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Abstract

Background—The mould Alternaria alternatais a major elicitor of allergic asthma. Diagnosis
and specific immunotherapy (SIT) of Alternariaallergy are often limited by the insufficient quality
of natural mould extracts.

Objective—To investigate whether recombinant Alt a 1 can be used for reliable diagnosis of
Alternaria alternata allergy and to develop a safe, non-allergenic vaccine for SIT of Alternaria
allergy.
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Methods—The qualitative sensitization profile of 80 Alternaria-allergic patients from Austria
and Italy was investigated using an allergen micro-array and the amount of A/ternaria-specific IgE
directed to rAlt a 1 was quantified by ImmunoCAP measurements.

Peptides spanning regions of predicted high surface accessibility of Alt a 1 were synthesized and
tested for IgE reactivity and allergenic activity, using sera and basophils from allergic patients.
Carrier-bound peptides were studied for their ability to induce IgG antibodies in rabbits which
recognize Alt a 1 and inhibit allergic patients’ IgE reactivity to Alt a 1.

Results—rAlt a 1 allowed diagnosis of Alfernaria allergy in all tested patients, bound the vast
majority (i.e. >95%) of Alternaria-specific IgE and elicited basophil activation already at a
concentration of 0.1 ng/mL. Four non-allergenic peptides were synthesized which, after coupling
to the carrier protein keyhole limpet hemocyanin, induced Alt a 1-specific 1gG and inhibited
allergic patients’ IgE binding to Alta 1.

Conclusions and clinical relevance—rAlt a 1 is a highly allergenic molecule allowing
sensitive diagnosis of Alternariaallergy. Carrier-bound non-allergenic Alt a 1 peptides are
candidates for safe SIT of Alternaria allergy.

Keywords
Alternaria alternata, allergen; Alt a 1; diagnosis; peptides; specific immunotherapy

Introduction

Moulds are one of the most important inducers of allergy worldwide [1, 2]. The clinical
manifestations of mould allergy range from rhinitis and conjunctivitis to severe asthma [3-
5]. The ascomycete Alternaria alternata is one of the most important causes of fungal allergy
and may represent a risk factor for asthma [6, 7]. It can be found throughout the world,
especially in the outdoor environment, but it has also been isolated from the indoor
environment, e.g. from house dust [8, 9]. A study performed in 4962 allergic patients with
respiratory symptoms showed that up to 12% were skin prick test positive to Alternaria
alternata, whereas only 2.5% or less reacted to other common fungi (Aspergillus,
Cladosporium and Penicillium) [10]. Diagnosis and specific immunotherapy (SIT) of
Alternaria allergy are difficult to perform because of the insufficient quality of natural
Alternaria allergen extracts [11]. The poor quality of mould extracts results from strain
variabilities, varying culturing conditions and extracting protocols as well as degradation of
allergens by fungal proteases [12-15].

Several Alternaria allergens have been identified [2, 16], but Alt a 1, a protein of 157 amino
acids, has been suggested as the major Alternaria alternata allergen [17, 18]. A cDNA
coding for Alt a 1 has been isolated and the corresponding recombinant allergen was shown
to react with serum IgE from Alternaria-allergic patients [19].

Here, we used micro-arrayed rAlt a 1 as a diagnostic marker for Afternaria allergy and
studied the percentage of Alternaria-specific IgE, which is directed against rAlt a 1 by
quantitative IgE assays in two European populations of Alternaria-allergic patients. The
allergenic activity of rAlt a 1 was studied using basophils from allergic patients. We then
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identified and synthesized non-allergenic peptides of Alt a 1 and used them to formulate a
carrier-bound peptide vaccine. The coupled peptides were studied regarding their ability to
induce upon immunization of rabbits Alt a 1-specific 1gG antibodies, which inhibit allergic
patients’ IgE reactivity to Alt a 1. Our study thus provides means for the diagnosis and safe
immunotherapy of Alfernaria allergy.

