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I n t r o d u c t i o n
The cutaneous barrier is composed of the stratum corneum layer, 

intercellular lipids, an immunological barrier, and tight junctions 
(TJ) (1,2). Tight junctions are intercellular junctions localized at the 
most apical part of the lateral cell membranes in a variety of polar-
ized epithelia.

Tight junctions have been studied in simple epithelia for many 
years (3). However, the first description of TJ proteins in the epider-

mis of mice was in 1998 (4) and in humans in 2001 (5). Moreover, in 
suprabalasal layers of several stratified epithelia, TJ proteins have 
been observed in different junctional structures, including some that 
differ from typical TJ (6).

Tight junctions have a complex structure and are composed of 
transmembrane proteins [occludin (7), claudins (8), junctional adhe-
sion molecules (JAM) (9), tricellulin (10), marvelD3 (11), scaffold-
ing proteins (zonula occludens proteins [ZO-1, ZO-2, ZO-3]) (12), 
cingulin (13), and signaling and regulating proteins (14)]. With the 
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A b s t r a c t
Epidermal tight junctions (TJ) have been well-described in human medicine and are involved in many skin diseases such as 
atopic dermatitis (AD). In dogs, there are no data regarding the implication of TJ in skin diseases including canine AD.

The aim of this study was to compare the expression and the distribution of ZO-1, occludin and claudin-1 in the epidermis 
of healthy and atopic dogs.

Skin biopsies from 6 high IgE-producing beagles sensitized to house dust mite (atopic group) were used. Skin specimens from 
nine healthy dogs without skin issues were sampled (healthy group).

Immunoperoxydase staining was used to study the staining pattern of zonula occludens-1 (ZO-1), occludin and claudin-1 in 
the epidermis of healthy and atopic dogs. Positive controls were healthy human skin samples.

Labeling patterns were assessed by 2 examiners blinded to the identities of the specimens. Comparisons between groups were 
performed using an exact Wilcoxon-Mann-Whitney test.

The mean total expression score of claudin-1 was lower in atopic dogs as compared to healthy subjects. Occludin and ZO-1 
expression remained unchanged within each group.

These results suggest a defect in claudin-1 expression in the nonlesional epidermis of atopic dogs.

R é s u m é
Les jonctions serrées (JS) épidermiques sont bien décrites en médecine humaine et sont impliquées dans de nombreuses affections cutanées 
telles que la dermatite atopique (DA). Dans l’espèce canine, il n’existe aucune donnée concernant l’implication des JS dans la DA canine 
ou dans d’autres affections dermatologiques.

Le but de cette étude est de comparer l’expression et la distribution de ZO-1, de l’occludine et de la Claudine-1 dans l’épiderme de chiens 
atopiques et de chiens sains.

Les biopsies cutanées de six chiens sensibilisés dans leur jeune âge aux acariens de poussière et produisant de forts taux d’IgE (groupe 
atopique) on été utilisées. Des échantillons de peau exempte de lésions cutanées ont été prélevés avant tout challenge allergique. Des 
échantillons de peau saine provenant de neuf chiens sans problème dermatologique ont été recueillis (groupe sain).

Deux examinateurs ont évalué l’immunomarquage, en aveugle. Des comparaisons entre les différents groupes ont été réalisées à l’aide du 
test statistique de Wilcoxon-Mann-Whitney.

L’expression de la claudine-1 était plus faible dans l’épiderme de chiens atopiques par comparaison aux sujets sains. L’expression de ZO-1 
et de l’occludine était identique dans chaque groupe.

Ces résultats suggèrent un défaut d’expression de la Claudine-1 dans l’épiderme non lésionnel des chiens atopiques.
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discovery of this structural complexity, the understanding of their 
roles has evolved from a paracellular barrier to a complex structure 
involved in signaling cascades that control cell growth and differen-
tiation (14). Tight junctions allow the selective passage of water, ions, 
and solutes between cells and play an important role in the cellular 
polarity. Moreover, they are involved in the control of paracellular 
migration of inflammatory cells through epithelia (15).

