Mapping of the IgE and 1gG4 sequential epitopes of milk
allergens with a peptide microarray-based immunoassay

Inmaculada Cerecedo, MD,? Javier Zamora, PhD,® Wayne G. Shreffler, MD, PhD,¢ Jing Lin, PhD,° Ludmilla Bardina, MSc,®
Ma Carmen Dieguez, MD, PhD,® Julie Wang, MD,¢ Alfonso Muriel, MSc,” Belén de la Hoz, MD, PhD,? and
Hugh A. Sampson, MD® Madrid and Arganda del Rey, Spain, and New York, NY

Background: Peptide microarray analysis is a novel method
that can provide useful information on the nature of specific
allergies.

Objective: We sought to determine the specificity and diversity
of IgE and IgG4 antibodies binding to sequential epitopes of o;-,
-, B-, and k-caseins and B-lactoglobulin by using a peptide
microarray-based immunoassay.

Methods: A microarray immunoassay was performed with sera
from 31 children with IgE-mediated milk allergy (16 with
positive oral milk challenge results [ie, the reactive group] and
15 with negative oral milk challenge results [ie, the tolerant
group]). A library of peptides, consisting of 20 amino acids
(AAs) overlapping by 17 (3-offset), corresponding to the
primary sequences of oy;-, a2-, B-, and k-caseins and 3-
lactoglobulin was printed on epoxy-coated slides. A region was
defined as an epitope if it was statistically associated with
reactive groups and recognized by at least 75% of reactive
patients.

Results: By using this method, a total of 10 epitopes were
identified: oy;, AAs 28 to 50, 75% reactive and 26.7 % tolerant;
g, AAs 1 to 20, 75% reactive and 13.3% tolerant; AAs 13 to
32, 75% reactive and 26.7% tolerant; AAs 67 to 86, 75%
reactive and 33.3% tolerant; and AAs 181 to 207, 75% reactive
and 20% tolerant; B-casein, AAs 25 to 50, 75% reactive and
33.3% tolerant, AAs 52 to 74, 81.3% reactive and 26.7 %
tolerant; and AAs 154 to 173, 75% reactive and 33.3% tolerant;

From “Servicio de Alergologia, Hospital Universitario Ramén y Cajal, Madrid; "Unidad
de Bioestadistica Clinica, Hospital Universitario Ramén y Cajal, CIBER de Epidemio-
logiay Salud Piblica (CIBERESP), Madrid; “the Division of Pediatric Allergy and the
Jaffe Institute for Food Allergy, the Mount Sinai School of Medicine, New York; and
9Unidad de Alergologia, Hospital del Sureste, Arganda del Rey, Spain.

Dr Cerecedo was supported by the Fundacién LAIR (Madrid, Spain). Dr Shreffler was
supported in part by grants from the National Institutes of Health(NIH)/National
Institute of Allergy and Infectious Diseases (NIAID; nos. AI-066738 and AI-067722),
the NIH-LRP, and the Food Allergy Initiative. Dr Sampson was supported in part by
grants from the NIH/NIAID (nos. AI-44236 and AI-066738).

Disclosure of potential conflict of interest: I. Cerecedo has received a research grant from
Fundacion LAIR. W. G. Shreffler has received research grants from the National
Institute of Allergy and Infectious Diseases and the Food Allergy Initiative. M. C.
Dieguez has received a research grant from the Fundacion SEAIC. H. A. Sampson has
served as a consultant for Allertein Therapeutics, received research grant from the
Food Allergy Initiative and the National Institutes of Health, and served as a volunteer
advisor for the Food Allergy and Anaphylaxis Network.

Received for publication January 23, 2008; revised June 21, 2008; accepted for publica-
tion June 30, 2008.

Reprint requests: Hugh A. Sampson, MD, Department of Pediatrics, Box 1198, The
Mount Sinai School of Medicine, One Gustave L. Levy Place, New York, NY
10029-6574. E-mail: hugh.sampson@mssm.edu.

