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Summary
Background IgE antibodies specific for the major birch-pollen allergen, Bet v 1, cross-react with

homologous allergens in particular foods, e.g. apples, carrots and hazelnuts. In a high number of tree

pollen-allergic individuals, this cross-reactivity causes clinical symptoms, commonly known as the

‘birch-fruit-syndrome’.

Objective To characterize the T cell response to the Bet v 1-related major allergen in hazelnuts,

Cor a 1.04, and its cellular cross-reactivity with Bet v 1 and the homologous hazel pollen allergen,

Cor a 1.

Methods Using recombinant Cor a 1.04, T cell lines (TCL) and T cell clones (TCC) were established

from peripheral blood mononuclear cells of tree pollen-allergic patients with associated food allergy.

T cell epitopes were determined using overlapping synthetic peptides in Cor a 1.04-reactive TCL and

TCC. In parallel, reactivity to Bet v 1 and Cor a 1 was tested.

Results In total, 20 distinct T cell epitopes on the hazelnut allergen were identified. Several Cor a

1.04-specific TCL and TCC reacted with pollen allergens albeit less pronounced than with the

hazelnut allergen. Several Cor a 1.04-specific TCC did not react with pollen allergens. Interestingly,

these clones were found to react with the Bet v 1-related major allergen in carrots, Dau c 1. The

cellular cross-reactivity between both food allergens could be associated with the most frequently

recognized T cell epitope of Cor a 1.04, Cor a 1.04142–153.

Conclusions The major hazelnut allergen cross-reacts with the major allergens of birch and hazel

pollen but apparently contains a relevant T cell epitope not shared with pollen allergens. Our finding

may have important implications for the specific immunotherapy of tree pollen-allergic patients

suffering from concomitant hazelnut allergy.
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Introduction

Birch-pollen allergy is one of the main causes of allergic
rhinitis from spring to early summer in central Europe, and
its prevalence has tremendously increased during the last two
decades [1, 2]. Most patients sensitized to birch pollen also
experience respiratory symptoms during the pollination of
other trees from the order Fagales, e.g. hazel, which is
because of the high structural homology between Bet v 1, the
major allergen of birch pollen, and Cor a 1, the major allergen
of hazel pollen [3–5]. Both proteins were shown to share IgE-
binding epitopes [6, 7]. Furthermore, both proteins share
relevant T cell epitopes, as Bet v 1-specific T cell clones (TCC)
also proliferated in response to stimulation with Cor a 1 [8, 9].

Birch pollen-allergic individuals frequently develop food
allergy to hazelnuts, which is also because of cross-reactive
IgE antibodies [10, 11]. Cor a 1.04, the major allergen of
hazelnuts, belongs to the pathogenesis-related (PR) protein
family 10 that comprises proteins sharing a high amino acid
(aa) sequence identity with Bet v 1 [12, 13]. PR-10 like
allergens were also found in other foods, e.g. in apples (Mal d
1), cherries (Pru av 1), pears (Pyr c 1), celery tuber (Api g 1)
and carrots (Dau c 1) [14–18]. In most cases, IgE reactivity to
these proteins causes an ‘oral allergy syndrome’ (OAS)
characterized by the immediate onset of oral itching,
irritation of the oral mucosa and sometimes angiooedema
after consumption of the respective foods [19–21]. However,
PR-10-like proteins contained in soybean (Gly m 4) and
peanuts (Ara h 8) frequently induce systemic reactions
ranging from urticaria to anaphylaxis [22, 23]. Other
allergens contained in hazelnuts are Cor a 2 (profilin), Cor
a 8 (lipid transfer protein), Cor a 9 (11S globulin), Cor a 11
(vicilin-like protein), a 2S albumin and a thaumatin-like pro-
tein [12, 21, 24–26]. In particular, Cor a 8 and Cor a 9 were
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associated with the induction of systemic and more severe
symptoms than OAS after ingestion of hazelnuts [21, 25].
Recently, Cor a 1.04 was cloned, sequenced and expressed

as a recombinant protein [27]. The major hazelnut allergen
shares 67% aa sequence identity (79% similarity) with Bet v 1
and 60% (71%) with Cor a 1 in hazel pollen. Accordingly,
IgE-inhibition experiments indicated that Cor a 1.04 shared
more IgE-binding epitopes with its homologue in birch than
in hazel pollen [27].
This study focused on the characterization of the T cell

response to the major hazelnut allergen and its cellular cross-
reactivity with Bet v 1 and pollen Cor a 1 to further elucidate
the immunological relationship between these three important
allergens. Cor a 1.04-reactive T cell lines (TCL) and clones
(TCC) were established with recombinant (r) Cor a 1.04 and
used for T cell epitope mapping experiments, with synthetic
peptides representing the entire hazelnut protein. To deter-
mine cellular cross-reactivity, Cor a 1.04-reactive TCL and
TCC were stimulated with Bet v 1 and Cor a 1. As some Cor a
1.04-specific TCC reacted with neither pollen antigen, these
cultures were tested for cross-reactivity with other food
allergens of the PR-10 protein family.

