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mouse model. Furthermore, an association between suscep-
tibility to PBC and MHC class II molecules, such as HLA
DRS, has been demonstrated [31]. A high prevalence of
PBC is observed within some families [32]. However, the
prevalence of PBC never reaches 100 % among monozy-
gotic twins, suggesting that both genetic and environmental
factors are involved in the etiology of antoimmune diseases
([32] and references therein).

In the present study, we demonstrated that the pathoge-
netic mechanism underlying these PBC-like CNSDC is
autoimmunity through the transmission of ‘self’-reactive
lymphocytes to naive mice. In addition, we assessed the role
of autophagy in the pathological alterations observed in our
PBC mouse model, as well as the influence of the strain
differences.

Methods
Bacterial Strain and Culture Conditions

Live S. intermedius NCDO 22277, the type strain, were used
in the present series of experiments. The bacteria were
cultured in Brain Heart Infusion broth (BD Biosciences)
anaerobically using the AnaeroPak system (Mitsubishi Gas
Chemical).

Mice

C57BL/6 and BALB/c mice were purchased from SLC
(Hamamatsu, Japan), and C3H/HeJ mice were purchased
from Crea Japan Ltd. RAG2”" mice [33, 34] were kindly
provided by Professor Abe (Research Institute for Biologi-
cal Sciences, Science University of Tokyo, Japan). C57BL/6
mice were bred in the animal facility of the Department of
Microbiology and Immunology, Tokyo Women’s Medical
University. Approximately 6-week-old female mice were
used in all the experiments; the study design and the use
of the mice were approved by the ethics review committee
for animal experiments at Tokyo Women’s Medical
University.

Treatment of Mice with Bacteria

Mice were intraperitoneally (i.p.) injected with S. interme-
dius, (2 10° CFU/mouse in 200 uL of phosphate buffered
saline [PBS]) once a week for a total of 8 weeks. Simulta-
neously, a group of control mice were inoculated weekly
with 200 pL of PBS for 8 weeks. All the mice were sacri-
ficed under deep anesthesia using diethyl ether at the indi-
cated time after the final inoculation. Tissues and sera
samples were then obtained for use in the following
examinations.

Histopathology

Multiple 4-um-thick sections were deparaffinized and
stained with hematoxylin-eosin (H&E) and Masson’s tri-
chrome staining. Serial sections were subjected to immuno-
histochemical staining by incubation with mAbs against
CD3 (abcam), CD45R/B220 (BD PharMingen), F4/80 anti-
gen (BMA Biochemicals AG), or polyclonal anti-LC3B Ab
(abcam), then stained according to a peroxidase technique
using a Vectastain Elite ABC Kit (Vector Laboratories).

Spleen Cell Transfer to RAG2™ Mice

Spleen cells (5%107 cells in 200 pL of PBS/mouse)
obtained 1 week after the completion of the series of S.
intermedius inoculations were intravenously (i.v.) injected
into RAG2™ mice. Ten days after the spleen cell transfer,
the mice were sacrificed to examine the tissues for patho-
logical damage. Simultaneously, spleen cells (5% 107 cells in
200 pL of PBS/mouse) obtained from PBS-inoculated
C57BL/6 mice inoculated weekly with PBS for 8 weeks
were 1.v. injected into a control group of RAG2™" mice.

Antibody Production in S Intermedius-inoculated Mice

Gp-210 C-terminal peptides were synthesized using a pep-
tide synthesizer (Model 432A Synergy; Applied Biosys-
tems) and F-moc chemistry, as previously described ([35]
and references therein). The peptide was purified using
reverse-phase high-performance liquid chromatography
(HPLC), and a purity of greater than 90 % was attained.
Using mouse gp210 as an antigen, an ELISA was performed
as described elsewhere [35].

To study anti-nuclear antibody (ANA) production, HEp-2
cells were used [36]. Hep2 cells were seeded onto glass-
bottom dishes (MATSUNAMI), fixed with 95 % ethanol,
and blocked with 3 % non-fat milk containing 2 % TritonX-
100 in PBS. The cells were then stained using a 1:100
dilution of each mouse serum in PBS followed by incuba-
tion with FITC-conjugated anti-mouse IgG (Jackson Immu-
noResearch). The reactions were visualized using the LSM
510 laser-scanning microscope (Carl Zeiss Microlmaging,
LSM 510; Carl Zeiss Co., Ltd., Jena, Germany).

Electron Microscopic Examination

Liver tissues obtained from BALB/c mice at 1 week after
the final S. intermedius-inoculation were used. The tissues
were fixed using 2 % glutaraldehyde in PBS, followed by
osmification, dehydration, and direct embedding in EPON
812 RESIN (TAAB Laboratory Equipment Ltd., Berks,
England). Ultrathin sections were stained using uranyl ace-
tate and lead citrate, mounted on copper grids, and observed
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using a transmission electron microscope (H-7650; Hitachi
Inc., Tokyo, Japan).

Flow Cytometry

Single-cell suspensions from spleens and liver containing
infiltrating cells from S. intermedius-inoculated and PBS-
inoculated mice were obtained at 1 week after the final
inoculation. Hepatic mononuclear cells were isolated using
35 % Percoll solution containing 100 U/mL of heparin [37].
Cells were washed twice in staining buffer containing 1 %
BSA in PBS, resuspended, and then incubated with labeled
antibodies to CD3 (BD Biosciences), TCRyd (BD Bioscien-
ces), CD4 (BD Biosciences), CD8 (BD Biosciences), CD69
(BD Biosciences), and NK1.1 (eBioscience), which were
diluted in staining buffer, for 30 min at 4°C. Cells were then
washed in staining buffer and analyzed immediately using
an EpicsXL (Beckman Coulter Inc., CA, USA).

Statistical Analyis

Data were analyzed by Mann—Whitney U-test and analysis of
variance (ANOVA) for comparison between groups where
applicable. Statistical significance was defined as p<0.05.

Results
Pathology of S. intermedius-inoculated Mice

In our previous study, PBC-like CNSDC was observed in
the livers of S. intermedius-inoculated BALB/c (H-2%) mice
[28]. To study strain differences in S. intermedius-inoculated
mice livers, C57BL/6 (H-2") and C3H/HeJ (H-2¥) mice
were examined. In a representative liver from a C57BL/6
mouse obtained 1 week after the last of the 8 weekly inoc-
ulations with S. intermedius, inflammation in the portal area,
over the hepatic parenchyma, was observed, as suggested by
enlarged portal tracts accompanied by moderate to marked
inflammatory cellular infiltrates of lymphocytes, plasma
cells, and granulocytes. In addition biliary epithelial cell
damage with focal disruption of the basement membrane
was observed (Fig. la, b). In a representative liver from a
C57BL/6 mouse at 1 week after the final inoculation with
PBS, the inflammatory cellular infiltrates and biliary epithe-
lial cell damage around the portal tracts and the inflamma-
tion in the hepatic parenchyma were none to mild (Fig. 1¢).
In the livers of C57BL/6 mice at 1 week after the final S.
intermedius-inoculation, CD3-positive cells were predomi-
nantly observed in the cellular infiltrates around the bile ducts
(Fig. 14, e), whereas relatively few B220-immunoreactive or
F4/80 pan-macrophage antigen-immunoreactive cells were
observed in the infiltrating cells (Fig. 1f, g, respectively). S.
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intermedius-inoculation might upregulate CD3-positive cell-
mediated immune responses, as observed in S. intermedius-
inoculated BALB/c mice [28]. Thus, the pathological findings
observed in the C57BL/6 mouse livers were quite similar to
those observed in BALB/c mice, as described in our previous
report [28].

