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What is known about the topic of this paper

• Canine atopic dermatitis shares many immunological
similarities to the human counterpart including a decreased
expression of regulatory cytokines such as IL-10 and
TGF–beta. 

• An experimental model for canine atopic dermatitis has
been identified in a colony of IgE Beagles.

• Cytokines kinetics in peripheral blood during allergen
challenge and development of clinical signs has not been
previously investigated.

What this paper adds to the field of veterinary

dermatology

• Allergen challenge in the high IgE Beagles leads to a
decrease of regulatory cytokines suggesting an aberrant
regulatory T cell function.

Abstract

The kinetics of cytokine expression was evaluated

in whole blood from high-IgE beagles previously

sensitized to house dust mites (HDM) and known to

develop clinical signs compatible with atopic dermatitis

(AD) upon allergen exposure. Six high-IgE beagles

were environmentally challenged daily for 3 h on three

consecutive days with a HDM solution. Clinical signs

were evaluated before, during, and after the conclusion

of the challenge (days 0, 2, 4 and 17) and expression

analyses of Th2 (IL-4 and IL-13) and regulatory (IL-10

and TGF-ββββ) cytokine mRNA were undertaken on blood

samples at each time point using real-time polymerase

chain reaction. Multiple comparison used to detect

significant differences in clinical scores and expression

levels of cytokine mRNA revealed that the clinical

scores on days 2 and 4 were higher than those on days

0 and 17 (P < 0.05) but no temporal differences in the

expression levels of IL-4 and IL-13 mRNA. Expression

of TGF-ββββ mRNA was, however, significantly lower on

day 4 (P < 0.05) and the expression of IL-10 mRNA

on days 4 and 17 was significantly lower than those on

days 0 and 2 (P < 0.05). The results indicate that allergen

challenge decreases mRNA expression of regulatory

cytokines in whole blood without enhanced mRNA

expression of Th2 cytokines and suggest aberrant

regulatory T-cell function in the immunopathogenesis

of AD in high-IgE beagles.
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Introduction

Canine atopic dermatitis (AD) shares many clinical and
immunological similarities with human AD. Lesional skin is
markedly infiltrated with CD4+ cells1 and IL-4 mRNA is
preferentially expressed2 in conjunction with thymus
and activation-regulated chemokine (TARC/CCL17),3 CC
chemokine receptor 4 (CCR4)4 and inflammatory cytokines
(IL-1β, IFN-γ, and TNF-α).5 Peripheral blood mononuclear
cells (PBMCs) also preferentially express IL-46 and show
an increased number of CCR4+/CD4+ cells.7 These results
suggest that the roles of cytokines and chemokines in the
immunopathogenesis of canine AD are similar to those of
the human counterpart.

A recently identified group of high-IgE beagles that
develop eczematous pruritic dermatitis after environmental
challenge with house dust mite (HDM) exhibit cutaneous
lesions clinically, histologically, and immunohistochemically
similar to naturally occurring canine AD.8 Lesional skin
shows increased expression levels of IL-6, IL-13, IL-18 and
TARC/CCL17 mRNA,9 suggesting that cutaneous lesions
in these high-IgE beagles mimic both human and canine
AD and that this colony could be used as a suitable animal
model for AD.

As circulating blood cells produce cytokines that can
contribute to the disease process, additional information
on the cytokine profile in peripheral blood may prove useful
in identifying target molecules for novel diagnostic or
therapeutic strategies. Thus, the purpose of the present
study was to evaluate the kinetics of cytokine (Th2 and Tr)
expression in whole blood of high-IgE beagles during
allergen challenge. Since allergic inflammation associated
with IgE production is mainly up-regulated by Th2 cytokines
and down-regulated by regulatory cytokines (Tr),10 it was
hypothesized that peripheral cytokine synthesis in high-
IgE beagles during allergen challenge may be profiled as
either Th2 (IL-4 and IL-13) dominant, Tr (IL-10 and TGF-β)
recessive, or a combination of the above.

Materials and methods

Animals

A colony of five intact female and one intact male high-IgE beagles (all
aged 6 years) previously sensitized to HDM epicutaneously was used.
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The dogs were housed in a research facility where no exposure to
HDM was allowed other than during experiments. All procedures
were approved by the Institutional Animal Care and Use Committee
of the University of Florida. Environmental allergen challenge was
carried out as previously reported.8 Briefly, the dogs were exposed
for 3 h daily on three consecutive days to HDM placed on the floor of
a plastic air kennel8 to mimic natural exposure.

