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Background: Cor a 1.04 has been identified as the major
hazelnut allergen in 65 European patients with positive dou-
ble-blind, placebo-controlled food challenge results to hazel-
nut. Recently, the 11S globulin Cor a 9 was shown to be a
pollen-independent hazelnut allergen in the United States,
whereas preliminary data suggest the lipid transfer protein
(LTP) as an important birch pollen—unrelated hazelnut aller-
gen in Europe.

Objective: We sought to recruit a group of European patients
allergic to hazelnut without birch pollen allergy and to identify
and clone the major food allergen(s) in this study population.
Methods: We recruited 26 such Spanish patients, including 10
patients with anaphylaxis. IgE immunoblotting was performed
with hazelnut extract. Hazelnut LTP Cor a 8 was cloned by
using a PCR strategy, purified, and subjected to IgE
immunoblotting. Recombinant Cor a 8, rCor a 1.0401, and
rCor a2 (profilin) were further investigated by means of
enzyme allergosor bent test. Immunaoblot inhibition experi-
ments wer e used to compare the immunologic properties of
natural and recombinant LTP.

Results: A 9-kd major allergen was identified in hazelnut
extract. Cloning, sequencing, heterologous expression, and inhi-
bition experimentsidentified it asan LTP. The prevalence of
specific IgE antibody reactivity to LTP was 62% in hazelnut
extract and 77% when recombinant LTP was tested by means
of immunoblotting. IgE immunoblot inhibition with hazelnut
extract showed that natural Cor a8 and rCor a 8 shared iden-
tical epitopes. Only one patient had positive reactivity to Cor a
1.04, and no patients had positive reactivity to Cor a 2. Two
sera bound to high-molecular-weight allergens. The LTP was
denominated as Cor a 8 and submitted to the allergen database
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Conclusions: Cor a 8isarelevant allergen for a majority of
Spanish patients with hazelnut allergy that can cause severe
allergic reactions. (J Allergy Clin Immunol 2004;113:141-7.)
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Hazelnut is a common cause of food-induced allergic
reactions. In Europe the prevalence of hazelnut allergy is
estimated to be between 0.1% and 0.5%.12 Recently, a
multicenter study confirmed allergy to hazelnut by
means of double-blind, placebo-controlled food chal-
lenge.3 Although food allergy to hazelnut was the only
inclusion criterion, all patients recruited in that study had
abirch pollen—related food allergy and developed almost
exclusively ora alergy syndrome (OAS) during the chal-
lenge. Analysis of the allergen profile of the patients
revealed that the Bet v 1—related major allergen Cor a
1.04014 was detected by IgE from 97% of the patients.5
By contrast, Beyer et a6 very recently identified the first
non pollen-related major alergen in hazelnut as an 11S
globulin. This alergen had an IgE prevalence of 86% in
14 subjects with severe hazelnut allergy recruited in the
United States. By contrast, Pastorello et al> presented
preliminary dataindicating that a 9-kd lipid transfer pro-
tein (LTP) might be amajor alergen in 7 Mediterranean
patients with anaphylaxis to hazelnut.

LTPs are small proteins comprising 91 to 95 amino
acids, with 8 conserved cysteines forming disulfide
bridges, basic isoel ectric points, and a common a-helical
structure.” Because of their stable structure, they have
been supposed to be responsible for more severe alergic
reactions to hazelnuts.8-10 The first fully characterized
alergenic LTP was Pru p 3, the major alergen of
peach.11 LTPs have also been identified as major aller-
gens in apricot,12 maize,13 asparagus,4 and lettuce.15 It
is remarkable that (1) almost all study populations in
which LTPs were described as relevant alergens were
from Mediterranean countries and that (2) LTP sensitiza-
tion was found to be associated with severe food allergies
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Abbreviations used
EAST: Enzyme allergosorbent test
LTP: Lipid transfer protein
OAS: Oral alergy syndrome
SPT: Skin prick test

in the majority of cases. Using a panel of recombinant
cherry alergens for component-resolved in vitro and in
vivo diagnosis, Scheurer et a6 and Ballmer-Weber et
all” compared study populations from Italy and Spain
with those from Germany and Switzerland and con-
firmed the apparent geographic differences in sensitiza-
tion patterns: the Bet v 1 homologue was the dominating
alergen in Swiss and German patients, whereas sensiti-
zation to the LTP Pru av 3 was amost exclusively detect-
ed in Mediterranean patients.

