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Figure 3. Expression of cytokeratin (CK)7, CK19, epithelial membrane antigen (EMA) and epithelial cell adhesion molecule (EpCAM)
int intrahepatic cholangiocarcinoma (ICC) with chronic advanced liver disease (CALL), 1CC with von-specitic reactive changes (NSRs). and
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Figure 4. Expression of neural cell adhesion molecule (NCAM), c-Kit and o-fetoprotein (AFP) in intrahepatic cholangiocarcinoma (ICC) with
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Figure 5. Expression of cytokeratin (CK)7 (A) and CK19 (B) in mtrahepatic cholangiocarcinoma with non-specilic reactive changes of the

liver. Immunostaining of CK7 and CK19 with haematoxylin.

. “

- A ATt
e ST DA

P - e, v e S i

Figure 6. Expression of epithelial membrane antigen (EMA) (A) and epithelial cell adehesion molecule (EpCAM) (B) in intrahepatic
cholangiocarcinoma with non-specific reactive changes of the liver. Immunostaining of BMA and EpCAM with haematoxylin, x200.

ICC with NSR changes and in ICC with CALD, reaching
97% and 99%, respectively (Figure 6B). Regarding the
CC component of HC-CC, 23 (77%) of 30 cases
expressed EpCAM. EpCAM expression was lower in

the CC component of HC-CC than in ICC with NSR

changes (P < 0.05).

Expression of NCAM and c-Kit

NCAM. NCAM was expressed with a membranous and,
to alesser degree, cytoplasmic pattern in carcinoma cells
~ (Figure 7). NCAM was expressed in only 11 (15%) of 72
ICCs with NSR changes, but more frequently in ICCs with
CALD (75% of 71 cases) and in the CC component of HC-
CC (67% of 30 cases) (P < 0.001). No difference in

NCAM expression was observed between ICC with CALD
and the CC component of HC-CC.

c-Kit. c-Kit was expressed diffusely in the cytoplasm or
the membrane as well as in the inflammatory cells.
Expression of c-Kit in ICC with CALD (82% of 71 cases)
and the CC component of HC-CC (63% of 30 cases) was
frequent in comparison with ICC with NSR changes
(17% of 72 cases) (Figure 8A). c-Kit was also expressed
in the HCC component in 20% of 30 cases of HC-CC.

Expression of HepPar 1 and AFP
HepPar 1. In the carcinoma cells of ICC with NSR
changes and ICC with CALD, and also in those of the

© 2011 Blackwell Publishing Ltd, Histopathology, 59, 1090-1099.
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"Figure 7. Expression of neural cell adehesion molecule (NCAM) in
intrahepatic cholangiocarcinoma with chronic advanced liver
disease. Immunostaining of NCAM with haematoxylin.

ICC component of HC-CC, HepPar 1 was negative. In
contrast, the HCC component of HC-CC was positive
for HepPar 1 in 16 (53%) of 30 cases (data not
shown).

AFP. In the HCC component of HC-CC, AFP was
expressed in seven (23%) of 30 cases. In one of 30 HC-
CC cases, 'AFP was expressed focally in the CC
component (Figure 4). In contrast, none of 72 cases
of ICC with NSR changes was positive for AFP. AFP
was expressed in carcinoma cells of eight (11%) of 71
ICCs with CALD, including three cases with a diffusely

?’; 5
W

Figure 8. Expression of c-Kit (A) and a-fetoprotein (AFP) (B) in intrahepatic cholangiocarcinoma with chronic advanced liver disease.
Immunostaining of c-Kit and AFP with haematoxylin.

© 2011 Blackwell Publishing Ltd, Histopathology, 59, 1090-1099.
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cytoplasmic staining pattern and five cases showing
focal or moderate staining (Figure 8B).

CULTURES

Western blotting showed that EpCAM was expressed in
all six CC cell lines, but not in the PLC5 HCC cell line
(Figure 9). The level of EpCAM expression varied among
the EpCAM-producing cell lines; it was highest in CCKS-
1, but lowest in SSP-25. Among the three isoforms of
NCAM with molecular masses of 120, 140 and 180 kDa,
only the 140-kDa isoform was observed in RBE: how-
ever, it was expressed weakly. CK19 expression was
easily identified in all of the cell lines; however, it was
relatively weak in PLC5. Furthermore, AFP expression
was only observed in PLC5, and was intense.

Discussion

The findings of this study can be summarized as
follows: (i) the expression of mucin was higher in ICC
with NSR changes, but relatively low in ICC with CALD
and the CC component of HC-CC; (ii) the levels of CK7,
CK19, EMA and EpCAM were lower in the CC
component of HC-CC than in ICC with NSR changes
— the levels of these molecules in ICC with CALD were
between these two; (iii) ICC with CALD and the CC
component of HC-CC showed higher expression of
NCAM and c-Kit, whereas the expression of these

" molecules was lower in ICC with NSR changes; (iv)

AFP was occasionally expressed in ICC with CALD and
the CC component of HC-CC, but was absent in ICC
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Figure 9. Western blot: expression of biliary epithelial markers
[epithelial cell adhesion molecule (EpCAM) and cytokeratin (CK)19],
hepatic progenitor cell markers [neural cell adhesion molecule
(NCAM)] and hepatocellular or hepatocellular carcinoma (HCC)
markers [o-fetoprotein (AFP)] in six cholangiocarcinoma (CC) cell
lines (lanes: 1, HuCCT; 2, CCKS-1; 3, THGGK; 4., RBE; 5, SSP-25; and
6, TKKK) and one HCC cell line (lane 7: PLC5). EpCAM is expressed in
all six CC cell lines, but not in the PLC5 HCC cells. NCAM is weakly
expressed only in RBE (lane 4). CK19 is expressed in all CC cell lines and
one HCC cell line. AFP expression is observed only in PLCS (lane 7).

with NSR changes; and (v) EpCAM and CK19 were

constantly expressed in cultured CC cells, whereas
NCAM was infrequently expressed in cultured CC cells. |

The production of mucin and the expression of
biliary epithelial phenotypes are common in cases of
ICC.* It was found in this study that mucin produc-
tion as shown by AB and dPAS staining in carcinoma
cells was frequent and extensive in ICC with NSR
changes in comparison with ICC-with CALD and the CC
component of HC-CC. Immunohistochemically, the
expression of CK7, CK19, EMA and EpCAM, which
are known markers of biliary epithelial differentia-
tion,” 11518 was frequent and extensive in ICC with
NSR changes, but relatively infrequent and low in the
CC component of HC-CC. Although there were no
significant differences in the frequency or extent of
expression of these biliary markers between ICC with
CALD and ICC with NSR changes, the extent of
expression was less in the former than in the latter.
In fact, EpCAM and CK19 were constantly and strongly
expressed in all six cell lines of CC (HuCCT1, CCKS-1,
IHGGK, RBE, SSP-25, and TKKK). It therefore seems
plausible that the biliary epithelial phenotypes of
carcinoma cells characterized by mucin production
and expression of CK7, CK19, EMA and EpCAM in ICC
with CALD were similar to those of the CC component
of HC-CC and rather different from those of ICC with
NSR changes.

Recent studies have shown that HPCs, which exist in
bile ductules and/or canals of Hering, can differentiate
into hepatocytes and cholangiocytes,”'*™%! and are
activated in most cases of chronic liver disease.
Interestingly, HPCs are potential targets for carcino-
genesis and, eventually, primary liver tumours with

~ marker.

features of HPC may develop.®®%> NCAM, a surface
glycoprotein belonging to the immunoglobulin super-
family, is expressed in biliary cells at an early develop-
mental stage (ductal plate), but gradually disappears
with the maturation of the bile duct.*® Canals of Hering
and proliferating or reactive bile' ductules are reported
to express NCAM, and are regarded as.candidates for
proliferating HPCs.****?*?> The c-kit gene, a proto-
oncogene encoding a transmembrane tyrosine kinase
receptor, is known to be a haematopoietic stem cell
101315 ¢ Kit-expressing cells have the capacity
to differentiate into the biliary epithelial cell lineage,
and, in diseased human livers, canals of Hering and
proliferating HPCs are known to express c-Kit; c-Kit is
therefore regarded as a marker for HPCs.'™*!

