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Purpose of review

Allergen-specific immunoglobulin E (IgE) antibodies play a central role in food allergic
reactions. IgE epitope mapping of food allergens may provide information regarding
patient’s clinical history and contribute to food allergy diagnosis/prognosis. The goal of
this article is to review recent developments in the methods for IgE epitope mapping and
the role of IgE-binding epitopes in the characterization of food allergy.

Recent findings

Recent studies have suggested a potential role for sequential IgE-binding epitopes as
biomarkers for characterizing various phenotypes of food allergy. Studies of allergens
in milk, peanut, egg and wheat have shown a correlation between IgE sequential
epitope diversity and patients’ allergy severity or persistence. Several informative
epitopes in milk allergens have been identified as candidate biomarkers to predict
the development of tolerance to milk. However, limitations with current methods of
IgE-binding epitope identification need to be addressed before they can be applied in
the diagnosis/prognosis of food allergy.

Summary

IgE epitope mapping has the potential to become an additional tool for the diagnosis/
prognosis of food allergy and lead to a better understanding of the pathogenesis and

tolerance induction of food allergy.
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Introduction

Food allergy is an emerging major public health problem
that affects 3.5-4% of adults and 6-8% of young children
in the USA [1]. The most common types of food allergies
are mediated by allergen-specific immunoglobulin E
(IgE) antibodies [2], which play a central role in allergic
reactions. Cross-linking of membrane-bound IgE anti-
bodies by the specific allergens results in activation and
degranulation of effector cells (mast cells or basophils)
with release of histamine and other inflammatory media-
tors, which together lead to the symptoms of allergic
diseases. The groups of amino acids within allergenic
proteins that are bound by IgE antibodies are called IgE-
binding epitopes or B-cell epitopes.

Because allergen-specific IgE antibodies are the main
effector molecules in the immune response to allergens,
studies have focused on the identification of IgE-binding
epitopes. Many IgE-binding epitopes from a variety of
food allergens have been identified, which will undoubt-
edly contribute to the design of well tolerated immu-
notherapeutic agents [3,4]. Recent developments in the
methods of epitope mapping have facilitated studies of
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IgE-binding epitopes and their role in the characteriza-
tion of food allergy. A positive relationship has been
found between IgE epitope recognition and allergic
patients’ clinical sensitivity [5,6°°]. Efforts are now under-
way to search for informative IgE-binding epitopes as
biomarkers of clinical severity, persistence or both of
patients’ allergic diseases [7°,8]. IgE epitope mapping
may provide an additional tool for allergy diagnosis and
prognosis. In this review, we discuss the types of IgE-
binding epitopes, the methods for epitope mapping, the
role played by IgE-binding epitopes in the characteriza-
tion of food allergy and the limitation or problem with
current methods of IgE epitope mapping.

Types of immunoglobulin E-binding epitopes
and methods for determining
immunoglobulin E-binding epitopes

There are two types of IgE-binding epitopes, sequential
and conformational in allergens [9]. A sequential (or linear)
epitope is a sequence of contiguous amino acids that is
recognized by IgE antibodies, whereas a conformational
epitope comprises amino acids that line up because of the
tertiary structure of an allergen and is recognized by IgE
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antibodies. Sequential epitopes have been suggested to be
more important in food allergens because food proteins are
usually cooked, leading to heat denaturation and alteration
in tertiary structure, and digested in the gastrointestinal
tract, leading to further alteration and break-up of the
tertiary structure before reacting with the immune system.
In contrast, conformational epitopes are more relevant in
respiratory allergens, although patients with oral allergy
syndrome (OAS) [10], which is a pollen-associated food
allergy in which patients experience symptoms in the
mouth and throat following ingestion of raw fruits and
vegetables, react to conformational epitopes because of
cross-reactivity between food allergens and homologous
pollen-related allergens.

Sequential epitopes

Compared with conformational epitopes, sequential epi-
topes are relatively easier to study, and many of them
from different allergic sources are now characterized [11].
Recent findings that patients with persistent food allergy
or a history of severe allergic symptoms recognized a
higher ratio of sequential epitopes than conformational
epitopes have highlighted the importance of IgE sequen-
tial epitopes [6°°,12-16].

