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SUMMARY The aim of this study was to study the expression of various claudins in sar-
coidosis, usual interstitial pneumonia (UIP), and normal human lung. The expression and
cell-specific localization of claudin-1, -2, -3, -4, -5, and -7 was analyzed by IHC. Bronchiolar
epithelial cells showed mostly strong expression for claudin-1, -2, -3, -4, and -7 and mainly
weak expression for claudin-5 in UIP, sarcoidosis, and normal lung. Three claudins, claudin-
3, -4, and -7, were expressed in normal alveolar epithelium, mainly in type II pneumocytes.
Claudin-5 was expressed strongly in endothelium of normal lung, and its staining was ex-
tremely intense in endothelium of UIP. Moderate or strong expression for claudin-1, -2, -3,
-4, and -7 was observed in metaplastic alveolar- and bronchiolar-type epithelium in UIP and
also in metaplastic alveolar-type epithelium in sarcoidosis. Expression of claudin-5 was mainly
weak in metaplastic alveolar- and bronchiolar-type epithelium in UIP. We conclude that
claudin-1, -2, -3, -4, -5, and -7 are expressed in UIP and sarcoidosis, and furthermore, the most
prominent enhancement of staining is localized in metaplastic alveolar- and bronchiolar-type
epithelium in UIP compared with the healthy lung. (J Histochem Cytochem 57:187–195, 2009)
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IN NORMAL LUNG, flat (type I pneumocytes) and cuboi-
dal (type II pneumocytes) epithelial cells line the al-
veoli, the former covering 93% and the latter 7% of
the alveolar surface (Crapo et al. 1982). In fibrotic pul-
monary disorders, alterations in alveolar epithelium have
been shown to participate in the remodeling process; in
fact, several decades ago, it was proposed that type II
pneumocytes and cells of bronchiolar origin might serve
as sources of epithelial regeneration, and squamous-
type metaplasia and bronchiolization have been ob-
served in histological samples of the fibrotic human
lung (Kawanami et al. 1982). In previous studies, three
types of metaplastic epithelium at the alveolar level
have been observed in usual interstitial pneumonia [i.e.,
idiopathic interstitial pneumonia (UIP/IPF)]: metaplastic
alveolar-type epithelium, metaplastic squamous-type epi-

thelium, and metaplastic bronchiolar-type epithelium
(Kawanami et al. 1982; Hinata et al 2003;Lappi-Blanco
et al. 2006).

Epithelial and endothelial cells communicate with
each other by many kinds of cell–cell interactions, such
as tight and gap junctions. Both types of junctions have
been shown to exist in alveolar epithelium of lung, but
there is no detailed knowledge of their function, and
even their distribution in normal and diseased human
lung is poorly understood. The tight junctions vary in
the different epithelia, and they are often divided into
leaky and tight types (Van Itallie and Anderson 2004).
Less than a decade ago, it was observed that claudins
are the main family of proteins that make up the tight
junctions (Tsukita et al. 2001). In addition to the large
family of claudins, which now consists of.20 members,
other junction adhesion molecules such as occludin,
tricellulin-a, ZO1, ZO2, and ZO3 also are involved in
tight junctional structures (Martin-Padura et al. 1998;
Pummi et al. 2001; Langbein et al. 2002; Tebbe et al.
2002; Morita et al. 2004; Schlüter et al. 2007). Epithe-
lial cells often express multiple claudin types, and
moreover, they have been shown to have distinctive
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expression profiles (Rahner et al. 2001). There are also
human phenotypes of mutations in claudin-14 and -16.
A mutation of claudin-16 is associated with hypo-
magnesemia (Simon et al. 1999) and a mutation of
claudin-14 with deafness (Wilcox et al. 2001).

Recently, several studies on the expression of var-
ious claudins in different kinds of lung carcinomas
have been published (Moldvay et al. 2007; Paschoud
et al. 2007). However, thus far, there are no published
studies on expression of claudins in normal human
peripheral lung or interstitial lung disorders. Therefore,
our aim was to study the expression and cell-specific
localization of six different types of claudins in UIP,
sarcoidosis, and normal human lung. The pathogenetic
mechanisms of both UIP and sarcoidosis are unknown;
however, recently it was proposed that idiopathic UIP
may result partly from epithelial cell injury (Selman
and Pardo 2006). We hypothesized that there might
be some alteration in the expression of claudins in
these disorders of unknown etiology and for which
there is no efficient treatment. The results of this
study have been previously reported in abstract form
(Kaarteenaho-Wiik and Soini 2007).

