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We present the first reported case of explant cir-
rhotic liver that had synchronous cholangiocarci-
noma and hepatocellular carcinoma arising in two
different high-grade dysplastic nodules. The patient
was a 55-year-old woman who had hepatitis B viru-
s–associated liver cirrhosis for 3 years. The moder-
ately differentiated cholangiocarcinoma occurred
in high-grade dysplastic nodule with a 1.7-fold cell
density compared with that of cirrhotic nodule. The
hepatocellular carcinoma arose in a nodule-in-
nodule pattern within a peripherally low-grade and
centrally high-grade dysplastic nodule and had a
2.7-fold cell density compared with that of cirrhotic
nodule. By immunohistochemistry, the tumor cells
of the cholangiocarcinoma as well as bile ductular
cells in dysplastic nodule were diffusely positive for
cytokeratin 7, whereas hepatocellular carcinoma
cells and dysplastic hepatocytes were negative for
cytokeratin 7. The c-kit–positive hepatic progenitor
cells were singly scattered between hepatocytes, and
their number was highest in cirrhotic nodule and
decreased in dysplastic nodule, whereas they were
absent in cholangiocarcinoma and hepatocellular
carcinoma arising in dysplastic nodules. Prolifera-
tion indices were progressively increased in cir-
rhotic nodule, dysplastic nodule, and cholangiocar-
cinoma or hepatocellular carcinoma, sequentially.
These observations indicate that cholangiocarci-
noma as well as hepatocellular carcinoma can de-
velop in dysplastic nodule and that hepatic progen-
itor cells might play a role in the early stage of
cholangiocarcinogenesis and hepatocarcinogenesis.
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High-grade dysplastic nodule is known as a preneo-
plastic lesion of hepatocellular carcinoma (1–3).
Small hepatocellular carcinomas frequently occur
within high-grade DN, displaying nodule-in-nodule
pattern (2, 4) that supports multistep hepatocarci-
nogenesis. Cholangiocarcinoma occurs in intrahe-
patic bile duct epithelial cells, and some cholangio-
carcinomas are confined within intrahepatic bile
ducts (5). Although carcinogenesis of intrahepatic
cholangiocarcinoma and hepatocellular carcinoma
has not been elucidated in human, oval cells are
known to be a counterpart of human hepatic pro-
genitor cells and to be closely associated with liver
damage and carcinogenesis in animal experiments
(6–8). We present the first case of small cholangio-
carcinoma arising in high-grade dysplastic nodule
in addition to nodule-in-nodule–type hepatocellu-
lar carcinoma arising in high-grade dysplastic nod-
ule, and this case suggests that human hepatic pro-
genitor cells can play a role in the early stage of
cholangiocarcinogenesis and hepatocarcinogenesis.

CASE REPORT

A 55-year-old woman visited a local clinic in 1999
with a complaint of epigastric pain. There, she was
diagnosed as having hepatitis B virus–associated
liver cirrhosis. Thus, she was referred to the Asan
Medical Center, Seoul, Korea for management of
liver cirrhosis. Abnormal initial laboratory data
were as follows: AST/ALT 87/84 IU/L, alkaline
phosphatase/r-GT 218/59 IU/L, and �-fetoprotein,
101 ng/mL. HBsAg and HBeAg were found in the
serum, but HBsAb was absent. No other abnormal-
ities were found with regard to peripheral blood,
blood chemistry, and urine. Ultrasonography and
computed tomography (CT) showed liver cirrhosis
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with ascites and splenomegaly. Nine months later,
a few small enhancing nodules were detected in the
hepatic dome and the right posterior inferior seg-
ment (S6) on a repeated CT scan, which suggested
a hepatocellular carcinoma. Five months later,
follow-up CT scan exhibited an arterial enhancing
mass of 4.5 cm in the greatest dimension in S6, two
additional small enhancing nodules in the right
anterior superior segment (S8; Figs. 1A, 2A) and the
fourth enhancing nodule in the left lateral inferior
segment (S3). Transarterial chemoembolization
was done for the largest mass in S6. One month
later, liver transplantation was performed.

