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Disease susceptibility genes shared by primary biliary
cirrhosis and Crohn’s disease in the Japanese
population

Yoshihiro Aiba1, Keiko Yamazaki2, Nao Nishida3,4, Minae Kawashima3,5, Yuki Hitomi3, Hitomi Nakamura1,
Atsumasa Komori1,6, Yuta Fuyuno2,7, Atsushi Takahashi8, Takaaki Kawaguchi9, Masakazu Takazoe9,
Yasuo Suzuki10, Satoshi Motoya11, Toshiyuki Matsui2,12, Motohiro Esaki7, Takayuki Matsumoto13,
Michiaki Kubo2, Katsushi Tokunaga3 and Minoru Nakamura1,6,14

We previously identified TNFSF15 as the most significant susceptibility gene at non-HLA loci for both primary biliary cirrhosis

(PBC) and Crohn’s diseases (CD) in the Japanese population. The aim of this study is to identify further disease susceptibility

genes shared by PBC and CD. We selected 15 and 33 genetic variants that were significantly associated with PBC and CD,

respectively, based on previously reported genome-wide association studies of the Japanese population. Next, an association

study was independently performed for these genetic variants in CD (1312 CD patients and 3331 healthy controls) and PBC

(1279 PBC patients and 1015 healthy controls) cohorts. Two CD susceptibility genes, ICOSLG rs2838519 and IL12B
rs6556412, were also nominally associated with susceptibility to PBC (P=3.85×10−2 and P=8.40×10−3, respectively).

Three PBC susceptibility genes, CXCR5 rs6421571, STAT4 rs7574865 and NFKB1 rs230534, were nominally associated with

susceptibility to CD (P=2.82×10−2, P=3.88×10−2 and P=2.04×10−2, respectively). The effect of ICOSLG and CXCR5
variants were concordant but the effect of STAT4, NFKB1 and IL12B variants were discordant for PBC and CD. TNFSF15 and

ICOSLG-CXCR5 might constitute a shared pathogenic pathway in the development of PBC and CD in the Japanese population,

whereas IL12B-STAT4-NFKB1 might constitute an opposite pathogenic pathway, reflecting the different balance between Th1

and Th17 in the two diseases.

Journal of Human Genetics (2015) 60, 525–531; doi:10.1038/jhg.2015.59; published online 18 June 2015

INTRODUCTION

Primary biliary cirrhosis (PBC) is an autoimmune liver disease
characterized by the destruction of intrahepatic small bile ducts with
portal inflammation, also known as chronic nonsuppurative destruc-
tive cholangitis. It results in liver cirrhosis and hepatic failure over
several decades. Although immune-mediated damage of intrahepatic
biliary epithelial cells and hepatocytes is considered part of the
pathogenesis of PBC, the details of the involved pathogenic mechan-
isms remain unknown. Recently, genome-wide association studies
(GWAS) and Immunochip analyses of PBC have identified a total of
28 susceptibility loci for PBC in Caucasian populations.1–3 In addition,
two novel PBC susceptibility genes, TNFSF15 and POU2AF1, which

were not identified in Caucasian populations, were identified by
GWAS in the Japanese population. In addition, a total of 10 Caucasian
PBC susceptibility loci, HLA, DENND1B, STAT4, CD80, NFKB1,
IL7R, CXCR5, TNFAIP2, 17q21 and MAP3K7IP1, were replicated in
the Japanese population.4 These genes are implicated in immune
responses including innate and adaptive immune responses, indicating
that innate and adaptive immune signaling pathways have an
important role in the pathogenesis of PBC.
Crohn’s disease (CD) is an inflammatory bowel disease (IBD)

