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Primary biliary cirrhosis (PBC) is an autoimmune liver disease characterized by immune mediated biliary damage and frequent
appearance of autoantibodies against mitochondrial enzymes. There is almost no useful animal model that is globally recognized
and routinely used, however, several unique animal models manifested the characteristic clinical and pathological features of
human PBC within the last 5 years. Herein, we compare the pathological features of previously reported and newly introduced
novel animal models of PBC. Knowledge and understanding of the strengths and the limitations of each animal model have led
to the development of promising therapies and novel tools to characterize these clinical conditions. Moreover, suitability of the
model for the intended purpose should be confirmed by further research and analysis.

1. Introduction

Primary biliary cirrhosis (PBC) is an autoimmune disease
of the liver that often develops in middle-aged women.
Antimitochondrial antibodies (AMAs) appears in the serum
of almost all cases of PBC while the occurrence of AMA is
rare in other diseases. The major autoantigens recognized
by AMA are identified as the E2 subunits of pyruvate
dehydrogenase (PDC-E2), branched-chain 2-oxo acid dehy-
drogenase (BCOADC-E2), and 2-oxo-glutarate dehydroge-
nase (OGDC-E2) [1-3]. AMA or anti-PDC-E2 antibody is
therefore an extremely useful diagnostic marker of PBC.
Pathological destruction of interlobular bile ducts in the
liver associated with lymphocytes and plasma cells is known
as chronic nonsuppurative destructive cholangitis (CNSDC)
and is considered the primary lesion of PBC, and eventually
the interlobular bile ducts are destroyed, cholestasis occurs,
bile ductules proliferate, and fibrosis develops as the disease

advances. In some cases, an epithelioid granuloma is devel-
oped in the portal tract accompanied by varying degrees of
eosinophilic infiltration [4-12]. PBC is considered a proto-
type of autoimmune diseases of the liver; it is responsible for
both humoral (appearance of AMA/anti-PDC-E2 antibody)
and cellular immunity (CNSDC, granuloma formation, etc.).
An animal model of PBC that reflects both humoral and
cellular immunological features is useful in elucidating the
underlying pathophysiology of the disease or establishing an
effective treatment. In addition, the characteristic pathophys-
iological findings of the disease such as the presence of related
cytokines and chemokines, nature of inflammatory cells,
extent of bile duct destruction, and granuloma formation
are considered important aspects of the animal model
of PBC. Moreover, ease of handling, the frequency with
which relevant pathophysiology develops, and flexibility are
important elements. The development of an animal model
of PBC has been attempted at many research institutes over
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a number of years; moreover, some animal models that
show pathophysiological symptoms similar to those of PBC
have been reported [12-22]. Currently, however, there is
almost no useful animal model that is globally accepted
and routinely used. Within the last 5 years, there have been
also reports of several murine models that manifest the
characteristic clinical features of human PBC. In this review,
we compare the pathological features of previously reported
animal models and a newly introduced novel animal model
of PBC.

2. Previously Reported PBC Animal Models of
PBC (up to 2005) (Table 2)

- Attempts have been made to develop an animal model of
PBC in many institutions. In 1989, Krams et al. immunized
mice of various strains such as AKR/], C3 H/J, and CBA/He]J
with recombinant polypeptides of dihydrolipoamide acetyl-
transferase, which is a constituent of the pyruvate dehy-
drogenase complex (PDC), and verified that an anti-PDC
antibody appeared in each mouse strain although antibody
titer levels varied among the strains. However, there were
no signs of inflammation or bile duct lesions in the portal
tract [13]. Krams et al. transferred lymphocytes from the
peripheral blood of a PBC patient into severe combined
immunodeficient (SCID) mice, which resulted in the appear-
ance of AMA and anti-PDC-E2 antibodies, as well as marked
lymphocytic infiltration around the interlobular bile ducts
with slight morphological damage to the portal tract. This
was a successful animal model from the perspective of
humoral and cellular immunity [14]. However, this model
was difficult to reproduce and was only moderately flexible;
furthermore, it was not suitable for the analysis of patholog-
ical lesions. Masanaga et al. in 1998 used PDC to immunize
"A/] mice that were neonatally thymectomized, and they
succeeded in inducing pathognomonic cholangitis/biliary
damage. Although the bile duct lesion in this model was
similar to that of human PBC, the appearance of AMA was
not clearly described, and the removal of the thymus in
the neonatal period posed as a technical difficulty [15, 16].
Tsuneyama et al. [17] and Ohba et al. [18] reported the
presence of AMA in the serum of MRL/Ipr mice, a model
of autoimmune disease in which vasculitis, glomerular
nephritis, arthritis, inflammation of the salivary glands, and
interstitial pneumonia develop spontaneously in the same
individual. Because inflammatory cell infiltrates and biliary
damage in the portal tract similar to that seen in PBC also
appeared in the liver of MRL/Ipr mice, it was assumed that
this mouse may serve as a model of PBC. However, the fact
that only about 50% mice showed PBC-like features was
a serious problem. The most widespread animal model of
PBC is considered to be a graft versus host disease (GVHD)
model [19-22]. Initiating the development of GVHD by
transferring splenic immune cells from a donor mouse into
a host mouse with major histocompatibility complex class-
II antigens different from those of the donor leads to the
appearance of an underlying autoimmune-like mechanism,
such as hypergammaglobulinemia and the production of
AMA. Furthermore, the initial pathological changes of PBC
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with similar associated findings appear in the liver. There
have been several pathological analyses using the advantages
of this animal model of PBC [19-22]. However, this model is
now seldom used, due to its complexity and/or low flexibility.

3. Novel Animal Models of
PBC (Since 2006) (Tables 3 and 4)

Several novel animal models of PBC have been reported
since 2006. These can be roughly classified into spontaneous
models, which employ genetic modifications seen in animals,
and induced models immunized with xenobiotics whose
structures are similar to that of PDC-E2.