In a representative liver from a S. intermedius-inoculat-
ed C3H/HeJ mouse, marked inflammation was observed in
the hepatic parenchyma close to the portal tracts (Fig. 1h,
i), the findings of which were not compatible with CNSDC
and more closely resembled those of septic liver. These
findings suggested that depending on the mouse strain, the
genetic background might influence the PBC-like hepatic
alterations that are induced by long-term S. intermedius
inoculation.

Other types of tissue damage that are occasionally asso-
ciated with PBC were simultaneously examined. In the
salivary glands of S. intermedius-inoculated C57BL/6 mice,
mild periductular cellular infiltrates were observed (Fig. 1j),
but not in the salivary glands of PBS-inoculated C57BL/6
mice (Fig. 1k). In contrast, inflammatory cellular infiltrates
were not observed in the salivary glands of S. intermedius-
inoculated C3H/HeJ mice (0 of 3 mice) (Fig. 11). Thus, the
difference in the response to repeated S. intermedius inocu-
lations between the mouse strains was observed not only in
the liver, but also in the salivary glands.

Production of Autoantibodies

We studied the serum levels of anti-gp210, since anti-gp210
antibody has been detected in patients with PBC [4], and in
our previous study, S. intermedius-inoculated BALB/c mice
produced anti-gp210 antibodies [28]. S. intermedius-inocu-
lated C57BL/6 mice sera showed significantly higher titers
of anti-gp210, compared with sera obtained from PBS-
inoculated C5S7BL/6 mice (Fig. 2a). Generally, ANA is
clinically detected using HEp2 immunofluorescence [38].
S. intermedius-inoculated C57BL/6 mice also produced
ANAs, as shown by staining using HEp2 cells (Fig. 2b).

Although anti-gp210 antibodies reportedly produce a
characteristic perinuclear rim-like membranous pattern
(RL/M) [39], the ANA pattern appeared as multiple nuclear
dots (MND), similar to an RL/M pattern. The MND pattern
has also been observed in PBC [39]. As ANA was detected
using diluted whole mouse sera, not only anti-gp210 but
also other ANAs may have been present in the tested sera
(Fig. 2b).

In addition, we presently do not know why all the S.
intermedius-inoculated mice did not produce anti-gp210. In
our previous study using BALB/c mice, anti-gp210 produc-
tion was not observed in all the S. intermedius-inoculated
BALB/c mice even after a 20-month observation period
[28]. Further study examining whether strain differences in
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Fig. 1 Representative pathological findings in mouse livers. C57BL/6
mouse livers obtained 1 week after the final inoculation with S. inter-
medius (a, b) and 1 week after the final inoculation with PBS (¢).
Immunoreactivities for CD3 (d, ¢), B220 (f), and F4/80 pan-
macrophage antigen (g). Liver from a S. infermedius-inoculated C3H/

anti-gp210 production exist after a longer observation peri-
od may be required.

Spleen Cell Transfer to RAG2™" Mice

Next, we performed a transfer experiment using spleen cells
obtained from S. intermedius-inoculated C57BL/6 mice;
these cells were transferred to RAG2™ mice. Before the
transfer experiment, we performed the same series of S.
intermedius inoculations to examine the reactivities of
RAG2” mice without spleen cell transfer. In a representative

HeJ mouse obtained 1 week after the final inoculation with S. inter-
medius (h, i). C57BL/6 mouse salivary glands obtained 1 week after
the final inoculation with S. intermedius (j) and 1 week after the final
inoculation with PBS (k). C3H/Hel mouse salivary glands were
obtained 1 week after the final inoculation with S. intermedius ()

liver obtained 1 week after the final inoculation with S. inter-
medius in a RAG2” mouse, the degree of inflammation in
both the portal tract and the hepatic parenchyma was almost
none to quite mild (Fig. 3a). In contrast, 2 weeks after the i.v.
transfer of the spleen cells from S. infermedius-inoculated
C57BL/6 mice, the livers in the recipient RAG2™ mice
showed cellular infiltration in the portal tract, especially
around the bile ducts (Fig. 3b). On the other hand, in the livers
of the recipient RAG2™" control mice, which were i.v. trans-
ferred with spleen cells obtained from PBS-inoculated
C57BL/6 mice, the degree of cellular infiltration was none
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Fig. 2 Autoantibodies. Sera A
obtained from C57BL/6 mice
1 week after the last of 8 weekly oD
inoculations with S. intermedius (450
had significantly higher titers of nrh)
anti-gp210 (a) than sera from 05 -
PBS-inoculated C57BL/6 mice ' A
(p<0.05). S. intermedius-inoc-
ulated C57BL/6 mice also pro-
duced ANAs, as shown by 04
staining using HEp2 cells (b) A
0.3 -
0.2 A
AA
0.1 r A
Aa

S.i.-inoculated
C57BL/6

to quite mild (Fig. 3c). In representative sections stained
immunohistochemically, the majority of the cellular infil-
trates in the portal tracts were CD3-positive (Fig. 3d), with
a few B220-positive cells also visible (Fig. 3e). Although
immunoreactivity to F4/80 was detected in Kupffer cells,
immunoreactivity to F4/80 was not detected in the infiltrat-
ing cells around the bile ducts (Fig. 3f). These findings
indicated that the majority of the infiltrating cells originated
from the donor S. intermedius-inoculated C57BL/6 mice,
since no mature CD3-positive cells are present in RAG2™
mice because of the “knockout” of the RAG2 gene {40].
Thus, the CD3-positive cells were associated with the oc-
currence of S. intermedius-triggered PBC-like CNSDC in
C57BL/6 mouse liver. Moreover, a few of the sera obtained
from RAG2™" mice that had received spleen cells from S.
intermedius-inoculated mice exhibited higher antibody titers
against gp210 than sera obtained from RAG2™ mice that had
received spleen cells from either PBS-inoculated mice or S.
intermedius-inoculated RAG2™ mice (Fig. 3g). Further
study over a longer observation period is needed to deter-
mine whether homeostatic proliferation would be induced or
if not bulk spleen cells, but purified T cells obtained from S.
intermedius-inoculated mice transferred to RAG2™" mice
would produce larger numbers of gp-210-positive mice or
higher anti-gp210 titers. However although the anti-gp210
titers were estimated at only one time point, ie., 2 weeks
after the transfer of spleen cells, one of the RAG2™" recipient
mice definitely developed a higher anti-gp210 antibody titer.
These results suggest that the transfer of pathogenic lym-
phocytes can induce PBC-like alterations in naive RAG2™
mice.
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Possible Involvement of Autophagic Mechanism in S
Intermedius-inoculated Cholangitis Model

We simultaneously studied the possibility that an
autophagy-mediated mechanism could be involved in this
S. intermedius-triggered PBC model. To elucidate this, im-
munoreactivity to LC3B, an autophagosome marker, was
studied. LC3B immunoreactivity was detected in the cyto-
plasm of some of the infiltrating cells around the portal tract
of the livers in both BALB/c and C57BL/6 mice (Fig. 4a, b
and 4c, d, respectively). On the other hand, LC3 immuno-
reactivity was detected in the cytoplasm of only a few of the
infiltrating cells in the hepatic parenchyma, but not in the
portal tract in C3H/Hel mice (Fig. 4e). LC3B-
immunoreactive cells were not detected in the livers from
PBS-inoculated mice (Fig. 4f). We further performed elec-
tron microscopic examinations using BALB/c mouse livers
obtained 1 week after the last of 8 weekly inoculations with
S. intermedius. Autophagosome-like structures were ob-
served in the infiltrating cells around the bile duct epithelial
cells (Fig. 4g). These results indicated that autophagy might
be one of the possible mechanisms involved in the patho-
genesis in our cholangitis-harboring mouse model.

