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ABSTRACT. Protease-activated receptor-2 (PAR-2) belongs to a new G protein-coupled receptor subfamily and is activated by serine pro-
teases.  PAR-2 has been demonstrated to play an important role in inflammation and immune response in allergic diseases.  In this study,
we cloned canine PAR-2 cDNA from the canine kidney by RT-PCR.  The canine PAR-2 clone contained a full-length open reading frame
encoding 397 amino acids that had 84% and 80% homology with human and mouse homologues, respectively.  Canine PAR-2 mRNA
was detected in the heart, lung, liver, pancreas, stomach, small intestine, colon, kidney, adrenal gland, spleen, thyroid gland, thymus, skel-
etal muscle, lymph node, fat and skin of three healthy dogs.  The expression pattern of PAR-2 mRNA in canine tissues was similar to
that in humans.  The expression level of PAR-2 mRNA in skin was not different between the atopic dermatitis (AD) and healthy dogs,
suggesting that the level of PAR-2 mRNA transcription may not be associated with development of canine AD.  The canine PAR-2
cDNA clone obtained in this study will be useful for further investigation of the immunopathogenesis of canine allergic diseases.
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Protease-activated receptor-2 (PAR-2) belongs to the
family of G protein-coupled, seven transmembrane region
receptors, that is activated by specific proteolytic cleavage
of its extracellular amino terminus [7].  Cells with PAR-2
expression are activated when the cleavage forms a new
amino terminus, a tethered ligand, and interacts with another
region of the receptor, which is demonstrated by increased
levels of Ca influx with peptides based on tethered ligand
sequences [17, 24].  In PAR-2-deficient mice after surgical
trauma, the mean leukocyte rolling flux fraction is signifi-
cantly lower and mean rolling velocity is significantly
higher than in wild-type (WT) mice [11], and this implies
that the onset of inflammation is delayed in the absence of
PAR-2.  Later research has demonstrated that ICAM-1, an
adhesion molecule, is enhanced by PAR-2 agonist in pri-
mary human keratinocytes [3].  These reports suggest that
PAR-2 plays an important role in skin inflammation.

House dust mite (HDM), Dermatophagoides farinae and
D. pteronyssinus, allergens are the most important aeroaller-
gens in asthma [18].  Several studies have reported that
HDM allergens have protease activities [6, 10, 14, 22, 26,
27].  Serine proteases, such as trypsin or mast cell tryptase,
cleave the N-terminus of PAR-2 at the specific amino acid
sequence SKGRSLIG, forming a tethered ligand that acti-
vates the receptor.  Previous studies have also shown that
Der p 1, the major mite allergen, can activate PAR-2 and
induce IL-6 and IL-8 release in respiratory epithelial cells
[1].  These results suggest that protease derived from HDM
allergens may play an important role in the deterioration of
allergic diseases by selective activation of epithelial cells.

In 42 dogs with atopic dermatitis (AD), HDM was the
most common positive allergen in both an intradermal skin
test and antigen-specific IgE assay [13].  Recently, immuno-
fluorescent staining for Der f 1 has demonstrated that mite
allergens could infiltrate subepidermal sites after epicutane-
ous application of Der f slurry in a model of canine AD [19],
which suggests that the defective epidermal barrier in atopic
skin may enhance penetration of HDM.  Furthermore, epi-
cutaneous sensitization with HDM allergens has been
shown to induce elevation of mite-specific IgE and pruritic
dermatitis, resembling spontaneous AD in dogs [19].  Addi-
tionally, atopy patch testing with HDM enhanced mRNA
transcription of cytokines (IL-6, IL-12p35, IL-13, IL-18 and
IFN-) and a chemokine, TARC/CCL17, in lesional skin
from high-IgE Beagles [12].  Lymphocytes and kerati-
nocytes, the principle epidermal cells, have been recognized
as a major source of cytokine production [8].  It is interest-
ing to note that trypsin induces GM-CSF and IL-6 gene
expressions in normal human keratinocytes via PAR-2 acti-
vation [25].  Thus, it is conceivable that HDM allergens may
directly activate PAR-2 expressed on keratinocytes to
release cytokines leading to skin inflammation in canine
AD.

