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Abstract

Allergy diagnosis based on purified allergen molecules provides detailed information regarding
the individual sensitization profile of allergic patients, allows monitoring of the development of
allergic disease and of the effect of therapies on the immune response to individual allergen
molecules. Allergen microarrays contain a large variety of allergen molecules and thus allow the
simultaneous detection of allergic patients’ antibody reactivity profiles towards each of the
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allergen molecules with only minute amounts of serum. In this article we summarize recent
progress in the field of allergen microarray technology and introduce the MeDALL allergen-chip
which has been developed for the specific and sensitive monitoring of IgE and IgG reactivity
profiles towards more than 170 allergen molecules in sera collected in European birth cohorts.
MeDALL is a European research program in which allergen microarray technology is used for the
monitoring of the development of allergic disease in childhood, to draw a geographic map of the
recognition of clinically relevant allergens in different populations and to establish reactivity
profiles which are associated with and predict certain disease manifestations. We describe
technical advances of the MeDALL allergen-chip regarding specificity, sensitivity and its ability
to deliver test results which are close to in vivo reactivity. In addition, the usefulness and
numerous advantages of allergen microarrays for allergy research, refined allergy diagnosis,
monitoring of disease, of the effects of therapies, for improving the prescription of specific
immunotherapy and for prevention are discussed.
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1. Introduction

Due to the continuing rise of the worldwide prevalence of allergic diseases the development
of strategies for early diagnosis, prevention and treatment of allergic sensitizations becomes
an increasingly important issue [1]. The development of IgE responses to allergen
molecules, a process termed “allergic sensitization” seems to occur early in life whereas
IgE-reactivity profiles of adult allergic patients do not change in a relevant manner [2,3].
This implies that there exists a period early in life during which allergic sensitization takes
place and IgE-reactivity profiles are established. This period thus represents a window of
opportunity for preventing allergic sensitization and early intervention strategies but the
exact duration of this period of plasticity of the allergic immune response has not yet been
studied in detail. Likewise, it remains to be investigated whether the development of certain
clinical manifestations of allergy (e.g., asthma) and their severity [4] are linked to distinct
allergen recognition profiles, levels of pathogenic (i.e., IgE) and protective (i.e., 1gG)
antibody responses and epitope recognition profiles which would allow early prediction of
the clinical outcome. In order to address these questions the European Union-funded project
MeDALL (Mechanisms for the development of allergies) (http://medall-fp7.eu/) has been
established in which several birth cohorts in allergy and asthma are pooled and serum
samples from mothers and children, from birth up to adolescence, are analyzed for allergen-
specific IgE and IgG reactivity profiles [5].

Since the amounts of serum samples available from these birth cohorts are very limited a
highly sensitive assay allowing to measure IgE and 1gG reactivities to a large number of
different allergen molecules with minute serum samples is needed. Allergen microarrays
containing large numbers of different allergen molecules have been developed already in
2002 [6] with the goal to allow simultaneous detection of IgE reactivities to a large number
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of allergen molecules with small serum volumes. These allergen microarrays are comprised
of chips containing spotted allergens and were suggested as tools for monitoring the
development of allergic sensitization, for the establishment of comprehensive reactivity
profiles and to measure eventual changes during the course of disease and various forms of
treatment. Today, an allergen microarray termed ImmunoCAP ISAC (Phadia AB, Uppsala,
Sweden) is already available for chip-based allergy diagnosis and can be used for
determining IgE and IgG responses towards 112 allergen molecules.

The ImmunoCAP ISAC has been used in a large number of clinical studies for a number of
years [7], in epidemiologic studies [8], longitudinal follow up of children [9] and to find de
novo sensitizations [3]. It has many advantages and results are close but not identical to
classical immunoassays [10] (WAO Position Paper, in press). However, for some allergens
[11-13] and for low IgE levels [14] it may not be sufficiently sensitive. Moreover, important
allergens are not included on the ImmunoCAP ISAC chip. The MeDALL allergen-chip was
designed to increase the number of allergens on the chip and to improve sensitivity of the
test.

