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Abstract We herein report a case of monolobar hepato-
biliary fibropolycystic disease. A 75-year-old woman pre-
sented with heartburn. Imaging modalities including US, CT,
and MRI revealed marked atrophy and multiple biliary cysts
of the hepatic left lobe. The hepatic right lobe was normal.
ERCP and bile duct endoscopy revealed anomalous pan-
creaticobiliary union, choledochal dilation, dilation of left
intrahepatic bile ducts, and small choledochal non-invasive
adenocarcinoma. Polycystic kidney diseases were absent.
The patient underwent pancreatico-duodenectomy and
extended hepatic left lobectomy. Grossly, the hepatic left
lobe was markedly atrophic, and studded with numerous
biliary cysts. The left intrahepatic bile ducts were dilated
(Caroli’s disease) and the common bile duct showed type I
choledochal dilation. The right hepatic lobe was normal.
Histologically, the hepatic left lobe was replaced by
fibroelastosis. The intrahepatic bile ducts showed ductal
plate malformation such as irregular contours, invagina-
tions, and protrusions. The numerous biliary cysts also
showed ductal plate malformation. There were numerous
persistent ductal plates and microhamartomas. Many
hyalinized destructive biliary cysts and ductal plates were
recognized. The liver parenchyma was scant and free of
hepatocellular malformations. The portal veins showed old
obliterative portal thrombosis. The right hepatic lobe was
normal. Immunohistochemically, the biliary cells were
positive for cytokeratin 7, 8, 18 and 19, and MUC6 and
CD10, but negative for MUC2 and MUCS5AC. The biliary
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Introduction

The ductal plate is a double-layered cylindrical structure
present in early fetal life [1, 2]. It is a precursor structure of
future intrahepatic bile ducts and intrahepatic peribiliary
glands [3]. The ductal plate undergoes remodeling by
apoptosis and cell proliferation [4], leading to immature
bile ducts in late fetal life [4]. Intrahepatic peribiliary glands
[3] also arise from the ductal plate [5]. The remodeling of
the ductal plate is modulated by various molecules
including matrix proteinases, tissue inhibitor of matrix
metaloproteinases, trypsinogen, cathepsin [6], apoptosis-
related molecules such as bcl-2, Levis Y and c-myc [4],
pancreatic digestive enzymes [7], glycoproteins [8], tenascin,
type IV collagen, laminin [9], TGF-&, TGF-x receptor [10],
MET, C-erbB2 [11], E-cadherin, catenins (x, (3, and y) [12],
pancreatic alpha-amylase [13], PKR [14], midkine [15],
truncated midkine [16], and MUC apomucins [17]. Peribili-
ary capillary plexus also plays an important role in the ductal
plate remodeling [18]. The impairment of these molecules
may lead to persistent ductal plate in adult livers [19].
Ductal plate malformation [1, 2, 19] is a persistent fetal
ductal plate in the postnatal livers [1, 2, 19]. Congenital
biliary diseases include congenital intrahepatic bile ducts
dilations (Caroli’s disease), congenital hepatic fibrosis,
infantile polycystic disease, adult polycystic disease, micro-
hamartomas (von-Meyenburg complexes), and choledochal
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cyst. Desmet [2] considered that these congenital biliary
diseases may be derived from abnormal development at
different levels of the biliary tree, and named these diseases
“ductal plate malformation”. In contrast, Summerfield et al.
[20] proposed the term “hepatobiliary fibropolycystic
disease” for these congenital biliary diseases because they
overlap relatively frequently.

Herein reported is a case of ductal plate malformation or
hepatobiliary fibropolycystic disease of unknown etiology
characterized by monolobar hepatic disease, Caroli’s disease
with ductal plate features, biliary cysts of ductal plate features,
microhamartomas, monolobar marked atrophy, marked loss
of liver parenchyma, obliterative portal venopathy, type I
choledochal cyst, and anomalous pancreaticobiliary junction.

Case Study

A 75-year-old woman complained of severe heartburn, and
was admitted to our hospital. Imaging modalities including
US, CT and MRI revealed marked atrophy and multiple
biliary cysts of the hepatic left lobe (Fig. 1). The hepatic
right lobe was normal. Polycystic kidney and pancreatic
diseases were absent. No familiar history of polycystic
disease of the kidney and liver was recognized. ERCP and
bile duct endoscopy revealed an anomalous pancreatico-
biliary union, choledochal dilation, dilation of left intra-
hepatic bile ducts, dilation of the right hepatic duct, and
very small slightly elevated lesions of the common bile duct
(Fig. 2). The common duct of the pancreaticobiliary
maljunction was 20 mm in length. The right intrahepatic
bile ducts were normal by ERCP. A blood laboratory test
showed no significant changes. A biopsy obtained from the

