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SUMMARY Biliary tract cancers are relatively common malignant gastrointestinal tumors
in the elderly. Claudins are integral components of tight junctions that play important roles
in maintaining epithelial cell polarity, controlling paracellular diffusion, and regulating cell
growth and differentiation. The expression profile of claudins has been extensively charac-
terized, but few reports exist on their expression in the normal and neoplastic biliary tract.
Our aim was therefore to study claudins by IHC reactions in normal and neoplastic biliary
tract samples. We detected that claudin expressions differ in the normal sample groups:
the normal gallbladder strongly expressed claudin-2, -3, -4, and -10, but only weak reactions
were seen in normal intrahepatic bile ducts. Although each cancer type expressed several
claudins with various intensities, only claudin-4 presented especially strong immunoreac-
tions in extrahepatic bile duct cancers and gallbladder carcinomas, whereas claudin-1 and
-10 presented in intrahepatic bile duct cancers. Comparing the normal and carcinoma groups,
the most significant decrease was detected in the expression of claudin-10. In conclusion, the
expression pattern of claudins is different in the various parts of the normal and neoplastic
biliary tract; moreover, an unequivocal decrease was detected in the carcinomas compared
with their corresponding normal samples. This manuscript contains online supplemental
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material at http://www.jhc.org. Please visit this article online to view these materials. claudins

(J Histochem Cytochem 57:113-121, 2009)

BILIARY TRACT CANCERS, becoming relatively common
malignant gastrointestinal tumors in the elderly, com-
prise carcinomas of the intrahepatic and extrahepatic
bile ducts and the gallbladder (Chuang et al. 2004;
Kakar and Ferrell 2007; Blechacz and Gores 2008).
Bile duct carcinomas or cholangiocarcinomas equally
affect both sexes and are frequently associated with
primary sclerosing cholangitis; other risk factors in-
clude alcohol abuse, smoking, viral infection, and
rarely, ulcerative colitis (Bajor et al. 2001; Hong et al.
2005; Kakar and Ferrell 2007). Twenty percent to 30%
of bile duct cancers originate from the intrahepatic bile
ducts—this type is on the increase in Western countries
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tight junction

and in Japan (Obama et al. 2005)—and the rest have
extrahepatic origin [intrahepatic bile duct cancer (IBDC)
and extrahepatic bile duct cancer (EBDC), respectively|
(Kakar and Ferrell 2007). Gallbladder carcinoma (GBC)
is the fifth most common malignancy of the gastroin-
testinal tract, primarily affecting women. The etiological
role of gallstones in gallbladder cancer is equivocal
(Kakar and Ferrell 2007; Lewis et al. 2007). Pancrea-
tobiliary maljunction (PBM), on the other hand, is a
high-risk factor for the development of all biliary tract
cancers (Kobayashi et al. 2006).

Claudins, a family of transmembrane proteins, were
identified as indispensable components of tight junc-
tions (TJs) (Furuse et al. 1998; Morita et al. 1999).
Along with adherens junctions and desmosomes, TJs
play an important role in the maintenance of epithe-
lial cell polarity (Rodriguez-Boulan and Nelson 1989;
Miyoshi and Takai 2005). The T] membrane protein
complex constitutes a barrier against paracellular dif-
fusion of solutes and restricts lateral diffusion of the
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lipid and protein components of the cell membrane
(Gumbiner 1993; Anderson and Van Itallie 1995;
Ivanov et al. 2005). Moreover, T]s were observed to
regulate the growth and differentiation of cultured
cells (Balda and Matter 1998; Tsukita et al. 1999),
and they play a role in epithelial-mesenchymal tran-
sition (EMT) (Gonzalez-Mariscal et al. 2007). The
claudin family has 24 members to date, which are
shown to be differentially expressed in various types
of tissues. The claudin expression profile of several
organs (e.g., colon, pancreas, breast, esophagus, and
prostate) has been extensively characterized (Swisshelm
et al. 2005; Hewitt et al. 2006; Borka et al. 2007; Chiba
et al. 2008). Also, a specific claudin expression pat-
tern has been attributed to various tumor types (e.g.,
claudin-1, -4, and -7 show increased IHC reaction in
pancreatic adenocarcinomas, whereas claudin-3 remains
negative) (Soini 2005; Swisshelm et al. 2005; Borka et al.
2007). Importantly, selective expression of claudins by
different tumors designates them as promising markers
for differential diagnosis (Morin 2005; Halasz et al.
2006; Kominsky 2006; Soini and Talvensaari-Mattila
2006; Soini et al. 2006; Oliveira and Morgado-Diaz
2007); for example, claudin-1 differentiates between
seropapillary and endometrioid adenocarcinoma of the
uterus (Sobel et al. 2006), and claudin-4 differentiates
biliary tract cancers from hepatocellular carcinomas
(Lodi et al. 2006; Nishino et al. 2008).