Profiles of the Cellular Infiltration

According to the reports by other groups, autoreactive
CD4"T cells that specifically target the PDC-E2-self-antigen
are present in the peripheral blood and liver [41]. Autoreac-
tive CD8"T cells likewise have been characterized in PBC
and are considered to be major effectors of tissue injury in
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Fig. 3 Spleen cell-transfer to RAG2” mice. RAG2”" mouse liver
obtained 1 week after the last of the 8 weekly S. intermedius inocu-
lations (a). RAG2™ mouse liver obtained after the adaptive transfer of
spleen cells obtained from S. intermedius-inoculated (b, d, e, f) and
PBS-inoculated (¢) C57/BL/6 mice (hematoxylin and eosin staining (a,
b, and ¢) and immunoreactivities to CD3, B220, and F4/80 (in d, e, and
f, respectively). The anti-gp210 titer was higher in sera obtained from

PBC ([41] and references therin). To identify the infiltrating
cell subsets involved in this repeated microbial-inoculated
CNSDC-harboring mouse model, we studied the cell pro-
files of the infiltrating cells. Single cell suspensions were
obtained at the time of RAG2™ transfer experiment, from
donner C57BL/6 mice. Liver and spleen cells were each
pooled from both S. intermedius-inoculated and PBS-

transferred RAG2"

RAG2™ mice adaptively transferred with spleen cells obtained from S.
intermedius-inoculated C57/BL/6 mice than in sera obtained from
RAG2™ mice after the adaptive transfer of spleen cells obtained from
PBS-inoculated C57/BL/6 mice or spleen cells obtained from S. inter-
medius-inoculated RAG2”" mice 1 week after the last of 8 weekly
inoculations with . intermedius (g) ¢ p<0.05)

inoculated C57BL/6 mice (n=6 each) and their surface
molecules were studied using flow cytometry. Among the
infiltrated cells in both the liver and the spleen, TCRy6&",
NK1.1%, and CD3"NK1.1" cells were more abundant in the
S. intermedius-inoculated mouse group than in the PBS-
inoculated mouse group (Fig. 5). Furthermore, in the S.
intermedius-inoculated mouse group, CD3"NK1.1" cells
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Fig. 4 Possible involvement of autophagic mechanism in S interme-
dius-inoculated cholangitis model. LC3B immunoreactivity was
detected in the cytoplasm of some infiltrating cells around the portal
tract in the livers of BALB/c mice (1 week and 20 months after the
final inoculation; a, b respectively), 1 week after the final inoculation

were more abundant in the S. infermedius-inoculated mouse
group than in the PBS-inoculated mouse group in the liver
(28.1 % and 11.2 %, respectively) and in the spleen (19.6 %
and 4.4 %, respectively) (Fig. 5). CD4"CD69" spleen cells
were upregulated in the S. intermedius-inoculated mouse
group more strongly than in the PBS-inoculated mouse
group (14.3 % and 7.9 %, respectively), and CDS CD69”
liver-infiltrating cells from S. intermedius-inoculated
C57BL/6 mice were also upregulated more strongly in in-
filtrating cells obtained from the S. intermedius-inoculated
mouse group than those obtained from the PBS-inoculated
mouse group (13.3 % and 5.1 %, respectively) (Fig. 5).

Discussion

PBC is thought to be a “complex disease” that can be
attributed to the combined effects of multiple environmental
and behavioral influences, genetic elements, and perhaps
chance [42]. In the present study, we first demonstrated that
mouse strains differed in their responses to repeated
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with S. intermedius in C57BL/6 mice (c, d), 1 week after the final
inoculation with S. intermedius in C3H/HeJ mice (e), and 1 week after
the last of 8 weekly inoculations with PBS in C57BL/6 mice (f).
Electron microscopy of mouse livers obtained 1 week after the final
inoculation with S. infermedius in BALB/c mice (g)

inoculation with S. intermedius. Repeated S. intermedius-
inoculation induced CNSDC in the livers of C57BL/6 mice
(Fig. 1) and BALB/c mice [28], whereas septic inflamma-
tion in the hepatic parenchyma, but not CNSDC, was in-
duced in C3H/Hel] mice (Fig. 1). In addition, repeated S.
intermedius-inoculated C57BL/6 mice exhibited not only a
histological alteration in their liver, but also higher level of
serum anti-gp210 (Fig. 2). These results indicated that the
strain difference involved in the pathogenesis of repeated S.
intermedius-inoculated CNSDC formation. Furthermore,
CNSDC-like inflammatory region in the livers of recipient
RAG2”" mice with spleen cells transferred from S. interme-
dius-inoculated C57BL/6 mice, showed that most of the
cellular infiltrations in the target livers were CD3 positive,
indicating that these cells originated from the donor mice
(Fig. 3). The finding observed indicated that our animal
model of PBC-like CNSDC is of autoimmune etiology.
Next, we studied whether autophagy-mediated mecha-
nisms might be involved in this mouse model. Autophagy
takes part in many critical biological processes [43-45].
Autophagy is also a component of innate immunity [46]
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Fig. 5 Cell profiles of liver-infiltrating cells and spleen cells. Single
cell suspensions were obtained from C57BL/6 mice at 1 week after the
final inoculation with either S, intermedius or PBS. Liver-infiltrating

cells and spleen cells were each pooled from 6 mice and their surface
molecules were examined using flow cytometry
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and is involved in the host defense elimination of bacterial
pathogens, including Streptococcus species [47]. We ob-
served that immunoreactivity for the autophagosome marker
LC3 was markedly detected in the cytoplasm of infiltrating
cells around the bile duct in S. intermedius-inoculated
C57BL/6 and BALB/c mice, but not C3H/Hel mice
(Fig. 4). An electron microscope examination confirmed
the presence of autophagosome-like structures in BALB/c
mouse liver (Fig. 4). Based on these findings, we speculate
that an autophagy-mediated mechanism, possibly induced
by long-term inoculation with S. intermedius, may induce
the breakdown of tolerance-targeting self/auto-antigens or
commensal flora through molecular mimicry, possibly
explaining the pathogenesis of S. intermedius-triggered
PBC-like CNSDC. Obviously, further study to confirm this
hypothesis is needed.

Autoantibody such as anti-gp210 has been detected in
patients with PBC [4, 35]. Sera from subgroup of PBC
patients are positive for ANAs [48]. These ANAs include
two components of the nuclear pore complex specifically
associated with a perinuclear pattern, that is gp210, p62, Sp
100 and promyelocytic leukemia proteins [4]. S. interme-
dius-inoculated C57BL/6 mice also produced both anti-
gp210 antibodies and ANA as reported in our previous
BALB/c mice [28]. In this report, we semi-quantitatively
measured the serum levels of anti-gp210 as an anti-nuclear
antibody. The ANA pattern resembled not only an RL/M
pattern, but also an MND pattern, indicating a mixed pattern
with other kind(s) of ANAs, such as anti-Sp100. A more
detailed ANA analysis is required. However, our results
support the usefulness of our mouse model as a PBC-like
autoimmune cholangitis model.