Over the last 15 y, more than 50 human diseases related to TJ 
have been discovered. Intestinal TJ defects have been implicated in 
the pathogenesis of several intestinal pathologies, such as intestinal 
inflammatory bowel diseases (IBD, Crohn’s disease, and ulcerative 
colitis) (16) and celiac disease (17). Tight junction disruption leads 
to an inadequate epithelial barrier to water and electrolyte loss, and 
to inflammation at the intestinal surface. A leaky intestinal barrier 
has also been implicated in extraintestinal diseases, such as food 
allergy (18) and type I diabetes (19). Additionally, permeability of TJ 
in respiratory epithelia is an important factor in several pulmonary 
diseases (20).

The importance of TJ in the cutaneous barrier has been illustrated 
in a model of claudin-1 deficient mice. These mice died within 1 d of 
birth, with wrinkled skin and increased transepidermal water loss 
(TEWL) (21). The investigations into skin conditions associated with 
TJ defects are in the early stages. Tight junctions have been impli-
cated in human medicine in the pathogenesis of psoriasis (22,23), 
lichen planus (5), neonatal ichthyosis and cholangitis syndrome 
(24,25), and atopic dermatitis (AD) (26). It has been demonstrated 
that claudin-1 expression was markedly decreased in nonlesional 
skin from human patients suffering from AD, supporting a defect 
in TJ expression in human patients with AD (26).

In veterinary dermatology, one study evaluated the expression of 
claudin-5 in hyperplastic and neoplastic lesions of canine hepatoid 
glands (27). Nevertheless, the authors are not aware of data regard-
ing the implication of TJ in canine AD (CAD). In a preliminary study 
(7), we defined the best immunoenzymatic technique to label TJ 
proteins in the epidermis of dogs and determined the distribution 
of TJ proteins in the epidermis of healthy dogs without any skin 
issues. The aim of this study was to compare the expression and 
the distribution of ZO-1, occludin, and claudin-1 in the epidermis 
of healthy and atopic dogs. We hypothesized that alterations of TJ 
could be involved in the pathogenesis of CAD, similar to that in 
humans and mice.

M a t e r i a l s  a n d  m e t h o d s

Samples of canine and human epidermis
Three groups of skin samples were compared: normal skin from 

clinically normal dogs, skin from sensitized dogs, and human skin as 
a positive control. Skin samples from 6 high-IgE producing beagles 
(atopic group) were used. These research dogs had been epicuta-
neously sensitized to Dermatophagoides farinae at a young age and 
known to develop AD upon environmental exposure to D. farinae. 
Before sampling, dogs had not been challenged and nonlesional 
skin was collected.

Normal canine skin samples were obtained from 5 clinically nor-
mal dogs (2 beagles, 1 Labrador retriever, 1 mixed breed dog, and 

1 Lakeland terrier) without any history of skin disease undergoing 
an elective surgical. Punch biopsy (8 mm) samples of the inguinal 
skin were collected. All samples were obtained with the consent of 
the owners and all procedures were reviewed and approved by the 
animal care and use committee of ONIRIS (Nantes-Atlantic National 
College of Veterinary Medicine, Food Science and Engineering, 
Nantes, France).

Positive controls were healthy human skin samples for ZO-1, 
occludin, and claudin-1 (28). The human skin samples were kindly 
provided by the Immunology and Dermatology Laboratory of 
Nantes University Hospital. Normal human skin specimens were 
obtained from surgical samples of healthy skin donors undergoing 
abdominoplasty, gynecomastia surgery, or thigh lifts from the Plastic 
Surgery Departments of Nantes University Hospital and Nantes 
Jules Verne Private Hospital (France). All patients provided their 
written informed consent. The study was conducted according to 
the principles of the Declaration of Helsinki, and the Medical Ethical 
Committee of Nantes University Hospital approved all procedures 
concerning human samples.

