JduosnUBIN JOINY V' HIN.

Takamatsu et al.

Page 15

a higG Sema3A-Fc
.. 40 100
pIc ¢ gQ
p <0.001 c g
g =
20 50 g %
& L
pMLG 0 0
0 50 100 150 200 0 O higG
Intensity M -9~ SemalA
100
c =y 3'0 ] =
c . |
E < | p<ooot| 29
E Saf § 3
e 50 3 &
5 z =2
2 &’ 10 =0
& —
a 0
hiaG SemalA 0 6 12 18 O -0 high
instantaneous speed (um/ min) B - SemalA
c 0O higG d o, e
. B SamaiA . I _ ="
E - 3 ] higG
& .N-':? % 4 E 20 O NoTx
g 5 5 Sema3A
£ £2 £10 m NoTx
LD'é é é | Blebbistatin
0 0 o Y-27632
WT  Phynai=" ~ ccLzl — ceL

Figure 6. Sema3A induces phosphorylation of MLC and promotes actomyosin contraction
(a) Left: Confocal Z-stack imaging of DCs on fibronectin-coated coverslips treated with

human IgG or Sema3A-Fc and stained with an anti-pMLC antibody plus an anti-rabbit-IgG-
Cy3 (lower). Eight Z-stack images with an optical section separation (Z-interval) of 0.36 um
were were projected onto one single image. Scale bars, 10 pm (left). Right: Relative
frequency distribution (bar chart) and cumulative frequency distribution (line chart) of the
average intensities of dendrite regions in DCs that were stimulated with human IgG or
Sema3A-Fc. p<0.001, by Mann-Whitney’s U test. Data are representative of three
independent experiments. (b) Mean velocities (left) and relative frequency distribution (bar
chart) or cumulative frequency distribution (line chart) of the instantaneous speed (right) of
a single DC in response to chemokines in the presence of human IgG or Sema3A-Fc in type
I collagen matrices analyzed by time-lapse microscopy imaging and MetaMorph software.
*4%5<0.001, by Mann-Whitney’s U test. Data are representative of three independent
experiments. (¢) Chemotaxis of wild-type or Plxnal 7~ DCs in response to CCL21 in the
presence of human IgG or Sema3A-Fc. DCs were added to the upper chambers of transwell
assays with type I collagen. An overall difference between the groups was determined by
one-way ANOVA. Post hoc multiple comparisons were made using Tukey’s test. *p<0.05.
(d) Chemotaxis of DCs treated with 50 uM blebbistatin or 30 uM Y-27632 for 30 min at
37°C and added to the upper chambers of transwells (pore size: 5 pm) layered with 3 mg/ml
type I collagen (left) and a HMVEC-dLy monolayer (right) in response to CCL21 in the
presence of human IgG or Sema3A-Fc in the upper chambers. An overall difference
between the groups was determined by one-way ANOVA. Post hoc multiple comparisons
were made using Tukey’s test. *p<0.05, **p<0.01.
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Abstract

Malignant melanoma is one of the most aggressive types of tumor. Because malignant melanoma is difficult to treat once it
has metastasized, early detection and treatment are essential. The search for reliable biomarkers of early-stage melanoma,
therefore, has received much attention. By using a novel method of screening tumor antigens and their auto-antibodies, we
identified bullous pemphigoid antigen 1 (BPAG1) as a melanoma antigen recognized by its auto-antibody. BPAG1 is an
auto-antigen in the skin disease bullous pemphigoid (BP) and anti-BPAG1 auto-antibodies are detectable in sera from BP
patients and are used for BP diagnosis. However, BPAG1 has been viewed as predominantly a keratinocyte-associated
protein and a relationship between BPAG1 expression and melanoma has not been previously reported. In the present
study, we show that bpag1 is expressed in the mouse F10 melanoma cell line in vitro and F10 melanoma tumors in vivo and
that BPAG1 is expressed in human melanoma cell lines (A375 and G361) and normal human melanocytes. Moreover, the
levels of anti-BPAG1 auto-antibodies in the sera of melanoma patients were significantly higher than in the sera of healthy
volunteers (p<<0.01). Furthermore, anti-BPAG1 auto-antibodies were detected in melanoma patients at both early and
advanced stages of disease. Here, we report anti-BPAG1 auto-antibodies as a promising marker for the diagnosis of
melanoma, and we discuss the significance of the detection of such auto-antibodies in cancer biology and patients.
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Introduction

Melanoma is one of the most aggressive tumors due to its strong
capacity to metastasize. In the United States, there were an
estimated 62,480 new melanoma cases and 8,420 deaths caused by
melanomas in 2008 [1]. Although the 5-year survival rate of
patients with early stage localized melanoma is greater than 90%,
survival rates drop to less than 20% once the melanoma has
metastasized to distant sites [1]. In general, early diagnosis of
cancers greatly improves the survival of patients. Therefore, great
efforts have been made to screen tumor markers for early
diagnosis. Several melanoma markers (e.g. gp100, MART-1 and
tyrosinase) have been detected and proposed for immunotherapy
approaches [2,3,4]. With regards to melanoma markers in serum,
S100 protein, 5-S-cysteinyldopa and 6-hydroxy-5-methoxyindole-
2-carboxylic acid can be useful although levels tend to be more up-
regulated in advanced melanomas. As such, these particular
markers are not suitable for the early detection of malignant
melanoma [5]. Glypican-3 (GPC3), however, is overexpressed in
melanoma and its serum concentration can serve as an early stage
melanoma diagnostic marker [6,7]. Nevertheless, from a practical
prospective, use of only one biomarker may lack sensitivity and
specificity and diminish clinicopathologic value. The availability of
multiple markers would make the diagnosis of melanoma more
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reliable, and thus there is a need to identify and assess additional
melanoma markers.

In the present study, we developed a screening method to detect
tumor markers recognized by auto-antibodies to these proteins in
serum. Using this method, we found that bullous pemphigoid
antigen 1 (BPAG1) was expressed in both melanoma cell lines and
normal melanocytes. BPAG1 is a plakin family protein that
anchors keratin filaments to hemidesmosomes [8]. Another
protein BPAG2, a transmembranous collagen, is also expressed
in the skin and is a component of hemidesmosomes [8]. Deletion
of the dst gene, that encodes bpagl, disrupts hemidesmosomes
structure, resulting in the failure of hemidesmosomes to associate
with keratin filaments [9]. Both BPAG1 and BPAG2 can serve as
auto-antigens in bullous pemphigoid (BP) [10,11,12]. Auto-
antibodies to BPAG1 and BPAG2 maybe detected in the sera of
BP patients, and assessment of antibody levels can be used for BP
diagnosis and clinical management. While passive transfer
experiments have shown that BPAG2 antibodies have pathogenic
relevance to BP, the clinicopathological significance of BPAG1
antibodies, has not yet been fully elucidated [13]. It has been
hypothesized that anti-BPAGI1 auto-antibodies might interfere
with hemidesmosome integrity, but this has not been proven [9].