Material and methods

Allergic patients

Allergic individuals (n5 20) had a history of hayfever during
early spring, a specific IgE RAST/CAP class 43 to birch and
hazel pollen (Pharmacia Diagnostics, Uppsala, Sweden) and
positive skin prick reactions (weal diameter 45mm) to birch
pollen, hazel pollen and hazelnut extract (Soluprick; ALK
Abello, H�rsholm, Denmark). In addition, each patient
displayed typical weal-and-flare reactions when tested with
hazelnuts in a prick-to-prick test. All patients reported
experiencing OAS after ingestion of hazelnuts, and none had
developed more severe symptoms than OAS. Nine individuals
had OAS to carrots and all but one to apples. The sera of all
allergic patients contained IgE antibodies specific for the
major allergens Cor a 1.04, Bet v 1 and Cor a 1, which was
determined by ELISA and immunoblotting using recombi-
nant allergens and hazelnut and pollen extracts (data not
shown). Non-allergic individuals (n5 6) were non-atopic and
not sensitized to any allergen under investigation.

Allergens

Recombinant allergens were purchased from Biomay (Vien-
na, Austria) except rCor a 1.04, which was produced as
described [27]. Bacterial endotoxin contents were detected
using a Limulus Amoebocyte Lysate assay (BioWhittaker,
Walkersville, MD, USA). Endotoxin levels were below
2.5EU/mg for each allergen. Natural Bet v 1 and hazel pollen
extract were purified as described previously [12, 28].

Cor a 1.04-specific T cell lines

Peripheral blood mononuclear cells (PBMC) were obtained
from peripheral blood by Ficoll–Hypaque density gradient
centrifugation (Pharmacia Diagnostics). PBMC (2 � 105)
were cultured in triplicate in 96-well plates (Nunclone, Nunc,

Denmark) in 200mL of serum-free Ultra Culture Medium
(BioWhittaker) supplemented with 2mM glutamine and
2 � 10� 5

M 2-mercaptoethanol with and without allergen
for 6 days. During the last 16 h of culture, 0.5mCi [3H]-
thymidine was added and the incorporated radioactivity was
measured by scintillation counting. TCL were established by
culturing 1.5 � 106 PBMC in 24-well flat-bottomed culture
plates (3524 Costar, Cambridge, MA, USA) with or without
10mg/mL rCor a 1.04. After 5 days, 10U/mL of human rIL-2
(Boehringer, Mannheim, Germany) was added. At day 7,
T cell blasts were harvested by density gradient centrifugation
and subjected to limiting dilution to isolate TCC. The
remaining T cell blasts of TCL established with and without
Cor a 1.04 were expanded using irradiated PBMC and rIL-2.
Ten days after the last feeding, TCL were stimulated with
rCor a 1.04 (5mg/mL), rBet v 1 (5mg/mL) or rCor a 1 (5mg/
mL) in the presence of 1 � 105 irradiated (60Gy) autologous
PBMC. After 48 h, [3H]-thymidine was added and prolifera-
tion was evaluated as described above. To identify T cell
epitopes, Cor a 1.04-reactive TCL were stimulated with a
panel of 50 dodeka peptides representing the complete aa
sequence of Cor a 1.04 (5mg/mL of each peptide; Mimotopes/
Biotrend, Köln, Germany) for 48 h [29]. The stimulation
index (SI) was calculated as a ratio between cpm obtained in
cultures with TCL plus autologous PBMC plus stimulus and
cpm obtained in cultures containing TCL and PBMC.