The expression pattern of claudins in the biliary
tract has been studied before (Lddi et al. 2006; Laurila
et al. 2007); however, it has not yet been fully charac-
terized, and the utility of claudins in differentiating
IBDC, EBDC, and GBC from each other and from
pancreatic adenocarcinoma has not been explored.
Therefore, in this study, we evaluated the expression
of claudins-1, -2, -3, -4, -7, -8, and -10 in IBDC, EBDC,
and GBC by THC.

Materials and Methods

Surgically removed, formalin-fixed, paraffin-embedded
bile duct carcinomas from 62 patients (11 IBDCs,
17 EBDCs, and 34 GBCs) were analyzed for claudin
expression. Twelve normal intrahepatic bile duct sam-
ples from portal tracts, 12 normal extrahepatic bile
duct samples, and 33 normal gallbladder samples were
selected as healthy control samples. None of the pa-
tients received chemotherapy or radiotherapy before
surgery. The study was approved by the Regional Ethi-
cal Committee (172/2003).

The median age of patients was 65 years, and the
male-female ratio was 24/38. The bile duct carcinoma
and GBC samples were classified as well differentiated
(G1), moderately differentiated (G2), and poorly differ-
entiated (G3) tumors according to the Cancer Grading
Manual (Guzman and Chejfec 2007) criteria (Table 1).

Table 1 Classification of the biliary tract samples according to
the Cancer Grading Manual (see Guzman and Chejfec 2007)

Groups G1 G2 G3

IBDC 1711 6/11 5/11
EBDC 0/17 12117 5/17
GBC 1/34 19/34 14/34

Numbers of the samples in each group according to grade. IBDC, intrahepatic
bile duct cancer; EBDC, extrahepatic bile duct cancer; GBC, gallbladder cancer.

The specimens presented glandular structures of vary-
ing sizes; poorly differentiated (G3) samples mostly
showed solid growth pattern with small- to medium-
sized cells. No acute inflammation was noted in the
tissue specimens.

Tissue Microarray

In all cases, hematoxylin—eosin-stained slides of the
formalin-fixed, paraffin-embedded materials were used
to select representative tumor regions. The region of
interest in the donor paraffin blocks was cored twice
with a 2.0-mm-diameter needle and transferred into a
recipient paraffin block with a total capacity of 24 cores.
The Tissue Micro-Array Builder instrument was used
for the procedure (Histopathology; Pécs, Hungary). The
multiblocks were incubated twice for 5 min at 56C to
improve adhesion between cores and the paraffin of the
recipient block. Cores from 62 tumor and 57 normal
sample donor blocks were placed in 15 tissue microarray
(TMA) recipient blocks [3 NIBD (normal intrahepatic
bile duct) + NEBD (normal extrahepatic bile duct) +
NGB (normal gallbladder), 3 NGB, 2 IBDC, 1 EBDC,
3 GBC, and 3 mixed blocks from cancer groups]. Each
TMA block contained duplicates or triplicates of the
selected samples and two to three controls [correspond-
ing tumor and normal samples for normal and tumor
blocks, respectively, and hepatocellular carcinoma (HCC)
for all]. The morphology of the selected tissues was con-
trolled on the 3- to 4-um-thick whole TMA sections after
hematoxylin—eosin staining.