It was found in this study that, in ICCs with CALD
and the CC component of HC-CC, NCAM was expressed
in 75% and 67% of cases examined, respectively, but
among ICCs with NSR changes, only a small proportion
(15%) expressed NCAM, suggesting that ICC with
CALD and the CC component of HC-CC bear common
features of HPCs. Cell culture experiments showed that
only one (RBE) of six CC cell lines expressed NCAM.
Furthermore, c-Kit was also frequently expressed in ICC
with CALD (83%) and the CC component of HC-CC
(63%), whereas such expression was low in ICC with
NSR changes (18%). Taken together, these findings
show that ICC with CALD and the CC component of

- HC-CC share frequent expression of the features or

phenotype of HPCs, whereas this phenotype is rela-
tively infrequent in ICC with NSR changes.

Although AFP is often used as a tumour marker for
HCQC, it is also one of the earliest markers detected in the
liver bud,***” and the expression of AFP has been found
in hepatoblasts and, to a lesser extent, in committed
hepatocytic progenitors.?® If AFP-producing cells are
present in ICC, it seems likely that they differentiate into
the hepatocellular lineage.”® In the present study, in
eight (11%) of 71 ICCs with CALD and in one (3.3%) of
30 HC-CC cases, AFP was detected in a minor popula-
tion of CC cells that were negative for HepPar 1,
suggesting that these ICC cells may reflect hepatocellu-
lar differentiation. AFP expression was absent in ICC
with NSR changes, and cultures also failed to detect AFP
expression in the six CC cell lines. These findings also
suggest that ICC with CALD and the CC component of
HC-CC share occasional expression of AFP.

Taking these findings together. it seems likely that ICC
with CALD and the CC component of HC-CC share
histological featurés and phenotypes, including features
of HPCs. HC-CC is known to develop frequently in cases of
CALD, usually in relation to a hepatitis virus infection,
and this was also the case in this study. The association

© 2011 Blackwell Publishing Ltd, Histopathology, 59, 1090-1099.

-673-



with CALD may be at least partly responsible for the
features of HPCs and the relatively low levels of mucin
and biliary epithelial markers in the CC component of
both HC-CC and ICC with CALD. Such a frequent
association with CALD is also seen in other primary
liver tumours with progenitor cell features.”**?

It has long been controversial whether hepatic
malignancies arise from stem cells or HPCs that undergo
amalignant transformation or from the dedifferentiation
of neoplastically transformed mature hepatocytes.®?*2
According to recent studies, HC-CC originates from the
transformation of HPCs.'? Therefore, the following
cholangiocarcinogenesis is likely in ICC with CALD.
HPCs may undergo either hepatocellular and biliary
differentiation or biliary differentiation. The former may
be followed by the development of HC-CC, whereas the
latter may be followed by the development of ICC. On the
other hand, ICC with CALD might be derived from
HC-CC, which originates from HPCs at the first step, with
ultimate induction of the CC phenotype.

In conclusion, ICC with CALD and the CC componeént
of HC-CC share several common phenotypes, and, in this
context, seem to be different from ICC with NSR changes.
Such phenotypes include relatively less expression of
mucin and biliary markers, but relatively frequent
expression of HPC or bile ductular phenotypes such as
NCAM and c-Kit. In fact, AFP was also occasionally
expressed in ICC with CALD and the CC component of
HC-CC. HPCs may be involved in cholangiocarcinogen-
esis in CALD, as speculated for HC-CC.
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Intraductal papillary neoplasm arising from peribiliary glands
connecting with the inferior branch of the bile duct of the

anterior segment of the liver
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Intraductal papillary neoplasms of the bile duct are generally
thought to arise from neoplastic papillary proliferation of
epithelial cells lining the bile duct. We herein report a case
with findings that strongly suggested that the biliary cystic
tumor might have derived from a peribiliary gland. A 69-year-
old female was found to have a cystic lesion with intracystic
protrusions at the anterior segment of the right hepatic lobe
and underwent hepatic anterior segment resection. Fluoros-
copy of the resected specimen injected with contrast
medium into the cyst revealed a connection between the
cystic lesion and the bile ducts. The cyst was multilocular in
appearance. On microscopic examination, the cyst was
located within the portal tract of the inferior branch of the
anterior segment and connected with the inferior branch of
the bile duct. The wall of the hepatic cyst lacked an ovarian-
like stroma. The tumor was composed of papillary and glan-
dular components, and the tumor cells were similar to gastric
foveolar and pyloric gland epithelia and regarded as
adenoma. These tumor cells were positive for MUC 5AC,
MUCS, and HIK1083. The tumor was finally diagnosed as an
intraductal papillary neoplasm of the bile duct (adenoma,
gastric type) arising from a peribiliary gland.

Key words: biliary cystic tumor, gastric type, intraductal papillary
neoplasm of the bile duct, peribiliary gland

According to the World Health Organizaﬁon (WHO) classifi-
cation of tumors of the digestive system, hepatic or biliary
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cystic tumors are generally divided into mucinous cystic neo-
plasms (MCN) and intraductal papillary neoplasms of the bile
duct (IPNB)."? MCN are characterized by neoplastic prolif-
eration of cyst-lining epithelia and ovarian-like stroma in the
cyst wall and occur only in females.! In addition, this type
usually lacks a luminal communication to the bile duct
lumen.’? In contrast, IPNBs have a luminal communication
with the bile duct and show neoplastic papillary proliferation
of the biliary epithelial cells and variable dilatation, not infre-
quently cystic dilatation, of the affected bile ducts.>* Zen
et al. analyzed nine IPNB cases.’ In contrast to hepatic MCN,
these nine cases lacked ovarian-like stroma in the wall, and
they occurred in both sexes. Therefore, IPNBs might arise
from a different developmental pathway than hepatic MCN;
they are generally thought to arise from neoplastic papillary
proliferation of epithelial cells lining the bile duct.*®5

A case with findings that strongly suggested that the biliary
cystic tumor might have derived from a peribiliary gland is
reported.

CLINICAL SUMMARY

A 69-year-old woman was found to have a cystic lesion in the
anterior segment of the right lobe of the liver. Because the
cystic lesion was increasing in size and there were protru-
sions in the cyst, she was admitted to our hospital.

Pre-surgical operation imaging

Dynamic CT and gadoxetic acid-enhanced. magnetic reso-
nance imaging (MRI) showed a cystic lesion at the confluence
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Figure 1 The coronal section view of magnetic resonance imaging
. (MRI) shows a cystic lesion at the confluence of the superior and
inferior branches of the bile ducts of the anterior segment.

of the anterior superior and inferior bile ducts of the right
hepatic lobe. (Fig. 1) The proximal and distal bile ducts from
the cystic lesion showed no abnormalities, such as dilation,
exclusion, or stenosis. Endoscopic retrograde cholangiogra-
phy revealed that the major intrahepatic bile ducts appeared
. normal, but it failed to reveal the cystic lesion. From the above
- findings, it could not be determined whether the cystic lesion
was IPNB with cystic change or hepatic MCN, and surgical
resection of the anterior segment of the right hepatic lobe was
performed. No recurrence has been observed 12 months after
surgical resection.