Here, we show that the level of auto-antibodies against BPAG1
in the sera of melanoma patients, at both early and advanced
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stages, was significantly higher than levels in the sera of healthy
volunteers. These findings identify anti-BPAG]1 auto-antibodies as
a novel and promising tumor biomarker in the detection of
melanoma.

Materials and Methods

Libraries, bacteria and helper phage

The human single-fold scFv libraries I +J (Tomlinson I + J), E.
coli TG1 and HB2151, and KM13 helper phage were all kindly
provided by the Medical Research Council (MRC). The scFv
library was prepared as previously described [14]. The scFv library
was cloned into the pI'T2 expression vector, which contains a lac
promoter and a pelB leader sequence upstream of the VH-(GS)s-
VL insert; the insert is followed by 6 xHis and myc tags, an amber
stop codon and the gene encoding the pIIl phage coat protein.
Thus, in a suitable non-suppressor strain (HB2151), addition of
isopropyl-thio-B-D-galactoside (IPTG) induces only scFv and not
scFv—plll fusion expression.

Mice

Female C57BL/6N mice (6 weeks old) were studied (Charles
River Laboratories Japan, Inc., Japan) Animal experiments were
performed in accordance with the guidelines of the Osaka
University Graduate School of Medicine.

Cell lines and culture

Mouse melanoma cell line F10, mouse fibroblast cell line NIH-
3T3, human melanoma cell lines A375, G361 and human
epidermoid carcinoma A431 were obtained from the American
Type Culture Collection (ATCC, USA). Normal human kerati-
nocyte (NHK) cells and melanocyte (NHM) cells were obtained
from Lonza (USA). F10, NIH-3T3, A375, G361 and A431 cells
were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) (Nacalai Tesque Inc., Japan). DMEM was supplemented
with 10% fetal bovine serum (FBS) (Biowest, France), 100 units/
ml penicillin and 0.1 mg/ml streptomycin (penicillin-streptomycin
mixed solution) (Nacalai). NHK and NHM cells were maintained
in keratinocyte growth medium (KGM) (Lonza) and melanocyte
growth medium (MGM-4) (Lonza), respectively.

Preparation of tumor lysates and the isolation of sera
from tumor-bearing mice

F10 cells (5% 10% were intradermally injected into the backs of
C57BL/6N mice. After 4 weeks, tumors were excised, and protein
was extracted using T-PER Tissue Protein Extraction Reagent
(Pierce, USA), according to the manufacturer’s instructions. At the
same time as the tumor excision, whole blood was collected, and
the sera were isolated using Capiject Capillary Blood Collection
Tubes (Terumo Corp., Japan).

In vivo screening of tumor-homing phages and isolation
of the tumor-binding scFv

F10 cells (5x10% were intradermally injected into the backs of
C57BL/6N mice. After tumors reached 7 to 8 mm in diameter,
we injected the phage library (1x10'® CFU) dissolved in 100 pl
saline into the tail veins of tumor-bearing mice. After 15 min, the
animals were sacrificed by an overdose of anesthetic and perfused
via the heart with 100 ml of PBS [15]. Next, the tumor tissue was
snap-frozen in liquid nitrogen and homogenized in a mortar.
Tumor-homing phages were eluted by using 500 ul of 0.1 M
glycine (pH 2.2) for 15 min, and then the solution was neutralized
with 50 pul of 2 M Tris-HCI (pH 8). Next, 50 pL of Protein A (GE
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Healthcare, USA) was added to the neutralized phage solution,
and the mixture was rotated for 1.5 h at 4°C. After washing with
PBS to remove unbound phages, phages bound to protein A were
used to infect log-phase HB2151 for 1 h at 37°C; then, the cells
were plated on 2xYT agar plates containing 100 pg/ml
carbenicillin. After 16 h of incubation at 37°C, a nitrocellulose
membrane soaked in 100 mM IPTG (Takara Bio Inc., Japan) for
10 min was placed on the 2xYT plate for 4 h at 37°C. The plate
was stored at 4°C as a master plate for E.coli recovery. The
membrane was washed 3 times with PBS containing 0.1% tween
20 and blocked 30 min with PBS containing 5% skim milk
(Nacalai). Then, the membrane was incubated with tumor lysate
followed by tumor-bearing mouse serum. The complexes of auto-
antibodies bound to tumor proteins were detected with the anti-
mouse IgG horseradish peroxidase-conjugated antibody (GE
Healthcare) followed by ECL Western Blotting Kit (GE
Healthcare).

Identification of tumor antigen with MALDI-TOF mass
spectrometry

Positive clones that were recovered from the stored 2 xYT agar
plate were re-plated onto a fresh 2 xYT agar plate and incubated
for 16 h at 37°C. Next, a nitrocellulose membrane soaked with
100 mM IPTG was placed onto the 2xYT agar plate for 4 h at
37°C. After washing with PBS containing 0.1% tween 20, the
membrane was blocked 30 min with 0.5% polyvinylpyrrolidone
K30 (Nacalai), and then the membrane was incubated with
tumor lysate. The scFv-tumor protein complexes were stained
with 0.5% ponceau (Wako Pure Chemical Industries, Ltd.,
Japan)/5% acetic acid in distilled water, and the membrane
around the area was excised. The protein on the excised
membrane was digested with 100 ng/ml trypsin (Sigma-Aldrich,
USA)/40 mM ammonium bicarbonate (Nacalai) for 6 h at 37°C.
Then, the solution was dried up, and saturated o-cyano-4-
hydroxy cinnamic acid (Wako), 1% trifluoroacetic acid, and 50%
acetonitrile was added. After desalting with a ZipTip C18, the
solution was analyzed using an Ultraflex MALDI-TOF/TOF
instrument (Bruker Daltonik, Germany). The mass spectrometry
data were analyzed with the Mascot search engine (http://www.
matrixscience.com).