Characterization of allergic patients

Eighty Alternaria-allergic patients from Austria and Italy suffering from allergic rhinitis,
conjunctivitis and/or asthma were identified based on a positive case history and the
determination of specific IgE antibodies to Alfernaria alternata (m6; as determined by CAP-
FEIA, Phadia, Uppsala, Sweden). In addition, specific IgE antibodies to a mould mix (mxZ1:
Alternaria, Cladosporium, Aspergillus, Penicillium) and to rAlt a 1 (m229) were measured
by CAP-FEIA. An overview of the demographic and clinical features as well as total and
specific IgE levels is given in Table 1. Sera from the allergic and from non-allergic
individuals were analysed in an anonymous manner with approval by the Ethics committee
of the Medical University of Vienna.

Qualitative allergen profile by micro-array and quantitative analysis of Alt a 1-specific IgE

levels

The IgE reactivity profiles of Alternaria-allergic patients to 103 micro-arrayed purified,
recombinant and natural allergens including rAlt a 1 were determined using ImmunoCAP
ISAC (Phadia Multiplexing Diagnostics, Vienna, Austria). Reactivities to the individual
allergens and to rAlt a 1 were determined for patients suffering only from rhinitis/
rhinoconjunctivitis and/or from asthma. The percentage of Alternaria-specific IgE directed
against rAlt a 1 was calculated based on the quantitative IgE levels as determined by
ImmunoCAP. The correlation of IgE levels determined by ImmunoCAP and ISAC was
tested by the Pearson’s correlation test using SPSS 18.0 for Windows, and was considered as
statistically significant for £< 0.05.

Natural and recombinant Alt a 1 and synthetic Alt a 1-derived peptides

For purification of nAlt a 1, the Alternaria strain CBS 103.33 (Centraalbureau voor
Schimmelcultures, Utrecht, The Netherlands) was grown for 4 weeks in 400 mL Sabauroud
glucose medium at room temperature. Fungal tissue was removed by filtration and the
filtrate was loaded on a 5 mL HiTrap DEAE column (GE Healthcare, Munich, Germany),
after dialysis against 10 mM NaH,PO, and sterile-filtration (Steritop, 0.45 um; Millipore,
Billerica, MA, USA). Natural Alt a 1 was eluted with a linear salt gradient (0-0.5 M NaCl in
10 mM NaH,POy) at approximately 25 mM NaCl. Fractions containing nAlt a 1 were
pooled, dialysed against 10 mM NaH,PO, (pH 7.5) and applied on a Superdex 200 gel
filtration column (GE Healthcare). The purity of nAlt a 1 was assessed by SDS-PAGE [20]
and the protein concentration was determined with the Micro BCA™ Protein Assay Kit
(Pierce Biotechnology, Rockford, IL, USA).
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Recombinant Alt a 1 expressed in Escherichia coliwas purchased from BIOMAY (Vienna,
Austria). The lyophilized protein was dissolved in double-distilled water at a concentration
of 1 mg/mL and stored at —20 °C.

Four non-overlapping peptides of a length between 32 and 39 amino acids covering the
sequence of Alt a 1 were synthesized, using a Fmoc (9-fluorenyl-meth-oxy-carbonyl)-
strategy with 2-(1H-Benzotriazol-1-yl) 1,1,3,3-tetramethyluronium hexafluorophosphate
(HBTU)-activation (0.1 mmol small-scale cycles), on the Applied Biosystems peptide
synthesizer model 433A (Foster City, CA, USA) [21]. Peptides were characterized by mass-
spectrometry and further purified to >90% purity by preparative HPLC (piChem, Graz,
Austria).

Peptides were selected according to predictions of hydrophilicity and surface exposure to be
rich in surface-exposed amino acids (using the ProtScale bioinformatic tool on the EXPASY
server and the Kyte & Doolittle algorithm). The hydrophobic leader peptide (amino acids 1-
18) which is cleaved from the mature protein was not included.

