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phylaxis after ingestion of wheat flour foodstuffs, according 
to in vitro and in vivo results. Clinical history of the analyzed 
patients, together with sensitization to peach Pru p 3 and 
 Artemisia  pollen Art v 3, suggests that 6 of them suffer from 
LTP syndrome.  Copyright © 2009 S. Karger AG, Basel 

 Introduction 

 Wheat is among the 3 cereal crops that dominate world 
agriculture, providing a high fraction of the dietary sup-
ply of protein in western countries  [1] . Consequently, the 
high consumption of wheat-derived foodstuffs has led to 
its association with food allergies in children  [2] , and re-
cently, also in adult patients  [2–6] . A wide array of wheat 
flour proteins, both salt-soluble proteins and prolamins, 
and particularly members of the  � -amylase/trypsin in-
hibitor family and  � 5-gliadin (in wheat-dependent exer-
cise-induced anaphylaxis), have been linked to food 
wheat allergy  [3, 5, 7–9] . Several of these allergen groups 
have also been involved in baker’s asthma, an important 
occupational disease caused by inhalation of cereal, espe-
cially wheat, flours  [2, 7] . Lipid transfer proteins (LTPs) 
are among these allergen families (wheat flour Tri a 14) 
recently identified as a relevant allergen associated with 
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 Abstract 

  Background:  Food allergy to wheat-derived foodstuffs is on 
the rise. Tri a 14, a wheat flour lipid transfer protein (LTP) al-
lergen, has been described as a major allergen associated 
with baker’s asthma and wheat food allergy. Cross-reactivity 
among LTP allergens leads to the so-called ‘LTP syndrome’. 
 Methods:  Eight adult patients showing anaphylaxis after in-
gestion of wheat-derived foodstuffs were selected. A home-
made wheat extract, purified natural (n) and recombinant (r) 
Tri a 14, and peach fruit and  Artemisia  pollen LTP allergens 
Pru p 3 and Art v 3 were subjected to skin prick test, specific 
IgE determination (ELISA) and IgE immunodetection assays. 
 Results:  All tests were positive in the 8 selected patients with 
the homemade extract. Positive skin prick test responses to 
nTri a 14, Pru p 3 and Art v 3 were found in 5/8, 6/8 and 4/4 
patients, respectively. Specific IgE determined by ELISA as-
says was detected in 6 to nTri a 14 and rTri a 14, in 4 to Pru p 
3 and in 3 to Art v 3 out of 8 individual sera tested, whereas 
all these sera showed IgE binding to nTri a 14 and Pru p 3 in 
immunodetection after SDS-PAGE separation.  Conclusions:  
Tri a 14 seems to be a relevant allergen in patients with ana-
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both baker’s asthma  [10, 11]  and wheat IgE-mediated 
food allergy  [3, 5] .

  LTPs are small (around 9 kDa) and basic polypeptides, 
which form a panallergen family identified in several 
plant foods (Rosaceae fruits, nuts, vegetables and cereal 
seeds) and pollens  [12] . Allergenic LTPs, mainly peach 
fruit Pru p 3, are particularly important in the Mediter-
ranean adult population  [13, 14]  and have been proposed 
as model of true food allergens, based on their resistance 
to digestive proteases and induction of severe and sys-
temic symptoms in many patients  [12, 15] . Besides being 
sensitizers by the oral route, an increasing body of ex-
perimental data indicates that some LTPs can also act as 
inhalant allergens from cereal flours (Tri a 14) or pollens 
 [12, 16] .

  A wide cross-reactivity among food LTP allergens has 
been found  [17, 18] , and therefore, sensitization to mul-
tiple foods is common in LTP-allergic patients, leading to 
the so-called ‘LTP syndrome’  [19] . Furthermore, an im-
munological relationship between Tri a 14 (inhalant – ) 
and Pru p 3 (food – ) allergens has been described in bak-
er’s asthma patients, as well as between Pru p 3 and cab-
bage Bra o 3 and pollen LTPs, particularly Art v 3 from 
 Artemisia   [17, 20, 21]  and Pla a 3 from plane tree  [22] .

  We report sensitization to Tri a 14, determined by in 
vivo and in vitro methods, in most of the 8 patients with 
anaphylaxis to wheat flour-derived foodstuffs, who 
showed a clinical history and food and pollen sensitiza-
tion profiles suggestive of LTP syndrome.