Based on the flow cytometry analysis, the numbers of
both liver and spleen NK1.1%, TCRy§5", and CD3"NK1.1*
cells were higher in S. intermedius-inoculated C57BL/6
mice. TCRy8" T cells play a role in protection during the
early stage of infection. The protective mechanism of
TCRy58" T cells acts against bacterial infection in the liver
[49]. TCRy&" T cells are known to bridge innate and adap-
tive immune responses and are an important part of the
immune surveillance system [50]. NKT cells have also been
implicated as innate effector cells [41]. The involvement of
NKT cells in the pathogenesis of PBC has been suggested
[41, 51]. Mattener et al. reported that in a murine model of
PBC, N aromaticivorans induced autoreactive AMAs and T-
cell-mediated autoimmunity against small bile ducts via an
NKT-dependent mechanism [52]. In addition, lymphocytic
synergism between TCRy6™T cells and iNKT cells has been
suggested in an airway hyperresponsiveness model [33].
Synergism between TCRy&™T cells and NKT cells might
also exist in our S. intermedius-triggered CNDSC-harboring
mouse model. Additional study regarding this point is need-
ed. Furthermore, CD4 " CD69" spleen cells and CD8*CD69”
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liver infiltrating cells were also upregulated. Both CD4™ and
CD8" T lymphocytes can be purified from liver biopsy
samples obtained from PBC patients [54]. Therefore, the
increase in activated CD4 " and CD8” T cells might indicate
a closer immunological response in human PBC.

Collating our results with the criteria for determining
whether a condition may be considered as being autoim-
mune, as outlined by Witebsky’s postulates and the modern
revision by Rose and Bona [55], the following critical
parameters were met: (i) repeated inoculation with S. inter-
medius successfully reproduced PBC-like CNSDC in both
BALB/c and C57BL/6 mice in a strain-favorable manner,
(ii) direct proof was obtained indicating that the transfer of
pathogenic T cells induced CNSDC in naive RAG2™ mice
(Fig. 4), and (iii) the serum levels of anti-gp210 antibodies
were elevated in repeated S. intermedius-inoculated mice.
These multiple lines of evidence indicate that the mecha-
nism involved in our established animal model has an auto-
immune origin.

Mattener et al. reported a PBC mouse model induced by
intravenous or oral inoculation with N aromaticivorans [52].
We agree with their proposal that neither N aromaticivorans
nor S. intermedius is likely to be the only cause of PBC,
These bacteria may contribute to the breakdown in tolerance
that in turn leads to the development of PBC. Interestingly,
in our previous observation [56], an initial breakdown in
tolerance was induced by repeated inoculation with S. inzer-
medius but not E. coli in the liver of BALB/c mice. How-
ever, repeated inoculation with E. coli in BALB/c mice
resulted in an autoimmune pancreatitis (AIP)-like alteration
in the pancreas [56]. Depending on the bacterial species and
the presence or absence of other factor(s), such as genetic
elements, different bacteria may have different likelihoods
of causing a breakdown in tolerance or triggering autoim-
mune disease in different organs.

In conclusion, our S. intermedius-inoculated model clear-
ly resembled human PBC. Clarification of the pathogenetic
mechanism involved in this model may provide new
insights regarding therapeutic approaches for autoimmune
epithelial inflammation, such as PBC, prior to the com-
mencement of a terminal disease stage.
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summary

High concordance rate in monozygotic twins and familial clustering of patients with primary biliary cirrhosis
(PBC) indicate the involvement of strong genetic factors in the development of PBC. Recent genome-wide association
studies (GWASs) and subsequent meta-analyses in Buropean descent have identified HLA and 21 non-HLA suscep-
tibility loci which are involved in IL12/IL12R signaling, TNF/TLR-NFKB signaling and B cell differentiation in the
development of PBC. To identify susceptibility loci for PBC in Japanese population, a GWAS and subsequent replica-
tion study was performed in a total of 1327 PBC cases and 1120 healthy controls. In addition to the most significant
susceptibility region at HLA, two significant (p <5 X 10~8) susceptibility loci (TNFSFI15 and POU2AFI) were identi-
fied. Although these susceptibility loci are different from those identified in European descent (IL12A, IL12RB2,
SPIB), these loci are involved in the same signaling pathways, differentiation of T lymphocyte to Thl cells and
differentiation of B lymphocyte to plasma cells. Among 21 non-HLA susceptibility loci for PBC identified in GWASs
of Buropean descent, 10 loci (CD80, IKZF3, IL7R, NFKBI, STAT4, TNFAIP2, CXCR5, MAP3K7IPI, rs6974491,
DENNDIB) showed significant associations in the Japanese population. The comparative analysis of disease-suscep-
tibility genes in multiple ethnicities may provide an important clue for the dissection of disease-pathogenesis.

Key words——disease-susceptibility gene; single nucleotide polymorphism (SNP); genome-wide association study
(GWAS); primary biliary cirrhosis (PBC)

B

BERMEIRHEEZE (PBC) ORREICIE, FERERELPNARIIC X% L OB EBHEROMEBRE S
TWiei, T, BRAZRRE LT/ L7 4 FREEMBEN (GWAS) 1250, PBCREBRZSEERLRT LT
HLA I OBEF LA OMIC, IL12/IL12R 7 F){E#E, TLR/TNFo-NFkB /277 J I ix#E, B MO - &
i, EE#MEOSME - TREF—Y AR EICHEET 25 21 OBETFLEBPEEIN. AR cBWTh, Bk
BREIT X v b7 — o 05e8E, EAFEEEEERE BRI “BEtol - IEEBICE T 5FHEDRIICE
FE N/ PBC 1,327 & L {53 1,120 40 DNA Hifk % iV TLEHBO GWAS SRR EH L, HAA PBC
DOFRIEW D DFHIRBREMRET % 2 (TNFSFI5, POU2AFI) REL7z. IhbOBREFIIHCKA THE
AN/ PBC DEBREZMERT (LI24, ILI2RB2, SPIB) LIi8f7n- T, HERECEWUIRA—0Y
FIAEEFRDP U VSHROGL - BHAORERICAEBEL Tk, £AMTEBRZIURETBEL > TWTH PBCO
FRERAERBIXBTH S EBRBEIN. Fi, BKTREINA 21 HOEBRZMERTON 10 &EF
(CD80, IKZF3, IL7R, NFKBI, STAT4, TNFAIP2, CXCRS, MAP3K7IPI, rs6974491, DENNDIB) S HAATCH
PBC OEBRZUBEF CH 5 EHHERIN. BROER COEBRZWRET O IR B RERE
DRBEDI-DDEBEGFRIY b BRI NS.

el PNC NS B S0 RS T Y St
IR R R AR
ESRE R R REER L 2 BRI 2 —
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T L &IC

R IR H HEFFREZE (PBC) 13 HR4E 4 M 1T I 3%
FTHHREEN T (BERETIEETHS-6 AL
HETE) REIT S - WEFHER T, W3 EERD
EBBND, #ITT B EEHORER, REFIK
B, K, HE, BESHEL, HFAREICED FBHE
PIAMZ I3 A R TH 5. I bav Ry
TR T AECHE I IV FUTH
&, Piep210 Hifk, Bty o AT HE, Hisplo0
Pk ) BHBT 5L, MOECREREBOE
PR & RPIMRIE O/ NERIBEE R EIC U VN
HKOBEAZRD A T &7 ¥ b HIFPINERIRE 24
B &THHAOMBREEEZLNTHWAL. —7,
PBC IC I FEERENE (BERBORBELRKRK 10.5)
DWW &, —IERARIZ BT 5 concordance
rate (60%) BE\NT & DB ZOREITITHRVIESR
FSESIDIESERAVINY F-F (N QAVARR