Cor a 1.04-specific T cell clones

TCC were established according to published protocols [29].
Briefly, T cell blasts from Cor a 1.04-reactive TCL were
seeded by limiting the dilution technique in 96-well round-
bottom plates (Nunclone) in the presence of 2 � 105

irradiated PBMC, 0.5% v/v PHA (Gibco, Grand Island,
NY, USA) and rIL-2 (4U/well) in the medium described
above. The specificity of grown microcultures was assessed in
proliferation assays using 5mg/mL rCor a 1.04. Thereafter,
Cor a 1.04-reactive TCC were expanded by alternating turns
of stimulation with irradiated PBMC plus allergen or rIL-2.
The expression of CD3, CD4, CD8 and T cell receptor (TCR)
a/b at the surface of TCC was analysed by flow cytometry as
described previously [30]. Epitope mapping experiments were
performed as described above. For induction of cytokine
secretion, TCC were washed and incubated with irradiated
autologous PBMC in the presence of rCor a 1.04 (5mg/mL)
for 48 h. Cultures containing TCC and PBMC in medium
alone served as negative controls. Cytokine levels in super-
natants were measured by ELISA using matched antibody
pairs (Endogen, Woburn, MA, USA) according to the
manufacturers’ instructions (sensitivity limits: IL-4: 9 pg/
mL; IFN-g: 9.5 pg/mL). TCC were assigned to T helper
(Th) subsets as follows: Th2: IL-4/IFN-g410; Th1: IFN-g/
IL-4410 and Th0: IFN-g/IL-45 0.1–10. The TCR was
analyzed by RT-PCR as described, and revealed that TCC
were monoclonal [31].

Results

T cell epitopes of rCor a 1.04

To evaluate the optimum concentration of rCor a 1.04,
PBMC of 20 allergic and six non-allergic individuals were
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stimulated with different concentrations of rCor a 1.04 (range
3.18–25mg/mL). In both groups, 12.5mg/mL of rCor a 1.04
induced the highest proliferative responses. The median
values of allergic vs. non-allergic individuals in response to
rCor a 1.04 were 10 542 and 6604 cpm. Background levels
with medium alone were 4496 and 4349 cpm, respectively.
Next, TCL were established with rCor a 1.04 from 17
different allergic individuals and cultures responding with an
SI42 to the hazelnut allergen were tested with 50 12-mer

peptides representing the complete aa sequence of the protein
(Fig. 1). For peptides that usually induce stronger prolifera-
tion than the entire allergen, an SI43 was defined as a cut-off
for positivity. Multiple T cell epitopes distributed over the
entire hazelnut molecule were identified. Peptides Cor a 1.041–
12, Cor a 1.0434–45, Cor a 1.0437–48, Cor a 1.0440–51, Cor a
1.0443–54, Cor a 1.0446–57, Cor a 1.0461–72, Cor a 1.0476–87, Cor
a 1.0488–99, Cor a 1.0491–102, Cor a 1.04103–114 and Cor a
1.04136–147 were recognized by one individual each. Peptides
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Fig. 1. T cell epitope mapping of Cor a 1.04. Cor a 1.04-induced T cell lines (TCL) from 17 patients were tested for proliferation with 50 overlapping peptides
spanning the entire Cor a 1.04 protein sequence. In the first line SI induced by rCor a 1.04 are shown. Proliferative responses to peptides (SI 43) are shown
as filled boxes. Background levels with medium alone ranged from 215 to 6245 cpm.
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Cor a 1.0410–27, Cor a 1.0419–30, Cor a 1.0479–90 and Cor a
1.0497–108 were recognized by two individuals each. Three
patients harboured T cells specific for an epitope located at
Cor a 1.0449–63, and four individuals reacted with Cor a
1.04112–126. In eight of 17 TCL the peptide Cor a 1.04142–153
was recognized. Twelve patients harboured T cells specific for
more than one epitope. Three individuals recognized Cor a
1.04142–153 as the sole peptide. In summary, Cor a 1.04142–153
represented the most prominent epitope of the hazelnut
allergen.

Cross-reactivity of rCor a 1.04-induced T cell lines

Nine rCor a 1.04-reactive TCL from different allergic
individuals were tested for their reactivity with rBet v 1 and
rCor a 1, respectively (Fig. 2). In seven of nine TCL, rCor a
1.04 induced a higher lymphoproliferation as compared with
either pollen antigen. Nevertheless, all TCL established with
the food allergen proliferated in response to at least one
pollen allergen. TCL of each individual that were initiated
simultaneously without rCor a 1.04 did not proliferate to any
of the allergens (data not shown).

