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Claudins 10 and 18 are predominantly expressed in lung
adenocarcinomas and in tumors of nonsmokers
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Abstract: Aims: We investigated the expression of claudins 18 and 10 in a large set of primary lung carcinomas.
Methods and results: Immunohistochemical expression of claudin 18 was seen in 12.7 % and claudin 10 in 12.5 % of
lung carcinomas. Their expression significantly associated with each other (p<0.001). The expression of claudin 18
and 10 was most prominent in lung adenocarcinomas which displayed positivity in 21.2% and 23.4 % of cases. Fe-
male patients had more often claudin 18 and 10 positive tumors, also separately in adenocarcinomas. Interestingly,
claudin 10 (p=0.036) and claudin 18 (p=0.001) were more common in tumours of nonsmokers. In adenocarcinomas
claudin 18 predicted a better survival (p=0.032). In Cox multivariate analysis, claudin 18 had an independent prog-
nostic value (p=0.027).Conclusion: The results show that both claudins are most commonly expressed in lung adeno-
carcinomas and they are more occasionally detected in other histological tumour types. Curiously, female patients
and non-smokers express these claudins more commonly suggesting that they may play a part in the carcinogenesis
of tobacco unrelated carcinoma. Claudin 18 associated with a better survival in lung adenocarcinoma and had an

independent prognostic value and may thus be used in the evaluation of patient prognosis.
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Introduction

Claudins are tight junctional proteins present in
epithelial, mesothelial and endothelial cells [1].
They influence the electrical and solute perme-
ability of the paracellular space, regulate cellu-
lar polarity, segregate the apicolateral cell mem-
brane from other parts and contribute to the
cells’ defence against external pathogens [2-4].
They are attached to scaffolding proteins, such
as Z0-1, Z0-2 and Z0O-3 by their carboxyterminal
PDZ domains [4]. Through these they are con-
nected to the actin microfilament network of the
cells and also influence cellular proliferation
and apoptosis [4]. There are 27 claudins known
and the presence and relations of individual
claudins in tight junctions determine the perme-
ability of the paracellular space [2, 5].

Different claudins may be over- or underex-
pressed in cancer [6]. Claudin 7, for instance is

upregulated in thyroid carcinomas, squamous
cell carcinomas of the tongue, chromophobe
renal cell carcinomas, prostate carcinomas and
ovarian epithelial carcinomas while diminished
expression has been reported in breast carcino-
mas and hepatoblastomas [6]. Same claudins
may also influence patient prognosis in different
ways. In breast carcinoma, claudin 7 downregu-
lation is associated with a worse prognosis and
aggressiveness of low claudin 1 expression in
lung adenocarcinoma patients predicted a
shorter survival and over-expression of claudin
1 inhibited cancer cell dissociation, migration
and invasion [9, 10]. Claudins may also be used
as markers in the the tumors while in ovarian
epithelial carcinoma overexpression of claudin
7 harbours a poor prognosis [7, 8]. In oral
squamous cell carcinoma claudin 1 overexpres-
sion associates with tumors of aggressive types
while in lung adenocarcinoma patients it pre-
dicted a better survival and overexpression of
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claudin 1 inhibited cancer cell dissociation, mi-
gration and invasion [9,10]. Claudins may also
be used as markers in the differential diagnosis
of tumors. Due to the different expression pat-
terns of claudins 3 and 4 in malignant meso-
thelioma and adenocarcinoma these claudins
may be used to distinguish metastatic pleural
adenocarcinoma and mesothelioma [11, 12].
Claudins show also promise for specific molecu-
lar targeted cancer treatment. Chemically modi-
fied clostridium perfringens toxin may modulate
tight junctions containing claudins 3 and 4 thus
allowing a better penetrance of chemotherapeu-
tic drugs in cancer tissues [13].

Claudin 18 is a gene producing two splice vari-
ants, claudin 18A and 18B. The former is pre-
sent in the gastrointestinal tract while the latter
is present in the lung [14]. The claudin 18 gene
appears to be highly conserved between differ-
ent species [15]. In cancer tissues, claudin 18
expression has been detected in gastric, pan-
creatic and colon cancer [16-19]. In pancreatic
cancer claudin 18 was detected in a high per-
centage of cases while non-neoplastic tissues
were negative [19]. Its expression was, how-
ever, lower in colon cancer where only 4 % of
cases were positive [17]. Interestingly, claudin
18 expression is also increased in ulcerative
colitis and has been reported to be downregu-
lated in gastric intestinal metaplasia compared
to non-neoplastic tissues but upregulated in
Barrett's esophagus [16, 20, 21].

