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Fig. 7. The knockdown of p62 results in the inhibition of stress-induced autophagy and cellular senescence. (A) Left; the expression of
p62mRNA in biliary epithelial cells treated with p62 small interfering RNA (siRNA) or control siRNA in serum deprivation. p62 mRNA 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. Right; Immunofluorescent staining for p62 (lett column; showrt in green) in biliary
epithelial cells treated with p62 SIRNA or control S;IRNA in serum deprivation. Right column, 4’ and 6-diamidino-2-phenylindole (DAPI)
nuclear counterstain. Successful knockdown of p62 expression was achieved by the treatment with p62 siRNA. Original magnification,
x400. (B) Autophagy was assessed using LC3 puncta formation assay'on day1 after a treatment with serum deprivation. LC3-puncta was
increased in the cytoplasm of BECs treated with serum deprivation and control siRNA, whereas there were few in BECs treated with serum
deprivation and p62 siRNA. Original magnification, x400. The level of autophagy assessed by LC3 puncta per cell was significantly increased
in cells treated with serum deprivation (14.29 + 4.42), when compared with control (0.42 + 0.3). The starvation-induced autophagy was
significantly inhibited by a treatment with p62 S;IRNA (1.25 + 1.35), compared with BECs treated with conirol siRNA. (C) Cellular senescence
was assessed by senescence-associated B-galactosidase activity (SA-B-gal) on day 4 after a treatment with Etoposide (Etop, 100uM)

and serum deprivation (Dep) in combination with p62 siRNA or control siRNA. Percentage of cells positive for SA-B-gal was significantly
higher in cells treated with Etoposide (18.8 + 9.04) and serum deprivation (20.9 =+ 8.95), when compared with control without treatment .
(1.68 + 1.78). Percentage of cells positive for SA-B-gal significantly decreased by a treatment with p62 siRNA (dark columns; Etop, 6.91

+ 5.42; Dep, 3.24 + 4.25). Data are expressed as mean =+ SD. *P < 0.01 compared to control, **P < 0.01.
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Fig. S1. Apoptosis was assessed using the ssDNA
apoptosis ELISA kit (Millipore, Billerica, MA, USA)
according to the manufacturer’s protocol on day 4 after
a treatment with serum deprivation (Dep). It was found
that the serum deprivation for 4 days tended to induce
a slight increase of apoptosis (relative apoptosis index;
0.218 £ 0.033), compared to control (0.194 + 0.031),
but there was no significant difference (P > 0.05).
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OBJECTIVE. Intraductal papillary neoplasm (IPN) of the bile duct is a newly described
pathologic entity characterized by the presence of intraluminal tumors, which sometimes
produce a large amount of mucin and form a cystic tumor. Cystic IPN of the bile duct is dif-
ferent from biliary cystadenoma or cystadenocarcinoma in that the former produces intra-
ductal microscopic and macroscopic papillary tumors without ovarian-like stroma, whereas
the latter produce a mucin-containing septate cystic tumor without communication with bile
duct and with ovarian-like stroma in the cyst wall. The purpose of this study was to evaluate
the potential relationships between cyst-forming IPNs of the bile duct and peribiliary glands
and also intraductal papillary mucinous neoplasms of the pancreas.

MATERIALS AND METHODS. From a cohort of 87 patients with surgically resected and
pathologically proved IPN of the bile duct, 12 patients with cystic IPN of the bile duct who under-
went CT (n = 12), MRCP (n = 3), ultrasound (n = 3), and ERCP (n = 4) were included. Imaging
findings were evaluated for the relationship of cystic tumors to the bile ducts; in particular, a diver-
ticulum-like appearance was considered as suggestive of the peribiliary gland origin. Pathologic
examination was conducted, and both gross and microscopic findings were recorded.

RESULTS. Radiologic examination revealed aneurysm-like dilatation of the involved bile
ducts in five patients and intrahepatic biliary cystic tumor in two patients. Interestingly, the re-
maining five patients had diverticolum-like cystic tumor with or without communication; one
patient had a cystic tumor laterally attached to the extrahepatic bile duct. Histopathologically,
cystic tumors are lined by atypical biliary epithelium showing intracystic papillary prolifera-
tion, with an appearance similar to that of pancreatic intraductal papillary mucinous neoplasm.

CONCLUSION. This study suggests that cyst-forming IPN of the bile duct may be a bil-
iary counterpart to pancreatic intraductal papillary mucinous neoplasm. In particular, at least
some of the tumors seem to arise from peribiliary glands, and these cases might be a counter-
part to branch-duct intraductal papillary mucinous neoplasm of the pancreas, given the histo-
logic similarity between peribiliary glands and pancreatic branch ducts.

iliary cystic tumors mostly refer
. to biliary cystadenomas or cyst-
. adenocarcinomas that form a
5 - unilocular or septate multilocu-
lar cystic cavity containing mucin, and mural
nodules or excrescences may also be ob-
served along the capsular wall [1-3]. Neo-
plastic biliary epithelial cells grow on the lu-
minal surface and not infrequently present
with papillary growth with fine vascular
cores. Communication between these cystic
tumors and the bile duct lumen are usually
absent. The cystic tumors show ovarian-like
stroma in the cyst wall. These cystic tumors
are newly classified as mucinous cystic neo-
plasms in the World Health Organization
classification of biliary tamors [4].

- 693~

Recently, “intraductal papillary neoplasm
(IPN) of the bile duct” was proposed as the
term to describe the biliary tumor character-
ized by the presence of intraluminal papil-
lary tumors with fine fibrovascular cores
in the dilated bile ducts. Some cases have
shown invasion onto the bile duct wall [5—
8]. Not infrequently, excessive mucin is pro-
duced by neoplastic cells, and the affected
bile duct is filled with mucin and shows tubu-
lar or cystic luminal dilatation [9]. The dis-
ease, which is distinctly different from muci-
nous cystic neoplasms, is newly recognized
in the World Health Organization classifica-
tion of biliary neoplasms [4].

Although most cases of IPN of the bile
duct show tubular or fusiform dilatation of

1
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TABLE I: Clinical, Radiologic, Surgical, and Pathologic Findings in 12 Patients With Cystic Intraductal Papillary Mucinous Tumor of the Bile Ducts

' . Mugcin inthe
Patient| Age Imaging Findings of Bile Duct  |Downstream Bile| Gross Pathologic and Histopathologic Survival After
No. | {y) | Sex |Clinical Findings Cystic Tumor Location Dilatation Ducts Surgical Findings Diagnosis Tumor Growing Pattern Surgery
1 71 |Female| Right upper Three loculated cysts (8x5x | Rightlobe | Rightlobeand | Present(ERCP) | Multiloculated cystic | Papillary adenacar- | Fungating papillary Died 2 years
abdominal pain| 4 cm) containing fungating extrahepatic mass containing cinoma, mucin tumorin the later of
tumors {ultrasound, CT, and multiple fungating | producing, aneurysmally dilated | malignancy
MRCP) masses and mucin intestinal bile duct
phenotype

2 53 |Female| Intermittent Multiloculated cystic lesion | Leftand Leftlobe and Present(ERCP) | Cystic tumor Papillary adenocar- | Multiple fungating Died of cardiac
abdominal pain| with papillary excrescences | caudate caudate lohe containing mucopu- cinoma, mucin papillarytumorsinthe | tamponade
for 4 months {13x12x 13cm){CT) lobe and extrahe- rulent fluid and fragile | producing aneurysmally dilated i
and recent patic tumor debris; rupture | (superimposed bile duct; cyst rupture
dyspnea and and cardiac infection), and peritoneal
fever tamponade pancreatobiliary implants

phenotype
3 53 | Male | Epigastric pain | Cystic lesion containing fluid | Leftlobe Left and right Present (ERCP) | Cystic tumor Papillary adenocar- | Fungating papillary Died 4 years
and fever and fungating tumors {9 x lobe and containing multiple cinoma, mucin tumorinthe later of
5x5cm) (CT and ultrasound) extrahepatic fungating papillary producing, aneurysmally dilated | malignancy
tumor {intraductal pancreatobiliary bile duet
stone combined) and phenotype
mucin (Fig. 1)
4 63 | Male | Epigastric Cystic tumor filled with fluid | Leftlobe Leftlobe Absent Cystic tumor Papillary adenocar- | Fungating papillary Lostto
discomfort and solid tumors (5x 5x 3 containing fungating cinoma, mucin tumor in the follow-up
cm) (CT) tumor and mucin producing, aneurysmaily dilated
intestinal bile duct
phenotype

5 76 | Male | Nosymptom; | Single cyst(11x9cm), Leftlobe Absent Absent Cystic tumor Papillary intraductal | Multiple papillary Lostto
incidentally multiple excrescences {CT) containing thick adenocarcinoma, tumors, eccentrically | follow-up
found cystic trabeculae of tumor mucin producing, located inthe large
liver mass and mucin intestinal cyst

