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Claudins in differential diagnosis between mesothelioma
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Aim: To study the expression of claudins in mesothelioma and metastatic pleural adenocarcinoma.
Methods: Immunohistochemical staining of claudins 1, 2, 3, 4, 5, and 7 was studied in 35 malignant
mesotheliomas and the expression compared with 24 cases of pleural metastatic adenocarcinoma. All
cases were also immunostained with calretinin.
Results: Claudin 1, 2, 3, 4, 5, and 7 expression was seen in 40%, 80%, 18%, 23%, 14%, and 43% of
mesotheliomas, respectively, while the corresponding figures for adenocarcinoma were 100%, 88%, 90%,
100%, 50%, and 92%. Claudins 1, 3, 4, 5, and 7 were significantly less positive in mesothelioma than in
metastatic adenocarcinoma, while no difference was observed for claudin 2. Claudins 1, 3, 4, 5, and 7
were also inversely associated with calretinin positivity. Sarcomatoid and biphasic mesothelioma subtypes
appeared more negative for these claudins than pure epithelioid subtypes. Claudin expression was not
associated with survival of patients with malignant mesotheliomas.
Conclusions: The results show that malignant mesotheliomas have a lower expression of claudins 1, 3, 4,
5, and 7 than adenocarcinomas, and their expression could thus be used as an adjunct in differential
diagnosis between the two. The difference was most evident for claudins 3 and 4, which were nearly as
good as calretinin in mesothelioma detection. Sarcomatoid and biphasic mesotheliomas showed
expression of these claudins only occasionally, which could be due to or contribute to their less epithelial
appearance.

C
laudins are tight junctional proteins that regulate the
permeability of cell junctions in different epithelia and
vascular endothelium. There are at least 23 different

claudins known so far and their distribution in different
epithelia may vary.1 In rat kidney, for instance, different
claudins are expressed in different segments of the nephron,
and their expression also varies during embryogenesis.1 2

Similarly, in intestinal organs and in gut, claudins show site
specific expression.3 In rat liver, for instance, claudin 5 is
present only in endothelial cells and claudin 4 is absent,
while claudins 2 and 3 are expressed in hepatocytes.3 In rat
pancreas, claudins 3 and 4 are uniformly expressed in
epithelia, while claudin 5 is seen in acinar cells and claudin
2 in ductal cells.3

In rat lung, claudins 3, 4, and 5 are expressed in type II
alveolar epithelial cells. In cell culture, they also showed
weak claudin 1 and 2 expression.4 Claudins do, however,
have opposing actions on the permeability of cellular
junctions in human airways. According to Coyne et al,
claudins 1 and 3 decrease solute permeability, while claudin
5 increases it.5 The function of claudin 1 is controlled by MAP
kinase, which increases its barrier function.6 Claudin 5 also
associates with endothelium, and it is important in vascular
development and angiogenesis of the lung tissue.7

In tumours, claudin expression has not been studied
extensively. Expression of various claudins is present in
prostate, breast, ovarian, and pancreatic carcinoma. In breast
cancer, loss of claudin 7 expression is associated with a
higher histological grade of the tumours.8 Claudin 3 and 4
expression has also been detected in breast carcinoma, and
they serve as receptors for Clostridium perfringens entero-
toxin.9 10 In fact, administration of C. perfringens enterotoxin
to breast or pancreatic carcinoma cells induces dose
dependent cytolysis in tumour cells.9 11 Claudin 4 over-
expression is also present in pancreatic adenocarcinoma
and its precursor lesions.11 12 Claudin 3 and 4 overexpression

has been found in prostate and ovarian carcinoma.13 14 In soft
tissue tumours, claudin 1 expression can be used in the
differential diagnosis of perineurinoma.15

In addition to epithelial and endothelial cells, mesothelium
also contains tight junctions.16 The differential expression of
claudins in mesothelial cells or tumours has not previously
been studied. Given the site specific variation of claudins in
different tissues, and the often problematic differential
diagnosis between adenocarcinoma and mesothelioma, we
tested whether claudins might be a useful adjunct in
differentiating these tumours from each other. For this, we
analysed 35 malignant mesotheliomas and 24 adenocarcino-
mas. Additionally, samples of non-neoplastic pleural tissue
were included.