Methods of determining IgE sequential epitopes have
developed over the last few years. The conventional
method to localize B cell epitopes involved partial pro-
tease digestion or chemical cleavage at sites of specific

amino acids of the food allergen, followed by western
blotting using patients’ sera and amino acid sequencing of
IgE-binding fragments [17,18]. For example, one aller-
genic epitope of codfish allergen, Gad ¢ 1, was roughly
located onto a duodecapeptide (AA no. 33-44) derived
from trypsin digestion. The application of this fragmen-
tation approach is restricted by the position of the clea-
vage sites of the allergens.

SPOT membrane-based immunoassay technology [13,19]
was then introduced for allergenic epitope mapping
(Fig. 1a). In this system, overlapping peptides covering
the primary amino acid sequence of food allergens are
synthesized 7z situ on a nitrocellulose membrane and then
incubated with the patient’s sera. The peptides bound by
IgE antibodies are detected using antihuman IgE antibody
labeled with peroxidase, followed by the addition of
a chemoiluminescent substrate and exposure to radio-
graphic film. This system is much more flexible than
the fragmentation approach and can be used for any
specific peptide sequence. Many of the available IgE
sequential epitopes were mapped with this method [11],
and currently, it is still being used for small-scale screening
of peptides for epitope mapping. However, its peptide
synthesis procedure involves many cycles of coupling,
blocking and deprotection reactions on the nitrocellulose
membrane. The percentage of peptide byproducts due to
the inefficient coupling reactions becomes quite signifi-
cant after several cycles and greatly affects the specificity

Figure 1 Comparison between SPOT membrane immunoassay (a), peptide microarray immunoassay (b) and basophil-mediated

microarray immunoassay (c)
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and background, that is, signal-to-noise ratio [20,21]. Other
disadvantages of the SPOT membrane immunoassay
include the large volume of patient sera that is required
and the limited number of target peptides.

A novel immunoassay that utilizes the microarray platform
is being developed to determine allergenic IgE-binding
epitopes (Fig. 1b). The first application of this system was
by Shreffler ez a/. [5] to determine IgE-binding epitopes of
the major peanut allergens, Ara h 1, Ara h 2 and Ara h 3.
The results of this methodology were found to be very
consistent with those identified previously by SPOT
membrane technology [22]. The high throughput platform
of this system allows screening of thousands of target
peptides in parallel using microliter quantities of serum,
greatly reducing the biological sample cost of individual
assays. Unlike the SPOT membrane technology, the over-
lapping peptides bound to the slide are commercially
synthesized so that their purity can be strictly controlled
with high-performance liquid chromatography purification
and mass spectrometric analysis. The peptide spots bound
by human IgE antibodies are detected using fluorescent-
labeled antibodies followed by scanning with a microarray
scanner, which is much more convenient than radiographic
film development. In addition, peptide microarray pro-
vides quantitative data rather than semi-quantitative or
qualitative results such as the SPOT technology, and its
redundancy allows more robust replication and statistical
approaches. Consequently, peptide microarrays may be
more accurate and sensitive than SPOT membrane immu-
noassays. Epitope mapping of allergens from different
sources are currently ongoing.

Initial studies have shown that the majority of [gE-binding
epitopes identified are eight amino acids or longer [11],
although peptides as short as five amino acids in wheat
glutenin have been reported to be IgE epitopes [23].
Currently, the number of amino acids for an epitope is
determined on the basis of the overlapping amino acids
from peptides with positive binding to patients’ IgE
antibodies. However, the statistical definition of positive
binding or reaction varies between studies, and the
length of the epitopes accepted is therefore arbitrary.
For example, when using the SPOT membrane tech-
nology, in the study of B cell epitopes in gliadin, Osman
et al. [24] defined a peptide spot as positive if its optical
density (OD), as measured on the developed radio-
graphic film, was higher than the OD of the background.
In otherstudies such as the study by Chatchatee ez a/. [25]
of milk allergenic epitopes, a different arbitrary cut-off
(i.e. OD of 0.2) to distinguish specific binding from
nonspecific binding of sera from donors without milk
allergy was applied.