In the light of the study by Pastorello et al,> we sus-
pected an LTP as the major hazelnut allergen in South
European patients. In the present investigation we have
recruited the largest population of subjects allergic to
hazel nuts without birch pollen alergy that has been stud-
ied thus far (n = 26). The aim of our study was to identi-
fy the major hazelnut alergen in this group of patients
and, if possible, to determine its primary structure and to
express a recombinant protein as a new tool for compo-
nent-resolved diagnosis of hazelnut allergy.

METHODS

Patient sera

Serum samples were collected from 26 Spanish patients with a
clear history of adverse reactions after hazelnut ingestion in the past
year with hazelnut as the only food implicated in the episode. Spe-
cific IgE to hazelnut was determined by means of in vivo and in
vitro tests. Double-blind, placebo-controlled food challenges to
hazelnut were performed in patients reporting OAS. Challenge tests
to hazelnut were not performed in patients reporting systemic reac-
tions except for in one patient in whom hazelnut-dependent exer-
cise-induced anaphylaxis was diagnosed.

Allergy to pollens was assessed from a clinica history of respi-
ratory symptoms during the season of the different pollens.

Skin prick tests (SPTs) were performed according to the standard
procedure!8 with a panel of inhalant allergens containing the main
allergens prevalent in our environment: dust mites, molds, cock-
roach, cat and dog dander, latex, and pollens, such as grass, Pari-
etariajudaica, Artemisia vulgaris, Plantago lanceolata, Chenopodi-
um album, Mercurialis annua, Olea europea, Cupressus arizonica,
Corylus avellana, Platanus acerifolia (Bial-Aristegui, Bilbao,
Spain), and Betula verrucosa (ALK-Abello, Madrid, Spain).

SPTswith apanel of food allergens with commercialy available
extracts (Leti, Barcelona, Spain) were also performed, including
milk, egg, mixed flours, peach, apple, banana, kiwi, cherry, hazel-
nut, peanut, chestnut, walnut, almond, maize, rice, mustard, celery,
green bean, tomato, lettuce, mixed meat, mixed fish, shrimp, and
Anisakis simplex. We aso performed SPTs by using the prick-to-
prick techniquel® with fresh hazelnuts and implicated foods.

Histamine dihydrochloride, 10 mg/mL, and PBS solution served
as positive and negative controls, respectively. An SPT response
was considered positive if the wheal area was 3 mm greater than
that elicited by the negative control 15 minutes after testing.

Written informed consent was obtained from all subjectsincluded
in this study.
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Allergen extracts

Allergen extract from hazelnuts was prepared as previously
described.20

RNA purification and first-strand cDNA
synthesis

Total RNA was isolated from 100 mg of hazelnut powder by
using RNeasy Plant Mini kit (Qiagen, Hilden, Germany). Approxi-
mately 1 pg of total RNA was reversely transcribed with the First
Strand cDNA Synthesis kit (Pharmacia, Freiburg, Germany). The
cDNA synthesis was primed with a degenerated oligonucleotide
primer (5'-T,gNN-3' [dTdeg]) at 37°C for 60 minutes, followed by
heat denaturation at 99°C for 5 minutes.

PCR and 5'RACE (Rapid Amplification of
c¢DNA Ends)

A degenerated primer selected on the basis of known homolo-
gous sequences of LTPs (LTP2: 5°-TGT GGW GTY AAY ATT
CCT TAC-3") and the dTdeg primer were used for the PCR strate-
gy. The first-strand cDNA amplification was performed as previ-
ously described16 at optimized PCR conditions. Rapid amplification
of cDNA ends (5'RACE) was performed with the 5'-RACE system
(GIBCO BRL, Eggenstein, Germany), according to the manufac-
turer’s instructions. Single-stranded cDNA was synthesized with a
gene-specific antisense primer (GSP1: 5'-CAC TTC ACG TTG
TTG CAG TTG G-3'). A homopolymeric dC-tail was ligated to the
3" end of the purified cDNA by means of a termina desoxynu-
cleotidyl transferase reaction. The dC-tailed cDNA was amplified
by using an abridged anchor primer (provided with the 5’RACE sys-
tem) and a nested second gene-specific antisense primer (GSP2: 5'-
GCT GAT CTT GTA AGG AA-3).