Cross-reactivity of rCor a 1.04-specific T cell clones

In total, 18 Cor a 1.04-specific TCC were isolated from nine
different allergic individuals (Table 1). All TCC were
CD31CD41TCRa/b1 and were analysed for their cytokine

secretion pattern after stimulation with rCor a 1.04. Eight
TCC were defined as Th2, six as Th0 and four TCC as Th1.
In addition, all TCC were tested for their reactivity with rBet
v 1 (Table 1). Considering an SI43 as positive, eight of 18
TCC cross-reacted with the birch-pollen allergen and all but
one TCC responded clearly more vigorously to rCor a 1.04.
Ten of 18 TCC did not proliferate in response to rBet v 1
despite a strong reactivity with rCor a 1.04. Considering that
the major allergens of tree pollens consist of a mixture of
different isoforms, these TCC were additionally stimulated
with natural Bet v 1 and complete hazel pollen extract [5, 32,
33]. Furthermore, the Bet v 1-homologue in carrot, Dau c 1,
was included as recent observations in our laboratory
indicated a cellular cross-reactivity between the major
allergens of carrot and hazelnut. Three TCC responded to
the natural pollen antigens. Seven TCC reacted with rDau c 1
(Table 1).

Cross-reactivity between rCor a 1.04 and rDau c 1 is
associated with the C-terminal epitope Cor 1.04142–153

Stimulation of rCor a 1.04-specific TCC with 50 Cor a 1.04-
derived dodeka peptides revealed that all rDau c 1-reactive
TCC were exclusively specific for Cor a 1.04142–153 (AGLF
KAVEAYLL). To further confirm the involvement of this
epitope in the cellular cross-reactivity between both food
allergens, 9 rCor a 1.04-specific TCL were stimulated with
rDau c 1 and the peptide Cor 1.04142–153 (Fig. 3). Eight TCL
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Fig. 2. Cross-reactivitiy of Cor a 1-04-specific T cell lines with homologous birch and hazel pollen allergens. Cor a 1.04-initiated TCL from nine different
allergic patients were stimulated with rCor a 1.04, rBet v 1 and pollen rCor a 1, respectively. Mean cpm of duplicates are shown.
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cross-reacted with the carrot allergen and Cor 1.04142–153 was
recognized in all of these TCL. One TCL reacted neither with
the carrot allergen nor with the peptide.

Discussion

The cellular response to the major hazelnut allergen was
characterized and compared with the response to homologous

allergens in birch and hazel pollen. Twenty distinct T cell
epitopes on Cor a 1.04 were identified, among which the
C-terminal peptide Cor a 1.04142–153 represented the most
prominent epitope (Fig. 1). All epitopes were found in regions
that correspond to T cell-activating regions of the major
birch-pollen allergen, which is obviously because of the high
aa sequence homology between Cor a 1.04 and Bet v 1 [34].
Consequently, Cor a 1.04-induced TCL cross-reacted with the
homologous pollen proteins. Interestingly, when investigating

Table 1. Characterization of Cor a 1.04-specific TCC

TCC Subset Medium rCor a 1.04 RBet v 1 TCC Subset Medium rCor a 1.04 rBet v 1 nBet v 1 HPE rDau c 1

B-C70 Th2 2.6* 48.1 8.1 B-C2 Th1 0.6 13.0 0.6 1.5 4.8 0.8

B-C87 Th2 2.2 51.1 27.9 B-C55 Th0 1.4 27.0 1.2 50.5 6.1 0.6

B-C193 Th0 0.4 41.4 13.5 H-C32 Th2 0.7 28.6 1.0 ND ND 23.4

K-C18 Th2 0.5 109.8 6.4 O-C32 Th2 7.9 188.3 5.3 5.5 ND ND

O-C2 Th0 0.2 10.8 106.6 P-C4 Th2 0.4 23.2 0.6 0.7 0.6 68.5

O-C67 Th2 3.4 21.5 19.0 P-C30 Th0 2.4 25.1 2.7 2.0 2.7 15.7

R-C185 Th1 0.7 2.8 2.2 RA-C98 Th1 3.6 131.6 1.8 12.3 ND 54.7

W-C42 Th2 0.7 7.1 2.5 R-C134 Th1 1.3 27.9 1.5 1.5 2.7 16.7

S-C16 Th0 0.2 52.4 0.2 0.2 0.2 49.3

S-C28 Th0 0.2 11.3 0.2 0.2 0.2 16.9

*cpm � 1000.