We discuss specific features and advantages of allergen microarrays and describe the
MeDALL allergen-chip which has been developed for the analysis of sera from birth cohorts
pooled in the MeDALL project. The MeDALL allergen-chip represents a comprehensive
collection of more than 170 allergen molecules for the reliable detection of allergen-specific
antibody signatures. It should facilitate to study the early evolution of the allergic immune
response and the generation of a European map of molecular sensitization profiles as a
prerequisite for intervention and treatment strategies.

A second important aspect of this study is to demonstrate and clarify major differences
between serological test results obtained by microarray and by commonly used systems for
measuring quantitative IgE responses. In fact, chip-based IgE measurements provide
fundamentally different information compared to quantitative IgE measurements using
allergen excess and therefore cannot be directly compared. Both assays are equally sensitive
and specific but measurements performed under conditions of low allergen amount allow for
the estimation of the effect of allergen-specific blocking 1gG on IgE binding to the allergen
and thus will more closely resemble biological responses under conditions of natural
exposure. These differences imply that chip-based IgE measurements should provide
information of higher clinical relevance.

2. Material and methods

2.1. Design of the MeDALL allergen-chip

The development of the allergen microarray platform used for preparing the MeDALL
allergen-chip has been described earlier [6]. In order to improve the diagnostic spectrum of
allergens on the array and to avoid redundant markers, the allergen panel of the current
version of ImmunoCAP ISAC (Phadia AB) has been modified by adding more than 70
allergen molecules and by removing cross-reactive allergens which were present in different
versions on the chip (Table 1). Particular care was taken to increase the repertoire of food
and respiratory allergens. One version of the MeDALL allergen-chip contained an extensive
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collection of bacterial superantigens whereas in another version an extended panel of food
allergens was added to study hypersensitivity to wheat. For each protein/allergen, 50-200 fg,
corresponding to 1-5 attomol, was spotted in triplicates onto the chip. Customized spotting
of the MeDALL-array was done by Phadia Austria GmbH (Vienna, Austria). The newly
added allergens are described in the following section.

2.2. Characterization of newly added allergens

2.2.1. Peanut allergens—Natural Ara h 1, nAra h 2 and nAra h 6 were purified as
described [15,16].

2.2.2. Almond, cashew and pistachio allergens—nPru du 6 (prunin) was purified
from aqueous almond extract by column chromatography [17] and natural Ana o 2 was
purified from aqueous cashew nut protein extract [18] as previously described. Recombinant
allergens were generated as previously described for Ana o 1 [19], Anao 2 [20], Anao 3
[21], Pru du 4 [22], Pru du 6 [23] and Pis v 3 [24].

Recombinant Pru du 3 was amplified directly from the almond cDNA library (library
generation described in detail [23]). The sequence for the lipid transfer protein from almond
(Prunus dulcis) was available in the NCBI database, accession number CAA65477. The
LTP-encoding cDNA was ligated into the pMAL-c4X expression vector, transformed into
Rosetta gamiB(DE3)pLysS cells (Novagen/EMD Muillipore, Billerica, MA, USA),
expressed, and purified as described in detail for Ana o 1 [19].

2.2.3. Cow’s milk allergens—nBos d 4, nBos d 5, nBos d 8, recombinant aS1-casein,
raS2-casein, rk-casein, rp-casein, transferrin and natural BSA were purchased from Sigma
Aldrich (St Louis, MO, USA) or expressed in Escherichia coli as described [25-27].

2.2.4. Wheat allergens—A wheat cDNA library was screened with sera from wheat food
allergic patients as described [28]. Recombinant Tri a 36 and Tri a 36 fragment (amino acids
191-369) [29], clones 37 (thioredoxin h), 38 (glutathione transferase), 112 (1-Cys-
peroxiredoxin), 123 (profilin) and 126 (dehydrin) as well as clone 10 (serine proteinase
inhibitor) were cloned, expressed and characterized as described[28,30]. cDNA-sequences
of IgE-reactive clones 79, 85 and 110 that showed partial sequence identities to gamma
gliadins, respectively, cDNAs coding for Tri a 37, LTP, beta amylases and avenin-like
protein were codon optimized for E. coli expression and cloned with an additional sequence
coding for a hexa-histidine tag into the expression vector pET17b (Novagen). Proteins were
expressed in E. coli BL21 (DE3) (Stratagene, La Jolla, CA, USA), purified by nickel affinity
chromatography (Qiagen, Hilden, Germany) and refolded by dialysis against 10 mM
NaH,POy4, pH 4 (all proteins except LTP, pH 6, and beta amylases, pH 7). Using the same
methodology, cDNAs of clones m43 and m82 that showed partial sequence identities to the
high molecular weight glutenin x-type subunit Bx7 precursor were cloned into expression
vector pMAL-c4X. Proteins were purified and dialyzed against 10 mM Na-Acetate, pH 4
(m43 and m82) as described above.

