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Abstract

Background: The existence of IgE binding to dog dander ex-
tract without IgE antibodies against the described dog aller-
gens (Can f 1, 2, 3 and 4) implies the presence of other dog
allergens yet to be identified. Recently, an IgE-binding protein
was isolated from dog urine and identified as prostatic kalli-
krein; it has been named Can f 5. Cross-reactivity between a
dog dander allergen and human prostate-specific antigen
(PSA) has been described. The aim of this study was to iden-
tify the dog dander allergen that presents cross-reactivity
with PSA and demonstrate its clinical relevance in our patient
with human seminal plasma allergy. Methods: SDS-PAGE im-
munoblotting and inhibition tests were performed. Mass
spectrometry was carried out to identify the protein involved
in the allergy reactions. Results: SDS-PAGE immunoblotting-
inhibition with an IgE-binding protein from dog prostatic se-
cretion showed total IgE binding inhibition to a 28-kDa IgE-
reactive band identified as PSA. The electroeluted protein
from dog prostatic secretion was identified by mass spec-
trometry as Can f 5. IgE immunoblotting of human seminal

plasma incubated with the serum of the patient revealed two
IgE-binding bands (28 and 32.7 kDa). Both SDS-PAGE immu-
noblotting inhibition assays, with human seminal plasma or
purified PSA in solid phase, showed complete IgE binding in-
hibition when the serum of the anaphylactic patient was pre-
incubated with dog dander extract or recombinant Can f 5.
Conclusions: The dog dander allergen that shows cross-reac-
tivity with human PSA has been characterized and turns out
to be the recently described Can f 5. We demonstrated the
clinical relevance of this cross-reactivity in a patient.

Copyright © 2012 S. Karger AG, Basel

Introduction

Human seminal plasma allergy (HSPA) is a rare phe-
nomenon, but the exact prevalence of this condition is
unknown. Several seminal plasma allergens have been
described, ranging in molecular mass between 12 and
75 kDa [1].

In two separate studies of HSPA, prostate-specific an-
tigen (PSA) has been identified as the causative allergen
[2, 3]. In one of these studies, cross-reactivity between hu-
man PSA and dog dander proteins was demonstrated [2].
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In a recently concluded epidemiological study carried
out in Spain [4], an increased prevalence of sensitization
to animal epithelia was observed. These epithelia repre-
sent the third most common cause of sensitization in rhi-
nitis and asthma.

Dog dander is an important cause of allergy respira-
tory symptoms, including rhinoconjunctivitis, asthma
and bronchial inflammation. Among the described dog
allergens, Can f 1, Can f 2 and Can f 4 are all members of
the lipocalin protein family and have been purified and
expressed as recombinant proteins [5, 6]. Can £ 3, dog se-
rum albumin, is a highly conserved protein, and antibod-
ies directed to Can f 3 cross-react extensively with albu-
min of other animal species [7]. Approximately 50% of
dog-allergic patients present IgE antibodies against Can
f1,20% against Can f 2 and 15-40% against Can f 3 and
Canf4 [6].

Recently, a new IgE-binding protein was isolated from
dog urine, identified as prostatic kallikrein and named
Can f'5. The protein was shown to be present also in dog
dander and bound IgE antibodies from 70% of sera of
dog-allergic patients were tested in that study, so it was
found to be a major dog allergen [8].

Methods

Here we present the case of a 38-year-old nulligravida woman
who experienced anaphylactic reactions after sexual intercourse
since her first coitus, as previously described by our group [2, 9].
The patient was monosensitized to dog dander since she was 18
years old, and she suffers from bronchial asthma due to this sen-
sitization.

The patient reported the presence of a dog at home since she
was a teenager and now she has frequent contact with dogs. The
patient also followed a specific immunotherapy to dog epithelium
for 1 year after the beginning of HSPA symptoms; however, the
treatment was discontinued because of the low response to this
desensitization treatment. The patient provided written informed
consent for the current study, and the study was approved by the
hospital ethical committee.

Allergen Source

Seminal fluid was collected by condom from a healthy donor.
It was used to perform all the in vitro assays.

