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Figure 3
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Figure 11
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Figure 13
Comparison of IgE antibody binding to natural and
recombinant dog urinary kallikrein (n=37)
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PROSTATE KALLIKREIN ALLERGEN

The Sequence Listing entitled 173400A-May-13-2014-
ST25.txt created May 13, 2014 having a size 04749 bytes is
incorporated by reference.

FIELD OF THE INVENTION

The present invention relates to the field of allergy. More
specifically, the invention relates to the identification of novel
allergens from mammals and to diagnosis and treatment of
allergy towards mammals.

BACKGROUND

Dog dander is a common cause of indoor allergy with
symptoms including rhinitis, conjunctivitis, bronchial
inflammation and asthma. Dog allergens can be detected not
only in houses where dogs are kept as pets but also in other
places such as schools and day care centres where dogs are
not present on a regular basis (1).

Allergy to dog is accompanied and dependent of sensitiza-
tion to proteins released from dog hairs and dander. In cases
of suspected allergy to dog, the clinical investigation includes
assessment of sensitization by skin prick or specific IgE anti-
body measurement using extract of dog hair and/or dander. A
laboratory immunoassay for specific IgE, such as a Phadia
ImmunoCAP, can detect most cases of sensitization to dog
using natural dog dander extract due to favourable assay
conditions and a large solid phase available for allergen
attachment.

Dog hair and dander extracts contain a complexity of aller-
genic and non-allergenic proteins (2, 3). Three dog allergens
have so far been identified and studied in detail: Canf 1, Can
f2 and Can f 3. Can f 1, a member of the lipocalin protein
family, with reported molecular weight 0of 21-25kD, was first
purified by de Groot et al. (4) and later cloned and expressed
as a recombinant protein (5). Can f 2 belongs to the same
protein family but is a protein distinct from Can {1 (4, 5). Can
f 3, dog serum albumin, is a relatively conserved protein
demonstrating extensive cross-reactivity to other mammalian
albumins (6).

Of the known dog allergens, Can f'1 is the most important,
binding IgE antibodies from approximately half of dog aller-
gic subjects (7). About 20% of dog allergic subjects display
IgE binding to Can f2 but most of these are also sensitized to
Can f 1. Although 30-40% of adult dog allergic individuals
may show IgE binding to Can 3 (2, 8), the specific clinical
relevance of mammalian serum albumins is uncertain.

It has been known for a long time that major allergens
relevant to allergy to rodents, such as mice and rats, are
present in the animals’ urine and these have been isolated and
extensively characterized (9-13). IgE antibody binding to
activity has also been reported to exist in urine of other
animals, including cats and dogs (14), but no allergen has
been purified from urine of these animals and characterized at
amolecular level.

SUMMARY OF THE INVENTION

As stated above, a laboratory immunoassay for specific IgE
can detect most cases of sensitization to dog using natural dog
dander extract due to favourable assay conditions and a large
solid phase available for allergen attachment. However, in a
miniaturized or non-laboratory immunoassay, such as an
allergen microarray or a doctor’s office test, the combination
of less favourable assay conditions, lower capacity for anti-
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body-binding allergen reagent and natural allergen extract of
limited potency. has been found to cause insufficient diagnos-
tic sensitivity. A similar situation may exist also for immu-
noassays for specific IgE to other animal epithelia. Thus,
there is a need in some cases to use pure allergenic proteins to
achieve sufficient sensitivity in diagnostic tests for specific
IgE.

Furthermore, a significant proportion of dog allergic indi-
viduals also do not react to any of the known identified dog
allergens and this was recently demonstrated in a Finnish
population (7).

The above led the present inventors to look for additional,
not yet identified, dog allergens. Such novel allergens may be
useful not only as reagents for increased sensitivity in routine
diagnostic tests, but also as a complement to known dog
allergens in different types of component-resolved diagnostic
applications (15, 16). Pure allergenic proteins, or fragments
and variants thereof with improved non-anaphylactic proper-
ties, may also be used in component-resolved immuno-
therapy (16-20).

A new major allergen has thus been purified from dog urine
and identified as prostatic kallikrein. It is inall aspects distinct
from previously known dog allergens. Further, a similar or
identical and immunologically equivalent allergen has been
found to exist in dog dander extract. Kallikrein represents an
important addition to the panel of known dog allergens and
will be useful in the diagnosis of dog allergy. It is also antici-
pated that homologous proteins from other mammals, such as
cat, horse and rodents, including rat and mouse, will have
similar allergenic properties and diagnostic utility.

Prostatic kallikrein was found to exist not only in urine but
also in the furof dander of dogs. However, the fact that protein
specifically expressed in prostate tissue would be restricted to
male individuals, suggests that female dogs would lack this
allergen. Preliminary results in our laboratory indeed support
this notion and, if corroborated by results from more exten-
sive studies, the implication would be that dog allergic indi-
viduals sensitized exclusively to prostatic kallikrein may tol-
erate female dogs.

In a recently published report, it was demonstrated that
vaginal hypersensitivity reaction to ejaculate was associated
with IgE sensitization to human prostate-specific antigen,
PSA, present in seminal plasma (21). As canine and human
prostatic kallikrein and human prostate-specific antigen have
partial sequence similarity, it is possible that sensitization to
canine prostate-specific kallikrein confers an elevated risk of
developing such allergic reactions. It can also be envisaged
that IgE-mediated immune reactions to prostate-specific kal-
likrein may play a role in certain cases of infertility in
humans.

In one aspect the invention relates to the use of kallikrein in
diagnosis of Type I allergy and the use of kallikrein for the
manufacture of a composition for diagnosis of Type [ allergy.

In a further aspect the invention relates to an allergen
composition “spiked” with kallikrein. Such an allergen com-
position may be an allergen extract or a mixture of purified or
recombinant allergen comporents having no or a low kal-
likrein content, wherein the kallikrein is added in order to
bind IgE from patients whose IgE would not bind or bind
poorly to the other allergen components in the composition.
This aspect of the invention also relates to a method for
producing such a composition, which method comprises the
step of adding kallikrein to an allergen composition, such as
an allergen extract (optionally spiked with other components)
or a mixture of purified native or recombinant allergen com-
ponents.
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In yet a further aspect the invention relates to an in vitro
diagnostic method for diagnosing a Type I allergy in a patient,
wherein a body fluid sample such as a blood or serum sample
from the patient is brought into contact with kallikrein or a
composition according to the previous aspect, and it is
detected whether or not the patient sample contain IgE anti-
bodies that bind specifically to kallikrein. Such a diagnostic
method may be carried out in any manner known in the art.
The kallikrein may e.g. be immobilized on a solid support,
such as in a conventional laboratory immunoassay, in a
microarray or in a lateral flow assay.

In a further aspect the invention relates to a diagnostic kit
for performing the method according to the previous aspect,
which kit includes kallikrein.

In the above mentioned aspects, the wildtype kallikrein
molecule may be replaced with fragments or variants of kal-
likrein, natural or man-made, sharing epitopes for antibodies
with wildtype kallikrein, as defined below.

The invention further relates to a method of treatment of
Type 1 allergy comprising administering to a patient in need
of such treatment a kallikrein or a modified kallikrein, as
explained below. This aspect of the invention also relates to
the use of kallikrein in such immunotherapy, including e.g.
component-resolved immunotherapy (16). In one embodi-
ment of this aspect, the kallikrein may be used in its natural
form or in a recombinant form displaying biochemical and
immunological properties similar to those of the natural mol-
ecule. In another embodiment, kallikrein may be used in a
modified form, generated chemically or genetically, in order
to abrogate or attenuate its IgE antibody binding capacity,
while preferably being capable of eliciting an IgG response in
a treated individual. Examples of modifications include, but
are not limited to, fragmentation, truncation or tandemeriza-
tion of the molecule, deletion of internal segment(s), substi-
tution of amino acid residue(s), domain rearrangement, or
disruption at least in part of the tertiary structure by disruption
of disulfide bridges or it’s binding to another macromolecular
structure, or by removal of the protein’s ability to bind cal-
cium ions or other low molecular weight compounds. In yet
another embodiment of this aspect, the individual 10 kDa
and/or the 18 kDa subunits of kallikrein, which display
reduced IgE binding activity as compared to the intact mol-
ecule, are used as modified kallikrein.

