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As a definite immunoprofile of this tumor is missing, the histopathologic diagnosis of intrahepatic
cholangiocarcinoma is difficult. The aim of this study was to explore E- and N-cadherin expressions in
intrahepatic bile duct tumors, and to determine their potential interest in differential diagnosis. Normal liver
tissue, 5 cirrhosis with ductular reaction, 5 focal nodular hyperplasia, 5 bile duct hamartomas, 5 bile
duct adenomas, and 45 intrahepatic cholangiocarcinomas from Causasian patients were studied.
Tissue-microarrays including 20 esophageal, 86 gastric, 8 small bowel, 64 colonic, 18 pancreatic, 6 gallbladder,
and 7 extrahepatic biliary tract adenocarcinomas, 22 hepatocellular carcinomas, and normal tissues were
constructed. Immunohistochemistry was performed using E-cadherin, N-cadherin, NCAM, Hep Par1, and
cytokeratins 7, 19 and 20. Immunoblot analysis of frozen liver tissues was performed to control the specificity of
E- and N-cadherin antibodies used. In normal liver, epithelial cells of intrahepatic bile ducts, whatever their
caliber, as well as hepatocytes, coexpressed E- and N-cadherins at their plasma membranes. In cirrhosis,
ductular reactions completely expressed E- and N-cadherins. All the benign lesions and 30 of the 45
intrahepatic cholangiocarcinomas (23/29 peripheral and 7/16 hilar) also expressed N-cadherin. E-cadherin was
detected in all the lesions. The expression of N-cadherin at the plasma membrane of tumor cells was
significantly more frequent in peripheral than in hilar intrahepatic cholangiocarcinomas (P¼ 0.003). Among
noncholangiocarcinomas, only 1% gastric and 66% gallbladder adenocarcinomas and all the hepatocellular
carcinomas expressed N-cadherin at the membrane of tumor cells. Finally, for the diagnosis of intrahepatic
cholangiocarcinomas, the specificity value of membranous expression of N-cadherin was 88%, whereas that
of the combination cytokeratin 7/membranous N-cadherin was 98%. In the gastrointestinal and liver
tract, membranous N-cadherin is restricted to the hepatocytes and intrahepatic biliary cells. In combination
with cytokeratin 7 and Hep Par1, N-cadherin is a reliable tool for the histopathological diagnosis of primary
hepatic tumors.
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Intrahepatic cholangiocarcinoma is a highly malig-
nant adenocarcinoma arising from the bile duct
epithelial cells of the intrahepatic biliary system,
may be through a hyperplasia—dysplasia—carcino-
ma sequence.1 Intrahepatic cholangiocarcinomas
can be clinically classified into two types according
to their localization in the liver: (1) hilar cholangio-
carcinomas that originate from the liver hilum or in

close vicinity of the bifurcation of the right and left
hepatic ducts and (2) peripheral cholangiocarcino-
mas that arise from the second or more distal
branches of the biliary tree.2 However, hilar cholan-
giocarcinomas (Klatskin tumors) are categorized as
extrahepatic cholangiocarcinomas by the Interna-
tional Classification of Diseases for Oncology.3 The
immunohistochemical profile as well as the mole-
cular mechanisms underlying the tumor progression
of intrahepatic cholangiocarcinomas are still poorly
delineated. A better knowledge of their diagnostic
markers could facilitate an earlier identification of
cholangiocarcinomas, help predict the prognosis
and make decisions on adjuvant therapies for
those patients. In this context, a definite profile of
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intrahepatic cholangiocarcinomas is still missing.
Today, their immunohistochemical profile resides in
the coexpression of cytokeratins 7, 19 and 20;4,5

however, this profile remains unsatisfactory as it is
shared by a variety of liver metastases of digestive
tumors.