Materials and Methods

Patients and Handling of Specimens

Histopathologically typical cases of UIP and sarcoido-
sis were retrieved from the files of the Department of
Pathology, Oulu University Hospital, by re-evaluating
lung biopsies taken either by open or thoracoscopic
operations between 1993 and 2002. Twenty patients
with either sarcoidosis (n510) or UIP (n510) were in-
cluded in the study. Diagnoses in all patients were based
on light microscopic evaluations fulfilling the histo-
logic criteria presented by Katzenstein (2006) and
Travis et al. (2002). The clinical follow-up information
from the patients was obtained from the patient records
at the University Central Hospital, at the different cen-
tral hospitals, and from the local health centers. Unin-
volved peripheral lung tissue, used as a control, was
obtained from seven patients operated on for malig-
nant lung tumors. The study protocol was approved
by the ethical committee of Oulu University Hospital.

Lung samples were taken from different parts of the
left or right lung. Material was fixed in 10% formalin
under vacuum to expand the tissue and to remove
air bubbles or they were perfused by injecting the
fixative, using a small syringe, into the bronchioles
(Wagenvoort 1980; Dail and Hammar 1994). The
specimens were dehydrated and embedded in paraffin.

Sections (5 mm thick) were stained with hematoxylin–
eosin, with staining for acid-fast bacilli being done in
every case. In selected cases, stainings with Giemsa,
Verhoeff, van Gieson, Perls’ blue, periodic acid-Schiff
Alcian blue, and periodic acid-Schiff were also con-
ducted. All material was evaluated, and one represen-
tative tissue block from each case was selected for
IHC studies.

Antibodies and IHC Staining

The primary antibodies used for IHC were all pur-
chased from Zymed Laboratories (South San Francisco,
CA) and designed to be used in formalin-fixed, paraffin-
embedded tissues. They were polyclonal rabbit anti-
claudin 1 (clone JAY.8), monoclonal mouse anticlaudin
2 antibody (clone 12H12), polyclonal rabbit anti-
claudin 3 (clone Z23.JM), monoclonal mouse anticlau-
din 4 (clone 3E2C1), monoclonal mouse anticlaudin 5
(clone 4C3C2), and polyclonal rabbit anticlaudin 7
(clone ZMD.241). The specificity of the claudin anti-
bodies has been characterized previously in other stud-
ies (Tokés et al. 2005; Bello et al. 2008; Kim et al.
2008). Before application of the primary antibodies, the
sections were heated in a microwave oven in 10 mM
citrate buffer, pH 6.0, for 10 min. After a 60-min incu-
bation with the primary antibody (dilution 1:50 for anti-
claudin-1, -2, -3, -4, -5, and -7), a biotinylated secondary
anti-rabbit or anti-mouse antibody and Histostain-SP kit
(Zymed Laboratories) were used. In all IHC experi-
ments, the color was developed by diaminobenzidine
and, subsequently, the sections were lightly counter-
stained with hematoxylin and mounted with Eukitt
(Kindler; Freiburg, Germany).

Negative controls were obtained by substituting
non-immune rabbit or mouse serum and PBS for the
primary antibodies.

Scoring of Immunoreactivity

The extent and intensity of various claudins was eval-
uated semiquantitatively as negative (0), weak (1),
moderate (11), or strong (111) in different types
of pulmonary cells, such as epithelial cells of bronchioli,
alveolar epithelium (i.e., pneumocytes), endothelial
cells, interstitial cells (fibroblasts and myofibroblasts),
and mesothelium. In the evaluation, membrane-bound
positivity was considered significant.

