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House dust mite (HDM) allergens are the most common allergens involved in the
induction of IgE-mediated hypersensitivity. Recently, epicutaneous sensitization with
HDM allergens has been emphasized in the development of atopic dermatitis (AD);
however, direct stimulation of canine keratinocytes by mite allergens has not been well
investigated. In the present study, we investigated the effects of Der f 1, a major allergen of

Keywords: Dermatophagoides farinae, on cytokine and chemokine gene expression in a canine
Egﬁse dust mite keratinocyte cell line, CPEK. CPEK constitutively expressed mRNA for TNF-«, IL-12p35, IL-
Der f 1 18, GM-CSF, TGF-f3, IL-8/CXCL8, TARC/CCL17, CTACK/CCL27 and MEC/CCL28. Of all the

cytokines and chemokines investigated in CPEK, transcription levels of GM-CSF, IL-8/
CXCL8 and TNF-a mRNA were significantly enhanced by stimulation with Der f 1. The
present results suggest that Der f 1 can directly augment inflammatory cytokine and
chemokine production from keratinocytes, and may initiate allergic inflammation
independently of Type-I hypersensitivity.
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1. Introduction

Canine atopic dermatitis (AD) is a genetically predis-
posed inflammatory and pruritic allergic skin disease with
characteristic clinical features associated with IgE anti-
bodies most commonly directed against environmental
allergens (Halliwell, 2006). Type-I hypersensitivity is
mediated by allergens, allergen-specific IgE and mast
cells. Of the various aeroallergens, house dust mite (HDM),
Dermatophagoides farinae and D. pteronyssinus, allergens
are the most common in temperate climates, and are
known to be associated with the immunopathogenesis of
canine AD (Lian and Halliwell, 1998, Masuda et al., 2000) as
well as a human counterpart (Yasueda et al., 1989).
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Historically, respiratory sensitization has been thought to
be important to develop AD; however, recent studies have
revealed that epicutaneous sensitization played a crucial
role in the development of AD. In a canine model of AD,
Pucheu-Haston et al. demonstrated that HDM allergens
can penetrate the epidermis, inducing elevations in mite-
specific IgE and pruritic dermatitis (Pucheu-Haston et al.,
2008). In addition, a previous study showed that atopy
patch testing with HDM enhanced mRNA transcription of
IL-6, IL-12p35, IL-13, IL-18, IFN-y and thymus and
activation regulated chemokine (TARC/CCL17) in lesional
skin of high-IgE beagles (Marsella et al., 2006). It has been
well known that these cytokine and chemokine mRNA
levels are enhanced in AD skin lesions (Leung, 2000).
Lymphocytes, mast cells, macrophages, eosinophils, and
Langerhans cells are considered the cell source of these
cytokines and chemokines. Among these cells, it has been
well recognized that lymphocytes can produce various
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cytokines; however, recent studies have revealed that
basal keratinocytes have the potential to produce cyto-
kines (Grone, 2002) and chemokines (Kagami et al., 2006;
Vestergaard et al., 2000). These results suggest that
allergens infiltrating the epidermis may initiate allergic
inflammation by lesional production of cytokines and
chemokines independently of Type-I hypersensitivity;
however, no study has reported the activation of canine
keratinocytes by HDM allergens. In this study, we
investigated the effects of HDM major allergen Der f 1
on cytokine and chemokine gene expression in a canine
epidermal keratinocyte cell line, CPEK.

2. Materials and methods
2.1. Materials

Opti-MEM 1 reduced-serum medium and TrypLE
Express were purchased from Invitrogen Corp. (Carlsbad,
CA). CnT-09 was supplied by CELLnTEC Advanced Cell
Systems (Bern, Switzerland). Dulbecco’s phosphate-buf-
fered saline (DPBS) and antibiotic antimycotic solution
were purchased from Sigma-Aldrich (St. Louis, MO).
Purified natural Der f 1 was obtained from Seikagaku
Biobusiness Corp. (Tokyo, Japan).