Each of these new models shows autoantibodies charac-
teristic of PBC, as well as the appearance of hepatic and bile
duct lesions. Their profile also resembles that of PBC with
respect to infiltrating inflammatory cells and the appearance
of serum inflammatory cytokines. Furthermore, it is easy
to establish experimental systems with these models, such
as immune cell transfer and mating with other transgenic
(Tg) and knockout (KO) mice. Therefore, they fulfill many
of the requirements for a PBC animal model, as listed in
Table 1, and are currently applied in various investigations of
PBC worldwide. Although these animal models are currently
considered among the most useful models of PBC, their
pathophysiology needs further investigation because some
models may show complications that are unusual in PBC,
such as peritonitis or inflammatory bowel disease. The
pathological features of each of these animal models are
outlined below.

4. Spontaneous Models

4.1. The NOD.c3c4 Mouse. Nonobese diabetic (NOD) mice
are a well-known model exhibiting susceptibility to the spon-
taneous development of autoimmune insulin-dependent
diabetes mellitus (IDDM) [41]. Genetic loci associated with
susceptibility to IDDM, as well as several insulin-dependent
diabetes (Idd) loci and candidate genes, have been defined
through the development of congenic mouse strains [42—
44]. NOD mice are also prone to the development of other
autoimmune syndromes in addition to IDDM [45]. In the
NODc3c4 mouse model, the diabetes susceptibility genes
on chromosomes 3 and 4 of the NOD mouse are replaced
with the diabetes resistance genes of B6 and B10 mice,
respectively. Although this helps in controlling the onset of
diabetes in this mouse, autoimmune cholangitis and biliary
dilatation similar to that seen in Caroli’s disease appear.
Serologically, AMA appears in 50-60% and antinuclear
autoantibodies (ANA) in 80-90% of the animals. Immuno-
histochemical analysis demonstrated that the affected parts
of the biliary epithelium are infiltrated with CD3*, CD4*,
and CD8* T cells. Furthermore, treatment of NOD.c3c4
mice with monoclonal antibody to CD3 protects them from
autoimmune biliary disease. NOD.c3c4-scid mice develop
the disease after adoptive transfer of splenocytes or CD4* T
cells, demonstrating a central role of T cells in pathogenesis
of the disease in this model [23, 24]. Recently, aggre-
gated lymphocytes surrounding the bile ducts resembling
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TaBLE 1: Requirements for the ideal animal model of PBC.

TaBLE 2: Representative PBC animal models reported up to 2005.

(1) Specific liver pathology (cellular immunity)
(1) Destruction of interlobular bile duct
(2) T-cell aggregation around the damaged bile ducts
(3) Epithelioid granuloma formation
(4) Fibrosis/cirrhosis

(ii) Specific autoantibodies (humoral immunity)
(1) Antimitochondrial autoantibodies (AMAs)
(2) Anti-PDC-E2 antibodies, anti-BCOADC-E2 antibodies,
and anti-OGDC-E2 antibodies )

(3) Antinuclear antibodies (ANAs)
(iii) Other immunological characters

(1) Increase in inflammatory cytokines
(2) Decrease in functional regulatory T cells
(3) Increase in natural killer T (NKT) cells
(iv) General versatility
(1) High reproducibility and disease frequency

* (2) Simplicity of model production
(3) Long-term maintenance of disease
(4) Long lifespan without severe complicating disorders

the aggregations seen in Sjogren’s syndrome, were observed
in the salivary glands of this mouse [25]. Because Sjogren’s
syndrome is often seen as a complication in PBC patients,
the pattern of inflammation seen in NOD.c3c4 mice has
many similarities to those seen in PBC. However, the cyst-
like dilatation of the affected bile duct that is characteristic
of these mice is not seen in PBC patients at all. When

the dilatation becomes marked, the biliary epithelium of

NOD.c3c4 mice frequently exfoliates, and the exfoliated cells
together with infiltrated histiocytes fill the lumen. If such
dilatation becomes significant, neutrophil infiltration may be
also observed resulting in a variable clinical picture such as
cholangitis. Therefore, further pathological evaluation of this
phenomenon is mandatory.

4.2. The Dominant Negative TGF-f3 Receptor II Mouse.
Dominant negative TGE- receptor II (dnTGEF-fRII) mice
overexpress the dominant negative form of TGF-f§ receptor
type II under the control of the CD4 promoter [46].
Deficiency of TGF-f signaling results in various pleiotropic
immunological abnormalities including colitis and relatively
short lifespan [47—49]. dnTGF-BRII mice exhibit major
serological and histological characteristics’of human PBC,
suggesting that the TGF-f signaling pathway is important
in the pathogenesis of PBC. Serologically, AMA appears in
100% of these mice. The corresponding antigens include
PDC-E2, BCOADC-E2, and OGDC-E2; these are the main
autoantigens recognized by AMAs of PBC. Furthermore,
hepatic lesions characteristic of PBC, such as lymphocytic
infiltration, interlobular bile duct destruction, and granu-
loma formation in the portal tract, appear at high frequency.
Various infiltrating cells are found in the portal tracts,
including B cells, plasmacytoid dendritic cells, NK cells,
and macrophages, in addition to CD4" and CD8* T cells.

(1) PDC-immunized mice [13]
(2) Neonatally thymectomized mice with PDC immunization
[15, 16]

(3) MRL/Ipr mice [17, 18]
(4) GVHD model [19-22]

TasLE 3: Novel PBC animal models reported since 2006.

Spontaneous models

(1) NOD.c3c4 mice [23-25]

(2) Dominant negative TGE-{ receptor II mice [26-31]
(3) IL-2 receptor o™/~ mice [32, 33]

(4) Scurfy mice [34]

(5) Ae2,;,~'~ mice [35]

Xenobiotic-immunized induced model

(1) 6-Bromohexanoate-immunized guinea pigs [36]
(2) 2-Octynoic acid-immunized mice [37-40]

A particular characteristic is the increased ratio of CD8*
T cells to CD3* T cells. This mouse strain presents mild
inflammatory bowel disease and crypt abscesses similar to
those of ulcerative colitis. Increased levels of inflammatory
cytokines such as TNF-«, IEN-y, IL-12p40, and IL-6 are also
detected in the serum of these mice [26].

