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Background – Protease-activated receptor (PAR)-2 plays a crucial role in inflammation and the skin barrier. Pro-

tease-activated receptor-2 is activated by proteolytic enzymes of allergens and stimulates thymic stromal lym-

phopoietin (TSLP), promoting T-helper 2 cytokines. In humans with atopic dermatitis (AD), increased expression

of PAR-2 and TSLP has been reported.

Hypothesis/Objectives – To compare the pattern of staining of PAR-2 and TSLP between normal and atopic

beagle dogs. The hypothesis tested was that increased expression is present in atopic dog skin compared with

healthy control skin.

Animals – Eight atopic and five normal dogs were challenged for 3 days with house dust mites.

Methods – Skin biopsies were taken to measure the intensity, distribution, integrity and cell staining pat-

tern on days 0, 3 and 10, both objectively and subjectively. Clinical signs were scored and compared

between groups.

Results – Atopic dogs showed a significant increase in clinical scores on days 3 (peak of challenge) and 10 (reso-

lution) and a significant condensed staining pattern for TSLP in the stratum basale at all times in comparison to

normal dogs. They showed a significant patchy pattern for PAR-2 on days 0 and 3 and for TSLP at all times com-

pared with normal dogs. The intensity itself was not significantly increased in atopic dogs compared with normal

animals for both PAR-2 and TSLP.

Conclusions and clinical importance – These preliminary findings do not confirm a difference in the amount of

expression but rather in its pattern. Studies using PAR-2 or TSLP inhibitors could shed light on their clinical rele-

vance.

Introduction

Atopic dermatitis (AD) is a common allergic skin disease

in both humans and dogs, with an incompletely under-

stood pathogenesis.1,2 The common allergens, house

dust mites (HDMs), cockroach, mould and pollens, con-

tain proteolytic enzymes, and their enzymatic activities

may contribute to the pathogenesis of the allergic

response.3

Protease-activated receptors (PARs) are G protein-

coupled receptors that are activated by proteolytic

cleavage of the amino-terminus and thereby act as

sensors for extracellular proteases.4 Studies have indi-

cated that PAR-2, as a sensor for endogenous as well

as exogenous proteases,5,6 plays numerous physiologi-

cal and pathophysiological roles in the skin; in particu-

lar, it has been described to play an important role in

AD.7

Thymic stromal lymphopoietin (TSLP), a T-helper 2

(Th2)-promoting cytokine mainly produced by epithelial

cells, is highly expressed in the epidermis of human

patients and mouse models of AD.8,9 Thymic stromal lym-

phopoietin can be released by PAR-2 activation induced by

protease, such as that of HDMs, in the respiratory system

or skin.10,11 Both PAR-2 and TSLP have been reported at

increased levels in lesional skin in humans and mice with

AD,9,12 but there have been only a few studies about PAR-

2 and TSLP in dogs, even with AD.12–15 In addition, there

is increasing evidence that PAR-2 and TSLP play an impor-

tant role in barrier function in AD.7,16,17 In AD, the altered

skin has increased expression of PAR-2 and TSLP, which

then trigger Th2-mediated inflammation.11,14 This leads us

to propose that these mediators have important roles in

the development of canine AD.

To date, no study has specifically evaluated how

allergen exposure affects the pattern of expression of
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PAR-2 and TSLP in vivo over the course of develop-

ment of acute AD lesions. These dynamic reactions are

best observed using an experimental model where aller-

gen exposure can be controlled and timed. Such a

model has been validated.19 In this model, atopic bea-

gles are challenged with HDMs and observed to

develop pruritus and AD lesions. These lesions are clini-

cally, immunologically and ultrastructurally similar to nat-

ural, spontaneous AD in both dogs and humans.18

Before allergen exposure, these dogs are known to

have impaired skin barrier function even in nonlesional

skin,20 and this skin barrier impairment is aggravated

further by allergen exposure. Thus, the purpose of the

present study was to investigate the expression of

PAR-2 and TSLP in the skin of atopic beagle dogs dur-

ing the course of allergen challenge and to compare it

with normal dogs. To the best of the author’s knowl-

edge, this is the first study to attempt to show the

changes in expressions of PAR-2 and TSLP during the

development of acute AD lesions over time. Our

hypothesis was that atopic beagles have increased

expression of both PAR-2 and TSLP and that allergen

exposure enhances their expression.