WTE, b b ALBOR KSR EBROER
(HapMap 5t ) &7/ A0 4 F B @M
(genome-wide association study : GWAS) D
HFICLD, B2 RRBICB W CEE TSI & B
ZEE OBIEDBNBAIEE & /x> 7o, PBCIZRW
T ZDFEE (GWAS) & FHWT 2009 FFIZ T 5
D I—1y 2 RERO PBC & BRESZ M EE T HE
252 P (ILI2A, ILI2RB2) FJTREI hrz?.
T, A1 RVT, AFH, AFUADPLARTF
Uy A% iz GWAS ORENHEKRE, BEET
23—y ) CREROREBRZHEIZ T 85 21 2
Ff (STAT4, IRF5, IKZF3, MMELI, SPIB,
DENNDIB, CD80, IL7R, CXCR5, TNFRSFIA,
CLECI6A, NFKB, RADS5SILI, MAP3K7IPI,
PLCL2, RPS6KA4, TNFAIP2, Tpl4 and 16q24) [F
EIN/SD. T bOEBRRSZEBIETHERZE
%8 2 C PBC FEICIE TH 5 hEPITEBDFE
FERERE DRI 72 1 Clx < ABUEEZF OB D 53R
ETHY, BICHAAD X D7 R E RS E N
DEWERNIC B 5 R BRI BIEFORED R
nTnwi.

AR CIE, TFa—o v/ SREMTER S N/
PBC-GWAS O I N g TORRE RN L 77,
HAA PBC-GWAS FLFFFIEIC & 0 FA 6 & s
> 72 HARAD PBC fEBIRZHEREFICTOWTREMN
THEEDIT, INHLOKERDI LHEEINS PBC
ERBFERBIZ DWW TH 4 DE 2 o a3 5.

Resk A TO PBC-GWAS Hze

2009 EiZ PBC Z#xi4 & L 72%)& TD GWAS 7
HFZDTN—"T»E New England Journal of
Medicine I FFE I N7-Y. PBC BE 536 A by
b E—)l 1536 A%tg: & L C 300,000 LA_ED SNPs
BRENT L 7-%55, &3 PBC RIE & W BIE DD
D7Dk HLA class IT 83 (4% 6p21.3) O
> HLA-DQBI (OR:1.75, P=1.78 X 10~¥) T
o 7z. HLA $HBICiL, HLA-DQBI AT %
Céorfl0, HLA-DPBI, BTNL2 73 ¥ PBC DFJiE &
AEICEEL TV 5 EIRFLE (OR:1.4-2.8, P<
3x1077) 23 13locus FE & N7z, JE HLA BT
3, RBIE LBIE T A RBREEZERET 12 BRTFHE
BRERIEI NN, ZOFTILI2A (OR:1.54, P=
2.42x10-4) ¥ ILI2RB2 (OR:1.51, P=2.76x
10-1) BEbHEEMELSEL, STAT4 (OR:1.65, P
=4.67x10-5), IRF5-TNPO3 (OR:1.52, P=1.52
x1077) 12 GWAS OFELV NV (p<5x1078) |
L o7z,

ZOB%AFEORU T IV—T6, FEOD
GWAS TP<IX10°4 TH - o BIETFERG EL
TH—1 /N EJRROREFI 7z In 2 THENT L 725528,
1721 IRF5—TNPO3 (OR : 1.57, P=8.66%10"13),
17q12-21 (ZPBP2) (OR:0.72, P=3.50%10-13),
MMEL]I (OR :1.33, P=3.15x10"8) 7 PBC O
BRZERET & L CRES N, 2010 I Nature
Genetics ICHE I N/2Y. £, FECHRESNL
A ZYT DT NV—T ORI, hF X roRE
XN 7z ILI2A ¥ ILI2RB2 @ PBC FJE~ DOBIH %
replication 9~ % & (2, #H7-1Z SPIB (OR: 1.46, P
=7.9x10-11), IRF5-TNPO3 (OR :1.63, P=2.8x
10-19), 17q12-21 (IKZF3) (OR:1.38, P=1.7x
10-19) % PBC DEBEFZMHEMLF L L TREL -
bDTH - 728,

2011 SEI2HE, A FUADTI)I—"T 5 1840 AD
PBC 3% & 5163 A Wellcome Trust Case Control
Consortium @ 3/ F B —) )L & RE & L 7z 507,467
SNPs @ GWAS D5 R, Nature Genetics IZ53E X
NP, ZhETCEHRESNTOIBRKATHEE
BEF LT D% L B replication SN 5 &3k,
HF 721 PBC RIEICEET 5 2 OBRET LR
(STAT4, DENNDIB, CD80, IL7R, CXCRS,
TNFRSFIA, CLECI6A, NFKB, RADSILI,
MAP3K7IPI) BRIEI NIz,
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Fii - PBC DRBRZMEETIC L 5 FHBOTY 505

Pk, 3—8y/SRERMO GWAS THEKEIS
L7 PBCEERZHERTF LT, HEETIC
HLA DAHZ 21 OBEFEPHRE SN TV B,
FOIFEAERTMBEOFEE/, T - Bk
O3k - BiEy, TNF/TLR-NFKB 3/ 7 F)UGEL Y
OHREEEEEGT CHAHT L, 5, PBCIIHER
ERBICEBT A &5 GWAS OFE R0 5 & BT
bhic K2).

HAATOD PBC-GWAS

ARIBIZ B\ TIE, 2010 4 10 A 2 5 BN RBE B
Frry P 7 —270588 (&0 31 fagk) &4 78
BEE YR BRI IEEE SR O - IHEEE
ICBE4 AFETRIE (B0 26 figk) wrl & L7
£ EHBE O PBC-GWAS R LB I h,
FEE TICPBC 1274 fE6] (R 1), B A/ FE—
JI 1091 #|> DNA k% F\WT Axiom # /5 v b
74—k L TH 60 75 SNPs {253 A 55T
N, HAA PBC OFEICEL D 5 HE BT R

#£ 1 MEHTL 72 PBCIEFIOEEKR 7017 ¢ L

7 LT A4 FREET HHMEORER
(n=487)

REGIEL - BB/ %&
SR - P
Ry fiE
Ty + BRHE R 2
MR AT—v 1
2
3
I bV P U THAEBEER %)
b B OREEEDED (%)
v — 7V UERE
B O R IR 4
Bafiy o<
& BRI
CREST SERR:

(n=808)
57/430 120/688
33-90 24-85
66 61
64.7+11.3 61.1+11.4
320 646
110 121
57 39
87.3% 86.4%
12.5% 14.5%
5.5% 10.8%
3.7% 4.0%
3.3% 3.3%
1.8% 1.7%

ek 8 & Dz

Pvalen Clogt)

o
IR T

. 3
- S

K1 HBAABTSPBCREEEFOT VNN XY Ty b
HAAD PBC48T fEGI L BEA TV F H—)L 476 f1D GWAS DR %R 7. PBCRELBLBVEBEOID b h-Dit
HLA class 1T 8} (4ufafk 6p21.3) TdH- 7. HLA LISFOMEE T, TNFSF15, POU2AF1 188\ B #3050 7.
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{ZF 2 2 AT (TNFSF15, POU2AFI) [FES iz
(B DY, %/, BOKTHRE STz HLA B
DEBERZHEET 2 BETEOHRATD
replication  study (PBC 1327 fEfl, BE A2+
2 —)b 1120 B) DOFEER, 10 BETF (CDSo,
IKZF3, IL7R, NFKB1, STAT4, TNFAIP2, CXCRS5,
MAP3K71PI1, rs6974491, DENNDIB) HZAANT
LEBERZUEERT THAHC EBHERSI N B

iz
=]