Samples of dog prostatic secretions were collected at the Small
Animals Reproduction Service of the Veterinary Faculty at the
Universitat Autonoma de Barcelona. Prostatic secretions were
collected by manual manipulation of the dog’s penis. Untreated
samples were used to perform all the in vitro assays.

Skin Prick Test
Skin prick tests with dog epithelium (3 mg/ml) and dander
(1.3 mg/ml) extracts were performed according to a standard
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procedure [10]. Histamine phosphate (10 mg/ml) and sterile 0.9%
saline were used as positive and negative controls, respectively. A
mean wheal area of 7 mm? or greater, 15 min after puncture, was
considered a positive response.

Specific IgE Determination

Determination of serum-specific IgE against dog dander, dog
epithelium and human seminal plasma was performed using the
ImmunoCAP regular test from Phadia. Test results were ex-
pressed as kilounits per liter, according to the manufacturer’s in-
structions. ImmunoCAP results higher than 0.35 kU/I were con-
sidered positive.

Enzyme Allergosorbent Test Inhibition

Enzyme allergosorbent test inhibition was performed accord-
ing to the methods reported by Yman et al. [11]. HSP was used as
the solid phase, and the patient’s serum was preincubated with
dog dander extract (1.8 mg/ml) and Can f 1 and Can f 2 recombi-
nant molecules at 120 pg/ml (Department of Clinical Microbiol-
ogy, University of Kuopi, Kuopi, Finland).

SDS-PAGE Immunoblotting and Inhibition Tests

To perform the in vitro assays, seminal fluid from a healthy
human donor, prostatic secretions collected from two different
dogs, purified PSA from human semen (Sigma-Aldrich) and puri-
fied recombinant Can f 5 were used.

SDS-PAGE was carried out according to the method of
Laemmli [12]. When reducing conditions were used, samples were
dissolved in 62 mM Tris-HCI, pH 6.8, and were dissociated with
2% SDS and 5% B-mercaptoethanol at 100°C for 5 min; in nonre-
ducing conditions, 2-mercaptoethanol was not added. When
Western inhibition assays were performed, patient serum was
preincubated with different inhibitor phases (Can {5 at 10 p.g/ml)
overnight at 4°C; then membranes were incubated with the pa-
tient serum sample obtained.

Mass Spectrometry

Bands were extracted from the gel and digested with trypsin,
and the proteins were identified by mass spectrometry as previ-
ously described [13].

Results

The patient showed positive skin prick tests to dog
dander and dog epithelium. The serum IgE titer was
5 kU/1to complete human seminal plasma, 7.5 kU/1 to dog
epithelium, 8.9 kU/I to dog dander and 95 kU/1 to dog
prostatic secretion.

Enzyme allergosorbent test inhibition assays were per-
formed with the serum from the patient with HSPA to
assess whether HSP proteins cross-reacted with Can f'1
and Can f 2, the 2 major dog epithelium allergens. The
results showed that Can f 1 and Can f 2 recombinant al-
lergens as inhibitors (120 pg/ml) were not able to reduce
the IgE antibody binding to seminal fluid, whereas in the
same assay, dog dander extract (1.8 mg/ml) produced a
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total inhibition (data not shown). This result is consistent
with the absence of known homologues of Can f 1 and
Can f2 in HSP.

Animmunoblotting assay in reducing conditions with
patient serum using 2 samples of dog prostatic secretions
in solid phase revealed two IgE-binding bands of 31 and
17-18 kDa (fig. 1, panel 1).

The IgE-binding bands in dog prostate secretions were
identified by mass spectrometry and turned out to match
with the recently described Can f 5 (arginine esterase
peptidase S1 family, kallikrein subfamily) [8]. In order to
examine the relationship with human PSA, the 31-kDa
band was electroeluted and used as inhibitor in IgE im-
munoblotting inhibition experiments. Preincubation of
the anaphylactic patient’s serum with this protein, at a
concentration of 50 pg/ml, caused complete inhibition of
IgE binding to PSA in an HSP immunoblotting inhibi-
tion assay (results not shown) as well as to the 17- to 18-
kDa band in the dog dander immunoblotting inhibition
assay in reducing conditions (fig. 1, panel 2). PSA inhibi-
tion is explained by the sequence homology described be-
tween dog prostate arginine esterase (31-kDa band) and
human PSA, as both proteins belong to the kallikrein
subfamily, and the inhibition on the 17- to 18-kDa dog
dander protein by the aforementioned Can f 5 present in
dog dander.