Fig. 1 Hepatic CT. The hepatic left lobe is markedly atrophic.
Numerous cysts are recognized in the left lobe. The right lobe is normal
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Fig. 2 ERCP. Pancreaticobiliary maljunction, choledochal dilation,
right hepatic duct dilation, and diffuse dilations of left intrahepatic bile
duct are recognized

common bile duct revealed a well-differentiated adenocar-
cinoma. Therefore, the patient underwent pancreatico-
duodenectomy and extended hepatic left lobectomy.
Macroscopically, the hepatic left lobe was markedly
atrophic, and studded with numerous biliary cysts (Fig. 3).
The cut surfaces of the hepatic left lobe revealed numerous
biliary cysts, intrahepatic bile ducts dilations (Caroli’s
disease), and marked loss of liver parenchyma (Fig. 4).
The right area of the resected liver contained right hepatic
lobe, which showed no significant changes (Fig. 3). The
common bile duct showed type I choledochal dilation or
cyst (Fig. 5). An elevated lesion was recognized in the
common bile duct. Pancreaticobiliary maljunction was
present. The gall bladder showed no significant alterations.

053855

Fig. 3 Resected hepatic left lobe. The left lobe is very atrophic, and
numerous cysts are present. The right hepatic lobe attached (left) was
free of diseases
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Fig. 4 Some cut surfaces of the hepatic left lobe. There are numerous
cysts Liver parenchyma is almost lost

Microscopically, the hepatic left lobe was almost
replaced by fibroelastosis. The intrahepatic bile ducts were
dilated (Caroli’s disease), and showed ductal plate malfor-
mation such as irregular contours, invaginations, and
protrusions (Fig. 6). The numerous biliary cysts also
showed ductal plate malformation (Fig. 7). There were
numerous persistent ductal plates (Fig. 8a, b, ¢, and d) and
microhamartomas (von-Meyenburg complexes) (Fig. 9).
Many hyalinized destructive biliary cysts and ductal plates
were recognized (Fig. 10). The liver parenchyma was scant
and free of hepatocellular malformations. The portal veins
showed old obliterative thrombosis (Fig. 11) from the
hepatic hilus to the peripheral branches. The hepatic arteries
were condensed, but were free of significant pathologic
changes. A mild ascending cholangitis was recognized. The
common bile duct elevated lesion was a small, non-
invasive, well-differentiated adenocarcinoma measuring
7x8 mm. No common bile duct obstruction by the
carcinoma was found. The hepatic right lobe was free of
significant pathologic changes.

Fig. 5 The extrahepatic bile duct. It shows choledochal dilation. A
minute elevated focus of non-invasive adenocarcinoma is seen

Fig. 6 Left intrahepatic bile ducts. The intrahepatic bile ducts are
dilated, and show ductal plate features such as irregular contours,
infoldings, and outporchings, HE, x20

We performed an immunohistochemical study with the
use of Dako’s Envision method (Dako Corp. Glostrup,
Denmark), as previously described [21-25]. The antibodies
used were as follows: pancytokeratin (AE1/3, Dako),
pancytokeratin (CAMS.2, Becton-Dickinson, CA, USA),
cytokeratin (CK) 7 (OV-TL, Dako), CK8 (35BH11, Dako),
CK18 (DC10, Dako), CK19 (Progen Bio., Heidelberg,
Germany), MUC1 (MA695, Novocastra, New Castle Upon
Tyne, UK), MUC2 (CcP58, Novocastra), MUCSAC
(CLH2, Novocastra), MUC6 (CHLS5, Novocastra), and
CD10 (56C6, Novocastra). All the biliary epithelial types
of the liver showed positive reactions for AE1/3, CAMS5.2,
CK7, CK8, CK18, CK19, MUC6, and CD10 (Fig. 12a),
and negative reactions for MUC2 and MUCS5AC. The
biliary cysts, persistent ductal plate, and microhamartomas
were positive for fetal apomucin antigen MUCI (Fig. 12b).

Fig. 7 Biliary cysts. They are composed of multiple cysts with
irregular contours and ductal plate features such as bridge formations
and infoldings. HE, x40
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Fig. 8 Several features of ductal plate malformation. a: A ductal plate
malformation and tubular ductal plate are seen. HE, x40. b: Slit-like
ductal plates are present. HE x100. ¢: Several typical persistent ductal

Discussion

We herein reported a strange case of with multiple biliary
abnormalities. To the best of our knowledge, such a case
has not been reported in the literature. All of the biliary
abnormalities in the present study resemble the human fetal
ductal plate, suggesting that the present case is caused by
persistence of the fetal ductal plate. We demonstrated
immunohistochemically the presence of MUC! apomucin,
which is absent in adult biliary elements but present in
human fetal biliary elements including the ductal plate [17],
strongly suggesting that the biliary abnormalities in the
present study are composed of true fetal ductal plate. The
biliary cysts of the present study are different from
peribiliary cysts, which are important cystic lesions and are
present in portal venopathy, cirrhosis, and hepatolithiasis
[26-33]. Peribiliary cysts are considered to be derived from
cystic dilations of intrahepatic biliary glands or cystic
changes of microhamartomas, and lack ductal plate features
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plates are seen. HE, x100. d: A typical ductal plate is present next to a
biliary cyst. HE, x40

Fig. 9 Hepatic microhamartoma (von-Meyenburg complex). HE, x100
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Fig. 10 Destructive ductal plate is replaced by characteristic hyarlniza-
tion (lower). The upper cyst shows features of ductal plate. HE, x20

[26-34]. Taken together, we consider that the present case
is a congenital biliary disorder composed of fetal ductal
plates. The normal hepatic right lobe in the present study
indicates that the disease affected only the hepatic left lobe.