Amplification of full-length coding DNA

The identified sequences of the 2 overlapping partial cDNAs
were used to derive terminal primers: Nde-LTP(+) 5-GG GAA TTC
CAT ATG TCC CTG ACA TGC CCA CAG-3 and Xhol-LTP(-) 5'-
TAA CCG CTC GAG TCACTT CAC GTT GTT GC-3' (restriction
sites are underlined, and start and stop codons are shown in italics).

Cloning and sequencing of hazelnut LTP
cDNA

Amplified cDNA was purified from agarose gels by using the
QIAEX kit (Qiagen), ligated into pGEM-T vector (0GEM-T Vector
System |; Promega, Madison, Wis), and transformed into
Escherichia coli XL1-Blue (Stratagene, Heidelberg, Germany) by
means of electroporation. Plasmids from positive clones were sub-
jected to sequence analysis, as previously described.16

Expression and purification of recombinant
hazelnut LTP

The LTP cDNA was cloned into the vector pET-16b (Novagen,
Schwalbach, Germany) through Ndel and Xhol restriction sites. For
target gene expression, the plasmid was transformed into E coli
BL21(DE3) Codon Plus RIL cells (Stratagene, Amsterdam, The
Netherlands). The cells were grown at 37°C in LB medium con-
taining 50 pg/mL carbenicillin and 35 pg/mL chloramphenicol to a
cell density of 0.6 at a wavelength of 600 nm. Expression was
induced with 1 mmol/L isopropyl-b-thiogal actopyranoside, and
incubation was continued at 30°C for 2 hours. The cell pellet was
dissolved in binding buffer (50 mmol/L NaH,PO,, 300 mmol/L
NaCl, 10 mmol/L imidazole, and 175 U of benzonase, pH 8.0) and
disrupted with a French pressure cell disruption apparatus (SLM
Aminco; Spectronic Unicam Instruments Inc, Cambridge, United
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FIG 1. IgE immunoblotting of hazelnut extract: lanes 1 to 26, patient sera 1 to 26; lane 27, nonallergic control.

Kingdom). After centrifugation, the target protein was purified by
means of Ni-chelate affinity chromatography. Protein concentra-
tions of the eluates were measured by using the Coomassie Plus
Protein Assay (Pierce, Rockfort, I11).

SDS-PAGE, immunoblot, and immunoblot
inhibition

Protein samples were separated by means of SDS-PAGE (15%)
under reducing conditions according to the method of Laemmli2t
and were Coomassie stained. For immunoblot and immunoblot
inhibition experiments, hazelnut extract (20 pg/cm total protein)
and recombinant LTP (0.5 pg/cm) were separated by using
NUPAGE-Bis-Tris gels (10%; Novagen, Groningen, The Nether-
lands) under nonreducing conditions and transferred onto nitrocel-
|ulose membranes (Schleicher and Schuell, Dassel, Germany).

For immunoblot analysis, the serum samples were diluted 1:20 in
PBS containing 0.05% Tween 20. Immunoblot inhibition experi-
ments were performed by preincubating a serum pool (Table |, no. 9
and 11) with 15 pg of hazelnut rLTP or 700 g of crude hazelnut pro-
tein at room temperature for 2 hours. Then the samples were diluted
to 1:20. Serum from a nonatopic subject was chosen as a negative
control. For detection of bound IgE antibodies to hazelnut extract, the
strips were incubated with iodine 125-radiol abeled sheep anti-human
IgE (SH25-1-p7; Sanquin, Amsterdam, The Netherlands).

lon exchange chromatography and N-termi-
nal sequencing

DEAE Sepharose Fast Flow Resin (Amersham Pharmacia
Biotech AB, Uppsala, Sweden) was loaded on a column (Pharma-
cia) for FPLC (Fast Protein Liquid Chromatography) purification.
After equilibration with binding buffer (20 mmol/L Tris, pH 8.0), 5
mg of crude hazelnut protein was bound to the resin. The column
was washed with binding buffer and finally eluted by means of step-
wise increases of the salt gradient with elution buffer (20 mmol/L
Trisand 0.5 mol/L NaCl, pH 8.0). Fractions containing the enriched
low-molecular-weight proteins were electroblotted onto polyvinyli-
dene difluoride membranes (Westran; Schleicher and Schuell) and
stained with Coomassie stain. Microsequencing of a 9-kd protein
was performed by means of Edman degradation with a 476-A
pulsed liquid protein sequencer with an online phenylthiohydantoin
amino acid analyzer (Applied Biosystems, Weliterstadt, Germany).