IgE immunoblotting in nonreducing electrophoretic
conditions of human seminal plasma, incubated with se-
rum of the patient with HSPA, revealed an IgE-binding
band of 28 kDa and a faint one of 32.7 kDa (the 28-kDa
protein was identified as PSA as we previously described
[2]; fig. 1, panel 3). Preincubation of this serum with ei-
ther dog dander extract (1 mg/ml) or purified recombi-
nant Canf5 (10 pg/ml) caused complete inhibition of IgE
binding to both bands (fig. 1, panel 3). Furthermore, an
SDS-PAGE immunoblotting inhibition assay using puri-
fied PSA from human semen (Sigma-Aldrich) in solid
phase and dog dander extract (1 mg/ml) and recombi-
nant Can f 5 (100 pg/ml) as inhibitors showed the capac-
ity of both samples to produce total IgE binding inhibi-
tion on the purified PSA protein (online suppl. fig. 1,
www.karger.com/doi/10.1159/000336388).

Discussion
In this case of a dog dander-sensitized patient display-

ing HSPA, Can f 5 was clearly identified as a dog allergen
cross-reactive with PSA from human seminal plasma.

Clinical Relevance of Cross-Reactivity
between Can f 5 and PSA
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Fig. 1. IgE immunoblotting results. Panels 1 and 2: reducing con-
ditions; panel 3: nonreducing conditions. Panel 1 shows two sam-
ples of dog prostatic secretions incubated with serum from our
patient with HSPA (lane P) and with a pool of sera from nonatop-
ic patients (lane C). Panel 2 shows dog dander incubated with se-
rum of our patient with HSPA under the following conditions: not
preincubated (lane P), preincubated with the 31-kDa electroelut-
ed protein at 50 pg/ml (lane Pgp) or preincubated with BSA at 50
pg/ml (lane Pggy). Panel 3 shows human seminal plasma from a
healthy donor incubated with serum from our patient with HSPA
under the following conditions: not preincubated (lane P), prein-
cubated with Can f 5 at 10 pg/ml (lane Pcys), preincubated with
dog dander extract at 1 mg/ml (lane Ppp), preincubated with
shrimp extract at 1 mg/ml (lane Pgg) or preincubated with BSA at
10 pg/ml (lane Pysy). Lane C: solid phase incubated with a pool
of sera from nonatopic patients. Lane MW: molecular weight
standard.

We have noted with several serum determinations that
high concentrations of IgE antibodies against Can f 5 are
accompanied by weak positive responses to HSP Immu-
noCAP. Unlike the HSPA case presented here, it appears
that these low IgE levels against HSP typically do not elic-
it allergy symptoms (unpublished observations).

Mattsson et al. [8] described the molecular weight of
Canf5 to beabout 28 kDa in nonreducing conditions and
two bands at about 18 and 10 kDa under reducing condi-
tions in urine and dander. They found that Can f 5 ex-
pressed in Pichia pastoris gives two bands, one of about
31 kDa and another of about 18 kDa [8], as we describe in
the present study. The differences may be due to more
complete processing of the proteins purified from natural
sources (urine, dander). The 31-kDa protein, purified
from the original source (prostatic secretions), represents
Can f 5 in an unprocessed form.

In conclusion, studying a patient with anaphylactic
HSPA, we have demonstrated cross-reactivity between
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the allergenic protein from HSPA, PSA, and the recent-
ly characterized dog allergen Can f 5, suggesting that
dog protein sensitization may in some cases be relevant
to HSPA, perhaps as a predisposing factor or as an envi-
ronmental booster of the immune response against
PSA.
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Online Supplementary Fig. 1. IgE- Immunoblotting results (in non-reducing
conditions). Purified PSA in solid phase. Lane 1: control serum (pool of sera from non
atopic subjects); lanes 2, 3, 4: patient’s serum previously incubated with dog dander
extract (Img/ml), or purified rCan f 5 (100 ul/ml), or BSA (100 pl/ml), respectively.

Lane M: Molecular weight standard.
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