
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Original Paper 

 Int Arch Allergy Immunol 2011;155:345–354 
 DOI: 10.1159/000321268 

 Clinical Allergy to Hazelnut and Peanut: 
Identification of T Cell Cross-Reactive Allergens 

 Ian N. Glaspole    a, b     Maria P. de Leon    a, b     Sara R. Prickett    a, b     Robyn E. O’Hehir    a, b     
Jennifer M. Rolland    b   

  a    Department of Allergy, Immunology and Respiratory Medicine, Alfred Hospital, and  b    Department of Immunology, 
Monash University,  Melbourne, Vic. , Australia 

nut allergens Ara h 1 and Ara h 2, points to future develop-
ment of allergen immunotherapy by targeting cross-reac-
tive T cells.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Peanut allergy is a major health care problem world-
wide. It affects up to 2% of the population and is the lead-
ing cause of fatal food-induced anaphylaxis  [1–5] . Tree 
nut allergy is also an important clinical problem with a 
reported prevalence of 0.4%  [2] . Studies report 20–40% 
subjects presenting to allergy clinics have peanut and tree 
nut co-allergy  [2, 6, 7] , but in our adult allergy clinic up 
to 60% of peanut-allergic patients are allergic to one or 
more tree nuts, with the most common reactivity, 49%, to 
hazelnut [unpublished data]. There is no cure for peanut 
or tree nut allergy, which typically persist lifelong  [8] .

  Correlation between serum levels of peanut-specific 
IgE and hazelnut-, Brazil nut- as well as almond-specific 
IgE in peanut-allergic children suggests that cross-reac-
tive immune responses underlie co-allergy to peanut and 
tree nuts  [9] . IgE antibody cross-reactivity between pea-
nut and tree nuts is reported  [10–13] , and we demonstrat-
ed biological relevance of this cross-reactivity by tree nut-
induced activation of basophils sensitized with purified 
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 Abstract 

  Background:  Peanut and tree nut allergies are life-threaten-
ing conditions for many affected individuals worldwide. Cur-
rently there is no cure. While co-allergy to peanut and tree 
nuts is a common clinical observation, and IgE cross-reactiv-
ity between peanut and tree nuts is reported, T cell cross-
reactivity is poorly defined.  Methods:  Hazelnut-specific T 
cell lines were established using peripheral blood mononu-
clear cells from 5 subjects with co-allergy to hazelnut and 
peanut. These lines were stimulated with hazelnut and pea-
nut extracts and purified major peanut allergens, Ara h 1 and 
Ara h 2. Proliferation was determined by  3 H-thymidine incor-
poration and secretion of key Th1 (IFN- � ) and Th2 (IL-5) cyto-
kines analysed by ELISA.  Results:  Hazelnut-specific T cell 
lines from all 5 subjects proliferated upon stimulation with 
both hazelnut and peanut extracts and for 4 subjects, to Ara 
h 1 and/or Ara h 2. Proliferating cells were mainly CD4+ T cells 
and produced both IL-5 and IFN- �  in response to hazelnut 
and peanut stimulation. Mitogenicity of extracts and aller-
gens was excluded by their lack of stimulation of house dust 
mite-specific T cells.  Conclusion:  Our finding that hazelnut 
and peanut co-allergy is associated with cross-reactive T cell 
responses, driven partly by cross-reactivity to the major pea-
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peanut-specific IgE antibodies  [14] . In contrast, reports of 
human T cell cross-reactivity between peanut and tree 
nuts are limited to our early pilot study, showing prolif-
eration of cloned peanut-specific T cells to both hazelnut 
and peanut, but induction of Th2 cytokine secretion only 
for the clinically relevant nut  [15] .

  Although taxonomically peanut is distantly related to 
tree nuts, both are edible seeds with conserved protein 
families and similar functions in plant development  [16] . 
A number of allergens have been identified officially in 
both peanut and tree nuts as listed by the Allergen No-
menclature Sub-committee (http://www.allergen.org) of 
the International Union of Immunological Societies. Ara 
h 1 and Ara h 2 are designated major allergens  [17] , and 
each shows considerable sequence homology with vari-
ous tree nut allergens (http://www.allergen.org)  [16, 17] . 
IgE-binding epitopes have been mapped for each of these 
peanut allergens with subsequent reports of shared IgE-
binding epitopes in tree nut allergens. In particular, Ara 
h 1 shares IgE-binding epitopes with walnut (Jug r 2), ha-
zelnut (Cor a 11) and cashew nut (Ana o 1)  [18] , and Ara 
h 2 with almond and Brazil nut allergens  [19] .

  In this study, proliferative and cytokine responses of 
hazelnut-specific T cell lines demonstrated T cell cross-
reactivity between hazelnut and peanut in subjects sensi-
tized and clinically allergic to both foods. This cross-re-
activity was partly attributable to the major peanut aller-
gens, Ara h 1 and Ara h 2. 

  Subjects and Methods 

 Subjects 
 Five subjects with both hazelnut and peanut allergy were re-

cruited from the Alfred Hospital Allergy Clinic ( table 1 ). Hazelnut 
and peanut allergy were defined by a history of clinical symptoms 
on allergen exposure and detection of specific-IgE by immunoas-
say (score  1 1, Pharmacia CAP System TM ; Pharmacia Diagnostics, 
Uppsala, Sweden). In addition, two non-peanut-allergic controls 
were recruited, one of whom was also non-atopic (as defined by 
the lack of symptoms of allergic disease and negative skin prick 
testing to common environmental aeroallergens). The study was 
approved by the Alfred Hospital Ethics Committee (No. 35/99) 
and informed written consent was obtained from each subject.

  Preparation of Allergen Extracts 
 Aqueous extracts were prepared from commercially available 

hazelnuts and peanuts, and from house dust mite (HDM; kindly 
provided by Allergy Therapeutics Ltd., Worthing, UK) as de-
scribed previously  [13, 20] . For use in cell culture, the extracts 
were filter sterilized using a 0.2- � m filter and stored at –20   °   C.