RT-PCR and real-time PCR
RNA was extracted using Isogen (Nippon Gene, Japan), and
1 pg of total RNA was converted to cDNA with SuperScript 111
(Invitrogen, USA), according to the manufacturer’s instructions.
Mouse bullous pemphigoid antigen 1 (bpagl), TBC1 domain
family member 13 (thcld13), uncharacterized protein C70rf30
homolog (c70rf30), and P-actin were amplified using SYBR
Premix Ex Taq (Takara Bio) and an ABI Prism 7900 sequence
detector (Applied Biosystems, USA). Human BPAGI1, BPAG2,
and f-actin were amplified with TaKaRa Ex Taq Hot Start
Version, and PCR products were analyzed by electrophoresis on
1% agarose gels. All procedures were performed according to the
manufacturer’s instructions.
The primers were as follows:
Mouse bpagl-£5'- TTGGAACAGACCTGGAGACC-3'
Mouse bpagl-r:5’- GTTCAGCCTTTCCATTTCCA-3'
Mouse tbcld13-f:5'- AGGCCAACATGGGTGTATTC -3’
Mouse theld13-1:5"- AGGGTTTGGGTTCAGAGGAT-3'
Mouse c7orf30-£:5'- GAGGGGAAGGACGCTGAC -3’
Mouse c7orf30-r:5'- TGGAAGCATCAAATGGATCA-3’
Mouse B-actin-f:5'- CCACTGCCGCATCCTCTTCC-3'
Mouse B-actin-r:5'- CTCGTTGCCAATAGTGATGACCTG -3’
Human BPAG1-£5'- CCAGCCCGGTTAACTATTGA -3’
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Human BPAG1-r:5'- TGGCAGAGCTGTAAGATCCA-3'
Human BPAG2-£5'- GCTGGAGATCTGGATTACAATGA-3'
Human BPAG2-r:5'- CCTTGCAGTAGGCCCTGA-3'
Human B-actin -£5’- GAGCTACGAGCTGCCTGACG-3’
Human B-actin -r:5'- GTAGTTTCGTGGATGCCACAG-3'

Detection of BPAG1 by Immunoprecipitation (IP) and
Western blotting

Cells (1x107) were trypsinized, washed in cold PBS and
resuspended in 500 pl RIPA buffer. IP of total cell lysates were
incubated with anti-BPAG1 antibody (sc-13776) (Santa Cruz
Biotechnology Inc., USA) or normal goat IgG (Santa Cruz) for 1 h
followed by protein G agarose (GE Healthcare) overnight. SDS-
PAGE and Western blotting were performed, as previously
described [16] with anti-BPAG1 antibody. After incubation with
HRP conjugated anti-goat IgG (R&D systems, USA), signals were
detected with ECL Western Blotting Detection Regents (GE
Healthcare) according to the manufacturer’s instructions.

Quantification of BPAG1 auto-antibodies in sera
Approval for this study was obtained from the Institutional
Review Board of the Osaka University Hospital (#08312). Written
informed consent was obtained from all participants before the
study. We collected sera from 55 melanoma patients and 27
healthy volunteers. The malignant melanoma patients studied
here consisted of 24 men and 31 women with an average age of
62.6 years (range, 22 to 86 years); 13 had stage O (in situ) or stage I;
5 had stage II; 11 had stage III; 26 had stage IV. The healthy
volunteers consisted of 15 men and 12 women with an average age
of 31.6 years (range, 24 to 49years). The sera samples were stored
at —30°C prior to use and the serum levels of anti-BPAG1 auto-
antibodies were determined using a BP230 ELISA kit (MBL,
Japan) according to the manufacturer’s instructions. The INDEX
was calculated as follows; INDEX = (sample absorbance -
negative control absorbance [INDEX =0])/(positive control
absorbance [INDEX = 100] - negative control absorbance) x100
[17]. The Mann-Whitney U test was used to determine statistical
significance, and p<<0.05 was considered statistically significant.

Results

Identification of bpag1 as a tumor antigen recognized by
auto-antibodies

An overview of the screening procedure is shown in Figure 1.
We performed the screening on mouse F10 melanoma cell lines.
The tumor-homing phages were collected by #n zivo biopanning in
tumor-bearing mice. The phages were used to infect HB2151 for
scFv expression and plated on a 2xYT agar plate. After 16 h,
scFv expression was induced with IPTG, and the resulting scFvs
were transferred onto a nitrocellulose membrane. The membrane
was incubated with F10 melanoma tumor lysate followed by F10
tumor-bearing mouse serum. The scFv-tumor protein complexes
on the nitrocellulose membrane were detected with the auto-
antibodies in the serum collected from the tumor-bearing mice
(Figure 2A). We performed the screening procedure several times
and selected high-signal clones, distinct from background signals,
for further experiments. Next, we analyzed the proteins that were
detected with auto-antibodies by performing MALDI-TOF mass
spectrometry, and we identified 8 potential melanoma marker
candidates with statistical significance (p<<0.05) (Figure 2B). The
candidates were ordered according to the expectation value,
which is the expected frequency of the matches to be obtained
from mass spectrometry merely by chance. We compared the
expression of the 8 candidates among NIH-3T3 cells, F10
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melanoma cells and F10 melanoma tumors by real-time PCR.
Bpagl, tbcldl3 and c7orf30 were expressed at much higher
levels in F10 melanoma cells (7.0-, 3.1- and 1.9-fold, respectively)
and F10 melanoma tumors (10.9-, 4.2- and 6.3-fold, respectively)
as compared to NIH-3T3 cells (Figure 2C); the expression levels
of the remaining 5 candidates in melanoma cells and tumors were
less than the expression level in NIH-3T3 cells (data not shown).
Among the three candidates, we selected bpagl for further
investigation because bpagl was expressed most abundantly in
F10 melanoma cells and tumors, and is known to have a
restricted tissue expression pattern, including skin, brain and
muscle [18].

Differential expression of BPAG1 and BPAG2 in normal
human melanocytes and human melanoma cell lines

We used RT-PCR to confirm the expression of BPAGI in
human melanomas. BPAGI is expressed in normal human
keratinocytes and is a component of hemidesmosomes along with
BPAG2. Thus, we used normal human keratinocytes as a positive
control for both these proteins. We identified BPAG1 expression
in human melanoma cell lines (A375 and G361) and normal
human melanocytes (Figure 3A). However, we did not detect
BPAG2 expression in the human melanoma cell lines or normal
human melanocytes (Figure 3A). We also detected BPAG1 protein
in A375 and G361 by IP-western blotting (Figure 3B).