So far, human, mouse and rat PAR-2 genes have been
cloned [2, 15, 16, 20]; however, canine PAR-2 has not been
identified.  Thus, we report molecular cloning of the canine
PAR-2 gene and its transcription levels in various dog tis-
sues and atopic skin lesions in order to improve understand-
ing of the involvement of PAR-2 in canine allergic diseases.

MATERIALS AND METHODS

Cloning of canine PAR-2:  Total RNA was extracted from
the kidney of a healthy dog with a commercially available
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kit (RNeasy Lipid Tissue Mini Kit, Qiagen Inc., Valencia,
CA, U.S.A.).  The use of dogs in this study was approved by
the Institutional Animal Care and Use Committee of Gifu
University.  A cDNA sample was synthesized from 0.5 g
of total RNA with reverse transcriptase (ReverTra Dash,
Toyobo, Osaka, Japan).  Oligonucleotide primers to amplify
canine PAR-2 cDNA were designed based on the predicted
sequences of canine PAR-2 (GenBank/EMBL/DDBJ acces-
sion number XM_546057; Table 1).  Using these primer
pairs, canine PAR-2 cDNA was amplified from the canine
kidney with a Taq polymerase (TAKARA Ex Taq, Takara
Bio Inc., Shiga, Japan) according to the manufacturer’s
instructions.  The PCR amplifications consisted of pre-dena-
turing (94C for 2 min), 35 cycles of denaturation (94C for
1 min), annealing (60C for 1 min) and extension (72C for
1 min); and then a final extension (8 min).  PCR generated a
single DNA fragment for each primer pair.  The PCR prod-
ucts were purified from agarose gel with a commercially
available kit (Wizard SV Gel and PCR Clean-Up System,
Promega Corp., Madison, WI, U.S.A.) and were sequenced
by an ABI Prism 3100 Genetic Analyzer (Applied Biosys-
tems, Foster City, CA, U.S.A.).  In the present study, more
than 7 independent clones of PCR products were sequenced
to avoid errors in sequence analyses.

Transcription analysis of PAR-2 mRNA in normal dog
tissues:  Transcription analysis of PAR-2 mRNA in normal
dog tissues was performed using quantitative real-time PCR
(Thermal Cycler Dice Real Time System, Takara Bio Inc.).
Three healthy beagles were used to investigate the transcrip-
tion of canine PAR-2 in normal dog tissues.  Various tissues
were collected from the dogs and snap-frozen in liquid
nitrogen.  The tissue samples were stored at –80C until use.
Total RNA samples were extracted from the heart, lung,
liver, pancreas, stomach, small intestine, colon, kidney,
adrenal gland, spleen, thyroid gland, thymus, skeletal mus-
cle, lymph node, fat and skin using the method described
above.  Genomic DNA was removed from the samples with
a commercially available kit (TURBO DNA-free Kit,
Applied Biosystems).  Transcription of PAR-2 mRNA was
quantified by one-step real-time PCR (One Step SYBR Pri-
meScript RT-PCR Kit II, Takara Bio Inc.) according to the
manufacturer’s instructions.  Transcription of ribosomal

protein L13a (RPL13A) and ribosomal protein L32
(RPL32) mRNA was used as an internal control.  The
sequences of the primer pairs used for quantitative real-time
PCR are shown in Table 2.  A standard curves method was
employed for quantification of PAR-2 mRNA transcription.
One-step real-time PCR amplifications consisted of reverse
transcription (42C for 5 min and 95C for 10 sec), 40
cycles of PCR reaction (95C for 5 sec and 65C for 30 sec)
and then dissociation (95C for 15 sec, 60C for 30 sec and
95C for 15 sec).  All samples were examined in duplicate,
and the mean amount of PAR-2 mRNA was calculated from
the standard curve.