Cadherins form a superfamily of specialized
membrane glycoproteins mediating calcium-depen-
dent cell–cell adhesion and expressed in tissue
specific manner.6 Among the various cadherins
likely to be expressed by epithelial cells in human,
both E- and N-cadherins are constantly present at
the membrane of hepatocytes and tumor cells of
hepatocellular carcinomas.7–12 Interestingly, apart
from E-cadherin, little is known of cadherins
expressed by the biliary tree.8,13 In the face of
studies showing the tissue specificity of cadherin
subtypes, we were prompted to extend the study of
E- and N-cadherin expression by the normal epithe-
lial cells of the different segments of biliary tree as
well as by tumors. To this end we compared the
expression of E- and N-cadherins (1) by the
intrahepatic branches to that of extrahepatic bile
ducts and (2) by the intrahepatic cholangiocarcino-
mas to that of other gastrointestinal tract tumors
using tissue micro-array technology and immuno-
blotting. We conclude that N-cadherin is a relevant
tool in diagnostic practice to distinguish primary
intrahepatic biliary tumors from all other gastro-
intestinal tract tumors.

Patients and methods

Patients

A total of 5 patients with bile duct adenoma, 5
patients with focal nodular hyperplasia, 5 patients
with bile duct hamartomas (von Meyenburg com-
plex) and 45 patients with intrahepatic cholangio-
carcinomas including 16 patients with hilar
cholangiocarcinomas having undergone a surgical
resection at the Centre Hospitalier Universitaire de
Nantes and Hôpital Beaujon, Clichy, France, were
studied. Three extrahepatic metastases of intrahe-
patic cholangiocarcinomas from these patients were
also studied. The 45 patients with intrahepatic
cholangiocarcinomas (17 women and 28 men; mean
age¼ 65 years; range¼ 36–80 years) were diagnosed
on clinical, computerized tomodensitometry and
histological criteria. In parallel studies, normal liver
tissue and extrahepatic bile ducts of six patients
having undergone partial liver resection for metas-
tasis of colorectal carcinoma or pancreatic surgery
and six liver cirrhosis were studied as controls. In
addition, resection specimens from primary adeno-
carcinomas and metastases of adenocarcinomas
from various sites of the digestive tract from 231
patients were used to build tissue microarrays.
Finally, needle liver biopsies from 24 patients with
metastatic lung or breast adenocarcinoma were
included in the study. Samples of cholangiocarcino-

mas from two patients were snap frozen in liquid
nitrogen, for determining expression of E- and N-
cadherins by immunoblot analysis. This study was
performed in accordance with local ethical guide-
lines. Snap-frozen tissues were collected by the
BioBank Network of Institut Régional du Cancer
Nantes-Atlantique, according to the guidelines of
the French Ethics Committee for Research on human
tissue.14 Clinical information was obtained from
medical records. Tumor stage was determined
according to tumor-node-metastasis stage and the
postoperative survival time was assessed. Informa-
tion about nodal involvement was available for 27 of
the tumors, of which 15 were node positive and 12
were node negative.

Gross Features of Cholangiocarcinomas

Cholangiocarcinomas were grossly classified into
three categories according to the Japanese study
group of primary liver cancer.15 The mass-forming
type (peripheral: n¼ 28; hilar: n¼ 7) is an expansile
and solid nodule or mass in the hepatic parenchy-
ma. The tumor borders between the cancerous and
the noncancerous portions are relatively clear. The
periductal-infiltrating type (hilar: n¼ 8), which
exhibits diffuse infiltration along the portal pedicle,
is usually associated with biliary stricture. In the
intraductal-growth type (peripheral: n¼ 1; hilar
n¼ 1), the tumors are confined within the dilated
part of an intrahepatic large bile duct, with no or
mild tumorous extension beyond the bile duct
walls. This tumor is also known as intraductal
papillary cholangiocarcinoma. The affected bile
ducts usually show marked localized dilatation.

Tissue Microarray Construction

Paraffin-embedded tissue blocks from the 45 pa-
tients undergoing surgery were used for this study.
Four cholangiocarcinoma tissue microarrays were
constructed. Briefly, the construction of each tissue
microarray was performed as follows: paraffin
blocks containing areas consisting of pure invasive
carcinoma were identified on corresponding hema-
toxylin-eosin-stained sections. Areas of interest of
the tumor, rich in nonnecrotic glands, were identi-
fied and marked on the source block. The source
block was cored, and a 1-mm core was transferred to
the recipient master block using the Beecher Micro-
arrayer (Beecher Instruments, Silver Springs, MD,
USA). Three cores of tumor were arrayed per
specimen. In addition, a core of normal tissue was
also systematically sampled.