In all of the above mentioned aspects of the invention, the
kallikrein can be derived from any mammal producing kal-
likrein capable of inducing an allergic response in a patient.
The kallikrein may be purified from its natural source, such as
from urine, saliva or other body fluids, or from tissue, such as
hair or dander, of the mammal in question. It may also be
produced by recombinant DNA technology or chemically
synthesized by methods known to a person skilled in the art.

The invention also relates to canine prostatic kallikrein for
use in diagnosis and therapy, such as diagnosis and therapy of
Type 1 allergy to dog.

The invention also relates to a method for purification of
kallikrein from mammalian urine, comprising the steps

filtering the mammalian urine;

buffer exchange with a buffer suitable for hydrophobic

interaction chromatography;

filtering of the buffer exchanged urine sample;

applying the buffer exchanged urine sample to a hydropho-

bic interaction chromatography column; and

collecting the flow-through fraction comprising kallikrein.

The mammalian urine may be canine urine.

DEFINITIONS

Kallikreins are proteolytic enzymes from the serine
endopeptidase family found in normal blood and urine. In the
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TUBMB enzyme nomenclature system, plasma kallikrein has
been assigned number EC 3.4.21.34 and tissue kallikrein
number EC 3.4.21.35. Urinary kallikrein from dog is a 28 kDa
heterodimeric protein comprising two subunits of approxi-
mately 10£2 and 18+2 kDa, respectively, for the purposes of
this invention referred to as the 10 and 18 kDa subunits,
respectively. It has an amino acid sequence according to SEQ
ID NO: 1, GenBank Accession no: P09582, and homologous
proteins have been described in a wide range of mammalian
species, including, horse, cow, pig, mouse, rat and primates
(e.g. Accession no AAQ23713-4 (horse), NP_ 001008416
(cow), PO0752 (pig), PO0755-6 and P15947 (mouse), P36373
and P00758 (rat), Q28773 (baboon), XP_ 001174026 (chim-
panzee), Q07276 (macaque), P20151, Q07276 and
AAM11874 (human).

Variants and fragments of a kallikrein should be construed
as meaning proteins or peptides with a length of at least 10
amino acids, more preferably at least 50, even more prefer-
ably at least 75 or 100 amino acid residues, and a sequence
identity to said kallikrein of at least 50%, preferably over
60%, 70%, 80%, 90% or 95%.

A modified kallikrein should in the context of the present
invention be construed as meaning a kallikrein that has been
chemically or genetically modified to change its immunologi-
cal properties, e.g. as exemplified above in relation to the
immunotherapy aspect of the invention.

Variants and fragments of kallikrein sharing epitopes for
antibodies with wildtype kallikrein should be construed as
being those fragments and variants whose binding of IgE
antibodies from a serum sample from a representative kal-
likrein sensitized patient can be significantly inhibited by
kallikrein. Such an inhibition assay may e.g. be performed
according to the protocol disclosed in Example 8.

A hypoallergenic modified kallikrein or variant or frag-
ment of kallikrein should be construed as being a modified
kallikrein or variant or fragment of kallikrein that is not
capable of binding kallikrein reactive IgE antibodies from a
serum sample of arepresentative kallikrein sensitized patient,
as determined e.g. by the protocol according to Example 3 or
whichdisplays no or significantly reduced biological allergen
activity, as determined by a cellular activation assay such as
the basophil histamine release assay (22, 23).

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows the fractionation of dog urinary proteins by
size exclusion chromatography. Fractions comprising each of
the three peaks indicated in the figure (labeled 1-3) were
pooled as indicated for analysis of IgE binding activity.

FIG. 2 shows the purification of an IgE binding protein
from peak 2 of FIG. 1 by reversed phase chromatography. The
peak containing the protein selected for further investigation
is indicated by an arrow.

FIG. 3 is an SDS-PAGE analysis of reduced (red) and
non-reduced (ox) samples of the IgE binding protein purified
from dog urine by size exclusion and reversed phase chroma-
tography. Lane M contains molecular weight marker pro-
teins.

FIG. 4 shows the effect ofkallikrein as a fluid-phase inhibi-
tor on specific IgE binding to immobilized dog dander
extract.

FIG. 5a-b is an assessment by immunoblot analysis of IgE
antibody reactivity to dog dander extract in 37 dog allergic
subjects’ sera. Prior to incubation with the membrane strips,
serum samples were diluted as indicated. Lane M contains
molecular weight marker proteins.



US 9,274,114 B2

5

FIG. 6 shows a comparison of the immunoblot signal inten-
sity of a 28 kDa band, corrected for serum dilution, and the
level of kallikrein-specific IgE, as determined by experimen-
tal InmunoCAP analysis. The ImmunoCAP and immunoblot
detection limits applied are indicated by hatched lines. Immu-
noblot signal intensity is expressed in arbitrary units (AU).

FIG. 7 shows specific immunoblot inhibition of the 28 kDa
protein band by purified dog urinary kallikrein. Lane M con-
tains molecular weight marker proteins.

FIG. 8 shows the first step of purification of kallikrein from
dog dander, by size exclusion chromatography. Six fractions
(labeled 1-6) indicated in the figure were analysed for IgE
binding activity.

FIG. 9 shows the second step of purification of kallikrein
from dog dander, by reversed phase chromatography. Top
fractions of three peaks indicated in the figure (labeled 1-3)
were analysed for IgE antibody binding activity.

FIG. 10 shows a comparative immunoblot analysis specific
IgE antibody binding to dog dander extract, purified urinary
kallikrein and partially purified kallikrein from dog dander.
Two kallikrein-reactive sera (no. 6 and 8) and one kallikrein
non-reactive serum (no. 11) were used. Both reduced and
non-reduced forms of the allergen preparations were analy-
sed, as indicated in the legend. Lane M contains molecular
weight marker proteins.

FIG. 11 shows SDS Page analysis of purified recombinant
dog urinary kallikrein.

FIG. 12 shows analytical gelfiltration analysis of purified
recombinant dog urinary kallikrein.

FIG. 13 shows a comparison of specific IgE antibody bind-
ing activity of natural and recombinant dog urinary kallikrein.

DETAILED DESCRIPTION OF THE INVENTION

The examples below illustrate the present invention with
the isolation and use ofkallikrein from dog. The examples are
only illustrative and should not be considered as limiting the
invention, which is defined by the scope of the appended
claims.

EXAMPLE 1

Detection and Isolation of an IgE Binding Protein
from Dog Urine

In order to investigate whether dog urine may contain
allergens relevant to dog allergy in humans, the following
experiments were performed. Urine was collected from a 7
year old male crossbreed between Siberian Husky and Vor-
steh. After filtration through a 0.45 m mixed cellulose ester
filter, 10 mL of urine was applied to a Superdex 75 size
exclusion chromatography (SEC) column (XK26/100,
V=505 mL, GE Healthcare Biosciences, Uppsala, Sweden)
equilibrated with 20 mM MOPS pH 7.6, 0.5 M NaCl (MBS)
and elution was performed with the same buffer at a flow rate
of 2 ml/min. Fractions from three peaks were pooled as
indicated in the chromatogram shown in FIG. 1 and analysed
for allergen activity. The protein content of each fraction was
immobilized on ImmunoCAP (Phadia, Uppsala, Sweden)
solid phase and its IgE antibody binding activity tested using
eight sera from dog dander sensitized individuals. Most of
these sera were selected as having high IgE binding to dog
dander extract but relatively low binding to rCan f'1, rCan {2
and nCan f 3. Of the three peaks tested, peak 2 was found to
contain by far the highest level of IgE binding activity (Table
1). Sodium dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE) using the NuPAGE MES buffer system
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6
(10% NuPAGE gel, Invitrogen, Carlsbad, Calif., USA) of a
reduced sample of peak 2 revealed two dominant protein
bands, with apparent molecular weights of approximately 10
and 18 kDa, respectively (not shown).

