or the
TaqMan genotyping technology in the Applied Biosystems
7900HT Fast Real-Time PCR System according to the manufac-
turer’s suggestion. Validation of rs76418789, rs880790, and
rs6478108 was performed using TaqMan SNP genotyping assays.

Statistical Analyses
Single-marker association analyses were performed using

the Cochran–Armitage trend test. To calculate the genomic infla-
tion factor, we used a set of 3120 “null” SNPs that are not asso-
ciated with autoimmune diseases. After quality control, 2124
SNPs were used as null markers to generate a quantile–quantile

(Q–Q) plot shown in Figure, Supplemental Digital Content 4,
http://links.lww.com/IBD/B101. The Manhattan plot (a scatter
plot with negative logarithm P values for the SNP association
plotted against the SNP positions) was generated using Haploview
(v4.2). Association analyses of the combined samples were per-
formed using Cochran–Mantel–Haenszel test. Two significant
thresholds were used to assess the strength of association throughout
this study. At loci that have been previously associated with UC in
Caucasian populations, the significant threshold applied was P ,
3.76 · 1024 (0.05/133), where 133 is the number of UC loci known
to underlie Caucasian IBD. The second significant threshold applied
was P, 5 · 1028 for novel loci. Because our study did not identify
any new IBD loci that were not already known to be involved in
Caucasian IBD, we applied the significant threshold of P , 3.76 ·
1024 to assess the strength of association. A Breslow–Day test was
used to test for heterogeneity between odds ratios (OR) of different
sample cohorts. Power of our Immunochip samples for detecting the
133 previously reported UC susceptibility loci in Caucasian popula-
tion was performed using Quanto software package (Version 1.2.4,
http://hydra.usc.edu/gxe/). For each reported SNP, the power for
detecting the association at significant threshold of P , 3.76 ·
1024 was calculated based on the reported OR in Caucasian IBD
and the allele frequency in Korean population (from this study). For
subtype analyses (see Study Population for description of 3 sub-
types), we randomly divided the controls into 2 halves and performed
the following test: Cases with the subphenotype were compared with
half of controls using single SNPs association tests. Cases without
the subphenotype were compared with the other half of controls in
the same way. Then, the test for heterogeneity of OR was performed.

For the prediction of the evolutionary conservation of
a functional variant, the PhastCons46wayPlacental and PhyloP
scores were obtained from the UCSC Genome Browser.

Proportion of Variance Explained
The proportion of phenotype variance explained by a number

of SNPs is computed based on a liability threshold model and
obtained by first calculating Nagelkerke R2 in a multi-SNP logistic
regression.18 Nagelkerke R2 is an analog to R2 in linear regressions
and is subsequently transformed to the proportion of phenotype var-
iance on the liability scale using the following method in reference by
Lee et al19: Let K be the disease prevalence and P be the proportion of
cases in the case/control samples. Suppose f(x) and F(x) are the stan-
dard normal distribution density and probability function, respectively;
t ¼ F21(1-K) and z ¼ f(t). Prop_variance¼R2* K · ð12KÞ

z2
K · ð12KÞ
P· ð12PÞ .

We assumed a UC prevalence of 0.03087% in the Korean
population.2

RESULTS

Associations Detected at Previously Identified
UC Risk Loci

The workflow of the project is shown in Figure, Supple-
mental Digital Content 5, http://links.lww.com/IBD/B102. After
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stringent quality control measures (see Methods) and PCA (Figures,
Supplemental Digital Content 6, http://links.lww.com/IBD/B103),
we further analyzed 536,821 SNPs in 705 cases and 1178 controls
using trend test in logistic regression. The results of association
analysis are shown in a Manhattan plot (Fig. 1). A quantile–
quantile plot based on the 2124 null SNPs is shown in Figure,
Supplemental Digital Content 4, http://links.lww.com/IBD/B101.
The genomic inflation factor (lGC) was 0.968, indicating that the
impact of population stratification was negligible in our study
samples.