Claudin 10 gene is able to produce 6 different
splice variants [22]. Claudin 10 expression has
been detected in human kidney, hepatobiliary
tract and in the lung [23-25]. Interestingly,
claudin 10 is a potential marker of Clara cells in
the lung [25]. The influence of claudin 10 on
paracellular permeability appears to depend on
the splice variant and cell type in question [22].
In hepatocellular carcinoma, claudin 10 expres-
sion is associated with a worse survival and in
cell line studied such overexpression was asso-
ciated with a more invasive phenotype [26].

This study was undertaken to evaluate the ex-
pression of claudins 10 and 18 in different
types of lung tumors, and to evaluate their rela-
tion to the clinical data of the patients. A large
set of primary lung tumors, consisting of 271
cases were studied for the expression of
claudins 18 and 10.
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Materials and methods
Materials

The tumors studied were retrieved from the ar-
chives of Department of Pathology, University of
Oulu. They consisted of 289 surgical samples of
lung cancer which had been fixed in formalin
and embedded in paraffin. The diagnosis of the
tumor cases had been determined according to
the WHO International Classification of lung and
pleural tumors [27]. Two tumor regions were
chosen from each sample and these were incor-
porated into microarray blocks (Beecher Instru-
ments, Silver Spring, MD, USA). The presence of
metastases and the stage of the tumors were
determined at the time of operation. Survival
data was obtained from the Finnish Cancer Reg-
istry and the clinical data from patient records.
Due to exhaustion of some cases in the proc-
essing of array blocks the number of cases ana-
lyzed for each tumor histotype may be different.

Immunostaining

The rabbit polyclonal antibodies for claudin 18
and 10 were purchased from Zymed (Claudin 10
Cat.nro 38-8400 and claudin 18 cat.nro 38-8000
detecting claudin 18 both in lung and stomach).
Before application of the primary antibodies, the
sections were heated in a microwave oven in 10
mM citrate buffer, pH 6.0, for 10 minutes. After a
60-minute incubation with the primary antibody
(dilution 1:100 for both), a biotinylated secondary
anti-rabbit antibody and Histostain-SP kit (Zymed
Laboratoris Inc) was used. For all the immu-
nostaining, the color was developed by diamino-
benzidine, where after the sections were lightly
counterstained with hematoxylin and mounted
with Eukitt (Kindler, Freiburg, Germany).

Negative control stainings were carried out by
substituting non-immune serum and PBS for the
primary antibodies.

The immunostaining for claudins was assessed
as follows:

-= less than 5 % immunostaining present
+= less than 50 % of cells positive
++= more than 50 % of cells positive

In the evaluation for claudins 10 and 18, mem-
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Figure 1. Claudin 18 in lung alveoli. Immunopositivity
is present around and beneath alveolar pneumo-
cytes.

brane bound positivity was considered significant.
Statistical methods

The statistical analyses were performed with
SPSS for Windows software (SPSS, Chicago, IL,
USA). Continuous data were compared using
analysis of variance (ANOVA) followed by two-
tailed t-tests. Categorical data were compared
using Fisher’s exact. Survival-data was analyzed
using the Kaplan-Meier method with the use of
the log-rank test and only deaths with lung tu-
mor as the primary cause of death were consid-
ered. P-values less than 0.05 were considered
statistically significant.

Ethical considerations

The study was approved by the ethical commit-
tee of Northern Ostrobothnia Hospital District.
The study protocol was accepted by the Finnish
Natiolegal board. The survival data was ob-
tained from the Finnish Cancer Register after
receiving permission from the Ministry of Health
and Social Welfare.

Results

In non-neoplastic lung tissue claudin 18 was
seen at the membranes of both type 1 and type
2 pneumocytes (Figure 1). In areas with pneu-
mocyte proliferation, expression of claudin 18
was intensified. Claudin 10 was weakly ex-
pressed in pneumocytic cells of the alveoli.
Bronchial cells appeared not to express either
claudin 18 or claudin 10.

Claudin 18 positivity was observed in 34/268
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Figure 2. Intensive membrane bound claudin 18
expression is seen in lung adenocarcinoma.
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Figure 3. Membrane bound positivity for claudin 10
is seen in this case of a pulmonary squamous cell
carcinoma.