Further protein purification from the pool corresponding to
peak 2 was performed using a Source 15 reversed phase
chromatography (RPC) column (ST4.6/100,V =1.66 mL, GE
Healthcare Biosciences). After addition of trifluoro acetic
acid (TFA) to a final concentration of 0.065%, the pool was
applied to the column, followed by washing with 9 column
volumes of 0.065% TFA in water. Elution was performed
with a 0-45% linear gradient of acetonitrile in water contain-
ing 0.05% TFA, resulting in one distinctive but somewhat
asymmetrical peak (FIG. 2, peak indicated by an arrow).
SDS-PAGE of reduced samples of fractions containing this
peak revealed the presence of both the 10 and 18 kDa bands,
seemingly unseparable (FIG. 3). The fractions covering the
entire peak were therefore pooled as indicated by horizontal
bars in FIG. 2. SDS-PAGE of a non-reduced sample of this
pool revealed an additional band of 28 kD and a slight shift in
mobility of the 10 kDa and 18 kDa bands (FIG. 3). A faint
protein band of approximately 55 kDa can also be seen in the
non-reduced state, which may be a dimer of the 28 kDa
protein. The occurrence of the 28 kDa band in the non-re-
duced state suggested that this protein may be made up of the
10 and 18 kDa polypeptides, joined together by one or more
cystein bridge(s). The fact that linear mass spectromemetric
analysis (data not shown) later showed dissociation of the 28
kDa component upon reduction and alkylation added further
evidence to this notion.

EXAMPLE 2

Identification of the IgE Binding Protein from Dog
Urine as Prostate Kallikrein

Mass spectrometry and N-terminal sequencing was used to
determine the identity of the IgE binding protein isolated
from dog urine.

Peptide Mass Fingerprint Analysis by MALDI-TOF

For in-solution digestion of the RPC purified urinary pro-
tein, reduction and alkylation was performed by sequentially
adding to the sample DTT and iodoacetamide at approxi-
mately 45- and 100-fold molar excess, respectively. Trypsin
digestion was then performed overnight at 37° C., using por-
cine trypsin (Trypsin Gold, mass spectrometry grade,
Promega, Madison, Wis., USA). Samples containing digested
peptides were spotted onto the MALDI target plate and a-cy-
ano matrix in 50% acetonitrile, 10 mM NH,[H,PO,], 0.1%
TFA, was added. Following evaporation of the solvent, pep-
tide mass fingerprinting (PMF) was performed in a Bruker
Daltonics Autoflex 2 instrument (Bruker Daltonics, Bremen,
Germany). To identify proteins matching PMF results
obtained, the MSDB database was searched using a Mascot
server (Matrixscience, London, UK). Post source decay
(PSD) analysis was performed on selected peptides. External
calibration was performed using a peptide calibration stan-
dard (Bruker Daltonics).

In-gel digestion analysis of the individual protein bands
from SDS-PAGE was performed essentially according to
Shevchenko (24). In summary, the 10, 18 and 28 kDa bands
described in Example 1 above were excised from a Coo-
massie brilliant blue stained SDS-PAGE gel. The gel pieces
were sequentially washed with 50 mM ammonium bicarbon-
ate containing 50% acetonitrile followed by shrinking in pure
acetonitrile. After rehydration of the gel piece with 50 mM
ammonium bicarbonate, acetonitrile was added to 50% and
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following a second acetonitrile wash step, the gel pieces were
dried in a vacuum centrifuge. Eduction and alkylation was
performed in sequence using 45 mM DTT and 100 mM
iodoacetamide in 50 mM ammonium bicarbonate. After
repeated washes with 50% acetonitrile in 50 mM ammonium
bicarbonate and a final 100% acetonitrile wash, the gel par-
ticles were again dried down in a vacuum centrifuge. Trypsin
digestion was performed overnight at 37° C. using porcine
trypsin as described above. The digested sample was then
sonicated and peptides extracted from the gel particles in 50%
acetonitrile containing 0.1% TFA. Sample preparation and
peptide mass fingerprinting was performed as described
above.

The PMF analysis of the in-solution digested urinary pro-
tein resulted in a highly significant match (p<0.05) to pros-
tatic kallikrein from dog (Accession no P09582). PSD analy-
sis of two peptides, m/z=1224.6 and m/z=1632.8, which were
also present in the in-gel digestion analysis of the 18 kDa
band, gave significant database matches to the amino acid
sequences FMLCAGVLEGK (SEQ ID NO: 2) and SHDLM-
LLHLEEPAK (SEQ ID NO: 3), corresponding to residues
194-204 and 117-130, respectively, of the same protein data-
base entry.

Corroborating results were obtained from analysis of the
in-gel digested protein bands as PMF of the 28 kDa band also
vielded a highly significant database match (p<0.05) to kal-
likrein from dog (P09582). Further evidence to the identity of
the isolated urinary protein came from the analysis of in-gel
digested samples of the 10 kDa band, PSD analysis of peptide
m/7z=1004.6 gave a highly significant (p<0.05) database
match with the amino acid sequence SFIHPLYK (SEQ ID
NO: 4), corresponding to residues 95-102 of P09582.
N-Terminal Amino Acid Sequencing

For N-terminal sequencing, the reduced 10 kDa and 18
kDa protein bands were excised separately from a SDS-
PAGE gel and extracted in 6 M guanidinium-HCI, 20 mM Tris
pH-H 8.0, 0.5 M NaCl, using a plastic rod for homogeniza-
tion. N-terminal sequence analysis of the extracted 10 kDa
and 18 kDa bands, performed using a Hewlett-Packard
G1000A instrument (Hewlett-Packard, Palo Alto, Calif.),
yielded the amino acid sequences [IGGREXLKN (SEQ ID
NO: 5) and AVIRPGEDRS (SEQ ID NO: 6), respectively,
which were found to match residues 25-34 and 108-117 in the
dog prostatic kallikrein precursor sequence of Accession no
P09582.

Taken together, the results described in this example dem-
onstrate that the major constituent of the purified dog urinary
protein, corresponding to the 10 and 18 kDa bands in reduc-
ing SDS-PAGE analysis, is identical to prostatic kallikrein
from dog. Further, the observations suggest that the 10 and 18
kDa polypeptides are formed by posttranslational cleavage of
a primary gene product and are held together by disulfide
bridges to form the 28 kDa protein seen under non-reducing
conditions, similar to what has previously been described for
human kallikrein (25).

Prostatic kallikrein is also known as arginine esterase and
carries that designation in database entries describing identi-
cal or nearly identical amino acid sequences, including
NP_ 001003284, CAA68720 and AAA30831. Further, we
note that another variant of kallikrein, expressed in renal,
pancreatic and salivary gland tissues, has been identified in
dog (Accession No CAAS53210) and shares 68% amino acid
identity with prostatic kallikrein.

EXAMPLE 3

Assessment of IgE Binding Activity of Kallikrein,
rCanfl, rCanf2 and rCanf3

In vitro IgE binding activity of the purified recombinant
and natural dog allergens were examined using Immuno-
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CAP® (Phadia, Uppsala, Sweden), an immunoassay system
used for specific IgE antibody measurement in clinical diag-
nosis of atopic allergy. Recombinant Can f 1 and Can {2 (5)
were cloned and expressed in E. coli essentially as described
(26). Dog albumin was purified from serum using anion
exchange chromatography and Blue Sepharose affinity chro-
matography, essentially as described (27). Experimental
ImmunoCAP tests were prepared and used for serum analysis
as described (26).

Sera from 37 dog allergic patients from Sweden (n=9),
Spain (n=23) and North America (n=4) were used in the
study. All patients had a positive skin prick test for dog dander
extract and a doctors’ diagnosis of dog allergy with symptoms
of asthma, rhinoconjunctivitis and/or urticaria. All of the sera
had a positive specific IgE test (ImmunoCAP) to dog dander
extract.

The levels of specific IgE to dog dander extract, rCan f 1,
rCan 2, nCan {3 and purified kallikrein are shown in Table
2 and a summary of the results is shown in Table 3. Of the
tested sera, 29 showed IgE reactivity to kallikrein and 18 to
rCan f 1. Both rCan f 2 and nCan f 3 appeared as minor
allergens among the subjects studied, binding IgE from only
8 and 6 of 37, respectively. Fourteen of the 37 sera (38%)
reacted only to kallikrein. On average among the kallikrein-
reactive sera, the level of IgE binding to kallikrein amounted
to 64% of the IgE binding to dog dander. The corresponding
relative levels of IgE binding to rCan f'1, rCan 2 and nCan f
3 were 45%, 25% and 47%, respectively, among sera specifi-
cally reactive to those allergens. Only two of the 37 sera tested
lacked IgE reactivity to all of the four dog allergens. The IgE
binding to kallikrein showed no correlation to any of the other
dog allergens, demonstrating that the immune response to
kallikrein is an independent variable and not a result of cross
reactivity to Can f 1, Can 2 or Can f 3.