characterized by remitting and relapsing inflammation of the intestinal
tract. Epidemiological studies show genetic and environmental factors
are involved in its pathogenesis. As for genetic factors, a total of 140
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susceptibility loci have been identified by GWAS and a subsequent
meta-analysis in Caucasian populations.5 In the Japanese population,
TNFSF15, STAT3, ELF1, JAK2, RUNX3, C1orf94, TBC1D1, CCDC6,
6p21 and 2p25 loci were identified as susceptibility genes by GWAS,
and 27 out of 71 Caucasian CD susceptibility loci were associated with
CD in Japanese replication studies.6–8 The CD susceptibility genes
TNFSF15, STAT3, IL12B, CCR6, which were identified in both
Caucasian and Japanese populations, are genes associated with Th17,
indicating the importance of the Th17 signaling pathway in the
pathogenesis of CD.
In contrast to Caucasian populations, TNFSF15 was found to be the

most significant disease susceptibility gene in both PBC and CD in the
Japanese population.4,7 Since TL1A encoded by TNFSF15 is involved
in apoptosis and immune responses leading to Th1 and Th17
differentiation, it is likely that TL1A has an important role in the
development of both diseases through these mechanisms.9 Although
the age of onset and gender distribution of these two diseases are
different and the concomitance of PBC and CD is very rare, these two
diseases have several shared clinical characteristics such as epithelial
cell destruction with inflammation and granuloma formation at
locations involved in the enterohepatic circulation of bile salts. In
addition, many disease susceptibility genes are shared among various
autoimmune diseases, indicating the presence of shared pathogenic
pathways among autoimmune disease.10 Previous studies have shown
the associations of HLA region, in particular HLA-DRB1, with
susceptibility to PBC or CD in the Japanese population. DRB1*0803
and DRB1*0405 alleles confer susceptibility to PBC development,
whereas DRB1*1101, DRB1*1302 and DRB1*1501 alleles protect
against the disease development.11,12 DRB1*0405 allele confers sus-
ceptibility to CD development, whereas DRB1* 1502 allele protects
against the development.13,14 Thus, DRB1*0405 is a shared suscept-
ibility allele for PBC and CD in the Japanese population. In the present
study, therefore, to further identify shared susceptibility genes at non-
HLA loci and pathogenic pathways for PBC and CD in the Japanese
population, we performed a comparative case–control association
study of CD susceptibility genes with PBC and vice versa.

MATERIALS AND METHODS

Patients and controls
A total of 1279 PBC patients (88.6% female; median age 58 years, range 23–89

years) and 1015 healthy controls (58.7% female, median age 36 years, range 24–

87 years) were recruited by the National Hospital Organization Study Group for

Liver Disease in Japan. These PBC patients and controls were 99% and 96%

overlapped with previous study4, respectively. In addition, 1312 CD patients

(30.0% female; median age 22 years, range 6–79 years, 99% overlapping with

previous study6) and 3331 healthy controls (44.5% female; median age

unknown, range 3–96 years, 98% overlapping with previous GWAS study7)

were recruited at the RIKEN Yokohama Institute. All CD patients and PBC

patients were diagnosed according to previously described diagnostic criteria.4,7

PBC patients who had acute hepatitis, chronic hepatitis B or C infection,

alcoholic liver disease or other chronic liver diseases were excluded from this

study. Informed consent was obtained from all cases and controls before

participation in this study. This study was approved by the ethics committees of

National Hospital Organization Study Group for Liver Disease in Japan and

RIKEN Yokohama Institute.

DNA preparation
Genomic DNA was extracted from the peripheral whole blood of subjects using

NucleoSpin Blood Quick Pure (Macherey-Nagel, Düren, Germany).

SNP selection and genotyping
We reviewed the literature for GWAS and replication studies related to
susceptibility genes to PBC or CD in the Japanese population.4,6,7 We
selected genetic polymorphisms located at non-HLA loci that were
significantly associated with PBC or CD in GWAS (Po1× 10− 4) and
replication studies (Po5× 10− 2). When there were several candidate genetic
polymorphisms at a putative susceptibility locus, the genetic polymorphism
with the lowest P-value was selected for the present comparative association
study. Selected genetic polymorphisms were genotyped using the Taq Man
assay (Applied Biosystems, Foster City, CA, USA), DigiTag2 assay15, or
multiplex polymerase chain (PCR)-based Invader assay (Third Wave Technol-
ogies, Madison, WI, USA).16

Statistical analysis
Hardy–Weinberg equilibrium was evaluated with the χ2 goodness-of-fit test.
The frequencies of the alleles for each genetic polymorphism were compared
between cases and controls using the χ2-test. We considered Po0.05 to indicate
a nominal association. Multiple testing in the allele test was corrected by using
Bonferroni’s method. We considered an association to be significant when the
P-value was o0.05 even after multiple comparisons.