0091-6749/$34.00

© 2008 American Academy of Allergy, Asthma & Immunology

doi:10.1016/j.jaci.2008.06.040

B-lactoglobulin, AAs 58 to 77, 81.3% reactive and 40% tolerant;
and k-casein, AAs 34 to 53, 87.5% reactive and 40% tolerant.
Conclusion: Several regions have been defined as epitopes,
which showed differential recognition patterns between reactive
and tolerant patients. Further studies are needed to validate the
utility of this assay in clinical practice. (J Allergy Clin Immunol
2008;122:589-94.)
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Cow’s milk allergy is a common and often transitory disease
affecting approximately 2.5% of children less than 2 years of
age."” The mainstay of treating milk allergy consists of prescrib-
ing a milk-free diet and having the patient return for regular fol-
low-up visits to re-evaluate the status of his or her allergy. The
majority of children with IgE-mediated milk allergy become tol-
erant. Depending on the series, rates of development of tolerance
have varied: 76% by age 3 years,2 74% by age 5 years,3 22% by
age 18 months to 13 years,4 and 19% by age 4 years.5 Addition-
ally, 35% have allergic reactions to other foods, and approxi-
mately 50% have respiratory allergy.z’ﬁ’8 At the outset, the
difficulty lies in predicting which children might have severe
allergic reactions to milk and which will remain allergic for a
lifetime.”'”

Milk proteins are among the best characterized food allergens.
The casein fraction is comprised of 4 different proteins: o -, otgo-,
-, and k-casein in proportions of 40:10:40:10, respectively. The
primary structures are known for most genetic variants of oy;-,
o, B- and k-casein; B-lactoglobulin; and a-lactoalbumin.!'" 14

Previous work has increased our understanding of the impor-
tance of epitope recognition in the persistence of cow’s milk
allergy.'>?” Food allergy is mediated by specific IgE antibodies
directed toward specific food allergenic epitopes. IgE binding to
both sequential and conformational epitopes can trigger allergic
reactions. Patients with IgE antibodies that recognize sequential
epitopes, as demonstrated by binding to greater numbers of syn-
thetic peptides from relevant allergen sequences, react to foods
in any form (ie, even when extensively cooked) and tend to
have more persistent allergy.ls'27 Most of the data regarding
IgE epitopes of food proteins to date have been generated through
the use of SPOTS membrane-based immunoassays (Genosys
Biotechnologies, Woodlands, Tex).28 However, for the character-
ization of large numbers of individual-patient allergen-specific
IgE antibodies, this method has technical disadvantages. The syn-
thesis of large numbers of peptides is relatively time-consuming,
labor intensive, and expensive; assays require milliliter quantities
of patient sera; and the membranes can be used for a limited num-
ber of patients.
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Abbreviations used
AA: Amino acid
HSA: Human serum albumin
PBS-T: PBS-0.5% tween 20
SNR: Signal/noise ratio
SPT: Skin prick test

Shreffler et al*® have developed a peptide microarray immu-
noassay to examine serum samples from patients with peanut
allergy and confirmed that allergenic/antigenic areas identified
by using this method correlated with areas defined by SPOTS
membrane mapping. Furthermore, the diversity of epitope rec-
ognition was found to correlate with the severity of peanut-
induced allergic reactions.”® More interestingly, an additional
epitope, not previously identified as important for peanut al-
lergy, was discovered by using this method. The success of
using microarray assays in elucidating the importance of indi-
vidual peanut epitopes in peanut allergy prompted us to expand
our search for similarly important milk protein epitopes. The
aim of this study was to determine the IgG and IgE specificity
and diversity to sequential epitopes of og-, os-, B-, and k-
caseins and {3-lactoglobulin by using a peptide microarray—
based immunoassay in a series of pediatric patients with
cow’s milk allergy.

METHODS

Patients

Patients with cow’s milk allergy were recruited from the Hospital
Ramon y Cajal Allergy Clinic from January 2005 until February 2006. The
diagnosis of IgE-mediated milk allergy was made on the basis of the
clinical history and positive skin prick test (SPT) responses with milk and
a-lactalbumin, B-lactoglobulin, and casein and/or specific IgE to milk and
its protein fractions measured by using the CAP System FEIA (Phadia,
Uppsala, Sweden). Oral milk challenges were performed if the history was
unclear.’!? Patients given diagnoses were started on a milk exclusion diet
for 6 months. After the milk-free diet, SPT responses and specific IgE
levels were re-evaluated. Those patients with IgE levels to milk of less
than 2.5 kKUA/L, according to literature recommendations,33’34 were sched-
uled for an oral milk challenge. A challenge result was considered positive
if cutaneous symptoms (urticaria and angioedema), digestive symptoms,
and/or respiratory symptoms were observed within 2 hours after any
dose of milk. Children experiencing unequivocal allergic symptoms after
an accidental ingestion of milk at home were also considered as having
a positive challenge result and were included in the reactive group. Patients
considered nonreactive had tolerance confirmed with a milk challenge at
the hospital.