The dnTGF-fRII mouse is a spontaneous PBC model in

" which pathophysiological variations are minimum among

individuals; furthermore, humoral and cellular immune
responses appear to be reproducible and at high frequency. It
has given rise to many models that-are used for pathophysio-

logical analysis. Yang et al. produced a model by transferring
various fractions of splenocytes of dnTGF-fSRII mice into
Rag-17/~ mice. Their study revealed that PBC-like hepatic
lesions were produced after the transfer of total splenic
Iymphocytes and that more severe hepatic lesions occurred
after splenic CD8" T-cell transfer. On the other hand, PBC-
like hepatic lesions did not appear, however the colitis
worsened after splenic CD4* T-cell transfer. Currently, the
CD8* T-cell transfer model shows maximum similarities to
PBC, such as severe inflammatory cell infiltration, bile duct
destruction, and granuloma formation in the portal tract
[27]. A derived PBC model, produced by crossing dnTGE-
BRII mice with a variety of genetically modified mice, is also
used for pathological analysis. Moritoki et al. crossed dnTGE-
BRII mice with mu-mutant mice (Igu~") to produce a B-
cell-deficient model in order to study the role of B cells in
the pathogenesis of PBC [28]. Chuang et al. studied NKT-cell
commitment in a model produced by crossing dnTGF-SRII
mice with CD1d™/~ or CD1d*~ mice [29]. To investigate
the roles of various cytokines, Yoshida et al. and Zhang et al.
produced animal models by crossing dnTGF-{RII mice with
IL12p40 KO and IFN-y KO mice and by crossing dnTGF-
BRI mice with IL-6 KO mice, respectively [30, 31]. Each
of these derived models makes a considerable contribution
to the pathological analysis of PBC. Interestingly; the grade
of hepatic lesions in animal models produced by crossing
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4
TasLE 4: Comparison of novel PBC animal models.
Spontaneous models Xex'xobiotic—immunized
i induced model
6-BH- 2-0OA-
NO£;3C4 dnTr?lfC“f R 119 Ra~ mice Scurfy mice Aeznn‘.‘é’:ﬂ im.muniz_ed immunized
guinea pigs mice
Advantages
AMA 50-60% 100% 100% 100% 40-80% 100% 100%
Dominant AMA target protein  PDC-E2 PDC-E2 PDC-E2 PDC-E2 PDC-E2 PDC-E2 PDC-E2
Biliary damage + Lo+ -+ ot e + +—++
Granuloma + + - or+ — ? ++ ++
Pro-inflammatory cytokines + + + + + + +
. Biliary mode/rate Severe colitis . . | .
Disadvantages dilatation colitis Severe hemolytic Shortlifespan Late onset ~ Lateonset  peritonitis

anemia

does not vary greatly among individuals; moreover, it is easy
to assign scores to different degrees of pathology for the
purpose of evaluation. The dnTGF-fRII mouse model is now
used in various analyses throughout the world, and it may
be regarded as the most useful PBC animal model available
at present. However, it is not totally satisfactory as a PBC
model because the pathophysiological grade is not severe;
furthermore, events that occur in the advanced stage of PBC,
such as loss of the bile duct, cholestasis, and fibrosis, are
rarely seen. Therefore, the pathophysiological model based
on this mouse needs to be further developed.

4.3. The IL-2 Receptor o'~ Mouse. 1L-2 is critical for the
development and peripheral expansion of CD4* CD25*
Tregs that promote self-tolerance by in vivo suppression of
T-cell responses [50, 51]. In IL-2 receptor o=/~ (IL-2R-a~/~)
mice, the IL-2 signal, which is important in controlling the
fate of mature T cells, is intercepted; these mice develop
an inflammatory bowel disease and a lymphoproliferative
autoimmune disease. Also, 25-50% mice develop severe
hemolytic anemia at 8-20 weeks of age. It was reported that
children with a genetic deficiency of IL-2R-a developed clin-
ical manifestations similar to those of PBC [52]. Anti-PDC-
E2 antibody is present in the serum of all IL-2R-a~/~ mice,
and ANA is also present in the serum of 80% of these mice.
There is profound lymphocytic infiltration in the portal tract
and the interlobular bile duct is also damaged. CD8* T cells
aré predominant among the infiltrating lymphocytes, and
CD4" T and B cells are also present in increased numbers. In
addition, granulomas are formed, though in small numbers.
Increased levels of inflammatory cytokines such as TNF-«,
IFN-y, IL-12p40, and IL-6 are present in the serum. The
extent of inflammatory bowel disease is relatively severe and
frequently associated with formation of crypt abscesses [32].
Using a derived model produced by crossing IL-2R-a~/~ mice
with CD4 KO and CD8 KO mice, Hsu et al. showed that
CD8" T cells participate in the pathogenesis of PBC [33].
The hepatic lesions of IL-2R-a™/~ mice are similar to those
of PBC, though the complication of severe hemolytic anemia
or colitis has not been evaluated. Moreover, the reduced

lifespan of these mice makes it difficult to use them in
various experiments, such as those involving mating; this is
considered a limitation of this model.

4.4. The Scurfy Mouse. The Scurfy mouse is a mouse with
loss of functional regulatory T cells caused by the forkhead
boxp3 (Foxp3) gene mutation. AMAs are present in all Scurfy
mice at 3-4 weeks of age, and the portal tract shows moderate
to marked lymphocytic infiltration and development of a
severe interlobular bile duct lesion similar to PBC with high
levels of cytokines such as TNF-a, JFN-y, IL-6, IL-12, and IL-
23 present in the serum and liver. However, Scurfy mice have
an extremely short lifespan of about 4 weeks. This is a serious
drawback with regard to its use in experiments [34].