2.2. Cell culture

A cell line derived from the epidermis of an adult
beagle, CPEK (CELLNTEC), was cultured in 75 cm? flasks
(Nunc Inc., Roskilde, Denmark) in CnT-09 with 1%
antibiotic antimycotic solution until approximately 80%
confluence at 37 °C under 5% CO,. The cultured cells were
trypsinized by treatment with 2 ml TrypLE Express and
incubated for 7-10 min at 37 °C. When approximately 90%
of the cells had been detached, the cell suspension was
transferred to a sterile 15 ml centrifuge tube (Nunc Inc.)
with DPBS and centrifuged at 180 x g for 5 min at room
temperature. The cell pellet was gently re-suspended in
CnT-09 and cultured in Nunclon Multidish (24-wells,
Nunc Inc.) until 100% confluence. In this study, 5th- to
10th-passage CPEK was used. When cultured CPEK had
reached 100% confluence in CnT-09, the cells were washed
two times with DPBS and cultured in serum-free Opti-
MEM I reduced-serum medium 24 h before stimulation
with Der f 1.

2.3. Total RNA extraction from CPEK stimulated with Der f 1

Der f 1 solution (100 wg/ml) was prepared by dissolving
50 g of lyophilized Der f 1 in 500 .l of DPBS. CPEK was
incubated in 24-well plate with 0.9 ml fresh Opti-MEM
containing 0.1 ml of DPBS (control) or 0.1 ml of Der f 1
solution (stimulated samples). After the indicated incuba-
tion period (12 h, 24 h and 48 h), total RNA was extracted
with a commercially available kit (RNeasy Mini Kit; Qiagen
Inc., Valencia, CA) according to the manufacturer’s
instructions. Genomic DNA was removed from the samples
with a TURBO DNA-free Kit (Applied Biosystems, Foster
City, CA), and then stored at —80 °C until further analysis.
At least three independent experiments were performed.

2.4. Detection of constitutive transcription of cytokine and
chemokine mRNA in CPEK

Reverse-transcription polymerase-chain reaction (RT-
PCR) was used to detect the constitutive transcription of
cytokine and chemokine mRNA in CPEK. Total RNA was
reverse-transcribed to cDNA using a commercially avail-
able kit (ReverTra Ace -a-; Toyobo, Osaka, Japan) according
to the manufacturer’s instructions. RT-PCR was performed
on a thermal cycler (Takara Bio Inc., Shiga, Japan) using
TaKaRa Ex Taq (Takara Bio Inc.). Sequences of the primer
pairs used for PCR are shown in Table 1. Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) mRNA was used as an
internal control. The PCR amplifications consisted of
denaturation (94 °C for 2 min), and 40 cycles of denatura-
tion (94 °C for 1 min), annealing (60 °C for 1 min) and
extension (72 °C for 1 min), followed by a final extension
(72 °C for 8 min). The PCR products were electrophoresed
through a 3% agarose gel and stained with ethidium
bromide for visualization.

2.5. Quantification of mRNA transcription for GM-CSF, TNF-«,
TARC/CCL17 and IL-8/CXCL8 in CPEK stimulated with Der f 1

Transcription analysis of GM-CSF, TNF-a, TARC/CCL17
and IL-8/CXCL8 mRNA in CPEK treated with or without
Der f 1 was quantified by one-step real-time PCR
(Thermal Cycler Dice Real Time System; Takara Bio
Inc.) using a commercial kit (One-Step SYBR PrimeScript
RT-PCR Kit II; Takara Bio Inc.) according to the
manufacturer’s instructions. Transcription of GAPDH
mRNA was used as an internal control. Sequences of
the primer pairs used for quantitative PCR are shown in
Table 1. One-step real-time PCR consisted of reverse-
transcription (42 °C for 5 min and 95 °C for 10 s), and 40
cycles of PCR reaction (95 °C for 5s and 60 °C for 30 s),
followed by dissociation (95 °C for 15s, 60 °C for 30s
and 95 °C for 15s). mRNA transcription was quantified
using the comparative cycle threshold (Ct) method, by
which the relative transcription of the target gene
(cytokines and chemokines) is reported as the n-fold
difference relative to that of the calibrator gene
(GAPDH). For this purpose, Ct values of the calibrator
gene were subtracted from Ct values of the target
cytokine or chemokine (ACt). All samples were exam-
ined in duplicate and the mean value of ACt was
calculated. The amount of cytokine and chemokine
mRNA was calculated by Z’AACE evaluating the samples
as the n-fold difference relative to the calibrator gene.
Finally, mean relative transcription was described by the
ratio of the stimulated samples to unstimulated samples
with standard deviation (S.D.) of three independent
experiments.