Moreover, studies of milk [26] and peanut allergens [27]
showed heterogeneous patterns of IgE antibody recog-
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nition from different patients. In a study, Cocco ez a/. [26]
showed that the amino acids critical for IgE binding
varied among different patients. Likewise, it could be
expected that the number of amino acids involved in
epitopes may also vary between patients.

Conformational epitopes

Because of the limitation of available three-dimensional
structures of food allergens and the difficulty of maintain-
ing protein stability, studies of conformational epitopes are
far behind those of sequential epitopes. Conformational
epitopes are important for allergens involved in OAS and
respiratory allergy. Moreover, for some other allergens,
such as allergens from the lipid transfer protein family,
they possess compact folding and high stability that
enables them to survive gastric digestion. Chances are
that some of these proteins may interact with the immune
system, whereas part of their tertiary structure remains
intact, and thus, conformational epitopes might be
involved in some systemic food allergic reactions [28,29].

One approach to study conformational IgE-binding
domains was to use molecular biological methods for
production of recombinant allergens [30]. For example,
Alcocer ef al. [31] constructed several chimeric proteins
by structural replacement of domains from the allergenic
Brazil nut 2S albumin into the structurally similar but
much less allergenic homolog sunflower seed 2S albumin.
Circular dichroism spectra of the chimeric proteins
showed a similar a-helical secondary structure as their
native counterparts, indicating that the secondary struc-
tures have not been affected during protein expression.
By screening a panel of Brazil nut allergic individuals, a
structural IgE-binding epitope of Brazil nut 2S albumin
was mapped to a helix—loop-helix region.

The recently developed mimotope mapping technique is
another option for mapping conformational epitopes [32].
Using random peptide phage-display libraries, peptides
are generated and screened with purified allergen-
specific IgE. The selected peptides that mimic the bind-
ing sites of the allergen but do not correspond to its
sequential sequence are known as mimotopes. The
resulting mimotope can be mapped onto the three-
dimensional structure of the allergen using compu-
tational biological techniques. Using this technique,
IgE conformational epitopes have been identified from
parvalbumin [33] and peach Pru p 3 [34°].

The role of immunoglobulin E epitopes in the
characterization of food allergy

With the development of methods for determining
IgE-binding epitopes, recent studies have suggested a
potential role for sequential IgE-binding epitopes as
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biomarkers for characterizing various phenotypes of food
allergy.

Relationship between immunoglobulin
E-binding epitope recognition patterns and
clinical allergy

In-vitro measurement of allergen-specific serum IgE [35],
along with the patient’s clinical history, is used to predict
the clinical reactivity of food allergic patients. Unfortu-
nately, many patients do not have convincing histories,
food-specific IgE antibody levels are low or both, leaving
considerable doubt about the patient’s allergic status.
Consequently, allergen-specific IgE levels cannot replace
the double-blind, placebo-controlled oral food challenge
(DBPCFCQ) [36], which remains the ‘gold standard’ for
food allergy diagnosis, although it carries some risk and
is time-consuming [37]. In addition, the majority of
pediatric patients with some forms of food allergy (e.g.
milk, egg, wheat, soy) will outgrow their food allergy
during childhood. The natural history of tolerance devel-
opment and how it varies between patients with different
allergic histories is poorly understood.

T'wo important steps in the progressive differentiation of
antigen-specific B cells are clonal expansion and affinity
maturation in which selected clones with higher affinity
receptors expand and further diversify [38,39]. In allergy,
that may lead to IgE antibody clones with higher diver-
sity and affinity. Thus, characterization (i.e. concen-
tration, diversity and affinity) of antibody clones in the
IgE repertoire may reveal a patient’s allergic history,
current status or both. IgE measurement for specific food
allergens has limited application as it only measures the
overall concentration of antibody clones in patient’s IgE
repertoire toward the allergen but not other features.
Therefore, measurement of specific IgE to allergenic
epitopes, which represents allergen-specific IgE antibody
diversity, may provide additional information regarding
reaction severity and persistence of allergy. With the
currently available IgE epitope mapping methods (i.e.
SPOT membrane technology and peptide microarray),
several studies have been performed to investigate the
relationship between epitope-specific IgE and clinical
allergic symptoms, as well as the prediction of persistent
food allergy.