The results obtained clearly demonstrated that prostatic
kallikrein from dog is a major and unique allergen among the
dog allergic subjects studied here. By both prevalence and
magnitude of IgE binding, kallikrein was found to be the most
important dog allergen so far described and among the sub-
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the other allergens tested.

EXAMPLE 4

Demonstration of Kallikrein-Specific IgE Antibody
Binding Activity in Dog Dander Extract

An IgE inhibition experiment was performed to examine
whether dog dander contains epitopes capable of binding
kallikrein-reactive IgE antibodies. Serum samples from three
dog sensitized subjects (A-C) with IgE reactivity to kallikrein
were first incubated for 2 h at room temperature with purified
kallikrein at a final concentration of 100 pg/mlL and, in par-
allel as negative controls, with serum diluent or the non-
allergenic maltose binding protein (MBP) of E. coli. All
samples were then analysed in duplicate for IgE binding to
ImmunoCARP tests carrying immobilized dog dander extract
to study whether preincubation with kallikrein specifically
would prevent IgE binding to dander protein attached to the
solid phase. As a control for specificity of kallikrein as inhibi-
tor, a serum from a subject (D) sensitized to Can f 1 and Can
£2, but not to kallikrein, was included alongside the other sera
in the experiment.

The results of the inhibition experiment are shown in FIG.
4. Kallikrein purified from dog urine was found to completely
inhibit the IgE binding to dog dander of two (A and B) of the
three kallikrein-reactive sera and partly the binding of the
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third serum (C), which was known to be reactive also to other
dog allergens. The negative control protein, MBP, showed no
significant inhibitory effect as compared to serum diluent. In
addition, no inhibition by kallikrein was observed on IgE
binding of the Can f 1- and Can f 2-reactive serum (D).

The results demonstrated that epitope structures capable of
binding kallikrein-reactive IgE antibodies are present in dog
dander and, hence, are not confined to urine.

EXAMPLE 5

Assessment of IgE Binding to a Kallikrein-Like 28
kDa Protein from Dog Dander Extract Using
Immunoblot Analysis

With the aim to identify a protein present in dog dander to
which the observed kallikrein-like allergen activity may be
attributed, 37 sera with known levels of kallikrein-reactive
IgE were used in an immunoblot experiment. Immunoblot
analysis was performed on non-reduced dog dander extract
separated by SDS-PAGE (12.5% Excel 2-D gel, GE Health-
care Biosciences) and electroblotted onto nitrocellulose
membrane (Hybond ECL, GE Healthcare Biosciences). Pro-
tein blots were blocked for 1 h at room temperature using
blocking buffer (50 mM phosphate pH 7.4, 0.1% (v/v)
Tween-20, 0.9% (w/v) NaCl, 0.3% w/v) Dextran T10) and
then incubated overnight with each patient’s serum, diluted
1.5-t0 20-fold in blocking buffer. The dilution factor for each
serum is indicated in brackets at the top of its corresponding
membrane strip in FIG. 5. After washing in blocking buffer
with 0.5% (v/v) Tween-20, the membrane was incubated 4 hrs
at room temperature with an '*I-labelled anti-human IgE
antibody in blocking buffer and bound IgE was then radio-
graphically detected using a storage phosphor screen and a
Variable Mode Imager, Typhoon 9410 (GE Healthcare Bio-
sciences).

The results of the experiment are shown in FIG. 5a-b. Of
the 37 sera used, 30 showed IgE binding to a 28 kDa protein
while 21 showed IgE binding to a 23 kDa band, correspond-
ing to Can f'1 and/or possibly Can f 2. Immunoblotting signal
intensities were quantified using the Phoretix 1D software
(Nonlinear Dynamics Ltd, Newcastle upon Tyne, UK). The
level of IgE reactivity in each serum to individual bands was
calculated by multiplying the signal intensity with the serum
dilution factor. FIG. 6 shows a comparison of the level of IgE
binding to the 28 kDa band in immunoblot analysis and the
kallikrein ImmunoCAP measurements described in Example
3 above, revealing a close correlation.

In order to directly examine the relationship between uri-
nary kallikrein and the 28 kDa band in dog dander, an immu-
noblot inhibition experiment was performed. A serum mono-
reactive to the 28 kDa band was preincubated 2 hrs at room
temperature with either purified urinary kallikrein or rCan f1,
both at a final concentration of 100 pg/mL, or with serum
diluent. Membrane strips carrying immunoblottted non-re-
duced dog dander extract were then subjected to the preincu-
bated serum samples and IgE binding was analysed as
described above. The experiment revealed that IgE binding to
the 28 kDa band in dog dander was completely abolished by
serum preincubation with kallikrein whereas it remained
unaffected by preincubation with both rCan f 1 and buffer
alone (FIG. 7).

Taken together, the results described in this example dem-
onstrated the presence in dog dander extract of a protein
displaying close electrophoretic and immunological similar-
ity to urinary kallikrein.
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EXAMPLE 6

Partial Purification and Identification of Kallikrein in
Dog Dander

The kallikrein-like protein from dog dander was purified
by SEC and RPC for biochemical identification. Three grams
of dog dander (Allergon, Valinge, Sweden) was extracted in a
100 mL of MBS by end-over-end rotation for 3 hrs at room
temperature. After centrifugation at 20,000xg and concentra-
tion using an Amicon filter (PM-10, Millipore, Billerica,
Mass., USA), the extract was applied to an XK50/100 Super-
dex 75 column (GE Healthcare Biosciences) and eluted using
MBS (FIG. 8). Fractions from six peaks (indicated 1-6 in FIG.
8) were pooled and analysed for allergen activity. The protein
content of each fraction was immobilized on ImmunoCAP
(Phadia, Uppsala, Sweden) solid phase and its IgE antibody
binding activity tested using eight sera from dog dander sen-
sitized individuals, as indicated in Table 4. Most of these sera
were selected as having high IgE binding to dog dander
extract but relatively low binding to either of rCan f 1, rCan
2 and nCan f3. From Table 4 it is evident that peak 3 from the
SEC separation contained the highest level of IgE binding
activity of the six peaks tested. This pool was selected for
further purification.

After adding TFA to a final concentration of 0.065%, the
pool was applied to a ST4.6/100 Source 15 RPC column (GE
Healthcare Biosciences) and elution was performed using a
linear, 0-54% gradient of acetonitril in water containing
0.05% TFA (FIG. 8). Analysis of allergen reactivity of the
three peaks indicated in FIG. 9 was performed using five sera,
selected by the criteria described above, The results of the
analysis (Table 5) clearly showed that peak 1 contained the
highest level of IgE antibody binding. Reducing SDS-PAGE
analysis of this peak revealed the presence of 10kDa, 18 kDa
and 23 kDa protein bands (not shown).

The three band present in peak 1 were excised from the gel
and subjected to in-gel digestion and mass spectrometric
analysis as described in Example 2 above. While the 23 kDa
band was identified as Can f 1, both the 10 kDa and 18 kDa
bands were identified as dog prostatic kallikrein (Accession
no P09582) after PSD analysis of selected peptides
m/z=1004.52 and m/z=1632.98, respectively.

Further, the two 10kDa and 18 kDa bands were eluted from
excised gel bands and subjected to N-terminal amino acid
sequencing. The resulting sequences, XIGGREXLKN (SEQ
ID NO: 7) and AVXRPGEDRx (SEQ ID NO: 8). where “x”
represents unresolved residues, matched residues 25-34 and
108-117 of the canine prostatic kallikrein precursor
sequence. Accession no P09582.

The results described in this example demonstrated that a
protein with a primary structure identical or closely related to
prostatic kallikrein is present in dog dander.

EXAMPLE 7

Similar IgE Antibody Reactivity to Kallikrein from
Dog Dander and Urine

To compare the IgE antibody binding activity of kallikrein
from dog urine and dander, two kallikrein-reactive sera (sera
no 6 and 8 from Table 2) and one kallikrein non-reactive
serum (no 11) were used in immunoblot analysis of non-
reduced samples of dog dander extract, purified urinary kal-
likrein and partially purified kallikrein from dog dander (FIG.
10). The two kallikrein-reactive sera displayed IgE binding to
a 28 kDa band in all three preparations. indicating that IgE



US 9,274,114 B2

11

binding at 28 kDa in dog dander extract is due to kallikrein. In
addition, it was evident that the dominant reactivity to the 28
kDa band in purified urinary kallikrein coincided with the
Coomassie stained protein bands ofthe same preparation. IgE
binding to a band of about 55 kDa in the non-reduced kal-
likrein preparations is consistent with the notion in Example
1 above, of a putative dimer of kallikrein. The serum that was
kallikrein non-reactive according to ImmunoCAP showed no
IgE binding to the 28 kDa band in any of the three allergen
preparations analysed.