Selection of the antibodies
Primary antibodies were selected based on available knowledge of 

involvement of the corresponding TJ protein in a human or animal 
dermatological condition (21,23,26). The antibodies target human 
proteins, but have been shown to cross-react with canine TJ proteins 
(29,30). Moreover, sequence homologies determined with the basic 
local alignment search tool (BLAST) are high between canine and 
human proteins and vary between 93% (claudin-1, ZO-1) and 91% 
(occludin).

Immunohistochemistry
The choice of the dilution used for each antibody was described in 

a previous work (7). The primary antibodies selected are indicated 
in Table I. Sections (3 mm) were cut onto slides (Superfrost PlusTM 
slides; VWR, Fontenay-sous-Bois, France). Sections were dewaxed 
in 2 changes of xylene and then rehydrated in 2 changes of absolute 
ethanol for 10 min each and finally rinsed in distilled water.

A microwavable vessel containing Tris-EDTA buffer pH 9.0 
(Diagnostic Biosystems, Pleasanton, California, USA) was preheated 
in an 850 watt domestic microwave oven until the temperature of 
the buffer reached 95°C to 100°C. Slides were then immersed in the 
buffer and the vessel was returned to the microwave for a further 
20 min period at low power (250 watts). The temperature of the 
buffer solution was maintained between 95°C to 100°C. The vessel 
was then placed into cool tap water and allowed to cool for 20 min. 
Slides were finally rinsed in distilled water for 10 min.

Following antigen retrieval, sections were saturated in Tris buff-
ered saline (TBS) (Sigma-Aldrich, Lyon, France) containing tween 
and 0.1% bovine serum albumin (BSA, Sigma) for 10 min. The slides 
were then incubated for 10 min with H2O2 solution (Dako, Trappes, 
France) in order to block endogenous peroxidase activity and rinsed 
in TBS with 0.1% BSA. Primary antibodies (Table I) were diluted 
in phosphate buffered saline (PBS, pH 7.4; Sigma) containing 1.5% 
normal goat serum (Dako). Sections were incubated with primary 
antibodies for 1 h at room temperature and then rinsed in TBS with 
0.1% BSA. Rabbit immunoglobulin fraction (Dako) from the serum 
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of healthy non-immunized rabbits was used instead of the primary 
antibody as a negative control for rabbit polyclonal antibodies. 
Monoclonal mouse antibody (Dako) clone DAK-GO1 was used as a 
negative control for murine monoclonal antibodies.

Visualization of labelling was done using a horseradish peroxidase 
(HRP)–streptavidin–biotin procedure. Sections were incubated with 
biotinylated secondary antibody (Dako REALTM Detection System; 
Dako) for 30 min at room temperature and rinsed in TBS with 0.1% 
BSA for 10 min. To detect the complex formed by the primary and 
secondary antibodies, slides were incubated with streptavidin– 
(Dako REALTM Detection System; Dako) for 30 min and rinsed in 
TBS with 0.1% BSA. Sections were incubated with the chromogenic 
substrate (3-amino-9-ethylcarbazole; AEC; Dako REALTM Detection 
System; Dako). The reaction was stopped with distilled water as 
soon as red colouration appeared or after 5 min. Slides were rinsed 
for 10 min in distilled water. Mayer’s hemalum (Dako) was used for 
counterstaining. Slides were mounted with a permanent aqueous 
medium (CC/Mount, Diagnostic Biosystems).

Immunostaining evaluation
A total of 47 slides were examined: 1 slide for each antibody 

and for each dog (33 slides), 1 positive control for each antibody 
(3 slides), and 1 negative control for each dog and for each concen-
tration of antibody (11 slides). After a careful examination of the 
slides, the most representative fields were chosen and a digital image 
of each slide was taken at low (403) and high (10003) magnifica-
tion with a microscope (Olympus CX31; Olympus, Rungis, France) 
equipped with a digital camera (5.6 megapixel; Olympus). For each 
slide, 2 ECVD diplomates (P.J.B. and V.B.) blinded to the identity of 
the specimen assessed the intensity and the distribution of label-
ing. The intensity of the labeling was scored with a 6-point grading 
scale (from 0 = absence to 5 = very intense red-brown labeling). 
Localization of the labelling was evaluated for each epidermal layer.