Of the 27 SNPs selected for replication (see Methods for the
details on SNP selection), genotyping of 23 SNPs from 22 loci
was successful in an independent set of 980 UC and 2694
control samples. see Table, Supplementary Digital Content 3,
http://links.lww.com/IBD/B100 provides complete results from the
Immunochip and replication for 27 SNPs. Table 1 highlights 10
SNPs that surpassed our replication threshold for known regions
of association to UC, P , 3.76 · 1024 (see Statistical Analyses in
Methods), in the Immunochip or combined analysis of the Immuno-
chip and replication. These SNPs represent the top association sig-
nals for each of 10 regions that had 1 or more SNPs meeting criteria
for replication of Caucasian loci. Regional plots of Table 1 loci that
each contains SNPs with UC association at genome-wide signifi-
cance P , 5.0 · 1028 are shown in Figure A, Supplemental Digital
Content 7, http://links.lww.com/IBD/B104, (IL23R), Figure B,
Supplemental Digital Content 7, http://links.lww.com/IBD/B104,

(IRF5), and Figure C, Supplemental Digital Content 7,
http://links.lww.com/IBD/B104 (JAK2-INSL4).

The strongest association signal was identified at rs1830610
near the JAK2-INSL4 locus at 9q24 (OR ¼ 1.35, 95% confidence
interval, 1.22–1.49, combined P ¼ 2.28 · 1029; Table 1, Figure C,
Supplemental Digital Content 7, http://links.lww.com/IBD/B104).
JAK2 and INSL4 genes are located 275.1 kb and 27.5 kb centro-
meric to rs1830610, respectively. A search for a measurement of
interspecies conservation at rs1830610 (1000 bp) in the UCSC
Genome Browser database revealed PhyloP and PhastCons score
of 0.30 and 0.25, respectively, suggesting that it is evolutionarily
conserved. However, we did not find any expression quantitative
trait loci associations (data not shown).

The second locus identified was a coding variant of IL23R
(Gly149Arg), rs76418789, and on 1p31 (OR ¼ 1.75, 95% confi-
dence interval, 1.44–2.13, combined P ¼ 1.25 · 1028; Table 1,
Figure A, Supplemental Digital Content 7, http://links.lww.com/
IBD/B104). The third locus identified was at rs4728142 on 7q32
(OR ¼ 1.40, 95% confidence interval, 1.24–1.58, combined P ¼
3.17 · 1028) in IRF5 (Table 1, see Figure B, Supplemental Digital
Content 7, http://links.lww.com/IBD/B104). Additional associations
were obtained for rs1555791 located ;3.6 kb downstream of
TNFRSF14, rs880790 located ;14.4 kb upstream of IL10, and
;12 kb upstream of IL19, rs10185424 located ;18 kb downstream
of IL1R2, rs6478108 in intron 1 of TNFSF15, rs861857 located 36
bp downstream of YDJC, rs1801274 in FCGR2A (His131Arg),

FIGURE 1. Manhattan plot of association results for UC cases and 1178 controls. 2log10P values are shown according to chromosomal location.
SNPs within the JAK2 locus on 9p24, IRF8 locus on 16q24.1, and the MHC locus showed P, 5.0 · 1028 (red horizontal line). The blue line indicates
significance threshold for replication of SNPs at UC loci established in Caucasians (P , 3.76 · 1024).
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TABLE 1. Association Results of 10 Risk Loci for Ulcerative Colitis in Koreans

SNP Risk Allele Chromosome Location Gene(s) Study

No. Samples RAF

Pa OR 95% CI P-BDbCase Control Case Control

rs1555791 C chr:1 (TNFRSF14) Immunochip 705 1174 0.57 0.48 9.01 · 1027 1.40 (1.23–1.60)
2,498,861 Replication 977 2691 0.55 0.52 2.86 · 1022 1.12 (1.01–1.25)

Combinedc 1682 3865 0.56 0.51 1.62 · 1026 1.22 (1.12–1.32) 0.0096

rs76418789 G chr:1 IL23R Immunochip 705 1175 0.95 0.93 3.90 · 1022 1.36 (1.02–1.82)

67,648,596 Replication 957 2655 0.97 0.93 2.11 · 1028 2.11 (1.62–2.76)

Combinedc 1662 3830 0.96 0.93 1.25 · 1028 1.75 (1.44–2.13) 0.024

rs1801274 A chr:1 FCGR2A Immunochip 705 1178 0.81 0.76 1.54 · 1024 1.38 (1.17–1.62)