  Purification of Ara h 1 
 Peanut extract was re-equilibrated in 10 m M  Na 2 HPO 4  buffer, 

pH 6.7 and loaded onto a Pharmacia Mono S 2-ml cation exchange 
column (GE Healthcare, Little Chalfont, UK) attached to a Bio-
Rad Biologic Duoflow HPLC system (Bio-Rad Laboratories,
Hercules, Calif., USA). The column was washed with 10 m M  
Na 2 HPO 4  buffer, pH 6.7, with the run-off collected for subsequent 
Ara h 2 purification. The bound proteins were eluted using a 26-
ml three-step NaCl gradient from 23 to 40% using 10 m M 
Na 2 HPO 4  buffer, pH 6.7 as buffer A and 1  M  NaCl in 10 m M  Tris HCl 
pH 6.7 as buffer B. Protein-containing fractions were analysed by 
14% SDS-PAGE and those containing Ara h 1 (based on molecular 

Table 1. C linical characteristics of hazelnut- and peanut-allergic subjects

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5

Gender F F F M M

Age, years 24 27 50 30 33

Allergic disease asthma, rhinitis, eczema asthma, rhinitis, eczema nil asthma asthma, rhinitis 

Known nut sensitivities peanut, hazelnut,
almond, walnut, cashew

peanut, hazelnut,
walnut

peanut, hazelnut peanut, hazelnut peanut, hazelnut, 
almond, walnut

Clinical features on peanut and 
tree nut exposure

laryngeal oedema,
facial angioedema,
asthma

laryngeal oedema,
generalized urticaria,
facial angioedema

laryngeal oedema, 
generalized urticaria, 
facial angioedema

laryngeal oedema,
facial angioedema,
asthma, GIT upset

laryngeal oedema, 
facial angioedema, 
asthma

Age at first reaction, years 1 10 18 12 3

Time since last reaction, months 24 2 21 18 36

Peanut CAP-FEIA score, kUA/l 5 (63.5) 2 (2.07) 3 (6.87) 1 (0.51) 3 (13.9)

Hazelnut CAP-FEIA score, kUA/l 2 (2.31) 4 (17.5) 1 (0.4) 1 (0.56) 3 (13.52)

Positive skin prick test GP, HDM, C, D, M GP, HDM, C, D, M GP, HDM, C HDM HDM

G IT = Gastrointestinal; GP = grass pollen; C = cat; D = dog; M = mould.
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mass) were pooled and concentrated by centrifugation at 3,000  g  
using a 50-kDa Sartorius Vivaspin 6 ml filtration unit (Sartorius, 
Göttingen, Germany). The concentrate was dialysed against PBS 
and filter sterilized using a 0.2- � m filter before storage at –20   °   C.

  Purification of Ara h 2 
 Flow-through collected from the cation exchange column 

during the purification of Ara h 1 was found to be enriched for 
Ara h 2 and consequently used for the purification of Ara h 2 by 
anion exchange chromatography. The pooled flow-through was 
re-equilibrated in 10 m M  Tris HCl pH 7.6 and loaded onto a Bio-
Scale Q 2 ml column (Bio-Rad Laboratories) attached to a Bio-Rad 
Biologic Duoflow HPLC system (Bio-Rad Laboratories). The 
bound proteins were eluted using a 20-ml linear NaCl gradient 
from 0 to 50% of 10 m M  Tris HCl pH 7.6 as buffer A and 1  M  NaCl 
in 10 m M  Tris HCl pH 7.6 as buffer B. Protein-containing frac-
tions were analysed by 14% SDS-PAGE and those containing Ara 
h 2 (based on molecular mass) pooled, dialysed against PBS, ster-
ilized using a 0.2- � m filter and stored at –20   °   C. For N-terminal 
sequencing, proteins separated by 14% SDS-PAGE were trans-
ferred onto PVDF membranes, stained with Coomassie Brilliant 
Blue (CBB) and individual bands cut out and sent to the Austra-
lian Proteome Analysis Facility, University of New South Wales, 
Sydney, for sequencing by Edman degradation.

  Testing Allergen Preparations for Mitogenicity, Toxicity and 
Endotoxin  
 Mitogenicity and toxicity of hazelnut and peanut extracts as 

well as purified Ara h 1 and Ara h 2 was excluded by culturing 
with oligoclonal HDM-reactive CD4+ T cells in the presence of 
irradiated peripheral blood mononuclear cells (PBMC) and co-
culture of antigens with HDM-reactive T cells in the presence of 
IL-2, respectively (data not shown). Endotoxin estimation using
a limulus amebocyte lysate assay (Bio-Whittaker, Walkersville, 
Md., USA) revealed negligible endotoxin in our peanut extract 
and purified Ara h 1 and Ara h 2 preparations (0.0079, 0.0024 and 
0.0011 EU/ � g of protein, respectively).

  SDS-PAGE and Immunoblotting 
 Hazelnut and peanut extracts and purified Ara h 1 and Ara h 

2 were resolved by 12 or 14% SDS-PAGE under reducing condi-
tions and proteins stained with CBB (Sigma, St. Louis, Mo., USA) 
as described  [11] . For immunoblotting, hazelnut and peanut pro-
teins separated by 14% SDS-PAGE were transferred onto nitrocel-
lulose membranes (0.45  � m; Schleicher and Schuell Inc., Dassel, 
Germany) as described  [11] . Membranes were blocked with 10% 
skim milk powder/PBS, washed and incubated with peanut/tree 
nut-allergic donor sera and control sera diluted 1:   5 with 0.05% 
Tween-20/PBS containing 1% skim milk powder, followed by rab-
bit polyclonal anti-human IgE antibody (1:   200; DAKO, Carpinte-
ria, Calif., USA) and horseradish peroxidase-labelled goat anti-
rabbit IgG antibody (1:   2,000; Promega, Madison, Wisc., USA). 
IgE binding was detected using the substrate 4-chloro-1-naphthol 
(Sigma) in the presence of hydrogen peroxide.

  PBMC Proliferation Assays 
 PBMC separated from heparinized blood using Ficoll Paque 

gradient (Amersham Biosciences, Uppsala, Sweden) were cul-
tured in 96-well U-bottom plates (1  !  10 5  PBMC/well; Linbro 
ICN Biomedical, Costa Mesa, Calif., USA) in complete medium 

[RPMI 1640 supplemented with 2 m M   L -glutamine, 100 IU/ml 
penicillin-streptomycin (Invitrogen Life Technologies, Carlsbad, 
Calif., USA) and 5% heat-inactivated human AB serum (Sigma)] 
and different concentrations of hazelnut, peanut and HDM ex-
tracts (0–400  � g/ml) or as positive controls, tetanus toxoid (0.35 
LFU/ml; Calbiochem, Merck KGaA, Darmstadt, Germany) and 
phytohaemagglutinin (PHA; 2  � g/ml; Wellcome Diagnostics, 
Dartford, England ) for 7 days at 37   °   C, 5% CO 2 . Cells were pulsed 
with  3 H-thymidine (1  � Ci/well; Amersham Biosciences) for the 
last 16 h of culture and  3 H-thymidine incorporation was mea-
sured by liquid scintillation spectroscopy. Results are expressed 
as means  8  SD (cpm) for triplicate cultures or as stimulation in-
dices (SI; cpm stimulated cultures/cpm unstimulated cultures) 
with SI values  1 2.5 defined as significant.