Statistical analysis
Computer software (XLSTAT 2011®; Addinsoft, Paris, France) 

was used for the statistical analysis. Comparisons between total 
score of atopic and clinically normal dogs were done using an exact 
Wilcoxon-Mann-Whitney test (P , 0.05).

Re s u l t s

Positive and negative controls
Staining for ZO-1, occludin, and claudin-1 in human epidermis 

yielded an intense positive staining. Negative controls did not show 
any immunolabelling.

ZO-1
In clinically normal canine skin specimens, ZO-1 was expressed 

from the stratum basale to the stratum granulosum, with more intense 
staining in the stratum granulosum. No difference was observed 
between atopic dogs and clinically normal dogs regarding ZO-1, 
mean global expression (P = 0.956; Table I, Figures 1A, 1B).

Occludin
The expression of occludin in clinically normal skin samples was 

localized in the entire epidermis except in the stratum corneum (SC). 
Staining for occludin revealed no statistical difference between atopic 
dogs and clinically normal dogs (P = 0.666; Table I, Figures 1C, 1D).

Claudin-1
In clinically normal dogs, claudin-1 was expressed in all layers 

of the epidermis except in the SC. Staining for this protein yielded 
a honeycomb-staining pattern. The mean global expression of 
 claudin-1 in the atopic dogs was decreased compared to clinically 
normal control dogs (P = 0.05; Table I, Figures 1E, 1F).

D i s c u s s i o n
This study suggests a change in the expression of claudin-1 in 

the epidermis of atopic dogs. The decrease in claudin-1 expression 
observed in these atopic dogs is consistent with observations made 
in human patients with AD (26). Research on TJ and pathologies 
associated with the skin are more recent compared to research on 
the intestine. Tight junction alterations have been described as an 
early event in psoriasis (23). In the early stages of psoriasis, ZO-1, 
occludin, and claudin-4 exhibit a broader localization and claudin-1 
and -7 are down-regulated (23). In plaque-type psoriasis, the staining 

Table I. Mean labelling score for ZO-1, occludin, and claudin-1

Mean score/dog Stratum Stratum Stratum Stratum 
(SD) basale spinosum granulosum corneum Total
ZO-1
 Atopic 2.5 (0.5) 3.8 (0.5) 6.7 (0.5) 0.0 (0) 13.0
 Clinically normal 3.0 (0.6) 3.8 (0.4) 6.0 (0.4) 0.0 (0) 12.8

Occludin
 Atopic 1.7 (0.1) 0.7 (0.4) 4.2 (0.4) 0.0 (0) 6.5
 Clinically normal 1.3 (0.3) 0.5 (0.1) 3.8 (0.3) 0.0 (0) 5.5

Claudin-1
 Atopic 0.5 (0.1) 2.0 (0.5) 3.3 (0.5) 0.0 (0) 5.8*
 Clinically normal 1.8 (0.5) 3.2 (0.5) 5.0 (0.5) 0.0 (0) 10.0
* Statistically significant when P , 0.05.
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patterns of occludin and ZO-1 do not change, whereas the claudins 
are further down-regulated (23). Interleukin-1b and tumor necrosis 
factor-a, 2 major cytokines involved in the pathogenesis of psoriasis, 
influence the expression and the functionality of TJ (23).

A syndrome called neonatal ichthyosis-sclerosing cholangitis is 
an autosomal recessive disorder caused by homozygous mutations 
in claudin-1 gene (31). This disease shares clinical features with AD 
such as dry and ichthyotic skin (31). Additionally, abnormalities 
in the bile duct system are found such as sclerosing cholangitis 
or a paucity of bile ducts (25). The deficiency in claudin-1 in chol-
angiocytes induces paracellular bile leakage and severe liver and 
gallbladder injuries (25).