  Materials and Methods 

 Patients and Sera 
 Eight patients with anaphylaxis after ingestion of wheat flour-

derived products (bread, pizza and/or biscuit) were selected from 
a bulk of 180 subjects diagnosed of plant food allergy during the 
period 2007–2009 at the Unitat d’Allèrgia, Hospital Clínic, Barce-
lona, Spain. All selected patients showed positive skin prick test 
(SPT) response and specific IgE to a homemade wheat extract (see 
below;  table 1 ). Additionally, total IgE determined by the Pharma-
cia CAP System FEIA (Phadia, Uppsala, Sweden) and SPT re-
sponses to commercial extracts (ALK-Abello, Madrid, Spain) 
from pollens (grass,  Artemisia,   Chenopodium,   Parietaria,  olive, 
 Cupressus  and plane tree) and plant foods (maize, peach peel, ha-
zelnut, mustard, lettuce, kiwi and lentil) were also measured in 
the 8 selected subjects. Written informed consent was obtained 
from all patients, and the study was approved by the Committee 
on Ethics of the Hospital Clínic, Barcelona, Spain.

  A pool of sera from the 8 selected patients was used in IgE im-
munodetection assays and each individual serum in direct ELISA 
and immunodetection test.

  Wheat Flour Extract and Purified Allergens 
 A homemade wheat extract (0.1  M  Tris-HCl, pH 7.5, 10 m M  

EDTA) of ground and defatted whole seeds of  Triticum aestivum  
(cultivar Astral) was obtained as previously described  [10] .

  Natural (n) and recombinant (r) Tri a 14 were produced and 
isolated as in Palacin et al.  [10, 11] , and nPru p 3 and rPru p 3, as 
well as nArt v 3, following Diaz-Perales et al.  [17, 23] . Isolated pro-
teins were quantified by the commercial bicinchoninic acid test 
(Pierce, Cheshire, UK). Purity of the isolated allergens was 
checked by protein staining after SDS-PAGE and N-terminal 
amino acid sequencing.

Table 1. Clinical symptoms to wheat-derived foodstuffs and sensitization to other plant foods and pollens of the selected patients

Patient
No.

Age
years/sex

Symptoms
to wheat1

Other sensitizations2 Anaphylaxis after ingestion
of other plant foodspollens plant foods

1 44/F An (1) pl, ar, ch ma, pe, ha, mu, le, kw ha
2 53/F An (2) pl, ar, ch, pa ma, mu, le le
3 21/F An (3) pl, ar, ch, pa ma, pe, ha, mu, le, kw pe, ha, le
4 20/M An (3) pl, ar, pa ma, pe, ha, mu, le, kw pe, ha, le
5 22/M An (1, 3) pl, ar, ch ma, pe, ha, mu, le, kw pe, le
6 36/F An (4) pl, ar, ch ma, pe, ha, le, kw ha
7 34/M An (3, 4) ol no no
8 52/M An (5) pl, ar, ch no no

1 Anaphylaxis (An) induced by ingestion of whole bread (1), whole biscuit (2), pizza (3), bread (4), bread, pizza or biscuit associated 
with exercise (5).

2 Positive SPT responses to commercial extracts of pollens, including plane tree (pl), Artemisia (ar), Chenopodium (ch), Parietaria 
(pa) and olive (ol), or of plant foods, including maize (ma), peach peel (pe), hazelnut (ha), mustard (mu), lettuce (le), kiwi (kw), or not 
detected (no).
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  Skin Prick Test 
 SPTs with the homemade wheat extract [2 mg/ml of protein in 

a 1:   1 (v/v) PBS buffer/glycerol solution], a commercial crude glia-
din preparation (1 mg/ml; Leti, Madrid, Spain) and purified nat-
ural Tri a 14, Pru p 3 and Art v 3 (20  � g/ml) were performed by 
standard procedures. Histamine dihydrochloride (10 mg/ml) and 
PBS buffer/glycerol solution served as positive and negative con-
trols, respectively. A mean wheal diameter of  6 3 mm (15 min 
after puncture) compared with that of the negative control was 
considered a positive response.