- phenotype
6 51 | Male | Abdominal pain| Single cyst(17x 16 cm),3 Leftlobe Absent Absent Cystic tumor Papillary intraductal | Three small discrete | Surviving for7
and vomiting discrete masses {1-2 cm) containing three adenocarcinoma, papillary tumors years after
attached to the cyst wall mural nodules and mucin producing, attached to the cyst surgery
(CT and ultrasound) mucin oncocytic wall
) phenotype

7 67 |Female| General Cystic and fusiform Right and Right and left Present Aneurysmally dilated | Intraductal papillary | Multiple excrescences | Surviving for3
weakness and | dilatation of right and left lefthepatic | lobe and (Endoscopy) multiple bile ducts tumor {carcinoma), | of papillarytumorsin | years after
anorexia hepatic ducts and ducts extrahepatic studded with oncocytic aneurysma‘lly dilated | surgery

extrahepatic ducts (8 x5x 4 duct innumerable papillary | phenotype right hepatic duct and
cm) containing multiple tumors inside branches and common
scattered papillary. hepatic duct
excrescences (CT and MRI)

8 49 |Female| Livermasson | Aneurysmally dilated left Leftlobe Leftlobe and Present (ERCP) | Cystic dilatation of left | Intraductal Qapillary Multiple papi"ary_ Surviving for 6
ultrasound hepatic duct(4x4x3.5cm) | lateral caudate lobe duct with papillary tumor (carg:morr_\a) tumors stuqded inthe | yearsafter
examination containing a solid mass; segment and extra- tumor inside; with focal invasion, | cystically dilated left | surgery

rupture of proximal bile hepatic duct multiloculated mucin | intestinal hepatic duct
ducts and multiple lobulated collections at fiver phenotype

mucin collection at liver surface

surface (CT)

(Table 1 continues on next page)



Surgery
surgery
malignancy
years after
surgery
years after
surgery

Survival After
later of

Surviving for 2
years after
Died 2 years
Surviving for4
Surviving for 3

tumor

I

tumors in each
papillary tumors
projecting into cystic
mass like stalactites
attached to cyst wall
cells lining the cyst
wall

Tumor Growing Pattern
chamber

Multiple papillary
Myriad frondlike tiny
Single nodular tumor

No gross tumor,

Histopathologic
- Diagnosis
neoplasm {carcinoma)
confined to duct wall
pancreatobiliary

phenotype
oncocytic phenotype

Intraductal papillary
tumor (carcinoma)
pancreatobiliary

Intraductal papillary
neoplasm {carci-
Intraductal papillary
neoplasm (invasive
carcinomal,

phenotype
noma) canfined to

Intraductal papillary
the ductwall,

pancreatobiliary
phenotype

Gross Pathologic and
Surgical Findings
Multiloculated cystic tumor,

multiple excrescences
commeon hepatic duct with
a tumor nodule inside

left ducts, filled with mucin

inside (Fig. 2)
tumors and mucin (Fig. 3)

Large cystic tumor of
caudate lobe containing
friable fine papillary

Cystic tumor attached to

Cystically dilated rightand

ts With Cystic Intraductal Papillary Mucinous Tumor of the Bile Ducts (continued)
Mucininthe
Downstream
Bile Ducts
Absent
Absent
Absent

ien

Mild dilatation| Absent

Bile Duct
Dilatation
Absent
Absent

of proximal
ducts

in 12 Pat
Absent

Findings

Location
Leftlobe,
lateral
segment
lobe

left bile
ducts

Extrahepatic
duct

Caudate
Right and

gic

1, and Patholo
Cystic Tumor

1cal

Imaging Findings of
{4.5 x4 x 4 cm) with multiple

excrescences inside and

thin septae (CT)
nodule attached to cystwall

{ultrasound and CT)
(5.5x5x 4.5 cm){CT and MRI)

Multiloculated cystic mass

Unilocular cyst bulging out
from liver {10 x 8 x 6 cm)
containing myriad small
papillary projections {CT)

Unilocutar cyst(4x3.5x3.5
cm) containing a solid
associated with dilated
right and left hepatic ducts

Multiloculated cyst

Surgi

ic,

I, Radiolog
Clinical
Findings
Cystic liver
tumor on
ultrasound
examination
discomfort
on ultrasound
examination
Jaundice

Clinica
Sex
Male |

.

65 | Female | Epigastric
56 | Female | Cystic lesion

62 | Female

{y)

46

10
12

No.

Patient} Age

TABLE |
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the involved bile duct, several cases have shown cystic dilatation of the
affected bile ducts, appearing as a vascular aneurysm or diverticulum [9,
10]. The latter type has been proposed to be cyst-forming IPN of the bile
duct, and in fact, there have been sporadic reports so far [10-14]. This cys-
tic type of neoplasm lacks ovarian-like stroma in the cyst wall and usually
shows luminal communication with the bile duct, thus differing from biliary
mucinous cystic neoplasms. Such cases resemble cyst-forming branch-duct
intraductal papillary mucinous neoplasms of the pancreas and can be re-
garded as biliary counterparts of pancreatic intraductal papillary mucinous
neoplasms [15-17].

Recently, biologic similarities between the biliary and pancreatic ductal
systems have attracted attention [18]. Similar tumors, including IPNs, in-
traepithelial neoplasms, and mucinous cystic neoplasms, can arise in bili-
ary and pancreatic ducts [18-21]. Both organs are derived from the ventral
endoderm of the foregut. Extrahepatic or hilar bile ducts and main pancre-
atic ducts are histologically similar, as evidenced by a lining of flat colum-
nar epithelium constantly expressing keratins 7 and 19. It is still uncertain
which structure of the biliary system corresponds to branch ducts of the
pancreas. Because peribiliary glands sometimes show pancreatic acinar
cell metaplasia, their conduits may correspond to branch or smaller pan-
creatic ducts [18]. '

'We have recorded 12 cases of cyst-forming IPN of the bile duct over a 15-
year period. In this study, we examined clinicopathologic features of these
cases, particularly their imaging features. The goal of this study is to reveal
whether any cases have evidence suggestive of the peribiliary gland origin
and whether cyst-forming IPNs of the bile duct may correspond to branch-
duct intraductal papillary mucinous neoplasms of the pancreas.

Materials and Methods

This retrospective study was approved by the institutional review board, and
informed consent was waived. A review of the pathology database of Samsung
Medical Center over a 15-year period (1995-2009) identified 12 cases of cyst-forming
IPN of the bile duct. During the same period, 1127 patients with cholangiocarcinoma
underwent surgical resection, including 87 patients with IPN of the bile duct; the 12
patients described here were among the 87 patients (14% [12/87]). Cyst-forming
IPN of the bile duct is defined as a gross cystic dilatation of tamor-bearing bile ducts
and balloonlike or diverticulum-like dilatation of the bile duct in which there are
mmor nodules or excrescences. There were five men and seven women (age range,
" 46-76 years; average age, 59 years). Demographic features, clinical presentation,
tumor location, and treatment are shown in Table 1. Because the disease is a newly
recognized disease entity showing interesting pathologic and imaging features, some
of the cases were included in previous publications (patient 2 [22], patients 3 and 4 {9],
patient 7 [10], and patients 1-7 [23]).

Imaging Methods .

CT—CT was performed on all patients using commercially available helical
or MDCT scanners. CT techniques were not standardized because of the 15-year
span of the study. Unenhanced and contrast-enhanced CT was performed using
commercially available single-detector (n = 4), MDCT (n = 3), and 16-MDCT
or higher (» = 5) CT scanners. Unenhanced CT was performed using 7.5-10-
mm thickness and 7.5~10.0-mm intervals. Using a bolus-triggered technique,
arterial phase scanning was started at 30—45 seconds after the start of injection
of 120 mL of nonionic iodinated contrast material through the antecubital vein
at 4 mL/s, using 0.625-3.0-mm slice thickness and 0.625-3.0-mm intervals. The
portal phase of scanning began 70 seconds after the start of contrast material
injection with 5-mm slice thickness and 5-mm intervals.

Ultrasound—In three patients, routine transabdominal hepatobiliary and pancreas
ultrasound were performed in the supine and right anterior oblique positions. All
scans were performed with commercially available high-end ultrasound units with
2-5-MHz probes.

MRCP—MRCP was performed in three patients using commercially available
1.5 T scanners with phased-array multicoil systems. Coronal single-projection images

3
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Fig. 1—53-year-old man with intraductal papillary neoplasm of the bile duct (carcinoma).