Circular dichroism (CD) analysis of rAlt a 1, nAlt a 1 and of the Alt a 1-derived peptides

CD measurements were carried out on a Jasco J-810 spectropolarimeter (JASCO
Corporation, Tokyo, Japan). Far-ultraviolet CD spectra were measured in a 2 mm path-
length rectangular quartz cuvette (Hellma, Mullheim, Baden, Germany) at a protein
concentration of 0.1 mg/mL. Spectra were recorded from 190 to 260 nm with 0.5 nm
resolution at a scan speed of 50 nm/min, and resulted from averaging three scans. All
measurements were performed in double-distilled water. The final spectra were corrected by
subtracting the corresponding base line spectrum obtained under identical conditions.
Results were expressed as the mean residue ellipticity (®) at a given wavelength.

IgE reactivity and allergenic activity of rAlt a 1 and Alt a 1-derived peptides

IgE antibody reactivity of rAlt a 1 and the synthetic peptides was determined in non-
denaturing RAST-based dot blot experiments. Aliquots containing 1 pg/dot of rAlta 1 or
equimolar amounts of the peptides (0.25 pg/dot) were dotted onto nitrocellulose membranes
(Protran® Nitrocellulose Transfer Membrane; Schleicher & Schuell, Dassel, Germany).
Membranes were dried and afterwards incubated with allergic patients’ sera diluted 1 : 10 in
PBST (PBS, 0.5% v/v Tween 20, pH 7.4). For control purposes, serum from a non-atopic
individual or PBST was used. Bound IgE antibodies were detected with 1:15

diluted 12%Iodine-labelled anti-human IgE antibodies (IBL, Hamburg, Germany), and
visualized by autoradiography using Kodak XOMAT films and intensifying screens (Kodak,
Heidelberg, Germany).

In addition, IgE reactivity to rAlt a 1 and Alt a 1-derived peptides (coating concentrations:
rAlt a 1: 4 pg/mL; peptides 1-4: 1 pg/mL) was tested by ELISA essentially as described
[22].

For measuring CD203c expression on basophils, heparinized blood samples of Alt a 1-
allergic patients were incubated for 15 min with serial dilutions of rAlt a 1, or an equimolar
mixture of uncoupled or KLH-coupled peptides (0.0001-10 pug/mL) at 37 °C. An anti-IgE
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antibody (1 pg/mL) (Immunotech, Marseille, France) or PBS (phosphate buffered saline)
was used for control purposes. The up-regulation of CD203c by rAlta 1 or Alt a 1-derived
peptides was calculated from mean fluorescence intensities (MFIs) obtained with stimulated
(MFIstim) and unstimulated (MFIcontrol) cells, and expressed as stimulation index
(MFIstim: MFIcontrol) as reported [23]. All experiments were performed in triplicates.

Immunization of rabbits with rAlt a 1 or KLH-coupled peptides and measurement of
specific IgG antibodies

Alt a 1-derived peptides were coupled to KLH (Keyhole limpet hemocyanin; Pierce,
Rockford, IL, USA), purified with a Conjugation Kit (Sigma-Aldrich, St. Louis, MO, USA)
and used for immunization of rabbits with 200 pg of the KLH-conjugated peptides or with
rAlt a 1 using Freund’s complete and incomplete adjuvant (Charles River, Kisslegg,
Germany). Serum samples were obtained before immunization (pre-immune sera) and in 4-
week intervals after immunization and stored at —20 °C.

To determine rabbit 1gG immune responses, ELISA plates were coated with 4 pg/mL rAlt a
1 overnight. Plates were washed with TBST (TBS, 0.05% v/v Tween 20, pH 8), blocked for
2.5 h at 37 °C with 1% w/v BSA in TBST and thereafter incubated with serial dilutions of
rabbit anti-peptide or rabbit anti-rAlt a 1 anti-sera (1:5 % 103, 1:5x 104, 1: 5 x 10 and
1:5 x 10°%). Bound rabbit 1gG antibodies were detected with a 1 : 1000 diluted HRP-
labelled donkey anti-rabbit anti-serum (Amersham Biosciences, Little Chalfont, UK) [22].