Peptides

A library of peptides, consisting of 20 amino acids (AAs) overlapping by 17
(3-offset) and corresponding to the primary sequences of ay-, o, B-, and
k-caseins and 3-lactoglobulin, was commercially synthesized (JPT Peptide
Technologies, Berlin, Germany). Peptides were resuspended at a concentra-
tion of 150 wmol/L in Protein Printing Buffer (Arraylt, Sunnyvale, Calif)
with 33% dimethyl sulfoxide and printed in triplicate to epoxy-derivatized
glass slides (SuperEpoxy Substrate, Arraylt) by using the NanoPrint Microar-
rayer 60 (TeleChem International, Inc, Sunnyvale, Calif). Slides were stored at
4°C until use. Additional array elements, including purified o;-, ag-, B-, and
k-caseins and B-lactoglobulin, were used as positive controls, Protein Printing
Buffer alone was used as a negative control and for background normalization,
and fluorochrome-labeled BSA for the purpose of grid alignment during
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analysis was included on each slide. All array elements were printed in dupli-
cate (2 sets of triplicates) to improve precision and to determine intra-assay
variation.

Immunoassay

Immunolabeling was performed as previously described, with minor
modifications.”>* In brief, an area around the arrays was demarcated with
a hydrophobic pen (DakoCytomation Pen; Dako, Glostrup, Denmark). The
slides were then rinsed with PBS—0.5% tween 20 (PBS-T) and nonspecific
binding sites blocked with 500 pwL of 1% human serum albumin (HSA) in
PBS-T (PBS-T/HSA) for 60 minutes at room temperature on a rotating plat-
form (Labline). Incubations were performed in a humidity chamber (The
Binding Site, San Diego, Calif). After removing the PBS-T/HSA from the
slide surface by means of aspiration, 200 pL of patient sera diluted 1:5 in
PBS-T/HSA was applied and allowed to incubate for 60 minutes on a rotator
at room temperature. Slides were then washed with PBS-T and incubated for
1 hour at room temperature with a 1:1 mixture of monoclonal mouse anti-hu-
man IgE (Phadia) and IgG4 (PharMingen, San Diego, Calif) diluted in PBS-T/
HSA (working concentration, 0.4 wg/mL), which had been covalently tagged
with fluorochromes Alexa 546 and Alexa 647 (Molecular Probes, Eugene,
Ore), respectively. Slides were then washed with PBS-T, centrifuged dry,
and scanned with a ScanArrayGx (PerkinElmer, Fremont, Calif). Images
were saved as TIFF files.

Data analysis

Fluorescence signals from 2 different channels (for IgE and 1gG4) were
digitized with the ScanArray Express Microarray Analysis System (Perkin-
Elmer), exported as ASCII comma-delimited files. The intensity for each spot
was expressed as a signal/noise ratio (SNR). R software (version 2.5.0. R
Project Foundation) was used to normalize the data. Individual array element
values with higher coefficients of variation were eliminated from analysis.
Intraslide negative controls were used to define minimum background binding
intensity for positive elements. For intra-assay comparison, values were log10
transformed for normalization and homogenization of variance and then
adjusted to set the median from each slide equal to 1. In subsequent analyses
only ratios of IgE to IgG4 SNR intensities greater than a minimum threshold of
1 were considered positive. In this study we enrolled only subjects with low
milk-specific IgE levels and similar clinical features; the only difference
between the groups was the outcome of the oral milk challenge. Consequently,
we focused on IgE-binding regions that correlated with the challenge outcome.
Understandably, there is a risk of missing some allergenic regions by using this
approach, but we wished to focus on specificity. It has been shown that patients
with food allergy who become tolerant to a specific food have higher food-
specific IgG4/IgE ratios compared with those with persisting reactivity.
Furthermore, it has been postulated that the maintenance of tolerance to cow’s
milk in atopic children could be associated with increased levels of specific
IgG4.%%37 By evaluating IgE/IgG4, we sought to focus on clinically relevant
epitopes because we wished to differentiate between tolerant and reactive
patients.

Absolute and relative frequencies of patients’ antibodies recognizing each
epitope were determined. Peptides that were bound by antibodies from greater
than 75% of patients with milk allergy were considered epitopes. Among
them, we further looked for those epitopes statistically associated with clinical
reactivity. The Fisher exact test was used to determine statistical associations,
and a P value of .05 or less was considered significant.

RESULTS

Thirty-one patients fulfilling the above criteria were identified
in the allergy clinic between January 2005 and February 2006 and
were included in the study. The median age was 2 years and 4
months (range, 1-6 years). The most frequent presentation at
diagnosis was isolated cutaneous symptoms (urticaria) in 58.6%
of the patients, followed by urticaria and vomiting in 25.8%. Oral
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