Materials and methods

Atopic dogs
The atopic dogs (n = 8) had previously been sensitized epicutaneous-

ly to the HDM Dermatophagoides farinae and were known to

develop skin lesions and pruritus upon allergen exposure.18 These

dogs were sensitized to HDM at a young age and showed low-grade

AD when not exposed to HDM; they reacted strongly when under

allergenic challenge.

Study protocol approval
The dog’s care and study protocol were conducted in accordance

with the guidelines of the Institutional Animal Care and Use Commit-

tee.

Experimental design
Atopic beagle dogs (n = 8) belonging to a colony that had been vali-

dated as a model of AD were used. Healthy, unrelated beagle dogs

(n = 5) with no history of skin disease and pruritus were included as

control animals. Clinical signs were scored blindly using a validated

scoring system [Canine Atopic Dermatitis Extent and Severity Index

(CADESI)]. The dog’s intact skin surface was exposed to 50 mg of

D. farinae allergen extract (Greer, Lenoir, NC, USA) placed on the

bottom of their kennels. All dogs were allowed to stay in the ken-

nels for 3 h/day, for 3 days consecutively.18 Skin biopsies were

taken before (day 0), during (day 3) and after the end of allergen

challenge (day 10). Indirect immunofluorescence was performed

using rabbit polyclonal anti-PAR-2 antibody (Santa Cruz Biotechnol-

ogy, Inc., Dallas, TX, USA) and a mouse monoclonal anti-TSLP anti-

body (Imgenex, Littleton, CO, USA). The intensity of staining in slide

photographs was analysed objectively using a computer imaging

program (ImageJ� 1.41; http://rsb.info.nih.gov/ij/) as previously

reported.21 The intensity, distribution, integrity and cellular staining

pattern were also analysed subjectively by four investigators blinded

to sample source.

Clinical evaluation
The CADESI used in the present study is a modified version of the

validated CADESI-03.2 Dogs were scored at baseline [day 0; before

allergen exposure (nonlesional skin)], 3 days after the beginning of

the challenge [day 3; acute lesional skin (only atopic dogs)] and

7 days after discontinuation of allergen exposure [day 10; postchal-

lenged skin with resolution of the cutaneous lesions (only atopic

dogs)].

Indirect immunofluorescence
Skin biopsy specimens taken from the inguinal region were fixed

in 10% neutral buffered formalin for 48 h and then transferred

into phosphate-buffered saline (PBS) until they were dehydrated

and embedded in paraffin. Sections obtained on days 0, 3 and

10 were embedded in the same block for each dog. Sections

were cut at 3 lm and placed on Superfrost positively charged

slides (Fisher Scientific, Pittsburg, PA, USA). Slides were depa-

raffinized, rehydrated to PBS, then placed in citrate buffer,

pH 6.0, for 10 min in sealed tubes, which were then boiled in a

water bath for 10 min, removed and set at room temperature

for 10 min to unmask antigenic sites. After washing in PBS,

slides were quenched in 3% hydrogen peroxide in methanol,

washed in PBS, then blocked in Power block from the BioGenex

HRP kit (BioGenex, San Ramon, CA, USA), postblocked in 10%

normal donkey serum for 20 min, and then a rabbit polyclonal

anti-PAR-2 antibody for dogs (Santa Cruz Biotechnology, Inc.,)

and a mouse monoclonal anti-TSLP antibody for humans (Imge-

nex), diluted at 1:20, were added for 1.5 h. Phosphate-buffered

saline was used as a negative control. The sections were

washed, followed by addition of a donkey anti-rabbit IgG bound

with a green fluorochrome (Alexa Fluor� 488; Invitrogen, Grand

Island, NY, USA) at a 1:1000 dilution for PAR-2 and a donkey

anti-mouse IgG bound with a red fluorochrome (Alexa Fluor�

594; Invitrogen) at a 1:1000 dilution for TSLP, and then incu-

bated for 45 min at room temperature in the dark. Slides were

washed and coverslipped using Vectashield� Mounting Medium

with 40,6-diamidino-2-phenylindole (DAPI) for nuclear detection

(Vector Laboratories, Burlingame, CA, USA).