IHC

Claudin-1, -2, -3, -4, -7, -8, and -10 and cytokeratin-7
were analyzed by THC. THC analysis of the different
tumor groups was performed using the antibodies and
conditions as shown in Table 2. The IHC reactions were
performed on 3- to 4-pm-thick formalin-fixed paraffin-
embedded sections obtained from the TMA blocks.
After the deparaffination steps, slides were washed
in PBS (pH 7.4) and treated for 30 min in a retrieval
solution (Target Retrieval Solution cat $1699; DAKO,
Glostrup, Denmark) in a microwave oven. Reactions
were carried out in a Ventana ES automated immuno-
stainer (Ventana Medical Systems; Tucson, AZ). The
reagents and secondary antibody from the Ventana
detection kit (iView DAB Detection Kit, cat 760-091;
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Table 2 Primary antibodies
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Dilution Positive control Host and clonality Company Catalog no.

Claudin-1 1:100 Normal cutis Rabbit polyclonal Zymed 18-7362
Claudin-2 1:80 Normal colon Mouse monoclonal Zymed 18-7363
Claudin-3 1:80 Normal colon Rabbit polyclonal Zymed 34-1700
Claudin-4 1:100 Normal colon Mouse monoclonal Zymed 18-7341
Claudin-7 1:80 Normal mammary gland Rabbit polyclonal Zymed 34-9100
Claudin-8 1:80 Normal renal tubules Rabbit monoclonal Zymed 40-2600
Claudin-10 1:60 Normal renal tubules Rabbit polyclonal Zymed 38-8400
K 7 1:300 Normal bile ducts Mouse monoclonal DAKO M7018

Zymed, San Francisco, CA.

Ventana) were used as provided by the manufacturer.
Negative and positive controls were included for all
antibodies. The positive controls are shown in Table 2.

Semiquantitative IHC Analysis

After performing the THC reactions, digitized slides of
the tissue microarrays were produced using a Mirax
Midi Scanner (3DHISTECH; Budapest, Hungary).
Scanned slides were manually evaluated by the pathol-
ogist with respect to (a) the intensity of the immuno-
reaction and (b) the percentage of immunopositive
cells. The intensity of the immunoreactions was scored
as none, weak, moderate, or strong. The percentage of
immunopositive cells was determined in the whole

NIBD

Claudin -1

Claudin-2

Claudin-3

Claudin-4

Claudin-7

area of interest. In the case of cores containing a mix-
ture of tumor and normal tissue, tumor and normal
cells were counted separately.

Statistical Analysis

Statistical analysis was performed using SPSS 15.0 soft-
ware (SPSS, Chicago, IL). The Mann-Whitney test was
performed to compare the differences in claudin ex-
pression in the selected pairs of the sample groups
(NIBD-IBDC, NEBD-EBDC, NGB-GBC, IBDC-EBDC,
IBDC-GBC, and EBDC-GBC). The Bonferroni-Holmes
test was used as an additional test for corrections.
$<<0.05 was considered statistically significant. The cor-
relation between intensity and immunopositivity of an

IBDC NEBD EBDC NGB GBC

Claudin-8
Figure 1 An overview of claudin immu-

noreaction results. Median intensity (Int)
and mean percent positivity (Pos%) scores
of the normal and tumor sample groups
are represented with colors and pat-
terns, respectively (for color code, see