Pathological findings

Immediately after surgical resection, formalin was injected
into the cystic lesion, and it was found that formalin was
discharged from the margin of the anterior bile duct. In addi-
tion, contrast medium was injected into the cystic lesion, and
the: communication was examined by fluoroscopy. The bile
ducts of the anterior segment were visualized in addition to
the cystic space, suggesting that the cystic tumor communi-
cated directly with the lumen of the adjacent bile duct. (Fig. 2)

Many serial sections at 5-6 mm intervals were prepared
from the surgically resected specimen to examine the drain-
age of formalin injected into the cystic tumor and the rela-
tionship between the cystic tumorous lesion and the anterior
bile ducts. Macroscopic examination revealed that the
cystic lesion was located within the portal tract of the inferior

Figure 2 . Fluoroscopy of the resected liver specimen injected with
contrast medium into the cystic space. The cyst and the surrounding’
bile ducts are visualized on fluoroscopy, suggesting a direct luminal
communication between the confluence of the bile ducts of the
anterior segments of the liver and the cyst. The arrowhead and the
arrow show the superior and the inferior branches of the bile ducts of
the anterior segment, respectively.

branch of the anterior segment. The cystic tumor, measuring
1.6 cm x 1.4 cm, showed a multilocular appearance, and a
few papillary nodules, 0.4-0.9 cm in diameter, protruded from
the wall of the cyst. This tumor was very close to the bile duct. .

On microscopic examination, the cystic tumor was located
in the portal tract and connected to the inferior branch of the
bile duct of the anterior segment (Fig. 3a). The cyst tumor
was multilocular, and the cyst wall was composed of thin
fibrous connective tissue and lacked ovarian-like stroma;
instead, there were many peribiliary glands around the cystic
tumor and some glandular components, such as a dilated
peribiliary gland with atypical epithelium in the wall of the cyst
(Fig. 3b).

The cyst was lined by neoplastic papillary and glandular
components. Tumor cells were similar to gastric pyloric gland
and foveolar epithelia. A major part of the inner cyst wall was

© 2011 The Authors
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Figure 3 Microscopic findings of the cystic tumor. (a) The portal
tract of the inferior branch of the anterior segment of the liver. The
cystic tumor is multilocular and located within the portal tract, adja-
cent to the inferior branch of the bile duct (B). Papillary projections
from the cyst wall are found. A, the artery. P, the portal vein. The
arrow, the connection site between the cystic tumor and the inferior
branch of the bile duct. (HE). (b) Glandular components of dilated
peribitiary glands (*) are present, and some of them are replaced by
neoplastic atypical epithelium (arrows) (HE).

covered with atypical epithelium, which was similar to gastric
pyloric-gland epithelium (Fig. 4a). Atypical epithelium similar
to gastric foveolar epithelium was primarily present in the
papillo-tubular components (Fig. 4a). The atypical grade of
the tumor cells was low. Therefore, the tumor grade was
diagnosed as adenoma (Fig. 4b).

Immunohistochemical staining for MUC1 (clone Ma695;
Novocastra Laboratories, Newcastle, UK), MUC2 (clone
Ccp58; Novocastra), MUC5AC (clone CLH2; NovoCastra),
MUCS6 (clone CLHS5; NovoCastra), and HIK 1083 (Kanto
Chemical Co., Inc. Tokyo, Japan) was performed with the
automated immunostainer (BenchMark platform, Ventana

© 2011 The Authors
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Figure 4 Microscopic findings of the cystic tumor. (a) Papiliary pro-
jections of the tumor show papillo-tubular (left side) and glandular
(right side) configurations, similar to gastric foveolar and pyloric
epithelia, respectively (HE). (b) The atypical grade of the tumor cells
(similar to gastric pyloric epithelium) is not high, so this tumor is
diagnosed as adenoma (HE).

Medical Systems, Inc., Tucson, AZ, USA). The tumor cells
were negative for MUC1 and MUC2, but atypical cells similar
to gastric foveolar cells were mainly positive for MUC5AC
(Fig. 5a), and those similar to pyloric gland cells were mainly
positive for MUC6 (Fig. 5b) and HIK1083 (Fig. 5¢), which are
specific for gastric pyloric glands. In addition, normal peribil-
iary glands were also positive for MUC6 and HIK1083, but
the bile ducts were negative for MUC6 and HIK1083
(Fig. 5d).

From these findings, particularly the close location of this
cystic tumor to the bile duct and the presence of peribiliary
glands around the tumor, the cystic tumor was finally diag-
nosed as IPNB (adenoma, gastric type),"? probably arising
from peribiliary glands at the confluence of the superior and
inferior bile ducts of the anterior segment of the right hepatic
lobe.

Pathology International © 2011 Japanese Society of Pathology and Blackwell Publishing Asia Pty Ltd

-677-



776 Y. Nakanishi et al.

. DISCUSSION

This case demonstrates several characteristics: (i) the cystic
tumor was incidentally found radiologically, and its size was
small; (i) the cystic lesion was located within periductal con-
nective tissue around the large intrahepatic bile duct; (iii) direct
luminal communication of the cystic tumor with the large bile
duct was shown, but the large bile ducts around this cystic
lesion were not affected radiologically, and the epithelium
lining the bile ducts did not show neoplastic change on patho-
logical examination; (iv) the appearance of the tumor was
multilocular and ovarian-like stroma was absent beneath the
wall; and (v) the tumor was positive for MUC6 and HIK1083.

The bile ducts as the origin of the present tumor were
puzzling. If the present tumor had originated from the large
bile duct in the portal tract near the confluence of the inferior
and superior branches of the anterior segment, the intrahe-
patic bile ducts would have shown changes such as dilation
of the proximal bile ducts on preoperative images; however,
preoperative images did not show any such changes. There-
fore, we concluded that the origin of the present tumor was
not the large bile ducts in the portal tract near the confluence
of the inferior and superior branches of the anterior segment.

Peribiliary glands are physiologically distributed around the
extrahepatic bile duct and large intrahepatic bile ducts
(hepatic duct, segment duct, area duct).®” They are histologi-
célly classified as intramural or extramural. Intramural peri-
biliary glands are scattered within the bile duct walls.
Extramural peribiliary glands are located in the periductal
connective tissue, representing branched tubuloalveolar
seromucous glands draining into large bile duct lumina via

Figure 5 Immunohistochemical staining
for the tumor. (a) Tumor celis similar to
gastric foveolar epithelium are mainly
positive for MUCSAC and tumor celis
similar to gastric pyloric epithelium are
mainly positive for (b) MUC6 and (c)
HIK1083; (d) the peribiliary glands (P) and
tumor epithelium (T) are positive for
MUCS, but the epithelium of the bile duct
(B) is negative.

their conduits. The location of the tumor and the tiny connec-
tion between the tumor and the bile duct were compatible
with the hypothesis that the tumor might have arisen from the
peribiliary glands. The multilocular appearance of the tumor
may be compatible with a neoplastic transformation from
branched tubuloalveolar glands of the peribiliary glands.. Fur-
thermore, the neoplastic epithelia of the present tumor and
the non-neoplastic peribiliary glands around the tumor were
positive for MUCS, but the epithelia lining the adjoining large
bile ducts were negative for MUC6. Sasaki etal. also
reported that the peribiliary glands characteristically express
MUCS.8° Taken together, it seems likely that the cystic tumor
arose from the peribiliary glands and grew in the periductal
connective tissue. The communication between the bile duct
and the peribiliary glands might have remained after neoplas-
tic transformation of the glands.

Terada et al. reported six cases of papillary hyperplasia
and four cases of papillary and atypical hyperplasia that
co-existed among the extramural peribiliary glands in 799
consecutive autopsy livers without intrahepatic cholangiocar-
cinoma or metastatic carcinoma. Therefore, they suggested
that papillary and atypical hyperplasia of the peribiliary
glands may lead to neoplasia and even cholangiocarcinoma.
The present case is very unique in that the cystic neoplastic
change presumably occurred in the peribiliary glands, and
that the large bile ducts connected with the cystic neoplasm
were not affected by the neoplastic process, probably
because the cystic tumor was at an early stage.