A and B, Contrast-enhanced CT images show oval cystic mass containing multiple papillary tumors and fluid inside lateral segment of left hepatic lobe. Note dilatation of
bile ducts (arrows, A and B) peripheral to cystic tumor with direct communication,

C, CTlmage acquired 3 cm below that in panel B shows small tumor (arrows) in left hepatic duct occluding the duct. Air in left hepatic ducts distal to tumor is a result of
previous ERCP.

D, ERCP image shows markedly dilated intra- and extrahepatic ducts. Note filling defect (arrows) within lateral segmental bile duct{B2), representing papillary tumor
inside cystically dilated bile duct. Large filling defects in common hile duct are air bubbles.

E, Photograph of resected specimen shows cystic tumer and papillary tumors inside (arrows). Aneurysmally dilated cystic cavity was continuous with dilated proximal
and distal bile ducts.

m4 ) AJR:197, November 2011
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Fig. 2—46-year-old man with intraductal papiltary
neoplasm of the bile duct {carcinoma, confined to
wall). :

A and B, Contrast-enhanced transverse CT images
show bile duct multiloculated cystic tumor containing
thin septae and small excrescences. Bile ducts are
not dilated. ‘

C, Resected specimen shows multiloculated cyst
‘containing thin septae and flat tumor with papillary
surface (arrows).

and multislab thin-section images were obtained
using a single-shot fast spin-echo sequence. Using
coronal multislab fast spin-echo and single-shot
fast spin-echo sequences, source images were
processed on a console using maximum-intensity-
projection reconstruction, including target-volume
rhaximum-intensity projection. Vascular MRI
contrast agent was administered in two patients,
and hepatobiliary-specific contrast agent was
administered in one patient.

ERCP—ERCP was performed on four patients
by gastroenterologists uéing aduodenoscope (EVIS
JP-200, Olympus). Ionic contrast material (60%
iothalamate meglumine; Renografin-60, Bracco)
was used after 50% dilution.

Image Interpretation

Two gastrointestinal radiologists with 24 and
10 years of experience in hepatobiliary imaging
reviewed CT, ultrasound, ERCP, and MRCP images
during one interpretation session. For 10 patients,
images were reviewed on a 2000 x 2000-pixel
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PACS (Centricity, GE Healthcare Integrated
Imaging Solutions), with adjustment of optimal
window settings and a stack-view system. For two
patients who underwent CT at outside hospitals,
hard-copy films were used in interpretation.

The two radiologists were aware that the patients
had biliary IPN before image interpretation, but they
were unaware of the pathologic findings. Decisions
regarding imaging features were determined in
consensus. The two radiologists evaluated bile duct
tumors in terms of the size of the cyst, relationship of
the cystic tumors to the bile ducts, shape of intracystic
tumors, bile duct dilatation, communication between
a cystic lesion and bile duct, and the presence of
mucin in the downstream bile duct on ERCP images.

Pathologic Evaluation

Surgical records, photographs of resected speci-
mens, and pathology reports were available for all
patients. A pathologist who subspecialized in the
biliary system and pancreas for 11 years reviewed
the macroscopic characteristics of biliary cystic
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tumors (unilocular or multilocular), cyst content, and
intracystic tumors (fungating mass or excrescences).
Special attention was paid to the relationship of
cystic tumors to bile ducts and communication
between the cystic tumor and the bile ducts.

Histopathologic characteristics were examined
using routine H and E staining. Pathologic criteria of
biliary intraductal papillary tumors were papillary
proliferation of dysplastic epithelium along slender
fibrovascular stalks, exhibiting innurnerable papit-
lary frondlike infoldings into the lumen of the bile
duct, or cystic mass. The presence of ovarian-like
stroma in the capsule of the cyst was investigated.
Histopathologic phenotypes were classified into four
types as pancreaticobiliary, intestinal, gastric, and
oncocytic, according to the pathologic characteristics
of intraductal papillary mucinous neoplasms of the
pancreas [24].

Features Suggestive of the Peribiliary Gland Origin

If a cystic tumor arises from peribiliary glands,
a diverticulum-like appearance would be expected.
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“cystically dilated bile duct.

Thus, the presence or absence of such an appearance
was examined radiologically and macroscopically
in each case. Given the lack of a marker specifically
expressed in peribiliary glands, it is difficult to
histologically examine this possibility, particularly
for the large cystic tumors examined in this study.

Results
Imaging Features

Cystic tumors involved the right and left he-
patic ducts in two patients, the left hepatic duct
only in another two patients, and the left hepat-
ic and caudate lobar ducts in one patient. In six
patients, cystic tumors involved segmental bile
ducts: the right posterior segmental bile duct
in one patient, the lateral segmental bile duct
of the left Jobe in four patients, and the cau-
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date lobe bile duct in one patient. In one pa-
tient, a cystic tumor was attached to the extra-
hepatic duct. Cystic tumor size ranged from 4
to 17 cm in greatest diameter (mean, 8.3 cm).
A multilocular cystic lesion (Figs. 1 and 2) was
observed in five patients, and a unilocular cys-
tic lesion (Figs. 3-5) was observed in seven
patients. Each locule was distinct on CT and
ultrasound images and was separated by thin
septae (Figs. 1 and 2).

Regarding the relationship of cystic lesions
to the bile ducts, tumor-bearing bile ducts
showed cystic or balloonlike dilatation (Fig. 1)
in five patients (patients 2, 3, 4, 7, and 12). The
dilated cystic lesions were lobulated or multi-
loculated. In five patients (patients 1 and 8-11),
dilated cystic lesions were attached to the bile

- 698 -

Fig. 3—65-year-old woman with intraductal papillary neoplasm of the bile duct
{carcinoma, confined to bile duct wall). _

A and B, Contrast-enhanced transverse CT images show large cystic tumor with
innumerable frondlike papillary tumors, hung at cyst wall like stalactites. Cystic
tumor arose in caudate lobe of liver and bulged inferiorly. Right (R) and left (L)
hepatic duct (A) and common bile duct (C) are clearly delineated (B).

C, Phatomicrograph of specimen shows myriad of frondlike papillary tumors in

duct like a diverticulum (Figs. 4 and 5); com-
munication was observed between the cystic le-
sions and the bile ducts in two of those patients,
but in three patients, there was no communica-
tion. In the remaining two patients (patients 5
and 6), the spatial relationship of the cystic le-
sions to the bile ducts was not clear because the
cyst was large but the cyst-bearing bile ducts
were not dilated but rather narrow (Figs. 2 and
3); thus, the relationship was obscure.

In six patients, CT, MR1, and ERCP scans
showed communication between the cys-
tic lesion and bile ducts, whereas in another
six patients, there was no visible communi-
cation. In three patients, tumor masses were
observed at the site of communication be-
tween the cyst and the bile duct (Fig. 4).
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Fig. 4—A49-year-old woman with intraductal papillary neoplasm of the bile duct
(carcinoma, focally invasive).

A, Contrast-enhanced transverse CTimage shows diverticulum-like cystic tumor
attached to left hepatic duct (short arrows) containing faintly opacified soft-tissue
tumor. Part of cystor branch of bile duct ruptured {(/ong arrow) and multilobulated

Within cystic lesions, fungating papillary
masses (Figs. 1 and 5) were observed in five
patients, and multiple shallow papillary excres-
cences (Figs. 2—4) were attached to the capsule
in six patients. In one patient, there was no
mass or excrescence in the cyst wall. Papillary
masses or excrescences showed variable en-
hancement. In one patient in whom hepatobi-
liary-specific contrast agent was administered,
the papillary masses were highly enhanced in
the arterial dominant phase, but the mass did
not take up contrast agent in the hepatobiliary
phase. The remaining cystic spaces presented
as clear fluid-containing spaces. For two pa-
tients with invasive carcinoma at histologic
analysis, there was no difference in imaging
findings from those of the patients with no in-
vasion at histologic analysis.
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Bile ducts showed moderate or marked
dilatation in six patients; dilatation in only
the upstream bile ducts was observed in one
patient, and in both upstream and down-
stream bile ducts in five patients (Figs. 1 and
4). In six patients, there was no bile duct dil-
atation (Figs. 2, 3, and 5). In five patients, a
large amount of mucin was observed in the
downstream bile ducts on cholangiogram or
duodenal endoscopy; on cholangiogram, mu-
cin appeared as elongated or noodlelike fill-
ing defects.

Surgical and Gross Findings

During surgery, six cystic lesions were
found in the left hepatic lobe, one in the right
lobe, one in the caudate lobe, and one in the
left and caudate lobe. Two cystic lesions were
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collections of fluid {mucin) were observed atliver surface (arrowheads).