Claudin-10

IBDC EBDC

IBDC GBC EBDC GBC

legend in the figure). Cancers are com- Int

! 4 © Claudin -1 3 3
pared with their corresponding nor- _ Pos%_ AN AN R COlC!l' ct.)de .
mal epithelia in top panel, whereas the Claudin -2 Int ¢ Median intensity (Int)
cancer groups are compared with one Pos% [ NN TR N\m:um strong
another in bottom panel. Significant dif- Claudin-3 Int *k moderate
ferences are marked by asterisks. NIBD, AUdIN=S 5 ocon RS Tsees . Euny weak
normal intrahepatic bile duct; NEBD, 2
tic | Claudin-4 Nt none

normal extrahepatic bile duct; NGB, nor- audin-=4 o co.
glaltgallbladdiréllchDC, Ttr?‘hepatyc tk:'llle m Mean percentage of

uct cancer; . exiranepatic bile U pos% [ S ositive cells (Pos%
duct cancer; GBC, gallbladder cancer. (*), —_— h i i g 75 1300/ )
nearly significant (p=0.056); *, signifi- Claudin-8 e i Eods

y 519 (p )i %, sig Pos% P RIS 50-74%
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area was calculated by Spearman’s rank correlation;
$<0.01 was defined as a significant difference between
the studied variables. SPSS 15.0 software (SPSS) was
used to show the distinction of groups by discrimi-
nant analysis.

Results

General Characterization of
Claudin Immunoreactions

In the normal biliary epithelia, in accordance with
the corresponding positive control tissues (Table 2),
immunostaining of claudin-1, -3, -4, -8, and -10 ap-
peared only on plasma membranes. In addition to the
membranous staining, cytoplasmic immunoreactions
of claudin-2 were evident in both the normal biliary
epithelia and in the normal colon control. Further-
more, cytoplasmic claudin-7 immunostaining also ap-
peared in the gallbladder epithelial cells but not in
the control mammary gland epithelium. The cell sur-
face reactions of claudin-3, -8, and -10 were often re-
stricted to the apical membrane domain of biliary
epithelial cells; of these, only claudin-8 exhibited the
same apical restriction in the positive control tissue
(normal renal tubules). The other claudins were dis-
tributed more or less evenly across the apical, lateral,
and basal membrane domains. Similar observations
were made on biliary tract cancers, with the following
remarks: (a) the immunoreactions extended to the en-
tire cell surface in the case of claudin-8 and -10 and (b)
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additional cytoplasmic staining of claudin-10 appeared
in the tumor cells.

It should be noted that claudin-8 immunoreactions
on paraffin sections were generally very weak; how-
ever, despite the faint immunostaining, some signifi-
cant differences between the sample groups were
found, and the presence of the protein was further
confirmed by immunofluorescence on frozen sections
(data not shown).

Evaluation of Claudin Immunoreactions

Immunoreactions were evaluated with regard to two
parameters: immunoreaction intensity and the percent-
age of immunopositive cells. The results of both ana-
lyses are summarized in Figure 1 and shown in more
detail in Supplementary Figure 1. Discriminant analysis
based on all intensity and percent positivity data of the
performed immunoreactions resulted in a neat separa-
tion of the six sample groups (normal intrahepatic and
extrahepatic bile ducts, normal gallbladder, and carci-
nomas of the corresponding locations; Figure 2).

Pairwise statistical comparisons of the three normal
and the three cancer groups, with regard to both eval-
uation parameters, were made from two viewpoints:
(a) cancers were compared with their normal sites of
origin and (b) cancer types were compared with one
another (Figures 1A and 1B, respectively).

Significant differences in the cancer vs normal com-
parisons exceeded in number those found in the cancer
VS cancer comparisons: immunoreaction intensity, the

Canonical Discriminant Functions
Groups: OniBD [NEBD NGB ()iBDC [JEBDC <k GBC

=3

Figure 2 Discriminant analysis. The
six studied groups (NIBD, NEBD, NGB,
IBDC, EBDC, GBC) are neatly separated
by discriminant analysis based on
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percent of immunopositive cells, or both was signifi-
cantly different in 14/21 cancer vs normal comparisons
(of which 11 were strongly significant in at least one
aspect), whereas this proportion was 10/21 in the case
of cancer vs cancer comparisons (of which none were
strongly significant). Eleven of 24 significant differ-
ences were manifested in both aspects of the immuno-
reactions, indicating a positive correlation between the
two parameters, which was statistically confirmed in the
case of claudin-1, -2, -3, -4, -7, and -10 (Spearman’s
rank correlation, p=0.001 for all).