The involvement of peribiliary glands has not been
evaluated in the histogenesis and development of IPNB.
Previously, we reported one case of IPNB with possible

© 2011 The Authors
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involvement of peribiliary glands in its development.™
However, in that previous case, the neoplastic changes were
alréady advanced, and both the bile ducts and peribiliary
glands showed neoplastic change, so it was difficult to dem-
onstrate that the cystic neoplasm might have originally
affected the peribiliary glands. So far, the case presented
here is the first case of IPNB in which the peribiliary glands,
but not the epithelium lining the bile duct, are responsible for
the development of IPNB with cystic change.

Intraductal papillary neoplasm of the bile duct shares many
features with intraductal papillary mucinous neoplasms of the
pancreas (IPMN), and IPMN is classified into pancreatic main
duct type or branch type.'>' IPNB arising from the large bile
duct share clinicopatholdgical features with IPMN-Ps from
the pancreatic main bile duct, including, for example, high
malignant potential and high frequency of pancreatobiliary
and intestinal type.'* On the other hand, the branch type of
IPMN-P has a good prognosis, and most of its cells are
gastric type.™® In addition, the branch type of IPMN-P is likely
to be muitilocular in appearance on imaging findings, as in
biliary cystic tumor with ductal communication.' The biliary
counterpart of the branch type of IPMN-P has not been
reported. Zen et al. reported that the cellular type of all two
biliary cyst adenomas with ductal communication was gastric
type, as in the present case.® We suggest that a biliary
counterpart of IPMN-P includes biliary cyst tumor arising from
a peribiliary gland.

Intraductal papillary neoplasm of the bile duct can be his-
tologically classified into four categories based on pheno-
types: pancreatobiliary, intestinal, gastric, and oncocytic
types.' The histological form of the present case was similar
to the gastric pyloric gland or foveolar epithelium. The gastric
type of IPNB is immunohistochemically characterized by
negativity for MUC1 and MUC 2 and positivity for MUC5AC
and MUCG.5 In addition, the present case was strongly posi-
tive for HIK1083, which is expressed in gastric pyloric and
cardiac glands. From these findings, the present papillary
tumor was diagnosed as a gastric type adenoma of IPNB.

In conclusion, the present case is the first report of an IPNB
that was a gastric phenotype adenoma, and this IPNB prob-
ably arose from the peribiliary gland around the intrahepatic
bile duct. Future studies on the biological features of IPNB
arising from the peribiliary gland are mandatory.
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Abstract

Background and Aims: Given autophagy is involved in the pathogenesis in
primary biliary cirrhosis (PBC), we examined an involvement of p62 seques-
tosome-1 (p62), a specific cargo for autophagy, in the process of autophagy
and cellular senescence in PBC. Methods: We examined immunohistochem-
ically the expression of p62 in livers taken from patients with PBC (n = 46)
and control livers (n = 78) and its colocalization with microtubule-associ-
ated proteins-light chain 3p (LC3), lysosome-associated membrane protein-1
(LAMP-1) and senescent markers (p16™5** and p21"4¥/“1) 'We examined
the expression of p62 and LC3 in cultured biliary epithelial cells (BECs) trea-
ted with various stress. The effect of p62 knockdown with siRNA on stress-
induced autophagy and cellular senescence was also assessed. Results: The
expression of p62 was specifically seen in cytoplasmic aggregates in BECs in |
the inflamed and damaged small bile ducts (SBDs) in PBC, when compared
with non-inflamed ones in PBC and in control livers (P < 0.01). The co-
expression of p62 with LC3, LAMP-1 and senescent markers was seen in the
inflamed SBDs in PBC, but the intracytoplasmic localization was different.
The expression of p62 and LC3 was significantly upregulated in BECs treated
with various stress (P <.0.01) and pretreatment with bafilomycin Al
enhanced the accumulation of p62-positive aggregates in BECs with serum
deprivation. The knockdown of p62 decreased stress-induced autophagy and
cellular senescence. Conclusion: The aggregation of p62 is specifically

increased in the damage bile ducts in PBC and may reflect dysfunctional

autophagy, followed by cellular senescence in the pathogenesis of bile duct
lesions in PBC.

lar senescence is a delayed stress response involving

Macroautophagy (hereafter referred to as autophagy) is
a genetically regulated programme responsible for the
turnover of cellular proteins and damaged organelles.
This evolutionarily conserved process is characterized
by the formation of double membrane cytosolic vesicles,
autophagosomes, which sequester cytoplasmic content
and deliver it to lysosomes (1-4). Autophagy in human
diseases has been highlighted during the last decade
(1,2,5) and recent data demonstrated that autophagy is
involved in major field of hepatology (6-12). Autophagy
and cellular senescence are two distinct cellular
responses to stress. Recent studies disclosed that auto-
phagy is induced during the process of senescence and
facilitates it (3,4). An appropriate cellular stress response
is critical for maintaining tissue integrity and function
and for preventing diseases. Cells respond to stress with
adaptation, repair and recovery, or are divertéd into
irreversible cell cycle exit (senescence) or are eliminated
through programmed cell death (apoptosis) (4). Cellu-
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multiple effector mechanisms such as the DNA damage
response (13) and the senescence-associated secretion
phenotype (14-16). ‘ .

Primary biliary cirrhosis (PBC) is an organ specific
autoimmune disease and presents with chronic, pro-
gressive cholestasis and liver failure (17-19). PBC is
characterized histologically as a cholangitis of small
bile ducts (chronmic non-suppurative destructive cho-
langitis; CNSDC) eventually followed by the extensive
loss of small bile ducts (17,20). Although there have
been many studies on the immunopathological fea-
tures (21-23), there remains enigma in the pathogene-
sis of bile duct lesion in PBC. We have reported
cellular senescence of biliary epithelial cells (BECs)
with the augmented expression of senescence-associ-
ated  B-galactosidase  (SA-B-gal), pl16™"**  and
p21WAFYEP and telomere shortening in damaged small
bile ducts in PBC (24-27) and a possible involvement
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of autophagy in the pathogenesis of bile duct lesions
in PBC (11). .

Sequestosome-1, p62, , is an adaptor protein involved
in the delivery of ubiquitin-bound cargo to the auto-
phagosome and regulates the formation of protein
aggregates (28~31). In a normal cell, p62 binds proteins
with ubiquitin chains and delivers them to the auto-
phagosome. When autophagy is disrupted in several
model systems, p62 accumulates with ubiquitin-con-
taining aggregates, a condition reminiscent to that of
well-known neurodegenerative disorders (30,32), liver
injuries (10,33) and hepatocellular carcinoma (12,34).
The ubiquitin-positive aggregates that accumulate in
autophagy mutants of flies and mice disappear when
p62 is depleted (35,36). Therefore, the accumulation of
p62 may reflect dysfunctional autophagy in which the
capacity of autophagy is not much enough to process
the damaged proteins bound to p62 (10,12,37).

Although the involvement of autophagy and cellular
senescence is being clarified (11,24-27), there are no
studies addressing the possible role of p62 in the patho-
genesis of bile duct lesions in PBC. Since the accumula-
tion of p62 is supposed to reflect dysfunctional
autophagy, we hypothesized that p62 may be upregulat-
ed by various stresses in BECs and this finding may be
similar to BECs in the damaged bile ducts in PBC. We
examined an involvement of p62 in the process of auto-
phagy and cellular senescence in PBC. Furthermore, we
examined the association of p62 with the process of
autophagy and cellular senescence in cultured mouse
BEGs.

Materials and methods.

Human study
Classification of intrahepatic biliary tree

The intrahepatic biliary tree is classified into the intra-
hepatic large and small bile ducts (septal and interlobu-
lar bile ducts) by their size and distributions in the
portal tracts (38). Bile ductules, which are characterized
by tubular or. glandular structures with poorly defined
lumen and located at the periphery of the portal tracts
(38,39), are not included in the small bile ducts.