ELISA competition assay for analysing the inhibition of allergic patients’ IgE binding to
rAlt a 1 by peptide-specific IgG antibodies

The ability of peptide-induced rabbit antibodies to inhibit the binding of Alternaria-allergic
patients’ IgE to rAlt a 1 was examined in ELISA competition assays [21]. ELISA plates,
coated overnight with 1 ug/mL rAlt a 1, were washed with TBST, blocked and incubated
with 1 : 100 diluted anti-peptide anti-sera, a mixture of equal amounts of the anti-peptide
antisera, anti-rAlt a 1 anti-serum or, for control purposes, the corresponding pre-immune
sera. The inhibition of allergic patients’ IgE binding was measured as described [22].

Results

rAlt a 1 binds most of the Alternaria-specific IgE in Alternaria-allergic patients

The 80 patients from Europe (Austria: 7= 54; Italy: n= 26) with a case history and SPT
results indicative of mould allergy were all positive when tested for IgE reactivity to a mould
mix in the ImmunoCAP. Each of these patients also showed positive test results when tested
for serum IgE reactivity to Alternaria extract. All, but two patients showed IgE reactivity to
rAlta 1. The levels of rAlt a 1-specific IgE in the rAlt a 1-positive patients were equally high
and sometimes even higher than those determined with the A/ternaria extract CAP,
indicating that almost all of the Alternaria-specific IgE in these patients was directed against
Altal (Table 1).

We then tested patients’ sera with micro-arrayed allergens, including rAlt a 1, by
ImmunoCAP ISAC and found that all patients who had reacted with rAlt a 1 also reacted
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with micro-arrayed rAlt a 1. A high correlation (= 0.891; A< 0.01) with the IgE levels
determined by ImmunoCAP and ISAC was observed (Fig. 1). Interestingly, the two patients
who were negative for rAlt a 1, but positive with the Alternaria extract reacted with several
recombinant Aspergillus allergens indicating that these patients were not genuinely
sensitized to Alternaria, but to Aspergillus.

No significant differences were noted regarding the rAlt a 1-specific mean IgE levels as
determined by CAP and ISAC between Alternaria-allergic patients suffering only from
rhinitis and/or conjunctivitis (CAP: 32.4 kUa/L; ISAC: 34.3 ISU) and those suffering from
asthma and/or rhinitis (CAP: 32.1 kU/L; ISAC: 31.4 ISU). We also did not note significant
differences between Austrian and Italian A/ternaria-allergic patients regarding rAlt a 1-
specific IgE levels (Table 1).

The respiratory allergens recognized on the micro-array by the Austrian (A) and Italian (1)
Alternaria-allergic patients were as follows: rPhl p 1 (A: 57.4%, |: 61.5%), rPhl p 2 (A: 29.6,
I: 50.0%), rPhl p 4 (A: 48.1%, I: 38:5%), rPhl p 5 (A: 46.3, I: 46.2%), Phl p 6 (A: 33.3%, I:
30.8%), rPhl p 11 (A: 16.7%, I: 23.1%), nCup a 1 (A: 14.8%, I: 42.3%), nCry j 1 (A: 13.0%,
I: 26.9%), rPar j 2 (A: 1.9%, |: 23.1%), nArt v 1 (A: 18.5%, I: 3.8%), nAmb a 1 (A: 14.8%,
I: 3.8%), rBet v 1 (A: 33.3%, I: 26.9%), nOle e 1 (A: 44.4%, I: 46.2%), rFel d 1 (A: 42.9%,
I: 42.3%), nDer p 1 (A: 20.4%, I: 9.3%) and nDer p 2 (A: 20.4%, I: 30.8%).

rAlt a 1, a folded protein containing predominantly p-sheet structure forms dimers via
disulphide bridges

The far-ultraviolet circular dichroism (far-UV CD) spectrum of rAlt a 1 (Fig. 2A) shows a
broad minimum at 213 nm indicating that the recombinant protein is folded and contains a
considerable amount of B-sheets. Secondary structure analysis using the programme
CDSSTR with the reference dataset 4, yielded 4% a-helix, 46% p-sheets, 18% B-turns and
30% random coils. The NRMSD value of 0.029 demonstrated a good fit between the
calculated and the experimentally derived spectra. Also nAlt a 1 was a folded protein
containing considerable amounts of 3-sheets similar to rAlt a 1 (8% a-helices, 33% [-sheets,
26% R-turns and 31% random coils), but showed a different CD spectrum.