Transcription analysis of PAR-2 mRNA in skin lesions:
Control skin samples were collected from five healthy bea-
gles that did not show any clinical signs of skin diseases.
Lesional and non-lesional skin samples were collected from
ten dogs with AD that were referred to the Animal Medical
Center of Gifu University for problems with pruritic skin
diseases.  All ten dogs had compatible historical and clinical
findings of AD, including seasonal or recurrent and chronic
pruritus.  Dogs with other skin diseases causing pruritus,
such as infestation of parasites, or bacterial or fungal infec-
tions, were excluded based on routine dermatologic exami-
nations and a therapeutic trial of antibiotics.  Food
hypersensitivity was excluded by a food elimination test
with a commercial prescription diet (Hill’s z/d ultra, Hill’s
Pet Nutrition, Inc., Topeka, KS, U.S.A.) for 8 weeks.  Skin
biopsy was carried out in both AD and healthy dogs using a
4 mm disposable punch (DERMAPUNCH, Nipro Medical
Industries Ltd., Tokyo, Japan) under local anesthesia with
2% lidocaine hydrochloride (Xylocaine, Fujisawa Pharma-
ceutical Co., Ltd., Osaka, Japan).  A pair of skin biopsy sam-

Table 1. Sequences and nucleotide positions of the oligonucleotide primers used for
molecular cloning of canine PAR-2 cDNA

Primers Primer Sequence (5’–3’) Nucleotide positions

P1 Forward ACCCCCAGTAACCTTCTGCT 901–920
P2 Reverse TTGCATCTGCCTGACAGAAC 1094–1113
P3 Reverse TCAGTAAGAGGTTTTGACAC 1174–1194
P4 Forward TCGTGAGGCAGACTATGCAC 632–651
P5 Reverse GTTAAGGGTGGACAGGCAGC 989–1008
P6 Forward CTTGGCAGACCTCCTTTCTG 354–373
P7 Reverse AAGGGCTGGAATGTGCATAG 644–663
P8 Forward ATGCGAAGCGTGCGCGCCGC 1–20
P9 Reverse CCCCATAAACCCAGTTGTTG 414–433
P10 Forward TCACTGAAACTTCTGGTCTCG –118– –98
P11 Reverse CAGGACACACCCATCACAG 1243–1262

Table 2. Sequences of the oligonucleotide primers used for quan-
titative real-time PCR

Primer Set Primer sequences (5’–3’)

RPL32 Forward TGGTTACAGGAGCAACAAGAAA
Reverse GCACATCAGCAGCACTTCA

RPL13A Forward GCCGGAAGGTTGTAGTCGT
Reverse GGAGGAAGGCCAGGTAATTC

PAR-2 Forward TGAAGATCGCCTACCACATCCA
Reverse CCAATACCGTTGCACACTGA
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ples was obtained from sites of both lesional and non-
lesional skin in each dog with AD.  The gross findings for
lesional skin were generally consistent among the dogs and
included lichenification and hair loss showing the character-
istics of a chronic lesion rather than an acute lesion.  All skin
samples were immediately submerged in RNAlater (Qiagen
Inc.) and stored at –20C until extraction of total RNA.  Fol-
lowing homogenization of the skin samples, total RNA was
extracted, and genomic DNA was removed from the sam-
ples as described above.  Expression of PAR-2 mRNA was
examined by quantitative real-time PCR.  Transcription of
PAR-2 mRNA was evaluated as described above.

Statistical analysis:  The transcription levels of PAR-2
mRNA were statistically analyzed among the lesions, non-
lesions and normal skin using Dunnett’s test.  All analyses
were performed using a statistical software package (JMP
version 5.1.2, SAS Institute, Cary, NC, U.S.A.).  Statistical
significance was defined as P<0.05.