Clinical signs were evaluated using a previously validated scoring
system [Canine Atopic Dermatitis Extent and Severity Index (CADESI)
version 3]11 before, during, and after conclusion of the challenges
(days 0, 2, 4 and 17). Days of evaluation were based on previous
studies (data not shown) to capture baseline status, time of
developing lesions, peak, and resolution of clinical signs. Whole
blood samples were obtained from the dogs at the time of clinical
evaluation.

Blood samples and mRNA expression analysis

Blood samples were immediately placed in PAXgene tubes (Pre-
AnalytiX; Feldbachstrasse, Switzerland) and stored at –80 °C until use
for expression analysis of cytokine mRNA (IL-4, IL-10, IL-13 and TGF-β)
using a real-time polymerase chain reaction (PCR) (ABI PRISM 7000,
Applied Biosystems; Foster City, CA, USA). Total RNA was extracted
from whole blood using a commercial kit (PAXgene Blood RNA Kit,
Qiagen Inc., Valencia, CA, USA). Transcriptions of cytokine mRNA were
quantified by one-step real-time PCR (OneStep RT-PCR Kit, Qiagen
Inc.). Expression of glyceraldehydes 3-phosphate dehydrogenase
(GAPDH) mRNA was used as an internal control. Sequences of the
primer and probe pairs (QuantiTect Probe RT-PCR Kit, Qiagen Inc.) are
shown in Table 1. A comparative CT (CT = threshold cycle) method
was used for quantification of cytokine mRNA expression. For each
sample, the CT values for the target amplicon (cytokine) and the
calibrator (GAPDH) were determined to report the relative transcription
of the amplicon cDNA against calibrator cDNA, respectively. The CT
value of the calibrator was subtracted from the CT value of the target
cytokine (ΔCT) to normalize for differences in the amount of total
nucleic acid added to each reaction and the efficiency of the reverse
transcription. All samples were examined in duplicate, and the mean
value of ρCT was calculated. The amounts of cytokine mRNA were
calculated by 2–ΔCT, resulting in the evaluation of the samples as n-fold
difference relative to that of GAPDH mRNA.

Statistics

Clinical scores and expression levels of cytokine mRNA were
statistically analysed among the days using one-way ANOVA. If significant
differences were found, a post-hoc test was performed to compare
all pairs of means using the Tukey–Kramer Honestly Significant
Difference (HSD) test. All analyses were performed using a statistical
software package (JMP version 5.1.2, SAS Institute, Cary, NC, USA).
A P < 0.05 was considered significant.

Results

Clinical signs

All dogs developed lesions and pruritus after the environ-
mental allergen challenge. Clinical signs included erythema

and a macular/papular eruption on axillae, lateral, and
ventral abdomen. Clinical scores peaked on day 4 at which
point they were significantly higher than those on days 0
and 17 (Fig. 1) when dermatological signs were no longer
observed.

mRNA expression

Expressions of IL-4, IL-10, IL-13, and TGF-β mRNA were
detected in individual samples. There were no statistically
different expression levels of IL-4 (Fig. 2) and IL-13 (Fig. 3)
mRNA among sampling dates. Expression of TGF-β was
significantly lower on day 4 (Fig. 4) than on other days. It
was also found that expression of IL-10 on days 4 and 17
was significantly lower than on days 0 and 2 (Fig. 5).

Primer set Primer sequence Probe sequence

GAPDH Forward CTGGAGAAAGCTGCCAAA AGAAGGTAGTGAAGCAG
Reverse TGTTGAAGTCACAGGAGA

IL-4 Forward ACAAGCGATAAGGAAATCT ATACACACAACTGCTCCA
Reverse TGCCATGCTGCTGAGGTT

IL-10 Forward AGCCATGAGTGAGTTTGA GAGAACAAAACACCCAG
Reverse TAGAGTCGAGAAGAGTTGCCA

IL-13 Forward GACTGTGGTCATTGCTCT CTCCCTCCCCAACCCT
Reverse CTGATTCTGGGTGATGTT

TGF-β Forward ATGGCTGTCCTTTGATGT AGTCGTGAGGCAGTGG
Reverse GTGTGTTATCTTTGCTGT

Table 1. Primers and probes for each 
cytokine mRNA analysis

Figure 1. Clinical scores after house dust mite exposure. Scores are
means ± standard deviation. *indicates significant difference from
days 0 and 17.