  Specific IgE Determination 
 The 8 individual sera (1:   2 dilution) from wheat-allergic pa-

tients were tested by a direct ELISA assay previously reported  [11, 
23]  to determine specific IgE to wheat extract (15  � g/ml in solid 
phase) and purified nTri a 14, rTri a 14, nPru p 3 and nArt v 3
(5  � g/ml each in solid phase). Blocking solution (Sigma, St. Louis, 
Mo., USA) without solid phase [n = 6; mean  8  SD = 0.15  8  0.02 
optical density (OD) units] was used as negative control, and OD 
values  1 0.21 OD units (mean + 3  !  SD of negative control) were 
considered positive ( table 2 ).

  IgE Immunodetection Assays 
 The wheat extract (15  � g) and purified nTri a 14, rTri a 14 and 

nPru p 3 (3  � g each) were separated by SDS-PAGE on Bio-Rad 
Miniprotean III System gels (15% polyacrylamide), according to 
the method of Laemmli  [24] . Separated samples were then elec-
trotransferred to polyvinylidene difluoride membranes. After 
blocking, membranes were incubated overnight with a serum 
pool or each individual serum (1:   3 dilution) from wheat-allergic 
patients, washed and then treated with goat anti-human IgE-per-
oxidase conjugate (1:   3,000 dilution; Sigma). Detection of IgE-
binding components was achieved by chemiluminescence, ac-

cording to the manufacturer’s instruction (Amersham Bioscienc-
es, Little Chalfont, UK).

  Statistical Analysis 
 Correlation between specific IgE levels to the different aller-

gens tested was analyzed by one-way intraclass correlation coef-
ficient (ICC). The comparison and the correlation were performed 
at a significant level of p  !  0.05. All tests were performed using 
SPSS statistical software version 12 for Windows (SPSS Inc., Chi-
cago, Ill., USA).

  Results 

 Clinical Characteristics of Selected Patients 
 Eight selected patients were adults (mean age 35.2 

years, range 20–53; 4 females/4 males), all of them with 
anaphylaxis after ingestion of wheat flour-derived food-
stuffs, such as whole or flour bread, pizza or biscuit ( ta-
ble 1 ). Interestingly, 6 patients (Nos. 1–6 in  table 1 ) had 
also suffered anaphylactic episodes after consumption of 
plant foods, such as hazelnut (Nos. 1, 3, 4 and 6), lettuce 
(Nos. 2–5) and peach (Nos. 3–5). In contrast, patients No. 
7 and 8 (the only case of wheat-dependent exercise-in-
duced anaphylaxis in the selected group) were not allergic 
to other plant-derived foods. Accordingly, with the clini-
cal symptoms, all patients were sensitized to wheat, and 
most of them to maize (n = 6), lettuce (n = 6), peach (n = 
5) and hazelnut (n = 5;  table 1 ). Mustard (n = 5) and kiwi 

Table 2. SPT responses and specific IgE to wheat extract, crude gliadin and purified natural and recombinant wheat Tri a 14, natural 
peach fruit Pru p 3 and natural Artemisia pollen Art v 3

Patient
No.

SPT response, mm Specific IgE

ELISA1, OD units IgE immunodetection

WE gliadin nTri nPru nArt WE nTri rTri nPru nArt nTri rTri rPru

1 3 – 6 10 7 0.48 0.23 0.27 – 0.55 + + +
2 5 – 6  3 n.d. 0.24 0.26 0.28 – – + + +
3 5 – –  7 n.d. 0.33 – – 1.23 0.62 + + +
4 6 – 3 10 6 0.38 0.32 0.30 0.35 0.25 + ± +
5 4 – 3  7 6 0.34 – – 0.58 – + + +
6 6 – 3 13 6 0.35 0.30 0.28 0.23 – + ± +
7 9 – – – n.d. 0.46 0.46 0.36 – – + + +
8 9 7 – – n.d. 0.92 0.44 0.50 – – + + +

Positive  n
  %

8
100

1
12

5
62

6
75

4
100

8
100

6
75

6
75

4
50

3
37

8
100

6
75

8
100

WE = Wheat extract; – = negative; n.d. = not done; 8 = weak band (fig. 1).
1 Values are means (n = 3); the cutoff value = 0.21 OD units (see Materials and Methods).
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(n = 5) were other prevalent food sensitizations in the 
group of selected patients.

  Regarding pollen sensitizations, almost all subjects
(n = 7) showed positive SPT responses to plane tree and 
 Artemisia  ( table 1 ).