2.6. Statistical analysis

The data were statistically analyzed using Dunnett’s
test to compare cytokine and chemokine mRNA transcrip-
tion levels among the different culture periods. All
analyses were performed using a statistical software
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Table 1

Sequences of oligonucleotide primers used for RT-PCR and quantitative real-time PCR.

Primer set Primer sequence (5'-3") Position of the primers Genbank accession number

TNF-a Forward CCCAAGTGACAAGCCAGTAGCTC 249-394 NM_001003244
Reverse ACAACCCATCTGACGGCACTATC

IL-1B Forward ACCCGAACTCACCAGTGAAATG 12-121 NM_001037971
Reverse GGTTCAGGTCTTGGCAGCAG

IL-4 Forward TCTGCTTACTAGCACTCACCAGCAC 98-222 NM_001003159
Reverse GACAGTCAGCTCCATGCACGA

IL-5 Forward CCATGAATAGACTGGTGGCAGA 102-197 NM_001006950
Reverse TITCAGGAGTAGGAATCATCAGGT

IL-6 Forward TCTGTGCACATGAGTACCAAGATCC 466-590 NM_001003301
Reverse TCCTGCGACTGCAAGATAGCC

IL-12p35 Forward AGAGTTGCCTGGCTTCCAGAGA 290-397 NM_001003293
Reverse CCTCATAGATGCTGCTAAGGCACA

IL-13 Forward CTGGTCAACATCACCCAGAATCA 157-318 NM_001003384
Reverse GCACAGTGCTTTCAGCATCCTC

IL-18 Forward ACTTTGGCAAGCTTGAACCTAAAC 110-291 NM_001003169
Reverse TGCCAGACCTCTAGTGAGGCTATC

IFN-y Forward CTTGGCAAGTTCTTAAATAGCAGCA 406-556 NM_001003174
Reverse TCCTTAGGTTGGATCTTGGTGAGAG

GM-CSF Forward GATGGCCAATCACTATAAGCAGCA 294-433 NM_001003245
Reverse TGACTGGTTTCCAGCAGTCAAAG

TGF-f3 Forward GGAGCAGCATGTGGAGCTGTA 549-673 NM_001003309
Reverse GCCTCACGACTCCAGTGACATC

IL-8/CXCL8 Forward CTTCCAAGCTGGCTGTTGCTC 11-183 NM_001003200
Reverse TGGGCCACTGTCAATCACTCTC

TARC/CCL17 Forward GGCTGACAAGGTGGTACAAGACTTC 137-218 NM_001003051
Reverse CAGATGGACTTGCCTTGGACAG

CTACK/CCL27 Forward AGCCACTCTCGAACAAGCTACTGA 119-226 NM_001003968
Reverse CACTGCGTCGAGACAGGTGAA

MEC/CCL28 Forward CAGACAGGACTCACTCTCGCTCTC 7-113 NM_001005257
Reverse TGTGAAACCTCAGTGCAACAGCTA

GAPDH Forward CATTGCCCTCAATGACCACT 894-998 NM_001003142
Reverse TCCTTGGAGGCCATGTAGAC

package (JMP version 5.1.2; SAS Institute, Cary, NC).
Statistical significance was defined as P < 0.05.