B, Contrast-enhanced coronal CT image shows eccentrically located .
diverticulum-like cystic tumor attached to dilated left hepatic duct, bulged out
from liver (arrows). Note faintly visualized soft-tissue tumor contained within

€, Cut surface of resected specimen shows multilobulated mucin collections
in liver surface (short arrows), mucin plug (asterisk), and papillary tumor (fong
arrows) in aneurysmally dilated left hepatic duct.

found in the dilated right and left hepatic
ducts per se. In one patient (patient 11), the
cystic lesion was attached to the common he-
patic duct with an overall diverticulum-like
appearance (Fig. 5). Depending on the loca-
tion of cystic lesions, left hemihepatectomy,
right hemihepatectomy, left hepatic and cau-
date lobectomy, caudate lobectomy, trisec-
tionectomy, or resection of the extrahepatic
duct were performed. In one patient, several
lobulated mucin collections were noted at the
liver surface in association with peribepatic
adhesions (Fig. 4).

On gross examination of pathologic spec-
imens, cystic lesions measured 8 cm in di-
ameter on average (range, 4-17 cm). In five
cases, cysts were multilocular or were multi-
loculated in appearance, and in seven cases,
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cystic lesions were unilocular. Communica-
tion between cystic spaces and the bile duct
was present in five cases, as seen on images;
however, in the other seven cases, commu-
nication could not be grossly confirmed. In
two cases, multilocular cystic lesions were
the cystically or aneurysmally dilated right
and left hepatic ducts per se, and the dilat-
ed ducts were lined by innumerable papil-
lary tumors and excrescences (Fig. 1). In
the other four cases showing communication
with bile ducts, lobulated cystic lesions abut-
ted the tumor-bearing bile duct eccentrically
(Fig. 4). All cystic lesions contained muci-
nous or mucopurulent fluid. Internal septae
were observed in three cases of multilocular
cystic lesions (Fig. 2). In one case, bile ducts
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were ruptured and a multiloculated collec-
tion of mucin, not a cystic tumor, was pres-
ent at the surface of the liver (Fig. 4). In the
interior of cystic lesions, single nodular or
multiple fungating masses or excrescences,

. ranging from 0.5 to 2 cm, showing granular

surfaces were observed (Figs. 1-4). In one
patient, there was no mural nodule or excres-
cence in the cystic lesion.

Features Suggestive of the Peribiliary Gland Origin

A diverticulum-like appearance was ra-
diologically identified in five patients (42%)
(patients 1 and 8-11) and was also macro-
scopically confirmed in one patient (patient
11) (Fig. 5). It was impossible to macroscop-
ically identify that appearance in the other
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Fig. 5—56-year-old woman with intraductal papillary neoplasm of the bile duct
(carcinoma, confined to duct wall),

A, Contrast-enhanced transverse CTimage shows small cyst containing mural

nodule. Cystic structure bulged inferiorly from hepatic hilum. Bile ducts are not

B, Surgical cholangiogram shows mild compression of right and left hepatic ducts
(arrows). There is no communication between cystic lesion and bile ducts. Intra-
and extrahepatic ducts are not dilated. :

C, During surgery, cystic mass was found to be attached to common hepatic
duct, and they could not be separated, thus, cystincluding extrahepatic ducts,
was resected. There was no communication between cystic lesion:and common
hepatic duct. Pathologically cystic tumor contained mucin and single papillary
tumor nodule attached to cystwall.

four patients, in whom cystic tumors were
predominantly located in the liver.

Histologic Findings

On histologic examination, prominent
papillary proliferation with delicate fibrovas-
cular core was observed in mural nodules or
papillary excrescences along the cyst walls
(Fig. 3). In one patient, there was no gross
tumor; however, on microscopic examina-
tion, the internal surface showed flat papil-
lary epithelial proliferation with fibrovascu-
lar cores. None of the cases showed ovarian
stroma in the cyst wall.

Tumor cells consisted of columnar epitheli-
um showing increased nuclear-to-cytoplasmic
ratios, irregularity of the nuclear membrane,
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and occasional mitotic figures. Intracytoplas-
mic mucin was also noted in places. Ten cas-
es were morphologically papillary carcino-
ma in situ, whereas the remaining two cases
(patients 8 and 12) were associated with in-
vasive foci of mucinous carcinoma (Fig. 4).
- Regarding phenotypes, four cases were pan-
creaticobiliary, as evidenced by eosinophilic
cytoplasm and round nuclei. Three oncocytic
cases showed oxyphilic cytoplasm and round
nuclei located in the center of tumor cells. The
remaining four cases consisted of neoplas-
tic columnar epithelium with nuclear strati-
fication and occasional goblet cells, with the
overall appearance resembling intestinal ad-
enocarcinoma. No gastric type of tumor was
identified in this study.
A summary of the clinical, radiologic,
surgical, and pathologic findings is present-
ed in Table 1.

Discussion

IPN of the bile duct exhibits intraluminal
tumor growth, often spreading superficially
along the mucosal surface, and results in pol-

ypoid or sessile growth, sometimes filling the .

lumen like a cast [10]. In cystic variants of
IPN of the bile duet, the tumor forms a large
mucin-containing cyst, and the inner surface
of the cyst is lined by tumor cells showing
papillary configurations. There have been
several reports of cyst-forming mucin-hyper-
secreting IPNs of the bile duct in the liver [9,
11-14, 23, 25] resembling intraductal papil-
lary mucinous neoplasms of the pancreas. It
has been speculated that IPN of the bile duct
and pancreatic intraductal papillary muci-
pous neoplasm share common morphologic
findings, histopathologic features, biologic
characteristics, and clinical manifestations
[13, 26]. Indeed, the literature has addressed
intraductal papillary mucinous tumors si-

multaneously involving the bile ducts as well

as the pancreatic duct [27, 28].

There have been several articles describ-
ing a good prognosis for patients with IPN of
the bile duct after surgical resection [3, 6, 25].
This is probably because, in IPN of the bile
duct, tumors do not penetrate and invade the
bile duct wall until the IPNs of the bile duct
transform to invasive tubular adenocarcinoma
or mucinous adenocarcinoma. However, to
our knowledge, there has been no study of the
clinical features and postoperative prognosis
of cyst-forming IPN of the bile duct involving
a considerable number of patients.

In the present study, we observed gross
morphologic, histopathologic, and biologic

AJR:197, November 2011

Imaging of Bile Duct Papillary Neoplasms

similarities between IPN of the bile duct and
intraductal papillary mucinous neoplasm of
the pancreas and confirmed previous reports
that IPN of the bile duct could be a counter-
part to intraductal papillary mucinous neo-
plasm of the pancreas [18, 29). Similar find-
ings in both diseases included intraductal
papillary epithelial proliferation with fibro-
vascular core, lack of ovarian stroma in the
cyst wall, the same histologic phenotypes,
mucin overproduction, and a tendency to-
ward progression to invasive adenocarcino-'
ma. Zen et al. [26, 29] reported pathologic
similarities and differences and concluded
that a cystic variant of IPN of the bile duct
associated with bile duct communication

might be a counterpart to intraductal papil- .

lary mucinous neoplasm of the pancreas. Of
interest is that five patients showed a diver-
ticulum-like appearance, which is sugges-
tive of the peribiliary gland origin. As de-
scribed previously in this article, given the
potential biologic similarity between peribil-
iary glands and pancreatic branch ducts, it is
fair to say that at least some of the cyst-form-
ing IPNs of the bile duct belong to the bili-
ary counterpart of the branch type of intra-
ductal papillary mucinous neoplasms of the
pancreas. However, sargical resection is nec-
essary for cyst-forming IPNs of the bile duct,
in contrast to the branch of type intraductal
papillary mucinous neoplasm of the pancre-
as, because most cases of IPN of the bile duct
are at least carcinoma in situ.

‘Why, then, does IPN of the bile duct ex-
hibit cystic tumor formation rather than lo-
calized segmental dilatation of affected bile
ducts? Whatever the origin of tumors in the
biliary tract, cystic or aneurysmal dilatation
is a result of increased intraductal pressure,
which is caused by excessive mucin produc-
tion by a papillary tumor. When a mucin-
producing IPN of the bile duct arises in a rel-
atively large bile duct, the affected bile ducts
become dilated as a result of tumor bulk
[23] and stagnated viscid mucin [9]. Mu-
cin is mostly thick and viscid, and drainage
through the downstream bile ducts is-ham-
pered; thus, the tumor-harboring bile ducts
may be disproportionately more dilated and
become cystic or aneurysm-like (Fig. 1). In
these cases, lobar or segmental bile ducts be-
come a part of the cystic tumor (patients 2,
3,4, 7, and 12 in our series). The degree of
dilatation depends on the amount of mucin
production and intraductal pressure.