Quantification of anti-BPAG1 auto-antibodies in sera

Auto-antibodies against BPAG1 are found in sera from BP and
therefore BPAG] maybe a highly immunogenic protein. We
hypothesized that the human immune system might generate auto-
antibodies against BPAG 1 expressed in human melanomas. To assess
this possibility, we collected sera from 55 melanoma patients and 27
healthy volunteers and quantified the serum levels of anti-BPAG1
auto-antibodies by ELISA (Figure 4A). The average (£S.E.M.)
INDEX value of the control group and the melanoma group was
1.64 (+0.27) and 3.47 (0.40), respectively. We classified melanoma
patients as follows: in sitw, stage I or stage II patients were “early”
(n=18), and stage III or stage I'V patients were “advanced” (n = 37).
The levels of anti-BPAG1 auto-antibodies were much higher in both
early and advanced stage melanoma patients (p<<0.01) as compared
to the healthy volunteers (Figure 4B). The average INDEX value
(£S.E.M.) for the early and advanced melanoma patients was 4.14
(+£0.83) and 3.15 (*0.43), respectively. Next, we evaluated the
possibility of using anti-BPAG1 auto-antibodies as a melanoma
detection marker, The maximum INDEX value in healthy volunteers
(4.64) was defined as the cut off level. Applying these criteria, the
positive rates of serum anti-BPAG1 auto-antibodies were 23.6% in
total melanoma patients (13/55), 33.3% in early stage melanoma
patients (6/18), and 18.9% in advanced stage melanoma patients (7/
37) (Table 1). We also conducted indirect immunofluorescence
studies using 4 melanoma patients’ sera and demonstrated that IgG
antibodies produced in patients reacted with skin basement
membrane zone with variability in staining intensive (down to a
dilution of 1:160).

Discussion

In the present study, we developed a novel screening method for
detecting tumor biomarkers. Our method is similar to SEREX in
that we use serum containing anti-tumor auto-antibodies, but
unlike SEREX, however, our method does not require a cDNA
library from tumor tissue [19,20,21]. We anticipate that our
method has clinical applicability, because it can be applied to
human patients by modifying the method to select tumor-homing
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Figure 1. Overview of the rapid method for isolating auto-antibody against tumor-associated antigen (TAA) using a scFv library.
The tumor-homing scFv-presenting phages were collected from tumors that were injected with a scFv library. The collected phages were infected to
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HB2151 for scFv secretion. The secreted scFvs from HB2151 were transferred to nitrocellulose membranes by Eolony lift. The membranes were
incubated with tumor lysate followed by serum from a tumor-bearing mouse. The scFv-tumor protein complex was detected by auto-antibodies. The
complex was digested into peptide by trypsin and analyzed using MALDI-TOF mass spectrometry for identification.

doi:10.1371/journal.pone.0010566.g001

phage. In this report, we selected tumor-homing phage using
tumor-bearing mice, but it is also possible to use tumor specimens
[22]. Moreover, the phage screening could be conducted in
human cancer patients without any detectable toxicity [23]. This
method therefore has the potential to identify the most suitable
tumor antigens for diagnosis or vaccination.

Nevertheless, our method did not detect previously identified
melanoma antigens, such as gp100, tyrosinase, TRP-1 and TRP-2;
instead, it detected completely different proteins. Gp100, tyrosi-
nase, and TRP-2 were identified previously as melanoma antigens
recognized by cytotoxic T cells from cancer patients, and TRP-1
was identified as a melanoma antigen recognized by IgG
antibodies in the serum of a melanoma patient [24]. The epitopes
of these antigens can efficiently activate tumor immunity, and they

have been developed for cancer immunotherapy trials [25].
Although auto-antibodies to these melanoma antigens were
detected in the sera of melanoma patients, the antigens were not
frequently identified in sera from melanoma patients [26,27,28]. A
possible explanation might be that auto-antibodies to such
melanoma antigens exist in the sera of melanoma patients, but
lack sensitivity or are present at low titers. Proteins identified by
our screening method, however, have the potential to elicit the
production of auto-antibodies in tumor-bearing individuals. In
other words, our screening method may detect highly immuno-
genic proteins. Thus, it can be an effective tool for identifying
detection markers in serum.

Given the differences in immune systems between mice and
human, it is possible that the positive results screened in mice might

A
B

protein expect
Diamine acetylransferase 2 (sat2) 0.0021
Bullous pemphigoid antigen 1, isoforms1/2/3/4 (bpag1) 0.0036
voltage-dependent calcium channel subunit alpha2/delta3 (cacna2d3) 0.028
LRR and PYD domains-containing protein F4 (nal4f) 0.038
TBC1 domain family member 13 (tbc1d13) 0.04
nibrin 0.04
Uncharacterized protein C7orf30 homolog (c7orf30) 0.045
serine/threonine-protein kinase (plk2) 0.047

12 1

10 A

Fold increase

O 313
8 F10
B F10 tumor

bpag1 tbc1d13

c7orf30

Figure 2. Identification of bpag1 as a tumor antigen recognized by auto-antibodies. (A) An example of the screening output. ScFv-tumor
antigen complex was detected with auto-antibodies in tumor-bearing mouse serum. (B) Eight candidates were identified by MALDI-TOF mass
spectrometry with statistical significance (p<0.05); expect = expectation value. (C) Comparison of bpag1, tbc1d13 and c70rf30 expression in NIH-3T3
cells (white bar), F10 melanoma cells (black bar) and F10 melanoma tumors (grey bar) by SYBR Green real-time PCR.

doi:10.1371/journal.pone.0010566.9002
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BPAG] protein was detected by IP-western blotting in human melanoma cell lines A375 and G361. A431 was used as positive control for BPAG1. The

arrow indicates BPAG1.
doi:10.1371/journal.pone.0010566.g003

be negative in humans. Ideally, screening procedures for auto-
antibodies need to be performed in human melanoma patients.
However, although the phage screening has been conducted in
human cancer patients without any detectable toxicity, the method is
still at a clinical trial stage [23]. It is therefore not yet straightforward
or practicable to conduct phage screening in humans. With regards to
our studies, screening mice also has the advantages of repeatability
and uniformity of samples. On the other hand, it is difficult to conduct
repeated screening in human cancer patients. Moreover, since the
background of all the murine samples is uniform in our screening, any
consistently positive result from repeated screenings will be highly
reliable as tumor markers. In contrast, since the tumor stages and
immunological states of patients are diverse, the results of screening
using human patient sera would need extensive re-validation work.
We also showed that BPAGI is expressed in human melanoma
cell lines and that auto-antibodies against BPAG1 can be a potent
melanoma marker. BPAG1 is expressed in normal keratinocytes
within hemidesmosomes in association with BPAG2 and other
proteins [8]. We did not detect any BPAG2 expression in human
melanoma cell lines and melanocytes, and thus BPAG1 may have
distinct functions in melanomas and melanocytes. BPAGI is also

@ PLoS ONE | www.plosone.org

expressed in some neurons and is involved in axonal neurofilament
aggregation and axonal microtubule disorganization [29,30]. The
expression of BPAG1 in a human epidermoid carcinoma cell line
(A431) and mammary ductal carcinoma i situ has also been
confirmed [31,32]. Thus BPAG1 may have an as yet undefined
role related to tumorigenesis or tumor progression; overexpression
and suppression of BPAG1 in melanocytes and melanomas will be
necessary to determine this in more detail.

