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Abstract

Sensitization to cat is a common cause of allergic disease all
over the world. Symptoms range from mild rhinoconjuncti-
vitis to potentially life-threatening asthmatic exacerbations.
In vivo and in vitro diagnostics of cat allergy is currently
based on cat dander extract. As allergen extracts from natu-
ral sources are heterogeneous in composition, the allergen
content may vary. With the introduction of allergens pro-
duced by recombinant techniques, a large panel of recom-
binantallergenic molecules including the major catallergen,
recombinant Fel d 1, has become available for immunologi-
cal investigations, diagnosis and treatment. Studies have
shown that this single allergen, which belongs to the utero-
globin protein family, is at least as good as cat dander extract
in identifying cat-allergic patients. The introduction of re-
combinant Fel d 1-based tests into clinical practice will in-
crease our knowledge of this single allergen molecule as a
diagnostic tool and improve the selection for therapy of cat
allergy. Several different modes for allergen-specific immu-
notherapy of cat allergy based on Fel d 1 have been devel-
oped. These include Fel d 1 hypoallergens and allergen con-
structs where Fel d 1 is coupled to immunomodulatory
proteins or carriers. The approaches have been evaluated in
experimental in vitro and in vivo model systems with prom-
ising results. In addition, immunotherapy with Fel d 1 pep-

tides containing T-cell epitopes has been tested in clinical
trials. After initial problems with adverse reactions, more re-
cent data show that peptide immunotherapy modulates the
immune response to Fel d 1 and reduces early- and late-
phase effector reactions in cat-allergic patients.

Copyright © 2009 S. Karger AG, Basel

Introduction

Cat allergens are among the most important indoor
allergens and a common cause of IgE-mediated allergic
disease world-wide [1, 2]. The prevalence of cat sensitiza-
tion is 10-15% among adults [3-5]. The symptoms range
from rhinoconjunctivitis to potentially life-threatening
asthmatic exacerbations. Sensitization in childhood is a
predictor for subsequent rhinoconjunctivitis and asthma
[6, 7]. Studies have shown that sensitization to cat is a
strong risk factor for asthma [8, 9]. In order to prevent
respiratory allergic disease, early detection of sensitiza-
tion is useful.

Cat Allergens

Attempts to characterize the allergenic content of cat
dander and hair have so far indicated that less than 10
components may bind IgE [10, 11]. Of these, 5 are well
documented [12]. Beside the most important and potent
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Fig. 1. Ribbon representation of the 3-di-
mensional structure of Fel d 1 and the cav-
ity (white) within the protein. The protein
is displayed from 2 different orientations,
with a rotation of about 90° around the
vertical axis. The helices corresponding to
chains 2 and 1 are given in red and yellow,
respectively. From Kaiser et al. [35].

of the allergens, the secretoglobin Fel d 1 (originally
termed ‘Cat 1’) [13], cat dander also contains several
cross-reactive allergens of less impact. Despite being a
dominant protein in dander, the 67-kDa acidic protein
cat albumin, Fel d 2 [14-16], reacts with IgE from 20 to
35% of cat-sensitized subjects [17]. Among other allergens
found in dander is the evolutionary conserved cysteine
protease inhibitor allergen cystatin, Fel d 3, recognized
by at least 10% of patients [18], and the 20-kDa lipocalin
allergen, Fel d 4, which is reported for approximately 60%
of cat-allergic individuals, although typically with low
IgE levels [19]. The latest addition to the listed allergens
is the 400-kDa cat immunoglobulin A, Fel d 5, with IgE
antibodies reported in nearly 40% of patients [20]. Also
cat IgM, Fel d 6, has been suggested as an allergen; how-
ever, this 800- to 1,000-kDa antibody is less well docu-
mented [20]. The particular feature of these 2 allergens is
that the very dominant IgE-binding epitopes are local-
ized to the galactose-a-1,3-galactose carbohydrate struc-
ture on the heavy chain of these antibodies [21].

Biochemical Characterization of Fel d 1

Fel d 1, a protein with unknown function, is produced
by the skin and by salivary and lacrimal glands of the cat
[10,22-27]. Fel d 1 is transferred to the pelt by licking and
grooming [28, 29]. Dried saliva and dandruff are spread
from the cat hair as small airborne particles into the sur-
rounding environment, where they may cause sensitiza-
tion in susceptible individuals.