As an alternative morphogenesis of cyst-
forming IPN of the bile duct, some of this type
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of IPN may arise from the peribiliary glands-
located within the wall of or scattered in the
surrounding connective tissue of the intrahe-
patic large bile duct and extrahepatic bile ducts
[30-32]. They are branched tubuloalveolar se-
romucous glands [32]. These glands are shown
to connect to the adjacent large bile duct by
their own conduits. When papillary and mu-
cin-secreting tumors arise in the peribiliary
glands of the large intrahepatic and extrahe-
patic bile ducts, the tumor in the peribiliary -
glands may thus partially or completely oc-
clude their conduits by their compression and
possible twisting; thus, their connection to-
the lumen of the large bile duct will be eas-
ily blocked. Because of continuous mucin pro-
duction and secretion, peribiliary glands and
their conduits showed progressive dilation,
which is filled with mucin, resembling a diver-
ticulum as seen in five patients in this study.
In fact, Nakanuma [18] and Nakanuma et al.
[33] have already reported that multiple cys-

tic lesions arise from these peribiliary glands

and that some of these cysts show apparent-
ly neoplastic proliferation of glandular cells.
As additional supporting evidence, Zen et al.
[26, 29] reported an interesting observation
that some cases of cyst-forming IPN of the bile
duct were associated with glandular tissues re-
sembling peribiliary glands in the cyst wall.
Recently, Nakanishi et al. [34] reported a case
of oncocytic IPN of the bile duct arisen from a

‘cystically dilated peribiliary gland.

This postulation may explain the morpho-
genesis of diverticulum-like IPN of the bile
ducts in our series (patients 1 and 8-11), ex-
plaining that mucinous tumor might have
arisen from the peribiliary glands: connec-
tion to the bile duct was patent in three pa-
tients (patients 1, 8, and 9), but in two pa-
tients (patients 10 and 11), connection might
have been disrupted, as speculated previous-
ly in this article. In particular, one patient
(patient 11) (Fig. 5) had a cystic mucinous tu-
mor attached to the extrahepatic duct, but the
connection was obliterated. In the remaining
two patients (patients 5 and 6), the relation-
ship of the cystic lesion to the tumor-bearing
bile ducts was not clear; however, it is possi-
ble that the cystic IPN of the bile duct might
have arisen from the peribiliary glands and
that the connection was blocked.

There are some inherent limitations in this
study. First, a retrospective study cannot con-
trol the handling of pathologic specimens as
in a prospective and objective-oriented study.
Sometimes, tumor fragments or mucin may
be detached from the specimen. Although
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photographs of all pathologic specimens were
available, there were still limitations in the
evaluation of detailed anatomic and patholog-
ic status and in using standard imaging meth-
ods. Second, communication between cystic
lesions and bile ducts was evaluated by im-
aging such as CT, MRI, and ERCP. Commu-
nication with a wide opening was obvious
on imaging, but communication with a nar-
row opening might have not been seen. Such a
narrow comimurnication cannot be confirmed
macroscopically because demonstration of
the ductal communication is almost impossi-
ble with gross examination or probing [26].
Third, independent blind review of images by
radiologists could have been considered to al-
low evaluation of interobserver variability, but
we did not assess the interobserver variability
because of the small cobort.

In conclusion, we evaluated the morpho-
logic appearances of IPNs of the bile duct by
imaging and evaluation of gross pathologic
specimens and performed histopathologic
examination with regard to their similarity
to cyst-forming pancreatic branch-duct’ in-
traductal papillary mucinous neoplasm. This
study suggests that at least some cyst-form-
ing IPNs of the bile duct might arise from
peribiliary glands and be a counterpart of
the branch type of intraductal papillary mu-
cinous neoplasm of the pancreas, given the
diverticulum-like appearance.
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Biliary Infection May Exacerbate Biliary Cystogenesis
Through the Induction of VEGF in Cholangiocytes of
the Polycystic Kidney (PCK) Rat

Xiang Shan Ren,*' Yasunori Sato,*
Kenichi Harada,* Motoko Sasaki,*
Norihide Yoneda,*¥ Zhen Hua Lin,t and
Yasuni Nakanuma*

From the Departments of Human Pathology* and Radiology*
KRanazawa University Graduale School of Medicine, Kanazawa,
Japan; and the Department of Pathology,” Yanbian University
College of Medicine, Yanji-City, China

Cholangitis arising from biliary infection dominates the
prognosis in Caroli’s disease. To clarify the influences of
bacterial infection on the biliary cystogenesis, in vivo
and in vitro studies were performed using the polycys-
tic kidney (PCK) rat as an animal model of Caroli’s
disease. Cholangitis became a frequent histological find-
ing in aged PCK rats, and neovascularization around the
bile ducts also increased in aged PCK rats. Immunohis-
tochemistry revealed that expression of vascular endo-
thelial growth factor (VEGF) was increased in PCK rat
biliary epithelium. In vitro, PCK cholangiocytes overex-
pressed VEGF, and the supernatant of cultured PCK
cholangiocytes significantly increased the proliferative
activity, migration, and tube formation of cultured rat
vascular endothelial cells. Stimulation with lipopolysac-
charide (LPS) further induced VEGF expression in PCK
cholangiocytes, which might be mediated by signaling
pathways involving phosphatidylinositol 3-kinase
(PI3K)-Akt and c¢-Jun N-terminal kinase (JNK). Both IPS
and VEGF increased cell proliferative activity in PCK
cholangiocytes, and siRNA against VEGF significantly
reduced IPS-induced cell proliferation. Thus, IPS-in-
duced overexpression of VEGF in the biliary epithelium
may lead to hypervascularity around the bile ducts; con-
currently, LPS and VEGF act as cell proliferation factors
for cholangiocytes. Biliary infection may thus exacer-
bate biliary cystogenesis in PCK rats. (4m_J Pathol 2011,
179:2845-2854; DOI: 10.1016/j.ajpath.2011.08. 028)

Caroli’s disease is characterized by progressive, multiple
cystic dilation of intrahepatic bile ducts; it is frequently

associated with portal fibrosis, corresponding to congen-
ital hepatic fibrosis.m® Caroli's disease belongs to a
group of congenital hepatorenal fibrocystic syndromes,
and is a well-known hepatic manifestation of autosomal
recessive polycystic kidney disease (PKD).®

Caroli's disease with congenital hepatic fibrosis pres-
ents clinical features consisting of bouts of cholangitis
and cholelithiasis and portal hypertension. Clinical pro-
gression and presentation are highly variable, and symp-
toms may appear early or late in life. Bile stagnation due
to bile duct dilation and hepatolithiasis explains the re-
current cholangitis that dominates the clinical course and
is the principal cause of morbidity and mortality. Cholan-
gitis can lead to hepatic abscess and sepsis, and a large
number of patients die within 5 to 10 years after cholan-
gitis occurs in Caroli's disease.*

Human and experimental data suggest several poten-
tial mechanisms that could lead to cystic dilation of intra-
hepatic bile ducts of Caroli's disease. These include in-
creased cell proliferation and apoptosis, enhanced fluid
secretion, abnormal cell-matrix interactions, and abnor-
mal ciliary structure or function.5=° Although the clinical
significance of cholangitis due to biliary infection is well
recognized in Caroli’s disease, the effect of biliary infec-
tion on disease pathogenesis and progression has not
been studied previously.

Lipopolysaccharide (LPS) is a bacterial component
that is a proximal mediator in the initiation of local inflam-
mation and sepsis. LPS induces production of proinflam-
matory cytokines and permeability factors. In certain
types of cells, LPS induces angiogenic factors, such as
vascular endothelial growth factor (VEGF).'®"" Because
cholangiocytes express the receptor of LPS, Toll-like re-
ceptor 4 (TLR4),""3 LPS may also be able to induce
angiogenic growth factors in cholangiocytes.

VEGF is overexpressed in human and rodent cholan-
giocytes from polycystic liver diseases, including Caroli’s
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disease, and has been implicated in disease pathogen-
esis.’ Overexpression of VEGF in cholangiocytes indi-
cates that VEGF may induce portal neovascularization,
which leads to cholangiocyte overgrowth due to abun-
dant vascular supply, in turn resulting in the exacerbation
of cystic bile duct dilation. In addition, a recent study
showed that VEGF stimulates cholangiocyte proliferation
via an autocrine mechanism.’®

Using the polycystic kidney (PCK) rat as an animal
model of Caroli's disease,® we conducted the present
study to clarify the influences of bacterial infection on the
biliary cystogenesis with regard to VEGF expression in
cholangiocytes and portal neovascularization.

Materials and Methods

Animals

The PCK rats were maintained at the laboratory animal
institute of Kanazawa University Graduate School of Med-
icine. Normal (Crj:CD) rats were purchased from Charles
River Japan (Sagamihara, Japan). Animal studies were
performed in accordance with guidelines for the care and
use of laboratory animals at the Takara-machi Campus of
Kanazawa University.