Some patients with melanoma develop vitiligo-like white
patches, known as melanoma-associated hypopigmentation
(MAH), on their skin [33]. Interestingly, the presence of vitiligo
in melanoma patients may correlate with improved prognosis
[34,35]. Such patients with vitiligo could have more effective
iImmunity against melanoma than patients without vitiligo. In
general, the appearance of autoimmune phenomena improves the
outcome of cancer patients [36]. However, such autoimmune
phenomena are suppressed in most cancer patients by regulatory
T (Treg) cells [37]. Treg cells inhibit CD8* and CD4" T cells,
which are major components of cancer immunosuppression
[38,39]. The depletion of Treg cells from tumor-bearing mice
promotes tumor regression [38,39]. Interestingly, auto-antibodies
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Figure 4. Quantification of anti-BPAG1 auto-antibodies in melanoma patients. (A) The levels of anti-BPAG1 auto-antibodies in sera
collected from healthy volunteers and melanoma patients were quantified using a MESACUP BP230 ELISA Kit. The INDEX values were plotted and the
average INDEX values as shown (=S.EM.) for control subjects (1.64=0.27) and melanoma patients (3.47+£0.40). (B) The melanoma patients were
classified using the American Joint Committee on Cancer (AJCC) 2002 staging criteria. /n situ, stage | or stage Il patients were categorized as “early”,
while stage Il or stage IV patients were categorized as “advanced”. The average INDEX values (+S.EM)) of early and advanced melanoma patients
were 4.14+0.83 and 3.15+0.43, respectively; the bars indicate the average INDEX value.

doi:10.1371/journal.pone.0010566.g004

were detected in mice showing tumor regression [38]. The
efficiency of Treg-cell depletion may correlate with the emergence
of auto-antibodies. Thus, the presence of anti-BPAGI auto-
antibodies may correlate with the occurrence of autoimmune
responses in melanoma patients. By quantification of anti-BPAG1
auto-antibodies, it maybe possible to predict the immune status of
cancer patients. In theory, immunotherapy against melanoma,
therefore, might be more effective for patients with anti-BPAG1
auto-antibodies than those without antibodies.

We showed that BPAG1 is expressed both in melanocytes and
melanomas. Since BPAG1 expression is maintained throughout
the stages of melanoma tumorigenesis, BPAG1 auto-antibodies

@ PLoS ONE | www.plosone.org

can be created even in the early stage of melanoma. We showed
that the levels of anti-BPAGI auto-antibodies are higher in
melanoma patients at both early and advanced stages than in
healthy volunteers (Figure 4 and Table 1). This result suggests that
anti-BPAG1 auto-antibodies can be present in early stage
melanoma, i.e. before it metastasizes. Thus, anti-BPAG1 auto-
antibodies have the potential to be a promising melanoma
biomarker. To test this hypothesis, we are planning to conduct a
larger clinical study.

To the best of our knowledge, this report is the first to show
BPAG1 expression in human melanomas and melanocytes and to
highlight the potential of anti-BPAG1 auto-antibodies in the serum
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Table 1. Positive rates of serum anti-BPAG1 auto-antibody in
stage-classified melanoma patients.

total sample BPAG1 auto-antibody

stage number positive %

early 18 6 333
advanced 37 7 18.9
total 55 13 236

The maximum INDEX value in healthy volunteers (4.64) was defined as the cut off
level. The patients were classified by using the American Joint Committee on Cancer
(AJCC) 2002 staging criteria. In situ, stage | or stage |l patients were classified as “early”,
while stage Ill or stage IV patients were classified as “advanced”.
doi:10.1371/journal.pone.0010566.t001
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.as a marker of melanoma. We also demonstrated the effectiveness of
our screening method. We will continue to develop this method into a
more sophisticated method that can be used clinically. To validate the
use of anti-BPAG 1 auto-antibodies for melanoma diagnosis, we need
to clarify the function of BPAG 1 in melanoma and the mechanism of
auto-antibody creation. These studies will be fundamental in assessing
whether BPAG1 auto-antibodies can have an impact on improving
the prognosis of melanomas.
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tions, no perforation was documented and no foreign
material was identified.

The diagnosis of granuloma annulare was therefore made.
Follow-up after six months revealed a very good cosmetic
result and no recurrence was observed. Lesions of the
right ear were excised and histological examination con-
firmed the same diagnosis.

Lesions of granuloma annulare localized to the external
ear are very rare. To our knowledge, this is the sixth
case reported. While most cases of granuloma annulare
occur in females, the five reports of granuloma annulare
in the external ear were in men [1, 4-6]. Although the
exact reason why these lesions appear localized to the
external ear is unknown, there seems to be some relation
with trauma [4]. Differential diagnosis must include, in
addition to epidermal cysts, sarcoidosis, chondrodermati-
tis nodularis helicis, intracartilagenous pseudocyst of the
auricle, “cauliflower ears” from recurrent hematomas and
rheumatoid nodules. Some of these diseases are associated
with trauma, which was not present in our clinical report.
The final diagnosis was established by the histological
examination. This case illustrates that a careful clinical
assessment and appropriate biopsy must be performed
when diagnosing lesions of the outer ear. Granuloma
annulare should be considered in the differential diagnosis
of nodular lesions at this site. H
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Showering reduces atopic dermatitis
in elementary school students

Sweat is thought to exacerbate the symptoms of atopic
dermatitis (AD) [1, 2]. It is known that the pH of sweat

410 m—

and skin surfaces increases with time [3]; thus, old sweat
might cause skin barrier dysfunction and promote infec-
tion. Such susceptibility to environmental factors and
infection are considered clinical features of AD [4].
Therefore, we hypothesized that rinsing skin surfaces by
showering might reduce the severity of atopic dermatitis
by decreasing bacteria on the skin surface. It has been
reported that showering at school reduces the severity of
AD [5, 6]; however, the mechanism has not been deter-
mined. We evaluated the effect of showering on skin bar-
rier function and the number of bacteria on affected skin,
in elementary school students with AD.