Determination of specific IgE by means of
enzyme allergosorbent test and CAP

Recombinant hazelnut allergen LTP (0.3 ug per disk), Cor a1.0401
(Genbank accession no. AF 136945; 0.25 g per disk), and profilin
Cor a2 (Genbank accession no. AF 327622; 2 g per disk) were cou-
pled to cyanogen bromide—activated filter paper disks (Hyor, Kassdl,
Germany), as described elsewhere.22 The enzyme allergosorbent test
(EAST) was performed in duplicates by using the “Allergopharma

Spez IgE ELISA” (Allergopharma), according to the manufacturer’s
instructions. Specific IgE to hazelnut extract was determined by using
the CAP assay (Pharmacia & Upjohn, Uppsaa, Sweden).

RESULTS
Patients with hazelnut allergy

We recruited 26 patients (16 female and 10 male
patients; age range, 7-58 years) with a history of adverse
reactions to hazelnuts. All subjects included had positive
responses to hazelnut both in SPTs with commercial
extract and with the fresh food. Of 26 cases, history
revealed 10 (38%) cases of anaphylaxis, 8 (31%) cases of
OAS, 6 (23%) cases of angioedema, and 2 (8%) cases of
urticaria (Table I).

Most of the patients were sensitized to other plant-
derived foods, mainly peach and peanut (Table 1), and
several of the foods causing a positive SPT response
were not tolerated by the patients. All had plane pollen
alergy, and some of them (6/26 [22%]) were additional-
ly sensitized to grass pollen. None of the patients were
alergic to birch pollen.

Identification of a 9-kd major allergen in
hazelnut

Sixteen of 26 patients sera displayed IgE reactivity to
a 9-kd protein in hazelnut extract (nos. 1, 2, 5, 7-11, 13-
15, 17, 18, 22, 24, and 26; Fig 1 and Table I). In 2 serum
samples (nos. 10 and 24) alergenic hazelnut structures
above 20 kd were detected in addition to the 9-kd protein.
One of 26 sera contained IgE antibodies to an 18-kd aller-
gen (no. 4). Incubation with an mAb against Bet v 1 iden-
tified this protein as Cor a 1.04, the Bet v 1-analogous
hazelnut allergen (data not shown). The rest of the sera
were monosensitizied against the 9-kd allergen.

Identification of the 9-kd hazelnut allergen
as an LTP

Enrichment of natural LTP and amino acid sequencing.
The natural LTP from hazelnut was enriched by means of
ion exchange chromatography. Because we focused not
only on theisolation of LTP but also on further low-mole-
cular-weight proteins, different resin materials with vary-
ing buffer systems were run and accessed in Coomassie-
stained Laemmli gels (15%). The most effective enrich-
ment of proteins below 14 kd was achieved by running a
DEAE Sepharose Fast Flow Resin with an elution buffer
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bpl atg ggt agc ctt aag ttg gta tgc gcg gtc
aa M G S L K L v C A v
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ctc ttg tgc atg atg gtg gcc gca ccc gtt 60
L L C M M v A A P v

61 gcc cgg gcg tcce ctg aca tgc cca cag ata
121 ctg aag aac ggc ggc gtt ctt cct cce tcet
L K N G G Vv L P P S

181 gcc tcc agg acc acg tcc gac cgc cag tce
A S R T T S D R Q S

241 ggc atc gct gge ctc aac cct aat ctt gcet
G I A G L N P N L A

301 att cct tac aag atc agc ccc tcc acc aac
I P Y K I S P S T N

aaa ggc aac ctc acg cca tgc gtg ctc tac 120
K G N L T P C \'4 L Y

tgc tgc aag ggc gtc agg gct gta aac gac 180
c o} K G v R A A N D

gct tge aac tgc ttg aaa gat aca gcc aaa 240
A Cc N C L K D T A K

gct ggc ctc ccec gge aag tgt ggt gtc aac 300
A G L P G K C G v N

tgc aac aac gtg aag tga
c N N v K *

FIG 2. Nucleotide sequence and deduced amino acid sequence of Cor a 8. The N-terminus determined in
nCor a 8 is shown in bold, and the identified signal peptide is underlined. The nucleotide sequence has been

submitted to GenBank under accession no. AF 329829.

of 20 mmol/L Trisand 0.5 mol/L NaCl, pH 8.0. The frac-
tions with the low-molecular-weight proteins were eluted
at highest purity at the beginning of the elution step (data
not shown). The fractions containing a 9-kd protein were
electroblotted onto a\Westran membrane and sequenced by
means of Edman degradation. The amino acid sequence of
the first 23 amino acids of the natural 9-kd protein con-
firmed the N-terminus of recombinant LTP (Fig 2).