The immunoblotting reactivity to reduced kallikrein-con-
taining samples was considerably weaker than to non-re-
duced samples. Only the purified urinary kallikrein prepara-
tion, which had a higher kallikrein concentration than the
other preparations analysed, gave rise to detectable IgE bind-
ing to the 18 kDa band formed upon reduction.

The observation that the immune reactivity to purified uri-
nary kallikrein in immunoblot analysis was directed against
the major protein band at 28 kDa served to support the validity
of the experimental kallikrein ImmunoCAP test, in that its
IgE binding was not caused a contaminant of the protein
preparation used. The results further show that at least some
IgE binding epitopes on kallikrein are sensitive to reduction
of the molecule, as indicated by the weaker antibody binding
to the 10 kDa and 18 kDa subunits, as compared to the 28 kDa
unreduced molecule.

EXAMPLE 8

Assessment of IgE-Binding Properties of a Modified
Kallikrein or a Variant or Fragment of Kallikrein
(Analyte)

The analyte is immobilized to a solid support, such as
ImmunoCAP (Phadia, Uppsala, Sweden). Serum samples
from at least three representative human patients sensitized to
the relevant species and showing IgE reactivity to kallikrein
from that species are incubated for 3 h at room temperature
with kallikrein at a final concentration of 100 pg/mL and, in
parallel as negative controls, with buffer alone and the non-
allergenic maltose binding protein (MBP) of E. coli. The
samples are then analysed for IgE binding to ImmunoCAP
(Phadia, Uppsala, Sweden) tests carrying immobilized ana-
lyte to study whether preincubation with kallikrein specifi-
cally inhibits or significantly lowers IgE binding.

EXAMPLE 9

Purification of Kallikrein from Dog Urine by
Hydrophobic Interaction Chromatography (HIC)

A pooled sample of dog urine was filtered through a 5 pm
and a 0.45 um filter under nitrogen pressure. All chromato-
graphic operations were performed with an AKTA Explorer
100 Air system (GE Healthcare Biosciences, Uppsala, Swe-
den). Four aliquots of 120 ml filtered dog urine was buffer
exchanged using a Sephadex G-25 column (GE Healthcare
Biosciences, Uppsala, Sweden) (column volume 461 ml),
with cleaning of the column after each run. Buffer used: 50
mM Na-phosphate, 1 M (NH,),30,, 0.02% NaN,, pH=7.
The sample (about 505 ml) was then filtered through a 0.45 m
filter and applied to the HIC column (HiPrep Phenyl FF (high
sub), 20 ml, GE Healthcare Biosciences, Uppsala, Sweden).
Buffers used for HIC separation were: A) 50 mM Na-phos-
phate, 1 M (NH,),SO,, 0.02% NaN;, pH=7, and B) 50 mM
Na-phosphate, 0.02% NaN,, pH=7. The flow through frac-
tion (containing kallikrein) was collected in 10 ml fractions
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(Frac 950) at a flow rate of 5 ml/min and the flow through
fractions were then pooled. The adsorbed material was eluted
in a step gradient using 100% buffer B.

The fractions were analyzed using a BCA (bicinchoninic
acid) assay, as well as SDS-PAGE (non reduced samples,
silver staining). SDS-PAGE under non-reducing conditions
revealed that kallikrein was found in the flow-through frac-
tions which thus were pooled for further processing.

Two aliquots of about 125 ml and one aliquot of about 87
ml of the pooled HIC flow through fractions were buffer
exchanged with a Sephadex G-25 SF column (GE Healthcare
Biosciences, Uppsala, Sweden) to a buffer with the compo-
sition 20 mM Na-phosphate, 0.02% NaN;, pH=8. The kal-
likrein-pool (456 ml) was then concentrated on an Amicon
cell (350 ml, Millipore filter, PBCC, cutoff 5000 kDa, diam-
eter 76 mm) to avolume of about 43 ml. Using BCA assay, the
protein concentration in the final pool was determined to be
0.9 mg/ml (in 43 ml=totally 38.7 mg) The sample applied to
the HIC-column contained 101 mg protein which yielded a
recovery of 38% of kallikrein after the HIC purification.

The purity of the kallikrein preparation was assessed by
analytical gel filtration ona Superdex 75 HR 10/30 column in
an AKTA purifier XT10 system. For this experiment the
sample volume was 100 pl and the buffer was 10 mM Na-
phosphate, 150 mM NaCl, 0.02% NaN,, pH=7.4.

EXAMPLE 10

Identification and Characterization of Kallikrein
from Dog Urine by the Use of Electrophoresis and
Mass Spectrometry

Using electrophoresis the following samples were com-
pared on the same gel, applying colloidal coomassie brilliant
blue (CBB) staining;

1. A standard molecular weight marker

2. Dog urine

3. HIC-eluted material (reduced)

4. HIC flow-through fraction (reduced)

5. HIC flow-through fraction (non-reduced)
6. HIC-eluted material (non-reduced)

For samples 2, 3 and 6, a large number of proteins were
detected. However, in sample 4 (reduced HIC flow-through
fraction), only two main bands could be seen. These two
bands were later, by the use of MALDI-TOF(-TOF) analysis
(see below), found to correspond to two different variants of
the kallikrein protein (as a result of proteolysis at R107, due
to arginin-esterase activity). In sample 5 (non-reduced HIC
flow-through fraction), seven distinct bands were detected
and all bands were found to correspond to different variants of
the kallikrein protein by the use of MALDI-TOF(-TOF)
analysis (see below). Kallikrein comprises 12 cystein-resi-
dues, therefore the formation of different variants is possible
under non-reducing conditions due to formation of cystein-
cystein bridges. Thus, the formation of for example dimers,
trimers etc is likely to happen under non-reducing conditions.

SDS-PAGE conditions, trypsin digestion and MALDI-
TOF-TOF analysis:

Diluted samples were prepared using a SDS-PAGE cleanup
kit according to the procedure recommended in the manual
from the supplier (GE Healthcare, Uppsala, Sweden). The
gels were run in a MES buffer at 200 V for 35 minutes.
Reduced and non-reduced samples were run in separate
aggregates. Staining was done overnight with colloidal CBB
(de-staining was later done using water immersion for about
5hours). Samples were manually picked from the gel using a
pipette tip, and treated according to a standard protocol (using
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ethanol instead of acetonitrile), incubated with 12.5 ng/ul
trypsin over night at 37° degrees Celsius. 0.5 ul of the digested
samples was applied on the target plate for the MALDI sys-
tem and mixed with 0.5 pl MALDI matrix solution (saturated
solution of HCCA in 50% acetonitril, 0.1% TFA). All
samples were analyzed, using a MALDI-TOF-TOF (Bruker
Daltonics, Bremen, Germany ) mass spectrometer. To identify
proteins matching PMF results obtained, the MSDB database
was searched using a Mascot server (Matrixscience, London,
UK). MS-MS analysis was performed on selected peptides.
External calibration was performed using a peptide calibra-
tion standard (Bruker Daltonics). Database searches were run
using the following search criteria:
Taxonomy: mammalia
Mass tolerance: 100 ppm

Allowing for oxidized methionines and 1 missed cleavage.
Kallikrein Sequence from the Database:

(SEQ ID NO: 1)
MWFLALCLAMSLGWTGAEPHFQPRI IGGRECLKNSQPWQOVAVYHNGEFAC

GGVLVNPEWVLTAAHCANSNCEVWLGRHNLSESEDEGQLVQVRK
SFIHPLYKTKVPRAVIRPGEDRSHDLMLLHLEEPAKT TKAVRVM
DLPKKEPPLGSTCYVSGWGSTDPET IFHPGSLQCVDLKLLSNNQCAKVYT
OKVTKFMLCAGVLEGKKDTCKGDSGGPLICDGELVGITSWGATP

CGKPQMPSLYTRVMPHLMW IKDTMKANT

(Peptide sequences identified by MALDI-TOF (/TOF) MS
(/MS) in bold italic.)