The effects of showering were measured over a 4-week
period in September with the approval of the institutional
review board. Study subjects (n= 11) were chosen by the
presence of AD, and the study was carried out with the
consent of a parent or guardian. Students were instructed
to rinse skin with a shower or running water during a 20-
minute break between the second and third classes every
weekday, and to avoid treatment changes during this
period. The severity of AD was evaluated using the
eczema area and severity index (EASI), as determined
by three dermatologists simultaneously. For assessment
of the skin barrier function, trans-epidermal water loss
(TEWL) and water retaining capacity were evaluated.
Estimates of body surface area (BSA) involvement were
obtained from the objective severity assessment via AD
scoring software. Staphylococcus aureus (S. aureus) was
collected using sterilized filter paper (4 x 4 cm) moistened
with sterilized saline and placed against the skin (cubital
fossa). The filter paper then was put onto 4 cm of selec-
tive medium for S. aureus. After incubation at 37 °C for
24 hours, the number of colonies per plate was counted.
Determination of shower efficacy was made by dermatol-
ogists who visited the school 2 and 4 weeks after the
initiation and 2 weeks after the termination of the
intervention.

A significant decrease in EASI score was observed at
2 and 4 weeks after the intervention compared with before
initiation of the intervention (figure 14). Disappearance of
the eczematous lesion was greatly visible, and a signifi-
cant decrease in the affected area was observed 4 weeks
after initiation and 2 weeks after termination (figure 1B).
Unfortunately, the results of TEWL and water retaining
capacity showed no specific trend, most likely due to the
fact that students participated in athletic activities (causing
sweating) just prior to assessment (not shown).

Four weeks after initiation and 2 weeks after termination,
a significant decrease in the number of S. aureus was
observed relative to before initiation of this intervention
(figure 1C).

In conclusion, although there are limitations with regard
to.the number of cases evaluated, study duration, and lack
of controlled comparison, we found that showering the
skin surface while at school prevented the exacerbation
of AD. This favorable effect of showering was produced
by a standard shower facility and tap water, and might be
mediated by decreasing skin surface bacteria. Of course,
optimization of conditions for showering/rinsing in terms
of adequate water temperature and the time required for
showering should be established in the future. H
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Figure 1. Showering in school improved the severity of
atopic dermatitis. A) EASI score (n=11), B) Ratio of
affected to non-affected area (n = 6), and C) Number of colo-
nized S. aureus (n = 11). “Start” indicates 2 weeks before ini-
tiation of this study. “2 weeks” and “4 weeks” indicate 2 and
4 weeks after initiation of this study, respectively. “Later”
indicates 2 weeks after study termination. ***: p <0.0001,
** p<0.005, * p<0.05 (paired #-test).

EJD, vol. 20, n°® 3, May-June 2010

Acknowledgements. This study was supported by the
Health, Labour, and Welfare Ministry of Japan. Conflict
of interest: none.

Department of Dermatology,
Osaka University,
2-2, Yamadaoka,

Hiroyuki MUROTA
Aya TAKAHASHI

: Megumi NISHIOKA
565-0871 Suita, Saki MATSUI
Japan i
<h-murota@derma.med.osaka-u.ac.jp> Sl\l/l[:ll;al'(r]]::rlzﬁg

Ichiro KATAYAMA

1. Rieg S, Steffen H, Seeber S, et al. Deficiency of dermcidin-derived
antimicrobial peptides in sweat of patients with atopic dermatitis cor-
relates with an impaired innate defense of human skin in vivo. J Immu-
nol 2005; 174: 8003-10.

2. Schmid-Wendtner MH, Korting HC. The ph of the skin surface and
g;:ém ggr on the barrier function. Skin Pharmacol Physiol 2006; 19:
3. Burry J, Coulson HF, Roberts G. Circadian rhythms in axillary skin
surface ph. Int J Cosmet Sci 2001; 23: 207-10.

4. Giannetti A, Girolomoni G. Skin diseases with high public health
impact. Atopic dermatitis. Eur J Dermatol 2007; 17: %66.

5. Mochizuki H, Muramatsu R, Tadaki H, Mizuno T, Arakawa H,
Morikawa A. Effects of skin care with shower therapy on children
with atopic dermatitis in elementary schools. Pediatr Dermatol 2009;
26: 223-5.

6. Katayama I. Evaluation for the effect of moisture retention on pre-
vention and improvement of atopic dermatitis. (in Japanese). Report
of the research for the environmental consideration for determination
of complicating factors and reducing the incidence of atopic dermati-
tis: 2008 The survey results of the minisiry of health, labor and wel-
fare of Japan 2008: 24-6.

doi:10.1684/¢id.2010.0928

AEC syndrome caused by heterozygous
mutation in the SAM domain of p63 gene

AEC syndrome is characterized by hypohidrotic ectoder-
mal dysplasia, cleft lip/palate and ankyloblepharon.

A twinborn boy, born prematurely at 35 weeks’ gestation,
was seen with sparse hair, scaly scalp and the soft and
hard palate cleft. He had mid-facial hypoplasia with a nar-
row nose, a small mouth and a prominent high forehead,
and also a fusion of lateral aspects of the eyelid margins
(ankyloblepharon) and the external ear anomalies of low-
seated small, cupped ears (figure 14). All finger nails and
toe nails were dystrophic and hypospadia was noted.
The early postnatal period was complicated by sepsis,
anaemia and development of erosive scalp dermatitis
(figure 1B). The skin cultures yielded Staphylococcus
aureus, Klebsiella pneumoniae, Streptococcus agalactiae
and Candida albicans, however the patient’s dermatitis
was only slowly responsive to antimicrobial and antifun-
gal topical and systemic therapy. Recurrent otitis media
and tympanic membrane polyps were associated with the
ear canal stenosis and there was lacrimal duct obstruction,
leading to recurrent conjunctivitis.