RESULTS

Molecular cloning of canine PAR-2: The full-length
sequence of canine PAR-2 cDNA was determined by com-
bining the sequences of the overlapping 5’, central and 3’
DNA fragments obtained in this study.  Canine PAR-2
cDNA was 1,251 bp long and contained the entire open
reading frame of 1,194 bp encoding 397 amino acid residues
with seven hydrophobic, presumably membrane-spanning,
domains (GenBank/EMBL/DDBJ accession number
AB458680; Fig. 1).  The seven transmembrane domains of
canine PAR-2 were presumed by comparison with those of
humans and mice (Fig. 1).  The deduced amino acid
sequence of the canine PAR-2 cDNA cloned in this study
was shown to have 84% and 80% similarity with those of its
human [2, 15] and mouse [16] counterparts, respectively
(Fig. 2).

Fig. 1. Nucleotide and deduced amino acid sequences of canine PAR-2 cDNA (GenBank/EMBL/DDBJ accession
number AB458680). The canine PAR-2 cDNA was 1,251 bp long and contained the entire open reading frame, which
was composed of 1,194 bp encoding 397 amino acid residues. The solid lines indicate the seven predicted transmem-
brane domains in the amino acid sequence. The arrow points to the proposed protease cleavage site. The asterisk after
the amino acid sequence shows the position of the termination codon.
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Transcription of PAR-2 mRNA in normal dog tissues:
Expression of PAR-2 mRNA was detected in all tissues
investigated in this study.  The highest level of transcription
was observed in the small intestine and colon, whereas the
lowest level was found in the adrenal gland, skeletal muscle

and fat (Fig. 3).  In skin, PAR-2 was constitutively
expressed with transcription levels similar to those of the
lung, pancreas, kidney, thyroid gland and lymph node (Fig.
3).

Transcription of PAR-2 mRNA in skin lesions:  Transcrip-

Fig. 2.  Comparison of the deduced amino acid sequence of canine PAR-2 cDNA with those of
human and mouse homologues. The deduced amino acid sequence of canine PAR-2 cDNA
cloned in this study was shown to have 84% and 80% similarity with those of the human and
mouse counterparts, respectively. Asterisks indicate identity with amino acids of the canine
PAR-2 sequence.  Overlining denotes the seven predicted transmembrane domains.  The arrow
points to the proposed protease cleavage site.

Fig. 3.  Transcription levels of PAR-2 mRNA in various dog tissues. Transcription of
ribosomal protein L13a (RPL13A) and ribosomal protein L32 (RPL32) mRNA was
used as an internal control.  Since both results were similar, data standardized based
on RPL13A are shown. The mean amount of PAR-2 mRNA was calculated from a
standard curve. The error bars represent the S.D. 
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tion of PAR-2 mRNA was detected in all skin samples;
however, there was no significant difference in transcription
level among lesional, non-lesional and healthy skin (Fig. 4).

DISCUSSION

The nucleotide sequence reported in this study contained
the entire open reading frame of canine PAR-2 cDNA.  The
amino acid sequence encoded by canine PAR-2 cDNA con-
tains seven hydrophobic segments, probably corresponding
to transmembrane regions.  The amino acid sequence of
canine PAR-2 was 84% and 80% identical to human and
mouse PAR-2, respectively.  This result suggests that PAR-
2 is highly conserved and plays an important role in sustain-
ing life.  The extracellular N-terminus of canine PAR-2 was
only 69% and 60% identical to human and mouse PAR-2,
respectively; however, the eight residues surrounding the
putative serine protease cleavage site (SKGR SLIG) were
highly conserved, suggesting that this region is important
for cleavage site recognition and receptor activation.