Analysis of types of metaplastic alveolar epithe-
lium was based oprevious studies of ours and other in-
vestigators, in which it was classified on the basis of
morphologic features (Kawanami et al. 1982; Hinata

'

Figure 1 IHC staining for claudin-1 (A), claudin-2 (B), claudin-3 (C), claudin-4 (D), claudin-5 (E), and claudin-7 (F) in an epithelium of a bron-
chiole of a normal lung. The IHC expression for claudin-1, -2, -3, -4, and -7 is intense, whereas that of claudin-5 is weak (E). Control sections
(G,H) were treated with non-immune rabbit serum (G) and PBS with hematoxylin counterstain (H). Bar 5 60 mm.
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Figure 2 IHC staining for claudin-1, -2, -3, -4, -5, and -7 in an alveolar section of a normal lung. Alveolar epithelium of normal lung is nega-
tive for claudin-1 (A) and claudin-2 (B). Type II pneumocytes (arrows) are positive for claudin-3 (C) and claudin-4 (D). (E) A positive staining
for claudin-5 is seen in alveolar capillaries (arrows). (F) Type II pneumocytes (arrows) are positive for claudin-7. Bar 5 50 mm.
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Figure 3 IHC staining for claudin-1, -2, -3, -4, -5, and -7 in a patient with usual interstitial pneumonia (UIP). Metaplastic epithelium overlying
remodeled and fibrotic alveolar walls (arrows) are positive for claudin-1 (A), claudin-2 (B), claudin-3 (C), and claudin-4 (D). (E) Claudin-5 is
strongly positive in the endothelium of a remodeled artery (arrow) and capillaries of alveolar wall (arrowhead). Claudin-5 also shows a weak
positive staining in the metaplastic epithelium of fibrotic alveolar wall (large arrow). (F) Metaplastic epithelium overlying a fibroblast focus
within alveolar wall is positive for claudin-7 (arrow). Bar 5 50 mm.
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Figure 4 IHC staining for claudin-1, -2, -3, -4, -5, and -7 in a patient with sarcoidosis. Metaplastic alveolar epithelium (arrows), which is often
located beside granulomas (asterisks), is positive for claudin-1 (A), claudin-2 (B), claudin-3 (C), claudin-4 (D), and claudin-7 (F). (E) Endothelial
cells of capillaries of alveolar walls are positive for claudin-5 (arrows) surrounding a granuloma (asterisk). Bar 5 50 mm.
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et al 2003;Lappi-Blanco et al. 2006). In these studies,
alveolar-type, bronchiolar-type, and squamous-type
metaplastic alveolar epithelium was observed in UIP
on the basis of the localization and morphology by
light and electron microscopic methods.

Results

Normal Lung

In normal lung, claudin-1 and claudin-2 were expressed
moderately or strongly in bronchiolar epithelium (Fig-
ures 1A and 1B), whereas alveolar epithelium (Fig-
ures 2A and 2B), fibroblasts, and mesothelium were
negative. Type II pneumocytes of alveolar epithelium
and bronchiolar epithelium of normal lung were posi-
tive for claudin-3 and claudin-4 (Figures 1C, 1D, 2C,
and 2D). Claudin-5 was strongly positive in endo-
thelial cells of alveolar capillaries, arteries, veins, and
lymphatic vessels (Figure 2E). The expression for
claudin-5 was weak in bronchiolar epithelium (Fig-
ure 1E). Type II pneumocytes of alveolar epithelium
and bronchiolar epithelial cells were also positive for
claudin-7 (Figures 1F and 2F).

UIP

In UIP, claudin-1, claudin-2, claudin-3, claudin-4, and
claudin-7 were highly expressed and scored as mod-
erate or strong in most cases in metaplastic alveolar
epithelium of every type including alveolar-, bronchio-
lar-, and squamous-type metaplastic epithelium (Fig-
ures 3A–3D and 3F). Claudin-5 was strongly positive
in endothelial cells of alveolar capillaries, arteries, veins,
and lymphatic vessels, with its expression being particu-
larly strong in those arteries of UIP that were remodeled
(Figure 3E). Weak positive staining for claudin-5 was
also observed in bronchiolar epithelium and metaplastic
alveolar epithelium (Figure 3E).