His twinbom sister had no signs of ectodermal dysplasia or
other abnormalities, but the mother had, besides the facial
features, palmoplantar keratoderma, nail, teeth and also,
under her wig, hair dysplasia. Her ankyloblepharon and
cleft palate had been operated on in early childhood and
the family history revealed no other affected family member

(figure 1C).
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Abstract

Background: Control of itchis animportantissue in the treat-
ment of atopic dermatitis (AD). Itch is mediated by a variety
of pruritogens, including histamine, and promoted by neu-
rite outgrowth in the epidermis of AD patients, probably due
to the release of nerve growth factor. Objectives: We inves-
tigated the effects of orally administered olopatadine hydro-
chloride (olopatadine) on itching, itching mediators, and
neuritogenic action in a mouse model. Materials and Meth-
ods: NC/Nga mice were treated topically with Dermatopha-
goides farinae body (Dfb) extract twice weekly for 4 weeks to
induce AD-like lesions. They were concomitantly given oral
olopatadine, distilled deionized water, or topical tacrolimus
during the last 2 weeks. Results: Olopatadine significantly
suppressed scratching, improved the dermatitis score, inhib-
ited neurite outgrowth, and decreased the elevated inflam-
matory markers, growth factors and histamine content in the
lesional skin, and serum concentration of Dfb-specific IgE.
Notably, olopatadine treatment increased semaphorin 3A

expression in the epidermis. Conclusions: Our study con-

firms the pleiotropic effects of olopatadine, i.e. inhibition of

inflammation and neurite extension into the epidermis.
Copyright © 2010 S.Karger AG, Basel

Introduction .

Itch is a major symptom in allergic skin diseases that
affects patients’ quality of life [1]. Itch is induced by spe-
cific nonmyelinated C-fiber stimulation and the magni-
tude of itch is modulated by changes in stimulus frequen-
cy [2]. In atopic dermatitis (AD) skin lesions, increased
epidermal nerve fiber density is frequently observed [3-
5]. Substances found to be pruritogenic in AD include his-
tamine, serotonin, prostaglandins, bradykinin, protein-
ases, opioids, cytokines and leukotrienes [2, 6-13]. Hista-
mine, in particular, has been implicated as a cause of itch,
inflammation and tissue remodeling in AD [7, 14-17],
primarily through H; receptor activation [7]. Histamine
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is stored in dermal mast cells and keratinocytes while H;
and H, receptors are present on sensory nerve fibers.
Along with neuronal depolarization, neuropeptides such
as substance P are released from nerve endings. Substance
P elicits scratching behavior, possibly mediated by hista-
mine through degranulation of mast cells [18].

NC/Nga mice develop AD-like skin lesions and in-
creased plasma IgE under conventional stimulation [19].
These symptoms can also be elicited under specific patho-
gen-free (SPF) conditions using Dermatophagoides fari-
nae extract [20]. Treated NC/Nga mice react by scratch-
ing [21], and are therefore used as a model for evaluating
the antipruritic effect of certain agents [22]. Pruritus in
this strain is partly explained by neurite outgrowth in the
epidermis due to increased expression of nerve growth
factor (NGF) [23], which is also observed in AD-like skin
lesions. The antipruritic effect of dexamethasone, tacro-
limus, chlorpheniramine maleate, cyproheptadine hy-
drochloride and bepotastine besilate has been evaluated
via the scratching behavior of NC/Nga mice [22, 24].

Olopatadine is a histamine H; receptor antagonist and
has been approved in Japan as an oral drug for the treat-
ment of allergic rhinitis, chronic urticaria, eczema/der-
matitis, prurigo, pruritus, psoriasis vulgaris, and erythe-
ma multiforme [25]. Worldwide, olopatadine ophthalmic
solution, which inhibits the proinflammatory activity of
conjunctival mast cells, is an effective therapy for allergic
conjunctivitis [26]. An olopatadine nasal spray was re-
cently launched for the treatment of nasal allergy symp-
toms [27]. It has been reported that olopatadine attenu-
ates (1) the elevation of various inflammatory cytokines
in skin lesions, and (2) the scratching behavior in a mouse

122 Int Arch Allergy Immunol 2010;153:121-132

model of chronic contact dermatitis induced by repeated
hapten challenge [28, 29]. Furthermore, olopatadine ac-
celerates the recovery of skin barrier function [30]. We
evaluated the antineuritogenic and antipruritic effects of
olopatadine in NC/Nga mice with dermatitis. We used
topical application of tacrolimus, which suppresses in-
traepidermal neurite outgrowth and scratch behavior
[31], as a positive control.

Materials and Methods

Animals

Female NC/Nga Tnd mice (NC/Nga mice) were purchased from
Charles River Japan (Kanagawa, Japan) and used at 10 weeks of age.
Female Wistar rats were purchased from Japan SLC (Shizuoka, Ja-
pan) and used at 6 weeks of age. The animals were housed in the
SPF animal facilityat 19-25°C and 30-70% humidity, with 12-hour
light/dark cycles and access to food and water ad libitum. The ani-
mals were cared for according to the ethical guidelines of the Insti-
tutional Animal Care and Use Committee of Osaka University.

Drugs

Ologatadine (Kyowa Hakko Kirin, Tokyo, Japan) was synthe-
sized at Yokkaichi Plant, Kyowa Hakko Kirin (Mie, Japan) and
dissolved in distilled deionized water (DDW). Tacrolimus oint-
ment (Protopic® Ointment 0.1%) was purchased from Astellas
Pharma (Tokyo, Japan). D. farinae body (Dfb) ointment was pre-
pared by Biostir (Kobe, Japan).

Induction of Dermatitis

Figure 1 illustrates the details of this protocol. Dermatitis was
induced in NC/Nga mice according to the method of Yamamoto
etal. [20, 32]. On day 0, the dorsal region of mice was shaved un-
der anesthesia. Dermatitis was induced by topical application of
100 mg Dfb ointment on the shaved dorsal skin and both sur-
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faces of both ears for 4 weeks (fig. 1a). Barrier disruption was
achieved by 150 pl of 4% sodium dodecyl sulfate (SDS) treatment
3 h before application of Dfb ointment (fig. 1b, c). These proce-
dures were repeated twice per week until day 25. Three days fol-
lowing the last application (day 28), the mice were sacrificed and
histological changes evaluated. An additional group comprised
animals that were treated with SDS alone (sham group, n = 6).

Inhibition of Dermatitis by Olopatadine or Tacrolimus

Ointment

Not all of the mice developed dermatitis after Dfb application.
To exclude the results from dermatitis-free mice, we initiated Dfb
application to 48 mice. After 2 weeks of Dfb application, we se-
lected 40 mice in descending order of severity of dermatitis. The
lowest dermatitis score in those 40 mice was 3. To avoid the influ-
ence of the starting number of mice, the affected mice were divid-
ed into 4 equal groups as follows: group 1 received 3 mg/kg/day
olopatadine (n = 10) and group 2 received 10 mg/kg/day olopata-
dine (n = 10) orally, daily from day 14 to 28. Group 3 received ta-
crolimus ointment (100 mg), applied to the back skin twice per
week (days 13, 17, 20, 24, and 27; n = 10). DDW served as a control
(group 4; n = 10). If the administration of olopatadine or DDW and
application of Dfb ointment was performed on the same day, the
former was performed 1 h before the Dfb treatment (fig. 1b). Ta-
crolimus treatment was performed 24 h before the application of
Dfb ointment (fig. 1c). Two mice from the tacrolimus-treated group
died unexpectedly for unknown reasons. On the final day (day 28),
24 h after the tacrolimus treatment and 1 h after olopatadine or
DDW administration, the final evaluation was performed.