In a retrospective study [5] of peanut allergic patients,
higher IgE sequential epitope diversity to peanut aller-
gens, Ara h 1, Ara h 2 and Ara h 3, was found in patients
with a history of more severe allergic reactions to peanut.
In addition, sensitization of effector cells with sera
containing more diverse IgE antibodies conferred greater
effector response to specific allergens in a basophil
activation assay. The correlation between IgE sequential
epitope diversity to the same allergens and clinical

sensitivity was further investigated by Flinterman ez a/.
[6°°], but this time, the clinical sensitivity of 24 peanut-
sensitized children was determined prospectively
by means of double-blind, placebo-controlled peanut
challenges. A positive correlation (7= 0.6) between IgE
epitope diversity, as represented by the number of epi-
topes recognized, and clinical sensitivity was confirmed
in this study. The authors also analyzed the serum
samples from most of the patients obtained 20 months
after challenge and showed that their epitope-recognition
patterns were essentially stable.

A correlation between IgE sequential epitope diversity
and allergy severity or persistence was found in patients
with allergy to milk [13,25,40] and egg [14,41]. Several
studies to determine IgE-binding epitopes of different
milk allergens, including alpha(sl)-casein, beta-casein
and kappa-casein and alpha-lactoglobulin and beta-
lactoglobulin, have compared the epitope recognition
patterns between patients less than 3 years of age, who
were likely to outgrow their milk allergy and had low
levels of specific IgE, and older patients with persistent
milk allergy and high levels of specific IgE antibodies to
cow’s milk. All of these studies showed that the majority
of patients in the older age group recognized a much
greater number of IgE-binding epitopes than the younger
patients, indicating an association between recognition of
certain epitopes and clinical symptoms of cow’s milk
allergy. Similarly, patients with persistent egg allergy
developed more IgE antibodies against sequential and
conformational epitopes of ovomucoid and ovalbumin,
with four IgE sequential epitopes of ovomucoid recog-
nized by all the patients with persistent egg allergy but
not by any of the patients with transient allergy.

In wheat allergy, patients with more severe reactions to
wheat (i.e. wheat-dependent exercise-induced anaphy-
laxis) also showed significant IgE reactivity to gliadin
sequential epitopes, whereas patients with atopic derma-
titis or eczema showed very low or no reactivity [16].

Identification of informative epitope as
biomarker in allergy diagnosis/prognosis
Studies evaluating milk allergenic (IgE-binding) epi-
topes not only associated high epitope diversity with
long-lasting allergy but also demonstrated that sequential
epitopes recognized by IgE antibodies in older patients
with persistent allergy differ from those in younger
children who are likely to outgrow their allergy. It was
shown that certain epitope-specific IgE antibodies were
present at a very early age in patients who developed
persistent food allergy. Therefore, these epitopes,
labeled as ‘informative’ epitopes, may be useful as a
biomarker of persistent food allergy and predict the
clinical outcome of the allergy.
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Several milk IgE sequential epitopes have been identified
as candidate biomarkers of severity, persistence or both of
patients’ allergic conditions. Using sera from 10 patients
with persistent cow’s milk allergy and 10 patients with
transient milk allergy, Jarvinen ez 4/. [12] identified six [gE-
binding epitopes that were recognized by most of the
patients with persistent allergy but not bound by IgE from
any of the patients who ‘outgrew’ their allergy, that is,
transient allergy. Among these epitopes, three appeared to
be more ‘informative’, as the presence of IgE antibodies
against at least one of these epitopes identified all patients
with persistent milk allergy. The utility of informative
epitopes in predicting persistent milk allergy was assessed
by a prospective study including patients with challenge-
proven milk allergy but with different natural histories of
milk allergy: patients with persistent milk allergy (7 =45;
median age, 8 years) and patients who outgrew their milk
allergy atan earlier (# = 15; median age, 3 years) or later age
(7 =14; median age, 8 years). Patients with persistent milk
allergy showed significantly higher IgE level to peptides
containing the informative epitopes than those who out-
grew milk allergy, confirming that IgE antibodies to these
informative epitopes can be used as a marker of persistent
milk allergy [8].