Sarcoidosis

Metaplastic alveolar-type epithelium in sarcoidosis was
positive for claudin-1, -2, -3, -4, -5, and -7 (Figures 4A–
4F). Claudin-5 was strongly positive in endothelial cells
of alveolar capillaries, arteries, veins, and lymphatic ves-
sels (Figure 4E).

Alveolar-type metaplastic epithelium within alveoli
was seen in every case of UIP. Most cases of UIP also

showed bronchiolar-type alveolar metaplastic epithe-
lium, whereas squamous-type metaplasia at the alveo-
lar level was observed in only four cases. In general,
the expression of various claudins in bronchiolar- and
squamous-type metaplastic alveolar epithelium was
similar to that encountered in alveolar-type metaplastic
epithelium. In sarcoidosis, only alveolar-type alveolar
metaplastic epithelium was observed in most cases.
The amount of metaplastic alveolar-type epithelium
within the alveoli in sarcoidosis was considerably less
than that seen with UIP. All claudins were expressed in
submucosal glands, whereas they were absent in fibro-
blasts and myofibroblasts. In addition to the membrane-
bound positivity, there was also cytoplasmic positivity
in some cells. In particular, claudin-2 was expressed in
macrophages and granulomas. The significance of cyto-
plasmic staining remains to be studied, because this study
considered only the membrane-bound positivity. The re-
sults are compiled in Tables 1–3.

Discussion
In this study, we observed that claudin-1, -2, -3, -4,
and-7 are strongly and claudin-5 weakly expressed in
normal bronchiolar epithelium. There are no previous
studies examining the expression of various claudins at
the bronchiolar level (i.e., in the small airways). How-
ever, in a recent study by Moldvay et al. (2007), it was
shown that five of these proteins, claudin-1, -2, -3, -4,
and -7, were expressed in normal bronchial epithelial
cells, which suggests that at least these claudins are
similarly present in the large and small airways of
human lung. Claudin-5 is classically thought to be
mainly expressed in endothelial cells (Morita et al.
1999), but its epithelial expression has also been ob-
served in tumor cells (Paschoud et al. 2007).

Claudin-3, -4, and -7 are expressed in alveolar epi-
thelium of normal human lung in type II pneumo-
cytes, whereas there was no evidence for expression
of claudin-1, -2, and -5 in normal alveoli. There are no
previous studies on the expression of claudins in nor-
mal human peripheral lung, and thus, this study pro-
vides novel in vivo information on this topic. A recent
in vitro study reported that alveolar epithelial cell trans-
differentiation and/or epidermal growth factor exposure
are mediated partly by changes in the pattern of expres-
sion of specific claudin isoforms in rat lung (Chen et al.

Table 1 Expression of claudin-1, -2, -3, -4, -5, and -7 in normal lung

Localization Claudin-1 Claudin-2 Claudin-3 Claudin-4 Claudin-5 Claudin-7

Alveolar epithelium 0 (7) 0 (7) 1 (7) 1 (7) 0 (7) 1 (7)
Bronchiolar epithelium 11 (3) 111 (4) 11 (2) 111 (5) 111 (7) 11 (4) 111 (3) 1 (7) 111 (7)
Endothelium (1)a (7) 0 (7) 0 (7) 0 (7) 111 (7) 0 (7)

aVery weak expression.
Total numbers of cases are shown in parentheses.
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2005). In a study using human fetal lungs, it was pro-
posed that, during differentiation of the alveolar epithe-
lial cell to a type II cell phenotype, fetal alveolar epithelial
cells make use of differential claudin expression and
localization in the plasma membrane to help regulate
tight junction permeability (Daugherty et al. 2004). An
IHC study of adult rat lung sections indicated that clau-
din-3, -4, and -5 were found to be coexpressed by type II
alveolar epithelial cells (Wang et al. 2003). We also ob-
served that claudin-3 and -4 were expressed in type II
pneumocytes, whereas claudin-5 was expressed at the
alveolar level in endothelial cells of the capillaries of al-
veoli, a finding in line with the study of Morita et al.
(1999), showing that claudin-5 was concentrated at
cell–cell borders of endothelial cells of all segments of
blood vessels of lung.