EXAMPLE 11

Cloning, Purification and Assessment of the IgE
Binding Activity of Recombinant Dog Kallikrein
Expressed in Pichia pastoris

In order to verify the identification and importance of uri-
nary kallikrein as a dog allergen, the protein was produced as
a recombinant allergen using Pichia pastoris as expression
host, purified and analysed for IgE antibody binding activity.
Preparation of Synthetic Gene Construct Encoding Dog Uri-
nary Kallikrein

A synthetic dog urinary kallikrein gene was designed by
back-translating into nucleotide sequence the part of the
reported amino acid sequence of dog prostatic arginine
esterase (urinary kallikrein, Acc. No. P09582) corresponding
to the mature protein. The nucleotide sequence was designed
for optimal codon usage and synonymously adjusted to mini-
mize secondary structures and eliminate or add restriction
enzyme sites as desired. Oligonucleotides corresponding to
the final coding sequence were obtained and assembled, and
the full-length synthetic gene amplified by PCR and cloned
into the Xhol and Sall sites of vector pPICZ A (Invitrogen,
Carlsbad, Calif., USA), adding a C-terminal hexahistidine tag
to enable protein purification by immobilised metal ion affin-
ity chromatography (IMAC). The plasmid DNA construct
was linearized by Sac I digestion and transformed into P,
pastoris strain X-33 for homologous recombination into the
chromosomal AOX1 locus.

Expression and Purification of Recombinant Dog Kal-
likrein-2

The recombinant protein was produced in Pichia pastoris
strain X-33 (Invitrogen) using a 7 L bioreactor (Belach
Bioteknik, Solna, Sweden). A rich broth medium (20 g/L
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peptone, 10 g/ yeast extract, 3.4 g/ yeast nitrogen base, 10
2/L. ammonium sulfate, 0.4 mg/L biotin and 0.1 M potassium
phosphate) was used and the cultivation carried out at 30° C.
Expression was induced and maintained by feeding methanol
to the culture to a steady-state concentration of 0.1% (v/v).
After 70 hrs of fermentation, the culture was harvested by
centrifugation at 10 000 g for 10 min at +4° C. and the
supernatant recovered for protein purification.

The supernatant was conditioned for purification by adding
imidazole to 5 mM and NaCl to 0.15 M and adjusting the pH
to 7.2 using Tris base (s) before applying it to a Streamline 25
chelating column (GE Healthcare Biosciences), charged with
NiSO, according to the manufacturer’s recommendation.
After loading, the column was washed in separate steps with
20 mM and 60 mM imidazole and the recombinant protein
was then eluted with 500 mM imidazole, all in a buffer com-
posed of 20 mM Tris-HCI pH 8.0 and 0.15 M NaCl.

Further purification of the recombinant protein was per-
formed using cation exchange chromatography. IMAC frac-
tions containing recombinant kallikrein were identified by
SDS-PAGE, pooled and diluted with 2 volumes of 20 mM
MES pH 6.0. After adjusting pH to 6.0, the diluted pool was
applied to an XK26/100 SP Sepharose FF column (GE
Healthcare Biosciences). The column was then washed with
2 column volumes of 0.15 M NaCl in 20 mM MES pH 6.0 and
the recombinant protein eluted with 0.30 M NaCl in the same
buffer. The protein concentration was determined from absor-
bance at 280 nm, using a calculated extinction coefficient of
1.46 per mg/mL.

Although the synthetic kallikrein gene construct was
designed to direct the production of a single polypeptide
chain, the protein purified from the culture medium was
foundto haveundergone a partial cleavage into 18 kDa and 12
kDa chains (FIG. 11), similar to the processing of natural
urinary kallikrein. Indeed, N-terminal sequencing revealed
that the recombinant kallikrein had been cleaved at the same
position as the natural molecule (data not shown).

To assess the aggregation state and integrity of the recom-
binant protein under physiological conditions, a sample of the
preparation was subjected to analytical size exclusion chro-
matography. As shown in FIG. 12, the chromatogram was
dominated by a single symmetrical peak, corresponding to a
molecular weight of kDa as defined by the LMW Calibration
Kit (GE Healthcare Biosciences). The analysis demonstrated
that the recombinant protein, despite its partial processing,
was held together in solution and existed in a homogeneous,
most likely monomeric, aggregation state.

IgE Binding Activity of Recombinant Kallikrein

The immunological activity of the recombinant kallikrein
produced was assessed in comparison to the natural protein
purified from dog urine. The two proteins were immobilised
separately on ImmunoCAP® solid phase and their in vitro
IgE binding capacity was examined using the 37 serum
samples from dog allergic subjects described in Example 3
above.

As can be seen in FIG. 13, the two datasets showed a very
strong correlation (r=0.9988), demonstrating that the recom-
binant kallikrein produced closely resembled natural urinary
kallikrein with respect to IgE antibody binding. Drawing
from the complete absence of any other dog-derived protein
in the recombinant protein preparation, it can be further noted
that the results eliminate any possible doubt as to the identity
of the active component of the natural kallikrein preparations
described in the previous examples.

REFERENCES

1. Custovic A, Green R, Taggart S C O, Smith A, Pickering C
A C, Chapman M D et al. Domestic allergens in public



US 9,274,114 B2

15

places IT: dog (Can 1) and cockroach (Blag 2) allergens in
dust and mite, cat, dog and cockroach allergens in the air in
public buildings. Clinical & Experimental Allergy 1996;
26:1246-1252.

2. Spitzauer S, Schweiger C, Anrather J, Ebner C, Scheiner O,
Kraft D et al. Characterisation of dog allergens by means of
immunoblotting. International Archives of Allergy and
Immunology 1993; 100:60-67.

3. Spitzauer S. Allergy to mammalian proteins: At the bor-
derline between foreign and self?[Review]. International
Archives of Allergy and Immunology 1999; 120:259-269.

4. de Groot H, Goei K G H, van Swieten P, Aalberse R C.
Affinity purification of a major and a minor allergen from
dog extract: serologic activity of affinity-purified Can {1
and of Can f I-depleted extract. Journal of Allergy and
Clinical Immunology 1991; 87:1056-1065.

5. Konieczny A, Morgenstern ] P, Bizinkauskas C B, Lilley C
H, Braver A W, Bond J F et al. The major dog allergens,
Can {1 and Can {2, aresalivary lipocalin proteins: cloning
and immunological characterization of the recombinant
forms. Immunology 1997; 92:577-586.

6. Boutin Y, Hebert H, Vrancken E R, Mourad W. Allergenic-
ity and cross-reactivity of cat and dog allergenic extracts.
Clinical Allergy 1988; 18:287-293.

7. Saarelainen S, Taivainen A, Rytkonen-Nissinen M, Auriola
S, Immonen A, Mantyjarvi R et al. Assessment of recom-
binant dog allergens Can f 1 and Can f 2 for the diagnosis
of dog allergy. Clinical & Experimental Allergy 2004;
34:1576-1582.

8. Cabanas R, Lopez-Serrano M C, Carreira J, Ventas P, Polo
E Caballero M T et al. Importance of albumin in cross-
reactivity among cat, dog and horse allergens. Journal of
Investigational Allergology & Clinical Immunology 2000;
10:71-77.

9. Bayard C, Holmquist L, Vesterberg O. Purification and
identification of allergenic alpha (2u)-globulin species of
rat urine. Biochim Biophys Acta 1996; 1290:129-134.

10. Ohman J L. Allergy in man caused by exposure to mam-
mals. ] Am Vet Med Assoc 1978; 172:1403-1406.

11. Schumacher M J. Characterization of allergens from urine
and pelts of laboratory mice. Mol Immunol 1980; 17:1087-
1095.

12. Siraganian R P, Sandberg A L. Characterization of mouse
allergens. Journal of Allergy and Clinical Immunology
1979; 63:435-442.

13. Taylor A N, Longbottom ] L, Pepys J. Respiratory allergy
to urine proteins of rats and mice. Lancet 1977, 2:847-849.

14. Hoffman D R. Dog and cat allergens: urinary proteins or
dander proteins? Annals of Allergy 1980; 45:205-206.

15. Hiller R, Laffer S, Harwanegg C, Huber M, Schmidt W M,
Twardosz A et al. Microarrayed allergen molecules: diag-
nostic gatekeepers for allergy treatment. FASEB Journal
2002; 16:414-416.