  Specific IgE and in vivo Response to LTP Allergens 
 ELISA assays allowed to detect specific IgE to the 

wheat extract in all patients, and in 6 of them (75%), to 
natural and recombinant Tri a 14 ( table 2 ). The immuno-
logical equivalence of both wheat allergen forms was sup-
ported by their similar IgE-binding capacity (ICC = 0.932; 
p  !  0.001). Additionally, significant specific IgE levels to 
natural peach Pru p 3 and  Artemisia  pollen Art v 3 were 
found in 4/8 and 3/8 patients, respectively. However, no 
correlation was found between the IgE levels to nPru p 3 
and nTri a 14 (ICC = –0.544; p = 0.894). These results were 
further confirmed and extended by IgE immunodetec-
tion experiments ( fig. 1 ). The 8 individual sera detected a 
low-molecular-size band in the wheat extract, which 
most probably corresponded to Tri a 14. Besides, other 
IgE-binding components with an apparent molecular 
mass between 12 and 90 kDa were also recognized, indi-
cating sensitization to other allergens included in the ex-
tract. In fact, the relative intensity of the putative Tri a 14 
band was weaker than that corresponding to some of 
these additional IgE-binding components in some indi-
vidual sera. However, the strong recognition of purified 
nTri a 14 in all sera (except in patient No. 4), and of nPru 
p 3 in all cases, pointed to the high IgE reactivity of LTP 
allergens.

  In vivo responses (SPTs;  table 2 ) supported sensitiza-
tion to wheat flour of the selected patients (100% positive 
with the homemade wheat extract) and the reactivity to 
LTP allergens in most of them: 5/8 to nTri a 14, 6/8 to 
nPru p 3 and 4/4 to Art v 3. In contrast, only patient No. 
8 showed a positive response to the gliadin preparation 
assayed. 

  Discussion 

 Wheat food allergy in adult patients has been consid-
ered a minor and rare IgE-mediated hypersensitivity, in 
contrast with baker’s asthma, noticed as an important oc-
cupational disease among bakery workers  [2, 7, 25] . How-
ever, different European clinical groups have reported a 
substantial number of adult subjects with allergy to wheat 
flour-derived products, including those showing wheat-
dependent exercise-induced anaphylaxis, in the last years 
 [3–6, 26] .

  On the other hand, extensive clinical, immunochemi-
cal and biochemical evidence produced during the last 
decade has highlighted the pivotal role of LTP allergens 
in plant food allergy, particularly in the adult population 
of Southern European countries  [5, 12–14, 19] . The pres-
ence of cross-reactive allergenic members of this protein 
family in commonly consumed plant foods, and even in 
some pollens, seems to be the molecular basis of a com-
plex pattern of multiple sensitizations to foods in some 
patients, known as ‘LTP syndrome’  [12, 18, 19] . Wheat is 
not among the main foods considered in this syndrome, 
but recent data point to its involvement in LTP sensitiza-

Coomassie Pool 1 2 3 4 5 6 7 8kDa
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11

W nT rT rP W nT rT rP W nT rT rP W nT rT rP W nT rT rP W nT rT rP W nT rT rP W nT rT rP W nT rT rP W nT rT rP

  Fig. 1.  Protein staining (Coomassie) and IgE immunodetection with a serum pool or individual sera (Nos. 1–8, 
as in tables 1 and 2) from wheat-food-allergic patients of the following samples separated by SDS-PAGE: home-
made wheat extract (W), purified natural (nT) and recombinant (rT) Tri a 14, and recombinant Pru p 3 (rP).   
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tion profiles. Thus, Tri a 14 has been identified as a major 
allergen associated with baker’s asthma in Spanish pa-
tients, and its partial cross-reactivity with peach Pru p 3 
was uncovered  [10, 11] . More important, sensitization to 
wheat LTP has been detected in more than 50% of Italian 
subjects with reactions to wheat-containing products 
 [5] .