nBet v 1, natural Bet v 1; HPE, hazel-pollen extract; TCC, T cell clones; ND, not defined. T helper (Th) subsets were defined as described in Materials and methods.
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Fig. 3. Cross-reactivitiy of Cor a 1-04-specific T cell lines with the major carrot allergen. Cor a 1.04-initiated TCL from nine different allergic patients were
stimulated with rCor a 1.04, the peptide Cor a 1.04142–153 and rDau c 1, respectively. Mean cpm of duplicates are shown.
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the T cell response at a clonal level, we found that the
majority of TCC specific for Cor a 1.04142–153 do not cross-
react with pollen proteins but with the major carrot allergen,
Dau c 1.
In a high percentage of patients with birch pollinosis,

primary respiratory allergy is followed by the onset of OAS to
particular foods, most frequently apples and hazelnuts. It is
assumed that the major birch-pollen allergen initiates the
sensitization to its homologous food proteins. Our previous
characterization of the T cell response to the Bet v 1-related
major allergens in apple and celeriac substantiated this
hypothesis as T cell cultures established with rMal d 1
or rApi g 1 predominantly contained rBet v 1-specific
T lymphocytes [29, 35]. We applied a similar approach to
investigate the cross-reactivity between the major hazelnut
allergen and Bet v 1. In contrast to T cell cultures established
with Mal d 1 or Api g 1 [29, 35], Bet v 1-reactive Cor a 1.04-
established TCL and TCC responded far more vigorously to
the food than the pollen allergen. It has to be emphasized that
a predominance of pollen-reactive T lymphocytes in the
cultures could have been expected as in the present study all
blood samples were collected during and shortly after the tree
pollen season. Furthermore, 10/18 Cor a 1.04-specific TCC
did not react with rBet v 1, whereas only a minority of Api g
1-specific (two of 13) and Mal d 1-specific (three of 19) TCC
had not been reactive with rBet v 1 in previous studies [29,
35]. Together, these results suggest that – in contrast to the
major apple and celery allergen – the cellular reactivity to the
major hazelnut allergen does not exclusively depend on cross-
reactivity with the major birch pollen allergen.
In this study, we used rBet v 1a, the most prominent

isoform of the birch-pollen allergen. To include additional
isoforms of Bet v 1 for the evaluation of cellular cross-
reactivity, rBet v 1a-non-reactive TCC were tested with
natural pollen allergens (Table 1) [32, 33]. A few TCC
appreciably responded to natural pollen proteins, e.g. TCC
B-C55. Epitope mapping of this TCC revealed exclusive
specificity for the peptide Cor a 1.0449–63 (GPGTIKKIT
FAEGNE, SI5 82). When tested with different recombinant
Bet v 1 isoforms, TCC B-C55 proliferated in response to rBet
v 1b (GPGTIKKITFPEGSP, SI5 55), rBet v 1l (GPGTIK
KINFPEGFP, SI5 19) and rBet v 1d (GPGTIKKINF
PEGFP, SI5 17). No reactivity was found after stimulation
with rBet v 1e (GPGTIKKISFPEGIP, SI5 1.2), which shares
the highest sequence identity with the respective peptide of
rBet v 1a (GPGTIKKISFPEGFP), confirming its non-
reactivity. However, we cannot exclude that the natural
pollen allergen preparations used in this study lacked par-
ticular isoforms that might have been cross-reactive. Never-
theless, it is striking that most Cor a 1.04-specific TCC did not
respond to stimulation with natural tree-pollen allergens.
Ongoing studies in our laboratory indicated a cellular cross-

reactivity between the major allergens in hazelnut and carrot.
Therefore, we stimulated pollen-non-reactive TCC also with
Dau c 1 and observed pronounced proliferation (Table 1).
This cross-reactivity could be associated with the C-terminal
epitope Cor a 1.04142–153 as all Dau c 1-reactive T cell cultures
were specific for this peptide (Table 1 and Fig. 3). Cor a
1.04142–153 is present on all described variants of the hazelnut
allergen and 67% identical (83% similar) to the correspond-
ing region of Dau c 1 [18, 27]. In contrast, this epitope shows

only 58% aa identity with the respective parts of both, Bet v 1
and Cor a 1, which are identical among all known isoforms of
these allergens [5, 32]. Thus, Cor a 1.04142–153 appears to be a
food-specific T cell epitope shared by the major allergens in
hazelnut and carrot but not with homologous birch and
hazel-pollen proteins. Similar to hazelnut allergy, carrot
allergy represents a typical birch pollen-related phenomenon
mainly based on IgE cross-reactivity between Dau c 1 and Bet
v 1 [18, 36–38]. In contrast to other Bet v 1-related food
allergens, Dau c 1 was proposed to possibly initiate a
clinically relevant sensitization independent of the birch-
pollen allergen because it contains B cell epitopes that are not
shared with Bet v 1 [39]. In addition, some carrot-allergic
patients have been described who display serum IgE specific
for Dau c 1 but lack IgE specific for Bet v 1 [40]. All indi-
viduals included in this study from whom Cor a 1.04142–153-
specific TCC were derived also suffered from carrot allergy.
Therefore, our observations could support the hypothesis of a
potentially sensitizing capacity of the major carrot allergen.
There is an ongoing debate regarding whether or not