Skin sections were examined using an upright fluorescence micro-

scope (Leica Microsystems, Buffalo Grove, IL, USA). The images

were analysed using MagnaFire Software version 070121-01A (Op-

tronics, Goleta, CA, USA).

Subjective evaluation
Six photographs of the slides were evaluated blindly by four

investigators and scored for intensity on a scale of 0–3
(0 = absent, 1 = mild, 2 = moderate and 3 = severe). The score

was calculated and the mean value used for statistical analysis.

For the distribution, the epithelium was divided into four layers

(stratum corneum, granulosum, spinosum and basale) and evalu-

ated for staining characteristics. If there were evident staining

objects in the dermis, it was also noted. The epidermal staining

pattern was evaluated as ‘homogeneous’ or ‘patchy’, and cellular

staining pattern was scored as ‘cytoplasmic’ or ‘nuclear’. They

were calculated by percentage for statistical analysis.

Statistical analysis
The data were tested for normality using the Kolmogorov–Smirnov

test. The data were then analysed using Student’s unpaired t-test to

evaluate the differences between the two groups (normal versus ato-

pic) at each time point (between-groups effect). Repeated-measures

ANOVA with subsequent Tukey’s multiple comparison test were also

performed to analyse the over time effect (within the group). A P-

value of <0.05 was considered statistically significant. GraphPad

Prism 5.0 statistical software (GraphPad, San Diego, CA, USA) was

used for the analysis.

Results

Clinical evaluation

The CADESI scores increased significantly in atopic dogs

on days 3 and 10 compared with normal dogs and with

their own baseline (P = 0.0028 and P = 0.0005, respec-

tively; Figure 1a).
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Intensity of staining of the skin samples

For intensity of PAR-2 and TSLP, there were no signifi-

cant effects of group, time and group x time interaction in

objective and subjective scores (Figure 1b,c and Figures

S1–S3 in Supporting information).

Distribution, staining homogeneity and cellular

staining pattern of the skin samples

The distribution of PAR-2 was mostly limited to the stra-

tum granulosum and spinosum (Figures 2a, 3 and 4a),

while TSLP was present in all layers of the epidermis in

both groups (Figure 3). Interestingly, in atopic dogs, TSLP

was significantly condensed in distribution to the stratum

basale in comparison to normal dogs at all time points

and showed even greater expression after challenge

(day 3) compared with baseline (Figures 2b and 5b).

The staining homogeneity for PAR-2 was significantly

patchier in atopic dog samples on days 3 and 10 (Fig-

ure 2c), while TSLP was patchier in atopic than normal

dogs at all time points (Figure 2d). An additional, remark-

able finding was that TSLP staining was also noted in

some inflammatory cells in the dermis (Figure 4b).

With regard to the cellular staining pattern, most slides

showed cytoplasmic staining for PAR-2 and TSLP

(Figure 5).

Discussion

This study is the first to describe the relationship

between HDM challenge and the pattern of expression of

PAR-2 and TSLP in vivo using a canine experimental

model of AD. The most interesting finding of this study is

that the patterns of expression of PAR-2 and TSLP were

significantly different in atopic dogs compared with nor-

mal dogs even before exposure to HDMs.