Comparison of Cancers With the Corresponding
Normal Tissues

Representative photomicrographs comparing cancers
with the corresponding normal tissues are shown in
Figures 3 (claudin-2 and -3) and 4 (claudin-10). In
most cancer vs normal comparisons, the investigated
claudins were found to be expressed more intensively
and/or by a higher percentage of cells in the normal tis-
sues (see Figure 1A). Cytokeratin-7, used as a biliary
epithelial marker, also showed decreased immuno-
staining in cancers, especially in poorly differentiated
areas (data not shown). Significantly lower expres-

Figure 3 Claudin-2 and -3 immuno-
reactions in the NGB, GBC, NIBD, and
IBDC groups. Claudin-2 was most in-
tensely expressed in the normal gall-
bladder and significantly diminished
in GBC compared with NGB. Claudin-
3 was strongly expressed on the nor-
mal gallbladder epithelium, but only
weak expression was seen in the nor-
mal intrahepatic bile ducts. A sig-
nificant drop was found in claudin-3
positivity in the case of gallbladder
and intrahepatic bile duct carcinomas
compared with their corresponding
normal regions. Bar = 0.05 mm.
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sion, regarding at least one evaluation parameter, of
claudins in the various cancers were observed as fol-
lows: claudin-3, -7, -8, and -10 in IBDC; claudin-1,
-8, and -10 in EBDC; and claudin-1, -2, -3, -7, -8,
and -10 in GBC. In other words, claudin-2 was found
to be downregulated in GBC only; claudin-1, -3, and -7
were downregulated in two cancer types; and claudin-8
and -10 were downregulated in all the three cancer
types. The most generalized decrease of claudin expres-
sion was noted in the case of gallbladder carcinoma,
with all investigated claudins but claudin-4 showing
diminished immunostaining relative to the normal gall-
bladder epithelium. This is partly explained by the fact
that the highest claudin expressions among the normal
samples were observed in the NGB group. Claudin-4, as
an exception, was not downregulated in any of the can-
cer types analyzed; rather, its immunostaining was even
found more intense in EBDC compared with NEBD.

Differences Between the Cancer Types and Their
Potential Diagnostic Benefit
Significant differences between the three cancer types,

regarding either evaluation parameter, were found in
the case of claudin-1, -2, -3, -4, -8, and -10 but not
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in the case of claudin-7 (see Figure 1B). Photomicro-
graphs showing the visually most obvious differences
in claudin expression between the cancer groups (strong
claudin-1 in IBDC vs EBDC and GBC; strong claudin-4
in EBDC vs IBDC and GBC) are presented in Figure 5.
For the purpose of discrimination between the three
cancer types based on claudin expression, a possible
decision algorithm is proposed below.

First, GBCs may be differentiated from both chol-
angiocarcinomas on the basis of claudin-2 immuno-
reaction intensity and percent positivity. Intermediate
or strong claudin-2 immunoreaction in >25% of cells
vs weak or no claudin-2 immunoreaction in <25% of
cells separated GBC from IBDC + EBDC, respectively,
with a specificity of 85% and sensitivity of 72% for
GBC (Fisher exact test, p=0.0003). Intrahepatic and
extrahepatic cholangiocarcinomas may be distinguished
by their claudin-4 immunoreaction intensity: classi-
fying cholangiocarcinomas with strong claudin-4 as
EBDC and those with less intense (none, weak, or
intermediate) claudin-4 as IBDC yielded an 80% speci-
ficity and a 91% sensitivity for EBDC (Fisher exact
test, p=0.02).