16. Valenta R, Lidholm I, Niederberger V, Hayek B, Kraft D,
Gronlund H. The recombinant allergen-based concept of
component-resolved diagnostics and immunotherapy
(CRD and CRIT). Clinical & Experimental Allergy 1999;
29:896-904.

17. Cromwell O, Fiebig H, Suck R, Kahlert H, Nandy A,
Kettner J et al. Strategies for recombinant allergen vaccines
and fruitful results from first clinical studies. Immunol
Allergy Clin North Am 2006; 26:261-281, vii.

18. Gafvelin G, Thunberg S, Kronqvist M, Gronlund H,
Gronneberg R, Troye-Blomberg M et al. Cytokine and
antibody responses in birch-pollen-allergic patients treated
with genetically modified derivatives of the major birch

20

25

30

40

45

55

60

65

16
pollen allergen Bet v 1. International Archives of Allergy
and Immunology 2005; 138:59-66.

19. Jutel M, Jaeger L, Suck R, Meyer H, Fiebig H, Cromwell
O. Allergen-specific immunotherapy with recombinant
grass pollen allergens. Journal of Allergy and Clinical
Immunology 2005; 116:608-613.

20. MahlerV, Vrtala S, Kuss O, Diepgen T L, Suck R, Crom-
well O et al. Vaccines for birch pollen allergy based on
genetically engineered hypoallergenic derivatives of the
major birch pollen allergen, Bet v 1. Clinical & Experi-
mental Allergy 2004; 34:115-122.

21. Weidinger S, Mayerhofer A, Raemsch R, Ring I, Kohn F
M. Prostate-specific antigen as allergen in human seminal
plasma allergy. Journal of Allergy and Clinical Immunol-
ogy 2006; 117:213-215.

22. Demoly P, Lebel B, Arnoux B. Allergen-induced mediator
release tests. Allergy 2003; 58:553-558.

23. Ebo D G, Hagendorens M M, Bridts C H, Schuerwegh A
J, De Clerck L S, Stevens W . In vitro allergy diagnosis:
should we follow the flow?[Review]. Clinical & Experi-
mental Allergy 2004; 34:332-339.

24. Shevchenko A, Wilm M, Vorm O, Mann M. Mass spec-
trometric sequencing of proteins silver-stained polyacry-
lamide gels. Anal Biochem 1996; 68:850-858.

25. Frenette G, Deperthes D, Tremblay R R, Lazure C, Dube
1'Y. Purification of enzymatically active kallikrein hK2
from human seminal plasma. Biochim Biophys Acta 1997,
1334:109-115.

26. Marknell DeWitt A, Niederberger V, Lehtonen P,
Spitzauer S, Sperr W R, Valent P et al. Molecular and
immunological characterization of a novel timothy grass
(Phleum pratense) pollen allergen, Phl p 11. Clinical &
Experimental Allergy 2002; 32:1329-1340.

27. van Eijk H M, Rooyakkers D R, van Acker B A, Soeters P
B, Deutz N E. Automated isolation of high-purity plasma
albumin for isotope ratio measurements. J Chromatogr B
Biomed Sci App 1999; 731:199-205.

TABLE 1

Specific IgE binding activity of three size
exclusion chromatography peaks of dog urine

Peak no
Serum 1 2 3
A 0.72 75.87 neg
B 0.62 0.59 neg
C 1.32 14.71 0.35
D 1.32 14.47 neg
E 1.08 7.98 neg
F 0.81 6.38 neg
G 0.48 2.35 neg
H 0.54 1.83 neg

The protein content of pooled fractions of each peak was immobilized on immunoCAP solid
phase for analysis of IgE binding activity, using serum samples from 8 dog allergic subjects.
Values given are kU /L of specific IgE.

TABLE 2

Specific IgE analysis of sera from 37 dog allergic subjects

Serum dog dander rCanfl rCanf2 nCanf3 kallikrein
1 445 32.14 neg neg 0.73
2 27.1 9.60 4.36 neg 748
3 2.66 1.21 0.60 0.67 neg
4 1.89 neg neg neg 0.74
5 3.86 1.38 neg neg 1.60
6 >100 neg neg neg >100
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TABLE 2-continued

18
TABLE 3-continued

Specific IgE analysis of sera from 37 dog allergic subjects

Prevalence of specific IgE reactivity among 37 dog allergic subjects

Serum dogdander rCanfl rCanf2 nCanf3 kallikrein No. of test results
7 5.92 neg neg neg 5.88 dogdander rCanfl rCanf2 nCanf3 kallikrein
8 16 neg neg neg 24.98
9 5.2 neg neg neg neg >0.35 kU /L of 37 18 8 6 29
10 3.14 1.92 neg neg 0.89 specific IgE
1 2.9 0.84 neg neg neg 3.5 kU /L of 2 7 2 3 12
12 4.5 1.30 neg neg 1.53 10 specific IgE
13 1.9 neg neg neg 1.61
i;‘ j;é neg neg neg ;E; The data comprise a summary of the results shown in Table 2
2. neg neg neg .
16 1.64 neg neg neg 1.50
17 >100 11.04 2.21 28.20 0.72
18 2.2 neg neg neg 1.48 15 TABLE 4
19 438 1.78 1.19 neg 0.49
20 3.19 neg neg neg 1.88 Specific IgE binding activity of six size exclusion
21 9.86 neg neg neg 11.17 chromatography peaks of dog dander extract
22 3.43 1.19 neg neg neg
23 1.58 375 neg neg neg Peak no.
24 2.27 neg neg neg neg
25 1.57 neg 0.80 neg neg 20 Serum 1 2 3 4 5 6
26 10.8 neg neg 19.09 7.46
27 4.6 neg neg neg 3.05 a 110 1.50 4.11 0.70 0.63 0.61
28 34.8 neg neg 1.45 25.32 b 134 166 561 070 neg neg
29 239 1.06 neg neg 156 c 1.40 L.70 2.51 1.71 143 1.31
30 R85 neg neg neg 826 d 0.89 1.06 2.29 0.47 0.37 0.36
31 21.5 5.83 neg 8.76 1.34 25 ™ - o fraoth T o mived on A solid
e protein constant of top fractions of each peak was immobilized on immuno soli
32 3.17 neg neg feg 271 phase for analysis of [gE binding activity, using serum samples from 4 dog allergic subjects.
33 57.5 12.25 leg neg 81.53 Values given are kU /L of specific IgE.
34 8.07 2.32 neg neg neg
35 22.1 4.04 6.06 1.97 7.28
36 3.85 0.44 1.22 neg 0.66 TABLE 5
37 7.41 1.78 1.36 neg 5.00 30
Specific [gE was determined using immunoCAP tests carrying immobilized dog dander hSPECLﬁC Igl bmdlllljg aczi:ltyfodfﬂlrdee Tversed
extract, 1Can f'1, rCan £2, nCan f 3 and dog urinary kallikrein. Values given are kU /L of phase chromatography peaks of dog dander extract
specific IgE. Values below a cut-off of 0.35 kU /L are assigned as negative.
Peak no
TABLE 3 35 Serum 1 2 3
Prevalence of specific IgE reactivity among 37 dog allergic subjects g }451(833 (?67% gz%
d 477 0.60 0.42
No. of test results . 145 0.80 053
dogdander rCanfl rCanf2 nCanf3 kallikrein 40 f neg 0.4 104
: The protein content of top fractions of each peak was immobilized on immunoCAP solid
m ton,ll 37 37 37 37 37 phase for analysis of [gE binding activity, using serum samples from 5 dog allergic subjects.
negative 0 19 29 31 8 Values given are kU,/L of specific IgE.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 8
<210> SEQ ID NO 1
<211> LENGTH: 260
<212> TYPE: PRT
<213> ORGANISM: Canis familiaris
<400> SEQUENCE: 1
Met Trp Phe Leu Ala Leu Cys Leu Ala Met Ser Leu Gly Trp Thr Gly
1 5 10 15
Ala Glu Pro His Phe Gln Pro Arg Ile Ile Gly Gly Arg Glu Cys Leu
20 25 30
Lys Asn Ser Gln Pro Trp Gln Val Ala Val Tyr His Asn Gly Glu Phe
35 40 45
Ala Cys Gly Gly Val Leu Val Asn Pro Glu Trp Val Leu Thr Ala Ala
50 55 60
His Cys Ala Asn Ser Asn Cys Glu Val Trp Leu Gly Arg His ZAsn Leu
65 70 75 80
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-continued