MATERIALS AND METHODS

The explant liver specimen was formalin fixed,
paraffin embedded, cut into 4-�m sections, and
stained with hematoxylin and eosin. Histochemical
stainings including mucicarmine and Alcian blue
stainings at pH 2.5 were performed to detect intra-
cytoplasmic or extracellular mucin production. For
immunohistochemistry, formalin-fixed, paraffin-
embedded tissue sections were cut at 4 �m, heated
at 60° C, deparaffinized in xylene, and hydrated in a
graded series of alcohols. When necessary, antigen
retrieval was performed using microwaving in ci-
trate buffer for 10 minutes. Endogenous peroxidase
activity was inactivated by incubation in 3% H2O2

for 10 minutes. Nonspecific binding sites were
blocked by incubating in 10% normal goat serum
diluted with phosphate-buffered saline. Tissue sec-
tions were then incubated with the primary anti-
bodies against cytokeratin 7 (CK 7; 1:200, DAKO,
Glostrup, Denmark), AE1/AE3 (1: 200, Zymed, San
Francisco, CA), carcinoembryonic antigen (CEA;
1:200, DAKO), Ki-67 (1:200, DAKO), CD34 (1:2,500,
Immunotech, Marseille, France), and c-kit (1:400,
DAKO) for 60 minutes at room temperature. All
sections were sequentially treated with biotinylated
anti-rabbit or anti-mouse immunoglobulin for 10
minutes, peroxidase-labeled streptavidin for 10 min-
utes, and diaminobenzidine in the presence of hydro-
gen peroxide. Sections were counterstained with light
hematoxylin (Gill 2; Richard Allen Scientific, Kalama-
zoo, MI). A negative control was included in which
the primary antibodies were replaced by nonhuman
reactive mouse immunoglobulin G.

RESULTS

The explant liver was atrophic and cirrhotic,
measuring 22 � 11 � 6 cm and weighing 750 g. In
S8, two masses, measuring 1.7 cm (Tumor 1, Fig.
1B) and 2.0 cm (Tumor 2, Fig. 2B) in the greatest
dimension, were founded. The two nodules were
2.0 cm away from each other. Cut surfaces of both

masses were relatively well demarcated and bulging
out from the adjacent cirrhotic nodules (Figs. 1B-1,
2B-1). Tumor 1 showed a nodule-in-nodule pattern
and had a round pinkish yellow central nodule (Fig.
1B-4) in a background of greenish tan nodule (Fig.
1B-2) and intervening light brown, crescent-shaped
thin rim (Fig. 1B-3). Tumor 2 was brownish at the
periphery (Fig. 2B-2) and had an ill-defined lobu-
lated yellowish white nodule at the center (Fig. 2B-
3). The chemoembolized mass in S6 (4.5 cm at
greatest dimension) was greenish yellow and totally
necrotic. The fourth nodule in S3 (1.0 cm) was
homogeneously yellowish tan and focally hemor-
rhagic. Portal veins, hepatic arteries, and bile ducts
were unremarkable, with no evidence of tumor.

Microscopically, Tumor 1 showed three different
histologic features as a nodule-in-nodule pattern.
The peripheral portion was of low-grade dysplastic
nodule with mild fatty change (Fig. 1C-2) and in-
creased cell density, approximately 1.2-fold of that
in surrounding cirrhotic nodules (Fig. 1C-1; Table
1). There were foci of small ductular proliferation
that were closely associated with leukocytic infiltra-
tion and degenerative changes of adjacent hepato-
cytes. The mid portion was of high-grade dysplastic
nodule with significantly increased cell density, ap-
proximately 2.2-fold of that in cirrhotic nodules,
cytoplasmic basophilia, a high nuclear–cytoplas-
mic ratio, and nuclear hyperchromasia (Fig. 1C-3).
However, neither acini nor trabeculae were devel-
oped. The central nodule was highly cellular (2.7-
fold of that in cirrhotic nodule) and consisted of
microtrabeculae of well differentiated hepatocellu-
lar carcinoma (Fig. 1C-4).

The cell density of the peripheral nodule of Tu-
mor 2 was 1.7-fold of that in cirrhotic nodules,
which was compatible with that of high-grade dys-
plastic nodule (Fig. 2C-2, Table 1). The central por-
tion revealed cholangiocarcinoma with glandular or
ductular structures and rare intracytoplasmic, but
confluent intraluminal mucin, and stromal fibrosis.
Alcian blue staining at pH 2.5 highlighted intracel-
lular and luminal mucin (Fig. 2C-3, C-4). No viable
tumor cells were found in the chemoembolized
mass in S6. The nodule in S3 was hepatocellular
carcinoma, Edmondson-Steiner Grade 2, entirely
consisting of well-developed trabeculae and sinu-
sodial structures.