In this study, quantitative real-time PCR showed that
PAR-2 mRNA was detected in the small intestine, colon,
lung, pancreas, thyroid gland, lymph node, kidney and skin.
The transcription pattern of PAR-2 mRNA in canine tissues
was similar to that in humans [2, 15].  In addition, since the
deduced amino acid sequence of canine PAR-2 had high
similarity with those of the human and mouse, PAR-2 may
have similar functions among the different species.  PAR-2
mRNA in humans and dogs is expressed strongly in the
small intestine and colon, which indicates that PAR-2 in the
alimentary tract might be activated via pancreatic trypsin
during digestion and might be involved in physiological and
pathological functions.  Indeed, it has been reported that
intraperitoneal administration of PAR-2 agonist facilitates
gastrointestinal transit in mice [9].  Moreover, colonic
administration of PAR-2 agonist induces intestinal inflam-

mation in WT mice, but not in PAR-2-deficient mice [5].
Considering that luminal trypsin and tryptase are elevated in
the colons of inflammatory bowel disease (IBD) patients [4,
23], PAR-2 may be associated with the development of
IBD.

PAR-2 was preferentially expressed in organs of epithe-
lial origin, such the gastrointestinal organs, lung and skin;
therefore, PAR-2 might function as a barrier in protection
against external microbes and allergens.  It has been sus-
pected that PAR-2 in skin can induce inflammation; thus,
we further explored whether the intensity of PAR-2 tran-
scription in atopic skin lesions would be higher than in
healthy skin; however, there was no significant difference in
the transcription levels of PAR-2 mRNA among the skin
samples from the healthy and AD dogs.  In humans, it has
been reported that PAR-2 immunoreactivity is enhanced in
the lesional skin of AD patients [3].  Although canine PAR-
2 expression has not been investigated on a protein level, the
present results suggest that active transcription would not
occur with the onset of allergic inflammation.  Future stud-
ies will include immunohistochemical analysis of PAR-2
expression in canine atopic skin lesions.  Thus, the deduced
amino acid sequence in the present study should be useful in
producing recombinant protein that can be used to screen
antibodies.

In the lesional skin of patients with AD, PAR-2 has been
shown to be markedly expressed on primary sensory nerve
fibers, as well as keratinocytes, by immunohistochemistry
[21].  Moreover, when applied intralesionally, PAR-2 ago-
nist provokes enhanced and prolonged itch sensation in AD
patients compared with healthy controls [21].  These data
suggest that PAR-2 on the primary afferent nerve may play
an important role in pruritus in AD patients.  Considering
that PAR-2 is highly conserved among animal species,
PAR-2 may also participate in itching sensation in canine
AD.  Therefore, regulation of PAR-2 activation may be a
novel therapeutic strategy not only for allergic inflammation
but also for pruritus in canine AD.

In conclusion, canine PAR-2 cDNA was cloned and
sequenced, and its mRNA transcription was investigated in
various normal tissues in healthy dogs.  This study will pro-
vide fundamental information for clarification of the associ-
ation of PAR-2 in the immunopathogenesis of canine AD.

ACKNOWLEDGEMENT.  This work was supported by a
Grant-in-Aid for Scientific Research from the Ministry of
Education, Culture, Sports, Science and Technology.

REFERENCES

  1. Asokananthan, N., Graham, P. T., Stewart, D. J., Bakker, A. J.,
Eidne, K. A., Thompson, P. J. and Stewart, G. A. 2002. House
dust mite allergens induce proinflammatory cytokines from
respiratory epithelial cells: the cysteine protease allergen, Der
p 1, activates protease-activated receptor (PAR)-2 and inacti-
vates PAR-1. J. Immunol. 169: 4572–4578.

  2. Bohm, S. K., Kong, W., Bromme, D., Smeekens, S. P., Ander-
son, D. C., Connolly, A., Kahn, M., Nelken, N. A., Coughlin,

Fig. 4. Transcription levels of PAR-2 mRNA in lesional and
non-lesional skin from AD dogs (n=10) and normal skin from
healthy dogs (n=5). Transcription of ribosomal protein L13a
(RPL13A) and ribosomal protein L32 (RPL32) mRNA was
used as an internal control. Since both results were similar, data
standardized based on RPL13A are shown.  The mean amount
of PAR-2 mRNA was calculated from a standard curve. 