Over the years, Fel d 1 has been extensively character-
ized, both by biochemical and immunological methods
such as CD spectrum [30] and amino acid sequencing
[31], cloning [32], chrystallography [33-35], analysis of T-
cell epitope repertoires [36, 37], serological measurements
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of patients’ IgE antibodies [17, 38], as well as epitope map-
ping by monoclonal antibodies [39-41].

The acidic Fel d 1 glycoprotein [42] appears as 35-39
kDa by size exclusion chromatography [31], including 10-
20% complex N-linked tri-antennary carbohydrate struc-
ture [31, 42]. The molecular size of Fel d 1 suggests that it
forms tetramers consisting of two 18-kDa non-covalently
linked heterodimers [31, 42]. Each dimer contains 2 anti-
parallel polypeptides, one 70 amino acid residue and 8-
kDa chain 1 and one 10-kDa chain 2 [32, 43], where the
glycan moiety of the protein is located to chain 2. The 2
chains are covalently linked by 3 inter-chain disulphide
bonds [42]. The primary structures of Fel d 1 were de-
scribed in detail when cloned in 1991 [32]. The 2 polypep-
tide chains are co-expressed in both skin and salivary
glands, where a slightly shorter version (90 amino acids)
of chain 2 preferentially can be found in skin, whereas a
longer version (92 amino acids) is expressed in salivary
glands [44]. Truncations and several isoforms residing
both in chain 1 and chain 2 have been described [42, 44].

The first indication that Fel d 1 belongs to the utero-
globin protein family came from studies of sequence sim-
ilarities between chain 1 and other family members [45]
showing 30% sequence identity. However, the question
was not resolved. Because of the low sequence identity be-
tween chain 2 and other uteroglobins, a barely detect-
able 10-15% homology was identified. The structure of
Fel d 1 was solved in 2003 [33] (fig. 1). The structure re-
vealed an all-helical protein containing 8 helices. The 2
Fel d 1 polypeptides were very similar in structure, despite
only 10-15% sequence identity. Fel d 1 and orthologues of
the uteroglobin protein family, such as rabbit uteroglobin,
the human Clara cell protein, CC16, and the mouse an-
drogen-binding protein all include a cavity, which may
harbour small ligands [43, 46-48]. Recently, the quater-
nary structure of Fel d 1 was reported, highlighting 2 new
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structural aspects [34]. First, it was shown that the close
molecular interaction by the dimer formation causes a
profound alteration of the 2 pockets, creating a smaller
350-andalarger 750-A3 compartment. Thelatter is caused
by the dislocation of 2 amino acids from the inner lining
of the pocket to solvent exposure, thereby creating an en-
trance to the cavity. Secondly, 3 well-defined Ca?*-bind-
ing sites were identified in the Fel d 1 tetramer, a feature
also suggested by other uteroglobin structures.

Work by Chapman and Aalberse [49-52] in 1993-1994
aimed at defining B-cell epitopes on Fel d 1 using various
preparations of native Fel d 1, overlapping synthetic pep-
tides, monoclonal antibodies and patient sera. In a mi-
nority of patients tested, IgE binding was shown by 3 of
21 approximately 15-mer peptides; however, with typi-
cally low levels [51]. The result implicated the importance
of conformational epitopes on the intact molecule, which
isin line with other studies [53]. So far, information about
major IgE-binding sites of Fel d 1 is lacking. Several stud-
ies have attempted to identify dominant Fel d 1 T-cell
epitopes [36] in order to construct peptide-based vac-
cines [37, 54-56]. Counsell et al. [54] used T-cell lines
from 53 cat-allergic subjects and mapped the T-cell reac-
tivity to overlapping peptides spanning chain 1 and chain
2 of Fel d 1. T-cell reactivity was detected to peptides cor-
responding to the entire sequence of both chains but the
most frequent responses were mapped to chain 1. From
these data, 2 peptides containing major T-cell epitopes
could be identified consisting of amino acid residues 7-33
and 29-55, subsequently applied in clinical trials (see be-
low). The T-cell responses elicited by Fel d 1 peptides have
been shown to vary in terms of the cytokine profile be-
tween different patient groups and healthy non-allergic
subjects [56-58]. Differences in study populations, pep-
tides used for mapping and read-out systems for deter-
mining T-cell reactivity obviously complicate the inter-
pretation of T-cell epitope mapping data. However, taken
together, T-cell epitopes have been identified in almost all
parts of the Fel d 1 protein but most studies support that
they are predominantly localized on chain 1.