By immunohistochemical stainings, the hepato-
cellular carcinoma and cholangiocarcinoma were
differently stained for CK 7 and CEA. The hepato-
cellular carcinoma was negative for both CK 7 (Fig.
1D-1) and CEA. In the surrounding low-grade dys-
plastic nodule, there were scattered CK-7–positive
isolated cells and ductular structures (Fig. 1D-2).
The cholangiocarcinoma was diffusely but variably
positive for CK 7, with peripheral portion of the
tumor being much more strongly stained (Fig.
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2D-1, D-2). Immunoreactivity for CEA was strongly
positive in the cholangiocarcinoma but was nega-
tive in hepatocellular carcinoma. The c-kit–positive
cells excluding endothelial cells were easily found
in the fibrous septa around cirrhotic nodules and
portal areas within low-grade dysplastic nodule.
The number of c-kit–positive cells was highest in
cirrhotic nodules and was progressively decreased
in low- and high-grade dysplastic nodules (Fig. 2D,
Table 1). In cholangiocarcinoma and hepatocellular
carcinoma, c-kit–positive cells were absent.

Proliferation indices were significantly higher in
both hepatocellular carcinoma and cholangiocarci-
noma than were those of dysplastic nodule and
cirrhotic nodule. However, there were no differ-
ences between hepatocellular carcinoma and chol-
angiocarcinoma (Table 1).

DISCUSSION

This case represents the first reported case of
synchronous small hepatocellular carcinoma and
small cholangiocarcinoma arising in the different
high-grade dysplastic nodules. The hepatocellular
carcinoma arising in dysplastic nodule is consid-
ered to develop independently from the totally ne-
crotic hepatocellular carcinoma and the other small
hepatocellular carcinoma because it reveals a nodule-
in-nodule growth pattern and gradual increase of cell
density and atypia, compared with the background
low- and high-grade dysplastic nodules.

Although small hepatocellular carcinomas occur
in dysplastic nodule as a nodule-in-nodule type (2,
4), small cholangiocarcinoma arising in a dysplastic
nodule has not been reported yet. Only one case of
combined hepatocellular carcinoma and cholan-
giocarcinoma in atypical adenomatous hyperplasia
was reported; however, histopathologic features of
atypical adenomatous hyperplasia were not pre-
sented in detail (9).

In the present case, a total of three dysplastic
nodules were present; one low-grade dysplastic
nodule and two high-grade dysplastic nodules.

FIGURE 1. Hepatocellular carcinoma in dysplastic nodule.
A, computed tomography of the liver discloses an
enhancing nodule in S8. B, cut surface and 1:1 microscopy
of a dysplastic nodule with hepatocellular carcinoma.
Hepatocellular carcinoma occupies almost the entire
nodule, and crescent-shaped high-grade dysplastic nodule
is shown at the periphery. C, light-microscopic features of
hepatocellular carcinoma and dysplastic nodules. Note
progressive increase in cell density and cellular atypia as
well as structural abnormalities in hepatocellular
carcinoma (4) compared with cirrhotic nodule (1), low-
grade dysplastic nodule (2), and high-grade dysplastic
nodule (3). D, immunohistochemical analysis for
cytokeratin 7. Hepatocellular carcinoma is totally negative
for cytokeratin 7 (1), and there are aggregates of
cytokeratin-positive cells forming poorly developed
ductules in low-grade dysplastic nodule (2, arrows).
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Small cholangiocarcinoma and hepatocellular car-
cinoma occurred in two different high-grade dys-
plastic nodules. One of the high-grade dysplastic
nodules was associated with a low-grade dysplastic
nodule and hepatocellular carcinoma (Tumor 1).
High-grade dysplastic nodule has been regarded as
a precancerous lesion of hepatocellular carcinoma;
however, the actual developmental mechanism of
hepatocellular carcinoma from dysplastic nodule as
a nodule-in-nodule type has not been firmly estab-
lished (10, 11). Theise et al. have suggested dysplas-
tic nodule development as a clonal expansion in
advance or parallel to cirrhosis (12, 13), and the
dysregulation of apoptosis or proliferation might
play an important role in the process of hepatocar-
cinogenesis (14).