S. MAEDA ET AL.582
S. R., Payan, D. G. and Bunnett, N. W. 1996. Molecular clon-
ing, expression and potential functions of the human protein-
ase-activated receptor-2. Biochem. J. 314 ( Pt 3): 1009–1016.

  3. Buddenkotte, J., Stroh, C., Engels, I. H., Moormann, C., Shpa-
covitch, V. M., Seeliger, S., Vergnolle, N., Vestweber, D.,
Luger, T. A., Schulze-Osthoff, K. and Steinhoff, M. 2005.
Agonists of proteinase-activated receptor-2 stimulate upregula-
tion of intercellular cell adhesion molecule-1 in primary human
keratinocytes via activation of NF-kappa B. J. Invest. Derma-
tol. 124: 38–45.

  4. Bustos, D., Negri, G., De Paula, J. A., Di Carlo, M., Yapur, V.,
Facente, A. and De Paula, A. 1998. Colonic proteinases:
increased activity in patients with ulcerative colitis. Medicina
(B Aires) 58: 262–264.

  5. Cenac, N., Coelho, A. M., Nguyen, C., Compton, S., Andrade-
Gordon, P., MacNaughton, W. K., Wallace, J. L., Hollenberg,
M. D., Bunnett, N. W., Garcia-Villar, R., Bueno, L. and
Vergnolle, N. 2002. Induction of intestinal inflammation in
mouse by activation of proteinase-activated receptor-2. Am. J.
Pathol. 161: 1903–1915.

  6. Chua, K. Y., Stewart, G. A., Thomas, W. R., Simpson, R. J.,
Dilworth, R. J., Plozza, T. M. and Turner, K. J. 1988. Sequence
analysis of cDNA coding for a major house dust mite allergen,
Der p 1. Homology with cysteine proteases. J. Exp. Med. 167:
175–182.

  7. Coughlin, S. R. 1994. Protease-activated receptors start a fam-
ily. Proc. Natl. Acad. Sci. U.S.A. 91: 9200–9202.

  8. Grone, A. 2002. Keratinocytes and cytokines. Vet. Immunol.
Immunopathol. 88: 1–12.

  9. Kawabata, A., Kuroda, R., Nagata, N., Kawao, N., Masuko, T.,
Nishikawa, H. and Kawai, K. 2001. In vivo evidence that pro-
tease-activated receptors 1 and 2 modulate gastrointestinal
transit in the mouse. Br. J. Pharmacol. 133: 1213–1218.

10. King, C., Simpson, R. J., Moritz, R. L., Reed, G. E., Thomp-
son, P. J. and Stewart, G. A. 1996. The isolation and character-
ization of a novel collagenolytic serine protease allergen (Der p
9) from the dust mite Dermatophagoides pteronyssinus. J.
Allergy Clin. Immunol. 98: 739–747.

11. Lindner, J. R., Kahn, M. L., Coughlin, S. R., Sambrano, G. R.,
Schauble, E., Bernstein, D., Foy, D., Hafezi-Moghadam, A.
and Ley, K. 2000. Delayed onset of inflammation in protease-
activated receptor-2-deficient mice. J. Immunol. 165: 6504–
6510.

12. Marsella, R., Olivry, T. and Maeda, S. 2006. Cellular and
cytokine kinetics after epicutaneous allergen challenge (atopy
patch testing) with house dust mites in high-IgE beagles. Vet.
Dermatol. 17: 111–120.

13. Masuda, K., Sakaguchi, M., Fujiwara, S., Kurata, K., Yamash-
ita, K., Odagiri, T., Nakao, Y., Matsuki, N., Ono, K., Watari,
T., Hasegawa, A. and Tsujimoto, H. 2000. Positive reactions to
common allergens in 42 atopic dogs in Japan. Vet. Immunol.
Immunopathol. 73: 193–204.