Figure 4 Claudin-10 immunore-
actions in the NEBD, NGB, NIBD, EBDC,
GBC, and IBDC groups. Claudin-10
decreased significantly in all corre-
sponding pairs of normal vs carcinoma
comparisons, although it was rela-
tively strongly expressed in IBDC
compared with both EBDC and GBC.
Bar = 0.05 mm.

Applying an even more qualitative approach, the
following generalizations can be made. IBDCs were
characterized by the presence of claudin-1, -2, -4, and
-10 besides the absence or scantness of claudin-3 and
-8. EBDCs were typically hallmarked by a stronger
expression of claudin-4 and -8 but a weaker expres-
sion of the other claudins, especially of claudin-2, rela-
tive to IBDC and GBC. Finally, GBCs usually exhibited
a stronger claudin-2 expression compared with the
other groups, besides a moderate presence of claudin-1
and -4, but the absence or scantness of claudin-10.
However, numerous exceptions to these tendencies
were noted; all differences found to be statistically sig-
nificant despite individual deviations are indicated in
Figure 1B. Actual distributions of immunoreaction in-
tensities and percent positivities in the cancer groups
are detailed in Supplementary Figure 1.

Finally, it is of note that, in the case of EBDC
and GBC, the expression of claudin-1 seemed to
inversely correlate with increasing tumor grade.
Claudin-1 was almost not expressed in the poorly
differentiated (Grade 3) subgroups of these tumors,
whereas well- and moderately differentiated (Grades 1
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Figure 5 Claudin-1 and -4 immuno-
reactions in EBDC, GBC, and IBDC.
Claudin-1 immunostaining was more
intense, although non-significantly,
in IBDC compared with both EBDC
and GBC. Claudin-4 was most intense
in the extrahepatic bile duct carcino-
mas and significantly fainter in IBDC
and GBC. Bar = 0.05 mm.

and 2) EBDCs and GBCs showed weak but positive
membrane reaction.

Discussion

The role of TJ proteins in cell polarity, growth, and dif-
ferentiation has been described in several studies. TJs
have also been implicated in cell proliferation and can-
cer (Cheung et al. 2005; Higashi et al. 2007). However,
most studies have focused on the TJ plaque proteins,
which play a direct role in cell motility, thus taking
part in actin cytoskeleton rearrangement (Gonzalez-
Mariscal et al. 2007). Fewer reports discuss the ex-
pression of different types of claudins, although these
TJ components would merit similar interest because
of their ability to modulate epithelial permeability bar-
rier properties by influencing the passage of cations
and—to a lesser extent—anions (Hartsock and Nelson
2008). For instance, high claudin-2 expression confers
leakiness to the T] complex, which becomes less re-
strictive for ions (Amasheh et al. 2002; Kiuchi-Saishin
et al. 2002). Therefore, the observed high claudin-2
expression in the gallbladder may play a role in bile
concentration, analogous to its functions in the kidney

-y

where it participates in reabsorption in the proximal
tubule and in the thin descending limb of Henle’s loop
(Kiuchi-Saishin et al. 2002). Moreover, alterations in
claudin expression may bring about disturbances in
cell polarity and thereby modify the distribution of
lipid rafts and their protein components (receptors,
channels, etc.). The consequent expansion of the signal
reception field may have an impact on the responsive-
ness of epithelial cells (Schneeberger and Lynch 2004;
Gonzalez-Mariscal et al. 2007).

This study showed that claudins are differentially
expressed in various compartments of the biliary tract
(normal intrahepatic and extrahepatic bile ducts and
gallbladder); furthermore, carcinomas arising from
the various compartments showed divergences from
their originating tissue. Discriminant analysis based
on all positivity and intensity data of the performed
immunoreactions (claudins-1, 2, 3, 4, 7, 8, 10) resulted
in a fair separation of the six sample groups (normal
intrahepatic and extrahepatic bile ducts, normal gall-
bladder, and carcinomas in the corresponding loca-
tions). Each investigated claudin was expressed in all
normal sample groups, with the immunoprofile of
normal bile duct samples being similar to that of nor-
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mal pancreatic tissue (Hewitt et al. 2006; Borka et al.
2007). Significant differences were detected in only
claudin-2 and -4; these two showed strong immuno-
reactions in the gallbladder but not in bile ducts.
Laurila et al. (2007) also found the gallbladder epithe-
lium positive for claudin-1, -2, -3, and -4, although
they reported claudin-2 staining in only one half of
the gallbladder epithelial cells (Laurila et al. 2007).