RESULTS

Selection of genetic polymorphisms
To identify susceptibility genes shared by PBC and CD, we selected a
total of 15 and 33 genetic polymorphisms associated with PBC
and CD, respectively. Of the susceptibility loci for CD, TNFSF15
and STAT3 had two genetic polymorphisms associated with CD in
previous studies (rs6478106 and 11871801 at TNFSF15 and rs9891119
and rs3810936 at STAT3).6,7 Rs6478106 at TNFSF15 and rs9891119 at
STAT3 were selected for the present association studies because these
genetic polymorphisms had lower P-values than other genetic poly-
morphisms, respectively, (rs11871801 at TNFSF15 and rs3810936 at
STAT3) in the previous CD association studies.

Shared genetic polymorphisms that confer susceptibility to both
PBC and CD in the Japanese population
Of 15 PBC susceptibility loci, four loci were associated with CD:
TNFSF15 (rs4979462) was significantly associated with CD and
STAT4 (rs7574865), NFKB1 (rs230534) and CXCR5 (rs6421571)
were nominally associated with CD (Table 1). Risk alleles for
TNFSF15 (rs4979462) and CXCR5 (rs6421571) with respect to
CD were the same as those for PBC. On the other hand, the risk
alleles at the STAT4 (rs7574865) and NFKB1 (rs230534) loci for CD
were the opposite of those for PBC. Similarly, we selected 33
susceptibility genes associated with CD and examined the
association between these genetic polymorphisms and PBC.
TNFSF15 (rs6478106) and two other loci, ICOSLG (rs2838519)
and IL12B (rs6556412), were significantly and nominally
associated with susceptibility to PBC, respectively (Table 2). The
risk alleles of TNFSF15 (rs6478106) and ICOSLG (rs2838519) for
PBC were the same as those for CD, whereas the risk allele of
IL12B (rs6556412) for PBC was opposite to that for CD. Susceptibility
genes shared by PBC and CD in the Japanese population are illustrated
in Figure 1.

DISCUSSION

In this study, 4 out of 33 CD susceptibility loci and 3 out of 15 PBC
susceptibility loci showed associations with PBC and CD,
respectively. Thus, we identified TNFSF15, IL12B, ICOSLG,
CXCR5, STAT4 and NFKB1 as shared susceptibility genes for these
two diseases in the Japanese population, although the association of
five loci (IL12B, ICOSLG, CXCR5, STAT4 and NFKB1) except for
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TNFSF15 is not convincing but suggestive. Among these newly
identified shared susceptibility loci, four loci, TNFSF15 (rs4979462
and rs6478106), CXCR5 (rs6421571) and ICOSLG (rs2838519), shared
the same risk alleles but for three other loci, STAT4 (rs7574865),
NFKB1 (rs230534) and IL12B (rs6556412), the risk alleles were
different for the two diseases, suggesting that the shared pathogenic
pathways may operate in the same or opposite direction in PBC
and CD.
Among the shared susceptibility loci, the odds ratio at the TNFSF15

locus (rs6478106, odds ratio 1.46, P= 2.05× 10− 10 in PBC; and
rs4979462, odds ratio 1.96, P= 1.68× 10− 37 in CD) was higher than
that of other non-HLA loci, and serum and local expression levels of
TNFSF15 are increased in both PBC and CD patients,17–19 indicating