specific immunotherapy (SIT) with pollen allergens also has a
curing effect on pollen-related food allergy. Whereas some
studies described an improvement of concomitant food
allergy in successfully treated birch-pollen-allergic individuals
[41–43], other studies reported no effects and even the
induction of hypersensitivity reactions to apples during the
course of birch-pollen SIT [44, 45]. Successful SIT has been
associated with a down-regulation of allergen-specific Th2
cells [46, 47]. Our data indicate that the major birch-pollen
allergen lacks the most frequently recognized T cell-activating
peptide of the hazelnut allergen, Cor a 1.04142–153. Conse-
quently, T cells specific for this epitope would not be targeted
by SIT with birch-pollen extract. This assumption may
provide an explanation at the cellular level for the limited
efficacy of pollen therapy for food allergy treatment. Hence,
in particular, for tree pollen-allergic patients with concomi-
tant hazelnut allergy, treatment strategies in addition to a
therapy with pollen extracts should be considered.

Acknowledgements

This work was supported by Grant SFB F018-07 from the
Fonds zur Förderung der Wissenschaftlichen Forschung,
Vienna, and by Biomay, Vienna, Austria.

References

1 Wuthrich B. Epidemiology of allergies in Switzerland. Ther Umsch

2001; 58:253–8.

2 Stevens WJ, Ebo DG, Hagendorens MM, Bridts CH, De Clerck

LS. Is the prevalence of specific IgE to classical inhalant

aeroallergens among patients with respiratory allergy changing?

Evidence from two surveys 15 years apart. Acta Clin Belg 2003;

58:178–82.

3 Valenta R, Breiteneder H, Petternburger K et al. Homology of the

major birch-pollen allergen, Bet v I, with the major pollen allergens

of alder, hazel, and hornbeam at the nucleic acid level as

determined by cross-hybridization. J Allergy Clin Immunol 1991;

87:677–82.

T cell response to the major hazelnut allergen Cor a 1.04 1397

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy; 35:1392–1399



4 Ipsen H, Wihl JA, Petersen BN, Lowenstein H. Specificity mapping

of patients IgE response towards the tree pollen major allergens

Aln g I, Bet v I and Cor a I. Clin Exp Allergy 1992; 22:391–9.

5 Breiteneder H, Ferreira F, Hoffmann-Sommergruber K et al. Four

recombinant isoforms of Cor a I, the major allergen of hazel pollen,

show different IgE-binding properties. Eur J Biochem 1993;

212:355–62.

6 Rohac M, Birkner T, Reimitzer I et al. The immunological

relationship of epitopes on major tree pollen allergens. Mol

Immunol 1991; 28:897–906.

7 Iederberger V, Pauli G, Gronlund H et al. Recombinant birch

pollen allergens (rBet v 1 and rBet v 2) contain most of the IgE

epitopes present in birch, alder, hornbeam, hazel, and oak pollen: a

quantitative IgE inhibition study with sera from different popula-

tions. J Allergy Clin Immunol 1998; 102:579–91.

8 Ebner C, Ferreira F, Hoffmann K et al. T cell clones specific for

Bet v I, the major birch pollen allergen, crossreact with the major

allergens of hazel, Cor a I, and alder, Aln g I. Mol Immunol 1993;

30:1323–9.

9 Schenk S, Hoffmann-Sommergruber K, Breiteneder H et al. Four

recombinant isoforms of Cor a 1, the major allergen of hazel

pollen, show different reactivities with allergen-specific T-lympho-

cyte clones. Eur J Biochem 1994; 224:717–22.

10 Eriksson NE. Food sensitivity reported by patients with asthma

and hay fever. A relationship between food sensitivity and birch

pollen-allergy and between food sensitivity and acetylsalicylic acid

intolerance. Allergy 1978; 33:189–96.

11 Ortolani C, Ballmer-Weber BK, Hansen KS et al. Hazelnut allergy:

a double-blind, placebo-controlled food challenge multicenter

study. J Allergy Clin Immunol 2000; 105:577–81.