Control tissue microarrays included one esopha-
geal adenocarcinoma tissue microarray (n¼ 20), five
gastric adenocarcinoma tissue microarrays (n¼ 86)
including liver metastasis (n¼ 4), one small bowel
carcinoma tissue microarray (n¼ 8), one extrahepa-
tic biliary tract (n¼ 7) and gallbladder (n¼ 6) tissue
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microarray, one pancreatic ductal adenocarcinoma
tissue microarray (n¼ 18), one hepatocellular
carcinoma (n¼ 22) tissue microarray and four
colon adenocarcinoma (n¼ 64) tissue microarrays
including liver metastasis (n¼ 4).

Immunohistochemistry

Immunohistochemistry was performed on 5-mm
paraffin sections of each tissue microarray described
above. Slides were stained with the following
primary antibodies: cytokeratin 7 (clone OV-TL
12/30, dilution 1:100; Dako, Glostrup, Denmark),
cytokeratin 19 (clone BA17, dilution 1:50; Dako),
cytokeratin 20 (clone K20.8, dilution 1:25; Dako), Hep
Par 1 (clone OCH1G5, dilution 1:50; Dako), NCAM
(clone 123C3, dilution 1:100; Monosan, Uden, The
Netherlands), E-cadherin (clone NCH-38, dilution
1:100; Dako) and N-cadherin (clone 3B9, dilution
1:50; Zymed, San Francisco, CA, USA). The
immunological reactions were visualized with
the Envision detection system (Dako) and 3,
3-diaminobenzidine tetrahydrochloride as the chro-
mogen. The sections were counterstained with
Mayer’s hematoxylin. As negative control, omission
of primary antibody was performed.

Immunohistochemistry Scoring

For markers expressed at the cell membrane or
within the cytoplasm, the scoring method of Sinic-
rope et al16 was applied for evaluating both the
intensity of immunohistochemical staining and
proportion of stained epithelial cells. The staining
intensity was subclassified as 1 (weak), 2 (moderate)
and 3 (strong). Positive cells were quantified as a
percentage of the total number of epithelial cells,
and assigned to one of four categories: 0, 0–10; 1,
10–33; 2, 33–75; 3, 475%. The percentage of
positivity of the tumor cells and staining intensity
were multiplied to generate the immunoreactive
score for each tumor specimen. Finally, we verified
that the results of immunohistochemistry performed
on tissue microarrays paralleled those of the
corresponding full sections, based on the random
selection of 10 cases. For a diagnostic purpose, a cut-
off of 10% stained tumor cells was chosen to define
a positive tumor.

Immunoblot Analysis

For total protein extraction, samples taken from two
patients with intrahepatic cholangiocarcinoma and
one sample of normal liver were lyzed in RIPA
buffer supplemented with protease inhibitors and
centrifuged as previously described.17 Proteins
(50 mg) were separated by electrophoresis on 10%
polyacrylamide gels and transferred onto nitroc-
ellulose membranes (0.45 mm porosity; Bio-Rad,

Hercules, CA, USA) using Trans-blot apparatus
(Bio-Rad). After blocking, membranes were incu-
bated with primary antibodies against E-cadherin
endodomain (clone 4A2C7, dilution 1:1000; Zymed)
and N-cadherin endodomain (clone 3B9, dilution
1:250; Zymed), and then with a horseradish-peroxi-
dase conjugated, goat anti-mouse antibody
(dilution 1:1000; Santa Cruz Biotechnology,
Santa Cruz, CA, USA). The immunoreactive
proteins were detected on films using an enhanced
chemiluminescence substrate according to the
manufacturer’s instructions (Roche Diagnostics,
Meylan, France).

Statistics

The diagnostic value of each pertinent immuno-
profile was analyzed according to its sensitivity
(true positive cases/true positive casesþ false-nega-
tive cases), specificity (true negative cases/true
negative casesþ false-positive cases) and positive
predictive value (true positive cases/true positive
casesþ false-positive cases). Comparisons between
biomarker expression patterns and clinicopatho-
logic parameters were evaluated using w2-test. A
P-value of less than 0.05 was considered as
statistically significant.

Results

Immunohistochemical Pattern of Normal Intrahepatic
Bile Ducts and Cholangiocarcinomas

Normal bile ducts
In the normal liver tissue, both hepatocytes and
normal intrahepatic bile ducts, whatever their
caliber, were strongly immunoreactive for E- and
N-cadherins, localized at the basolateral domain of
the plasma membrane (Figure 1a and b). They also
expressed both cytokeratins 7 and 19, but did not
express cytokeratin 20. Normal bile ducts did not
express either NCAM or Hep Par 1.