Figure 2. 2–ΔCT of IL-4 mRNA expression. Values are means ± standard
deviation.
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Discussion

The pruritic, erythematous, macular dermatitis induced by
environmental allergen challenge with HDM is in keeping
with previous reports in this experimental model.8 Clinical
signs peaked on day 4 and gradually diminished after
the conclusion of the challenge. Results of the mRNA

expression analysis indicated that IL-4, IL-10, IL-13, and
TGF-β mRNA were expressed in whole blood. Since IL-4
and IL-13 have similar biological activities and initiate
allergic inflammation, it could be expected that their
expression levels would have been increased with clinical
severity but the absence of a statistical difference between
different sampling periods revealed that this was not
the case. Since peripheral antigen-specific T cells require
relatively strong antigen stimulation to produce IL-4 or
IL-13,12 it seems that environmental allergen challenge was
insufficient to induce the production of Th2 cytokines from
peripheral HDM-specific Th2 cells.

In addition to Th1 or Th2 cells, another subtype of T cells
(regulatory T cells) has an immunosuppressive function by
producing IL-10 and TGF-β. Since IL-10 and TGF-β directly
or indirectly suppress effector cells of allergic inflammation
(e.g. mast cells, basophils and eosinophils),10 regulatory T
cells may play important roles in the immunopathogenesis
of CAD. Previous evidence indicates that IL-10 expression
is not significantly altered in lesional skin during allergen
challenge.9 In dogs with naturally occurring AD also, the
expression levels of IL-10 are not significantly different
among lesional, nonlesional, and healthy skin,2 indicating
that IL-10 may not always be responsible for lasting allergic
inflammation in lesional skin. In peripheral blood, however,
association of IL-10 with allergic diseases has not been
investigated in dogs and, to the best of author’s knowledge,
this is the first report to examine IL-10 mRNA expression
in peripheral blood of dogs with experimentally induced
allergic inflammation. The results clearly demonstrated
decreased expression of IL-10 mRNA in whole blood
following environmental allergen challenge. Recent studies
revealed that the generation of allergen-specific regulatory
T cells and increased production of IL-10 have been
found to be essential early events in allergen-specific
immunotherapy.13 Hence, the decreased IL-10 expression
found in the present study may be one of the factors
inducing AD skin lesions upon environmental allergen
challenge. To test this hypothesis, further studies involving
administration of IL-10 to evaluate its suppressive action
on allergic inflammation are required.

TGF-β is also one of the inhibitory cytokines produced
by regulatory T cells and is thought to be important in
peripheral tolerance to environmental allergens.10 Although
TGF-β expression has not been evaluated in lesional skin
of high-IgE beagles, in naturally occurring AD cases,
expression level in lesional skin was reported to be lower
than that in nonlesional or healthy skin.2 Furthermore, it
was reported that allergen stimulation decreased TGF-β
expression level in cultured PBMCs from dogs experi-
mentally sensitized to Japanese cedar pollen.12 The present
results are consistent with these findings. Thus, TGF-β
like IL-10 may also be a target molecule preventing allergic
inflammation not only in spontaneous cases but also in
high-IgE beagles.

In conclusion, the results suggest that AD lesions
induced by environmental allergen challenge are may be
associated with suppression of regulatory cytokines
such as IL-10 and TGF-β. Future studies evaluating the
administration of IL-10 or TGF-β may be necessary to
investigate the mechanisms of aberrant function of
regulatory T cells in dogs with AD.

Figure 3. 2–ΔCT of IL-13 mRNA expression. Values are means ± standard
deviation.

Figure 4. 2–ΔCT of TGF-β mRNA expression. Values are means ±
standard deviation. The symbol *indicates significant difference from
days 0, 2 and 17.

Figure 5. 2–ΔCT of IL-10 mRNA expression. Values are
means ± standard deviation. The symbol *indicates significant differ-
ence from days 0 and 2.
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Résumé Les cinétiques d’expression des cytokines ont été évaluées dans le sang de Beagles haut
sécréteurs en IgE sensibilisés préalablement aux acariens des poussières (HDM) et connus pour développer
des symptômes cliniques compatibles avec une dermatite atopique (AD) après challenge allergénique. Sic
Beagles ont été stimulés pendant 3 heures par jours, trois jours successifs, avec une solution de HDM. Les
symptômes ont été évalués avant, durant et après la stimulation (J0, 2, 4 et 17) et l’expression des cytokines
de type II (IL-4 et IL-13) et régulatrices (IL-10 et TGF-β) ont été évaluées sur des prélèvements sanguins à chaque
date, en utilisant une technique PCR. Des comparaisons ont été réalisées pour détecter des différences
significatives dans les scores cliniques et les taux de cytokines. Les scores cliniques à J2 et J4 étaient plus
élevés qu’à J0 et J17 (P < 0.05) mais aucune différence d’expression des taux d’IL-4 et IL-13 n’a été
observée. L’expression de TGF-β était significativement plus faible à J4 (P < 0.05) et l’expression de l’ IL-10
à J4 et 17 était significativement plus faible qu’à J0 et J2 (P < 0.05). ces résultats indiquent qu’un challenge
allergénique diminue l’expression des cytokines régulatrices dans le sang, sans augmentation de l’expression
des cytokines Th2. ceci suggère une anomalie des cellules T régulatrices dans l’immunopathogénie de l’AD
chez les Beagles haut sécréteurs en IgE. 