When subjected to SDS-PAGE under reducing and non-reducing conditions, we found that
rAlt a 1 migrates under reducing conditions as a band with a molecular mass of
approximately 13 kDa, which corresponds to the calculated molecular weight (Fig. 2B).
Under non-reducing conditions, rAlt a 1 migrates as a single band of 31 kDa, which
corresponds to the molecular mass of a dimer (Fig. 2B). Natural purified Alt a 1 showed
exactly the same behaviour as rAlt a 1. It migrated as monomer under reducing conditions
and as dimer under non-reducing conditions in SDS-PAGE, and exhibited almost the same
molecular weight as rAlt a 1 indicating that the allergen is not post-translationally modified
(Fig. 2B).

Characterization of non-allergenic Alt a 1 peptides containing surface-exposed amino

acids

Alta1is a protein comprising 157 amino acids of which the first 18 amino acids represent a
leader peptide which is absent in the mature allergen (Fig. 3). With the aim to develop a non-
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allergenic peptide-based vaccine for Alt a 1, the protein was disrupted into four peptides of
approximately 30-40 amino acids which were selected to be rich in surface-exposed amino
acids. Fig. 3 shows the prediction of surface accessible regions of Alt a 1 aligned with the
Alt a 1 sequence and the position of the four peptides which were synthesized (peptide 1: aa
19-52; peptide 2: aa 53-91; peptide 3: aa 92-122; peptide 4: aa 123-157). Following the
hapten carrier principle described by Benacerraf [24, 25], we defined non-allergenic peptides
of Alt a 1 which, after coupling to a carrier protein, can be used for immunization to induce
IgG antibodies which should recognize Alt a 1 and block allergic patients’ IgE reactivity to
surface exposed areas on Alt a 1. The coupling was thought to be achieved through
disulphide bonds formed via naturally occurring cysteines in the peptide sequences. In case
of peptide 3 which did not contain cysteines, a cysteine residue was added to the N-terminus
of the peptide to allow coupling in the natural orientation of the peptide. The molecular
weights of the peptides ranged from 3575 (peptide 3) to 4349.7 (peptide 2) dalton and the
calculated isoelectric points were between 4.3 (peptide 3) and 7.7 (peptide 4).

Peptides were analysed for secondary structure by far-UV CD measurements. In contrast to
rAlt a 1 which showed the typical spectrum of a folded, beta-sheet protein, spectra of the
four peptides all had minima at 200 nm or below, indicating the lack of secondary structure
elements (data not shown).

The IgE binding capacities of the four Alt a 1-derived peptides were compared with that of
rAlta 1 in a non-denaturing, RAST-based dot blot assay and by ELISA in those patients,
where sufficient amounts of serum were available. Fig. 4A shows representative results
obtained for sera from 20 Austrian and 10 Italian patients. We found that each of the sera
showed IgE reactivity to rAlt a 1, but none of the peptides exhibited any detectable IgE
reactivity. When tested for IgE reactivity with sera from 60 Alfernaria-allergic patients by
ELISA (Austria: n= 48; Italy: n= 12), we found that only few sera showed weak IgE
reactivities to the Alt a 1-derived peptides (Fig. 4B).

To investigate the possible allergenic activity of the Alt a 1 peptides, basophil activation
experiments were performed in Alternaria-allergic patients. Fig. 4C shows that rAlt a 1
induces a dose-dependent up-regulation of CD203c expression on basophils of Alternaria-
allergic patients starting at 0.1 ng/mL, whereas mixes of the uncoupled and KLH-coupled
peptides did not induce basophil activation up to the highest tested concentration (i.e. 10 ug/
mL).