MATERIALS AND METHODS
Study material
The study was approved by the ethics committee of Oulu
University Hospital. The study material consisted of 35
surgically removed mesotheliomas, 24 metastatic pleural
adenocarcinomas, and 6 non-neoplastic surgical samples.
The diagnosis of the mesothelioma cases was based on the
WHO classification of lung and pleural tumours complemen-
ted with immunohistochemistry.17 There were 24 epithelioid,
4 sarcomatoid, and 7 biphasic subtypes. For metastatic
adenocarcinomas, the diagnosis was based on morphology
and immunohistochemistry. The malignant mesotheliomas
were distinguished from metastatic adenocarcinomas on the
basis of the presence of intracellular or extracellular
hyaluronic acid in mesothelioma, while the adenocarcinomas
contained intracellular, periodic acid-Schiff positive and
diastase resistant epithelial mucin. Immunohistochemical
staining was also performed with carcinoembryonic antigen

Abbreviations: CEA, carcinoembryonic antigen; CK, cytokeratin;
EMA, epithelial membrane antigen

250

www.jclinpath.com



(CEA) and epithelial membrane antigen (EMA), cytoker-
atins (CK) 5/6 and 20, and calretinin. Metastatic adenocarci-
nomas of the pleura were diagnosed on the basis of CEA
positivity and often contained intracellular EMA positivity,
while mesotheliomas were usually CEA negative and showed
membrane bound EMA positivity. Mesotheliomas character-
istically showed positivity for CK 5/6, while they were
negative for CK 20, which was present in the case of some
metastatic adenocarcinomas originating, for example, from
the gastrointestinal tract. A most important criterion was
observing nuclear and cytoplasmic positivity for calretinin in
mesotheliomas. The primary locations of the metastatic
adenocarcinomas were lung, breast, kidney, gallbladder,
pancreas, and ovarian tissue. The mean follow up was
22.0 months for mesothelioma and 22.5 months for meta-
static adenocarcinoma.

Immunohistochemical staining
The primary antibodies used in the immunostaining were
purchased from Zymed Laboratories Inc. (San Francisco, CA,
USA) designed to be used in formalin fixed paraffin
embedded tissues. They were polyclonal rabbit anti-claudin
1 (clone JAY.8), monoclonal mouse anti-claudin 2 antibody
(clone 12H12), polyclonal rabbit anti-claudin 3 (clone
Z23.JM), monoclonal mouse anti-claudin 4 (clone 3E2C1),
monoclonal mouse anti-claudin 5 (clone 4C3C2), and
polyclonal rabbit anti-claudin 7 (clone ZMD.241). The
polyclonal rabbit anti-calretinin antibody (catalogue no. 18-
0211) was also purchased from Zymed. Before application of
the primary antibodies, the sections were heated in a
microwave oven in 10 mmol/l citrate buffer, pH 6.0, for
10 minutes. After a 60 minute incubation with the primary
antibody (dilution 1:50 for anti-claudin 1, 2, 3, 4, 5, and 7 and
1:1000 for calretinin), a biotinylated secondary anti-rabbit or
anti-mouse antibody and Histostain-SP kit (Zymed) was
used. For all the immunostains, the colour was developed by
diaminobenzidine, and the sections were lightly counter-
stained with haematoxylin and mounted with Eukitt
(Kindler, Freiburg, Germany).

Negative control stains were carried out by substituting
non-immune rabbit or mouse serum and phosphate buffered
saline for the primary antibodies. As positive controls non-
neoplastic kidney, breast, skin and liver samples were used.

The immunostaining was assessed as follows; 2, no
immunostaining present; +, ,25% of cells positive; ++, 25–
50% of cells positive; +++, 50–100% of cells positive. In the
evaluation, only membrane bound positivity was considered
significant. The results were analysed by two pathologists
who had no knowledge of the diagnosis at the time of the
analysis (YS, PP).

Statistical analysis
SPSS for Windows software (Chicago, IL, USA) was used for
statistical analysis. The significance of associations were
determined using Fisher’s exact probability test. Survival was
analysed with the Kaplan-Meier curve, and significance of
associations with log rank, Breslow, and Tarone-Ware tests.

RESULTS
Immunostaining revealed linear membrane bound positivity
for all claudins except for claudin 2, which showed more
granular membrane bound staining. With some claudins,
such as claudins 1 and 3, some cytoplasmic positivity was
also observed, but only membrane bound staining was
considered significant. In histological samples of non-
neoplastic pleural mesothelial cells positivity for claudin 2
and weak membrane bound positivity for claudin 1 was seen.
Claudins 3, 4, 5, and 7 appeared negative.