We observed that claudin-5 was widely expressed in
endothelial cells of arteries, veins, and capillaries of both
normal and diseased lung. In UIP, staining for claudin-5
was very intense in those arteries that were remodeled.
We also observed weak staining for claudin-5 in bron-
chiolar epithelium of normal and diseased lung and also
in metaplastic alveolar epithelium of sarcoidosis and
UIP, suggesting that, in addition to being present in lung
tumors, claudin-5 may also be induced in epithelial cells
in non-neoplastic lung disease.

All of the claudins assessed in this study are ex-
pressed in the metaplastic alveolar epithelium, espe-
cially in UIP and to a lesser extent in sarcoidosis. The
expression of claudins in sarcoidosis is less than that
in UIP, which is understandable given that the meta-
plastic adjustive response is a function of claudin ex-
pression, because the damage in the alveolar epithelium

is not as comprehensive in sarcoidosis as in UIP. Claudins
are increased in all kinds of metaplastic alveolar epithe-
lium including the alveolar, bronchiolar, and squamous
types. It would therefore be tempting to postulate that
claudins might have a role in the differentiation process
of epithelial cells or alternatively that their expression
seems to change in sarcoidosis and UIP at the alveolar
level. It seems that in UIP, the alveolar epithelial cells
are changing their phenotype with respect to claudins
into that resembling bronchiolar cells, which is an in-
teresting finding because the regeneration process of
damaged alveolar epithelium in diseased lung is not
well understood. It was surprising that the levels of all
claudins studied are increased in metaplastic epithelium
and are quite similarly expressed in bronchiolar epithe-
lium of both normal and diseased lung. Further research
will be needed to determine whether there are some spe-
cific claudins that associate with a specific lung disorder.

In conclusion, claudin-1, -2, -3, -4, -5, and -7 are ex-
pressed in normal human lung bronchial epithelial cells.
Claudin-3, -4, and -7 are expressed in type II pneumo-
cytes. In sarcoidosis and UIP, enhancement of claudin
expression is detected in all types of metaplastic alveo-
lar epithelial cells, with no clear distinction between
metaplastic cell types. However, in UIP, claudin ex-
pression seems stronger, which could reflect the dif-
ferences in the extent and nature of the metaplastic
process and the underlying cellular damage.
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Table 3 Expression of claudin-1, -2, -3, -4, -5, and -7 in patients with sarcoidosis

Localization Claudin-1 Claudin-2 Claudin-3 Claudin-4 Claudin-5 Claudin-7

Alveolar epitheliuma 0 (10) 0 (10) 1 (10) 1 (10) 0 (10) 1 (10)
Bronchiolar epithelium 11 (2) 111 (8) 11 (4) 111 (6) 111 (10) 11 (3) 111 (7) 1 (10) 111 (10)
Metaplastic alveolar epitheliumb 11 (10) 1 (10) 1 (3) 11 (7) 11 (10) 1 (10) 11 (6) 111 (4)
Endothelium (1)c (10) 0 (10) 0 (10) 0 (10) 111 (10) 0 (10)

aType II pneumocytes.
bMetaplastic alveolar-type epithelium.
cVery weak expression.
Total numbers of cases are shown in parentheses.

Table 2 Expression of claudin-1, -2, -3, -4, -5, and -7 in patients with UIP

Localization Claudin-1 Claudin-2 Claudin-3 Claudin-4 Claudin-5 Claudin-7

Alveolar epitheliuma 0 (10) 0 (10) 1 (10) 1 (10) 0 (10) 1 (10)
Bronchiolar epithelium 11 (2) 111 (8) 11 (3) 111 (7) 111 (10) 111 (10) 1 (10) 111 (10)
Metaplastic alveolar epitheliumb 11 (2) 111 (8) 11 (2) 111 (8) 11 (5) 111 (5) 11 (2) 111 (8) 1 (10) 111 (10)
Endothelium (1)c (10) 0 (10) 0 (10) 0 (10) 111d (10) 0 (10)

aType II pneumocytes.
bMetaplastic alveolar-type, metaplastic squamous-type, and metaplastic bronchiolar-type epithelium.
cVery weak expression.
dVery strong in remodeled arteries.
Total numbers of cases are shown in parentheses. UIP, usual interstitial pneumonia.
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