161,479,745 Replication NA

Combinedc

rs880790 T chr:1 (IL10-IL19) Immunochip 705 1178 0.75 0.69 4.24 · 1025 1.37 (1.18–1.59)

206,960,216 Replication 974 2639 0.73 0.70 8.36 · 1023 1.17 (1.04–1.31)

Combinedc 1679 3817 0.74 0.70 3.73 · 1026 1.24 (1.13–1.36) 0.107

rs10185424 T chr:2 (IL1R2) Immunochip 705 1177 0.29 0.23 3.78 · 1025 1.37 (1.18–1.59)

102,662,888 Replication 976 2692 0.27 0.25 1.09 · 1021 1.10 (0.98–1.24)

Combinedc 1681 3869 0.28 0.25 1.54 · 1024 1.19 (1.09–1.30) 0.026

rs4728142 A chr:7 IRF5 Immunochip 705 1176 0.16 0.11 1.59 · 1025 1.55 (1.28–1.88)

128,573,967 Replication 978 2692 0.14 0.11 4.61 · 1024 1.31 (1.13–1.53)
Combinedc 1683 3868 0.15 0.11 3.17 · 1028 1.40 (1.25–1.58) 0.184

rs1830610 T chr:9 (JAK2-INSL4) Immunochip 705 1178 0.26 0.19 8.97 · 1028 1.54 (1.32–1.80)

5,260,079 Replication 972 2690 0.23 0.20 8.89 · 1024 1.24 (1.09–1.40)

Combinedc 1677 3868 0.24 0.19 2.28 · 1029 1.35 (1.22–1.49) 0.033

rs6478108 T chr:9 TNFSF15 Immunochip 705 1177 0.56 0.51 6.62 · 1023 1.20 (1.05–1.38)

117,558,703 Replication 951 2614 0.55 0.52 3.94 · 1023 1.17 (1.05–1.30)

Combinedc 1656 3791 0.56 0.52 9.28 · 1025 1.18 (1.09–1.28) 0.730

rs17085007 C chr:13 (GPR12-USP12) Immunochip 705 1178 0.23 0.18 3.6 · 1024 1.33 (1.13–1.57)
27,531,267 Replication NA

Combinedc

rs861857 G chr:22 YDJC Immunochip 705 1177 0.49 0.41 1.02 · 1025 1.35 (1.18–1.54)

21,982,340 Replication 963 2687 0.45 0.43 6.74 · 1022 1.10 (0.99–1.23)

Combinedc 1668 3864 0.47 0.42 3.05 · 1025 1.19 (1.10–1.29) 0.022

aP values were calculated using the Cochrane–Armitage trend test.
bAsymptotic P value of the BD test for heterogeneity of the OR.
cCombined P value (PCMH) and combined OR were calculated using the Cochran–Mantel–Haenszel test.
(), denotes nearby genes; BD, Breslow–Day test; CI, confidence interval; RAF, risk allele frequency.
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rs17085007 located ;109 kb downstream of USP12, and ;196 kb
upstream of GPR12.

Comparison with Caucasian Data
We then compared our data with 133 UC loci recently

reported in Caucasians.5 Our data were available for 117 loci (see
Table, Supplemental Digital Content 8, http://links.lww.com/IBD/
B105). Significant association of 13 UC loci was found in Koreans
including 3 previously reported loci. The lead SNPs at 3 loci (IRF5,
FCGR2A, and GPR12-USP12) were exactly the same as those re-
ported in Caucasians. The lead SNPs at 4 loci (OTUD3, TNFRSF14,
TNFSF15, and YDJC) were in moderate LD (r2 . 0.45) with those
reported in Caucasians, and the lead SNPs at 6 loci (IL23R, IL10-
IL19, IL1R2, JAK2-INSL4, IRF8, and HLA) were in weak LD (r2 ,
0.2). The Caucasian lead SNP rs11209026 of IL23R at 1p31 was
monomorphic in Koreans, but rs76418789 (Gly149Arg) of IL23R
showed genome-wide significant association with UC (combined
P ¼ 1.25 · 1028).