Sequence analysis of hazelnut LTP cDNA. The hazel-
nut LTP cDNA was identified as a 345-bp open reading
frame coding for 92 amino acids of the mature protein
and a signal peptide of 23 amino acids (Fig 2). Comput-
er-assisted sequence alignments on the amino acid level
showed similarities to the group of nonspecific transfer
proteins. The highest degrees of amino acid sequence
identity were revealed with LTP from almond (62%),
apple (61%), cherry (61%), and peach (59%). The
sequence was submitted to the NBCI GenBank database
under accession no. AF 329829. The deduced protein had
a theoretic molecular mass of 9.4 kd and an isoelectric
point of 10.7. It was denominated as Cor a8 and submit-
ted to the official World Health Organization/Internation-
al Union of Immunological Societies Allergen Database.

Expression and purification of rCor a 8 from hazelnut.
Complementary DNA encoding the mature protein Cor a
8 was expressed in E coli BL21(DE3) RIL cells at 30°C
for 2 hours. Purification was performed under native con-
ditions by means of metal affinity chromatography. Frac-
tions containing rCor a 8 were pooled (Fig 3). Approxi-
mately 1.5 mg of recombinant protein was purified from
1L of bacteria culture.

Allergen profile of the patients determined
on the basis of component-resolved
diagnosis

The 26 sera from Spanish patients with hazelnut
alergy included in this study were investigated for IgE-
binding capacity to rCor a 8 by means of immunoblot-
ting and EAST.

As shown in Fig 4 and Table I, al the sera with IgE
binding to nCor a8 aso recognized the recombinant pro-
tein in the immunoblot. Serum samples 6, 19, 20, and 25
bound to rCor a 8 but did not recognize natural LTP in
hazelnut extract.

By means of EAST with rCor a 8, we determined 1
class 3, 6 class 2, and 7 class 1 results in this group of
patients (Table 1). After testing the sera with rCor a
1.0401, the Bet v 1-related major hazelnut allergen, and
recombinant hazelnut profilin Cor a 2.01, the Bet v
2—analogous hazelnut allergen, only serum sample 4
showed IgE against Cor a 1.0401, and none showed IgE
against profilin. Two sera of nonatopic subjects and 2
sera of patients only sensitized to Cor a1.04 and Cor a 2,
respectively, were chosen as controls (not shown in Table
I). The nonatopic sera did not show reactivity to any of
the recombinant allergens, whereas the positive controls
confirmed the specificity of the EAST.

Twenty-one of the patients presented IgE to hazelnut
extract in the CAP test.

nCor a 8 and rCor a 8 share identical
epitopes

For IgE immunablot inhibition experiments, a serum
pool (nos. 9 and 11, Table I) from 2 patients with ana-
phylactic reactions to hazelnuts was selected. The serum
pool was preincubated with 15 pg of rCor a8 or 700 ug
of protein of natural hazelnut extract before being tested
on blot strips with hazelnut extract. IgE binding was
completely inhibited with the recombinant hazelnut LTP
and with the crude extract (Fig 5).

DISCUSSION

To identify birch pollen-independent allergensin hazel-
nut, we have studied 26 subjects with hazelnut allergy
from Spain, the largest group of such patients studied thus
far. Because 18 (69%) patients reported systemic symp-
toms after hazel nut ingestion, challenge tests were not per-
formed in these subjects but were used to confirm OASin
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FIG 3. FPLC purification of recombinant (His;q)-tagged Cor a 8 with nickel-nitrilotriacetic acid superflow
resin: lane 1, flow-through after binding to column; lane 2, eluates after the 10 mmol/L imidazole binding
step; lane 3, eluates after the 50 mmol/L imidazole washing step; lane 4, eluates after the 100 mmol/L imi-
dazole washing step; lanes 5to 7, elution with 250 mmol/L imidazole buffer.