Liver Specimens

Livers were removed from 3-week-old, 2-month-old, and
10-month-old rats. Human liver tissues of Caroli's disease
with congenital hepatic fibrosis (5 cases) were obtained
at time of surgery. As controls, normal or subnormal hu-
man livers were used (n = 5). Liver tissues were im-
mersed in 10% formalin neutral buffer solution (pH 7.4)
and then embedded in paraffin. More than 10 serial sec-
tions (4 um thick) cut from each paraffin block were
subjected to histological analysis. Experiments using hu-
man subjects were performed with the approval of the
local ethics committee of Kanazawa University under pa-
tient informed consent.

Cell Culture of Cholangiocytes

Cholangiocytes were isolated, purified, and cultured from
the intrahepatic large bile ducts of normal and PCK rats
as described previously.® Cells were set on cell culture
dishes covered with a standard growth medium, com-
posed of Dulbecco’s modified Eagle's medium/F-12
(Gibco, Grand Island, NY) containing 10% bovine growth
serum (HyClone, Logan, UT), 5 umol/L forskolin (Wako
Pure Chemical Industries, Osaka, Japan), 20 ng/mL of
epidermal growth factor (Upstate Biotechnology; Milli-
pore, Billerica, MA) and 1% antibiotic-antimycotic
(Gibco) at 37°C in an atmosphere of 5% CO.,.

At subconfluent state, cholangiocytes were incubated
with standard medium containing LPS (Ultra-Pure E. coli
LPS; InvivoGen, San Diego, CA). Cell signaling inhibition
studies were performed using NF-«B inhibitor (isohelenin;
30 pmol/L; Calbiochem, La Jolla, CA), VEGF receptor
tyrosine kinase inhibitor (SU5614; 10 umol/L; Sigma-Al-

drich, St. Louis, MO), phosphatidylinositol 3-kinase
(P13K) inhibitor (LY294002; 20 umol/L; Merck, Darmstadt,
Germany), c-Jun N-terminal kinase (JNK) inhibitor 1 (2
pmol/L; Merck), and JNK inhibitor 1l (100 nmol/L; Merck).

Cell Culture of Vascular Endothelial Cells

Rat aorta endothelial cells (RAOECs) purchased from
Cell Applications (San Diego, CA) were maintained with
endothelial growth medium (rat endothelial cell basal me-
dium; Cell Applications).

To determine their angiogenic effects, cholangiocytes
were incubated with a standard medium for 3 days, and
the culture supernatant was added to the basal medium
of RAOECs at a concentration of 20%.

Cell Proliferation Assay

Cell proliferative activity was determined using a WST-1
assay according to the manufacturer’'s instructions
(Roche, Mannheim, Germany). Cholangiocytes were
treated with appropriate concentrations of LPS (Invivo-
Gen) and recombinant VEGF (R&D Systems, Minneapo-
lis, MN), and cell proliferative activity was determined at
specified time intervals. Cell proliferative activity of
RAOECs was assessed after 72 hours after stimulation
with the cholangiocyte culture supernatant. WST-1 re-
agent was added and incubated for 2 hours before the
plate was read. Each assay was performed in eight sets.

Cell Migration Assay

Cell migration activity of RAOECs was examined using a
BioCoat cell migration chamber (BD Biosciences, Bed-
ford, MA). In the upper chamber, a total of 5 x 10* cells
in serum-free culture medium were seeded. In the lower
chamber, rat endothelial cell basal medium (Cell Appli-
cations) or the basal medium containing 20% rat cholan-
giocyte culture supernatant with and without 24 hour-LPS
treatment at the concentration of 1 pg/mL was placed.
After 48 hours, cells were fixed in 100% methanol and
were stained with hematoxylin. Cells that had migrated to
the bottom side of the membrane were visualized under a
light microscope, and the number of cells was counted in
five randomly selected fields.

Tube Formation Assay

Tube formation assay was performed with use of growth-
factor-reduced Matrige! (BD Biosciences). Matrigel was
dispensed into a 24-well plate, and a total of 5 X 10* cells
of RAOECs were placed on the gel. The cells were incu-
bated with serum-free basal medium for 24 hours. The
medium was changed then changed to the basal medium
or to basal medium containing 20% rat cholangiocyte cul-
ture supernatant with and without 24 hour-LPS treatment at
the concentration of 1 ug/mL; cells were then further incu-
bated for 18 hours. The number of branching points of the
cells was counted in five randomly selected fields.
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Gene Sequences, forward and reverse Annealing temperature (°C) PCR cycles Product size (bp)

VEGF 5'-AGTGGTCCCAGGCTGCAC-3' 60 40 70
5'~TCCATGAACTTCCCACTTCGT-3'

Fk-1 5'-AAGGACCTCAGACGCAAGAA-3' 55 40 237
5'-CATCCCAACACACARAGCAC-3’

At-1 5'~AATCATTCCGAAGCAAGGTG-3' 55 40 360
5'-TTTCTTCCCACAGTCCCAAC-3’

TLR4 5'-GCCGGAAAGTTATTGTGGTG-3' 60 30 205
5'-TCCCACTCGAGGTAGGTGTT-3’

GAPDH 5'-GAGTCAACGGATTTGGTCGT~3' 60 40 240

5'-TTGATTTTGGAGGGATCTC-3’

GAPDH, glyceraldehyde-3-phosphate dehydrogenase; TLR, Toll-like receptor; VEGF, vascular endothelial growth factor.

RT-PCR and Real-Time Quantitative PCR

RT-PCR was performed using total RNA (1 ug) extracted
from the cholangiocytes. Total RNA was used to synthe-
size cDNA with reverse transcriptase (ReverTra Ace;
Toyobo, Osaka, Japan). Primer sequences and PCR con-
ditions are given in Table 1. The PCR products were
subjected to 2% agarose gel electrophoresis and were
stained with ethidium bromide.

Quantitative real-time PCR was performed according to a
standard protocol using SYBR Green PCR master mix
(Toyobo Co.) and an ABI Prism 7700 sequence detection
system (PerkinElmer-Applied Biosystems, Warrington, UK).
Cycling conditions were incubation at 50°C for 2 minutes,
95°C for 10 minutes, and 40 cycles of 95°C for 15 seconds
and 60°C for 1 minute. Fold difference relative to GAPDH
was calculated. Each assay was performed in five sets.

Western Blotting

Total proteins were extracted from cholangiocytes using
Pierce T-PER protein extraction reagent (Thermo Fisher Sci-
entific, Rockford, IL). The protein (40 ug) was subjected to
10% SDS-PAGE and then was electrophoretically trans-
ferred onto a nitrocellulose membrane. The membrane was
incubated with primary antibodies against Akt, phosphory-
lated Akt (p-Akt), JNK-stress-activated protein kinase
(SAPK), p-UJNK-SAPK, extracellular signal-regulated kinase
1/2 (ERK1/2), p-ERK1/2, p38 mitogen-activated protein ki-
nase (MAPK), and p-p38 MAPK. All primary antibodies
(rabbit monoclonal) were purchased from Cell Signaling
Technology (Danvers, MA) and were used at 1:1000 dilu-
tion. Protein expression was detected using a peroxidase-
labeled polymer (EnVision+; DakoCytomation, Glostrup,
Denmark), and 3,3'-diaminobenzidine tetrahydrochloride
(DAB) was used as the chromogen.

ELISA

The VEGF level in the culture supernatant of the cholangio-
cytes was determined using an enzyme-linked immunosor-
bent assay (ELISA) kit (Quantikine rat VEGF immunoassay;
R&D Systems). Samples were added to a 96-well plate
coated with an antibody for VEGF and were incubated for
2 hours. After a washing, the plate was incubated with an
anti-VEGF antibody conjugated to horseradish peroxi-

dase for 2 hours. Color development was performed us-
ing a substrate solution for 30 minutes, and absorbance
at 450 nm was measured. Each assay was performed in
five sets.

Immunofluorescence Confocal Microscopy

Cells were fixed with 4% paraformaldehyde for 15 minutes
and permeabilized for 3 minutes with 0.1% Triton X-100
surfactant. After blocking, the cells were incubated for 1
hour at room temperature with a primary antibody against
VEGF (1:100, mouse mcnoclonal; Abcam, Cambridge,
MA), NF-«B p50 (5 pg/mL, rabbit polycional; Immuno-Bio-
logical Laboratories, Fujioka, Japan), and NF-«B p65 (5
pg/mL, rabbit polyclonal; Immuno-Biological Laboratories).
Alexa Fluor 488 (10 pg/ml, Invitrogen-Molecular Probes,
Eugene, OR) was used as a secondary antibody. Nuclei
were stained with DAPI.