(12.7 %) (Figure 2) and claudin 10 in 34/271
(12.5 %) (Figure 3 and 4) tumors. Interestingly,
there was a strong association between claudin
18 and 10 immunoreactivity, 13 cases display-
ing both claudins (p<0.001). Squamous cell
carcinomas expressed claudin 18 in 9/122 (7
%), adenocarcinomas in 23/108 (21 %)
(bronchioloalveolar carcinomas in 5/9), small
cell carcinomas in 1/11 (9%), large cell carcino-
mas in 1/8 (12 %), while adenosquamous and
carcinoid tumors displayed no positivity. Claudin
10 positivity was seen in 7/122 (6 %)
squamous cell, 26/111 (23 %) adenocarcino-
mas (bronchioloalveolar carcinomas in 3/10),
and 1/13 (7 %) adenosquamous carcinomas
while carcinoid tumors, small cell carcinomas
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Figure 4. Membrane bound claudin 10 immunoposi-
tivity is present in a proportion of tumor cells in this
case of a pulmonary adenocarcinoma.

and large cell carcinomas displayed no positiv-
ity. Adenocarcinomas displayed significantly
more positivity for claudin 18 and claudin 10
than other tumors (p<0.001 for both). Sepa-
rately, they also expressed more frequently
these markers compared to squamous cell car-
cinomas (p=0.004, p=0.0005, respectively). No
association was found between claudin 18 and
10 and tumor size (p=0.17, p=0.88), nodal me-
tastases (p=0.12, p=0.74) or distant metasta-
ses (p=0.77, p=0.85). Curiously, female pa-
tients had more commonly tumors with claudin
10 expression (p=0.001) and such a trend was
also observed with claudin 18 (p=0.06). Inter-
estingly, both claudin 10 (p=0.036) and claudin
18 (p=0.001) were more commonly found in
nonsmokers. In line with this, patient packyears
were significantly lower in patients with claudin
18 (p=0.044) or claudin 10 positive (p=0.007)
tumors. In the whole lung tumor material nei-
ther claudin 18 nor claudin 10 expression asso-
ciated with survival of the patients (p=0.69,
p=0.76, respectively).

However, if only adenocarcinomas were studied,
patients displaying claudin 18 in their tumor
had a better survival (p=0.032) (Figure 5). In
Cox multivariate analysis, claudin 18 had an
independent prognostic value (p=0.027). No
such association was seen with claudin 10
(p=0.69). In adenocarcinomas, the association
between expression of claudin 18 and 10 still
prevailed (p=0.001) and the association be-
tween gender and claudin 10 was still present
(p=0.006) and similarly, the same tendency for
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Figure 5. In adenocarcinomas expressing claudin 18
the survival of patients was significantly better than
in the other group (p=0.032, log rank).

claudin 18 (p=0.094) was present. However,
the association between packyears was only
seen for claudin 18 (p=0.045) even though non-
smokers still represented a significant group in
claudin 18 (p=0.009) and claudin 10 (p=0.038)
positive tumors. There were significantly more
claudin 18 positive tumors in the grade | group
(p=0.033) and with claudin 10 the association
was near significant (p=0.051). No significant
association was found with claudin 10 and 18
and TNM status of the tumors.

Of tumors metastatic to the lung 5/51 (9 %)
expressed claudin 18. The positive cases repre-
sented kidney adenocarcinoma, rectum adeno-
carcinoma and ovarian adenocarcinoma. Of
claudin 10, 2/51 (4 %) cases were positive, the
positive cases representing rectal and kidney
adenocarcinoma.

Discussion

Claudins are tight junctional proteins regulating
the paracellular permeability of epithelial, endo-
thelial and mesothelial cells [1-4]. In tumor tis-
sues their expression is many times deranged
and different claudins may either be under- or
overexpressed depending on the location or the
histological type of tumor [1, 6]. Such deranged
expression is partly obscure but may depend on
alterations in the expression of oncogenic
genes, EMT related transcription factors, protein
kinases and changes in the regulation of tight
junctional scaffolding proteins which may also

Int J Clin Exp Pathol 2011;4(7):667-673
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activate tumor proliferation or differentiation
[4]. Claudin expression may, however, parallel
the differentiation of the ancestor cells of the
tumor thus making them possible markers to
use in differential diagnosis of some tumors,
such as differentiation of mesothelioma from
adenocarcinoma [11, 12].