  Six of the 8 selected patients recruited in the current 
study display a paradigmatic sensitization profile related 
to the LTP syndrome. Besides a reaction to wheat flour-
derived foodstuffs, 6 of them showed anaphylaxis after 
ingestion of hazelnut, lettuce and/or peach. Accordingly, 
positive SPT responses to hazelnut, lettuce and peach, to-
gether with maize, mustard and kiwi, have been obtained 
in most patients. Relevant LTP allergens have been de-
fined in almost all these plant foods, namely hazelnut 
Cor a 8  [27] , walnut Jug r 3  [28] , lettuce Lac s 1  [29] , peach 
Pru p 3  [30]  and maize Zea m 14  [31] . Mustard cross-reac-
tions with cabbage, peach and  Artemisia  pollen probably 
also implicated allergenic LTPs  [21] , whereas no member 
of the family has been located in kiwifruit at present  [32] . 
Pollen sensitizations of the selected patients complete 
this scenario: 7 out of 8 reacted in SPTs with plane tree 
and  Artemisia,  the only 2 pollens clearly linked with Pru 
p 3 cross-reactivity and the LTP syndrome  [12, 20–22] .

  Interestingly, only 1 positive SPT response (patient 
No. 8) to a commercial crude gliadin preparation was 
found in the selected subjects. This patient was the only 
one showing an anaphylaxis clearly associated with exer-
cise. These results suggest that most patients were not 
sensitized to gliadins, which have been identified as rel-
evant allergens in other groups of patients with wheat 
food allergy  [5, 7] , and are in line with the well-known 
role of  � 5-gliadin in wheat-induced exercise-induced 
anaphylaxis  [7, 26] .

  Joint consideration of the in vitro and in vivo results 
( table 2 ;  fig. 1 ) clearly demonstrated sensitization to wheat 
Tri a 14 in all selected patients. Furthermore, these re-
sults, together with the well-established association be-
tween LTP allergens and severe and systemic symptoms 
 [12, 13, 15, 19] , strongly suggested the implication of Tri 
a 14 in their clinical reactions. Specific IgE to the natural 
allergen was detected in 100 and 75% of patients by IgE 
immunodetection and ELISA assays, respectively. Posi-
tive SPT responses to nTri a 14 were obtained in 62% of 
patients, in line with the known differential sensitivity of 
different diagnostic assays. Sensitization was confirmed 
by testing rTri a 14, which further supports the immuno-
logical equivalence of both natural and recombinant 
forms of Tri a 14, previously reported in adults with bak-

er’s asthma  [11] . The high correlation of IgE levels to both 
allergen forms (ICC = 0.932) reported here points to the 
potential use of rTri a 14 as a molecular tool for diagnosis 
of wheat food allergy as well. However, it should be men-
tioned that IgE immunodetection assays indicate a lower 
reactivity to the recombinant form comparing with that 
to nTri a 14 in the same sera, in agreement with the slight 
decrease in IgE-binding potency previously found for 
rTri a 14  [11] .

  Besides the potential role of Tri a 14 in patients with 
anaphylaxis after ingestion of wheat-containing food-
stuffs, the data presented allow at least 2 additional con-
clusions. Firstly, IgE immunoblots of the wheat extract 
reveal a band corresponding to wheat LTP in all individ-
ual sera, but also several IgE-binding components of 
higher molecular sizes, indicating that other wheat aller-
gens are involved in the allergic response. Some of these 
allergens could be concerned in non-LTP-mediated cross-
reactions between wheat and other plant foods and pol-
lens included in the sensitization profiles of the studied 
patients, such as proteases recently found in kiwi/wheat 
cross-reactivity  [33] . However, preliminary data obtained 
from the ISAC microarray assay (Phadia; J. Bartra et al., 
unpubl.) on 3 sera (Nos. 3, 4 and 5) used in the current 
study show a positive reaction with only the true LTP al-
lergens (Pru p 3, Art v 3 and Cor a 8) and none with the 
5 wheat allergens (or any other from plant sources) in-
cluded in the array. Secondly, specific IgE determination 
and SPT results indicate that most patients were also sen-
sitized to peach fruit Pru p 3 and  Artemisia  pollen Art v 
3, 2 of the prototypic allergens inducing ‘LTP syndrome’ 
 [12, 20, 21] , and commonly involved in plant foods or pol-
len, foods cross-reactions in LTP-sensitized subjects. 
These data fit the clinical characteristic shown in  table 1 , 
as well as the ‘LTP syndrome’ proposed for the patients 
included in this report. Taking into account all these 
data, the possible sensitization to Tri a 14 in some patients 
by cross-reactivity with food (i.e., Pru p 3, Zea m 14, and 
others) or pollen (Pla a 3 or Art v 3) LTP homologous al-
lergens, which could act as primary sensitizers, has to be 
considered.
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