NF-«kB Activation

The activation of NF-xB was measured by the DNA bind-
ing capacity of NF-«B using a TransAM NF-«B kit accord-
ing to the manufacturer’s instructions (Active Motif, Carls-
bad, CA). Briefly, cholangiocytes were treated with LPS
(10 pg/mL) for 30 minutes, and the cell extract was
added to an oligonuclectide-coated 96-well plate and
incubated for 1 hour. After a washing, the NF-«B antibod-
ies were added and incubated for 1 hour. The plate was
then incubated with horseradish peroxidase-conjugated
secondary antibody for 1 hour. Color development was
performed using a developing solution for 30 minutes,
and absorbance at 450 nm was measured. Each assay
was performed in three sets.

VEGF Inhibition Studies

Synthetic VEGF siRNA and nonsilencing (negative control)
siRNA were purchased from Qiagen (Tokyo, Japan). Trans-
fections of siRNA were performed using HiPerfect transfec-
tion reagent (Qiagen) according to the manufacturer's in-
structions. Briefly, a total of 2 X 10* cholangiocyte cells
were seeded on a 96-well plate and incubated for 24 hours
with a standard growth medium. After removal of the stan-
dard medium, the cells were incubated with 200 pl of
Dulbecco's modified Eagle’s medium/F-12 (Gibco) contain-
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ing premixed siRNA (10 nmol/L) and 0.75 ulL of HiPerFect
transfection reagent for 48 hours. Gene silencing was mon-
itored using RT-PCR at the mRNA level and using immuno-
fluorescence confocal microscopy at the protein level.
Transfected cells were treated with LPS (0.5 ug/mL) for 48
hours. Cell proliferative activity was determined using the
WST-1 assay.

Immunohistochemistry

The antibodies used were anti-VEGF antibody for rat (1: 100,
mouse monaoclonal) from Abcam and anti-VEGF antibody
for human (1:200, rabbit polyclonal), anti-CD31 antibody
(1:100, rabbit polyclonal), anti-Flk-1 antibody (1:100, mouse
monoclonal), anti-Flit-1 antibody (1:100, rabbit polyclonal),
and anti-TLR4 antibody (1:100, rabbit polyclonal) from
Santa Cruz Biotechnology (Santa Cruz, CA). After deparaf-
finization of the sections, antigen retrieval was performed by
microwaving in 10 mmol/L citrate buffer pH 6.0. After block-
ing endogenous peroxidase, sections were incubated over-
night at 4°C with individual primary antibodies. The sections
were then incubated with secondary antibody conjugated
to the EnVision+ system (DakoCytomation). Color develop-
ment was performed using DAB, and the sections were
counterstained with hematoxylin. For immunostaining of rat
liver sections with anti-CD31 antibody, protein expression
was detected using an alkaline phosphatase-labeled poly-
mer (HISTOFINE system; Nichirei, Tokyo, Japan); color de-
velopment was performed using a Vector Red alkaline
phosphatase substrate kit (Vector Laboratories, Burlin-
game, CA). Control sections were evaluated by substitution
of the primary antibodies with nonimmunized serum, result-
ing in no signal detection.

Microvessel Density

Liver sections stained with the anti-CD31 antibody were
analyzed. The number of microvessels around the bile
ducts was counted for five randomly selected fields in
each section at X400 magnification, and the value was
defined as microvessel density.

Statistical Analysis

The mean = SD was calculated for all parameters. Sta-
tistical differences were determined using t-test and anal-
ysis of variance. A P value of <0.05 was accepted as the
level of statistical significance.

Results

Portal Neovascularization and Cholangitis in the
PCK Liver

Portal neovascularization was examined using immuno-
stained liver sections of 3-week-old, 2-month-old, and 10-
month-old rats with anti-CD31 antibody. In normal rats of
any age, vascular structures in the portal tract are com-
posed mainly of portal vein, hepatic artery, and peribiliary
vascular plexus; other vascular structures were unremark-
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Figure 1. Portal neovascularization and cholangitis in the PCK liver. A:
Vascular structures were visualized by immunohistochemical staining with
anti-CD31. B: Microvessel density was significantly higher in the PCK liver,
compared with that of normal rats; the value was highest in 10-month-old
PCK liver. € and D: In 10-month-old PCK liver, portal neovascularization
tended to be more densely seen at the sites of cholangitis, compared with
sites of no cholangitis (C); analysis of microvessel density confirmed this
tendency (D). Arrows indicate interlobular bile ducts of normal rats. *P <
0.01. Original magnification, *400.

able (Figure 1A). By contrast, portal neovascularization was
evident in the PCK rats, and it tended to be increased in the
aged rat (10-month-old; Figure 1A). Microvessel density
was significantly higher in the PCK rats, compared with that
of normal rats at any age examined; it reached the highest
level in 10-month-old PCK rats (Figure 1B).

Chronic andfor suppurative cholangitis due to biliary
infection became frequent histological findings in the
PCK rats during aging. Cholangitis was rare in 3-week-
old PCK rats, but it was frequently observed in the 10-
month-old PCK rats. In 10-month-old PCK rats, portal
neovascularization was more dense at the sites of
cholangitis, compared with sites without cholangitis (Fig-
ure 1, C and D), suggesting a close correlation between
portal neovascularization and biliary infection.

Expression of VEGF and Its Receptors in the
PCK Liver

immunohistochemical expression of VEGF was examined
using liver sections of 3-week-old, 2-month-old, and 10-
month-old rats. In normal rats, weak expression of VEGF
was observed in the bile duct epithelium, and hepatocytes
also showed diffuse and weak positive signals of VEGF
(Figure 2A). More intense expression of VEGF was ob-
served in the bile duct epithelium of PCK rats, and such
staining tended to increase with aging (Figure 2A). In PCK
rats, VEGF expression of the bile duct epithelium was not
uniform in a single section; in some parts, the immunohis-
tochemical labeling of VEGF of the bile duct epithelium was
accentuated at sites of intense cholangitis, relative to sites
of less inflammatory cell infiltrates (Figure 2B).
Immunohistochemical analysis showed that the bile
duct epithelium constitutively expressed the VEGF recep-
tors Flk-1 and Flt-1, in both normal and PCK rats (Figure
2C). The extent of immunohistochemical expression of
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Figure 2. Expression of VEGF and its receptors in the PCK liver. A: The
immunohistochemical expression of VEGF was more intensely observed in
the bile duct epithelium of the PCK rats than in that of normal rats, and such
staining tended to be increased along with aging of the PCK rats. B: In the
PCK liver of 10-month-old age, there were foci in which the immunohisto-
chemical labeling of VEGF of the bile duct epithelium was accentuated at the
sites of intense cholangitis. C: Immunohistochemical analysis showed that
the bile duct epithelium expressed the VEGF receptors Flk-1 and Flt-1 in both
normal and PCK rats. The LPS receptor TLR4 was also expressed in the bile
duct epithelinm of both rats, and expression tended to be more intense in the
PCK rats. Arrows indicate interlobular bile ducts of normal rats. Original
magnification: X400, main images; %1000, insets.

Fik-1 and Flt-1 in the bile duct epithelium appeared to be
similar between normal and PCK rats. The LPS receptor,
TLR4, was also expressed in the bile duct epithelium of
both normal and PCK rats, with a tendency toward more
intense expression in the PCK rats (Figure 2C).

Portal Neovascularization and VEGF Expression
in the Liver of Caroli’s Disease

Around the intrahepatic bile ducts of Caroli's disease, the
microvessels examined using liver sections immuno-
stained with CD31 antibody were well developed (Figure
3A). The analysis of microvessel density confirmed this
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tendency (Figure 3B). The immunohistochemical expres-
sion of VEGF of the bile duct epithelium appeared to be
increased in Caroli's disease, compared with that of nor-
mal liver (Figure 3C).

The bile duct epithelium was positive for immunohisto-
chemical expression of Flk-1 and Flt-1, and expression
was more intense in several cases of Caroli's disease,
relative to that of normal liver, which is consistent with
previous report.'® In both normal liver and in Caroli's
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Figure 3. Portal neovascularization and VEGF expression in liver in Caroli's
discase. A: Similar to findings from PCK ras, the microvessels were well devel-
oped around the intrahepatic bile ducts in human Caroli's disease, as examined
using liver sections immunostained with CD31 antibody. B: Microvessel density
was significantly higher in liver of Caroli's disease, compared with normal liver.
C: Immunchistochemical expression of VEGF of the bile ducts appeared to be
increased in liver of Caroli’s disease. D: The bile duct epithelium was positive for
immunohistochemical expression of Flk-1, Flt-1, and TLR4 in normal liver and in
Caroli's disease; their expression tended to be more intense in liver of Caroli's
disease. Arrows indicate interlobular bile ducts of normal liver. *P <2 0.01.
Original magnification, »<400.
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disease, TLR4 was expressed in bile duct epithelium;
more intense immunohistochemical labeling was ob-
served in liver of Caroli's disease (Figure 3D). These
resuits were almost identical to those for PCK rats, except
for immunohistochemical expression of Flk-1 and Flt-1,
suggesting that pathogenesis might be similar in the ro-
dent model and in human disease.