12 Hirschwehr R, Valenta R, Ebner C et al. Identification of common

allergenic structures in hazel pollen and hazelnuts: a possible

explanation for sensitivity to hazelnuts in patients allergic to tree

pollen. J Allergy Clin Immunol 1992; 90:927–36.

13 Breiteneder H, Ebner C. Molecular and biochemical classification

of plant-derived food allergens. J Allergy Clin Immunol 2000;

106:27–36.

14 Vanek-Krebitz M, Hoffmann-Sommergruber K, Laimer da Ca-

mara Machado M et al. Cloning and sequencing of Mal d 1, the

major allergen from apple (Malus domestica), and its immuno-

logical relationship to Bet v 1, the major birch pollen allergen.

Biochem Biophys Res Commun 1995; 214:538–51.

15 Scheurer S, Pastorello EA, Wangorsch A, Kastner M, Haustein D,

Vieths S. Recombinant allergens Pru av 1 and Pru av 4 and a newly

identified lipid transfer protein in the in vitro diagnosis of cherry

allergy. J Allergy Clin Immunol 2001; 107:724–31.

16 Karamloo F, Scheurer S, Wangorsch A, May S, Haustein D,

Vieths S. Pyr c 1, the major allergen from pear (Pyrus communis), is

a new member of the Bet v 1 allergen family. J Chromatogr B

Biomed Sci Appl 2001; 756:281–93.

17 Breiteneder H, Hoffmann-Sommergruber K, O’Riordain G et al.

Molecular characterization of Api g 1, the major allergen of celery

(Apium graveolens), and its immunological and structural rela-

tionships to a group of 17-kDa tree pollen allergens. Eur J Biochem

1995; 233:484–9.

18 Hoffmann-Sommergruber K, O’Riordain G, Ahorn H et al.

Molecular characterization of Dau c 1, the Bet v 1 homologous

protein from carrot and its cross-reactivity with Bet v 1 and Api g

1. Clin Exp Allergy 1999; 29:840–7.

19 Amlot PL, Kemeny DM, Zachary C, Parkes P, Lessof MH. Oral

allergy syndrome (OAS): symptoms of IgE-mediated hypersensi-

tivity to foods. Clin Allergy 1987; 17:33–42.

20 Wensing M, Akkerdaas JH, van Leeuwen WA et al. IgE to Bet v 1

and profilin: cross-reactivity patterns and clinical relevance.

J Allergy Clin Immunol 2002; 110:435–42.

21 Pastorello EA, Vieths S, Pravettoni V et al. Identification of

hazelnut major allergens in sensitive patients with positive double-

blind, placebo-controlled food challenge results. J Allergy Clin

Immunol 2002; 109:563–70.

22 Kleine-Tebbe J, Vogel L, Crowell DN, Haustein UF, Vieths S.

Severe oral allergy syndrome and anaphylactic reactions caused by

a Bet v 1-related PR-10 protein in soybean, SAM22. J Allergy Clin

Immunol 2002; 110:797–804.

23 Mittag D, Akkerdaas J, Ballmer-Weber BK et al. Ara h 8, a Bet v

1-homologous allergen from peanut, is a major allergen in patients

with combined birch pollen and peanut allergy. J Allergy Clin

Immunol 2004; 114:1410–7.

24 Schocker F, Luttkopf D, Scheurer S et al. Recombinant lipid

transfer protein Cor a 8 from hazelnut: a new tool for in vitro

diagnosis of potentially severe hazelnut allergy. J Allergy Clin

Immunol 2004; 113:141–7.

25 Beyer K, Grishina G, Bardina L, Grishin A, Sampson HA.

Identification of an 11S globulin as a major hazelnut food allergen

in hazelnut-induced systemic reactions. J Allergy Clin Immunol

2002; 110:517–23.

26 Lauer I, Foetisch K, Kolarich D et al. Hazelnut (Corylus avellana)

vicilin Cor a 11: molecular characterization of a glycoprotein and

its allergenic activity. Biochem J 2004; 383:327–34.

27 Luttkopf D, Muller U, Skov PS et al. Comparison of four variants

of a major allergen in hazelnut (Corylus avellana) Cor a 10.4 with

the major hazel pollen allergen Cor a 10.1. Mol Immunol 2002;

38:515–25.

28 Ferreira FD, Hoffmann-Sommergruber K, Breiteneder H et al.

Purification and characterization of recombinant Bet v I, the major

birch pollen allergen. Immunological equivalence to natural Bet v I.

J Biol Chem 1993; 268:19574–80.