Cerecedo er al. [7°] also identified several IgE sequential
epitopes that showed differential binding recognition
patterns between patients who were reactive to milk
and those who were tolerant, as verified by oral milk
challenges. Only one of the epitopes identified over-
lapped with those previously identified by Jarvinen ez a/.
[12]. This is possibly because of differences in the patient
populations studied, epitope mapping methods, methods
of data analysis or all. In the study, Cerecedo ezal. [7°] used
the peptide microarray immunoassay in patients with
milk-specific IgE levels mostly less than 2.5kUa/l,
whereas most patients with persistent milk allergy in
the study by Jarvinen e 4/. [12] had milk-specific IgE
levels of more than 100kU,/l, and IgE antibodies to
each epitope were identified using SPOT membrane
technology for epitope determination.

Limitation or problem of using
immunoglobulin E-binding epitopes in allergy
diagnosis/prognosis

Although IgE epitope mapping provides an additional
tool with great flexibility for the study of food allergy, its
application in the determination of diagnosis/prognosis of
food allergy is limited.

High-power quantitative studies in which
larger number of patients are required
Compared with allergen-specific [gE measurements,
determining epitope-specific IgE provides more infor-
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mation regarding the patient’s clinical history and thus
has a broader application in diagnosis/prognosis of food
allergy. However, the epitope binding patterns are hete-
rogeneous between patients, and there is still an overlap
between epitope-specific IgE values from different
patient groups tested [8,27]. One example is the overlap
in IgE epitope recognition between reactive and tolerant
patients in the study by Cerecedo ez @/. [7°]. Although
10 epitopes have been identified as recognized by more
than 75% of reactive patients (#=16) and significantly
associated with the reactive group, they were also recog-
nized by a small percentage (13.3-40%) of tolerant
patients (#z = 15). In the study by Bevyer ez 4/. [8] to assess
the utility of candidate informative epitopes, there were
also overlaps in the epitope-specific IgE levels between
patient groups with a different natural history of milk
allergy, although they were significantly higher in
patients with persistent milk allergy. Studies performed
so far suggest that it is unlikely to assign patients to
different groups solely on the basis of only one or two
epitope biomarkers. Possibly a combination of several
epitope biomarkers would be more informative. Bioinfor-
matic methods such as supervised machine learning
and classification may be useful in developing prediction
models using a combination of these biomarkers [42].
However, high-power quantitative studies with hundreds
of patient samples are required to build a robust and
generalizable model.

Affinity or avidity of epitope-specific
immunoglobulin E binding

As mentioned earlier in this review, affinity (the binding
strength between IgE antibodies and allergen or aller-
genic epitopes) may be one of the factors involved in
pathogenesis of allergic diseases. Most studies to date
have measured only the concentration of IgE antibodies
to either allergens or allergenic epitopes, but the affinity
of IgE binding is rarely considered.

One method to measure the affinity, or avidity (the overall
binding strength of multivalent antibodies to an antigen
with many antigenic determinants), is to use thiocyanate, a
chaotropic agent that interferes with noncovalent binding,
to remove low-affinity IgE bound to an allergen. Using this
method, EI-Khouly ¢z /. [43] have shown that the avidity
of peanut-specific IgE to Ara h 2 was weakly correlated
with the severity of peanutallergy. Apart from thiocyanate,
pH reduction or the use of competing proteins or peptides
to elute IgE antibodies of lower affinity bound to antigen
may also be useful [32]. This method could be combined
with the epitope mapping tools to measure the affinity or
avidity of epitope-specific IgE.

A systematic study of IgE antibody concentration, clon-
ality and affinity or avidity was performed by Christensen
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et al. [44°°]. In this study, a panel of 31 recombinant I[gE
antibodies specific for the major house dust mite allergen,
Der p 2 (tDer p 2), was developed and characterized
using a chip-based surface plasmon resonance technol-
ogy, which measures antigen and antibody interaction in
real time and provides information regarding concen-
tration, affinity and clonality for each antibody. A baso-
phil activation test was performed by sensitizing human
basophils with different combinations of rDer p 2 anti-
bodies, mimicking allergic IgE repertoires of known
compositions. The authors demonstrated that IgE anti-
body affinity, total IgE concentration, ratio of allergen-
specific IgE to total IgE and IgE clonality are all corre-
lated with effector cell degranulation.