Evaluation of Dermatitis

The severity of dermatitis was evaluated weekly. Observations
of erythema/hemorrhage, scarring/dryness, edema, excoriation/
erosion, and scaling/dryness were scored as ¢ (no symptoms), 1
(weak), 2 (mild), and 3 (severe) [20]. The sum of the individual
scores was taken as the dermatitis score (total score: minimum 0,
maximum 12). The severity of dermatitis was scored indepen-
dently by three researchers.

Observation of Scratching Behavior

The mice were placed in compartments (7 X 77 X 15 cm) of
observation cages for 60 min of habituation. Their behavior was
recorded by an unmanned digital video camera (Panasonic, Osa-
ka, Japan) for 90 min. The number of scratching episodes was
counted in a blinded fashion. A series of scratching movements
with the hind paw was considered as one scratching episode as
described previously [29].

Histological Analysis

Skin biopsies were obtained from between the shoulder blades
of all mice. Skin samples were fixed in 4% paraformaldehyde at
4°C overnight (O/N). Four-micrometer, paraffin-embedded sec-
tions were stained with hematoxylin and eosin (HE).

Immunohistochemical Staining for Anti-Protein Gene

Product 9.5

Specimens were fixed in 4% paraformaldehyde O/N and rinsed
with phosphate-buffered saline (PBS) containing 10, 15, and fi-
nally 20% sucrose. Tissues were embedded with OCT compound,
and frozen in liquid nitrogen. Frozen tissues were cut at 30 um

Effect of Olopatadine Hydrochloride on
Neuritogenic Action and Inflammation

and air-dried at room temperature for 1 h. Sections were washed
in three 5-min changes of PBS and blocked with blocking buffer
(5% bovine serum albumin, 0.1% Triton X-100 in PBS) at room
temperature for 30 min, followed by incubation with Protein
Gene Product 9.5 (PGP9.5) antibody (1:500 dilution) (Chemicon,
Temecula, Calif., USA) at 4°C O/N. Subsequently, sections were
washed in three changes of PBS and incubated with Alexa Fluor®
488-conjugated anti-rabbit antibody (1:500 dilution) (Molecular
Probes, Eugene, Oreg., USA) at 4°C O/N. Images of immunola-
beled sections were captured with a BZ-8000 microscope (Key-
ence, Osaka, Japan).

Quantification of Intraepidermal Neurites

To quantify intraepidermal neurite outgrowth, we modified the
method of Tominaga et al. [23]. Specimens, obtained with a 5-mm
diameter biopsy punch, were stained with anti-PGP9.5 antibody,
and in confocal microscopic analysis, 1.5-jum optical sections were
scanned through the z-plane (thickness 30 wm). Three-dimension-
al reconstruction was performed using software for the BZ-8000.
For counting neurite numbers, at least 27 confocal images were
merged per group in each experiment. The number of intraepider-
mal neurites per 1.6 X 10° wm? in the central portion of the bi-
opsy was hand-counted independently by two researchers.

Semiquantitative Reverse-Transcriptase-Polymerase Chain

Reaction

Skin samples were incubated O/N with 4% dispase (Invitro-
gen, Carlsbad, Calif.,, USA). The epidermis was separated from
the dermis, and total RNA from the epidermis or dermis was ex-
tracted with an SV Total RNA Isolation kit (Promega, Madison,
Wisc., USA) according to the manufacturer’s protocol. First-
strand ¢cDNA was synthesized with an AffinityScript™ QPCR
cDNA synthesis kit (Stratagene, La Jolla, Calif., USA) using oligo
dT primers, followed by amplification of the cDNA for 25 cycles.
The following oligonucleotide primers were used for the reverse-
transcriptase-polymerase chain reaction {(RT-PCR): for semapho-
rin 3A (sema3A): sense 5-AGCCTTGAAGAGAGAATCATC-
TAT-3', antisense 5-AACTCGTGGGTCCTCCTGTTTCTA-3,
for NGFpI1: sense 5-ATAAAGGTTTTGCCAAGGAC-3', anti-
sense 5'-CACGGGGTGAGTGGAGTCTC-3', for B-actin: sense
5" TGTTACCAACTGGGACGACA-3', antisense 5-GGGGTG-
TTGAAGGTCTCAAA-3". Band intensity was measured using
Image] software, and the relative value of sema3A and NGFf1 to
B-actin was calculated.

Measurement of Histamine, Substance P, NGF, Amphiregulin,

IL-1B, TNF-a, IL-6, GM-CSF, E-Selectin, IFN-y and IL-4 in

Skin Lesions

Skin samples were excised 3 days after the final Dfb applica-
tion. Samples were minced and homogenized in ice-cold PBS
containing a protease inhibitor (Complete; Roche Diagnostics,
Mannheim, Germany) with a Polytron tissue homogenizer. Pre-
cipitate was removed by centrifugation, and supernatant was col-
lected. Histamine (CIS bio, Gif-sur-Yvette, France); substance P
(Cayman, Ann Arbor, Mich., USA); NGF (Promega); amphiregu-
lin, IL-1B, TNF-a, IL-6, GM-CSF and E-selectin (R&D Systems,
Minneapolis, Minn., USA); IFN-y and IL-4 (Thermo Scientific,
Rockford, Ill., USA) and protein (Thermo Scientific) concentra-
tions were analyzed with an assay kit according to the manufac-
turer’s protocol.
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Measurement of Serum Total IgE and Specific IgE to Dfb

Blood samples were collected under anesthesia 3 days after the
last Dfb application. Total IgE level was determined using a mouse
ELISA kit (Biosciences, San Jose, Calif., USA), according to the
manufacturer’s protocol. Specific IgE to Dfb was evaluated using
passive cutaneous anaphylaxis, according to the method of Yama-
moto et al. [32]. Wistar rats were used as recipients and sensitized
with intradermal injections of 50 pl of serially diluted sera into
the shaved dorsal <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>