  Generation of Short-Term Hazelnut-Specific Oligoclonal
T Cell Lines 
 Purified PBMC were cultured in 24-well plates (Greiner Bio-

One, Frickenhausen, Germany) at 2.5  !  10 6  cells per well in com-
plete medium with hazelnut extract (at the concentration that in-
duced maximal proliferation in the polyclonal PBMC assay) for 7 
days at 37   °   C, 5% CO 2 . On day 7, cells were washed once, resus-
pended at 1–1.5  !  10 6 /ml and mixed together with 1  !  10 6 /ml ir-
radiated autologous PBMC (3,000 rad; Gammacell 1000 Elite, Nor-
dion International Inc., Kanata, Ont., Canada) and restimulated 
with hazelnut extract. On days 2 and 4 following restimulation, 25 
U/ml of recombinant human IL-2 (rIL-2; Cetus, Emeryville, Calif., 
USA) was added. Due to low cell numbers at 2 weeks in some ex-
periments, 3-week T cell lines were generated by restimulation with 
hazelnut extract and rIL-2 as above for a further week.

  Oligoclonal T Cell Proliferation Assays 
 Oligoclonal T cell blasts (5  !  10 4 /well) from hazelnut-specif-

ic T cell lines were stimulated in triplicate with different concen-
trations of hazelnut, peanut, HDM extracts, purified Ara h 1 and 
Ara h 2 (0–400  � g/ml) or medium alone, and rIL-2 as negative 
and positive controls, respectively, in the presence of autologous 
irradiated PBMC (3,000 rad; 5  !  10 4 /well) for 3 days. For the last 
16 h of culture, cells were pulsed with  3 H-thymidine (1  � Ci/well) 
and  3 H-thymidine incorporation was measured as before.

  Analysis of IFN- �  and IL-5 Production by Hazelnut-Specific 
Oligoclonal T Cells 
 Following stimulation of hazelnut-specific T cell lines with 

hazelnut, peanut, Ara h 1 and Ara h 2 for 48 h, production of IFN-
 �  and IL-5 in culture supernatants was measured by sandwich 
ELISA using mouse anti-human IFN- �  (Endogen, Woburn, 
Mass., USA) and mouse anti-human IL-5 (PharMingen, San Di-
ego, Calif., USA) capture monoclonal antibodies and biotinylated 
rat-anti-human IFN- �  (Endogen) and biotinylated rat-anti-hu-
man IL-5 (PharMingen) detection monoclonal antibodies  [21] . 
Standard curve construction and determination of cytokine lev-
els were performed using Packard I-Smart software (Packard In-
strument Company, Meriden, Conn., USA). The lower limits of 
detection for IFN- �  and IL-5 were 4 and 2 pg/ml, respectively.

  Surface Marker Phenotype of Oligoclonal Hazelnut-Specific
T Cells by Flow Cytometry 
 Oligoclonal hazelnut-specific T cells (0.5  !  10 6 /test) were 

stained with mouse anti-human CD4-FITC (BD Biosciences, San 
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Jose, Calif., USA), mouse anti-human CD8-PE (BD Biosciences), 
mouse anti-human CD19-PE (BD Biosciences), mouse anti-hu-
man CD14-PE (BD Biosciences) or the relevant isotype controls, 
according to the manufacturer’s instructions. The percentage of 
stained cells was determined from 100,000 events using a FACS-
Calibur flow cytometer (BD Biosciences) and Cell Quest software 
(BD Biosciences).

  Results 

 Subject Characterization  
 The clinical characteristics of the 5 hazelnut- and pea-

nut-allergic subjects are summarized in  table 1 . While the 
entire group described clinical features of anaphylaxis to 
both hazelnut and peanut, subjects 1, 2 and 5 also de-
scribed reactions to other tree nuts (almond, walnut and/
or cashew). Each subject suffered reactions in the previ-
ous 3 years, reflecting the difficulty in avoiding peanut 
and tree nut exposure over a lifetime. All subjects were 
skin prick test positive to HDM, allowing the use of this 
antigen as a control allergen extract for T cell assays.

  Purification of Ara h 1 and Ara h 2 
 Two protein-rich fractions of peanut extract separated 

using cation and anion exchange chromatography were 
analysed by 12 or 14% SDS-PAGE ( fig. 1 ). The first frac-
tion contained a prominent protein band of about 63 kDa 
which is in agreement with the published molecular mass 
of Ara h 1  [22] . Also present in that fraction was a minor 
protein component of about 30 kDa. The second fraction 
comprised two closely migrating bands with a mean mo-
lecular mass of approximately 17 kDa which is similar to 
that found for Ara h 2 in previous studies  [23, 24] . N-ter-
minal sequencing of each band gave the same result for 
the first 5 amino acids (R-Q-Q-X-E), that is, consistent 
with that published for Ara h 2  [24] . The purity of the Ara 
h 1 and Ara h 2 preparations was greater than 95% as de-
termined by SDS-PAGE and CBB staining. Immunoblot-
ting using a panel of peanut-allergic sera confirmed the 
strong IgE reactivity of these purified preparations of Ara 
h 1 and Ara h 2 (data not shown).

  Analysis of Serum IgE Reactivity to Hazelnut and 
Peanut Proteins by Immunoblotting 
 Hazelnut and peanut extracts were resolved by 14% 

SDS-PAGE and either stained with CBB or electropho-
retically transferred onto nitrocellulose membranes for 
analysis of reactivity with serum IgE from hazelnut- and 
peanut-allergic subjects. As shown in  figure 2 a, hazelnut 
extract proteins had molecular masses ranging from ap-

proximately 8 to 61 kDa, with the protein of about 8 kDa 
being the most abundant protein. Numerous serum IgE-
reactive hazelnut protein bands were detected ( fig. 2 b), 
ranging in molecular mass from approximately 10 to 61 
kDa. Four of the five hazelnut- and peanut-allergic sub-
jects in this study showed serum IgE reactivity with a 
band of about 40 kDa, one very strongly. Proteins of about 
55, 22 and 15 kDa were the next most frequently associ-
ated with hazelnut allergy, being IgE reactive in 3 of the 
5 subjects. Other proteins binding serum IgE antibodies 
from 2 of the 5 subjects were about 27 and 9 kDa in mo-
lecular mass. Serum from an atopic, non-peanut/tree nut-
allergic control subject did not show IgE reactivity to any 
of the hazelnut proteins.