Clinical relevance of the in-vitro
immunoglobulin E epitope mapping
Application of IgE epitope mapping is also limited by the
clinical relevance of in-vitro IgE binding. Positive IgE
binding merely indicates sensitization to a peptide or
protein, but this binding does not necessarily imply that
the allergens are cross-linking IgE on mast cells or baso-
phils 7z vive [10]. IgE binding to single epitopes of aller-
genic components might therefore not be sufficient to
provoke clinical symptoms. Therefore, several studies of
IgE-binding epitopes have tried to assess in-vitro IgE
binding with a more biological system, such as the basophil
activation test in the studies described above by Chris-
tensen ¢z /. [44°°] and the peanut allergenic epitope study
by Shreffler e a/. [5]. A basophil-mediated microarray
immunoassay (Fig. 1¢) was recently developed, in which
the printed spots of protein or peptide-containing aller-
genic epitopes were not detected with patient’s serum
IgE but with human basophils passively sensitized with
patient’s serum [45]. This system combines the diversity
of microarray technology with the assessment of biologic
activity in a cell-based assay and might enable a better
estimation of the clinical relevance of in-vitro IgE binding.

Conclusion

Development of new technologies (i.e. peptide micro-
array, phage-display library) for epitope mapping has
greatly facilitated studies of IgE-binding epitopes and
their role in the characterization of food allergy. Although
there are still several limitations with current studies
of IgE-binding epitopes, a correlation has been found
between patients’ IgE epitope recognition and allergy
severity or persistence, with several informative epitopes
identified as candidate biomarkers to predict the devel-
opment of tolerance. In the future, IgE epitope mapping
has the potential to become an additional tool for the
diagnosis/prognosis of food allergy and lead to a better
understanding of the pathogenesis and tolerance induc-
tion of food allergy.

References and recommended reading

Papers of particular interest, published within the annual period of review, have
been highlighted as:

e  of special interest

ee of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 391).

1 Sampson HA. Food allergy: accurately identifying clinical reactivity. Allergy
2005; 60:19-24.

2 Roitt |, Brostoff J, Male D. Hypersensitivity-type I. Inmunology. 5th ed.
London: Mosby; 1998. 301.

3 Tanabe S. Analysis of food allergen structures and development of foods for
allergic patients. Biosci Biotechnol Biochem 2008; 72:649-659.

4  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.

5  Shreffler WG, Beyer K, Chu THT, et al. Microarray immunoassay: association
of clinical history, in vitro IgE function, and heterogeneity of allergenic peanut
epitopes. J Allergy Clin Immunol 2004; 113:776-782.

6 Flinterman AE, Knol EF, Lencer DA, et al. Peanut epitopes for IgE and IgG4 in

ee peanut-sensitized children in relation to severity of peanut allergy. J Allergy
Clin Immunol 2008; 121:737-743.

This study of peanut allergenic epitopes confirms the correlation between

IgE-binding epitope diversity and patients’ clinical sensitivity, with peanutallergic

children determined prospectively by DBPCFC. In this study, the patients’ epitope-

recognition patterns appear to be largely stable over a 20-month period.

7 Cerecedo |, Zamora J, Shreffler WG, et al. Mapping of the IgE and IgG4

e sequential epitopes of milk allergens with a peptide microarray-based immu-
noassay. J Allergy Clin Immunol 2008; 122:589-594.

This study identifies 10 milk allergenic epitopes as candidate biomarkers with

different binding patterns between patients reactive and tolerant to milk. These

peptides may be useful in milk allergy diagnosis.

8 Beyer K, Jarvinen KM, Bardina L, et al. IgE-binding peptides coupled to a
commercial matrix as a diagnostic instrument for persistent cow’s milk allergy.
J Allergy Clin Immunol 2005; 116:704-705.

9  Steckelbroeck S, Ballmer-Weber BK, Vieths S. Potential, pitfalls, and pro-
spects of food allergy diagnostics with recombinant allergens or synthetic
sequential epitopes. J Allergy Clin Immunol 2008; 121:1323-1330.