The results of the immunostaining are compiled in table 1.
Of the mesotheliomas, 14/35 (40%) were positive for claudin
1, while 24/24 (100%) of the adenocarcinomas showed
positivity (p,0.001) (fig 1A, B). With claudin 2, in contrast,
no significant difference was observed in claudin expression,
28/35 (80%) of the cases being positive for claudin 2 in
mesotheliomas and 21/24 (88%) in adenocarcinomas
(p = 0.35). Claudin 3 was detected in 6/33 mesotheliomas
(18%) and in 20/22 adenocarcinomas (90%), and there were
significantly fewer positive cases in the mesothelioma group
(p,0.001). Similar to this, claudin 4 expression was observed
in 8/35 mesotheliomas (23%), but in all 23/23 adenocarcino-
mas (100%; p,0.001) (fig 1C, D). A similar trend was seen
with claudin 7, 15/35 (43%) being positive in mesothelioma
and 22/24 (92%) in adenocarcinoma (p,0.001). With claudin
5, 5/35 mesotheliomas (14%) and 11/22 adenocarcinomas
(50%) were positive (p = 0.005) (fig 1E, F).

Of the mesotheliomas, 28/34 (82%) were positive for
calretinin and in adenocarcinomas 6/24 positive cases
(25%) were found. Calretinin staining in mesotheliomas
showed both cytoplasmic and nuclear positivity. The differ-
ence in the expression between mesothelioma and adeno-
carcinoma was significant (p,0.001), calretinin showing
considerably more positivity in mesotheliomas. Calretinin
expression was inversely associated with expression of
claudins 1 (p,0.001), 3 (p,0.001), 4 (p,0.001), 5
(p = 0.003), and 7 (p = 0.002), but not with 2 (p = 0.63).

Of mesothelioma subtypes, epithelioid mesotheliomas
showed most positive cases for claudins (table 2). All
sarcomatoid subtypes were negative for claudins 1, 3, 5,
and 7, while only one sarcomatoid subtype showed positivity
for claudin 4. In contrast, all sarcomatoid subtypes were
positive for claudin 2. All biphasic subtypes were negative for
claudins 3, 4, and 5, while two of them showed positivity for
claudin 7, two for claudin 1, and six for claudin 2. None of
the claudins associated significantly with survival of the
patients.

When comparing immunoreactivity of claudins in the
whole material, claudins 1 and 3 (p,0.001), 1 and 4
(p,0.001), 1 and 5 (p,0.001), 1 and 7 (p,0.001), 3 and 4
(p,0.001), 3 and 5 (p,0.001), 3 and 7 (p,0.001), 4 and 5
(p,0.001), 4 and 7 (p,0.001), and 5 and 7 (p = 0.021)
associated significantly with each other. Of 17 mesotheliomas
expressing positivity for claudins 1, 3, 4, 5, or 7, only three
cases showed positivity for only one claudin; the rest showed
expression of two and usually several claudins.

DISCUSSION
Claudins are tight junctional proteins present in endothelial
and epithelial cells. They serve as barrier proteins and
regulate the permeability of blood vessels and epithelium in
various tissues. There are at least 23 different claudin types
known so far, and their distribution in different tissue and
cells may vary.1 Mesothelial cells also contain tight junc-
tions.16 The aim of this study was to investigate the
differential expression of claudins 1, 2, 3, 4, 5, and 7 in
mesothelial cells and tumours and compare it with the
expression found in metastatic adenocarcinomas of the
pleura.

Previously, claudin expression has not been studied in
mesotheliomas. Of other adhesion molecules, E-cadherin is
low and N-cadherin higher in mesothelioma than in
metastatic adenocarcinoma, whereas some other adhesion
molecules, such as E-selectin or vascular cell adhesion
molecule are. Thus the former ones can be used in differential
diagnosis between mesothelioma and adenocarcinoma.18 19 Of
the mesothelioma subtypes, E-cadherin is lower in the
sarcomatoid than the epithelioid subtype, but neither E-
cadherin nor N-cadherin distinguishes between malignant
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mesothelioma and mesothelial hyperplasia.20 b-catenin and
c-catenin associate with E-cadherin and they are linked to
the actin microfilaments by a-catenin.20 In the report by

Abutaily et al, a-catenin and b-catenin immunoreactivity
were seen in 93% and 100% of malignant mesotheliomas,
respectively, and b-atenin expression was also cytoplasmic

Figure 1 (A) In a metastatic adenocarcinoma from the lung, strong membrane bound claudin 1 positivity can be seen around tumour cells. (B) In an
epithelioid mesothelioma, membrane bound claudin 1 expression cannot be observed. (C) In another metastatic adenocarcinoma from the lung, strong
membrane bound positivity for claudin 4 can be seen. (D) In a sarcomatoid mesothelioma, no expression for claudin 4 can be observed. (E) In a
metastatic adenocarcinoma from the breast, membrane bound positivity for claudin 5 can be seen. (F) In this case of an epithelioid mesothelioma,
claudin 5 positivity can also be observed. Original magnification6100.