3. Results and discussion

Among the cytokines and chemokines investigated in
this study, CPEK constitutively expressed TNF-a, IL-12p35,
IL-18, GM-CSF, TGF-[3, IL-8/CXCL8, TARC/CCL17, CTACK/
CCL27 and MEC/CCL28 (data not shown). Basal keratino-
cytes in other species are known to be a major cell source of
cytokines (Grone, 2002) and chemokines (Kagami et al.,
2005; Vestergaard et al., 2001). In this study, the results of
RT-PCR analysis also confirmed the constitutive transcrip-
tion of cytokine and chemokine mRNA in CPEK. Among the
cytokines and chemokines expressed in CPEK, TARC/CCL17
is known to be a very important chemokine in the
pathogenesis of AD (Imai et al., 1999; Imai et al., 1996).
Because of constitutive TARC/CCL17 secretion, HaCaT, a
human keratinocyte cell line, has been used as a
keratinocyte model of AD in vitro (Vestergaard et al.,
2000). Since all cytokines and chemokines constitutively
expressed in CPEK are also produced by HaCaT (Bachmeier

et al, 2002; Kagami et al., 2006; Park et al., 2007;
Vestergaard et al., 2000; Yoshizumi et al., 2008), CPEK
appears to be similar to HaCaT in cytokine and chemokine
profiles. Previous study also indicated that CPEK showed
classical cobbled appearance of undifferentiated keratino-
cytes with expression of markers for basal keratinocyte
such as cytokeratin 14, ag integrin and proliferating cell
nuclear antigen (Shibata et al., 2008); therefore, CPEK is
thought to be suitable as an in vitro experimental tool for
studying the immunopathogenesis of canine AD.

In this study, the transcription of GAPDH mRNA was
used as an internal control to correct the transcription rate
of cytokine and chemokine mRNA after Der f 1 stimulation;
however, there is a possibility that Der f 1 treatment
changed the transcription level of GAPDH mRNA in CPEK.
To evaluate GAPDH as an internal control, Ct values of
GAPDH were compared between stimulated and unsti-
mulated CPEK. Statistical analysis demonstrated that there
was no difference in Ct values between stimulated and
unstimulated samples (data not shown), which indicated
that GAPDH could be used as an appropriate internal
control in this experiment.
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Table 2
Constitutive transcription levels of the cytokine and chemokine mRNA in CPEK at different culture time.

Oh 12h 24h 48 h
TARC/CCL17 1.5+08 x 1074 7.8+37x10* 6.8+3.0x10* 12.5+8.1x 107
GM-CSF 3.1+07x107° 0.3+0.1x107° 03+02x107° 13+09x10°
IL-8/CXCL8 3.2+0.6 x 1072 1.6+03 x 1072 2.2+0.6 x 1072 5.2+3.2x 1072
TNF-a 48+19x107° 3.0+24x107° 23+32x107° 3.9+5.1x107°

~AAct

The amount of cytokine and chemokine mRNA was calculated by 2

In the pilot study, we investigated whether Der f 1
would enhance mRNA transcription for cytokines and
chemokines expressed constitutively in CPEK. Of all the
cytokines and chemokines investigated, transcription of
GM-CSF, TNF-«, TARC/CCL17 and IL-8/CXCL8 mRNA was
found to be enhanced after stimulation with Der f 1 (data
not shown); therefore, later experiments focused on
transcription kinetics of these cytokines and chemokines.
Constitutive transcription levels of these cytokine and
chemokine mRNA in CPEK at different culture time are
shown in Table 2. Except for TARC/CCL17, the levels were
not significantly changed during the culture period.