  SDS-PAGE of peanut extract revealed numerous pro-
teins ( fig. 2 c), some of which have been classified as ma-
jor peanut allergens, namely Ara h 1 (63 kDa) and Ara 
h 2 (17–19 kDa double band). Immunoblotting showed 
that both Ara h 1 and Ara h 2 were recognized by serum 
IgE from four subjects, along with the minor allergen 

M Ara h 1 M Ara h 2
173
111

80
61
49

36

25

19

13

9

173
111

80
61
49

36

25

19

13

9

Mr
(kDa)

Mr
(kDa)

a b

  Fig. 1.  SDS-PAGE of purified Ara h 1 ( a ) and Ara h 2 ( b ). Cation 
exchange and ultrafiltration purified Ara h 1 as well as cation and 
anion exchange purified Ara h 2 were resolved by 14% (Ara h 1) 
or 12% (Ara h 2) SDS-PAGE under reducing conditions and 
stained with CBB. M indicates position of molecular mass mark-
ers. 
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Ara h 6 which shares extensive homology with Ara h 2 
 [25]  ( fig. 2 d). For two subjects (lanes 2 and 4), serum IgE 
bound to a series of bands between approximately 13 
and 45 kDa consistent with proteolytically cleaved Ara 
h 3  [26] . Serum IgE reactivity was also detected for a 
number of other peanut proteins, but these have not 
been identified or extensively characterized. Minimal 
IgE reactivity to the peanut proteins was observed with 
the atopic, non-peanut/tree nut-allergic negative control 
serum ( fig. 2 d).

  Polyclonal T Cell Proliferative Responses to Hazelnut, 
Peanut and HDM Extracts 
 T cell reactivity of the subjects in this study to hazel-

nut, peanut and HDM was first established by assessing 
PBMC proliferative responses to the allergen extracts. 
 Figure 3 a shows representative data for a hazelnut- and 
peanut-allergic subject, demonstrating a dose-depen-
dent PBMC proliferative response to hazelnut, peanut 
and HDM. The maximum polyclonal (PBMC) T cell pro-
liferative responses to hazelnut, peanut and HDM for 

each subject are summarized in  table 2 . Maximum pro-
liferative responses ranged from 3.7  !  10 4  to 1.5  !  10 5  
cpm for hazelnut, 4.0  !  10 4  to 1.4  !  10 5  cpm for peanut 
and 2.9  !  10 4  to 9.2  !  10 4  cpm for HDM. SI values for 
hazelnut, peanut and HDM in all subjects were greater 
than 2.5, indicating significant proliferation to these al-
lergens.

  Cross-Reactivity of T Cell Proliferative Responses to 
Hazelnut and Peanut 
 To determine whether T cell proliferative responses to 

hazelnut and peanut were due to the expansion of T cell 
populations specific to cross-reactive antigens present in 
hazelnut and peanut, hazelnut-specific oligoclonal T cell 
lines were generated for each subject and stimulated with 
hazelnut and peanut extracts as well as HDM extract as a 
negative control. A representative proliferation assay is 
shown in  figure 3 b whereby a dose-dependent prolifera-
tive response to both hazelnut and peanut was observed 
for a hazelnut-specific oligoclonal T cell line. In contrast, 
minimal proliferation was detected with the negative 

Mr
(kDa)

Mr
(kDa)

Mr
(kDa)

Mr
(kDa)M M 1 2 3 4 5 6 7

M 1 2 3 4 5 6 7

H

Ara h 1

Ara h 2
Ara h 6

Ara h 1

Ara h 2

Ara h 6

111
80
61

36

49

25

19

13

9

183
114

81
64
50
37

26

21

15

8

64
50
37

26

21

15

8

80

49
61

36

25

19

9

13

a

c d

b

  Fig. 2.  14% SDS-PAGE and immunoblot-
ting of hazelnut and peanut extract. Ha-
zelnut ( a ,  b ) and peanut ( c ,  d ) extract were 
resolved by 14% SDS-PAGE under re-
ducing conditions. Proteins were either 
stained with CBB ( a ,  c ) or electroblotted 
onto nitrocellulose membranes ( b ,  d ) and 
probed with serum IgE from 5 subjects 
with both hazelnut and peanut allergy 
(lanes 1–5) and 1 atopic, non-hazelnut/
peanut-allergic subject (lane 6). Lane 7 
shows a membrane incubated in second-
ary and tertiary antibody only. 
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control HDM extract. Flow-cytometric analysis of the 
surface markers of T cells expanded in a hazelnut-specif-
ic T cell line confirmed that CD4+ T cells were the pre-
dominant proliferating cell type (77% CD4+, 10% CD8+, 
 ! 1% CD14+ and  ! 1% CD19+), consistent with our previ-
ous experience for allergen-specific T cell lines generated 
using this methodology.

  The maximum proliferative responses and SI for all 
subjects are summarized in  table 3 . For the hazelnut-pos-
itive control stimulation, the maximum proliferative re-
sponses ranged from 2.6  !  10 4  to 8.1  !  10 4  cpm, with all 
SI values greater than 2.5. Similarly, SI values greater than 
2.5 were obtained following stimulation of all hazelnut-
specific oligoclonal T cell lines with peanut extract, with 
maximum proliferative responses ranging from 1.4  !  

10 4  to 5.2  !  10 4  cpm. In contrast, SI values obtained with 
HDM extract were all less than 2.5, with maximum pro-
liferative responses ranging from 2.6  !  10 3  to 1.4  !  10 4  
cpm.

  To examine whether cross-reactive T cell responses 
between hazelnut and peanut could be attributed to the 
major peanut allergens Ara h 1 and Ara h 2, hazelnut-
specific oligoclonal T cell lines were cultured with each 
peanut allergen at different concentrations and cell pro-
liferation was measured after 3 days. Representative data 
are shown in  figure 3 c, indicating proliferation to Ara h 
1 and Ara h 2 in a hazelnut-specific T cell line from a ha-
zelnut- and peanut-allergic subject. The maximum pro-
liferative responses and SI to Ara h 1 and Ara h 2 for 
hazelnut-specific oligoclonal T cell lines from all 5 sub-

0

50,000

100,000

150,000

200,000

3
H

-t
h

y
m

id
in

e
u

p
ta

k
e

(c
p

m
)

12.5Tetanus
toxoid

25 50 100 200

Antigen concentration (µg/ml)

Cells
alone

PHA

Hazelnut
Peanut
HDM

a

b

c

0

20,000

40,000

60,000

80,000

3
H

-t
h

y
m

id
in

e
u

p
ta

k
e

(c
p

m
)

1.5IL-2 3.1 50 100 200

Antigen concentration (µg/ml)

Cells
alone

APC +
antigen

Hazelnut
Peanut
HDM

6.3 12.5 25

0

20,000

30,000

50,000

150,000

3
H

-t
h

y
m

id
in

e
u

p
ta

k
e

(c
p

m
)

IL
-2 25 50 100

Antigen concentration (µg/ml)