Fel d 1 in the Diagnosis of Cat Allergy

Current diagnostics of cat allergy using crude cat dan-
der extracts are well established. These extracts contain
a variety of allergenic and non-allergenic components
and may be difficult to standardize. As mentioned above,
characterization of cat dander extract has so far identi-
tied 6 allergenic molecules but the majority of patients,
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80-95%, have IgE antibodies directed against Fel d 1 [17,
22, 38]. The dominance of Fel d 1 is also emphasized by
the finding that more than 60% of all IgE antibodies in-
duced by cat dander are directed to this particular aller-
gen [23]. Cat allergy is unique among allergies to mam-
mals in that the major cat allergen, Fel d 1, is an uteroglo-
bin-like protein and not a lipocalin [33].

In the diagnosis of cat allergy, the possibility of replac-
ing cat dander extract with 1 single allergen, Fel d 1, has
been investigated. Ohman and Lowell [22] have in the
past studied the IgE antibody reactivity to cat allergens in
an allergic population. They reported that 65% of cat-al-
lergic patients were sensitized to cat allergen 1 (Fel d 1).
More recently, van Ree and colleagues [17] investigated
509 sera selected on the basis of a positive RAST to cat
dander extract. They found that more than 96% of the
sera were identified by a not fully refolded mix of the 2
Fel d 1 chains. The negative sera were in general low re-
sponders to cat extract. In addition, they demonstrated
that the IgE reactivity to Fel d 1 accounts for 88% of the
total IgE response to cat allergens. Ichikawa and col-
leagues [1] assessed the frequency of cat-specific IgE re-
sponses to cat dander extract and Fel d 1 among young
Japanese patients with asthma who completed a ques-
tionnaire on environmental exposure. A total of 161 Im-
munoCAP-positive sera were used to compare IgE anti-
bodies to cat dander with IgE to Fel d 1. The authors
found that 95% of positive sera (class =1) had Fel d 1-spe-
cific IgE. They concluded that Fel d 1 is an excellent
marker for cat sensitization.

We have recently evaluated antibody responses to a
properly folded recombinant Fel d 1 (rFel d 1) [38]. Sera
from 140 cat-allergic children and adults from Sweden
and Austria, suffering from asthma and/or rhinoconjunc-
tivitis, were tested for IgE and IgG4 antibodies to cat dan-
der extract and rFel d 1 by ImmunoCAP. rFel d 1 was co-
valently bound to the solid support (MIAB, Uppsala, Swe-
den). Positive IgE antibody responses to rFel d 1 were
observed in 95.6% (65 out of 68) of cat-allergic children
and in 94.4% (68 out of 72) of adults. Similarly, 64 children
and 71 adults were positive by cat dander extract Immu-
noCAP. When children from each country were analysed
separately or combined, we found that they displayed sig-
nificantly higher median IgE levels in both rFel d 1 and
cat dander extract compared with the group of 72 cat-al-
lergic adult patients (fig. 2). Furthermore, we observed
that the IgE levels in rFel d 1 among children with asthma
were significantly higher compared to children with rhi-
noconjunctivitis and adults with asthma (fig. 3). We also
analysed the concentration of naturally occurring IgG4
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Fig. 2. IgE responses to rFel d 1 in cat-allergic children from Swe-
den (n = 27) and Austria (n = 41) and adults from Sweden (n = 31)
and Austria (n = 41) analysed by ImmunoCAP System. The
hatched bar denotes the 0.35 kUA/I cut-off. From Grénlund et al.
[38], reprinted with permission from the publisher.

antibodies to rFel d 1. In contrast to IgE, no differences in
the IgG4 levels to rFel d 1 were detected between the chil-
dren and the adult patient groups. However, children with
asthma displayed higher IgG4 levels than the asthmatic
adults. Thus, a properly folded rFel d 1 is at least as sensi-
tive for in vitro diagnostics of cat allergy as current ex-
tract-based tests. Furthermore, increased Fel d 1-specific
IgE levels may be a potential risk factor for allergic asthma
in children. Fel d 1-based tests are now available and, to-
gether with the other cat allergens, they will improve di-
agnosis and selection of therapy for cat allergy.