The present results clearly indicated that Der f 1
significantly enhanced mRNA transcription of IL-8/CXCL8,
GM-CSF and TNF-o (Fig. 1). Notably, mRNA transcription of
IL-8/CXCL8 and TNF-a increased approximately 30-fold
after treatment (Fig. 1c and d). IL-8/CXCL8 is a functional
ligand for CXC chemokine receptor 1 (CXCR1) and CXCR2,
and attracts neutrophils. Since neutrophil infiltration is not
a characteristic finding in atopic lesions, augmentation of
IL-8/CXCL8 mRNA transcription enhanced by Der f 1 might
not be directly associated with the immunopathogenesis
of AD but may represent an aspect of host defense to
environmental stimuli. TNF-o is a proinflammatory
cytokine that stimulates vascular endothelial cells to
express new adhesion molecules and induces various cells
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2
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1
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0
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(g)
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Relative amount
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0
Oh 12h 24h 48h

, evaluating the samples as the n-fold difference relative to the calibrator gene.

to secrete chemokines. A previous study reported that TNF-
a was an important soluble factor to produce TARC/CCL17
in HaCaT (Vestergaard et al., 2000). In this study, however,
the transcription level of TARC/CCL17 mRNA was not
significantly enhanced by stimulation with Der f 1 (Fig. 1a),
although keratinocytes appeared to produce TNF-a. This
may have been due to the relatively short culture period,
which is not enough for TNF-a accumulation produced
from CPEK itself. In the present study, active transcription
of TNF-a was found at 48 h; therefore, transcription of
TARC/CCL17 mRNA would be increased during a culture
period beyond 48 h. The transcription level of GM-CSF
mRNA was also significantly enhanced by stimulation with
Der f 1 (Fig. 1b). In lesional skin of human AD, keratinocytes
have been shown to overproduce GM-CSF (Pastore et al.,
1997). In the epidermis, GM-CSF mediates the differentia-
tion of Langerhans cells into mature dendritic cells
(Heufler et al., 1988; Witmer-Pack et al., 1987) and
stimulates keratinocyte proliferation in vitro (Hancock
et al., 1988). Moreover, Tada et al. reported that GM-CSF
produced by keratinocytes inhibited IL-12, a promoter
cytokine of the development of Th1 cells, production from
Langerhans cells in mice (Tada et al., 2000); therefore, up-
regulation of GM-CSF induced by Der f 1 may enhance
allergen presentation by dendritic cells, acanthosis and
development of Th2 cells, deteriorating clinical signs of AD.
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r *kk 1
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Fig. 1. Transcription levels of TARC/CCL17 (a), GM-CSF (b), IL-8/CXCL8 (c) and TNF-a (d) mRNA in CPEK stimulated with Der f 1. CPEK was incubated with
medium alone or Der f 1 (10 wg/ml) for the indicated period. Mean relative amounts of transcription are described by the ratios of stimulated to
unstimulated samples. Error bars represent S.D. of three independent experiments. *P < 0.05, ***P < 0.001.
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Although several studies have reported that Der f 1 induces
IL-8/CXCL8 and GM-CSF production from human kerati-
nocytes (Kato et al., 2005; Ogawa et al., 2008) in canine
keratinocytes, the present study is the first to demonstrate
the gene expression of IL-8/CXCL8, GM-CSF and TNF-a
enhanced by Der f 1.

Although the mechanism of keratinocyte activation
mediated by Der f 1 was not investigated in this study,
protease-activated receptor-2 (PAR-2) is most likely
involved. Asokananthan et al. demonstrated that the
cysteine protease activity of Der p 1 stimulated the
production of proinflammatory cytokines from respiratory
epithelial cells through the activation of PAR-2 (Asoka-
nanthan et al.,, 2002). A recent study indicated that both
Der p 1 and Der f 1 have cysteine protease (Takai et al.,
2005). In this study, therefore, it is conceivable that the up-
regulation of cytokines and chemokines mRNA transcrip-
tion may be resulted from the interaction between Der f 1
and PAR-2. To prove this hypothesis, further experiments
using PAR-2 antagonist or small interfering RNAs to knock
down endogenous PAR-2 expression will be necessary.

In conclusion, in CPEK, it was found that Der f 1
enhanced TNF-a, GM-CSF and IL-8/CXCL8 mRNA tran-
scription but not TARC/CCL17. The present results indicate
that keratinocytes have the potential to produce various
proinflammatory cytokines and chemokines upon inter-
action with HDM allergens, providing new insights into the
immunopathogenesis of canine AD.
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