10 Nowak-Wegrzyn A, Sampson HA. Adverse reactions to foods. Med Clin North
Am 2006; 90:97-100.

11 Bannon GA, Ogawa T. Evaluation of available IgE-binding epitope data and its
utility in bioinformatics. Mol Nutr Food Res 2006; 50:638-644.

12 Jarvinen KM, Beyer K, Vila L, et al. B-cell epitopes as a screening instrument
for persistent cow’s milk allergy. J Allergy Clin Immunol 2002; 110:293-297.

13 Chatchatee P, Jarvinen KM, Bardina L, et al. Identification of IgE and IgG
binding epitopes on beta- and kappa-casein in cow's milk allergic patients.
Clin Exp Allergy 2001; 31:1256-1262.

14 Jarvinen KM, Beyer K, Vila L, et al. Specificity of IgE antibodies to sequential
epitopes of hen's egg ovomucoid as a marker for persistence of egg allergy.
Allergy 2007; 62:758-765.

15 VilaL, Beyer K, Jarvinen KM, et al. Role of conformational and linear epitopes
in the achievement of tolerance in cow’s milk allergy. Clin Exp Allergy 2001;
31:1599-1606.

16 Battais F, Mothes T, Moneret-Vautrin DA, et al. Identification of IgE-binding
epitopes on gliadins for patients with food allergy to wheat. Allergy 2005;
60:815-821.

17 Elsayed S, Apold J, Aas K, Bennich H. The allergenic structure of allergen M
from cod. I. Tryptic peptides of fragment TM 1. Int Arch Allergy Appl Immunol
1976; 52:59-63.

18 Masuda T, Koseki SY, Yasumoto K, Kitabatake N. Characterization of anti-
irradiation-denatured ovalbumin monoclonal antibodies: immunochemical and
structural analysis of irradiation-denatured ovalbumin. J Agric Food Chem
2000; 48:2670-2674.

19 Frank R. The SPOT synthesis technique: synthetic peptide arrays on mem-
brane supports: principles and applications. J Immunol Methods 2002;
267:13-26.

20 Wenschuh H, Volkmer-Engert R, Schmidt M, et al. Coherent membrane
supports for parallel microsynthesis and screening of bioactive peptides.
Biopolymers 2000; 55:188-206.

21 Reineke U, Schutkowski JS-M, Peptide Arrays M. Review article in BioMEMS
and biomedical nanotechnology. In: Ozkan M, Heller MJ, editors. Micro and

nano-technologies for genomics and proteomics. New York: Springer Scien-
ce+Business Media, LLC; 20086. pp. 161-282.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



22

23

24

25

26

27

28

29

30

31

32

33

Beyer K, Ellman-Grunther L, Jarvinen KM, et al. Measurement of peptide-
specific IgE as an additional tool in identifying patients with clinical reactivity to
peanuts. J Allergy Clin Immunol 2003; 112:202-207.

Tanabe S. IgE-binding abilities of pentapeptides, OOPFP and PQQPF, in
wheat gliadin. J Nutr Sci Vitaminol (Tokyo) 2004; 50:367—-370.

Osman AA, Giinnel T, Dietl A, et al. B cell epitopes of gliadin. Biopolymers
2000; 121:248-254.

Chatchatee P, Jarvinen KM, Bardina L, et al. Identification of IgE- and IgG-
binding epitopes on alpha(s1)-casein: differences in patients with persistent
and transient cow's milk allergy. J Allergy Clin Immunol 2001; 107:379-383.

Cocco RR, Jarvinen KM, Han N, et al. Mutational analysis of immunoglobulin
E-binding epitopes of beta-casein and beta-lactoglobulin showed a hetero-
geneous pattern of critical amino acids between individual patients and
pooled sera. Clin Exp Allergy 2007; 37:831-838.

Shreffler WG, Lencer DA, Bardina L, Sampson HA. IgE and IgG(4) epitope
mapping by microarray immunoassay reveals the diversity of immune re-
sponse to the peanut allergen, Ara h 2. J Allergy Clin Immunol 2005;
116:893-899.

San Miguel-Moncin M, Krail M, Scheurer S, et al. Lettuce anaphylaxis:
identification of a lipid transfer protein as the major allergen. Allergy 2003;
58:511-517.