Immunization of rabbits with KLH-coupled Alt a 1 peptides induces Alt a 1-specific IgG
antibodies, which inhibit allergic patients’ IgE binding to Alta 1

Fig. 5A displays the titration of Alt a 1-specific 1gG antibodies which were induced by
immunization with KLH-coupled peptides and rAlt a 1. All anti-peptide anti-sera recognized
complete rAlt a 1, but the highest anti-rAlt a 1 1gG levels, which were almost comparable to
those obtained with the anti-rAlt a 1 anti-serum, were observed for the anti-peptide 3 anti-
serum (Fig. 5A).

We then tested rabbit anti-peptide antibodies and rabbit anti-Alt a 1 antibodies for their
ability to inhibit the binding of allergic patients’ (n= 38) IgE to Alta 1 (Fig. 5B). With the
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single anti-peptide antibodies a modest inhibition of IgE binding was achieved. Mean
inhibitions with anti-peptide 1, 2, 3 and 4 antibodies were 11.0%, 21.4%, 24.3% and 25.1%,
respectively. When mixes of two anti-peptide antibodies were used, higher mean inhibitions
in the range of 40% were obtained (data not shown). With a mix of all four anti-peptide
antibodies (i.e. anti-peptide 1-4) a mean inhibition of IgE binding of 57.4% was achieved. A
mean inhibition of 80.9% was obtained with the antibodies raised against the complete Alt a
1 allergen (Fig. 5B).

Discussion

Our results demonstrate that Alt a 1 is not only the major allergen in Alternaria alternata but
also contains the majority of Alfernaria-specific IgE epitopes and exhibits an extremely high
allergenic activity. Micro-arrayed rAlt a 1 allows the sensitive diagnosis of allergy to
Alternaria. In a population of 80 patients with suspected A/ternaria allergy, genuine
sensitization to Alternaria was confirmed in 78 patients, whereas two patients were
sensitized to Aspergillus and thus gave false positive test results with A/ternaria extract,
most likely because of the presence of cross-reactive allergens, such as enolases, MnSODs
or cross-reactive carbohydrates [18, 26]. Micro-arrayed rAlt a 1 can therefore be used for the
diagnosis of allergy to Alternaria and for the identification of genuinely sensitized patients
for allergen-specific immunotherapy (SIT). The micro-array approach may be particularly
useful because it also allowed establishing co-sensitizations to several other respiratory
allergens which need to be considered as potential elicitors of respiratory symptoms and
asthma. Indeed, we found that A/fernaria-allergic patients were frequently co-sensitized to a
variety of pollen allergens (e.g. Phl p 1: 58.8%; Phl p 2: 36.6%; Phl p 5: 46.3%; Phl p 6:
32.5%; Bet v 1: 31.3%; Ole e 1: 45%) and to certain indoor allergens (e.g. Fel d 1: 43.8%).
Interestingly, Der p 1 (20%) and Der p 2 (25%) were less frequently recognized in the mould
populations studied. It may therefore be necessary to confirm the clinical relevance of the
individual sensitizations by refinement of the case history, confirmation of allergen exposure
and provocation testing.

As rAlt a 1 contained the majority of Alternaria-specific IgE epitopes and represented a
folded allergen with presumably conformational IgE epitopes, we selected peptides
containing surface-exposed amino acids of Alt a 1. These peptides showed only weak IgE
reactivity in a few patients possibly because of the loss of structure and fold. The fact that
none of the peptides showed any allergenic activity in basophils of allergic patients, although
occasional IgE binding was observed also in previous studies [27, 28], may be explained by
hapten-like IgE binding which does not cause cross-linking of IgE and basophil activation
[29, 30].

In contrast to rAlt a 1 which according to CD measurements represented a folded protein
with R-sheet structure, none of the peptides had any secondary structure. We therefore
assume that Alt a 1, such as most other respiratory allergens, contains primarily
conformational IgE epitopes. Differences observed for the CD spectra of natural and the
recombinant Alt a 1 might be caused by the presence of unfolded Alt a 1 in the natural
protein preparation and/or by binding of a ligand to nAlt a 1 that influences the CD signal.
In fact, we noted that the nAlt a 1 preparation always had a brownish colour which may be
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derived from melanin-containing particles to which Alt a 1 could be localized by
immunogold electron microscopy [31].