We also evaluated the power of our Immunochip samples
for detecting the previously reported risk loci. Our samples
provided only sufficient power to detect association of the HLA
locus (power ¼ 0.804) at the significant threshold of P , 3.76 ·
1024 (see Table, Supplemental Digital Content 8, http://links.
lww.com/IBD/B105). We also performed SNP–SNP interaction
analyses among the 13 loci, including 3 previously reported, and
10 loci identified in this study and found no evidence for interac-
tion in 78 pairs tested (data not shown).

Subphenotype Analysis of the Ten UC
Susceptibility Loci

We then examined association between the 10 loci (IL23R,
IRF5, JAK2, IL10, TNFRSF14, IL1R2, TNFSF15, YDJC, FCGR2A,
and USP12) and UC clinical phenotypes stratified by maximal dis-
ease extent. Three loci showed suggestive associations (heterogeneity
of odds P, 0.05) with extensive colitis: rs1555791 at the TNFRSF14
locus, rs880790 at the IL10 locus, and rs6478108 at the TNFSF15
locus with heterogeneity of odds P value of 0.029, 0.016, and 0.006,
respectively. However, they did not survive Bonferroni correction
(corrected P ¼ 0.005; data not shown). None of the SNPs showed
significant association with proctitis or left-sided colitis.

DISCUSSION
In our recent GWAS of UC in Koreans, we identified 3 loci

including the RNF186-OTUD3-PLA2G2E at 1p36.1, the MHC
region, and the IRF8 at 16q24.1, which were all reported in
Caucasians previously.7 In this study, we report 10 additional
UC susceptibility loci in Koreans using the Immunochip custom
SNP array. In total, 13 UC-risk loci are reported in Koreans,
increasing the genetically explained proportion of phenotype var-
iance from 2.55% to 5.61% (see Table, Supplemental Digital
Content 9, http://links.lww.com/IBD/B106).

The 10 UC susceptibility loci include 3 loci (IL23R, IRF5,
and JAK2-INSL4) with SNPs showing association at P, 5.0 · 1028

and 7 additional loci at P , 3.76 · 1024: TNFRSF14, IL10-IL19,
IL1R2-IL1R1, TNFSF15, UBE2L3-YDJC, FCGR2A, and GPR12-
USP12. Identification of additional UC susceptibility loci common
to both Caucasians and Asians suggests that common pathways are
involved in the UC susceptibility. However, our most strongly asso-
ciated SNPs at 6 loci were not tightly linked to the previously
reported leading SNPs at those loci. It remains to be elucidated
how different variants from a given locus might affect pathobiology
of UC depending on ethnicity. Compared with the Caucasian lead
SNP rs10758669 in the JAK2-INSL4 locus, our top signal rs1830610
was located closer to INSL4. They are 300 kb away from each other,
and only weak LD is present between them (r2 ¼ 0.2). In the pre-
vious GWAS, we reported promising evidence for association of
rs10758669 in JAK2 with UC (combined P ¼ 4.49 · 1025). Our
Immunochip analysis showed rs1830610 as the lead SNP that was
not present in our GWAS chip. No expression quantitative trait loci
association was found (data not shown). The significance of
rs1830610 in the expression of JAK2 warrants further study.

Among the 133 reported UC-risk loci, ORs of 94 loci
showed consistent direction of effect in Koreans and Europeans.
Of those, 32 loci showed suggestive association (P , 0.05) in our
Immunochip data. Considering the limited power of our study for
detecting the previously reported 133 UC risk loci at a P value of
3.76 · 1024, more loci are expected to be replicated in the Asian
population by further studies in larger samples.

In Caucasians, CD and UC were found to share two-thirds of
the 163 IBD susceptibility loci. Genes involved in Th17 differen-
tiation including IL23R, IL12B, JAK2, STAT3, CCR6, and TNFSF15
are associated with both CD and UC in Caucasians.20–22 In our
previous study, we did not find significant association of IL23R
and TNFSF15 with UC in Koreans.23 In this study, by expanding
our cohort to over 5500 subjects, we found significant or suggestive
evidence for association of IL23R and TNFSF15 with UC (Table 1).
More overlapping loci between UC and CD could be found, as the
sample sizes are increased. Our findings offer new insights into the
genetic architecture of IBD and support the complementary value of
genetic studies in different populations.

Web Resources
The URLs for the data presented herein are as follows:
The 1000 Genome Project, http://www.1000genomes.org/;
UCSC Genome Browser, http://genome.ucsu.edu/.
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