Normal extrahepatic bile ducts were strongly
immunoreactive for E-cadherin, localized at
the basolateral domain of the plasma membrane
but they did not express N-cadherin (Figure 1c
and d). They also expressed cytokeratins 7 and
19, and few epithelial cells also expressed
cytokeratin 20.

Ductular reaction
Ductular reaction describes the expanded popula-
tion of epithelial cells at the interface of the biliary
tree and the hepatocytes in diseased states including
cirrhosis. It has a distinct tubular and almost
glandular-like structure with poorly defined lumen
and no basement membrane.18 Ductular reactions
consisting of a subset of intermediate hepatobiliary
cells (Figure 2a), including stem cells, were loca-
lized in cirrhotic liver using NCAM immunohisto-
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chemistry.19,20 All cells of ductular reactions scored
positive for both N- (Figure 2b) and E-cadherins at
their plasma membrane.

Benign liver diseases
Five focal nodular hyperplasias, five bile ducts
adenomas and five bile duct hamartomas (von

Figure 1 Both E-cadherin (a) and N-cadherin (b) are expressed at the plasma membrane of epithelial cells of normal intrahepatic bile
duct, whereas E-cadherin (c) but not N-cadherin (d) is expressed at the membrane of normal extrahepatic bile duct.

Figure 2 Expression of NCAM (a) and N-cadherin (b) by the intermediate hepatobiliary cells of the ductular reaction (arrows). Only
N-cadherin is expressed at the plasma membrane of hepatocytes (b).
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Meyenburg complex) were included in this study. In
focal nodular hyperplasia, hepatocytes and ductular
reaction at the margins of fibrous scars were
completely positive for both N- and E-cadherins.
The intermediate hepatobiliary cells of ductular
reaction also expressed NCAM. In bile duct adeno-
mas, as well as in bile duct hamartomas (Figure 3a),
the epithelial cells strongly expressed N- and
E-cadherins at the basolateral membrane. All epithe-
lial cells also expressed cytokeratins 7 and 19. There
was no expression of cytokeratin 20 or NCAM.

Intrahepatic cholangiocarcinomas
N- (Figure 3b–d) and E-cadherins were expressed at
the plasma membrane of tumor cells in 30 (66%)
and 45 (100%) intrahepatic cholangiocarcinomas,
respectively. The level of expression of each marker
was variable. No cholangiocarcinoma showed cyto-
plasmic expression for N-cadherin. When compar-
ing the distribution of these markers between
peripheral and hilar cholangiocarcinomas, the ex-
pression of N-cadherin was significantly more
frequent in peripheral cholangiocarcinomas (23 of

29 (79%)) than in hilar cholangiocarcinomas (7 of 16
(43%); w2, P¼ 0.003). N-cadherin was expressed by
25 of the 35 mass-forming cholangiocarcinomas, 3 of
the 8 periductal infiltrating type and the 2 intra-
ductal growth type. There was no statistical differ-
ence in the expression of N-cadherin according to
the gross pattern of the tumors. N-cadherin was
focally expressed in 18 intrahepatic cholangiocarci-
nomas (10–33% positive cells: n¼ 9; 33–75%
positive cells: n¼ 7; 475% positive cells: n¼ 2)
and diffusely expressed in 11 cases. Among the 10
cases studied in full sections, 5 expressed focally
N-cadherin. In these five cases, focality of the
staining was also documented by examination of
cores included in tissue microarrays. N-cadherin
was focally expressed in the seven positive hilar
cholangiocarcinomas (10–33% positive cells: n¼ 2;
33–75% positive cells: n¼ 5).

The 45 intrahepatic cholangiocarcinomas (100%)
were immunoreactive for cytokeratins 7 and 19
whereas only 7 (15%) expressed cytokeratin 20. A
few isolated tumor cells expressed NCAM in 12
intrahepatic cholangiocarcinomas (26%). Three

Figure 3 Expression of N-cadherin by von Meyenburg complex (a), and by well-differentiated (b, c) and poorly differentiated
intrahepatic cholangiocarcinomas (d). In these tumors, the plasma membrane of cells are strongly immunostained for N-cadherin.
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intrahepatic cholangiocarcinomas (6%) focally ex-
pressed Hep Par1.