Small bile ducts were histologically divided largely
into ‘inflamed’ and non-inflamed. Inflamed bile ducts
include the bile ducts showing biliary epithelial damages
and being surrounded and occasionally infiltrated by
inflammatory cells such as CNSDC in PBC (17) and also
the bile ducts embedded in infiltrating lymphoid cells
and showing mild epithelial damages in chronic viral
hepatitis (CVH) (hepatitis duct lesion).

Liver tissue preparation

A total of 124 liver tissue specimens (all were biopsied
or surgically resected) were collected from the liver dis-
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ease file of our laboratory and affiliated hospitals. The
Ethics Committee in Kanazawa University approved this
study. The liver specimens enrolled in this study were 46
PBC, 22 CVH, 26 non-alcoholic steatohepatiits (NASH),
10 livers with extrahepatic biliary obstruction (EBO),
and 20 ‘histologically normal’ livers. All PBC were from
the patients fulfilling the clinical, serological and histo-
logical characteristics consistent with the diagnosis of
PBC (17). PBC livers were staged histologically (17), and
34 and 12 of PBC were of stages 1, 2 (early PBC) and of
stages 3, 4 (advanced PBC) respectively. Eleven CVH
were regarded as FO-2 and 11 as F3, 4 respectively (40).
Two and 20 of CVH cases were serologically positive for
hepatitis B surface antigen and antihepatitis C viral anti-
body respectively. Causes of EBO were obstruction of
the bile duct at the hepatic hilum or the extrahepatic bile
ducts, because of carcinoma or stone, and the duration
of jaundice was less than 1 month. ‘Histologically nor-
mal’ livers were obtained from surgically resected livers
for traumatic hepatic rupture or metastatic liver
tumour. The liver tissues used were taken from the part
sufficiently away from the trauma and tumour. There
was no difference in the expression level of p62 and LC3
between biopsied and surgically resected liver specimens
of each disease group in preliminary study. Chemother-
apy was not performed before liver resection in all
patients with histologically normal liver.

Liver tissue samples were fixed in 10% neutral buf-
fered formalin, and embedded in paraffin. More than
twenty serial sections, 4 pm thick, were cut from each
block. Several were processed routinely for histopatho-
logical study, and the remainder was processed for the
following immunohistochemistry.

Immunohistochemistry

We examined immunohistochemically the expression of
p62 using the antibodies shown in Table 1, as described
previously (25). A similar dilution of the control rabbit
Immunoglobulin G (Dako) was applied instead of the
primary antibody as negative control. Positive and nega-
tive controls were routinely included. Histological anal-
ysis was performed in a blinded manner.

Double immunostaining

We also performed double immunostaining for p62
with an autophagy marker LC3, a lysosome-associated
membrane protein-1 (LAMP-1), and senescence mark-
ers, pl67%4 and p21WAFYCIPL (Table 1), using eight
representative PBC livers and three control livers. In
brief, p62 was detected as described above, followed by
second staining for either of senescence markers
(p167%* and p21“WAFVC®y ysing Vector Blue Alkaline
Phosphatase Substrate Kit (Vector Laboratories, Burlin-
game, CA, USA). Double immunofluorescence staining
for p62 and LC3, or p62 and LAMP-1 was performed
using each primary antibody and Alexa-546-labelled an-
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Table 1. Primary antibodies used in this study

Biliary p62 expression in PBC

Primary antibody Type (clone) Pretreatment Dilution Source

p62 Rabbit poly eARI-BA (121°C, 5 min) 1:1000 MBL, Nagoya, Japan

LC3 Goat poly ) MW-CB (95°C, 20 min) 1:50 Santa-Cruz, Santa-Cruz, CA, USA

LC3 Mouse mono (5F10) eARI-BA (121°C, 5-min) 1:50 NanoTools, San Diego, CA, USA

LAMP-1 Mouse mono (E-5) MW-CB (95°C, 20 min) 1:200 Santa-Cruz, Santa-Cruz, CA, USA

LAMP-1 Rat mono 1:100 Santa-Cruz, Santa-Cruz, CA, USA
164 Mouse mono (JC8) eARI-BA (121°C, 5 min) 1:100 Neomarkers, Freemont, CA, USA

p2 1 WAFICipT Mouse mono (70) eARI-BA (121°C, 5 min) 1:100 BD Transduction, San Jose, CA, USA

BA, 0.05M boric acid buffer (pH 8); CB, 0.05M citric buffer.(pH 6); eAR|, electronic antigen retrieval instrument (pascal, Dako); LAMP-1, lysosome-
associated membrane protein-1; LC3, microtubule-associated proteins-ight chain 3; MW, microwave treatment; p62, p62/sequestosome-1.

tirabbit IgG (Molecular probes, Eugene, OR, USA) and
Alexa-488-labelled antimouse IgG (Molecular probes),
using eight representative PBC livers and three control
livers. The sections were then counterstained with
10 pg/ml 4’ and 6-diamidino-2-phenylindole (DAPI)
and evaluated under a conventional fluorescence micro-
scope (Olympus, Tokyo, Japan).

Electron microscopy

The method for conventional electron microscopy has
been described previously (41). We examined the liver
samples from seven patients with PBC and two patients
with normal liver.

Culture study
Cell culture and treatments of mouse intrahepatic BECs

Mouse intrahepatic biliary epithelial cells (BECs) were
isolated from 8-week-old female BALB/c mice and were
“purified and cultured as described previously (42). The
cell density of the cells was less than 80% during experi-
ments. In several experiments, BECs were treated with
hydrogen peroxide (PO, 100 uM for 2 h) or Etoposide
(100 pM, Sigma Chemica, Co., St. Louis, MO, USA). In
several experiments, 3-methyladenine (3MA, 5 mM,
Sigma Chemica, Co.), an inhibitor of the class III phos-
phatidylinositol 3-kinase complex involved in initial
autophagosome formation (43) and Bafilomycin Al
(Baf, 5 nM), which causes lysosomal dysfunction (44),
were also used. The treatment with serum deprivation
for 4 days did not cause significant level of apoptosis in
BECs, compared to control (Fig. S1).

Knockdown of p62 by small interfering RNA

Validated small interfering RNA (siRNA) for p62 and
~ negative control siRNA were purchased from Santa-

Cruz biotech. (Santa-Cruz, CA, USA) and QIAGEN
(Hilden, Germany) respectively. One day before trans-
fection, BECs were plated in 35 mm-dishes (5 x 10°
cells) or Lab-Tek chambers (5 x 10* cells/well), and
then the cells were transiently transfected with either
p62 or control siRNA (100 nM) using Lipofectamine
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RNAIMAX (Invitrogen, Carlsbad, CA, USA) according
to the manufacturer’s protocol:

Real-time quantitative reverse transcriptase-polymerase chain
reaction

Total RNA was extracted from the cells with a QIAGEN
RNeasy Mini kit (QIAGEN) according to the manufac-
turer’s protocol. After cDNA was synthesized, quantita-
tive real-time PCR was performed to measure a series of
p62 and LC3 and B-actin mRNA according to-a stan-
dard protocol using the SYBR Green PCR Master Mix
(Toyobo, Tokyo, Japan). The primer sequences are as

- follows; p62, 5'-cgatgactggacacatttgtct, 5'-gtccttectgtgagg

ggtct (PCR product, 116bp); LC3 5'-gagacattcgggacag
caat, 5'-gtgggtgcctacgttctcat (137bp); P-actin, 5-ccacc-
gatccacacagagta, 5'-ggctcctagcaccatgaaga (143bp). Each
experiment was performed twice in triplicate, and the
mean was adopted in each experiment.