4.5. Ae2, -~ Mice. The anion exchanger (Ae)2,,-deficient
mouse model was constructed by Salas et al. in Spain,
based on a clinical investigation showing that Ae2 gene
expression was reduced in liver biopsy specimens and blood
lymphocytes from patients with PBC [35]. Ae2, -~ mice
exhibit enhanced production of IL-12p70 and IFN-y, an
expanded CD8" T cell population, and a reduced number
of Treg cells. Serum analysis by immunoblotting showed that
9 out of 11 Ae2, -~ mice had AMAs. A histological study of
liver sections from 11 Ae2, ;- mice revealed mild to severe
portal inflammation in 10 animals. Although the mechanism
leading to the deficiency of AE2 in the liver and blood
mononuclear cells in human PBC is unclear, observations
of Ae2, ;- mice indicate a relationship between biliary
epithelial dysfunction and the pathogenesis of PBC.

5. Immunity Induced by Xenobiotics in Mice

Not only genetic factors but also various environmental fac-
tors, such as bacterial inféction and exposure to xenobiotics,
are strongly implicated in the onset and development of PBC.
Most importantly, prolonged exposure over an extended
period of time to various xenobiotics with a structure
similar to that of the inner lipoyl domain of PDC-E2 has
attracted attention as a trigger for the development of PBC.
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It has been revealed that two types of xenobiotics induce
a pathophysiology that is very similar to that of PBC.

5.1. Guinea Pigs Immunized with 6-Bromohexanoate. 6-
Bromohexanoate (6-BH) coupled with bovine serum albu-
min (BSA) has a structure similar to that of the inner lipoyl
domain of PDC-E2 [53]. Increased levels of anti-PDC-E2
antibody, anti-BCOADC-E2 antibody, and anti-OGDC-E2
antibody appear in the serum of guinea pigs when they
are immunized with BSA-coupled 6-BH. In addition, slight
to moderate lymphocytic infiltration, interlobular bile duct
irregularity, and granuloma formation in the portal tract
are seen in the liver at an advanced age. Many vacuole-like
lipid droplets are seen in the granulomas, and there are also
aggregations of macrophages that phagocytoze lipids. Since
these vacuolar changes are also seen in control animals to
a slight extent, they may be related to'immune reactions to
foreign substances in the oil emulsion. The limitation of this
animal model is the difficulty of use in some experiments
because the extent of hepatic lesions is slight and lesions are
slow in development, not appearing until 18 months after
immunization [36].

5.2. Mice Immunized with 2-Octynoic Acid. 2-Octynoic acid
(2-OA) is a xenobiotic widely used as a food additive and as
a component of certain cosmetic products. 2-OA coupled to
BSA has a structure similar to that of the inner lipoyl domain
of PDC-E2 [54]. Wakabayashi et al. immunized C57BL/6
mice with BSA-coupled 2-OA and detected AMA and anti-
PDC-E2 antibodies as well as increased serum levels of TNF-
« and IFN-y. Marked inflammatory cell infiltration and bile
duct lesions in the portal tract frequently appeared, which
were mainly associated with CD8* T cells [37]. Using the
same methods, Wakabayashi et al. also succeeded in pro-
ducing a PBC-like lesion in another mouse strain (nonobese
diabetic (NOD) congenic strain 1101) [38]. This model
is innovative because it induces PBC-like pathophysiology
by administration of xenobiotics that may be related to
the cause of PBC. As the reproducibility of this model
is comparatively high and flexibility is also high, various
pathophysiological analyses of this model are in progress in

different countries’ institutions [39, 40]. At present, however, -

the hepatic and bile duct lesions show many differences
from those of PBC, and further evaluation of the model
is needed. In the original immunization procedure used
by Wakabayashi et al., BSA-coupled 2-OA was introduced
into the abdominal cavity using complete Freund’s adjuvant
(M. tuberculosis in adjuvant oil), following which BSA-
coupled 2-OA using incomplete Freund’s adjuvant (adjuvant
oil only) was administered every 2 weeks as a booster
immunization. This model always developed peritonitis of
various grades as an adverse effect. A preliminary experiment
is necessary in order to check the extent to which peritonitis
influences the development of pathological changes in the
liver, particularly in that portion which is histologically
evaluated. Moreover, a granuloma often appears in the portal
tract or the hepatic parenchyma; this could be attributed
to the complete Freund’s adjuvant administered at the time
of immunization. However, methods of immunization have

improved; as a result, various modifications designed to
induce more serious pathophysiology can be tested. Reports
of studies using this model are eagerly awaited.

6. Conclusion

The pathophysiology of PBC involves both humoral and cell-
mediated immunity, and it can be considered the prototype
of autoimmune diseases of the liver. The production of a
practical animal model of PBC has been a challenge for -
researchers interested in PBC and autoimmune diseases for
many years. Although animal models based on a variety of
mechanisms have been reported from many laboratories, the
ideal animal model has still not been available. Recently,
several PBC animal models based on different mechanisms
were reported. While these newer animal models show the
characteristic findings of PBC unlike earlier models, they
still show different features from those of human PBC.
Understanding the strengths and limitations of each animal
model is required in order to match the model to the
intended purpose; moreover, suitability of the model for the
intended purpose should be confirmed by further research
and analysis. '
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EEESEEAENIE T A%EMS

HRENIEE DM E o T

fef ARANY - iE e

B WHO I &2 M EREEFEN 0 ESYICKETS N, BERNEETIXHEE LT REAE
& (biliary intraepithelial neoplasia : BilIN) &EERILIEIRIEE (intraductal papillary
neoplasm [IPN] of the bile duct) DZDDREAFHAICEREI N, FhEh, KEXE
& T4 % pancreatic intraepithelial neoplasia (PanIN) & intraductal papillary mucinous
neoplasm (IPMN) [CHHEMEZRTHRERESE CHD, # WHO 24BEICH W T BilIN & IPN
of the bile duct & &I precursor lesions of invasive neoplasia & &, FRBEED LEERE
REQO7OEAICHITZHEREE LTOMBEDIABEEICI N/, BilIN & IPN 4E0E
AlCKY), BERESOREREN KB LRI AR27ED, TEO—FTHELEONW DD
OEEREZRIN TS, £, SFREZHRAEDSOENETHONDDHY, Zhdm
D WHO SEEICHERAEN A ETMRBTHLSFERSN, FEBADPISICETTS