C
e

ll
s

a
lo

n
e

A
P

C
+

h
a

ze
ln

u
t

Ara h 1
Ara h 2

0.8 1.6 3.1

10,000

40,000

100,000

12.56.3

A
P

C
+

p
e

a
n

u
t

H
a

ze
ln

u
t

1
0

0
µ

g
/m

l

P
e

a
n

u
t

1
0

0
µ

g
/m

l

  Fig. 3.  Representative proliferation assays 
for a hazelnut- and peanut-allergic subject 
(subject 1 from table 1).  a  Proliferation of 
PBMC to hazelnut extract, peanut extract 
and HDM-negative control extract. PBMC 
were cultured with antigens over a concen-
tration range for seven days. Positive con-
trol antigens included tetanus toxoid and 
phytohaemagglutinin (PHA). Hazelnut-
specific T cell lines were generated from 
PBMC and stimulated with hazelnut ex-
tract, peanut extract and HDM-negative 
control extract ( b ) or purified Ara h 1 and 
Ara h 2 ( c ) over a concentration range for 
3 days. Proliferation was assessed by  3 H-
thymidine incorporation and expressed as 
mean cpm of triplicate responses.           
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jects are summarized in  table  4 . Maximal proliferative 
responses to Ara h 1 ranged from 2.0  !  10 3  to 1.9  !  10 4  
cpm but only 2 of 5 T cell lines demonstrated significant 
proliferation to Ara h 1, with SI  1 2.5. For Ara h 2, maxi-
mal proliferative responses ranged from 7.6  !  10 3  to 3.4 
 !  10 4  cpm with significant proliferation for 3 of the 5 T 
cell lines. In summary, 4 of the T cell lines responded to 
either one or both of Ara h 1 and Ara h 2, but only 1 of 
these lines demonstrated significant proliferation to both 
Ara h 1 and Ara h 2 (T cell line 1.2;  table 4 ).

  Cytokine Profile of Cross-Reactive Hazelnut-Specific 
T Cells 
 Functional phenotype was determined by measure-

ment of IL-5 and IFN- �  levels using ELISA in 48 h super-
natants of hazelnut-specific oligoclonal T cell lines, stim-
ulated with hazelnut or peanut ( table 5 ). Moderate to high 
levels of IL-5 and IFN- �  were detected in supernatants for 

all hazelnut- and peanut-stimulated T cell lines with low 
to negligible amounts of these cytokines in HDM-stimu-
lated culture supernatants, in agreement with the prolif-
erative responses of the T cell lines.

  Discussion 

 Co-sensitivity to the groundnut peanut and tree nuts 
is a common clinical observation and may be attributed 
to immunological cross-reactivity. Previous studies dem-
onstrated IgE cross-reactivity between peanut and vari-
ous tree nuts, suggesting the existence of shared IgE-
binding epitopes  [11, 13, 27] . This study reports T cell 
cross-reactivity between hazelnut and peanut using
oligoclonal hazelnut-specific T cell lines derived from 
PBMC from 5 subjects with clinical sensitivity to both 
hazelnut and peanut. This observed cross-reactivity is 

Table 2. P BMC proliferative responses to crude hazelnut, peanut and HDM allergen extracts

Subject Hazelnut Peanut HDM Tetanus toxoid PHA

Maximum proliferation, cpm 8 SD
1 120,241828,422 (33.4) 140,667816,893 (71.0) 44,043837,389 (12.2) 2,5538650 (0.7) 30,76286,552 (8.5)
2 149,132841,232 (8.5)  72,464833,111 (88.3) 91,851849,016 (5.2) 170,022849,264 (9.7) 13,38881,311 (0.76)
3  49,466841,320 (16.7)  40,280812,793 (45.9) 66,759846,257 (22.5) 2,6038955 (0.9) 12,34682,194 (4.2)
4  37,375831,297 (6.1)  61,51089,016 (12.9) 29,76386,544 (4.9)  42,59886,967 (7.0) 88,59688,885 (14.5)
5 127,627890,636 (22.0) 115,27787,778 (34.4) 68,25682,5686 (11.8) 149,22387,873 (25.7) 19,85281,501 (3.4)

F igures in parentheses show stimulation index scores. Maximum proliferation of 7-day PBMC cultures over a con cen tra tion range 
(0–400 �g/ml allergen extract). Control cultures stimulated with tetanus toxoid (0.35 LFU/ml) or PHA (2 �g/ml). Results expressed as 
means 8 SD for triplicate cultures. Responses where the stimulation index (cpm stimulated cultures/cpm unstimulated cultures) is 
greater than 2.5 are bolded.

Table 3. H azelnut-specific TCL proliferative responses to crude peanut, hazelnut and HDM extracts

T cell line Hazelnut Peanut HDM IL-2

Maximum proliferation, cpm 8 SD
1.3 78,87182,876 (27.2) 41,47188,195 (14.3) 6,47583,415 (2.2) 23,45981,404 (8.1)
2.3 72,70485,836 (30.2) 25,80181,695 (10.7) 2,6588890 (1.1) 38,45281,889 (16.0)
3.3 47,95182,953 (13.5) 14,46281,122 (4.1) 4,1048726 (1.2) 38,15681,107 (10.7)
4.3 81,76887,070 (29.2) 52,38485,293 (18.7) 7,01282,004 (2.5) 35,46484,435 (12.7)
5.3 26,36382,273 (3.9) 17,4408816 (2.6) 14,02483,377 (2.1) 55,29983,213 (8.2)

F igures in parentheses show stimulation index scores. Maximum proliferation of 3-day TCL cultures over a concentration range 
(0–400 �g/ml allergen extract). Control cultures stimulated with rIL-2 (50 U/ml). Results expressed as means 8 SD for triplicate 
cultures. Responses where the stimulation index is greater than 2.5 are bolded.
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partly attributable to the major peanut allergens, Ara h 1 
and Ara h 2, which induced proliferation in 4 of the 5 
hazelnut-specific T cell lines. The specificity of the hazel-
nut-specific T cell responses to peanut allergens was con-
firmed by the lack of stimulation of HDM-specific T cell 
lines by the peanut allergens. 

  In this study, stimulation with peanut extract induced 
significant proliferation in hazelnut-specific T cell lines 
from each of the 5 subjects tested, suggesting that a sub-
stantial frequency of hazelnut-specific T cells recognize 
shared T cell epitopes between hazelnut and peanut pro-
teins. Thus, T cell as well as IgE cross-reactivity between 
peanut and hazelnut  [13]  may contribute to the high in-
cidence of co-sensitization to hazelnut commonly ob-
served in peanut-allergic subjects. Given that the pro-
liferative responses of hazelnut-specific T cell lines to 
peanut stimulation were lower than those induced by
hazelnut, it is likely that only a proportion of the T cells 
in these lines were cross-reactive to peanut. It could also 
be that the cross-reactive T cells were more efficiently 

stimulated by specific epitopes within hazelnut than the 
shared epitopes within peanut.