Immunoblotting

The cell lysate samples (10 pl) were resolved by SDS-
PAGE and transferred to a nitrocellulose membrane as
described previously (45). After transfer, the membranes
were processed for immunoblotting as described previ-
ously (45). The primary antibody for LC3 and p62 was
described above. Using mouse monoclonal anti-a-tubu-
lin (clone TU-01, Zymed, South San Francisco, CA,
USA) o-tubulin was detected. Densitometry of the
resulting bands was performed using Image-] software
and normalized to the loading control.

Immunofluorescence staining for cultured cells

The BECs growing in a Lab-Tek chamber were fixed and
immunostained using the primary antibodies for p62,
LC3, or LAMP-1 (Table 1), as described previously

(11).

Assay for autophagy

The level of autophagy was assessed by the LC3 puncta
formation (46). The number of LC3 puncta per cell was
counted using the Image-J software.
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Assay for cellular senescence

The SA-PB-gal activity was detected by using the senes-
cence detection kit (BioVision, Mountain View, CA,
USA) according to manufacturer’s protocol (47). The
proportion of senescent cells in each condition was
assessed at day 4 by counting the percentage of SA-f3-
gal-positive cells in at least 1 x 10 total cells using light
microscopy.

Statistical analysis

Statistical analysis for the difference used the Mann~—
Whitney U-test. When the P value was less than 0.05,
the difference was regarded as significant.

Resuilts

Human study

The accutnulation of p62-positive aggregates in the inflamed
small bile ducts in PBC

The expression of p62 was absent or faint in control liv-
ers (Fig. 1A). Whereas, an accumulation of p62-positive
aggregates was specifically seen in BECs in the inflamed
and damaged small bile ducts in PBC (Fig. 1B). The
accumnulation of p62-positive aggregates was seen
mainly in the supranuclear region in the inflamed bile
ducts in PBC (Fig. 1B). The expression of p62 was
significantly more frequent in the inflamed small bile
ducts (SBDs) in PBC, when compared with non-
inflamed ones in PBC and in control livers (P < 0.01)
(Table 2).

The co-expression of p62 with LC3 and LAMP-1 in the
inflamed small bile ducts in PBC )

The accumulation of p62-positive aggregates was seen
mainly in the supranuclear region in the inflamed bile
ducts in PBC, whereas the expression of LC3, an auto-
phagic marker, was detected in the intracytoplasmic ves-
icles and some of them were located also in the basal
region (Fig. 2A). The colocalization of p62 and LC3 was
only focally observed (Fig. 2A).The p62-positive aggre-
gates and LAMP-1-positive vesicles were detected in the
inflamed small bile ducts in PBC (Fig. 2B). However,
there are few colocalizations of p62 and LAMP-1
(Fig. 2B).

The accumulation of autolysosomes in the damaged small bile
duct in PBC

Ultrastructurally, several autophagic vacuoles at differ-
ent stages were observed in BECs in the damaged small
bile duct in PBC (Fig. 3). A part of autolysosomes
contained degenerative organelle-like structures and
myelin-like lamellae (Fig. 3). Autolysosomes with osmi-
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ophilic material were also seen (Fig. 3). These accumu-
lated autolysosomes may be a result of lysosomal
dysfunction related to late stage of autophagic process.
Mitochondrial damage is also seen in the form of swell-
ing, disorganization of the cristae (Fig. 3). The autopha-
gic vacuoles at different stages and mitochondrial
damage were observed in BECs in the damaged small
bile ducts in all samples from seven patients with PBC,
whereas these findings were not seen in the samples
from normal livers.

The co-exgressjpn of p62 with senescent markers (] p16’NK4"
and p21"AFYEP) iy the inflamed small bile ducts in PBC

Double immunostaining revealed that the accumulation
of p62-positive aggregates was detected in BECs in the
inflamed bile ducts showing the expression of senescent
markers p16™*** in PBC (Fig. 4A). p21VAFYER! g
also detected in the inflamed bile ducts, but the colocal-
ization of p62-positive aggregates with p21"A"/<ir!

not observed in BECs (Fig. 4B). Since p21WATH“P! apnd
p16™** are involved in induction and maintenance of
senescence respectively (48,49), the closer co-expression
of p62 and p16"™** may indicate that the accumulation
of p62 may be more closely associated with the later
stage of cellular seniescence.

Culture study

Increased expression of p62 and LC3 by various cellular stress
in BECs »

The mRNA expression of p62 and LC3 was signifi-
cantly upregulated in cultured BECs treated with vari-
ous stress (P < 0.01) (Fig. 5A). The mRNA expression
of p62 and LC3 was much more upregulated in cul-
tured BECs treated with serum deprivation and Baf
and 3MA (Fig. 5A). The reason why the mRNA expres-
sion level of LC3 was higher in BECs with serum depri-
vation and 3MA than those with serum deprivation
remains unknown. Immunoblotting showed that the
protein level of p62 was upregulated in serum depriva-
tion with Baf, in accord with the increased mRNA
expression (Fig. 5B). The reason why the protein leve]
expression of p62 was not increased by the treatment
with hydrogen peroxide and serum deprivation with
3MA, despite the increased mRNA expression remains
unknown. The LC3-1I/LC3-I ratio, which indicates the
level of autophagy, was upregulated by the treatment
hydrogen peroxide, Etoposide and serum deprivation

' with and without Baf (Fig. 5B). Immunofluorescent

staining disclosed that p62 expression was observed as
cytoplasmic dots in BEC with various stress (Fig. 5C).
The number of p62-positive cytoplasmic dots induced
by serum deprivation was decreased by a treatment
with 3MA, whereas p62-positive dots induced by serum .
deprivation were. more increased by a treatment with
Baf (Fig. 5C).
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Fig. 1. p62-positive aggregates in the inflamed and damaged small bile ducts in primary biliary cirrhosis (PBC). (A) The expression of p62
was absent in biliary epithelial cells in small bile duct (arrows) in normal liver (NL, left), chronic viral hepatitis (CVH, right). (B) The accumula-
tion of p62-positive aggregates (arrows) was detected main ly in the supranuclear region in the inflamed and darmaged small bile duct in
PBC. There were several round cells, probably macrophage, in which p62-positive aggregates were seen. PBC cases #1-3 (stage 2). !mmuno-

staining for p62. Original magnification, x400 (PBC#3, x1000).

Co-expression of p62 with LC3 and LAMP-1 in BECs induced
by treatments with serum deprivation with and without
Bafilomycin Al

The cytoplasmic p62-positive dots and LC3-positive
dots were increased, and a part of them was colocalized
in BECs treated with serum deprivation (Fig. 6A). The
cytoplasmic p62-positive dots and LC3-positive dots
induced by serum deprivation were more increased by a
treatment with Bafilomycin Al, and there were several
p62-positive aggregates in the cytoplasm (Fig. 6A). The
cytoplasmic p62-positive dots and LAMP-1-positive
dots were increased, and a part of them was colocalized
(arrows) in BECs treated with serum deprivation
(Fig. 6B). The cytoplasmic p62-positive dots induced by
serum deprivation were more increased, whereas and
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LAMP-1-positive dots were rather decreased by a treat-
ment with Baf (Fig. 6B). There were few yellow dots
indicating colocalization of p62 and LAMP-1 in the
cytoplasm of the biliary epithelial cells.