ZEDAFEINS,

Key words : JREPJER, BilIN, IPNB, WHO JEE 548

& U &I

HALEEE 03I L ¢, 2010 4E 10 BiZ WHO o
TEMR Td 5 IARC (EBEASAMZERERE) 235479
% WHO JE#E 5484 [WHO Classification of Tumors
of the Digestive System (4™ edition) | & L CHRX
N7ze HIHK (2000 4E) 425 104EBOWEITH Y, JE
JEREEAA S HICE L THO WL D0 & s E A &
n, WEMTbIz, IBENEE CIHRE LR BNE
3% (biliary intraepithelial neoplasia, BilIN) & JE& M
AIERIESS (intraductal papillary neoplasm [IPN] of
the bile duct) 27z IR 3z,

2010 4 WHO EEH3 (UF WHO 448) 2B w
T, JHERMES X UICC/ AJCC (7 edition) 12X %
JEER DD - THAHEIIEE (£53) &I -
JFAIRE RS (% 10 %), JREE - JFAMVREESE (5511

Evidence-based Histological Classification of Intra-

ductal Neoplasm of the Bile Duct

Yasunori Sato et al

D ERRFXRFREZRAF AN B ERERES
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BE) ORBIIEREOS L ENTW S, A TIRIEENE
B & LCEICHME» S IAEE ©A 515 BilIN,
IPN Z M L, BRBICHOILbNASEERE L
[ S IRIE S D2 2 R8T %o

I. BilIN

1. L&D

BilIN i3 JBE L BNRIREDOSETH Y, LR
DRERIEEIZ X Y BilIN-1 %5 BilIN-3 i2E s h5Y,
Z NI BERE @ pancreatic intraepithelial neoplasia
(PanIN) & DM EEE L TWb, BHNILTFAR
RECTHEINLEE LEBARIFE LR E LT
WEAITbN2As, BEEIFRRBAEICES T, FHE
TEREA LIRS 557 L OBMIRE LR EEER B T2
JHEBEEDOLERER T O R ICEENLEE - B
HRREL Al shTwaY, 72, 7 a— Vi
BEPLEBECHNFAZERETHHEEREORAICHS
THEVWIHERLH B,

WHO 78 T3 1 ECZMAHB ORI MTbNIT
BY, TOFRTBIINIIPN & & 312 precursor
lesions of invasive neoplasia & L T BT 5h2Y,
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%B, B (F3M) @ WHO 23 T precursor
lesions & L C biliary intraepithelial neoplasia (dyspla-
sia) ALY EIFS TS, SEOEETT BIIN &
V) AREDIERUICERAH & L7z, BilIN-1 1% low-grade,
BilIN-2 iZ intermediate-grade, BiiIN-3 I high-grade
lesion (ZH%§ 5%, ¥, HAEIZH T BilIN-3 i3
LR L RS OW A, WHO 448 T3 BilIN-3 1%
B &% @ premalignant lesions ® —2 2 BT S
h, FENEZEETAMAEL S Twh,

2. RIERER

O REEI M

BilIN lZ IR W R T T & 2 WEMBERRZE T,
FITHFFIE O RBRE R FFAMBE ICRO b b, Rl
MBI T O &9 IS 5l

BilIN-1 (E 1a) : JBE LMo OLEIL, Ho
KARE, Bora<FroEnzio s,

BilIN-2 (¥ 1b) : BRI OKNARR DS 51255 <
20, BoEREgEToA)EL, Mizo@Eotln
DA LIS,

BilIN-3 (B 1c) : Ml OBEDEN S SHICHEL
70, MR, BERICEE SIS, BEBEE
ERD 2V,

X1 JRELEEEBNEE (BIIN)

a : BilIN-1
b ¢ BilIN-2
c « BilIN-3

‘ad HE 368,

INLOMBITRD D L, EBEORIEBWTIE L T
BilIN-1 & # 0% B4, BilIN-2Z&ZoHED B L,
BilIN-3 (ZMBBIEDE N D B Z & #IFICEEHRL
TWwh,

BilIN X WIR T FELRHRETH 525, AR
flat ("F3H), pseudopapillary (EFLEEIR © M8 KA
DEBD T2 W/ NALIERIRZ), micropapillary (F8/hEL
SR MR ARO L E D NLERRE) =2
DEEEZELH S (H2), ThoDHEMBNTEIT—
DOEFINTE I SELRECRELTCRDOLNS
73, flat & pseudopapillary D IEEE D HBHHEE A% micro-
papillary & ) BERTH 5,

BilIN (2 iZREERE A O LR 72131E7% <, gastric type
< intestinal type O E 2R H OH LT LIZER
Bqixht (3, BIINTHOZ ) Lz bt EREOHBE
SHEE 1451 gastric type (foveolar metaplasia) A3EER
Th b, %3, oncocytic type DL %IRRT BilIN &
HER LN,

BB oME Tk, BIIN ©£ < & MUC2 &,
MUCSAC B #7R L, foveolar type DE & /RT Z
LN,

BilIN (& Ui LISIREERMABRICDEO 5N b,
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2 R¥LEENIEE (BIIN) OEMEEHNTEE
a: flat (F3H)

b : pseudopapillary ({BFLEEIR)

¢ : micropapillary (#/NFLEEIR)

HE #ta,

alb B 3 I LEEBEAES (BIIN) CA b2 s
a : foveolar metaplasia
b ! intestinal metaplasia

HE %1,
WA, FRER BB R OB PRI EMNT 5 BEER @ R HipH R
(pancreatic duct gland) 7%, ZHEERFDE 041 — 1 BilIN (2B PSRRI R P/ IR E OIRB L

BT HZEPHEINTWEY, ZOESERICALE FoEEF PSRRI RS A BEIREE T T2 O FEIR
R PanIN U ORENFEL )AL ENTEBY, HE NCIEERNE, ZREOREZHER L TWAE I IITHh
FBERICAONS B FRIREDORERF FE8RT 5 2AHZ e LIELIEREBRINS,

b THEREN, WE, BIlIN (3RS E O /NBIRE I I L 2 as,
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TV 2= VHERFRIZE R C RUFFARZE 72 & O JERRITHPE AT AE
ETE, MEFBEERMEEICBIIN, bLEEN