28, —J. BCKATRIBEBREOB EBRESZME
BIEFTH A ILI2A, ILI2RB2 3 B A A Tl R
SR T TRV LWL LT - 72 (E2)Y.
TNFSF15 [ZEB#EERT A—/—7 7 3 U —[C
BdAYAhAVT, Thifa OV T & —
(DR3) IZ#EE&$AHT LITXY, Thl MfEOREE%
(R L RIE /AT % Thl BREICHERE T 2 DICB b -
Tw5 (®2). 7=, Thl7 #ila_o DR3 IZfs5&

-~
ay
-~

%2 GWASIZ LD TSN/ PBC DEBEFHRET

#

P==d

. = ERRESHRETELT
BT et ik B | 4 RYT - pvalue  #WE SN TW5 PBCEL
Voho e ) GF 5D AFYRD HAD HOEEREEEEY
HLA-DQBI1 6p21.3 HREOR O O O @) many autoimmune dis-
eases
TNFSF15 9P32 Th fIf DRI, Thi, O 156 2.84x10-%“ CD, UC, AS
Th17 MR HERE
POU2AF1 11g23.1  B#ifaost O 139 2.38x10°% none
IL12A 3g25.33- X O O O celiac disease, MS
q26 IL12 ¥ 7 )UfR#E, Thl
fk~oat
IL12RB2/ 1p31.2 IL12 ¥ 7 F VIR &, O (@) O psoriasis, CD, UC, AS,
SCHIP1 Tht A~ D5t SSe, BD
STAT4 2q32 IL12 ¥ 7 F AR E, O O 135 1.11%X10°6 RA, SLE, SjS, SSc,
Thi Mg~ D51k psoriasis
IRFS5/TNPO3 7q32.1 TLR-IFN ¥/ 7 J U557 O O SLE, RA, SSc, SjS, UC
IKZF3-ZPBP2- 17q12-21  BHifRDL - 7HF— @] O O 144 3.66x107° asthma, CD, TID, UC
GSDMB- VA, bERREoSL -
ORMDL3 TR =R, NEEgER
FUROHIE &
MMELL1 1p36 membrane  metallo-en- O O RA, celiac disease, MS
dpeptidase-like 1, X7/
F F RS R UIN
SPIB 19q13 B #iluD sk, O O none
DENNDIB 131 guanine exchange factors O O 1.14  4.05x10"2  childhood asthma, CD
(GEFs) for RAB35, &
AICBIE
CD80 3q13 T Ml DR O O 148  3.04x107%  celiac disease, JIA, AD
IL7R 5pl3 ?&:mé&z@% T A~ O O 147 3.66x10"% MS, UC
CXCRS 1123 BLC D&M, U O O 142  411x10~* none
ROWEE, BEE
TNFRSF1A 12p13 TNFo % %5 {6, TNFo- O MS
NFxB V7 FViRE, 7
Rb— 2
CLECI16A 16p13 C type lectin containing O MS, RA, CD, TID,
f%mily, BREOREMIT N celiac disease
H
NFKBI 4q24 AFVA, AL ALY @) O 135 1.42x10°7 none
75 ¥ O 4 Tl s
CINE L TR % 28 ET
DIRE % HI4H
RADSILI 14q24 DNA &1 @) none
MAP3K7IP1 O O 129 859x10™* none
(TAB1) 22q13 IL1/TLR-NFkB ¥ 7 F
VR, TGFB Y73V
o=
rs6974491 7pl4 intergenic O O 1.33 4.98x10"? none
rs11117432 16q24 intergenic O none
PLCL2 3p24 BiilaAsthh b0y s
FIVEEDEDHIH O none
RPS6KA4 1113 TLR #3IC L 59 4 b
H A EA O O none
TNFAIP2 14g32 TNFa induced protein O O 1.22 6.34x10"*  none

2, BEEOFEMIITH

1) 3CHk4,2) SCHKS, 6,3) SCBR74) K8 S) Jan. 2007 25 July 2012 [Z#&E X h T BRE

O NENDHLTHE SN IRBREMRETF

CD : Chron’s disease, UC : ulcerative colitis, AS : ankylosing spondylitis, SSc : systemic sclerosis, RA : rheumatoid arthritis, SLE : systemic lupus erythema-
todes, T1D : type 1 diabetes, AT : autoimmune thyroiditis, SjS : Sjogren syndrome, MS : multiple sclerosis, BD : Behcet’s disease, JIA : juvenile idiopathic

arthritis, AD : atopic dermatitis
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THTEIELD THIT MifaoME L REST 5 &
BPHEINTWS (K 2)"1. ILI2, ILI2R,
STAT4 {3 T U v//\E% Thl fifa~5 L3570
Db I3 H5—HBOFFTHHZ EHMOENTNDD,
IL23 12 & % Th17 fifaOFE QKL L T
LZEBHMONTWAD. AL HARADERBREZ &
{&FTdb B TNFSFI5, Wk AORBERZWHRET
T 5 ILI2A, ILI2RB2, HAAN &k NICIEED
BB MERET CTH D STATL 3N T Mo
Thl #lE~ D41 - HEFE, IFNy EARR, S5
i& Thi7 MO LRBICE T A BEF EE 2B
ns (M2). O ELLEKRANEHCKEATHE
BRZEERETERE L > TR UEBRERK
(Thl, Th17 REANDOY 7 ) BH5H T EHRB X
Ny

%7z, POU2AF1 %, B U V/NEROBEMME~ND
ML - BBGEBBR OB 2 Ix AT v /TR RE % 5
7L CWABRERTFCTH LM, HkORBRRZ
HFTH 5 SPIB DEELFifi§ ABERTF ThH
%1~15) . IKZF3 i B fifa o B~ D51k, &
1 B fifEe iR D EDERE R TF CH D19, CXCRS
12UV /REiTo T-B interaction IZMHETHAH T &
BIEEH B 92T 7% - 72 T follicular helper cell (Tfh)
OFRBENZHBL, Tth ORFLADF—I V/7ICHE
BB R-LThAEEEZLNTWASD., fts
T, ZHh & POU2AFI, SPIB, IKZF3, CXCR5 D&
BF%HH PBC BIEICERL TWA I &, YV

IXHi ORIy T T-B interaction, B flaOTAE M
fa~os4t, KB HIRUELIE S PBC DI 1 B
LCW5AZ EamREL Tk 0 CHEBREN (K 3).
CD80 I3 HLFRIRAIBIC BB 5 WS T CTH
v, TRk CD28 % CTLA4 sE&T 5 LIC k
D T Ml OEMEALCIEEM AL & OFFEHCEIE L
TWAE, ILTR ZEEO A+ a—< fifa s 545
INDILT OZEETHY, FHBME»S TH
fia, BMR~DSL - BAWCERE LY 4 AT

IgM -7
F4—7 B

T H 4
AEl)—BHIRE

K3 BYVINERDSE & POU2AFL
B UV IBRROGL & OB % 50 I BERSE MSR E T AR

4.
CXCRS5, POU2AFI1, SPIB, IKZF3 iZfilh & B flifanig
fife, RPAF AT —BilE~OS - BWRIZBIE 1L T
WA,
POU2AF]1 154938534 A allele |3 POU2AF1 ORE » #in
AL ELHEIN TS,

TH1

) —> IFN-y

TLR ligands: ~ A )

—> IFNy
)\ =—> IFN-y

) —> 117

.
Proliferation

K2 T Uv/\EDO5{k & TNFSF15
T UVIRBRO5E & DRIH % R/ KBRS HEE T #79. CD80, IL12A, ILI2RB2, STAT4, TNESFI5 [Zfil#1d T U V38R
O Thi, Th2 g~ D5t - BFHICBIS L T 5. SEFE X7 TNFSF1S rs4979462 T allele {3 TNFSF15 O3EE & BN S & 5

ZELBMEINTVES.
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HHY. TnHIFY VNERADSE - BB T M
JOFEMEALD PBC FEICEEL TWA T & aRE
LTWA.