TABLE I. Summary of data for patients with hazelnut allergy

Other sensitizations*

Age Food Aero- EAST, EAST, EAST, CAP, Immunoblot, Immunoblot,
Patient no. (y) Sex symptoms allergenst Foodst rCora8 rCora 1.0401 rCora2 hazelnut nCora8 nCora 8
1 30 F  Urticaria P pe |, pn,m 2 0 0 3 + +
2 29 F Angioedema P pe, ch, pn, t 2 0 0 3 + +
3 30 F OAS P+G gb 0 0 0 0 - -
4 41 F OAS P+G pe, a 0 3 0 2 - -
5 30 F OAS P+G t, pn 1 0 0 2 + +
6 33 M Angioedema P+C pe 0 0 0 0 - +)
7 38 F  Anaphylaxis P+D pe, pn, ¢ 0 0 0 1 (+) +
8 27 F  Anaphylaxis P+D w, ch, a, m, 0 0 0 2 + +
pn, r
9 30 M Anaphylaxis P w, che 1 0 0 2 + +
10 36 M OAS P+G pn, r,m, | 0 0 0 2 +) (+)
11 23 F Anaphylaxis P+G pe t,r,che k, O 0 0 2 + +
ch
12 58 F Angioedema P+L+D  pe pn 0 0 0 0 - - g
13 33 M Angioedema P pn, pe, ch 1 0 0 2 + + 5 .2
14 29 F OAS P pn,pe,m,| 3 0 0 3 + + 8 3
15 30 F Angioedema P pn,pe, mw 2 0 0 2 + + oL
16 26 F FDEIA P al,mpnch 0 0 0 0 - - g
17 10 M OAS P+D 1 0 0 2 + + > 5
18 29 F Anaphylaxis P pe, I, pn 1 0 0 2 +) + E g
19 33 M OAS P+G w 0 0 0 0 - ) - G
20 35 M Angioedema P b, av 0 0 0 1 - + 8
21 29 F Anaphylaxis P pe 0 0 0 2 - - =
22 25 F OAS P+D+C  pe pn, k,m,| 2 0 0 3 + +
23 35 M Urticaria P pn 0 0 0 2 - -
24 7 M  Anaphylaxis P+D pe, w, ch,pn, 2 0 0 5 + +
a, m
25 26 F  Anaphylaxis P w, pn, b, k, che 2 0 0 2 - +
26 38 M Angphylaxis P pe pn,ch,w, 1 0 0 2 + +
che

FDEIA, Food-dependent exercise-induced anaphylaxis.

*Determined by means of SPT.

1P, Plane; G, grass; C, cat dander; D, dust mite; L, latex.

Ipe, Peach; I, lettuce; pn, peanut; m, maize; ch, chestnut; t, tomato; gb, green bean; a, apple; c, celery; w, walnut; al, almond; r, rice; che, cherry; k, kiwi; b,
banana; av, avocado.
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FIG 4. IgE immunoblotting of rCor a 8: lanes 1 to 26, patient sera 1 to 26; lane 27, nonallergic control.
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FIG 5. Immunoblot inhibition of immobilized nCor a 8 (20 pg of
hazelnut extract per centimeter) with serum pool: lane 1, buffer
control; lane 2, nonallergic serum; lane 3, no inhibitor; lane 4, 15
ug of rCor a 8; lane 5, 700 pg of hazelnut extract.

those reporting mild symptoms. A 9-kd major allergen in
hazelnut extract was recognized by IgE from 16 (62%) of
26 of the study subjects. Both partial purification followed
by N-terminal sequencing and PCR-based cloning identi-
fied this mgjor dlergen as hazelnut LTP, Cor a 8. Using
rCor a 8 for IgE immunoblotting revealed superior diag-
nostic sensitivity of rCor a 8 compared with the extract
because 4 additional subjects had positive IgE to the
recombinant allergen, resulting in an IgE prevalence of 20
(77%) of 26. Moreover, severa sera showed a stronger
band intensity to rCor a 8 compared with the binding at 9
kd to hazelnut extract (Figs 1 and 4). Seven patients with
anaphylaxis were monosensitized to Cor a8 (nos. 7, 8, 9,
11, 18, 25, and 26). Interestingly, several patients with
OASwere also monosensitized to LTR, indicating that LTP
can trigger symptoms similar to pollen-related alergensin
a subgroup of patients. Only one patient was positive to
Cor a 1.04, and none to profilin Cor a 2. Two sera bound
to high-molecular-weight allergens.