The claudin expression pattern of carcinomas was
remarkably altered in comparison with the originat-
ing normal epithelia. The positivity and intensity of
claudin-1, -7, -8, and -10 immunoreactions were sig-
nificantly decreased in most adenocarcinomas relative
to their normal counterparts. A significant decrease in
claudin-2 was detected only when comparing neoplas-
tic gallbladder samples with the normal gallbladder.
Although no similar data are available on the biliary
tract, a real-time RT-PCR survey of claudin gene ex-
pression by Hewitt et al. (2006) showed decreased
expression of several claudins in various tumors com-
pared with the corresponding non-neoplastic tissues,
including downregulation of claudin-2 mRNA in the
carcinomas of the stomach, kidney, and liver and of
claudin-10 mRNA in pancreatic carcinomas.

When comparing the various carcinoma groups, we
found stronger claudin-1 and -10 expression in IBDC
relative to both EBDC and GBC. On the other hand,
claudin-2 immunoreactions were stronger in GBC than
in IBDC and EBDC, and the intensity of claudin-4
immunostaining was the highest in EBDC. In other
words, all three carcinoma types were distinguished
from the others by the relatively strong expression of
one or more claudins, the prominent feature being
claudin-1 and claudin-10 for IBDC, claudin-2 for GBC,
and claudin-4 for EBDC.

Tumor type-specific claudin expression patterns may
facilitate differential diagnosis. Claudin-1 was reported
to differentiate between a multitude of tumor types such
as pancreatic ductal and endocrine tumors (Borka et al.
2007), fetal and embryonic components of human
hepatoblastoma (Halasz et al 2006), endometrioid and
serous papillary endometrial adenocarcinoma (Sobel
et al. 2006), and medullary and poorly differentiated
carcinoma vs papillary and follicular carcinoma of the
thyroid gland (Tzelepi et al. 2008). Claudin-2, -3, and
-4 were proven to clearly distinguish pancreatic tumor
types (Borka et al. 2007), and claudin-4 differentiates
biliary tract cancers from hepatocellular carcinomas
(Lodi et al. 2006). Claudin-3, which in this study
yielded uniformly positive reactions across all biliary
tumor groups, was consistently negative in ductal pan-
creatic adenocarcinomas (Borka et al. 2007).

Finally, a few intriguing findings were made on sev-
eral samples. In two cases of GBCs, the portion of the
tumor infiltrating the liver exhibited higher claudin-1
and -10 expression than the extrahepatic portion of

the same tumor. The altered claudin expression may
be a sign of dedifferentiation and enhanced invasion
potential, because it has been noted in our previous
work on claudin-4 in cholangiocarcinoma (Lodi et al.
2006). Furthermore, in contrast to the regular apical
appearance, aberrant basal localization of claudin-1,
-3, -8, and -10 was occasionally seen in glandular struc-
tures. Abnormal targeting of T] components may simply
reflect a disturbance in cell polarity; alternatively, the
elaboration of a basal barrier may confer protection to
tumor cells against potentially cytotoxic compounds.

In summary, this is the first study to compare the
protein expression of claudin-1, -2, -3, -7, -8, and -10
in human normal and neoplastic bile ducts. Specific
claudin expression patterns identify the various com-
partments of the healthy biliary tract and also the
carcinomas originating from these locations. Future
studies on the observed carcinoma-associated expres-
sion changes may give insight into the role of claudins
in the biological behavior of these cancers.
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