Cross-Reactivity of Fel d 1

The association between cat and dog allergy has raised
the question whether this phenomenon is due to co-sensi-
tization to different allergenic molecules or whether cross-
reactivity with allergens present in cat and dog dander
may also play an important role. Results provide evidence
that cat and dog dander, besides Fel d 2/Can f 3 (albumin)
(15, 59, 60] and perhaps Fel d 4 (lipocalin) [19], contain
other cross-reactive antigens. Reininger et al. [61] have ex-
amined whether dog dander extract contains an allergen
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that cross-reacts with the major cat allergen, Fel d 1. Sera
from 36 allergic patients containing IgE antibodies to cat
and dog dander extracts were examined in quantitative
ImmunoCAP inhibition studies with rFel d 1. IgE immu-
noblot inhibition experiments were performed, and a spe-
cific rabbit antiserum was raised against rFel d 1 to search
for a cross-reactive allergen in dog dander extracts from
several different dog breeds. The authors found that in
25% of 36 Fel d 1-reactive cat-allergic patients, more than
50% inhibition of IgE reactivity to dog allergens was
achieved with recombinant Fel d 1. A Fel d 1 cross-reactive
20-kDa allergen was detected in dander extracts of sev-
eral different dog breeds. However, the clinical relevance
of this cross-sensitization needs to be confirmed. Never-
theless, the observation that more than 20% of cat- and
dog-allergic patients mount IgE antibodies directed
against a Fel d 1 cross-reactive dog allergen will have im-
plications for diagnosis and therapy of IgE-mediated al-
lergy to dogs.

Allergen-SpecificInmunotherapy

Allergen-specific immunotherapy (ASIT), or allergy
vaccination, is the only treatment able to change the nat-
ural course of allergic disease. Immunotherapy with cat
dander extracts has proved efficacious for treatment of
respiratory allergy to cat [62-64]. However, conventional
ASIT performed with allergen extracts has several disad-
vantages. It is time consuming, linked to problems with
compliance and there is a risk of treatment-associated ad-
verse reactions. Therefore, great efforts have been placed
into the search for new and safer regimens of ASIT. One
approach is to base the therapy on single allergens pre-
pared by recombinant DNA technology [65]. Moreover,
single defined recombinant allergens may be designed to
comprise properties that enhance the efficacy and mini-
mize the risk of adverse side effects during treatment [65].
As discussed above, Fel d 1 is the dominant cause of al-
lergic symptoms among patients sensitized to cat, and
sensitization to Fel d 1 is a risk factor for developing asth-
ma. Therefore, Fel d 1 is an excellent model allergen for
the design of refined ASIT protocols.

Fel d 1 Hypoallergens
The most severe side effects of ASIT are caused by the

binding of injected allergen to allergen-specific IgE on
high-affinity FceRI receptor-bearing effector cells, lead-
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Fig. 3. Levels of IgE (kUA/I) and IgG4 L 2,000
(ng/l) antibodies to rFel d 1 (y-axis) in 14
children (®) with asthma (n = 34) or rhi-
noconjunctivitis (RC; n = 33) to cat. Sev-
enty-two cat-allergic adults (O) diagnosed 0