The unexpected immunohistochemical profile of
intrahepatic cholangiocarcinomas, ie, the expres-
sion of N-cadherin at the plasma membrane asso-
ciated with cytokeratins 7 and 19 within the
cytoplasm of tumor cells, prompted us to extend
the immunostaining for N-cadherin to other primary
digestive tumors and their liver metastases using
tissue microarray technology. The results, summar-
ized in Table 1, showed that one primary gastric
adenocarcinoma (1%), four gallbladder adenocarci-
nomas (66%) and all hepatocellular carcinomas
(100%) expressed N-cadherin at the plasma mem-
brane of tumor cells. None of the colonic adenocar-
cinomas, esophageal adenocarcinomas, pancreatic
ductal adenocarcinomas, extrahepatic biliary ade-
nocarcinomas, liver metastases of gastric and colo-
nic tumors expressed N-cadherin at the membrane
of tumor cells. Finally, 3 pancreatic ductal adeno-
carcinomas (17%) and 15 gastric adenocarcinomas
(17%) showed a faint cytoplasmic expression of
N-cadherin.

In addition, the expression of N-cadherin was
assessed in liver biopsies from 12 patients with
intrahepatic metastases of TTF-1-positive lung ade-
nocarcinoma and 12 patients with intrahepatic
metastases of breast adenocarcinoma expressing
progesterone or estrogen receptors. All these meta-
stases were N-cadherin negative (Figure 4).

Diagnostic value of the membranous N-cadherin
and cytoplasmic cytokeratin 7 immunostaining
As all intrahepatic cholangiocarcinomas expressed
both cytokeratins 7 and 19, we compared the
diagnostic value of combining membranous
N-cadherin and cytoplasmic cytokeratin 7 immuno-
staining, to that of N-cadherin immunostaining
alone. The sensitivity, specificity and predictive
positive value of the combination of membranous
N-cadherin and cytoplasmic cytokeratin 7 expression
for intrahepatic cholangiocarcinomas were 67, 98

and 86%, respectively. The sensitivity, specificity
and predictive positive value of the membranous
expression of N-cadherin were 67, 88 and 53%,
respectively.

Identification of E-Cadherin and N-Cadherin by
Immunoblot Analysis

Immunoblot analysis using antibodies specific for
the endodomain of E- and N-cadherins (Figure 5)
showed (1) the full-length of E- and N-cadherins
(120 and 136 kDa, respectively) and (2) the remain-
ing endodomain of E- and N-cadherins after ectodo-
main shedding (33 and 35 kDa, respectively).

Relationship Between the Expression of Cadherins
and the Clinicopathologic Parameters

The expression of each biomarker was semiquanti-
tatively evaluated according to the scale described
in Patients and methods. The expression level of
each biomarker in normal intrahepatic bile duct
systematically scored in all tissue microarrays
served as a normal reference for the evaluation of a
biomarker expression in intrahepatic cholangiocar-
cinomas. In the normal tissue, the labeling index of
E- and N-cadherins were 9 and 6, respectively. The
clinicopathologic parameters evaluated were gross
pattern, histological grade of intrahepatic cholan-
giocarcinomas, tumor stage, node metastasis and
visceral metastasis.

When compared to normal tissue, the expression
level of membranous E- and N-cadherins was
downregulated in 21 (46%) and 36 (80%) of primary
intrahepatic cholangiocarcinomas, respectively. No
correlation was found between any clinicopatho-
logic parameter including the histological grade and
either E- or N-cadherin expression. Two of the three
metastases of intrahepatic cholangiocarcinomas
showed a downregulation of a specific cadherin,

Table 1 Results of immunohistochemistry for all tumors included in the study

N-cadherin expression
at the plasma membrane

Cytokeratin 7 Hep Par 1
(CPS1) (34)