L RSEORR FERENS T HEMN D H L HHR
HEEINTRY, FMEBEROFE - REEREO—
DL ENTNE (4)89,

REE B 5 ERAROHBREXO—2 L LT,
BOEBREENDH 50, P& BIIN 3% BRRE
OBEEIBL, BEO PanIN ST ARETH
5o —, MRl OREERIDZEEREEO TS
PIER, Vb b cancerization [V & & Bhbh b,

BEIMEE T CHIZ LGS, ISR ICREEORED
Abh, EEEIGEET AIBE O LEBNIC LEE
PHEIEL, ThIEEEE R & OBICHEZ 71~
PR L TWAIES, BORBEBROWEELNDH S
(K5, BEELEHLIZFREREETSRE Lb
NhhoORE T, 29 L LEREO MBS

B 4 MRENORL ERFE (K
C BIFFEZERl. HE Hets,o

K 5 JHESOREER

40% DIEPNCBIZE S, —EBDIERIT I R AT
HIEE D2 % O IR VEEEICER LTz,

DX IZBIIN & HEREOREERIIAREHICE
GADDEEZONBD, EROREMBETRINED
QAT el X AN
3. SFRIEE

BillN @ B EDE L 2 51208, p2l % cyclin D1
o 2R EE S T ORI TIEL, MEs<
MY v 7 A5 EEER OFBBEM S EEEA~OBITICHE
555019, MR EE L HEMF IS+ 5 E-cad-
herin ® f-catenin, & %\ iZ SMAD4 OZEHIFET1E
M %RT, pb3 BMANDFEIL BIIN 0RBE L L 12
BN 275, FOMEEIXBIIN-3 T 10%BETH D
FELTERTRZ2WY, AAECHEERE L 20D,
BilIN O IZ KRASERZRT L0 H 5 L b
o TWwh, B av 2 ¥ v32% (heat shock pro-
tein, HSP) Ta& % HSP27 %° HSP70 i35 £ &I o BilIN
PLREECTHEADPTLELTB Y, EEMEOT R b~
¥ ABIENDOBEESRB E NS,

BilIN-1 TI3E#IHEIET pl6 (INKda) OFEBAL
BLIEALNAED, BAFEOHRREL & HICHRBIMET
L, BEETIZIFEAEALRR G, #HiZ, K a—
LAEP EZH2 ZRRBEL L L ICRBEMMET L, EZH2
DOBFFHApl6 (INKda) 7O E—F —D XA F WAL
ZFHEL, Zhple (INKda) OFBUKT % k4 kk
FEASHE &7 & 72 o T 5, BIlIN O BRI 13 HE Jefa
EARTHEEIND Y, REMEZHOBE2S, pl6
(INK4a) & EZH2 ORERE BT LG E85 —
&, BIIN ORBEL L) ZEMICHEST 5 —BE %
BAEEMEDD o

B (k) (OERT AIHEO LEBRIC LERBAIFEL, S EERE LR EOBIZT7 oY b (RED) 2

BLTwa, HE 3,
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6 MREAILERIES (IPNB), RS

4. MER

BilIN 2 BHEHEZ b o TR EHEN S LTD
MERO—OS LRI - BEROBMY F\TH
%o BIlIN-1 & W SN B HEOHIIFUSERA - 38
TERAE ENA RN D 1, RS & JEE % D85
& HE #BEAROATIELT LHES TR v, #5
RIS 2 EETRE OISR~ - —0
BERVPEING, AEEOm EICIE, BE (PanIN)
THHRTW5B X 92 BilIN-1 % BilIN-1A &-1B 2
ST B EBHERPD Lk, 72, fbELED
i, B AHVIZERICEEORKE % 9 %A1 BilIN
DEEBEATAREELRT I ENESBOBEL LTH
Foihd,

II. IPN of the bile duct

1. f&ED

BilIN 4348 & [Fl&%, IPNB b BEWNEE & OxFhr
5, JEli (R ) 12584 § 5 intraductal papillary
mucinous neoplasm (IPMN) & OMREMICET {RR
B TH B, WHO 548 T IPN with low-or inter-
mediate grade intraepithelial neoplasia 8 X Uf IPN
with high-grade intraepithelial neoplasia ?° premalig-
nant lesions T& ¥, IPN with an associated invasive
carcinoma %% malignant & WA RESITTH Y, %
B, AHEIE WHO 44ECld IPN of the bile duct L
< 12 IPBN (intraductal papillary biliary neoplasm) &
BHRENTVELY, ZZTRERPLELLHVLRT
&72IPNB W) EFEZ AT 5,

IPNB 2 papilloma % papillomatosis & L THiE %
NTWBIRE, &5VIEETORERIE Y (5
5H) DORHERE - FLEE, FERUEFEIERHEY (8

7 JBENFLEINES (IPNB), SRR
A ¥y MIERE. HE Jefi,

5 BUliETH) DOIFHIBEE - HENBTE O~ E
Bah? %,
2. FRIEMEE

OF A=Ak

PIRR B RTR L - RS NI A BUIRIESE 2 B 5
(K6)o EFLFIRTHMZAEREL 2T 2D &
Bo WROBFIEAITN 1/3 DREFATHLNS,

HMREFRICIER AR L) BRBE L o#
PHIRME R 2 S L 54 (R 7). IPNB OJFEEFHOR
ARAGICPIIC A 2 B IRERIEIC S, T 6 Hk L
TERAFEFERLTCWLIEDLIELITREBRE N
%o WEIPMN & [Fkk, LR OMIBIEE X pancreatobi-
liary, gastric, intestinal, oncocytic type @ 4 245
JEE N5, Pancreatobiliary type, &\ T intestinal
type 3% {, JE IPMN & Llb#§ 5 & gastric type O3H
FEDME Y, SfE R T MUC2 % CK20 7% &0 intesi-
tinal type DIFE DFHBEERICHA BN B0,