with asthma (n = 38) or with RC (n = 34)
were used for comparison. From Gron-
lund et al. [38], reprinted with permission
from the publisher.
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ing to cross-linking of the FceRI receptors, degranula-
tion and release of potent pro-inflammatory and ana-
phylactogenic mediators. In order to improve the safety
of ASIT, the allergenicity of the allergen may be de-
creased by chemical or genetic modifications disrupting
B-cell epitopes. T-cell epitopes should ideally be pre-
served so that the resulting hypoallergen will still be
able to modify the allergen-specific immune response.
The structure of Fel d 1 is known [33], and Fel d 1 has
been extensively studied in terms of B- and T-cell epi-
topes [36, 42, 51] making it feasible to rationally design
Fel d 1 hypoallergens. We have applied this approach on
recombinant Fel d 1 [30] and created a series of Fel d 1
hypoallergen candidates with the aim to disrupt B-cell
epitopes but leave T-cell epitopes intact (fig.4). To
achieve this, disulphide bridges were disrupted by site-
directed mutagenesis of critical cysteine residues, and
surface-exposed known T-cell epitopes were duplicated.
Thus, by altering the 3-dimensional structure of Fel d 1,
the capacity to bind IgE was reduced, while the T-cell-
activating capacity remained unchanged or even en-
hanced. Altogether, 7 hypoallergen candidates were
generated [66]. Three candidates, with 2 duplicated T-
cell epitopes, and 1 or 2 disrupted disulphide bonds, dis-
played 400-900 times lower IgE-binding capacity in
competition ELISA and induced a lower degree of baso-
phil activation compared with Fel d 1. The hypoaller-
genic candidates were all able to stimulate T-cell prolif-
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eration of similar or larger magnitude than Fel d 1. Thus,
the rationally designed Fel d 1 hypoallergens possess the
desired properties of reduced IgE reactivity and retained
T-cell-stimulating capacity and are promising candi-
dates for use in ASIT to treat cat allergy. They will be
further evaluated both in allergy models in mouse and
in patient studies.

Peptide-Based Immunotherapy

An alternative way to directly target allergen-specific
T cells without interaction with IgE is to construct T-cell
epitope-containing allergen-derived peptides. In experi-
mental models, synthetic peptides corresponding to im-
munodominant allergen T-cell epitopes have been shown
to have the capability to induce antigen-specific tolerance
(67, 68]. The concept was early applied on Fel d 1. Based
on knowledge from T-cell epitope mapping studies of Fel
d 1, 2 synthetic peptides of 27 amino acids comprising T-
cell epitope-rich regions in Fel d 1 chain 1 were produced
[36]. In the first clinical applications, the peptide vaccine,
Allervax CAT, was shown to give a reduced symptom
score after allergen challenge [69] and to shift the cyto-
kine profile by decreasing the IL-4 production in Fel d
1-specific T cells [70, 71]. These effects were observed in
patients receiving the highest peptide dose (750 n.g week-
ly for 4-6 weeks), but high-dose therapy was also linked
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Chain 2

Fig. 4. Rational design of hypoallergens by the use of duplications
of T-cell epitopes and point mutations. a Chains 1 and 2 of Fel d
1 contain 3 cysteine residues each. b The amino acids 46-53 on
chain 2 and 23-30 on chain 1 were duplicated, and the 2 chains
were joined to each other. ¢ Cys44 on chain 1 and Cys7 and Cys48
on chain 2 were changed to serines. The construct with 3 cysteine
mutations, rFel d 1, is exemplified. d A ribbon representation of
the rFel d 1 backbone displays chain 1 in yellow and chain 2 in
blue. The duplication of T-cell epitope modifications of chains 1
and 2 are shown in red and purple, respectively. The 3 disulphide
bonds thatlink chains 1 and 2 are displayed in green, and cysteine
residues subjected to mutagenesis are indicated by their respec-
tive numbers. From Saarne et al. [66], reprinted with permission
from the publisher.