  The sequence homology of allergens may contribute to 
multiple food sensitivities through cross-reactive T cells. 
T cell cross-reactivity has been observed between the ma-
jor allergens of birch pollen (Bet v 1) and apple (Mal d 1) 
 [28] . Bet v 1 and Mal d 1 share approximately 64.5% se-
quence identity, with the cross-reacting T cell-reactive 
peptide fragments sharing 50% sequence identity. How-
ever, other studies have not demonstrated T cell cross-
reactivity between allergens with a similar degree of se-
quence identity, as was the case for the major latex aller-
gens, Hev b 1 and Hev b 3, despite 47% sequence identity 
 [29] . In light of these studies, and given that single amino 
acid substitutions can lead to loss of T cell reactivity  [30–
32] , it is likely that shared key amino acid motifs are more 
important for T cell cross-reactivity than whole epitope 
sequences.

  In this study, T cell cross-reactivity between hazelnut 
and peanut was partly attributed to major peanut aller-
gens, Ara h 1 and Ara h 2. As some hazelnut allergens 
belong to the same protein families as these peanut aller-
gens, sequence homology between these proteins are like-
ly. Indeed, the major hazelnut allergens Cor a 11 and Ara 
h 1 are both 7S vicilin-like proteins with conserved se-
quences and shared specific IgE-binding epitopes  [18] . 
Ara h 2, a 2S albumin protein  [33] , could potentially be a 
homologue of the 32-kDa 2S albumin protein identified 
as allergenic in hazelnut  [34] , but the latter has not been 
sequenced and there are no reports of shared epitopes. 
Interestingly, not all of the hazelnut-specific T cell lines 
responded to Ara h 1 and Ara h 2 stimulation, despite all 
lines demonstrating a significant proliferative response 
to peanut. Furthermore, for two hazelnut-specific T cell 
lines combined responses to Ara h 1 and Ara h 2 were 

Table 5. M aximum IL-5 and IFN-� concentrations in superna-
tants from hazelnut-specific TCL following stimulation with ha-
zelnut, peanut and HDM extracts

T cell line Hazelnut Peanut H DM

IL-5 IFN-� IL-5 IFN-� IL-5 IFN-�

Concentration, pg/ml
1.3 932 1,730 54 513 0 114
2.3 1,957 1,289 305 286 14 63
3.3 1,144 368 57 107 2 0
4.3 2,549 1,180 1,162 822 2 7
5.3 79 326 70 237 0 140

Table 4. H azelnut-specific TCL proliferative responses to purified Ara h 1 and Ara h 2

T cell line Ara h 1 Ara h 2 Peanut Hazelnut

Maximum proliferation, cpm 8 SD
1.2 18,88085,309 (3.1) 34,24583,385 (5.7) 69,645830,648 (11.6) 136,399810,615 (22.6)
2.2 10,17585,104 (2.9) 5,07884,121 (1.5) 29,529820,122 (8.5) 81,05187,213 (23.4)
3.2 8,41582,368 (2.4) 19,64582,611 (5.5) 19,26485,511 (5.4) 131,811859,466 (37.0)
4.2 2,08581,001 (1.0) 18,86284,848 (9.4) 46,176819,852 (22.9) 82,203826,178 (40.8)
5.2 11,49281,905 (2.0) 7,61582,982 (1.3) 12,6478798 (2.2) 19,95186,568 (3.4)

F igures in parentheses show stimulation index scores. Maximum proliferation of 3-day TCL cultures over a concentration range 
(0–100 �g/ml purified allergen). Control cultures stimulated with peanut (100 �g/ml) or hazelnut (100 �g/ml) extract. Results 
expressed as means 8 SD for triplicate cultures. Responses where the stimulation index is greater than 2.5 are bolded.
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substantially lower than the response to whole peanut ex-
tract. This suggests that other peanut allergens could 
contribute to T cell cross-reactivity between peanut and 
hazelnut, also supported by the immunoblotting data 
demonstrating serum IgE reactivity to other peanut pro-
teins. Candidate cross-reactive allergens include Cor a 9 
and Ara h 3, members of the legumin or 11S globulin 
family of seed storage proteins  [35–37] , which according 
to our Genbank sequence comparisons using the BLAST 
program (www.ncbi.nlm.nih.gov/blast/) share 44% iden-
tity and 60% homology. Similarly, Cor a 1.04 and Ara h 8 
are both members of the pathogenesis-related protein 
family 10  [38, 39]  and are lipid transfer proteins, aller-
genic in both hazelnut and peanut  [40–42] . Cross-reac-
tive carbohydrate determinants can contribute to IgE 
cross-reactivity between peanut and rye grass pollen al-
lergens  [43] , and T cell cross-reactivity between non-al-
lergen antigens may occur via carbohydrate side chains 
 [44] . Ara h 1 and Ara h 2 are glycoproteins, but whether 
or not carbohydrate side chains of hazelnut- and peanut-
allergenic glycoproteins contribute to T cell cross-reac-
tivity remains to be elucidated.

  This study confirms and extends our earlier prelimi-
nary observation of T cell cross-reactivity between ha-

zelnut and peanut  [15] , and provides further character-
ization of cross-reactive T cells in co-allergic subjects. 
Proliferating cross-reactive oligoclonal T cells were pre-
dominantly CD4+ with substantial production of the 
Th2-type cytokine IL-5, suggesting their potential role in 
the pathogenesis of shared peanut and hazelnut allergy. 
The additional detection of the Th1 cytokine IFN- �  as 
part of this response is not surprising, having also been 
described in T cell responses to other food allergens, in-
cluding milk and egg  [45, 46] . In conclusion, our findings 
provide clear evidence for a mechanistic role of cross-
reactive T cell responses in the development of co-sensi-
tization to hazelnut and peanut. Future studies are re-
quired to define the fine specificity of the cross-reactive 
T cell epitopes.

  Acknowledgements 

 This research was funded by the National Health and Medical 
Research Council of Australia, the Alfred Research Trusts and the 
Cooperative Research Centre for Asthma, Sydney, Australia. We 
thank Sue McLellan for blood sample collection.
 

 References 

  1 Mullins RJ, Dear KB, Tang ML: Characteris-
tics of childhood peanut allergy in the Aus-
tralian Capital Territory, 1995 to 2007. J Al-
lergy Clin Immunol 2009;   123:   689–693. 