All purified proteins were tested for IgE-reactivity by non-denaturing, RAST-based IgE dot-
blotting.
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2.2.5. Antigens important for celiac disease—The cDNA sequence of gamma gliadin
1 (rGG1) was cloned into pET27b vector (Novagen). The rGG1-protein was expressed with
a hexa-histidine tag in E. coli BL21 (DE3) (Stratagene) and purified by nickel affinity
chromatography (Qiagen). Purified proteins were dialyzed against 50 mM acetic acid and
stored at —20 °C (manuscript in preparation). rGG1 derived peptides 4 and 18 were
synthesized and purified as described [31]. Tissue transglutaminase protein (expressed in
Baculovirus-infected Sf9 insect cells) was purchased from DIARECT AG (Freiburg,
Germany).

2.2.6. Olive pollen allergens—cDNAs coding for Ole ¢ 5, Ole e 6, Ole e 8 and Ole e 10
were codon-optimized for expression in E. coli and ligated into the pET17b vector
(Novagen) with a C-terminal hexa-histidine tag. Proteins were expressed in BL21 (DE3)
cells (Stratagene), purified by nickel affinity chromatography under native conditions and
stored in 10 mM NaH,PO4 (pH 8). IgE-reactivity was assessed by ELISA using sera from
patients allergic to olive pollen.

2.2.7. Mite allergens—Recombinant Der p 5 (Genbank accession number, S76337), rDer
p 7 (U37044), rDer p 21 (DQ354124), rDer p 23 (EU414751) and the clone 16-derived
allergen (Vrtala, unpublished) were expressed in E. coli as soluble, non-fusion proteins
using the pET17 expression system. rDer p 5, rDer p 21 and rDer p 23 were purified as
previously described [32-34]. Recombinant Der p 7 was purified by hydrophobic interaction
chromatography and hydroxyapatite chromatography while the clone 16-derived protein was
purified by anion and cation exchange chromatography. rDer p 4 (AF144060), rDer p 11
(AY189697), rDer p 14 (AF373221), rDer p 15 (DQ078740) and rDer p 18 (DQ078739)
were expressed as hexa-histidine-tagged proteins in the inclusion body fraction of E. coli
extracts and purified by nickel affinity chromatography.

IgE-reactivity was tested for all recombinant HDM allergens with sera from HDM-allergic
patients in dot-blot experiments and the allergenic activity was evaluated with basophil
activation (CD203c up-regulation) experiments.

2.2.8. Dog allergens—Genes coding for the mature forms of Can f 4 (ACY38525.1), Can
f5 (P09582) and Can f 6 (E2QYS2) were inserted into expression vector pET-27b
(Novagen). All three genes contained sequences coding for a hexa-histidine tag at the C
terminus of the protein and the gene sequences were optimized for E. coli expression [35].
Proteins were expressed in E. coli BL21 (DE3) (Stratagene), purified by nickel affinity
chromatography (Qiagen) and refolded by dialysis against 10 mM Tris—HCI (pH 9),
followed by dialysis against 50 mM bicarbonate buffer (pH 9.6). Protein fold was
determined by circular dichroism on a JASCO (Tokyo, Japan) J-810 spectropolarimeter.

2.2.9. Insect venom allergens—Recombinant Api m 1, rApi m 2 and rVes v 5 were
cloned as described [36] and expressed in E. coli. Melittin (Api m 4) was purchased from
Sigma Aldrich (St Louis, MO, USA). The cDNA coding for Ves v 1 with a 3’ sequence
coding for a hexa-histidine tag was codon-optimized for the expression in E. coli and
inserted into plasmid pET17b (Novagen). Recombinant Ves v 1 was expressed in E. coli
BL21 (DE3) cells (Stratagene) and purified from inclusion bodies by nickel affinity
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chromatography (Qiagen). After dialysis, IgE-reactivity of rVes v 1 was assessed by dot-blot
assays using sera from wasp-venom allergic patients.