29 Bohle B, Radakovics A, Jahn-Schmid B, Hoffmann-Sommergruber

K, Fischer GF, Ebner C. Bet v 1, the major birch pollen

allergen, initiates sensitization to Api g 1, the major allergen in

celery: evidence at the T cell level. Eur J Immunol 2003; 33:

3303–10.

30 Bohle B, Wagner B, Vollmann U et al. Characterization of T cell

responses to Hev b 3, an allergen associated with latex allergy in

spina bifida patients. J Immunol 2000; 164:4393–8.

31 Bohle B, Schwihla H, Hu HZ et al. Long-lived Th2 clones specific

for seasonal and perennial allergens can be detected in blood and

skin by their TCR-hypervariable regions. J Immunol 1998;

160:2022–7.

32 Swoboda I, Jilek A, Ferreira F et al. Isoforms of Bet v 1, the major

birch pollen allergen, analyzed by liquid chromatography, mass

spectrometry, and cDNA cloning. J Biol Chem 1995; 270:2607–13.

33 Ferreira F, Hirtenlehner K, Jilek A et al. Dissection of

immunoglobulin E and T lymphocyte reactivity of isoforms of the

major birch pollen allergen Bet v 1: potential use of hypoallergenic

isoforms for immunotherapy. J Exp Med 1996; 183:599–609.

34 Ebner C, Schenk S, Szepfalusi Z et al. Multiple T cell specificities

for Bet v I, the major birch pollen allergen, within single

individuals. Studies using specific T cell clones and overlapping

peptides. Eur J Immunol 1993; 23:1523–7.

35 Fritsch R, Bohle B, Vollmann U et al. Bet v 1, the major birch

pollen allergen, and Mal d 1, the major apple allergen, cross-react

at the level of allergen-specific T helper cells. J Allergy Clin

Immunol 1998; 102:679–86.

36 Ebner C, Hirschwehr R, Bauer L et al. Identification of allergens in

fruits and vegetables: IgE cross-reactivities with the important

birch pollen allergens Bet v 1 and Bet v 2 (birch profilin). J Allergy

Clin Immunol 1995; 95:962–9.

37 Dreborg S, Foucard T. Allergy to apple, carrot and potato in

children with birch pollen allergy. Allergy 1983; 38:167–72.

38 Caballero T, Martin-Esteban M. Association between pollen

hypersensitivity and edible vegetable allergy: a review. J Invest

Allergol Clin Immunol 1998; 8:6–16.

39 Ballmer-Weber BK, Wuthrich B, Wangorsch A, Fotisch K,

Altmann F, Vieths S. Carrot allergy: double-blinded, placebo-

1398 B. Bohle et al.

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy; 35:1392–1399



controlled food challenge and identification of allergens. J Allergy

Clin Immunol 2001; 108:301–7.

40 Moneo I, Gomez M, Sanchez-Monge R et al. Lack of crossreaction

with Bet v 1 in patients sensitized to Dau c 1, a carrot allergen. Ann

Allergy Asthma Immunol 1999; 83:71–5.

41 Asero R. How long does the effect of birch pollen injection SIT on

apple allergy last? Allergy 2003; 58:435–8.

42 Bolhaar ST, Tiemessen MM, Zuidmeer L et al. Efficacy of birch-

pollen immunotherapy on cross-reactive food allergy confirmed by

skin tests and double-blind food challenges. Clin Exp Allergy 2004;

34:761–9.

43 Bucher X, Pichler WJ, Dahinden CA, Helbling A. Effect

of tree pollen specific, subcutaneous immunotherapy on the

oral allergy syndrome to apple and hazelnut. Allergy 2004; 59:

1272–6.

44 Herrmann D, Henzgen M, Frank E, Rudeschko O, Jager L. Effect

of hyposensitization for tree pollinosis on associated apple allergy.

J Invest Allergol Clin Immunol 1995; 5:259–67.

45 Hansen KS, Khinchi MS, Skov PS, Bindslev-Jensen C, Poulsen

LK, Malling HJ. Food allergy to apple and specific immuno-

therapy with birch pollen. Mol Nutr Food Res 2004; 48:

441–8.

46 Till SJ, Durham SR. Immunological responses to allergen

immunotherapy. Clin Allergy Immunol 2004; 18:85–104.

47 Romagnani S. Immunologic influences on allergy and the T(H)1/

T(H)2 balance. J Allergy Clin Immunol 2004; 113:395–400.

T cell response to the major hazelnut allergen Cor a 1.04 1399

r 2005 Blackwell Publishing Ltd, Clinical and Experimental Allergy; 35:1392–1399