LIRT & © TNF % TLR 78 PBC OFEIZEE 5L T
WA EPHRS N TN 2529, Bk AD GWAS
IZ 3\ C TNF/TLR-NFkB 3 7" F UG EICBIE L
7z 6 HORBRERZEERTFARAE I N/ (IRF5/
TNPO3, TNFRSFIA, NFkBI, MAP3K7IPI,
RPS6KA4,  TNFAIP2)*" (¥£2). ZOWH,
NFkBI, MAP3K7IPI, TNFAIP2 ® 3 #{ZEFIT HA
ANCERBRERELEGRT THAZ EPERINZ. &
7o, bEAAOSAER TR —V A, NEAEA TV
AVBEE L - BEFHEER (chromosome 17q12-21)
H HARATPBC OFEBRZMEREFTHD T &0
BRI N/, SHRIEEERAD GWAS DENTE Gl %
BT ITkD, X5ICE L OERBRZEEEET
ZREL, BARADEBREZERETEDOREETRE
BEOLFEWLPITTENERD .

PBC %5 (CRIE $ % shared autoimmune
susceptibility loci

DlE, B % T GWAS T X /- HLA L
0 PBC I BRZHELETFIE, SEBERATHD
TRE N7z TNFSFIS ¥ POU2AF % &% b 23
BEREFHEELS. TOR R2EERTFE (13/23=52.2
%) FMhOHOAREB TCAMEIN TS EERK
& M & = F FE  (shared autoimmune susceptibility
loci) IZHH4 T 5 (382). ChoDHDHEEERIC
&, 77— (CD), EBHEXEBR (UC), VU
7 v 79 (celiac disease), Z&FMEMEILAE (MS),
By <5 (RA), £HWE{LEE (SSc), &
W —TJ ALY b +—75Z (SLBE), VY xz—7V
VIEERE (SiS), IBERW (TID), KELME
(asthma), #z## (psoriasis), SREMEFHER (AS),
N—F v b (BD), HEEEFERKEY IS
(JIA), 7 FE—HEER (AD) 75 ¥ DEHOE
BOAE&EN WA, PBC FEIC bl B CaEEk
B LI L B ORBREEEETBEE L T
5T EBRBINDSD, shared autoimmune sus-
ceptibility loci ® 12 BETEORN, 10 BETFEN
HLEOREAEREORERRER £ 2 5hTw
% CD, UC, Celiac disease DI BRESZ MEE FIC—
I 5HZ Eid, PBC OFRIE I AERBORY
DEGL TV AR AR L T D & CHR
B, BIZ, 4EOHAAN PBC-GWAS THE X
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N7z TNFSFI15 137 0 — VR &EE KGR & D
SIEM R B OEBREZMEEL T Th 5 Z & Ak
ARPHARATELMONTEY, RIFEHEEHEE
ZFRNE & RIEUBEBORIEICIHE L /2B {ENEA
ELTEBSIN AW, £/, PBCYTAEFIVT
# % dnTGFBIl <7 A5 5 IL12p40 Z RIBE X 5
CERBBIEL L BT Ed, HERRBEIC
ILI2 V7 P WVEERB P BEECH S L e rmB L
TWhEEZBNAH?.

FbHVYIC

kA & HAAD PBC & BRZWIER T O
B 5, PBC OEBREZHERTFICEEEAANL
RKA & DRI EFZE % 580 Th Ll OE B FRIE
REBPEETH I EPHALPICIR - 7. FIZ Thi
BEAOY 7 FMCHEDLAKEBRER (BXA
TNFSF15, STAT4, ¥R A : ILI2A, ILI2RB2,
STAT4), 2RV VNHRAFLTD B U VRO
B~ D54k, £ B filEBOBRNIZE b 5
B (HAA : POU2AFI, IKZF3, CXCRS,
Bk A : SPIB, IKZF3, CXCR5) DEEMBRE
Nz,

LSEFRE SN/ HARA PBC R EBERZHERET
(2 BEF) B, MOBCAEEROFR T, 7
O—i, BEUHKBROKERZEERET EED
%< EHLTEY, PBC & SEMEER & ORBIC
ol L 7 EBRIERBPFET S EBRBEI N
7o INOOEBRIERKIT, PBC DRERHEL
RIBEEEEOMRBIZE DO TEELRFELH D &R
L TCWB D 2B, KT TNFSF15 Z HF1d
LEMZARAIOBIET, PBC ORBIGEE -
Tn AATREME S & 5910,

S8#IT, Bk, B7 VT HELY SO RO
PRI LD, PBC DEBREZMEET, REFR
RERE M A MREAYIC R E L CRRERE B b 58 ET
B O T 5 H 4512, PBC OWEERIGHE,
BT, BOHGOELA DT 0 —b, i
7% ¥, PBC OjFEfE - RIS FICEED < BIULIEN %
1T\, PBC OJRREZAL, ERICEET 50 TR % [/
ELH L WERERHR T 2 NENH 5.

B OB CCTRALEL-BEAAPBC-GWAS
DOF—2%, RRKFAFEERTYHE HEHREE
+, JNIRSEHEA, fkBLEEE E OXEPIIC &
HEDTT. Fi, DNA BEOIET LT OME
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LT & ORI B AR IR E
ORI - HERICEID 5 BERTF OMERRE T
¥ (Genome-wide association study : GWAS) (B}
gefREE PR )7 KB TY. T
BeE L EFEd.

E SRR & v~ HERFZEIE (31 MEsk
NEEE V& —, pEEEr Y 2 —, IRER
vy x—, BEERk, BMRERERELV 22—, £ob
B 2 — AR, SRERET VX —, KRE
Bl 4—, BHEEC VX —, FILIERZY X —,
INEBRRE LV Z—, WNEREY X —, KGERYE
VE—, RERBRYLV/Z—, BREAGEEEL YV
& —, PEEEERE, PR EARumEbE, MEREUER,
ZRBERY Y 42—, HEATERRE, FHEERTY
2 —, EREERYYX—, EREErY X —, B
WILERE T 4 —, KTFERELYZ—, BRERY
VE—, JIREEREE V2 —, RIEBEREY X —,
BN EHEEREY V& —, EXEEERPEE Y & —
Filfke, REBEREEY X —

BaEmEEEattR B RIIREE "HAORT -
IBEEBICRIT 2 RAEMIENE 27 #ER)