2.2.10. Staphylococcus aureus toxins—Sequences encoding S. aureus toxins were
ligated into expression vector pPR-IBA1 (IBA, Gottingen, Germany) and expressed with a
C-terminal Strep-Tag in E. coli strain BL21. Cells were lysed by ultrasound and proteins
were purified by affinity chromatography using Strep-Tactin columns (IBA). Purified
proteins were stored in 0.5x PBS.

2.2.11. Maltose binding protein (MBP)—The sequence encoding MBP was ligated into
pMAL-c4x vector (New England Biolabs, Ipswich, MA, USA), transfected and expressed in
E. coli.

2.3. Calibration of the MeDALL allergen-chip for different isotypes

Serum pools were analyzed for reactivity to several different allergens on the microarray
which were also available as ImmunoCAP tests in order to cover a broad spectrum of
antibody specificities and fluorescence intensities. The respective allergen-specific
antibodies of the isotype for which the calibration curve was generated were quantified by
ImmunoCAP and calibration-curves — fluorescence intensities on the MeDALL allergen-
chip versus antibody levels as detected by ImmunoCAP — were established.

2.4. Analysis of serum samples on the MeDALL allergen-chip

The microarrays were washed in washing buffer (Phadia AB) for 1 min by stirring. After
drying the chips by centrifugation at 1000g for 1 min, aliquots of 35 pl per serum sample
that have been centrifuged for one minute were applied and incubated for 2 h at gentle
rocking. For detection of IgE, sera were applied undiluted, for detection of IgG and IgGy,
samples were diluted 1:50 in sample diluent (Phadia AB), the dilution factor for IgA-
detection was 1:10. After rinsing the arrays using a spray bottle, another washing step was
done as described above, followed by drying by centrifugation. Thirty-five pul of detection
antibody were then applied and incubated for 30 min at gentle rocking. After rinsing,
washing and drying the chips as described above, the arrays were scanned using a confocal
laser scanner (LuxScan-10 K microarray scanner, Capital-Bio, Beijing, People’s Republic of
China) and evaluated by Microarray Image Analyzer v3.1.2 software (Phadia AB). All
incubation steps were performed at room temperature. For calibration and detection of
background signals a calibrator serum and sample diluent (Phadia AB), respectively, were
included in each run of serum analysis.

2.5. Sensitivity of the microarray as determined with monoclonal Bet v 1-specific human
IgE and effects of blocking 1gG on IgE-binding

Bip1, a Bet v 1-specific monoclonal mouse 1gG; antibody [37], and chimeric Bipl, a
chimeric monoclonal antibody that consists of the variable domains of Bipl and a human
Fce-portion [38] have been described elsewhere.

First, a series of dilutions of chimeric Bip1 was prepared in sample diluent, comprising
concentrations of 640, 320, 32, 3.2, 1.6, 0.8, 0.4, 0.2, 0.1 and 0.05 ng/ml of antibody. Each
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dilution was measured on the MeDALL allergen-chip in triplicates. To study the effects of
blocking IgG on IgE-signals, 3 different concentrations of chimeric Bet v 1-specific IgE,
i.e., 312.5, 6.25 and 0.8 ng/ml, were prepared and mixed only with buffer, a 1-, 10-, 100-,
1000-, 10,000-fold (for 6.25 and 0.8 ng/ml IgE) and a 100,000-fold (for 0.8 ng/ml IgE)
amount of Bipl. In fact, Bipl binds to the very same epitope on Bet v 1 with the same
affinity as the chimeric IgE. Again, IgE binding of each mixture to Bet v 1 was measured in
triplicates using the MeDALL allergen-chip.

Control experiments were performed by mixing Bet v 1-specific IgE at a concentration of
312.5 ng/ml with an excess of two monoclonal 1gG; antibodies specific for two distinct Bet
v 1-peptide epitopes (peptide 2 and peptide 6, respectively) [39], or with an excess of an
antibody specific for an unrelated allergen (i.e., anti-Phl p 2 1gG9).