VEGF Expression and Effects of LPS on Its
Expression in PCK Cholangiocytes

To examine the angiogenic effects of PCK cholangio-
cytes in association with biliary infection, cultured cholan-
giocytes were treated with LPS, and the expression of
VEGF was examined. RT-PCR analysis confirmed that the
cholangiocytes expressed TLR4, as well as Flk-1 and
Fit-1 (Figure 4A). Even in the absence of LPS stimulation,
PCK cholangiocytes expressed a significantly high level
of VEGF mRNA, and LPS further induced the expression
of VEGF mRNA in cholangiocytes (Figure 4B).

The ELISA analysis showed that the culture superna-
tant of PCK cholangiocytes contained significantly high
levels of VEGF protein, and that treatment with LPS fur-
ther increased the VEGF level in the culture supernatant
of both normal and PCK cholangiocytes (Figure 4C).
Consistent with these findings, analysis using immunofiu-
orescence confocal microscopy showed that LPS in-
duced VEGF expression in both cell lines (Figure 4D).

fn addition to the effects on VEGF induction in cholan-
giocytes, LPS was able to induce the expression of TLR4
mRNA in PCK cholangiocytes (Figure 4E).

VEGF (ng/ml)

Figure 4. VEGF expression and effects of LPS
on its expression of PCK cholangiocytes. A:
Cholangiocytes were treated with LPS (10 pg/
mL), and expression of VEGF was examined.
RT-PCR analysis confirmed that cholangiocytes
expressed TLR4 as well as Flk-1 and Flt-1. B:

+ - + Real-time quantitative PCR analysis showed that

TLR4/GAPDOH

LPS

PCK cholangiocytes initially overexpressed
VEGF mRNA, and LPS significantly induced
VEGF mRNA expression in both normal and
PCK cholangiocytes at 3 hours after stimulation.
C: ELISA analysis showed that the culture super-
natant of PCK cholangiocytes contained a signif-
icantly high level of VEGF protein, and treatment
with LPS for 24 hours further increased the VEGF
level in the culture supernatant of both normal
and PCK cholangiocytes. D: Immunofluores-
cence confocal microscopy also showed that LPS
induced VEGF protein expression in both cell
lines at 24 hours after LPS stimulation. Ez LPS
was also able to induce the expression of TLR4
mRNA of PCK cholangiocytes. *P << 0.01; *P <
0.05. Original magnification, > 1000.

Effect of LPS and VEGF on Cell Proliferation in
PCK Cholangiocytes

Cell proliferative activity was determined at 24, 72, and
120 hours after stimulation with LPS and VEGF, using the
WST-1 assay. At 72 hours after LPS stimulation, cell pro-
liferative activity was significantly higher in PCK cholan-
giocytes, compared with that of the untreated groups
(Figure 5A). In both normal and PCK cholangiocytes, LPS
significantly induced cell proliferative activity at 120
hours after stimulation (Figure 5A).

VEGF also significantly increased cell proliferative ac-
tivity of PCK cholangiocytes at 72 and 120 hours after
stimulation, but cell proliferative activity was not in-
creased in normal cholangiocytes at the concentrations
of VEGF tested (Figure 5B).

To determine the effects of VEGF on cell proliferative
activity, siRNA against VEGF was used. siRNA reduced
VEGF mRNA and protein expression of the cholangio-
cytes, although their expression was not completely di-
minished (Figure 5C). As expected, cell proliferative ac-
tivity of PCK cholangiocytes was significantly inhibited by
VEGF siRNA (Figure 5D). The effects of VEGF on the
induction of cell proliferative activity was further con-
firmed by studies using an inhibitor of VEGF receptor
tyrosine kinase, SU5614 (Figure 5E).

Angiogenic Effects of PCK Cholangiocytes

The culture supernatant of PCK cholangiocytes contained
significantly high levels of VEGF (Figure 4C). To further
address the angiogenic effects of PCK cholangiocytes, the
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Figure 5. Effect of IPS and VEGF on cell proliferation of PCK cholangiocytes. A:
Nomnal and PCK cholangiocytes were treated with LPS and VEGF at the concentra-
tions indlicated, and cell proliferative activity was determined using the WST-1 assay.
Tn hoth nomal and PCK cholangiocytes, IPS significantly induced cell proliferative
activity of PCK cholangiocytes at 72 hours after stimulation, and it was significantly
increased in both normal and PCK cholangiocytes at 120 hours. B: VEGF signifi-
cantly increased cell proliferative activity of PCK cholangiocytes at 72 and 120 hours
after simulation, but did not affect cell proliferation in normal cholangiocytes at the
concentrations of VEGF tested. C: VEGF siRNA reduced the expression of VEGF
mRNA and VEGF protein in PCK cholangiocytes, which was evaluated using RT-
PCR and immunofluorescence confocal microscopy, respectively. D Cell prolifera-
tive activity was significantly inhibited by treatment with VEGF siRNA at 48 hours
after IPS weatment. E: Treatment of PCK cholangiocytes with the VEGF receptor
tyrosine kinase inhibitor SUS614 also significantly reduced cell proliferative activity at
48 hours after LPS treatment. *P << 0.01; **P << 0.05 versus untreated experimental
groups at the same time period after simulation (A and B);, *P < 005 versus
untreated experimental groups with VEGF siRNA (D) and $U5614 (B). Original
magnification, <1000 (C).
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culture supernatant of cholangiocytes of normal and PCK
rats was added to the dishes in which RAOECs were cul-
tured, and the cell proliferative activity of the RAOECs was
determined. Both normal and PCK culture supernatant sig-
nificantly induced cell proliferative activity of RAOECs, com-
pared with that of the basal medium only; the culture super-
natant of PCK cholangiocytes had more prominent effects
on the induction of cell proliferative activity, compared with
normal cholangiocyte supernatant (Figure 6A).

The tube formation assay using RAOECs demonstrated
that the addition of PCK cholangiocyte culture supernatant
induced the branching pattern of growth of RAOECs (Figure
6B), and the quantitative analysis of the number of branch-
ing points showed that the PCK cholangiocyte culture su-
pernatant significantly increased this pattern, compared
with the normal supernatant (Figure 6C). Notably, the treat-
ment of RAOECs with the cholangiocyte culture supernatant
obtained after 24-hour LPS treatment further accelerated
the branching of RAOECs (Figure 6, B and C).

In the analysis using a cell migration chamber, the addi-
tion of cholangiocyte culture supernatant significantly in-
creased cell migration activity of RAOECs; the PCK culture
supernatant had more prominent effects than the normal
supernatant (Figure 6D). Again, the addition of LPS-treated
cholangiocyte culture supernatant further increased the mi-
gration activity of RAOECs (Figure 6D).

Cell Signaling Pathways Involved in VEGF
Expression in PCK Cholangiocytes

In both normal and PCK cholangiocytes, LPS induced
NF-kB activation (Figure 7A). Under immunofluores-
cence confocal microscopy, nuclear expression of
NF-«B p50 and p65 was observed in both cell lines
after LPS stimulation, and the NF-«B inhibitor isohele-
nin inhibited nuclear translocation of NF-xB p50 and
p65 (Figure 7B). Despite inactivation of NF-«B by iso-
helenin, the expression of VEGF induced by LPS was
unaffected (Figure 7C).

Western blot analysis showed that LPS induced phos-
phorylation of Akt and JNK/SAPK in both cholangiocyte
cell lines (Figure 7D), but phosphorylation of ERK1/2 and
p38 MAPK was unaffected (data not shown). The in-
creased phosphorylation of Akt was observed in PCK
cholangiocytes even in the absence of LPS stimulation
(Figure 7D). The PI3K inhibitor LY294002 reduced the
expression of VEGF after LPS stimulation in PCK cholan-
giocytes (Figure 7E). JNK inhibitor | and JNK inhibitor |l
also significantly reduced the LPS-induced VEGF expres-
sion in PCK cholangiocytes (Figure 7F), demonstrating
the involvement of PI3K-Akt and JNK pathways in the
induction of VEGF by LPS.

Discussion

In the present study, we elucidated the pathogenic sig-
nificance of biliary infection in the progression of cystic
dilation of the intrahepatic bile ducts in PCK rats. Mi-
crovessels around intrahepatic bile ducts were well de-
veloped in PCK rats, and this vascular development
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