Bb RSB LB RS, R RALERIREH
b8 - V< FBERNERE, L FERRSEH
{LERAR, HREEAERKRERERIE  BEE
e[ S M N S S M SR PN 2V S
RS 4 PR, BIRSEKEBLEPIR, R
KEHLEEE, R KRR LSRR,
SRR R AE RS, SIRKFRFERE
WIS, SRR IR I TR S B AT
2, MR CRRNEL IR RFEHEE -
FFHE - RRYUEPRE, BB REGSEmRRE R
B, BRI RL, UM RERE R
WREERARIE, RIEXFEHESRERNEY, Ko
KEEZIBRENRE—, BRRFEFTHCEET
T PR}, PEZERSRBRANER 3 IR, BRIRRREE
REFBEH L B A TERERS, WNMRERZER
RERRREE S, UM RSERHBEINL S E MR B
WRFE LI AR AR, KRR RS
B ATHEES - BEsE ENDREREREERER
VA —ERge & —
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Summary

BEFMAETEREZ (PBC) ORAEICE, NEEBMEPHLERICLDHED SEUEGR
FROESHREBENTWVED, HE, BRAZHREULRST /LU A FEERR
(GWAS) IC&Db, PBC EEESHEIRT L LT HLA SBROEIEFZEOENC, O 4
w&H—OF 12 (IL12)/IL12R ¥ JFUGE, @ TLR/TNFa-NF«B ¥ I HIUWEE, ®
B #MiammE: - 54b, @ ERROSE - TR bV AR EICEET DBEFLEOEE
HHRASHEES . BRIE, OBRALSNDOAEZHRE Ll GWAS IC&D PBC &
ERFHEETFORE, @ PBC OFFRE - /REISHE CRERGYE, WEZIEENE, BCh
HOTOT 4 —)b, TREE) [Ch&T< GWAS BRHEERFEEICKD, PBC ORAE -

RS RLICBIS T B disease pathway OIEENTREN(OED T EHEFINS.

Key words

RERREMEST —EEZIE (BNP) 7/ LU FEERER
(GWAS) [RFMASTIEATIEZ (PBC)

[FUHIC

WA, N AT B IR % M
WMOEREMT T ~GHBEO—ERELH (single
nucleotide polymorphism : SNP) % —EIZ& D
WARDPENTEDTT Y b 74— AOBFIT L

0, 77594 FEEMEN (genome-wide asso-

ciation study : GWAS) W& %2 o 72 2007 4
ZCDT Ty b7+ =2 hBIbE Tk, &
TEERRECTHEICHE L 2 B/IEZTFRFRE SN
TE&727% RkEENE M4 283287 (National

Human Genome Research Institute : NHGRI)
GWAS Catalog i2 & 5% &, 20116 A T
GWAS O E#IL 1,449 T, WHRELHE
BdHDHOVITERIT 2371, eSS BETER
500 I2E L TwA (http://www.genome.gov/
gwastudies).

H B ER BB VT D, 2009 E IR
SRR FTEZ (primary biliary cirrhosis :
PBC) 34 & L72IEL®HTH GWAS O ED
HrFrbHESN, PBCRIELBHET 2 H72%
R Z N BIET Unterleukin-120, IL1Z2 ve-

* NAKAMURA Minoru/ RIBA SR B B e i S R B R MR R i 2 R S IR 8

* % BN R ERIEERE 5 —RRMIR Y 5 —
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T LA FEERBIRN S H A TEIHLEEER

ceptor B2, signal transducer and activator of
transcription 4 (IL12A, IL12RB2, STAT4)) 7°
RAESNLY. 20/, A 5U7, W+ ¥, 4FY
AWHRAYTFY Y AEEDIZ GWAS O
HWo X, PBC O EEBEREFEZHOE
MOERENL L LD, BERTEZEIL AR
PBC DFREDIEAEA TV EY ™. KT,
GWAS 2 X % PBC DREEZERDHFHIZOWTD
BRE, SHBROBEZICOVTHRT 5.

1lPBC®%ﬁEHEEW§H®%%
HREENTUVE

PBC I ERLEICITFFHET L FANEREE %
B E LB EET, Wi EERD 2

LWLV, H#ITT B LT ORER, AEEIR
g, K, EE, MESHELTHEARLICED,

B AT IR HE LI B 5 B 08 7 kiR M
FEERTHL. I bary F) 7RoMEs s s s
FEEnECHME B bay FY 7HME B
gp210 Hifk, Hit > b X THAK, i spl00 Hilk
%E) PHETAZ LR, FIRBICY V3 EROR
HARDLZLhs, MEMBEEXENETLHE
CHRERBEEZ LN TWAS. PBCIZIIFEKE
Fﬁ(%éﬂﬁwﬂrfﬁ$ms)®mmbk
—PIERAEIBIZB T 5 —FF (60%) FEnI L,
iti#@ﬁaﬁgﬁﬁwﬁﬁ$#%w_t&t
Mo, ZFORIEIIEECBIZNER O 5 057RIE
ENTW, ZoFMICOVWTEe M7 a&
WOBKEZHEEHROEE (F HapMap &
) & GWAS HMioB% E CRAHTH - 72

2 | IRBEETEIC K DB TR

PBC DOFIECHEAT, B OHUAFEAICHE L /-#
FEHZEREHSPICT 572012, BEHEETER
& B SNP OFENTHS 1990 ERL OB I b TE
7. Lo L, B OMAT Cldxt s & L7z RS
AtoiBE»E <, ¥/ HapMap 212X 5
v N7 LADOSRREERS R o720, S

28 (214)

D% 7 SNP % F T D Fkt i B AT 23T 5
Thotz, Lo, BIEIHERENEE
FLZMEEHLOTRONTBY, NEEZBZT
BHEEIEZ SN TV 5 D human leukocyte
antigen (HLA) & cytotoxic T lymphocyte anti-
gen 4 (CTLA4) AT &4 Y™ Vitamin D
receptor (VDR),
exchanger, member 2 (SLC4A2), IL1, ILI10,
apoprotein E, mannose-binding lectin (MBL),

solute carrier family 4, anion

endothelial nitric oxide synthase (eNOS), che
mokine receptor 5 (CCR5),
2E2 (CYP2E2), programmed cell death 1
(PDCD1),
(A2BP1), endocannabinoid receptor % &4 { ®
BIZTZ AL PBC RIE L OBENRE I LT
7285, GWAS Tp<l0 BB METRESINI-D
FEETHY, CTLAL D4 v X (oddsratio :

OR) :1.39, p=1.41x107°&, GWAS LRIVDE
BAEICIEL T Rn ™.

cytochrome P450

keratin, ataxin 2-binding protein 1

3 | GWAS [CKDELRFZEHEAD S
HLA QI HC2 < DRBREZME
BT FENEESNE

2009 W PBC 2 MR & L2 LHTD
GWAS %%, #F ¥ DT NV—"Th “N Engl ] Med”
BEENLY. PBCERESG LY ba—
v 1,536 #il% %4 & LT 300,000 BL_Eo SNP %
AT L 7R 8, & D PBC BIE & MW BIE D ER
Sh7=diE, HLA 7 5 A D48 (G ik 6p21.3)
®7H® HLA-DQB1 (OR:1.75, p=1.78 x 107%)
Tdh o7, HLA #8213, HLA-DQBIL BIAHZ D
C6orfl0, HLA-DPBI, butyrophilin-like 2
(BTNL2) % &, PBC OFEL ABICHEL T
LEEFEAE (OR:1.4-2.8, p<3x107") #%13
locus A% S 7z, FE HLA 3T, BELBHE
T 5B EET 12 locus 2AFE E 72708,
ZD7%TILI2A (OR:1.54, p=2.42x107")
& IL12RB2 (OR:1.51, p=2.76x10"") #%&3d

Er
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