Intrahepatic cholangiocarcinomas 23/29 (79%) 29/29 (100%) 3/29 (10%)
Hilar cholangiocarcinomas 7/16 (48%) 16/16 (100%) 0/16 (0%)
Extra hepatic biliary adenocarcinomas 0/7 (0%) 7/7 (100%) 0/7 (0%)
Hepatocellular carcinomas 22/22 (100%) 0/22 (0%) 22/22 (100%)
Pancreatic ductal adenocarcinomas 0/18 (0%) 18/18 (100%) 0/18 (0%)
Gallbladder adenocarcinomas 4/6 (66%) 5/6 (83%) 0/6 (0%)
Esophageal adenocarcinomas 0/20 (0%) 17/20 (85%) 0/20 (0%)
Gastric adenocarcinomas 1/82 (1%) 68/82 (83%) 35/82 (42%)
Liver metastases of gastric adenocarcinomas 0/4 (0%) 2/4 (50%) 0/4 (0%)
Small bowel adenocarcinomas 0/8 (0%) 5/8 (62%) 2/8 (25%)
Colon adenocarcinomas 0/60 (0%) 4/60 (7%) 0/60 (0%)
Liver metastases of colonic adenocarcinomas 0/4 (0%) 0/4 (0%) 0/4 (0%)
Liver metastases of lung adenocarcinomas 0/12 (0%) Not done Not done
Liver metastases of breast adenocarcinomas 0/12 (0%) Not done Not done
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ie, E-cadherin in one case and N-cadherin in the
other.

Of the 45 patients with intrahepatic cholangio-
carcinomas, 25 were available for survival studies.
Mean survival times was 28 months (range 1–92
months). The death of most patients was due to
metastasis in 14 cases and to the disabling side
effects of the liver disease in 11 cases. No correlation
was noted between loss of E- or N-cadherin expres-
sion, and metastases occurrence or behavior.

Discussion

The important findings of this study are as follows:
(1) the normal intrahepatic bile ducts as well as the
tumors derived thereof express both E- and N-
cadherins whereas extrahepatic bile ducts express

only E-cadherin; (2) the expression of N-cadherin
appears early in the differentiation process of
intrahepatic biliary epithelial cells and (3)
N-cadherin is a relevant tool to distinguish primary
intrahepatic biliary tumors from other epithelial
tumors of the digestive tract.

For the first time, we show a membranous
expression of N-cadherin in association with that
of E-cadherin by intrahepatic biliary epithelial cells.
In fact, a few epithelia express N-cadherin, such as
lens cells21 and tubular renal cells.22 In addition, in
our study, immunoblot analysis confirms that the
monoclonal antibody used, ie, clone 3B9 from
Zymed Laboratories is specific for N-cadherin. In
the normal liver, it detects two bands of 136 and
35kDa corresponding to the full length of N-
cadherin and its proteolytically cleaved cytoplasmic
domain, respectively.23,24 Interestingly, Kozyraki
et al8 using a different monoclonal antibody which
detects a unique band with an apparent molecular
weight of 129 kDa were able to observe the
N-cadherin expression in hepatocytes, but not in
intrahepatic biliary epithelial cells. Taken together,
our findings show that in the gastrointestinal tract,
N-cadherin expression is liver specific because both
hepatocytes and intrahepatic biliary epithelial cells
strongly express this marker at their plasma mem-
brane. An interesting point is our finding that
N-cadherin is not expressed by extrahepatic bile
ducts. This can be explained by the different
embryological origins of extrahepatic and intrahe-
patic bile ducts.25 In this context, it must be
emphasized that in addition to N-cadherin, some
other plasma membrane proteins of biliary epithelial
cells present a heterogeneous pattern of expression
along the biliary tract. For example, Scoazec et al,26

showed expression of a5 integrin chain in the
intrahepatic biliary epithelial cells in contrast to
their extrahepatic counterparts. In line with a

Figure 4 Lack of N-cadherin expression at the plasma membrane of tumor cells of an intrahepatic metastasis lung adenocarcinoma (a)
which was TTF1 positive (b). Only hepatobiliary cells of ductular reaction expressed N-cadherin at their membrane (arrows).
A perivascular nerve fiber was also N-cadherin positive (arrowhead).

Figure 5 Immunoblot analysis of E-cadherin (a) and N-cadherin
(b) in tumor tissue from a patient with intrahepatic cholangio-
carcinoma. Equal amount of protein was loaded in each lane as
determined by protein analysis and immunoblot for actin (data
not shown). Numbers on the left indicate the molecular weight
markers.
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gradient of N-cadherin expression along the normal
biliary tract, we found that peripheral cholangiocar-
cinomas were mostly membranous N-cadherin
positive whereas hilar cholangiocarcinomas were
equally membranous N-cadherin positive or nega-
tive and extrahepatic cholangiocarcinomas were
membranous N-cadherin negative.