According to the hapten-carrier concept [24, 25], antigen-specific IgG responses can be
induced with carrier-bound antigen-derived peptides [32]. We therefore investigated whether
it may be possible to induce Alt a 1-specific 1gG antibodies upon immunization with the
carrier-bound Alt a 1 peptides. For experimental purposes we used KLH as carrier protein
because it has already been safely used in humans for the therapy of allergy and cancer [33—
35]. Alternatively, recombinant fusion proteins consisting of allergen-derived peptides and
viral carrier proteins may used for the production of the final vaccine [36, 37]. We found that
also the carrier-bound peptides lacked allergenic activity, but nevertheless, induced Alt a 1-
specific 1gG antibodies. The individual peptide-induced anti-sera caused a modest inhibition
of the polyclonal IgE response of Alternaria-allergic patients to Alt a 1 which indicates that
the IgE epitopes are distributed evenly over the Alt a 1 structure. This wide distribution of
IgE epitopes on Alt a 1 is different from other respiratory allergens (e.g. Bet v 1, Bet v 2, Phl
p 1, Phl p 2, Phl p 5) [38-41] for which a clustering of IgE epitopes at certain areas of the
molecules was found. Support for the assumption of a rather even distribution also comes
from the observation that a mixing of antibodies with specificities to different peptides
increased the inhibitory activity of the antibodies which was not the case for the birch pollen
allergen Bet v 1 and the grass pollen allergen Phl p 1 [21, 42]. The blocking of allergic
patients’ IgE binding to Alt a 1 by antibodies induced with the coupled peptides was lower
than that achieved with the Alt a 1 allergen, but the peptide vaccine has the big advantage of
lacking allergenic activity. rAlt a 1 induced basophil activation already at 0.1 ng/mL whereas
none of the peptides was reactive up to highest tested dose of 10 pg/mL. The peptide vaccine
may therefore be safely administered to patients at much higher doses than vaccines based
on the rAlt a 1 wild-type allergen. In fact, vaccines based on purified recombinant major
birch pollen allergen Bet v 1 and hypoallergenic derivatives thereof have already been
successfully used in clinical trials [43]. Our pre-clinical data indicate that a vaccine based on
carrier-bound non-allergenic Alt a 1 peptides may be safe and clinically effective for SIT of
Alternaria allergy.
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Fig. 1.

Correlation of rAlt a 1-specific IgE antibodies determined by ImmunoCAP and ISAC. Alt a
1-specific IgE antibodies from 80 Alternaria-sensitized patients are indicated as kUa/L ()~
axis) or ISAC Standardized Units (ISU) (x-axis), respectively.
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Fig. 2.

Far-UV CD analysis and SDS-PAGE of rAlta 1 and nAlt a 1. (A) The far-UV CD spectrum
of rAlta 1 (blue line) and nAlt a 1 (red line) is expressed as mean residue ellipticity ® ()~
axis) at a given wavelength (x-axis). (B) Recombinant Alt a 1 (lane 1) and natural Alta 1
(lane 2) were separated by SDS-PAGE under non-reducing (non-red.) and reducing (red.)
conditions and Coomassie-Blue stained. The molecular weight marker is indicated in the left

margin.
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solid or dashed line. Scores above 5.5 ()~axis) represent regions (x-axis) of high surface

accessibility.
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Fig. 4.

IggE reactivity and allergenic activity of Alt a 1-derived peptides and rAlt a 1. (A)
Nitrocellulose-dotted Alt a 1-derived peptides and rAlt a 1 were incubated with sera from 30
Alternaria-sensitized patients and the serum of a non-atopic individual (lane N) or buffer
(lane B). (B) IgE reactivity tested by ELISA in 60 patients. OD values correspond to bound
IgE and are represented in box plots, where boxes mark the interquartile range containing
50% of the data and lines across the boxes indicate the median. O represent outliers and
asterisks are extreme values. (C) Basophils from three Alt a 1-sensitized patients were

Clin Exp Allergy. Author manuscript; available in PMC 2017 February 22.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Twaroch et al.