It is remarkable that the hazelnut CAP and EAST
results were negative in 5 patients with a history of ana
phylaxis, angioedema, or OAS to hazelnut, and a positive
SPT and prick-to-prick test response to fresh nuts (nos. 3,
6, 12, 16, and 19), and in 2 cases positive challenge test
results (nos. 3 and 16) and that serafrom all these patients
had negative results in the hazelnut extract immunaoblot.
These observations suggest a sensitivity problem of thein
vitro diagnosis of hazelnut alergy, which is probably
caused by important allergensthat are weakly expressed in
nuts. Because the use of rCor a 1.0401 by L tittkopf et al4
and Cor a8 in this study led to an increased sensitivity of
in vitro diagnosis compared with hazelnut extracts, in the
future, this problem might be overcome by additional
recombinant hazelnut allergens, such as the recently
described 11S globulin Cor a 9 or 2S abumin. The com-
plete inhibition of IgE binding to natural hazelnut LTP
after preincubation of the serum pool with recombinant
hazelnut LTP confirmed that natural and recombinant
hazelnut LTP share identical epitopes.

In this study we determined the complete primary
structure of hazelnut LTP by means of cDNA cloning and
sequencing. We found a typical LTP with a molecular
weight of 9 kd (mature protein). The immature protein
consisted of 115 amino acids with a typical signa pep-
tide and cleavage site,23 resulting in a mature LTP of 92
amino acids. The deduced N-terminus of hazelnut LTP
could be verified by means of N-terminal sequencing of
natural hazelnut LTP enriched in hazelnut extract by
using ion exchange chromatography.

Because high amino acid sequence identities were
found with important allergenic LTPs, such asthose from
almond (62%), apple (Mal d 3, 61%),24 cherry (Pru av 3,
61%),16 and peach (Pru p 3, 59%),11 IgE cross-reactivity
between Cor a 8 and these allergens in Mediterranean
patients is to be expected.

Our data also confirm regional differences in sensiti-
zation patterns reported for other birch pollen-related
foods.16.17 As shown in this study, hazelnut LTP is rele-
vant for amajority of patients recruited in Spain. By con-
trast, in our previous study carried out in a group of 53
patients allergic to hazelnuts with birch pollen allergy
from Germany, we were able to show that the majority
were sensitized to the pollen-related hazelnut allergen
Cor a1.04 and that only one serum sample from a patient
without pollinosis reacted to non pollen-associated
hazel nut allergens.20 These results are well in accordance



J ALLERGY CLIN IMMUNOL
VOLUME 113, NUMBER 1

with the findings of Pastorello et al,> demonstrating that
all 7 patients with hazelnut allergy but without birch
pollen allergy from Italy had specific IgE antibodies to a
9-kd hazelnut allergen, presumably LTP, in contrast to
not one single LTP-positive serum sample out of 65
patients allergic to hazelnuts with birch pollen allergy
from Milan, Copenhagen, and Zurich.

Within the investigated patient group, all patients were
sensitized to plane pollens (Platanus acerifolia). Enrique
et a2 have recently described this clinical association
between Platanus acerifolia pollinosis and plant-derived
food allergy, with a high percentage of patients who are
alergic to hazelnuts. Therefore it is also important to
bear the existence of LTPsin these pollens as cross-reac-
tive alergenic structures in mind, which has been shown
for ragweed pollen and Par j 1 from Parietaria judaica.26
This could account for a primary sensitization through
the inhalational route and a subsequent cross-reaction
with Cor a 8 and might explain the differences of IgE
reactivity patterns between patients with hazelnut allergy
in Northern and Southern Europe.

In conclusion, our results demonstrated that LTP from
hazelnut is amajor allergen for Spanish patients allergic
to hazelnuts without birch pollen allergy. The hazelnut
LTP was denominated as Cor a 8 and has been added to
the official World Health Organization/International
Union of Immunological Societies Allergen Database.
Similar to other recombinant allergens, rCor a 8 was
found to be a suitable tool to improve diagnostic sensi-
tivity and to obtain a refined component-resolved diag-
nosis of a potentially severe food alergy to hazelnut.

We thank Mrs Daniela Warneke and Mr Jirgen Sarau
(Forschungszentrum Borstel, Borstel, Germany) for their excellent
technical assistance.
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