to adverse effects after repeated administration. Further
investigations on patients treated with Allervax CAT
failed to show clear clinical benefits and safety [72, 73].
The most common adverse reactions to the vaccine were
late-phase events associated with respiratory symptoms,
probably a result of activation of allergen-specific effector
T cells, which may lead to late-phase asthmatic reactions
independent of IgE [74].
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A “second generation’ of Fel d 1 peptide vaccines was
developed after the initial trials with Allervax CAT. The
vaccine consisted of 12 shorter (16-17 residues) overlap-
ping T-cell epitope-containing synthetic peptides capable
of binding to a number of human leucocyte antigen mol-
ecules [75]. These peptides were used to treat 24 cat-al-
lergic, asthmatic patients in a double-blind, placebo-con-
trolled trial [76]. In this study, the primary outcome was
measured as cutaneous reactions to whole cat dander ex-
tract. A reduced size of the late-phase skin reaction be-
tween baseline and follow-ups after 2 weeks and 3-9
months was detected. The treatment was also shown to
reduce allergen-stimulated proliferation and Thl and
Th2 cytokine production, while IL-10 production was in-
creased in vitro. In subsequent studies with the same 12
Fel d 1 peptides, an effect on the late-phase asthmatic re-
sponse and on airway hyperresponsiveness was docu-
mented. In contrast to placebo-treated patients, the ac-
tively treated group displayed a reduced late asthmatic
reaction to cat dander 3-4 months after treatment com-
pared with baseline [77]. A treatment-associated reduc-
tion in airway hyperresponsiveness to histamine was also
detected [78], indicating that peptide immunotherapy
may be beneficial for treatment of cat-allergic asthma.
These studies demonstrate that immunotherapy with Fel
d 1-derived peptides are able to down-regulate allergen-
specific Th2 responses and may be efficacious for treat-
ing cat allergen-induced asthma.

Engineered Fel d 1 Proteins with
Immunomodulatory Function

Different strategies to achieve immunomodulation by
engineering have been applied on Fel d 1. Common for
these concepts of immunotherapy are that they involve
linkage of the allergen to another molecule or carrier with
an immunomodulatory function. Zhu and colleagues [79]
have developed a strategy where they target the inhibitory
Fcy receptor FcyRIIb on mast cells and basophils. In con-
trast to FceRI, which activates these cells, FcyRIIb has the
ability to inhibit activation of the cell response (fig. 5). A
fusion protein with preserved immunogenicity consisting
of Fel d 1 and the Fc portion of IgGl (Fcy-Fel d 1) was
produced with the hypothesis that the fusion protein
should induce an allergen-specific inhibitory effect on
mast cell and basophil degranulation. It was confirmed
that Fcy-Fel d 1 inhibited degranulation of human baso-
phils in vitro and human FceRI-transgenic mouse mast
cells in vivo in an allergen-specific manner. The immu-
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Fig. 5. Cross-linking of FceRI receptors by
free Fel d 1 bound to IgE normally leads to
activation of the mast cells. The fusion
protein Fcy-Fel d 1 consists of the Fc
portion of IgGl linked to Fel d 1. When
the fusion protein cross-links FceRI and
FcyRIIb, negative signalling through
FcyRIIb inhibits mast cell activation in an
antigen-specific manner.
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notherapeutic potential of Fcy-Fel d 1 was evaluated in
mice sensitized to Fel d 1 [80]. Upon acute administration
of Fcy-Fel d 1 prior to Fel d 1 challenge, both local and
systemic reactivity to Fel d 1 was blocked. In a protocol
mimicking rush ASIT, sensitized mice were treated with
3 increasing subcutaneous doses of Fcy-Fel d 1 on 3 con-
secutive days prior to intratracheal allergen challenge.
This treatment led to inhibition of systemic (body tem-
perature) and cutaneous reactivity to Fel d 1, measured 2
weeks after treatment. In addition, the rush ASIT protocol
reduced allergen-induced hyperresponsiveness and in-
flammation in the airways. In contrast to administration
of Fel d 1 alone, Fcy-Fel d 1 did not induce any allergic
response in the mice, probably as a result of negative sig-
nalling by FcyRIIb. Thus, Fcy-Fel d 1 was shown to block
Fel d 1-induced IgE-mediated reactivity in sensitized mice
but did not trigger any allergic reactivity on its own. These
results suggest that FcyRIIb activation in combination
with ASIT is a promising therapeutic strategy [81].

A novel approach to target Fel d 1 to antigen-present-
ing cells (APCs) in immunotherapy was recently report-
ed by Hulse et al. [82]. They linked recombinant Fel d 1
to a single chain fragment of a humanized anti-CD64
monoclonal antibody targeting the resulting fusion pro-
tein (termed ‘H22-Fel d 1’) to the high-affinity receptor
for IgG (FcyRI) on APCs. The capacity of the fusion pro-
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tein to modify the immune response to Fel d 1 was evalu-
ated in an in vitro system with human monocyte-derived
dendritic cellsand CD4+ T cells isolated from cat-allergic
or non-allergic subjects. Compared with Fel d 1 alone,
H22-Fel d 1 induced increased numbers of IL-10+ and
IL-5+ CD4+ cells. Modification of the T-cell response
was only observed in cells from patients with allergy. The
authors propose that targeting of allergen to FcyRIin im-
munotherapy may promote a regulated, protective, aller-
gen-specific T-cell response.