  2 Sicherer SH, Munoz-Furlong A, Sampson 
HA: Prevalence of peanut and tree nut aller-
gy in the United States determined by means 
of a random digit dial telephone survey: a 
5-year follow-up study. J Allergy Clin Immu-
nol 2003;   112:   1203–1207. 

  3 Grundy J, Matthews S, Bateman B, Dean T, 
Arshad SH: Rising prevalence of allergy to 
peanut in children: data from 2 sequential 
cohorts. J Allergy Clin Immunol 2002;   110:  
 784–789. 

  4 Burks AW: Peanut allergy. Lancet 2008;   371:  
 1538–1546. 

  5 Hourihane JO, Aiken R, Briggs R, Gudgeon 
LA, Grimshaw KE, DunnGalvin A, Roberts 
SR: The impact of government advice to 
pregnant mothers regarding peanut avoid-
ance on the prevalence of peanut allergy in 
United Kingdom children at school entry. J 
Allergy Clin Immunol 2007;   119:   1197–1202. 

  6 Clark AT, Ewan PW: The development and 
progression of allergy to multiple nuts at dif-
ferent ages. Pediatr Allergy Immunol 2005;  
 16:   507–511. 

  7 Ewan PW: Clinical study of peanut and nut 
allergy in 62 consecutive patients: new fea-
tures and associations. BMJ 1996;   312:   1074–
1078. 

  8 Ho MH, Wong WH, Heine RG, Hosking CS, 
Hill DJ, Allen KJ: Early clinical predictors of 
remission of peanut allergy in children. J Al-
lergy Clin Immunol 2008;   121:   731–736. 

  9 Sicherer SH, Burks AW, Sampson HA: Clin-
ical features of acute allergic reactions to 
peanut and tree nuts in children. Pediatrics 
1998;   102:e6. 

 10 Teuber SS, Peterson WR: Systemic allergic 
reaction to coconut  (Cocos nucifera)  in 2 sub-
jects with hypersensitivity to tree nut and 
demonstration of cross-reactivity to legu-
min-like seed storage proteins: new coconut 
and walnut food allergens. J Allergy Clin Im-
munol 1999;   103:   1180–1185. 

 11 Sutherland MF, O’Hehir RE, Czarny D, 
Suphioglu C: Macadamia nut anaphylaxis: 
demonstration of specific IgE reactivity and 
partial cross-reactivity with hazelnut. J Al-
lergy Clin Immunol 1999;   104:   889–890. 

 12 Poltronieri P, Cappello MS, Dohmae N, Con-
ti A, Fortunato D, Pastorello EA, Ortolani C, 
Zacheo G: Identification and characterisa-
tion of the IgE-binding proteins 2S albumin 
and conglutin  �  in almond  (Prunus dulcis)  
seeds. Int Arch Allergy Immunol 2002;   128:  
 97–104. 

 13 de Leon MP, Glaspole IN, Drew AC, Rolland 
JM, O’Hehir RE, Suphioglu C: Immunologi-
cal analysis of allergenic cross-reactivity be-
tween peanut and tree nuts. Clin Exp Allergy 
2003;   33:   1273–1280. 

 14 de Leon MP, Drew AC, Glaspole IN, Suphio-
glu C, Rolland JM, O’Hehir RE: Functional 
analysis of cross-reactive immunoglobulin
E antibodies: peanut-specific immunoglob-
ulin E sensitizes basophils to tree nut aller-
gens. Clin Exp Allergy 2005;   35:   1056–1064. 

 15 Higgins JA, Lamb JR, Lake RA, O’Hehir RE: 
Polyclonal and clonal analysis of human 
CD4+ T-lymphocyte responses to nut ex-
tracts. Immunology 1995;   84:   91–97. 

 16 Breiteneder H, Radauer C: A classification of 
plant food allergens. J Allergy Clin Immunol 
2004;   113:   821–830. 

 17 de Leon MP, Rolland JM, O’Hehir RE: The 
peanut allergy epidemic: allergen molecular 
characterisation and prospects for specific 
therapy. Expert Rev Mol Med 2007;   9:   1–18. 



 Glaspole   /de Leon   /Prickett   /O’Hehir   /
Rolland    

Int Arch Allergy Immunol 2011;155:345–354354

 18 Barre A, Sordet C, Culerrier R, Rance F, Di-
dier A, Rouge P: Vicilin allergens of peanut 
and tree nuts (walnut, hazelnut and cashew 
nut) share structurally related IgE-binding 
epitopes. Mol Immunol 2008;   45:   1231–1240. 

 19 de Leon MP, Drew AC, Glaspole IN, Suphio-
glu C, O’Hehir RE, Rolland JM: IgE cross-
reactivity between the major peanut allergen 
Ara h 2 and tree nut allergens. Mol Immunol 
2007;   44:   463–471. 

 20 Gardner LM, Thien FC, Douglass JA, Rol-
land JM, O’Hehir RE: Induction of T ‘regu-
latory’ cells by standardized house dust
mite immunotherapy: an increase in CD4+ 
CD25+ interleukin-10+ T cells expressing 
peripheral tissue trafficking markers. Clin 
Exp Allergy 2004;   34:   1209–1219. 

 21 Glaspole IN, de Leon MP, Rolland JM, 
O’Hehir RE: Characterization of the T-cell 
epitopes of a major peanut allergen, Ara h 2. 
Allergy 2005;   60:   35–40. 

 22 Burks AW, Williams LW, Helm RM, Con-
naughton C, Cockrell G, O’Brien T: Identifi-
cation of a major peanut allergen, Ara h I, in 
patients with atopic dermatitis and positive 
peanut challenges. J Allergy Clin Immunol 
1991;   88:   172–179. 

 23 Burks AW, Williams LW, Connaughton C, 
Cockrell G, O’Brien TJ, Helm RM: Identifi-
cation and characterization of a second ma-
jor peanut allergen, Ara h II, with use of the 
sera of patients with atopic dermatitis and 
positive peanut challenge. J Allergy Clin Im-
munol 1992;   90:   962–969. 

 24 Stanley JS, King N, Burks AW, Huang SK, 
Sampson H, Cockrell G, Helm RM, West 
CM, Bannon GA: Identification and muta-
tional analysis of the immunodominant IgE 
binding epitopes of the major peanut aller-
gen Ara h 2. Arch Biochem Biophys 1997;  
 342:   244–253. 

 25 Koppelman SJ, de Jong GA, Laaper-Ertmann 
M, Peeters KA, Knulst AC, Hefle SL, Knol 
EF: Purification and immunoglobulin E-
binding properties of peanut allergen Ara h 
6:evidence for cross-reactivity with Ara h 2. 
Clin Exp Allergy 2005;   35:   490–497. 