The protease activities produced by HDMs promote a

Th2 response and increase PAR-2 and TSLP.10,11,22,23 The

proteases from allergens are associated with various

homeostatic responses in skin disease, such as inflamma-

tion, immune responses, host defense, chemotaxis, cyto-

kine expression, vascular function, tissue repair and

apoptosis.5 Serine proteases, such as trypsin or mast cell

tryptase, can activate PAR-2 signals.13 The present ADmodel,

which was developed by HDM sensitization, could present

someunique changes of the homeostatic responses.

There have been previous studies that reported an

increase of PAR-2 and TSLP expression in lesional skin

with AD in humans, mice and dogs.9,12,15 In the present

study, however, the intensity of PAR-2 and TSLP in

immunofluorescence was not significantly increased in

atopic dogs compared with normal animals. Another

study also reported that the mRNA level of PAR-2 was

not significantly different between atopic dogs (lesional

skin) and normal animals; it concluded that the level of

PAR-2 mRNA transcription may not be associated with

development of canine AD.13

The reported level of TSLP mRNA was significantly

increased in the lesional and nonlesional skin samples of

dogs with AD compared with normal dogs, but there was

no significant difference between lesional and nonlesional

skin for the expression.15 While the previous studies

a

b

c

Figure 1. Evaluation of clinical scores and immunofluoroscence

intensity of protease-activated receptor (PAR)-2 and thymic stro-

mal lymphopoietin (TSLP) in a dog model of atopic dermatitis. (a)

Canine Atopic Dermatitis Extent and Severity Index (CADESI)

scores during the course of 3 day allergen challenge. Significant

differences were found between normal and atopic dogs on days

3 and 10. *P < 0.05 unpaired t-test. Objective intensity analyses

of PAR-2 (b) and TSLP (c) using the ImageJ program. Day 0,

before allergen exposure; day 3, acute allergen-challenged skin;

and day 10, postchallenged skin with resolution of the cutaneous

lesions. No significant differences were observed between sam-

ples from atopic and normal dogs.
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evaluated mRNA levels, in our study we investigated pro-

tein expression in a semiquantitative manner. The results

in our study showed no differences among lesional

(day 3; acute challenge), nonlesional (day 0; baseline) and

resolution skin samples (day 10; chronic lesion) in the ato-

pic beagles and between the atopic model and normal

skin biopsies at all time points for both PAR-2 and TSLP.

Possible reasons may be that the issue is not a matter of

quantity but a matter of activation. For example, they may

not be activated in the normal skin. In fact, their staining

patterns in the atopic skin were very different from

normal skin in the present study, which could be an

indication of activation signals in the skin.

Thymic stromal lymphopoietin is associated with activa-

tion of Langerhans cells in the skin. It was stained together

with either langerin (the Langerhans cell marker) or den-

dritic cell–lysosome-associated membrane protein in dou-

ble immunohistology experiments in atopic human skin.24

Protease-activated receptor-2 also promotes dendritic cell

antigen transport and T-cell activation in animal models of

inflammatory and autoimmune disease;25 therefore, PAR-2

and TSLP could be crucial components in the development

of allergic inflammation in atopic skin by interaction with

immune cells, including dendritic cells and T cells. Those

interactions could lead to the nonhomogeneous staining pat-

terns in the skin tissue. Further functional studies are needed

in thismodel to investigate themechanism of action.

Another reason for the lack of significant differencemay

be the small size of the groups. Replicated studies using

more dogs are needed to confirm these preliminary

results.

It is well known that the skin barrier function is dam-

aged in human AD patients, both in acute eczematous

lesions and in clinically unaffected skin.25 The present AD
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Figure 2. Evaluation of staining distribution and pattern on indirect immunofluorescence examination for PAR-2 and TSLP in the dog model of ato-

pic dermatitis versus normal dogs. (a) No significant differences were seen for the percentage of PAR-2 distribution from stratum granulosum to

stratum spinosum. (b) Significant differences were seen for the percentage of intense TSLP in the stratum basale between normal and atopic dogs

on days 0, 3 and 10. (c) Significant differences were found for the percentage of patchy pattern of PAR-2 on days 0 and 3. (d) Significant differ-

ences were seen for the percentage of patchy staining of the skin for TSLP between normal and atopic dogs on days 0, 3 and 10. Abbreviations:

SB, stratum basale; SG, stratum granulosum; and SP, stratum spinosum.
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model previously confirmed altered filaggrin mRNA

expression and protein distribution, which represent a

defect of the skin barrier.26 Protease-activated receptor-2

and TSLP are closely related to skin inflammation and bar-

rier function in AD,7,16 because they are increased in le-

sional skin of AD patients.18,21 In the present study, the

staining homogeneity of PAR-2 and TSLP was much more

patchy in the atopic model compared with normal skin at

most time points and was not changed by allergen chal-

lenge, suggesting a primary defect. This model was devel-

oped by sensitization with HDMs at an early age, and the

dogs maintained a low-grade of AD in between allergen

exposure. There is evidence that early life exposure to pro-

tease-containing allergens leads to allergic sensitization to

the allergens, which has been shown to have a strong cor-

relation with the incidence of allergic diseases and their

exacerbations.27–30 Activation of PAR-2 by protease activ-

ity mediates allergic sensitization and inflammation.31 Pro-

tease-activated receptor-2 may therefore have been

activated at an early age by allergen exposure in the pres-

ent AD model and could have affected the inflammation

and barrier function of the skin during the study period.

Clinical scores were significantly increased after aller-

gen challenge in atopic dogs. The change in clinical score

was not correlated with the intensity of staining. Instead,

TSLP was significantly condensed in the stratum basale

layer in the atopic group compared with normal skin at all

time points and particularly after challenge, suggesting a

role for HDMs in the distribution of this cytokine. Langer-

hans cells are mainly distributed in the stratum basale, and

TSLP activates and initiates Langerhans cells to promote

Th2-mediated inflammation in the AD skin.32We therefore

speculate that in this model TSLP is activated in the stra-

tum basale after allergen sensitization and challenge.

Protease-activated receptor-2 and TSLP respond to

immune and inflammatory cells, such as dendritic cells,

T cells, B cells, mast cells, basophils and eosinophils.7,8

Interestingly, the present study showed that only TSLP

and not PAR-2 was distributed in some inflammatory cells

(mast cell similar-shaped cells) in the dermis. This could

mean that TSLP may play a role in dermal inflammation in

the skin of the model. Thymic stromal lymphopoietin, a

Th2-associated cytokine produced by inflammatory cells

and epithelial cells, is known to induce Th2 cell recruit-

ment and allergic inflammation via dendritic cell stimula-

tion in response to allergen challenge, microbial

infections and inflammation.33

Proteases in HDMs can activate PAR-2, leading to

increased TSLP and then the Th2-mediated immune

response could be induced.10,11 Our study did not investi-

gate the mutual relationship between them. A previously

published study15 found that in cultured primary canine

normal keratinocytes, TSLP expression increased after

stimulation with HDM allergen extract. Further studies are

needed in this experimental model to evaluate the

response of TSLP in vivo after HDM challenges using

keratinocytes from atopic dogs.

In conclusion, the present study showed changes of

expression pattern in the development of AD over time

using an experimental AD model in dogs. The impaired

skin barrier and activated inflammatory signals may have

an impact on the phenotypes of PAR-2 and TSLP expres-

sion in this study, and it can represent a significant activa-

tion of allergic reaction by allergen exposure in the AD

skin. Further mechanistic studies of PAR-2 and TSLP,

related to activation of allergic inflammation by protease

from allergen, are needed in this dog model of AD.