that TNFSF15 has an important role in the development of both
diseases. A previous study showed that the risk allele of TNFSF15
rs6478106, which is located in the 5′-flanking region, enhances the
transcriptional efficiency of TNFSF15.20 In addition, we recently
found that the risk allele of TNFSF15 rs4979462, which is located in
intron 1, enhances the transcription efficiency of TNFSF15 via the
formation of the transcriptional factor NF-1 binding site.21 The two
TNFSF15 genetic polymorphisms, rs6478106 and rs4979462, showed
strong but not complete linkage disequilibrium in the PBC (r2= 0.64,
D'= 0.82) and CD cohorts (r2= 0.80, D'= 0.90) in the present study,
suggesting that these TNFSF15 genetic polymorphisms cooperatively
regulate the expression level of TNFSF15 and confer susceptibility to
both diseases.
Although the functional significance of CXCR5 rs6421571

remains unclear, the risk allele for IBD associated with ICOSLG
rs7282490 was recently reported to downregulate ICOSLG
expression and signaling of NOD2-induced ICOS (a receptor for
ICOSLG) in monocyte-derived dendritic cells, leading to impairment
of innate immune responses to the microbe.22 In the HapMap
database, ICOSLG rs7282490 shows strong linkage disequilibrium
with the ICOSLG rs2838519 genetic polymorphism, which is
associated with both PBC and CD susceptibility in the present study.
These reports indicate that loss of function in ICOSLG rs7282490
might be associated with a shared clinical feature, granuloma
formation, in both diseases. Both ICOS and CXCR5 are characteristic
cell surface markers on follicular helper T-cells that are mainly
present in the germinal center. They are implicated in the
differentiation and maturation of B cells.23 It has been reported that
follicular helper T-cells participate in the pathogenesis of several
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Figure 1 Comparison of susceptibility genes between PBC and CD in the
Japanese population. Shared susceptibility genes between PBC and CD in
the same direction (red) or in the opposite direction (purple). CD, Crohn’s
disease; PBC, primary biliary cirrhosis.

Figure 2 The role of suggestive shared susceptibility genes for PBC and CD in innate and adaptive immune responses. The shared susceptibility genes for
PBC and CD are in same direction (red) or in the opposite direction (purple). Abbreviations: CD, Crohn’s disease; PBC: primary biliary cirrhosis.

Susceptibility genes for PBC and CD
Y Aiba et al

529

Journal of Human Genetics



autoimmune diseases including systemic lupus erythematosus
and rheumatoid arthritis.24 The number of follicular helper
T-cells in the peripheral blood or spleen is higher in both PBC
and CD, and is correlated with disease activity, including
autoantibody production, cytokine production and response to
ursodeoxycholic acid treatment in PBC.25,26 Collectively, these
results indicate that ICOSLG and CXCR5 genetic polymorphisms
may play important roles in both innate and adaptive immunity in
these two diseases.
In the present study, three genetic polymorphisms involved in the

IL12 signaling pathway, IL12B rs6556412, STAT4 rs7574865 and
NFKB1 rs230534, showed an association with susceptibility to PBC
and CD. Although the functional significance of these genetic
polymorphisms remains unclear, these risk alleles are in opposite
directions in these two diseases. IL12 is a major cytokine associated
with the development of Th1 responses, and as a major Th1 cytokine,
IFN-γ suppresses Th17 differentiation and development.27 These data
indicate the possibility that differential IL12 signaling might affect the
relative contribution of Th1/Th17 immune responses in the patho-
genesis of both diseases.
In conclusion, we identified five shared susceptibility genes, CXCR5,

ICOSLG, STAT4, IL12B and NFKB1, in addition to TNFSF15, which
PBC and CD have in common in the Japanese population. In
particular, risk alleles for TNFSF15, CXCR5 and ICOSLG have the
same effects on the susceptibility to these two diseases, suggesting
that these molecules might constitute a common pathogenic
pathway in the development of PBC and CD. On the other hand,
risk alleles for IL12B, STAT4 and NFKB1 are opposite for these
two diseases, suggesting that the regulation of Th1 and Th17
polarization via the IL12-STAT4-NFKB signaling pathway might be
in the opposite direction for these two diseases (Figure 2).28 These
results might help to clarify the pathogenesis of PBC and CD. The
functional significance of the shared genetic polymorphisms still
remains largely unknown, further analysis is required to elucidate
the significance of the genetic polymorphisms identified in the
present study.
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