The present study demonstrated marked atrophy of the
left hepatic lobe. The present case is characterized by
monolobar involvement. The present case was different
monolobar or segmental Caroli’s disease [35-37], a very
rare disease. In monolobar Caroli’s disease, there has been
no description of ductal plate malformation and polycystic
biliary changes [35-37]; therefore the present case is different
from monolobar or segmental Caroli’s disease.

The etiology and pathogenesis of the present case is only
speculative. We consider that the present case with biliary
abnormalities is congenital in origin. However, a report
showed that microhamartomas and biliary cysts can be
caused by ligation of hepatic arteries and are present in
patients with polyarteritis nodosa [38]. In the present case,

Fig. 11 Portal veins. The major portal vein shows obliterative
phlebosclerosis and intraluminal old thrombi. Elastica van Gieson, x20

Fig. 12 The ductal plate malformation is characteristically positive
for CD10 (a) MUCI (b) at the luminal border. Immunostaining for
CD10 and MUCI, x200

no abnormalities of hepatic arteries were present, suggesting
that the biliary abnormalities were not due to hepatic arterial
ischemia. However, the portal veins of the present study
were completely obliterated by old thrombi and phleboscle-
rosis, and therefore, portal venous ischemia may have
existed. Therefore, it cannot be ruled out that portal venous
ischemia caused the present biliary ductal malformations.
Portal obliterative venopathy usually leads to cavernous
transformation [39], and does not cause liver atrophy and
biliary malformations as seen in the present study [40—43].
Cavernous transformation was absent in the present case.
However, we speculate that the portal obliterative veno-
pathy caused severe atrophy of the hepatic left lobe in the
present study. The etiology of the portal changes is unclear.

We performed an immunohistochemical analysis to char-
acterize the biliary epithelium. The normal biliary epithelium,
including peribiliary glands in adults and ductal plate and bile
ducts in fetuses, expresses AE1/3 and CAMS.2 [5] and CK7,
CK8, CK18 and CKI19 [44]. The ductal plate in human
fetuses and ductal plate malformation in adults also express

@ Springer



164

T. Terada, T. Moriki

these cytokeratins [44, 45]. These CK profiles are the same
as those of the present study. In the present case, all the
biliary epithelial types were positive for MUC6 and CD10,
and negative for MUC2 and MUCS5AC, indicating that the
MUC apomucin profile of the present study was of biliary
type [46, 47]. In the present study, MUC1 was characteris-
tically expressed in the ductal plate malformation. It was
reported that MUCI is expressed in fetal ductal plate and
bile ducts, but not in postnatal biliary epithelial cells [17].
The present findings that MUC1 apomucin was expressed in
the ductal plate malformation suggest that the ductal plate
malformation in the present study was an authentic persistent
fetal ductal plate. The results also strongly suggest that the
present case is congenital in origin. Taken together, we
consider that the present monolobar liver disease is a
congenital anomaly complicated by portal venopathy.

The anomalous bile duct cells expressed CD10 in the
present study. CD10, a microvilli-associated antigen, is well
known to be expressed in hepatocytes (canaliculi), not in bile
ducts. The reason for positive CD10 in biliary elements in the
present study is unclear. Ductal transformation of hepatocytes
is unlikely in the present case. It may be fetal biliary antigen.
Examination of CD10 in the fetal ductal plate is mandatory.

Our case may somewhat resemble autosomal adult type
polycystic kidney and liver disease, a disease caused by
mutations of PKD-1 or PKD-2 disease [48-50]. This
inherited disease is characterized by polycystic kidney,
polycystic liver, and cystic lesions of other organs [48—50].
The liver of this disease showed diffuse involvement [32,
48-50]. Our case differed from this disease because our
case involved monolobar liver, no polycystic kidney
disease was found, and no inheritance was seen.

Finally, in the present study, anomalous pancreaticobili-
ary union, small noninvasive choledochal carcinoma, and
choledochal dilations were recognized. The association of
anomalous pancreaticobiliary junction with biliary carcinomas
and choledochal dilation or cyst is well recognized [51-53]. It
is considered that regurgitation of pancreatic juice into the
biliary tree causes biliary and gall bladder carcinogenesis and
choledochal cyst [51-53]. The present study demonstrates
that monolobar ductal plate malformation can be associated
with choledochal carcinoma and choledochal dilation.
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