Among many criteria for differential diagnosis of
dysplastic nodule and well-differentiated hepato-
cellular carcinoma, cell density is considered one of
the objective criteria (10). Cell density is deter-
mined by the difference between cell proliferation
and death. Thus, increased cell density in preneo-
plastic or neoplastic lesions is attributable to either
increased proliferation or decreased apoptosis. In
the present case, the marked increase of Ki-67–
labeling index supported the significant increase of
cell density in high-grade dysplastic nodule as well
as hepatocellular carcinoma and cholangiocarci-
noma. Cell density of high-grade dysplastic nodule
with hepatocellular carcinoma was much higher
than the suggested criteria (10); however, structural
atypia such as acinar or trabecular arrangement
was absent. Cell density in the high-grade dysplas-
tic nodule with cholangiocarcinoma ranged be-
tween that of low-grade dysplastic nodule and
high-grade dysplastic nodule with hepatocellular
carcinoma, but thickened cell cords and occasional
acinar structure were helpful for grading this dys-
plastic nodule as a high-grade dysplastic nodule.

Human hepatic progenitor cells are similar to
oval cells of the rodent liver in location, morpho-
logical and immunohistochemical phenotypes,
and functional aspects (15–20). Human hepatic
progenitor cells have been identified in several

FIGURE 2. Cholangiocarcinoma in dysplastic nodule. A, computed
tomography of the liver shows a nonenhancing nodule with peripheral
enhancement in S8. B, cut surface and 1:1 microscopy of a dysplastic
nodule with cholangiocarcinoma. The yellowish white and firm
cholangiocarcinoma is located in the background of high-grade
dysplastic nodule. C, light-microscopic features of cholangiocarcinoma
and dysplastic nodule. Note progressive increase in cell density and
cellular atypia as well as structural atypia in cholangiocarcinoma (3),
compared with cirrhotic nodule (1) and high-grade dysplastic nodule
(2). Cholangiocarcinoma displays glands with luminal and stromal
mucin (4; Alcian blue staining). D, immunohistochemical analysis for
cytokeratin 7 and c-kit. Cholangiocarcinoma is diffusely positive or
cytokeratin 7, but immunoreactivity was much stronger at the
periphery (1), compared with that at the center of the tumor (2). A few
c-kit–positive progenitor cells are scattered in dysplastic nodule.
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human liver diseases including chronic viral hep-
atitis, hepatitis B virus–induced cirrhosis, focal
nodular hyperplasia, small cell dysplastic foci,
and hepatocellular adenoma (21–24). The pres-
ence of hepatic progenitor cells in preneoplastic
lesions of hepatocellular carcinoma and overlap-
ping morphology and immunohistochemical
phenotype of poorly and moderately differenti-
ated hepatocellular carcinoma with hepatic pro-
genitor cells (25, 26) indicate that hepatic progen-
itor cells may play an important role in the
development of human liver cell tumor. Among
various markers of hepatic progenitor cells such
as CK 7, AK19, OV-6, chromogranin A, and c-kit,
only c-kit was applied, and c-kit–positive cells
were counted as hepatic progenitor cells in the
present case. Anastomosing cords or ductules,
lined by flattened cells with scanty cytoplasm in
the low-grade dysplastic nodule with hepatocel-
lular carcinoma, were positive for CK 7 but neg-
ative for c-kit. Thus, they are considered either
reactive bile ductules or intermediate
hepatocyte-like cells that were defined by Libbre-
cht et al. (24). The average number of c-kit–pos-
itive cells per 1000 hepatocytes was significantly
decreased in high-grade dysplastic nodule, and
c-kit–positive cells were completely absent in
cholangiocarcinoma and hepatocellular carci-
noma. This inverse correlation of the number of
hepatic progenitor cells with the multistep tu-
morigenesis of cholangiocarcinoma and hepato-
cellular carcinoma supports the hypothesis that
hepatic progenitor cells can play a role in carci-
nogenesis of the liver and suggests a possible
mechanism in that preexisting stem cells might
differentiate to either hepatocellular carcinoma
or cholangiocarcinoma.
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