20

Ser

Ile

Gly

Ala

Pro

145

Pro

Leu

Lys

Lys

Ile

225

Leu

Lys

Glu Ser Glu
His Pro Leu
100

Glu Asp Arg
115

Lys Ile Thr
130

Pro Leu Gly

Glu Thr Ile

Leu Ser Asn

180

Phe Met Leu
195

Gly Asp Ser
210

Thr Ser Trp

Tyr Thr Arg

Ala Asn Thr
260

<210> SEQ ID NO
<211l> LENGTH: 11
<212> TYPE: PRT
<213> ORGANISM:
<220> FEATURE:
<221> NAME/KEY:
<222> LOCATION:
<220> FEATURE:
<221> NAME/KEY:
<222> LOCATION:

<400> SEQUENCE:

Asp Glu Gly
85

Tyr Lys Thr

Ser His Asp

Lys Ala Val

135

Ser Thr Cys
150

Phe His Pro
165

Asn Gln Cys

Cys Ala Gly

Gly Gly Pro

215

Gly Ala Thr
230

Val Met Pro
245

2

Canis familiaris

NON_TER
(1) .. (1)

NON_TER
(11)..{(11)

2

Gln

Lys

Leu

120

Arg

Tyr

Gly

Ala

Val

200

Leu

Pro

His

Leu

Val

105

Met

Val

Val

Ser

Lys

185

Leu

Ile

Cys

Leu

Val

20

Pro

Leu

Met

Ser

Leu

170

Val

Glu

Cys

Gly

Met
250

Gln

Arg

Leu

Asp

Gly

155

Gln

Tyr

Gly

Asp

Lys

235

Trp

Phe Met Leu Cys Ala Gly Val Leu Glu Gly Lys

1

<210> SEQ ID NO
<211> LENGTH: 14
<212> TYPE: PRT

<213>

<220> FEATURE:
<221> NAME/KEY:
<222> LOCATION:
<220> FEATURE:
<221> NAME/KEY:
<222> LOCATION:

<400> SEQUENCE:

5

3

NON_TER
(1) .. (1)

NON_TER
(14)..(14)

ORGANISM: Canis familiaris

10

Val

Ala

His

Leu

140

Trp

Cys

Thr

Lys

Gly

220

Pro

Ile

Arg

Val

Leu

125

Pro

Gly

Val

Gln

Lys

205

Glu

Gln

Lys

Lys

Ile

110

Glu

Lys

Ser

Asp

Lys

190

Asp

Leu

Met

Asp

Ser His Asp Leu Met Leu Leu His Leu Glu Glu Pro Ala Lys

1

<210> SEQ ID NO
<211> LENGTH: 8
<212> TYPE: PRT

<213>

«<220> FEATURE:
<221> NAME/KEY:
«222> LOCATION:

5

4

NON_TER
(1) .. (1)

ORGANISM: Canis familiaris

10

Ser

95

Arg

Glu

Lys

Thr

Leu

175

Val

Thr

val

Pro

Thr
255

Phe

Pro

Pro

Glu

Asp

160

Lys

Thr

Cys

Gly

Ser

240

Met
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-continued

22

<220> FEATURE:
<221> NAME/KEY: NON_TER
<222> LOCATION: (8)..(8)

<400> SEQUENCE: 4

Ser Phe Ile His Pro Leu Tyr Lys
1 5

<210> SEQ ID NO 5

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Canis familiaris
<220> FEATURE:

<221> NAME/KEY: NON TER

<222> LOCATION: (1)..(1)

<220> FEATURE:

<221> NAME/KEY: UNSURE

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Unresolved residue
<220> FEATURE:

<221> NAME/KEY: NON_TER

<222> LOCATION: (10)..(10)

<400> SEQUENCE: 5

Ile Ile Gly Gly Arg Glu Xaa Leu Lys Asn
1 5 10

<210> SEQ ID NO 6

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Canis familiaris
<220> FEATURE:

<221> NAME/KEY: NON TER

«222> LOCATION: (1)..(1)

<220> FEATURE:

<221> NAME/KEY: NON TER

«222> LOCATION: (10)..(10)

<400> SEQUENCE: 6

Ala Val Ile Arg Pro Gly Glu Asp Arg Ser
1 5 10

<210> SEQ ID NO 7

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Canis familiaris

<220> FEATURE:

<221> NAME/KEY: NON_TER

«222> LOCATION: (1)..(1)

<220> FEATURE:

<221> NAME/KEY: UNSURE

«222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: Unresolved residue
<220> FEATURE:

<221> NAME/KEY: UNSURE

«222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: Unresolved residue
<220> FEATURE:

<221> NAME/KEY: NON_TER

<222> LOCATION: (10)..(10)

<400> SEQUENCE: 7

Xaa Ile Gly Gly Arg Glu Xaa Leu Lys Asn
1 5 10

<210> SEQ ID NO 8

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Canis familiaris
<220> FEATURE:

«<221> NAME/KEY: NON_TER
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24

-continued

<222>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>

LOCATION:
FEATURE:
NAME/KEY: UNSURE

LOCATION: (3)..(3)

OTHER INFORMATION: Unresolved residue
FEATURE:

NAME/KEY: UNSURE

LOCATION: (10)..(10)

OTHER INFORMATION: Unresolved residue
FEATURE:
NAME/KEY :
LOCATION:

(1) .. (1)

NON_TER
(10)..(10)
<400> SEQUENCE: 8

Ala Val Xaa Arg Pro Gly Glu Asp Arg Xaa
1 5 10

What is claimed is:
1. A method for in vitro diagnosis of type I allergy com-
prising the steps
contacting an immunoglobulin-containing body fluid
sample from a patient suspected of having type I allergy
with a fragment of the mature protein, amino acids
25-260, of the polypeptide of SEQ ID NO: 1, immobi-
lized on a solid support, which fragment shares epitopes
for antibodies with the mature protein, amino acids
25-260, of the polypeptide of SEQ ID NO: 1; and

detecting the presence, in the sample, of IgE antibodies
specifically binding to said fragment,

wherein the presence of such IgE antibodies specifically

binding to said fragment is indicative of a type I allergy
in the patient.

2. The method according to claim 1, wherein the fragment
has at least 50 amino acid residues.

3. The method according to claim 1, wherein the fragment
has at least 75 amino acid residues.

4. The method according to claim 1, wherein the fragment
has at least 100 amino acid residues.

5. The method according to claim 1, wherein the fragment
has a sequence identity to the mature protein, amino acids
25-260, of the polypeptide of SEQ ID NO: 1 of at least 50%.

6. The method according to claim 1, wherein the fragment
has a sequence identity to the mature protein, amino acids
25-260, of the polypeptide of SEQ ID NO: 1 of at least 60%.

7. The method according to claim 1, wherein the fragment
has a sequence identity to the mature protein, amino acids
25-260, of the polypeptide of SEQ ID NO: 1 of at least 70%.
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8. The method according to claim 1, wherein the fragment
has a sequence identity to the mature protein, amino acids
25-260, of the polypeptide of SEQ ID NO: 1 of at least 80%.

9. The method according to claim 1, wherein the fragment
has a sequence identity to the mature protein, amino acids
25-260, of the polypeptide of SEQ ID NO: 1 of at least 90%.

10. The method according to claim 1, wherein the fragment
has a sequence identity to the mature protein, amino acids
25-260, of the polypeptide of SEQ ID NO: 1 of at least 95%.

11. The method according to claim 1, wherein the body
fluid sample is blood.

12. The method according to claim 1, wherein the body
fluid sample is serum.

13. The method according to claim 1, wherein the solid
support is an immunoassay device.

14. The method according to claim 1, wherein the solid
support is a microarray device.

15. The method according to claim 1, wherein the solid
support is a lateral flow assay device.

16. A diagnostic kit, comprising a fragment of the mature
protein, amino acids 25-260, of the polypeptide of SEQ 1D
NO: 1, immobilized on a solid support, which fragment
shares epitopes for antibodies with the mature protein, amino
acids 25-260, of the polypeptide of SEQ ID NO: 1.

17. The kitaccording to claim 16, wherein the solid support
is an immunoassay device.

18. The kitaccording to claim 16, wherein the solid support
is a microarray device.

19. The kitaccording to claim 16, wherein the solid support
is a lateral flow assay device.
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