Table 1 Membrane-bound expression of claudins 1, 2,
3, 4, 5, and 7 in malignant mesothelioma (MT) and
metastatic adenocarcinoma (AC) of the pleura

Tumour Positivity

Claudin

1 2 3 4 5 7

MT +++ 6 15 1 5 0 7
++ 2 8 4 0 3 5
+ 6 5 1 3 2 3
2 21 7 27 27 30 20

AC +++ 16 13 12 19 1 21
++ 5 6 7 1 5 0
+ 3 2 1 3 6 1
2 0 3 2 0 11 2

Table 2 Claudin expression in mesothelioma subtypes

Antibody
Immuno-
staining Epithelioid Sarcomatoid Biphasic

Claudin 1 Positive 12 0 2
Negative 12 4 5

Claudin 2 Positive 18 4 6
Negative 6 0 1

Claudin 3 Positive 6 0 0
Negative 17 3 7

Claudin 4 Positive 7 1 0
Negative 17 3 7

Claudin 5 Positive 5 0 0
Negative 19 4 7

Claudin 7 Positive 13 0 2
Negative 11 4 5
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and sometimes nuclear, which differed from reactive
mesothelial hyperplasia.20 The authors showed that in some
cases mutations of the APC gene may contribute to the
disturbed accumulation of b-catenin.21

According to the results, claudin expression was different
in cases diagnosed as malignant mesotheliomas compared
with adenocarcinomas metastatic to pleural tissue. Claudins
1, 3, 4, 5, and 7 showed significantly less reactivity in
mesotheliomas compared with metastatic adenocarcinomas,
while there was no significant difference in the expression of
claudin 2. The results indicate that claudins 1, 3, 4, 5, and 7
might be used as additional markers for differentiating
metastatic adenocarcinoma from mesothelioma. It should,
however, be borne in mind that the expression of different
claudins in different types of carcinomas may vary. In breast
carcinoma, for instance, claudins 3 and 4 are expressed in
almost every case while expression of claudins 2 and 5 was
found in only about half of cases.10 The difference between
claudin expression in mesothelioma and carcinoma may also
be partly quantitative, mesotheliomas expressing weaker
reactivity owing to a lower concentration and perhaps to a
lower number of tight junctional structures. Claudin 2 was
similarly expressed in mesotheliomas and adenocarcinomas.
This might, however, indicate that the number of tight
junctions is not decisively different between the tumours.

In order to analyse further the putative differences
between these lesions we also analysed separately tumours
expressing calretinin to those without such an expression.
Calretinin is widely used and has been considered a reliable
marker for mesothelioma and usually differentiates mesothe-
lioma from metastatic pleural tumours quite well. However,
calretinin may sometimes be present in some non-mesothe-
lial tumours such as thymic carcinoma, and it is also present
in a minority of lung adenocarcinomas.19 21 In our analysis,
cases diagnosed as mesothelioma usually showed calretinin
positivity, which agrees with previous reports.19 In line with
the analysis of the cases based on histology and also other
stains, cases showing positivity for calretinin showed an
inverse association with claudins 1, 3, 4, 5, and 7. Thus
membranous positivity for these claudins associates with
calretinin negativity, suggesting that the tumour is a
metastatic adenocarcinoma.

When comparing claudin expression in different mesothe-
lioma subtypes, sarcomatoid and biphasic mesotheliomas
had less claudin expression than the epithelioid subtype,
except for claudin 2. Of other adhesion molecules, E-cadherin
also has lower expression in sarcomatoid than epithelioid
mesotheliomas.20 This may indicate that lack of claudins and
E-cadherin together could in some way contribute to the
non-epithelial histological appearance of these tumours.
There could also exist some functional relationship between
E-cadherin and claudins, as E-cadherin has been shown to
influence the formation of tight junctions and desmo-
somes.22 23

Claudin expression was not associated with survival of the
patients with mesothelioma. This might indicate that claudin
expression per se does not influence tumour behaviour to
such an extent as to have prognostic value, even though
epithelial mesotheliomas have a slightly better prognosis
than sarcomatoid tumours. On the other hand, claudins 3
and 4 have been shown to serve as receptors for C. perfringens
enterotoxin, and tumour cells with these proteins undergo
apoptosis and necrosis when exposed to the toxin.9 11 In this
way, these proteins can be linked to cell survival, and perhaps
some day their expression can be used in the treatment of
some malignant tumours.

In conclusion, we show that claudins 1, 3, 4, 5, and 7 are
less frequently expressed in malignant mesotheliomas than
in metastatic pleural adenocarcinomas. Thus, these claudins

may be helpful in differentiating these tumours from one
another. Of the mesothelioma subtypes, sarcomatoid and
mixed types express less claudin immunoreactivity, which
might partly contribute to the less epithelial character of
these tumours.
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