Page 17

incubated with increasing concentrations (x-axis) of rAlt a 1 or an equimolar mixture of
KLH-coupled or uncoupled Alt a 1-derived peptides. Stimulation indices (SI) displayed on
the y~axis correspond to induced CD203c up-regulation on basophils. Results represent the
mean + SD from triplicates. The dashed line indicates the unspecific basophil activation
after incubation with PBS.
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Fig. 5.
(A) Induction of peptide- and rAlt a 1- specific 1gG antibodies in rabbits. Rabbits were

immunized with KLH-coupled Alt a 1-derived peptides or rAlt a 1. 1gG reactivity of the
final sera to ELISA plate bound rAlt a 1 was determined for different dilutions (x-axis) of
the anti-sera and is displayed as optical density (OD) values (J~axis). (B) Anti-peptide anti-
sera and anti-rAlt a 1 anti-serum inhibit Affernaria-sensitized patients’ IgE binding to rAlt a
1. Pre-incubation of ELISA plate bound rAlt a 1 with rabbit anti-peptide anti-sera, mixtures
of equal amounts of anti-peptide anti-sera or anti-rAlt a 1 anti-serum reduces patients’ IgE
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binding (7= 38) to rAlt a 1. The percentage inhibition of IgE binding was calculated and is
represented in box plots, where boxes mark the interquartile range containing 50% of the
data, and lines across the boxes indicate the median. O represent outliers.

Clin Exp Allergy. Author manuscript; available in PMC 2017 February 22.



syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnuel Joyiny sispund JINd adoin3 ¢

Twaroch et al. Page 20

Table 1

Demographic, clinical and serological characteristics of Alternaria alternata-sensitized patients from Austria
and Italy

ImmunoCAP (kUn/L) 1sU Symptoms
Nat. n  fim Age Total IgE Mould mix Alternaria rAltal ISAC r rc a ad

A 54 19/35 229+114 7233+7479 292+193 336+19 349+217 366+221 18 19 25 5
| 26 12/14 222+139 634.7+816.2 18+142 21+157 265+202 273+192 13 5 5 0

Nat., Nationality; A, Austria; I, Italy; 7, number; f, female; m, male; kUA/L, kilounits of antigen per litre; ISAC, immuno solid-phase allergen chip;
I1SU, ISAC Standardized Units; r, rhinitis; rc, rhinoconjunctivitis; a, asthma; ad, atopic dermatitis; CAP and ISAC values are given as mean values.

Clin Exp Allergy. Author manuscript; available in PMC 2017 February 22.



	Abstract
	Introduction
	Methods
	Characterization of allergic patients
	Qualitative allergen profile by micro-array and quantitative analysis of Alt a 1-specific IgE levels
	Natural and recombinant Alt a 1 and synthetic Alt a 1-derived peptides
	Circular dichroism (CD) analysis of rAlt a 1, nAlt a 1 and of the Alt a 1-derived peptides
	IgE reactivity and allergenic activity of rAlt a 1 and Alt a 1-derived peptides
	Immunization of rabbits with rAlt a 1 or KLH-coupled peptides and measurement of specific IgG antibodies
	ELISA competition assay for analysing the inhibition of allergic patients’ IgE binding to rAlt a 1 by peptide-specific IgG antibodies

	Results
	rAlt a 1 binds most of the Alternaria-specific IgE in Alternaria-allergic patients
	rAlt a 1, a folded protein containing predominantly β-sheet structure forms dimers via disulphide bridges
	Characterization of non-allergenic Alt a 1 peptides containing surface-exposed amino acids
	Immunization of rabbits with KLH-coupled Alt a 1 peptides induces Alt a 1-specific IgG antibodies, which inhibit allergic patients’ IgE binding to Alt a 1

	Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5
	Table 1