Acknowledgements

We thank Domenico Santoro (Department of Dermatol-

ogy, College of Veterinary Medicine, University of Flor-

ida), who helped with clinical evaluation in this study.

a b

c d

Figure 3. Indirect immunofluoroscences of PAR-2 (green; a,b) and

TSLP (red; c,d) in normal (a,c) and atopic skin (b,d) on day 3 (9200

magnification).

a b

Figure 4. Double indirect immunofluoroscences of PAR-2 (green)

and TSLP (red) in atopic skin on day 3. (a) Double staining of PAR-2

and TSLP in atopic skin on day 3 (9400 magnification). (b) Stained

inflammatory cells most consistent with mast cells (9400 magnifica-

tion in the white square box) were common in atopic skin on day 3

(9200 magnification).

a b

Figure 5. Evaluation of cellular staining patterns of PAR-2 (a) and

TSLP (b) in the dog model of atopic dermatitis on day 3 (9400 magni-

fication). Note the intense cytoplasmic staining for PAR-2 (a) and

TSLP (b). Thymic stromal lymphopoietin showed a condensed stain-

ing in the stratum basale with patchy distribution on day 3.
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online version of this article.

Figure S1. Indirect immunofluoroscence evaluation of

PAR-2 over time in the AD dog model versus normal dogs

(9200).

Figure S2. Indirect immunofluoroscence evaluation of

TSLP over time in the AD dog model versus normal dogs

(9200).

Figure S3. Subjective evalulation of immunofluoroscence

intensity of PAR-2 (a) and TSLP (b) in the AD dog model

versus normal dogs.

R�esum�e

Contexte – Les r�ecepteurs PAR-2 (protease-activated receptor) jouent un rôle crucial dans l’inflammation

et la barri�ere cutan�ee. PAR-2 est activ�e par des enzymes prot�eolytiques d’allerg�enes, stimule les TSLP (thy-

mic stromal lymphopoietin) et les cytokines T-helper 2. Dans la dermatite atopique de l’homme (AD) une

augmentation de l’expression de PAR-2 et de TSLP a �et�e d�ecrite.
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Hypoth�eses/Objectifs – Comparer les patrons de coloration de PAR-2 et TSLP entre les chiens sains et

des beagles atopiques. L’hypoth�ese test�ee �etait qu’une augmentation de l’expression est pr�esente dans la

peau de chien atopique compar�ee �a la peau de chiens sains.

Sujets – Huit chiens atopiques et cinq chiens sains ont �et�e test�es pendant 3 jours avec des acariens de la

poussi�ere de maison.

M�ethodes – Des biopsies cutan�ees ont �et�e pr�elev�ees pour �evaluer l’intensit�e, la distribution et l’int�egrit�e

des patrons de coloration cellulaire �a jour 0, 3 et 10 �a la fois objectivement et subjectivement. Les signes

cliniques ont �et�e not�es et compar�es entre les groupes.

R�esultats – Les chiens atopiques ont montr�e des scores cliniques augment�es aux jours 3 (pic du test) et

10 (r�esolution) et un patron de coloration condens�e significatif de TSLP dans la couche basale �a tous les

temps en comparaison aux chiens sains. Ils montraient un patron en patch significatif pour PAR-2 aux jours

0 et 3 et tous les temps pour TSLP en comparaison avec les chiens sains. L’intensit�e elle-même n’�etait pas

significativement augment�ee chez les chiens atopiques en comparaison avec les chiens sains �a la fois pour

PAR-2 et pour TSLP.

Conclusions et importance clinique – Ces donn�ees pr�eliminaires ne confirment pas une diff�erence dans

la quantit�e d’expression mais plutôt dans sa distribution. Des �etudes utilisant des inhibiteurs de PAR-2 et

TSLP pourraient jeter la lumi�ere sur leur importance clinique.

Resumen

Introducci�on – el receptor de la proteasa activada (PAR-2) juega un papel fundamental en la inflamaci�on y

en la funci�on de barrera de la piel. El receptor de proteasa activada tipo 2 se activa mediante enzimas pro-

teol�ıticas de alergenos y estimula la linfopoietina del estroma del timo (TSLP), promoviendo el desarrollo de

citoquinas ayudantes de tipo T2. En humanos con dermatitis at�opica (AD), hay una expresi�on incrementada

de PAR-2 y de TSLP.