REEMOMBANIEIRRE L R OREL L5 2
L H% <, intestinal type THMUIBITHRHT S Z & it
JEIPMN & EFTH 5. BETOMBEIMEROTFE
ICECBE L, RSV A PEEIC HRER U TR A B
) 2 SETER OBEESTE { FRAEWT,

® Cystic variant

B O BILIRIFEZR RT IPNB 2% 0, cystic vari-
ant & LCH 5T 5®, Mucinous cystic neo-
plasm (MCN) & OEEHIFHEE ZL2RETHY, H
ERMEOFERLEE L odat, whEchnid
MCN, JPEARHE ORI & BE & 0@ iE [PNB %
THTHY, O ORI Z b DO TE RV,

IPNB 2 EEE O IPMN (AR EZRTRE L A
RENDD, HFE IPMN Y3 A HERFHE LA
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alb 8 JEE
a: WIRE

WERES (ITN)

b SRELME R R, HE Zefi,

AR TH B IPNB @ cystic variant 2 MCN, _E
B DML B oHE B FEERICZE ) L2WE
PEINTHLIREELD 5, T2, HBEEBTER
WCHRTHIPNBO#HEADH D, Zhd ol
IPNB 124853 5 W REMEAS R S T v a2,

3. HFmEE

IPNB O3 FEEIZOWTIEDEORERDH 5 DA
THbo KRASEERIZIK OB EELEL, 7 a7
F4 P AREEMEZL0%BIE TH SN B2, p-
catenin DN EREM L pb3EHORHEF,
SMAD4 ODFEBET A SN L%, BHOBRHBEEIL
B, WTERLEFOEHEUTTH B,

4. MBS

JREROESESECEEROSHE BT, £
OIREIFEDFM L 23V 2® | IPNB 598 IR
FBEADEZEIFREEL LT ONTV RV, T
RO BFIEA 2 I L 55 FRERIIPMN & k& <
B oTwd, 4, MWz BEELET 5 IPNB IIE
IPMN (2 X CHEBLT % 2%, fhikFEEEE O IPNB X £
N & 1ZE % B hetetogeneous REE 2 /RT 2 & A6
EhTwna?,

WHO - CIIEENIEE & L CREENERALEE
¥ (intraductal tubulopapillary neoplasm, ITPN) @
WEDH7EA SN225, ITPN ZZHEDHRET
Hbo 5%, BHWEEOSHEZHERISLICEALT
WA, BEEAOBE I TIEE IPNB &
ITPN & DEFEZMEEL, IPNBORBEA L LTH2R
N7 MV AR HIECT B LERD S,

. FREREIRES

JEEAEIRIES (intraductal tubular neoplasm,
ITN) WHaRELZZoh, ToM&Dd KN TE’
VA, BRI IUIRIEE IR A L 7B RIRE 0
L LEETREBL, ThE2BEITNOEERY Y >~
& —s8— & LTHE LY,

HEBNL, WIREIEREEEL2EZER) -7 (B
10mm oK) (K8a) T, MMFEMIEMEIIZ LWE
R (pyloric gland adenoma (ZFEAL - [} 8b @A)
L EMEOBELRERIRE (BB tubular adenoma
ZHEDL X 8b D) DRENS R ARETH o720
— &R BRI A T A BB & R 7228, BRI
372 h o 7m0 B8 L L C adenomyoma & #5 % B4
LIRERS RO, FEHREOHEAEIT R -
72o &9 L7-AHMRAT R O BETTN [ ZHEAL L 72 IR R
BEEZI.

Bk, BEITPN KA T 5 HERREICDOWTOH
%, HEREFAERICHRT S ITPN OEFIHRED 7
XNTWBRED = ¢ k5 RS DR BT
ENBicon, FRIHRENZ R IRERFE I
BT A Z EFHL PR D DDH 5,

¥F & 8

2010 4E1CBfET & 7z WHO /A EIc o &, JHENIE
% & LCBIIN & IPNB ZH0IIBF L7z Thoo
BeEnBE ALY, BEREEOREREN LY R
L2d L eolzhs, —HTEBHELPIIL TS
BEA LW OPEENT WA, ST HRBEEM AR
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o DR bITbhoodH Y, WHO IR I
72 & T BilIN, IPNB 4250380 T3 A A &

n

1)

2)

3)
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Bm : FEREE, Bi: TZRE®, C: M
P, Gn : JHEESEE, Gb : JREEEEE,
Gf : JHEERY
(HAREEABFES & I8 - BE

PRI ER A (BB 5 fR). &HH

BR, 2003”2, p.3 X b EIF)

I. FFIE~FREERE (EFMR)

i

o FFFIEFARE R & ERTPI B O NREREORIE S
(POER, #8#%) 3L TWS.

FFPIER IR E e (Feg%) 12, HFFIERBRE (EA T
EBLUTFEARB) ICHREDL B VITTEER D
DREETH D, JRIEO FFED EEIRE (Bs) 72
IEAFAREE (Bh) @ % DI3ER & T 32,

FFPBE%EE (intrahepatic cholangiocarcinoma ;
ICC) 1%, EAEDHRIOAEE & 2 Dok
ICRET 2BETH D, FFRIOE VAR
IR SRS 2 TP o T P IR (hilar ICC)
(& % VI EIFFIEF N AEEJE (perihilar ICC) )
E P/ INEUREAE 3 % D IZ MR 20 & F AT B K
HTIFF AR (peripheral ICC, MHAE I IEE)

1692 HEARIHALARNRE Vol 26 No.13 2011

AT BHEADHBY. L L, ETHTIHT
FIERREE Y & FFFIEL A RS S o B SRR E e &
DA LIE L SHEETH D, EERIEE (Bs) £
7o XIS (Bh) D¥EIE% &9 % A5 D IFFY
HIBEEL 24V NE Z L0k 2Y,
S OICEERIICE, SRRYRIREIEEZEGRL,
g, HMEIEE, S oItEEFEDE R
PEE TOREIEZ A < perihilar cholangiocarci-
noma (F5FFIZUARE ) & LTk D 2 & 2MRIE
ENTw3Y,