 26 Piersma SR, Gaspari M, Hefle SL, Koppel-
man SJ: Proteolytic processing of the peanut 
allergen Ara h 3. Mol Nutr Food Res 2005;   49:  
 744–755. 

 27 Parra FM, Cuevas M, Lezaun A, Alonso MD, 
Beristain AM, Losada E: Pistachio nut hy-
persensitivity: identification of pistachio nut 
allergens. Clin Exp Allergy 1993;   23:   996–
1001. 

 28 Fritsch R, Bohle B, Vollmann U, Wieder-
mann U, Jahn-Schmid B, Krebitz M, Brei-
teneder H, Kraft D, Ebner C: Bet v 1, the ma-
jor 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:   679–686. 

 29 Bohle B, Wagner B, Vollmann U, Buck D, 
Niggemann B, Szepfalusi Z, Fischer G, 
Scheiner O, Breiteneder H, Ebner C: Charac-
terization of T cell responses to Hev b 3, an 
allergen associated with latex allergy in spina 
bifida patients. J Immunol 2000;   164:   4393–
4398. 

 30 Muller WD, Karamfilov T, Kahlert H, Stuwe 
HT, Fahlbusch B, Cromwell O, Fiebig H, Ja-
ger L: Mapping of T-cell epitopes of Phl p 5:
evidence for crossreacting and non-crossre-
acting T-cell epitopes within Phl p 5 isoaller-
gens. Clin Exp Allergy 1998;   28:   1538–1548. 

 31 Sparholt SH, Larsen JN, Ipsen H, Schou C, 
van Neerven RJ: Crossreactivity and T-cell 
epitope specificity of Bet v 1-specific T cells 
suggest the involvement of multiple isoaller-
gens in sensitization to birch pollen. Clin 
Exp Allergy 1997;   27:   932–941. 

 32 Wurtzen P, Wissenbach M, Ipsen H, Bufe A, 
Arnved J, van Neerven RJ: Highly heteroge-
neous Phl p 5-specific T cells from patients 
with allergic rhinitis differentially recognize 
recombinant Phl p 5 isoallergens. J Allergy 
Clin Immunol 1999;   104:   115–122. 

 33 Viquez OM, Summer CG, Dodo HW: Isola-
tion and molecular characterization of the 
first genomic clone of a major peanut aller-
gen, Ara h 2. J Allergy Clin Immunol 2001;  
 107:   713–717. 

 34 Pastorello EA, Vieths S, Pravettoni V, Fario-
li L, Trambaioli C, Fortunato D, Luttkopf D, 
Calamari M, Ansaloni R, Scibilia J, Ballmer-
Weber BK, Poulsen LK, Wutrich B, Hansen 
KS, Robino AM, Ortolani C, Conti A: Iden-
tification of hazelnut major allergens in sen-
sitive patients with positive double-blind, 
placebo-controlled food challenge results. J 
Allergy Clin Immunol 2002;   109:   563–570. 

 35 Rabjohn P, Helm EM, Stanley JS, West CM, 
Sampson HA, Burks AW, Bannon GA: Mo-
lecular cloning and epitope analysis of the 
peanut allergen Ara h 3. J Clin Invest 1999;  
 103:   535–542. 

 36 Beyer K, Grishina G, Bardina L, Grishin A, 
Sampson HA: Identification of an 11S globu-
lin as a major hazelnut food allergen in ha-
zelnut-induced systemic reactions. J Allergy 
Clin Immunol 2002;   110:   517–523. 

 37 Dodo HW, Viquez OM, Maleki SJ, Konan 
KN: cDNA clone of a putative peanut ( Ara-
chis hypogaea  L.) trypsin inhibitor has ho-
mology with peanut allergens Ara h 3 and 
Ara h 4. J Agric Food Chem 2004;   52:   1404–
1409. 

 38 Bohle B, Radakovics A, Luttkopf D, Jahn-
Schmid B, Vieths S, Ebner C: Character-
ization of the T cell response to the major 
 hazelnut allergen, Cor a 1.04: evidence for
a relevant T cell epitope not cross-reactive 
with homologous pollen allergens. Clin Exp 
Allergy 2005;   35:   1392–1399. 

 39 Mittag D, Akkerdaas J, Ballmer-Weber BK, 
Vogel L, Wensing M, Becker WM, Koppel-
man SJ, Knulst AC, Helbling A, Hefle SL, 
Van Ree R, Vieths S: Ara h 8, a Bet v 1-ho-
mologous allergen from peanut, is a major 
allergen in patients with combined birch 
pollen and peanut allergy. J Allergy Clin Im-
munol 2004;   114:   1410–1417. 

 40 Schocker F, Luttkopf D, Scheurer S, Petersen 
A, Cistero-Bahima A, Enrique E, San 
Miguel-Moncin M, Akkerdaas J, van Ree R, 
Vieths S, Becker WM: Recombinant lipid 
transfer protein Cor a 8 from hazelnut: a new 
tool for in vitro diagnosis of potentially se-
vere hazelnut allergy. J Allergy Clin Immu-
nol 2004;   113:   141–147. 

 41 Asero R, Mistrello G, Roncarolo D, Amato S, 
Caldironi G, Barocci F, van Ree R: Immuno-
logical cross-reactivity between lipid trans-
fer proteins from botanically unrelated 
plant-derived foods: a clinical study. Allergy 
2002;   57:   900–906. 

 42 Enrique E, Utz M, De Mateo JA, Castello JV, 
Malek T, Pineda F: Allergy to lipid transfer 
proteins: cross-reactivity among pomegran-
ate, hazelnut, and peanut. Ann Allergy Asth-
ma Immunol 2006;   96:   122–123. 

 43 van der Veen MJ, van Ree R, Aalberse RC, 
Akkerdaas J, Koppelman SJ, Jansen HM, van 
der Zee JS: Poor biologic activity of cross-re-
active IgE directed to carbohydrate determi-
nants of glycoproteins. J Allergy Clin Immu-
nol 1997;   100:   327–334. 

 44 Carbone FR, Gleeson PA: Carbohydrates 
and antigen recognition by T cells. Glycobi-
ology 1997;   7:   725–730. 

 45 Ng TW, Holt PG, Prescott SL: Cellular im-
mune responses to ovalbumin and house 
dust mite in egg-allergic children. Allergy 
2002;   57:   207–214. 

 46 Tsuge I, Kondo Y, Tokuda R, Kakami M, 
Kawamura M, Nakajima Y, Komatsubara R, 
Yamada K, Urisu A: Allergen-specific helper 
T cell response in patients with cow’s milk 
allergy: simultaneous analysis of prolifera-
tion and cytokine production by carboxyflu-
orescein succinimidyl ester dilution assay. 
Clin Exp Allergy 2006;   36:   1538–1545. 

  