Cirrhosis is a valuable model to examine hepato-
cytic and bile duct lineages as the so-called ductular
reaction. Ductular reaction is thought to be an
important source of progenitor cells that can
repopulate both the bile duct and hepatocytic
lineages.20,27 This model describes that NCAM-
positive stem cells, an analog of the oval cells of
rodent models, differentiate both as NCAM-positive,
cytokeratin 19-positive bile duct lineage and
NCAM-positive, Hep Par 1-positive hepatocytic
lineage.20 Ductular reaction is easily detected
through its NCAM immunostaining.18 Interestingly,
in our study, all cells of ductular reaction expressed
both E- and N-cadherins, suggesting that N-cadherin
appears early in the differentiation of liver cells and
participates in the migration of precursors of
hepatocytes and ductular biliary epithelial cells.

As the differential diagnosis of primary intrahe-
patic cholangiocarcinomas from liver metastases of
digestive tract adenocarcinomas is difficult by using
only histological features, several studies have put
forward some immunohistochemical markers such
as various cytokeratins or mucins as a diagnostic
aid.4,5,28,29 However, no marker is sufficiently spe-
cific in this respect. In contrast the membranous
expression of N-cadherin by tumor cells provides a
promising tool for the diagnosis of intrahepatic
cholangiocarcinomas. Indeed, our tissue microar-
rays study including adenocarcinomas from various
sites of the digestive tract showed that neither
primary tumors nor their liver metastases expressed
N-cadherin at the plasma membrane of tumor cells.
However, in our study, we obtained a higher
differential diagnostic specificity using a combina-
tion of cytokeratin 7 and membranous N-cadherin to
distinguish intrahepatic cholangiocarcinomas and
hilar cholangiocarcinomas from most hepatocellular
carcinomas and most digestive tract adenocarcino-
mas including pancreatic adenocarcinomas which
are one of the most difficult differential diagnostic
problems. In apparent contrast with our study, an
abnormal N-cadherin expression was recently re-
ported in some pancreatic and extrahepatic biliary
tract adenocarcinomas.30 However, this expression
was localized within the cytoplasm of the tumor
cells, sparing their plasma membrane. This abnor-
mal pattern of N-cadherin expression was consid-
ered as an evidence for an epithelial to
mesenchymal transition in cancer cells. In this
context, the assessment of a membranous localiza-
tion is of utmost importance to differentiate intra-
hepatic cholangiocarcinomas from metastases of
digestive tumors. Among all the gastrointestinal
tract tumors assessed in our study, only one gastric

adenocarcinoma expressed N-cadherin at the mem-
brane of tumor cells. Interestingly, it has been
previously reported that N-cadherin is expressed
by a-foetoprotein-positive gastric hepatoid adeno-
carcinomas.31

Another diagnostic issue is to discriminate pri-
mary intrahepatic cholangiocarcinomas from hepa-
tocellular carcinomas. As the hepatocytes also
express N-cadherin at their plasma membrane, this
marker cannot ‘per se’ distinguish hepatocellular
carcinomas from intrahepatic cholangiocarcinomas.
Moreover, cytokeratin 7 is detected in some hepato-
cellular carcinomas, potentially deriving from
hepatic progenitor cells.32 Hepatocyte paraffin-1 (Hep
Par 1) is a monoclonal antibody that reacts with a
hepatocyte specific epitope,33 recently identified as
the urea cycle enzyme carbamoyl phosphate synthe-
tase 1.34 This marker is known to be largely confined
to hepatocellular carcinoma.35,36 Thus in this set-
ting, Hep Par 1 is needed, in combination with
N-cadherin and cytokeratin 7, to assess histologically
problematic primary liver tumors, ie, hepatocellular
carcinomas exhibiting a pseudoglandular or poorly
differentiated morphology.

In conclusion, the expression of N-cadherin at the
plasma membrane of tumor cells strongly argues for
the primary origin of a liver tumor. A panel of
antibodies including N-cadherin, cytokeratin 7 and
Hep Par 1 can solve most diagnostic problems
among cholangiocarcinomas, hepatocellular carci-
nomas and metastases of digestive tumors.
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