1. AR %

FFFAERAEE Y (Bes) DAIRB D% < 1%, F5H
B (nodular type) ¥ X OOFHA (flat type) 124
Han s ((HEERKECHEND?. —7H, FA
REEE IS FAE T 2 E MO FABEREOS
< IZEE R (periductal infiltrating type) I
SES NS (BEREFEIRCEHDY. wi
NOMHEEEDL VEE T, Hfad 5V IEKH
e 295, FBERIE, HERIERIHETH
503, WEEIS 2, SEHEE E R R L
FLLTREDY, BEEOMIEZRT I &23%W»
(H2), FFE, ZnoEEOETHICIE, I
THAEYE (PR38) 2 D, EHFFITUAFAIEEE 2 O
DPOFERNIATEE 2 2 E 3D v, HFEF &
X, —DO D% L) RERE R R IR
ERICT T, BRE L ICHEE LT 2 LR
AOERE2>Tw3 & LTWw3Y, B
D PR & FFFTE IR (Fes) B OR
B&EZRTOT, s OEEEFEIFMEEE
FLTHRI Z LD —oDERE L Bhn Y,

7B, FEFIICE, FREE - BER TR
4 4EE I RIBEE ORIBAMIE+ 1R IBHE
P oFET ZOEE (I (hepatic divertic-
ulum)) ICHET 2, HFEIERZ>ORY, T4
b6, MR ZEKT 2850 CEET RIS
JH) & AR R 7 5 34y (BRARIDT a1 Ve #EiE)
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®2 FEEEREOARE
a : FIFFMOREE T, HERARREE I
bt FFFIESEEE CREENRIETY & T S 1 B,

i g, FFAIRE IR A T 3 R
IR BT 2 BB S IRET 5. L
D30, HHENE & PPV dF 4§ 2 R |k
BOMEE] - BT R Lo Tw b EEbR
2993, SR LD B wIZRHEREE I, BE
DET A, FENGERIBEIN TV,
FFoRAYIC, FFPIEBIRE R () & PP o
FFAIEE R OIS % — i OMEE L~V T
TENL, KIS, GBRFFIERIC T 5 e
DIREET DR E CERT S L EbNns,

2. & &

— M1 72 B9% (adenocarcinoma) &, Fifk7Ze
EIEICOEING, BRI, BRD 2 0IHEHE
RoOBEBETHY, %< DIEFITIE, &k
B, abBIch D, BELRBMENE LN E
FID% W TR D B\ IFFEEMEOWIEE R
THSH L, TN oflTE, BEEREOZ
Ll & 0, FEIEE & ORI REE 72 5.
FEROEE L > TW5, HHVIFEHKEEZ
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B EE A% 2 L% CHBYRE), IH
EREEANRE L T 2 G (HEERERZE) 2 R
A5 (R 3). EEHEESEENICHES LT
WAEGETD, MMERE (BUIRERAEEED

X3 EHR&ISEVEEZ SN HEEOFAAREE
FEEYRZE L R ERERENAE 2 2 5.
Lg% L7 JHEAlE. HE B

%) 7 ECERIE B 5\ IS 2 FE T
%2, WREBHEIICLETH D, B
EIEL LT, RPLEE, BRY R N
W EDEI ST LB, FNTHBMY,
EREADEE, MERY v S EHNADEAD
A5N, & 5ICHREEAANDBENASNS.
LT, MEEREICEET 26T, BiEE
DNIEBIERL, FEREHODLVLI LD
D, EEIBLETH 3.
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L. EFFFEOFRBEBERECIGFOREEISRR
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[RFMEFEEER CERT ] <, FFAEEEO
P HR & % PEJE 2B B (mass forming type), HH
=R (periductal infiltrating type), FHEWN
B (intraductal growth type) @ 3 BIIZ K E
CHELTw3Y, ZoNEITEE, WHO OfF
WIHEEOSEIC b v s T 3Y,

1. AR &

FAREIFF N PHE N | BT % B3 2 408
%\ FFEENICA SN2 NI Afa~K B,
FEEEOERE ¢, BRIZLENHARTH 5 (X
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DEO, LoL, BEMEDZ LVERL %
v, FFAVNEIBE & BRI > TR 5
sz T,

Il. IPNB & U MCN

¢ |IPNB & MCN [F4ELI L 72REG &R T, MCN
OEERMERTHY, 7O7AFO>PI AN
O7 0 SRFEERETS.

1. IPNB

fEde & b, HEEIRENDS, RO KEEE
NEECHBIRICEET T 2 BESMO N TW 5,
R o> FLERTY & I BB OO HEE NS B B8
REFFTHY, TNSIIHEICEML TS,
Z NS EFI O ERTZRE G DS RS N FLEERG R 1L
B (IPMN) ICHEBILTE D, IPNB EHERZ L
BHRIES 0T 3 (R 5)V990, IEEEIRE 1
LIFLISIRR L TR D, ASEHROEEZRTE
VIR B 2 VIS BB EE L (74 A7
57, BFHEZ (borderline malignancy)) @
BIEDIH D, REOKROEL - DWW H S
5 Al v, BifE, [IEERT
PP IcEE s e 3 EEEOAFEE, Y
HHJIE (fF) (papilloma, papillomatosis) & L T#
EINTWBHEE, oz [FEREFERHR
By P cEBESIhTw 3 IFNESEDHEN
¥BHY, IPNB & OB HEWTHDETE 5,

BEERZLEEREE FLEREEES JUEENR
BRIFFNIRERE) @ PN o HE N FLEER I
WIS 2 @ WEETH D, B IR
DB L TH 5.,

FREFLEENE (FE) © FFASt O JHE NRE T O HE
R OATRIEIECRHECO T S 4, Pev i
MEZME) . HERPEOIRIRZ D & L% 0,
BIIRZEH 5\ 1% low grade malignancy & @
BRSO,

REQEIRIFRE R EEES - HEAREDOE
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