Similar to the pathogenesis of food allergy and asthma, it has 
been hypothesized that a defect in TJ could be involved in AD. The 
importance of claudin-1 in the pathogenesis of AD in humans has 
been demonstrated (26). The expression of claudin-1 is significantly 
reduced at the mRNA and protein levels in the non-lesional epider-
mis of human patients with AD compared with non-atopic subjects 
(26). Additionally, the reduction in claudin-1 expression is associated 
in vitro with the increase of paracellular permeability and keratino-
cyte proliferation, as observed in AD (26). The results of this study 
are consistent with observations made in human medicine. In 2001, 
Furuse et al (21) produced genetically mutant claudin-1 knockout 
mice born with a wrinkled skin. The epidermal barrier of these mice 

Figure 1. Immunolabelling for ZO-1, occludin, and claudin-1 in skin sections of atopic and clinically normal dogs (magnification 10003). a,c,e — clinically 
normal group; b,d,f — atopic group; a,b — ZO-1 immunolabelling; c,d — occludin immunolabelling; e,f — claudin-1 immunolabelling.
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is severely altered and they die within 1 d (21). These mice express 
no other abnormalities in epidermal lipids or proteins (21). Therefore, 
claudin-1 appeared to play a major role for a functional epidermal 
barrier in humans as well as in mice.

No statistically significant difference was observed regarding 
occludin expression and distribution between clinically normal 
and atopic dogs. Some studies have shown that occludin is not 
essential in TJ strands formation (32). However, its role in bar-
rier function remains unclear. For example, filaggrin and loricrin 
deficiencies in flaky tail mice decrease occludin expression (33). 
Interestingly, the atopic dogs studied here had decreased filaggrin 
expression (34). Additional data regarding occludin expression are 
needed in atopic dogs with and without abnormalities in filaggrin  
expression.

The results obtained herein are in favor of a primary defect of 
TJ protein in the pathogenesis of CAD. Indeed, in this study, skin 
samples came from atopic dogs that had not been challenged and 
were not in an atopic flare. Nevertheless, even in clinical non-lesional 
skin of atopic dogs there could be a low grade inflammatory pro-
cess that could affect TJ proteins. Moreover, TJ proteins can also be 
altered secondarily by other factors, such as pollen proteases (35), 
cysteine protease of Der p 1, and serine protease from mite fecal 
pellets (36), thus facilitating the transepidermal migration of aller-
gens. Inflammatory cytokines can disrupt TJ proteins in airways 
(37) and in intestinal cells (38). Moreover, the addition of histamine 
in human keratinocyte culture down-regulates the expression of 
TJ proteins ZO-1, occludin, claudin-1, and claudin-4, as well as that 
of desmosomal junction proteins corneodesmosin and desmoglein-1 
(39). Therefore, a primary defect in TJ could be further amplified by 
inflammation and environmental proteases.

Additional studies are needed at the mRNA and protein levels to 
further characterize TJ proteins and their potential implication in 
CAD. Western blot analysis could be used to determine the expres-
sion levels of TJ proteins per the same unit quantity of the whole 
proteins in the epidermal extracts and real-time RT-PCR could be 
performed to determine and compare the transcription level of the 
corresponding genes. Further research could also determine whether 
TJ could provide promising therapeutic options in CAD (40).

This study is the first report on the modified expression and dis-
tribution of TJ proteins in the epidermis of atopic dogs. Claudin-1 
global expression was lower in atopic dogs. Occludin and ZO-1 
expression remained unchanged between atopic and clinically nor-
mal dogs. These results suggest that a defect in TJ expression could 
be involved in the pathogenesis of CAD. Further studies are needed 
in order to specify their implication in CAD.
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