The knockdown of p62 results in the inhibition of stress-
induced autophagy and cellular senescence

We examined whether or not p62 affects the induction
of autophagy and cellular senescence by a knockdown
of p62 using siRNA. An effective knockdown of p62
using siRNA was confirmed in mRNA and protein
levels (Fig. 7A). The level of autophagy assessed by
LC3 puncta per cell was significantly increased in cells

treated with serum deprivation (14.29 + 4.42), when
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Table 2. Frequency of the prevalence of vesicular expression of p62 in small bile ducts in primary biliary cirrhosis and control livers

Diseases Number of patients Type of BD Number of SBD Number of BD with vesicular p62 expression (%)
PBC 46 Inflamed 149 105 (70.5)*
Non-inflamed 126 8(6.3)
CVH 22 Inflamed 173 24 (13.9)1,1
Non-inflamed 192 6(3.1)
NASH 26 Inflamed 16 3(18.8)1,1
Non-inflamed 183 2(1.1)
EBO 10 Inflamed 15 30t
Non-inflamed 79 5(6.3)
Normat liver 20 Norwinflamed 172 5{2.9)

CVH, chronic viral hepatitis; EBO, extrahepatic biliary obstruction; NASH, non-alcoholic steatohepatitis; p62, p62/sequestosome-1; PBC, primary bili-

ary cirrhosis, SBD, small bile duct.

*P < 0.01 vs PBC, non-inflamed and other groups.
FP < 0.01 vs normal livers,

1P < 0.01 vs non-inflamed in a same group.

Fig. 2. Go-expression of p62 with LC3 and lysosome-associated membrane protein-1 (LAMP-1) in the inflared small bile ducts in primary
bifiary cirrhosis (PBC). (A} The p62-positive aggregates (shown in red) are seen mainly in the supranuclear region in the inflamed smal bile
ducts in PBC. Whereas, the expression of LC3 (shown in green) is detected in the intracytoplasmic vesicles and some of them are located also
in the basal region (short arrows). The colocalization of p62 and LC3 shown in yellow colour is only focal (arrows). immunofluorescenit
staining for p62 (shown in red) and LC3 (shown in green). Original ragnification, x400. (B) p62-positive aggregates (shown in red) and
LAMP1-pasitive vesicles (shown in green) are detected in the inflamed small bile ducts (arrow). There are few yellow-coloured dots indicating
colocalization of p62 and LAMP-1. immunofluorescent staining for p62 (shown in red) and LAMP-1 (shown in green). Original ragnification,

x400.

compared with control (0.42 +0.3) (P < 0.01)
(Fig. 7B). The starvation-induced autophagy was sig-
nificantly inhibited by a treatment with p62 siRNA
(1.25 = 1.35), compared with BECs treated with con-
trol siRNA (P < 0.01) (Fig. 7B). Percentage of cells
positive for SA-B-gal was significantly increased in cells
treated with Etoposide (SA-B-gal labelling index, 18.8
+9.04) and serum deprivation (20.9 + 8.95), when
compared with control (1.68 £ 1.78) (Fig. 7C). This
result was consistent with our previous reports (11).
Significant increase of apoptosis was not induced by
treatments with Etoposide (100 pM) and serum depri-
vation for 4 days (data not shown).. The stress-
induced cellular senescence was significantly inhibited
by a treatment with p62 siRNA (Etop, 6.91 + 5.42;
Dep, 3.24 + 4.25), compared with BECs treated with
control siRNA (P < 0.01) (Fig. 7C).

Discussion

The data obtained in this study are summarized as fol-
lows: (i) the p62-positive aggregate was characteristically
seen in the inflamed damaged small bile ducts in PBC.
(ii) The p62-positive aggregate was co-expressed with:
LC3 and LAMP-1 in the inflamed and damaged small
bile ducts, but the intracytoplamic localization of p62
was different from these proteins, suggesting that p62-
positive aggregates may reflect dysfunctional autophagy
in primary biliary cirrhosis (PBC). (iii) The accumulation
of autolysosomes was ultrastructurally observed in biliary
epithelial cells (BECs) in the damaged bile ducts in PBC.
(iv) The accumulation of p62 was co-expressed with
either of senescent markers, p16™** and p21WAFY/CPL i
~ the inflamed damaged small bile ducts in PBC. (v) Vari-
ous stress upregulated the expression of p62 in cultured
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Fig. 3. Accumulation of autolysosomes in the damaged bile duct in
primary biliary cirrhosis, stage 1. Several autolysosomes at different
stages were observed in biliary epithelial cells. A part of autolyso-
somes contained degenerative organelle-like structures and myelin-
like lamellae (arrows). Autolysosomes with osmiophilic material
were also seen (double arrows). These accumulated autolysosomes
may be a result of lysosomal dysfunction. Mitochondrial (M) dam-
age is also seen in the form of swelling, disorganization of the cris-
tae. x8000.

BECs, and a treatment with bafilomycin A, a lysosomal
inhibitor, further increased p62-positive aggregate. (vi)
The knockdown of p62 inhibited significantly auto-
phagy and the stress-induced cellular senescence in cul-
tured BECs.

The present study firstly disclosed that the accumula-
tion of p62-positive aggregates was characteristically
seen in the inflamed small bile ducts in PBC. As p62 is a
marker of autophagic flux (10,12,28-31,35-37), the
increased expression of p62 in the damaged small bile
ducts in PBC is consistent with the increased expression
of the autophagy marker LC3 in our previous report
(11). Although the accumulation of p62 has been
reported in hepatocytes in alcoholic hepatitis and hepa-
tocellular carcinoma (32-34), there is no study report-

Biliary p62 expression in PBC

ing the involvement of p62 in BECs in biliary diseases,
so far. Double immunostaining demonstrated that p62
and LC3 were co-expressed in the same inflamed bile
ducts in PBC, but the localization was different. Simi-
larly, p62 and LAMP-1 showed different intracytoplas-
mic distribution. These findings suggest that p62 may
form aggregates outside autophagosome and auto-
phagolysosome.

The accumulation of p62-positive aggregates may
reflect dysfunctional autophagy in the inflamed and
damaged bile ducts in PBC. The accumulation of p62 in |
hepatocytes is seen in the animal model of autophagy-
deficiency such as Atg5-deficient mouse: (10). Cytoplas-
mic proteinous aggregates including ubiquitinated pro-
teins and p62 were identified as the common
morphological hallmark of impaired autophagy in post-
mitotic cells (10,35,37,50). Monick et al. demonstrated
that chronic inhalation of cigarette smoke causes a pro-
found defect in autophagy/lysosomal function showing

- the accumulation of p62 in human alveolar macrophag-

es (37). Nogalska, et al. have reported the impaired
autophagy in sporadic inclusion-body myositis with the
accumulation of p62 and possible involvement of endo-
plasmic reticulum stress (50). Taken together, it is plau-
sible that the accumulation of p62 may reflect a decrease
of autophagic flux and a dysfunctional autophagy in the
inflamed small bile duct (SBD) in PBC.

Electron microscopic analysis disclosed the accumu-
lation of autolysosomes in BECs in the damaged bile
ducts in PBC. These accumulated autolysosomes may be
a result of lysosomal dysfunction. The accumulation of
cytophagosomes and lysosomes containing myelin-like
structures has been noted in the small bile ducts in PBC,
early stage (41,51). The cytophagosomes included auto-
phagosomes and.autolysosomes in these reports (41,51).
Therefore, the lysosomal function rather than the early
induction of autophagy may be impaired in PBC and
the autophagy may be suppressed at the autolysosomal

Fig. 4. Co-expression of p62 with senescent markers p16"%4¢ and p2

IWARICIPT iy the inflamed and damaged small bile ducts in PBC.

(A) Nuclear and cytoplasmic expression of senescent marker p16™<42 (shown in blue) was seen in a part of biliary epithelial cells with
cytoplasmic p62-positive aggregates (shown in brown) in the inflamed and damaged bile ducts in PBC. (B) Nuclear expression of senescent
marker p2 1WAFS (shown in blue) was seen in a part of biliary epithelial cells (arrow). The cytoplasmic p62-pasitive aggregates (shown in
brown) was also seen in the same damaged bile ducts, but it was not colocalized with p21WAT¢™" in the same biliary epithelial cells in PBC.