We have developed a new adjuvant and allergen deliv-
ery system for ASIT and applied this approach on Fel d 1.
It is based on covalent linkage of the allergen to agarose
particles with a size of 2 wm in diameter. The rational for
this approach is that the particles carrying large amounts
of allergens should be phagocytosed by APCs, which will
present the allergen-derived peptide-major histocompat-
ibility complex II complexes at high density on the cell
surface and exert immunomodulatory effects on aller-
gen-specific T cells. In an initial study, it was shown that
the particles, referred to as carbohydrate-based particles
(CBP), exhibited beneficial properties for ASIT application
when tested in vivo in naive mice [83]. We then covalently
coupled rFel d 1 to the particles (CBP-Fel d 1) and investi-
gated the effect on human monocyte-derived dendritic
cells [84]. We showed that CBP-Fel d 1 was readily ingested
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by the dendritic cells in vitro and that a ‘semi-mature’ state
of the cells was induced, possibly with the ability to induce
regulated T-cell responses. To evaluate CBP-Fel d 1 for use
in ASIT, we applied CBP-Fel d 1 in a mouse model for cat
allergy. The mice received treatment with CBP-Fel d 1
(equivalent to 100 pg Fel d 1) in prophylactic and thera-
peutic treatment protocols [85, 86]. In the prophylactic
protocol, the mice were treated with 3 subcutaneous injec-
tions of CBP-Fel d 1 prior to subcutaneous sensitization
with recombinant Fel d 1 adsorbed to aluminium hydrox-
ide and intranasal challenge with cat dander extract [85].
The treatment prevented induction of airway inflamma-
tion, induced allergen-specific T-cell anergy and rapid
IgM and IgGl responses. By tracking radiolabelled Fel d 1
after subcutaneous administration of CBP-Fel d 1, it was
shown that the antigen remained up to 1 week at the injec-
tion site, in contrast to aluminium hydroxide-adsorbed Fel
d 1, which was spread over the entire mouse already after
24 h [85]. Thus, prolonged exposure time might be one of
the mechanisms by which CBP-Fel d 1 prevented allergic
immune responses. CBP-Fel d 1 modified the allergic re-
sponse also when applied in therapeutic treatment proto-
cols, i.e. after sensitization and prior to allergen challenge
[86]. The treated mice exhibited less airway inflammation
and airway hyperresponsiveness, decreased levels of Fel d
1-specific IgE and increased levels of IgG compared with
sham-treated mice. Taken together, linking Fel d 1 to CBP
resulted in modulation of the allergen-specific immune re-
sponse and the allergic response to Fel d 1 in vivo. Thus,
covalent coupling of allergens to particles that are optimal
for phagocytosis is a promising concept for application in
improved protocols for ASIT.

References

Concluding Remarks

Fel d 1 is now available as an additional recombinant
allergen and supplemental diagnostic tool for the diagno-
sis of cat allergy. This single major cat allergen, belonging
to the uteroglobin protein family, has shown to be as good
as cat dander extract in identifying patients. In the clini-
cal setting, knowledge regarding the IgE levels in rFel d 1
may be useful as increased levels in children seem to be a
potential risk factor for allergic asthma. Being the domi-
nant cause of allergic symptoms to cat, Fel d 1 is an ideal
model allergen for the development of new strategies for
allergen-specific treatment of allergy and asthma. These
include ASIT with hypoallergens, T-cell epitope-contain-
ing peptides and formulations consisting of Fel d 1 cou-
pled to an immunomodulatory protein or carrier. Results
reported from studies evaluating these approaches in ex-
perimental in vitro and in vivo systems as well as in clin-
ical trials with Fel d 1 peptides bear promise that safer,
more specific and efficient ways to treat cat-allergic pa-
tients will be available in the future.
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