Hip�otesis/Objetivos – comparar los patrones de expresi�on de PAR-2 y TSLP entre perros normales y per-

ros at�opicos de raza Beagle. La hip�otesis a probar era que existir�ıa una expresi�on incrementada en perros

at�opicos comparados con los perros normales.

Animales – ocho perros at�opicos y cinco perros sanos fueron expuestos durante tres d�ıas �acaros del ho-

gar.

M�etodos – se tomaron muestras de biopsias de la piel para medir la intensidad, distribuci�on, integridad y

patr�on de tinci�on en los d�ıas 0, 3 y 10 tanto objetivamente como subjetivamente. Los signos cl�ınicos se val-

oraron y se compararon entre los grupos.

Resultados – los perros at�opicos mostraban un marcado incremento de los signos cl�ınicos al d�ıa tres (pico

de la exposici�on) y 10 (resoluci�on) y un patr�on de tinci�on significativamente condensado para TSLP en el

estrato basal en todos los tiempos en comparaci�on con los perros normales. Mostraron un patr�on multifo-

cal significativo para PAR-2 en los d�ıas 0 y 3, y para que TSLP en todos los tiempos comparados con los

perros normales. La intensidad en s�ı misma no estaba significativamente incrementada en los perros at�opi-

cos comparados con los perros normales tanto para PAR-2 como para TSLP.

Conclusiones e importancia cl�ınica – estos resultados preliminares confirman que no hay una diferencia

en la expresi�on sino m�as bien en el patr�on de distribuci�on de estas mol�eculas. Nuevos estudios utilizando

inhibidores de PAR-2 o de TSLP pueden aportar m�as informaci�on de su relevancia cl�ınica.

Zusammenfassung

Hintergrund – Der Protease-aktivierte Rezeptor (PAR)-2 spielt eine wesentliche Rolle bei der Entz€undung

und der Hautbarriere. Der Protease-aktivierte Rezeptor-2 wird durch proteolytische Enzyme von Allergenen

aktiviert und stimuliert das thymische stromale Lymphopoietin (TSLP), wodurch Zytokine der T2-Helferzel-

len gef€ordert werden. Bei Menschen mit atopischer Dermatitis (AD) wurde eine vermehrte Exprimierung

von PAR-2 und TSLP publiziert.

Hypothese/Ziele – Ein Vergleich der F€arbecharakterisitka von PAR-2 und TSLP bei normalen und atopis-

chen Beagles. Die untersuchte Hypothese besagte, dass in atopischer Hundehaut im Vergleich zu gesun-

der Kontrollhaut eine vermehrte Exprimierung auftritt.

Tiere – Acht atopische und f€unf normale Hunde wurden drei Tage lang mit Hausstaubmilben provoziert.

Methoden – Es wurden Hautbiopsien entnommen, um die Intensit€at, die Verteilung, die Integrit€at und die

Zellf€arbemuster an den Tagen 1, 3 und 10 objektiv sowie subjektiv zu beurteilen. Die klinischen Symptome

wurden bewertet und zwischen den Gruppen verglichen.

Ergebnisse – Die atopischen Hunde zeigten im Vergleich zu den normalen Hunden einen signifikanten

Anstieg der klinischen Werte an den Tagen 3 (H€ohepunkt der Provokation) und 10 (Ende) und ein signifikant

verst€arktes F€arbeverhalten f€ur TSLP im Stratum basale zu allen verglichenen Zeitpunkten. Sie zeigten im

Vergleich zu normalen Hunden an den Tagen 0 und 3 ein signifikantes fleckiges Muster f€ur PAR-2 sowie zu

allen Zeitpunkten f€ur TSLP. Die Intensit€at selbst war nicht signifikant erh€oht bei den atopischen Hunden im

Vergleich zu den normalen Tieren f€ur sowohl PAR-2 wie auch TSLP.
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Schlussfolgerungen und klinische Bedeutung – Diese vorl€aufigen Ergebnisse k€onnen einen Untersch-

ied in der Quantit€at der Expression weniger best€atigen als vielmehr ihren Verlauf. Studien, welche PAR-2

und TSLP-Inhibitoren verwenden, k€onnten ein Licht auf ihre klinische Relevanz werfen!