PBC, stage 2. Double immunostaining for p62 (shown in brown) and p1
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61NK4a

or p2 1WAFVCRT (shown in blue). Original magnification, x400.
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Fig. 5. Increased expression of p62 and LC3 mRNA in biliary epithelial cells induced by treatments with H,0,, Etoposide, or serum depriva-
tion. (A) The expression of mRNA in biliary epithelial cells treated with H,O5 (PO, 100 pM), Etoposide (Et, 100 puM), or serum deprivation
(Dep) with or without Bafilornycin A1 (Baf, 5nM) or 3-methyladenine (MA, 5 mM) was quantified with real-time PCR and normalized as a
ratio using B-actin as the housekeeping gene. Data are expressed as the means + SD. *P < 0.01 compared to the control, n = 6 for each
group. (B) The protein level expression of p62 and LC3 assessed by Immunoblot analysis. The protein level of p62 was upregulated by a treat-
ment with Etoposide (Et, 100 pM), serum deprivation (Dep) and serum deprivation with Bafilomycin AT (Baf, 5 nM). LC3-WLC3 ratio, which
indicates the level of autophagy, was upregulated by the treatment hydrogen peroxide (PO), Etoposide (Et) and serum deprivation (Dep) with
and without Baf. a-tub, a-tubulin; Cont, control. Data are expressed as the means + SD. *P < 0.05 compared to the control, n = 3 for each
group. (C) immurofluorescent staining for p62 (left column; shown in gieen) in biliary ept‘chehdi cells treated with H,0, (PO, 100 pM), Eto-
poside (Etop, 100 pM) or serum deprivation (Dep) with or without 3-methyladenine (MA, 5 mM) or Bafilomycin A1 (Baf, 5 nM) for 1 day
and no treatment (Cont). Right column, 4’ and 6-diamidino-2-phenyfindole (DAP)) nuclear counterstain. The expression of p62 was absent in
control (no treatment), whereas p62-positive dots were increased in the cytoplasm of biliary epithelial cells treated by H,0,, Etoposide and

serum deprivation. The upregulated expression of p62 by serum deprivation was inhibited by a treatment with 3-methyladenine (MA,
5 mM), whereas p62-positive dots induced by serum deprivation were more increased by a treatment with Bafilomycin A1 (Baf, 5nM).

level in the small bile ducts in PBC. The present in vitro
study also supports this hypothesis. Various stresses
induced the accumulation of p62 in cultured BECs and
showed similar features to the BECs in PBC. In particu-
lar, a treatment with bafilomycin A, which inhibits a
fusion of autophagosome and lysosome, further upregu-
lated the accumulation of p62 in BECs treated with
serum deprivation. The accumulation of p62 may be
induced by similar dysfunctlonal autophagy in the
inflamed and damaged bile ducts in PBC.

Recent studies disclosed that the accumulation of p62
may cause further cell injuries (10,12). For example,
Komatsu et al. reported that the high level of p62 asso-
ciated with the suppression of autophagy result in acti-
vation of nuclear factor — like 2 (Nrf2) followed by
upregulation of detoxifying enzymes and severe liver
injury (10). Mathew et al. reported that the accurnula-
tion of p62 was caused by defective autophagy, induced
the elevated reactive oxygen species, activated the DNA
damage response and altered signal transduction path-
ways (12). In a previous report, we have reported the
increased expression of oxidative stress markers in the
inflamed and damaged bile ducts in PBC (27). This
upregulation of oxidative stress markers may be associ-
ated with the accumulation of p62 in the bile duct
lesions in PBC. Furthermore, the accumulation of p62
in BECs may be related to the altered signalling path-
ways in the bile duct lesions in PBC.

The present study disclosed that p62 in BECs is clo-
sely colocalized with cellular senescence in the inflamed
and damaged bile ducts in PBC. This finding is consis-
tent with our previous studies (11) and biliary epithelial
senescence in the pathogllenesm of bile duct lesions in
PBC (24-26). The p21WAFVCIRL 4o involved in the induc-
tion of senescence, whereas p16™"*" is involved in
maintenance of senescence, rggortedly (48,49). The co-
expression of p62 and p16" was more frequently
observed, whereas the co-expression of p62 and
pZIWAF VCiPL ywas rare in the damaged bile ducts in PBC
in ‘the present study. The closer co-expression of p62
and p16™*** may indicate that the accumulation of p62
may be more closely associated with the later stage of
cellular senescence. Furthermore, the present study dis-
closed for the first time that p62 may be involved in the
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process of cellular senescence in cultured BECs. Interest-
ingly, the knockdown of p62 inhibited the stress-
induced cellular senescence as well as autophagy in cul-
tured BECs in the present study.

Autophagy is involved in the process of senescence
and the inhibition of autophagy delays the senescence
phenotype, including senescence-associated secretion
(3,11). On the other hand, the activation of autophagy
is thought to have a survival effect, since experimental
conditions that extend lifespan in various species, such
as dietary restriction and negative modulation of the
insulin signalling and TOR pathways (52). Autophagy
may be a Janus-face process: the activation of autophagy
has a survival effect in a mild and long-term process
such as ageing (12,35,52), whereas the deregulated auto-
phagy contributes to senescence establishment in acute
and more intense cytotoxic stress (3,11). Recently, Nari-
ta, et al. reported that spatial coupling of mTOR and
autophagy augments secretory phenotypes during RAS-
induced senescence (53). Although we did not examine
the distribution of mTOR in this study, this system may
be invelved in biliary epithelial autophagy and senes-
cence in PBC and needs to be addressed. Taken
together, the accumulation of p62 caused by cellular
stress and dysfunctional autophagy may play a role in
the process of biliary epithelial senescence in PBC.

In conclusion, the accumulation of pé62-positive
aggregates is specifically increased in the damaged bile
ducts in PBC and various stress increased the expression
of p62 and LC3 and the inhibition of autophagosome-
lysosomal fusion enhanced the accumulation of p62.
The knockdown of p62 inhibited stress-induced cellular
senescence and autophagy. The accumulation of p62
may reflect dysfunctional autophagy, probably at the
autolysosomal level, followed by cellular senescence and
may be involved in the pathogenesis of bile duct lesions
in PBC.
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Fig. 6. Co-expression of p62 with LC3 and LAMP-1'in biliary epithelial cells induced by treatments with serum deprivation with and without
Bafiomycin A1. (A) immunofluorescent staining for p62 (shown in red) and LC3 (shown in green). The expression of p62 and LC3 was
absent in control{no treatment). Whereas, the cytoplasmic p62-positive dots and LC3-positive dots were increased, and a part of them was
colocalized (arrows) by serum deprivation (Dep, 1day). The cytoplasmic p62-positive dots and LC3-positive dots induced by serum depriva-
tion were more increased by a treatment with Bafilomycin A1 (Baf, 5 nM), and there were several p62-positive aggregates in the cytoplasm
(arrows). Original magnification, x400. (B) Immunofluorescent staining for p62 (shown in red) and LAMP-1 (shown in green). The expression
of p62 and LC3 was absent in control. Whereas, the cytoplasmic p62-positive dots and LAMP-1-positive dots were increased, and a part of
them was colocalized (arrows) by serum deprivation (Dep, 1day). The cytoplasmic p62-positive dots induced by serum deprivation were more
increased, whereas LAMP-1-positive dots were rather decreased by a treatment with Bafilomycin A1(Baf, 5nM). There were few yellow dots
indicating colocalization of p62 and LAMP-1 in the cytoplasm of the biliary epithelial cells. Original magnification, x400.

experiments. Yasunori Sato and Yasuni Nakanuma con-
tributed to analyse data. All authors were involved in
Motoko Sasaki conceived and carried out experiments  writing the article and had final approval of the submit-
and analysed data. Masami Miyakoshi carried out  ted and published versions.

Author contributions

Liver International (201 1)
10 ® 2011 John Wiley & Sons A/S

- 689-