Claudin 18 is a member of the claudin family
present as two splice variants [14]. Claudin 18A
is expressed in the gastrointestinal tract and
claudin 18B in the lung [14]. Such a specific
location of claudin 18 makes it a putative
marker for tumors derived from these locations.
Indeed, claudin 18 expression has been found
in the majority of gastric and pancreatic cancers
while expression is lower in colon carcinoma
being only 4 % [14-19]. The expression of
claudin 18 in lung tumors has not previously
been studied. We found its expression in 12.7 %
of lung tumors. Its expression in our set of me-
tastatic tumors to the lung was, however, 9 %
thus making claudin 18 unreliable to distinguish
lung tumors from adenocarcinomas metastatic
to the lung. Such evaluation, however, depends
partly on the origin of metastatic cases. We,
however, observed claudin 18 positivity also in
adenocarcinomas derived from the ovary and
kidney. Thus the expression of claudin 18 may
be broader and not only restricted to lung and
gastrointestinal tract neoplasms.

While claudin 18 is expressed in alveolar cells
of the lung, it might be expected that claudin 18
would be mainly present in lung adenocarcino-
mas and mostly in bronchioloalveolar carcino-
mas. According to the recent suggestion of lung
adenocarcinoma classification bronchioloalveo-
lar carcinoma represents an in situ type of carci-
noma taking origin primarily from pneumocytic
cells [28]. In line with this concept 5/9 bron-
chioloalveolar carcinomas expressed claudin 18
which was significantly more frequently than
observed in all adenocarcinomas. Adenocarci-
nomas, on the other hand, expressed more fre-
quently claudin 18 than other histological types
of lung tumors. Expression was, however, seen
in a few squamous cell carcinomas, and even in
one small and large cell carcinoma suggesting
that such ectopic expression is possible in tu-
mors not directly derived from alveolar cells.

Interestingly, however, claudin 18 predicted a

better survival in adenocarcinomas and it had
an independent prognostic value. Claudin 18

671

may thus be used as a prognostic indicator in
lung adenocarcinoma. Claudin 18 was also
more frequently present in tumors of nonsmok-
ers thus underlining its role as an indicator of a
tobacco unrelated carcinogenic pathway in lung
carcinogenesis. In pancreatic cancer, claudin
18 is upregulated by protein kinase C which
again is dependent on transcription factors like
AP-1 [29]. In non-small cell lung carcinoma AP-1
is overexpressed and regulated by c-jun and
blockage of AP-1 leads to diminished prolifera-
tion of cancer cells [30, 31]. AP-1 by itself is,
however, induced by tobacco smoke [32] and
its overexpression in lung carcinoma cannot
thus be a significant factor stimulating claudin
18 overexpression in lung adenocarcinoma.

Claudin 10 gene is able to form six splice vari-
ants [22, 23]. Claudin 10a is unique to the kid-
ney while claudin 10b is detected in several
tissues [23]. These splice variants influence the
first extracellular domain of claudin 10 and thus
affect paracellular permeability [23]. The other
splice variants influence exon 1a and exon 4 of
the claudin 10 gene [23]. Claudin 10 expression
has been detected in the kidney tubular cells
and its expression has a prognostic value in
hepatocellular carcinoma [23, 26]. Claudin 10
has also been introduced as a marker of Clara
cells of the lung [25]. The fact that claudin 10 is
mainly present in lung adenocarcinomas is also
in line with this fact since a proportion of adeno-
carcinomas are derived from these cells [28]. It
is not, however, excluded that claudin 10 ex-
pression could also partly be related to pneumo-
cytic features of the tumors. After all, there was
a significant association between claudin 10
and 18 expression in lung tumors.

Like with claudin 18, a small proportion of
squamous cell carcinomas were claudin 10
positive. There were also other similarities;
claudin 10 was more often found in female pa-
tients, and its expression was more common in
grade 1 tumors. Both had also an association
with a non-smoker status of the patients. Thus,
claudin 10 expression also appears to be re-
lated to the carcinogenesis of lung tumors not
associated with tobacco smoking. It is known
that adenocarcinomas and lung carcinomas of
women and not related to tobacco smoking har-
bor more often EFGR mutations leading to EFGR
overexpression [33]. In Madin Darby kidney Il
cells EGFR activation was followed by increased
expression of claudins 1, 3 and 4 [34]. Even

Int J Clin Exp Pathol 2011;4(7):667-673
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though such experiments have not yet been
performed with claudins 10 and 18, EGFR acti-
vation could be one possible factor behind the
association of claudins 10 and 18 to non-
smokers’ status and histologic type.

In conclusion, our results show that expression
of claudins 18 and 10 associate with each other
and are both expressed mainly in lung adeno-
carcinoma. Their expression is also characteris-
tic of lung tumors of non-smokers suggesting
that they may somehow be involved in lung car-
cinogenesis not associated with smoking.
Claudin 18 appeared to have an independent
prognostic value in adenocarcinoma making it a
putative marker of a better prognosis in these
tumors.
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