摘要

背景 – 蛋白酶激活受体(PAR)-2在炎症反应和皮肤屏障中起重要作用。蛋白酶激活受体-2被过敏原的水解

蛋白酶激活,并刺激胸腺基质淋巴细胞生成素(TSLP)生成,促进T-辅助细胞2细胞因子释放。患有异位性皮炎

(AD)的人,PAR-2和TSLP的表达会增加。
假设/目的 – 比较正常和患有异位性皮炎的比格犬PAR-2和TSLP着色模式。假设异位性皮炎患犬比正常犬

表达增加。
动物 – 八只异位性皮炎患犬和五只正常犬,接受3天的屋尘螨刺激。
方法 – 于第0、3、10天,取皮肤活检样本,分别客观和主观测量样本的强度、分布、整体性和细胞染色模

式。给临床症状评分并对比两组。
结果 – 与正常犬相比,异位性皮炎患犬的第3天(刺激峰期)和第10天(缓解期),临床分数明显增加,所有时间点

的基底层TSLP明显深染。与正常犬相比,PAR-2在第0和3天明显不规则分布,TSLP在所有时间点明显不规则

分布。与正常犬相比,PAR-2及TSLP自体完整性没有显著增加。
总结与临床意义 – 这些初步发现不能确定表达数量的不同,而是模式不同。试验应用PAR-2或TSLP抑制剂

来阐明他们之间的临床关联。

要約

背景 – プロテアーゼ活性化受容体(PAR)- 2は炎症および皮膚バリアにおいて重要な役割を果たす。プロテアーゼ活

性化受容体-2はアレルゲンのタンパク分解酵素により活性化され、胸腺間質性リンパ球新生因子(TSLP)、Tヘルパ
ー2サイトカイン促進を刺戟する。アトピー性皮膚炎(AD)に罹患したヒトでは、PAR-2とTSLPの発現の増加が報告され
ている。
仮説/目的 – 正常犬とアトピービーグル犬の間で、PAR-2およびTSLPの染色パターンを比較すること。健康なコント
ロール皮膚と比較し、アトピー犬の皮膚で発現の増加が認められるという仮説を調査した。
供与動物 – 8頭のアトピー犬と5頭の正常犬を3日間ハウスダストマイトに暴露した。
方法 – 0日目、3日目ならびに10日目に濃度、分布、整合性、および細胞染色パターンを測定するために皮膚生

検を行った。臨床症状をスコア化し、グループ間で比較した。
結果 – アトピー犬は3日目(暴露のピーク)と10日目(消失時)において臨床スコアが優位に増加し、正常犬と比較し、す
べての時間で基底層におけるTSLPの染色パターンが優位に濃縮していた。それらは正常犬と比較し、PAR-2に対して
0日目と3日目において、また、TSPLに対してすべての時間で優位な斑状パターンを示した。濃度そのものはPAR-2と
TSLPの両方において、正常動物と比較し、アトピー犬で優位な増加は見られなかった。
結論および臨床的な重要性 – これらの予備的な所見は発現パターンではなく、発現量における違いを裏付けるもの
ではなかった。PAR-3やTSLP阻害剤を利用した研究はそれらの臨床的な関連性に関して光を灯すことができるかもし
れない。
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Supplementary figure legends

Supplementary Figure 1. Indirect immunofluoroscence evaluation of PAR-2 over
time in the AD dog model versus normal dogs.(× 200).

Supplementary Figure 2. Indirect immunofluoroscence evaluation of TSLP over
time in the AD dog model versus normal dogs.(× 200).

Supplementary Figure 3. Subjective evalulation of immunofluoroscence intensity of
PAR-2 (a) and TSLP (b) in the AD dog model versus normal dogs.

.
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