Sathe SK, Teuber SS, Roux KH. Effects of food processing on the stability of
food allergens. Biotechnol Adv 2005; 23:423-429.

Karisola P, Alenius H, Mikkola J, et al. The major conformational IgE-binding
epitopes of hevein (Hev b6.02) are identified by a novel chimera-based
allergen epitope mapping strategy. J Biol Chem 2002; 277:22656-22661.

Alcocer MJC, Murtagh GJ, Wilson PB, et al. The major human structural IgE
epitope of the Brazil nut allergen Ber e 1: a chimaeric and protein microarray
approach. J Mol Biol 2004; 343:759-769.

Riemer A, Scheiner O, Jensen-Jarolim E. Allergen mimotopes. Methods 2004;
32:321-327.

Untersmayr E, Szalai K, Riemer AB, et al. Mimotopes identify conformational
epitopes on parvalbumin, the major fish allergen. Mol Immunol 2006;
43:1454-1461.

34

IgE-binding epitopes in food allergy Lin and Sampson 363

Pacios LF, Tordesillas L, Cuesta-Herranz J, et al. Mimotope mapping as a
complementary strategy to define allergen IgE-epitopes: peach Pru p 3
allergen as a model. Mol Immunol 2008; 45:2269-2276.

The study describes the identification of IgE conformational epitope in peach
allergen using the mimotope mapping technique.

35

36

37

38

39

40

a1

42

43

44

Sampson HA. Utility of food-specific IgE concentrations in predicting symp-
tomatic food allergy. J Allergy Clin Inmunol 2001; 107:891-896.

May CD. Obijective clinical and laboratory studies of immediate hypersensi-
tivity reactions to foods in asthmatic-children. J Allergy Clin Immunol 1976;
58:500-515.

Sampson HA, Ho DG. Relationship between food-specific IgE concentrations
and the risk of positive food challenges in children and adolescents. J Allergy
Clin Immunol 1997; 100:444-451.

McHeyzer-Williams MG. Immune response decisions at the single cell level.
Semin Immunol 1997; 9:219-227.

McHeyzer-Williams MG, McHeyzer-Williams LJ. Antigen-specific memory B
cell development. Annu Rev Immunol 2005; 23:487-513.

Jarvinen KM, Chatchatee P, Bardina L, et al. IgE and IgG binding epitopes on
alpha-lactalbumin and beta-lactoglobulin in cow’s milk allergy. Int Arch Allergy
Immunol 2001; 126:111-118.

Cooke SK, Sampson HA. Allergenic properties of ovomucoid in man.
J Immunol 1997; 159:2026-2032.

Fu Z. Post-structural genomics: correlate protein sequence, structure, and
function. Saarbriicken, Germany: VDM Verlag Dr Miiller; 2008.

El-Khouly F, Lewis SA, Pons L, et al. IgG and IgE avidity characteristics of
peanut allergic individuals. Pediatr Allergy Immunol 2007; 18:607-613.

Christensen LH, Holm J, Lund G, et al. Several distinct properties of the IgE
repertoire determine effector cell degranulation in response to allergen
challenge. J Allergy Clin Immunol 2008; 122:298-304.

A systematic study of IgE concentration, clonality and affinity and how they
correlate with effector cell degranulation.

45

Lin J, Renault N, Haas H, et al. A novel tool for the detection of allergic
sensitization combining protein microarrays with human basophils. Clin Exp
Allergy 2007; 37:1854-1862.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



	The role of immunoglobulin E-binding epitopes in the characterization of food™allergy
	Introduction
	Types of immunoglobulin E-binding epitopes and methods for determining immunoglobulin E-binding epitopes
	Sequential epitopes
	Conformational epitopes
	The role of immunoglobulin E epitopes in the characterization of food allergy
	Relationship between immunoglobulin �E-binding epitope recognition patterns and clinical allergy
	Identification of informative epitope as biomarker in allergy diagnosis/prognosis
	Limitation or problem of using immunoglobulin E-binding epitopes in allergy diagnosis/prognosis
	High-power quantitative studies in which larger number of patients are required
	Affinity or avidity of epitope-specific immunoglobulin E binding
	Clinical relevance of the in-vitro immunoglobulin E epitope mapping
	Conclusion
	References and recommended reading