Resumen Se evaluó la cinética de la expresión de citoquinas en sangre completa de perros Beagle con
IgE elevada sensibilizados a ácaros caseros del polvo (HDM) y con signos clínicos compatibles con dermatitis
atópica tras la exposición al alergeno. Seis perros Beagle con IgE elevada fueron reexpuestos diariamente
durante 3 horas en tres días consecutivos a una solución de HDM. Los signos clínicos se evaluaron antes,
durante y después de la exposición al alergeno (días 0, 2, 4 y 17) y se desarrollaron análisis de expresión
de mRNA de Th2 (IL-4 y IL-13) y células reguladoras (IL-10 y TGF-β) en la sangre mediante PCR en tiempo
real. La comparación múltiple usada para detectar diferencias significativas en los valores clínicos y los niveles
de expresión de mRNA de citoquinas indicó que los valores clínicos en los días 2 y 4 fueron mayores que
los valores en los días 0 y 17 (P < 0.05) pero no hubo diferencias en la expresión a lo largo del tiempo en
los niveles de mRNA de IL-4 y IL-13. Sin embargo, la expresión de mRNA de TGF-β fue significativamente
menor en el día 4 (P < 0.05) y la expresión de mRNA de IL-10 en los días 4 y 17 fue significativamente menor
que en los días 0 y 2 (P < 0.05). Los resultados indican que la reexposición al alergeno disminuye la expresión
de mRNA de citoquinas reguladoras en sangre total sin inducir un aumento en la expresión de mRNA de
las citoquinas Th2 y sugiere una función anormal de las células T reguladoras en la inmunopatogénesis de
dermatitis atópica en perros Beagle con IgE elevada.

Zusammenfassung Die Kinetik der Expression von Zytokinen wurde in Vollblut von Beagles mit hohem
IgE Gehalt evaluiert, die zuvor auf Hausstaubmilben (HDM) sensibilisiert worden waren und von denen man
wusste, dass sie bei der Exposition zu Allergenen klinische Symptome entwickelten, die mit atopischer
Dermatitis (AD) kompatibel waren. Sechs Beagles mit hohem IgE Gehalt im Serum wurden täglich 3
Stunden lang an drei aufeinander folgenden Tagen mit einer HDM Lösung umweltmedizinisch belastet. Die
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klinischen Symptome wurden vor, während und nach dem Abschluss der Belastung (Tag 0, 2, 4 und 17)
evaluiert und eine Analyse der mRNA Expression der Th2 (IL-4 und IL-13) und der regulatorischen (IL-10
und TGF-β) Zytokine wurde aus Blutproben zu jedem dieser Zeitpunkte mittels real-time PCR durchgeführt.
Mehrere Vergleiche, die angestellt wurden, um signifikante Unterschiede bei den klinischen Scores und
Expressionslevels der Zytokin mRNA zu entdecken, zeigten, dass die klinischen Scores an den Tagen 2
und 4 höher waren als jene an den Tagen 0 und 17 (P < 0.05), es wurden keine zeitlichen Unterschiede bei
den Expressionslevels der mRNA von IL-4 und IL-13 festgestellt. Die Expression von TGF-β mRNA war
jedoch am Tag 4 signifikant niedriger (P < 0.05) und die Expression von IL-10 mRNA war an den Tagen 4 und
17 signifikant niedriger als an den Tagen 0 und 2 (P < 0.05). Diese Ergebnisse besagen, dass die Belastung
mit Allergenen die mRNA Expression von regulatorischen Zytokinen in Vollblut ohne eine verstärkte mRNA
Expression der Th2 Zytokine vermindert und auf eine aberrierende Funktion der regulatorischen T Zellen in
der Immunpathogenese von AD bei Beagles mit hohem IgE Gehalt hinweist.
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