14. McCall, C., Hunter, S., Stedman, K., Weber, E., Hillier, A.,
Bozic, C., Rivoire, B. and Olivry, T. 2001. Characterization
and cloning of a major high molecular weight house dust mite
allergen (Der f 15) for dogs. Vet. Immunol. Immunopathol. 78:

231–247.
15. Nystedt, S., Emilsson, K., Larsson, A. K., Strombeck, B. and

Sundelin, J. 1995. Molecular cloning and functional expression
of the gene encoding the human proteinase-activated receptor
2. Eur. J. Biochem. 232: 84–89.

16. Nystedt, S., Emilsson, K., Wahlestedt, C. and Sundelin, J.
1994. Molecular cloning of a potential proteinase activated
receptor. Proc. Natl. Acad. Sci. U.S.A. 91: 9208–9212.

17. Nystedt, S., Larsson, A. K., Aberg, H. and Sundelin, J. 1995.
The mouse proteinase-activated receptor-2 cDNA and gene.
Molecular cloning and functional expression. J. Biol. Chem.
270: 5950–5955.

18. Platts-Mills, T. A., Vervloet, D., Thomas, W. R., Aalberse, R.
C. and Chapman, M. D. 1997. Indoor allergens and asthma:
report of the Third International Workshop. J. Allergy Clin.
Immunol. 100: S2–24.

19. Pucheu-Haston, C. M., Jackson, H. A., Olivry, T., Dunston, S.
M. and Hammerberg, B. 2008. Epicutaneous sensitization with
Dermatophagoides farinae induces generalized allergic derma-
titis and elevated mite-specific immunoglobulin E levels in a
canine model of atopic dermatitis. Clin. Exp. Allergy 38: 667–
679.

20. Saifeddine, M., al-Ani, B., Cheng, C. H., Wang, L. and Hollen-
berg, M. D. 1996. Rat proteinase-activated receptor-2 (PAR-2):
cDNA sequence and activity of receptor-derived peptides in
gastric and vascular tissue. Br. J. Pharmacol. 118: 521–530.

21. Steinhoff, M., Neisius, U., Ikoma, A., Fartasch, M., Heyer, G.,
Skov, P. S., Luger, T. A. and Schmelz, M. 2003. Proteinase-
activated receptor-2 mediates itch: a novel pathway for pruritus
in human skin. J. Neurosci. 23: 6176–6180.

22. Stewart, G. A., Ward, L. D., Simpson, R. J. and Thompson, P.
J. 1992. The group III allergen from the house dust mite Der-
matophagoides pteronyssinus is a trypsin-like enzyme. Immu-
nology 75: 29–35.

23. Tarlton, J. F., Whiting, C. V., Tunmore, D., Bregenholt, S.,
Reimann, J., Claesson, M. H. and Bland, P. W. 2000. The role
of up-regulated serine proteases and matrix metalloproteinases
in the pathogenesis of a murine model of colitis. Am. J. Pathol.
157: 1927–1935.

24. Vu, T. K., Hung, D. T., Wheaton, V. I. and Coughlin, S. R.
1991. Molecular cloning of a functional thrombin receptor
reveals a novel proteolytic mechanism of receptor activation.
Cell 64: 1057–1068.

25. Wakita, H., Furukawa, F. and Takigawa, M. 1997. Thrombin
and trypsin induce granulocyte-macrophage colony-stimulat-
ing factor and interleukin-6 gene expression in cultured normal
human keratinocytes. Proc. Assoc. Am. Physicians 109: 190–
207.

26. Weber, E., Hunter, S., Stedman, K., Dreitz, S., Olivry, T., Hill-
ier, A. and McCall, C. 2003. Identification, characterization,
and cloning of a complementary DNA encoding a 60-kd house
dust mite allergen (Der f 18) for human beings and dogs. J.
Allergy Clin. Immunol. 112: 79–86.

27. Yasueda, H., Mita, H., Yui, Y. and Shida, T. 1986. Isolation
and characterization of two allergens from Dermatophagoides
farinae. Int. Arch. Allergy Appl. Immunol. 81: 214–223.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