The same series of experiments was done with the ImmunoCAP system (Phadia AB) for
detection of Bet v 1-specific IgE by testing a dilution series comprising 312.5, 39.1, 19.5,
7.8,3.9, 2, 1, 0.5 and 0.2 ng/ml of chimeric IgE. Likewise, measurement of Bet v 1-specific
chimeric IgE was performed at two different concentrations (312.5 and 20 ng/ml) in the
presence of only buffer, 1-fold up to 1000-fold (both for 312.5 and 20 ng/ml of IgE) or
10,000-fold (only for 20 ng/ml IgE) amount of Bip1 using the Bet v 1-ImmunoCAP.

2.6. Sensitivity and specificity of IgG measurements exemplified with a monoclonal Phl p
2-specific human 1gGq

The human monoclonal Phl p 2-specific 1gG; was described[40,41]. Such as for IgE, a
dilution series of 1 ug/ml, 500 ng/ml, 100, 10, 1, 0.4, 0.3, 0.2 and 0.1 ng/ml was prepared of
the monoclonal Phl p 2-specific IgG1 and measured in triplicates using the MeDALL
allergen-chip. An IgG-specific detection antibody conjugate was used that binds to each of
the human 1gG subclasses.

2.7. Importance of using protein-containing diluents for highly diluted antibodies

In order to investigate the possible binding of highly diluted antibodies to plastic tubes
and/or the surface of the chip affecting sensitivity, chimeric Bipl was diluted to a
concentration of 6.25 ng/ml by either using PBS without any proteins or blocking agents or
sample diluent containing additives which block non-specific interactions. IgE reactivities of
these samples were measured in triplicates on the MeDALL allergen-chip.

2.8. Examples of detecting early allergen-specific IgE responses in samples from children
of two different birth cohorts

The usefulness of the MeDALL allergen-chip for the evaluation of the development of
allergic sensitizations in children is exemplified for sera from two population based birth
cohorts, BAMSE from Sweden [42] and ECA from Norway [43]. In the BAMSE cohort,
serum samples were analyzed from the age 4, 8 and 16 years, in the ECA cohort at 10 and
16 years.
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3.1. The MeDALL allergen-chip contains a large number of clinically relevant allergen

molecules

Table 1 provides an overview of the molecules contained on the MeDALL allergen-chip and
information regarding allergen-sources, if proteins were purified from extracts (natural
allergens) or produced in expression systems (recombinant), if they are glycosylated and to
which protein family they belong. Two versions of the chip have been made, one which
contains a collection of enterotoxins from Staphylococcus aureus involved in respiratory
allergies [44] and another comprising an extended panel of antigens relevant for
hypersensitivity to wheat [29,30,45-47]. Considering the poor quality of natural house dust
mite allergen extracts, we aimed to implement a panel of purified house dust mite allergens
that is as complete as possible [48-50]. Furthermore, several cockroach allergens were
included [51,52]. The panel of pollen allergens contained allergens useful for the
identification of the genuine sensitizing pollen species as well as cross-reactive allergens
[53,54]. Furthermore, attempts were made to include relevant food allergens from, e.g., nuts,
peanuts, milk and several other allergen sources [55-59]. Column “CCD” (cross-reactive
carbohydrate determinants) in Table 1 indicates glycosylated allergen molecules with
confirmed reactivity to CCD-specific IgE.

3.2. Technical features of the MeDALL allergen-chip

3.2.1. Calibration for IgE, 1gG, 19gG4 and IgA—Calibration for IgE, 1gG, 1gG4 and IgA
has been established for the MeDALL allergen-chip by relating antibody levels to several
allergens detected by microarray with the respective results from ImmunoCAP
measurements. Screenshots showing the detection of allergen-specific IgE and 1gG in the
same serum sample illustrate the specificity of the detection systems as demonstrated by
distinct reactivity patterns (Fig. 1).

3.2.2. Background, cut-off and inter-assay variation of the MeDALL allergen-
chip for IgE in comparison to ImmunoCAP, and for IgG-detection—Triplicates of
a serial dilution of a monoclonal human IgE antibody specific to Bet v 1 were measured on
the MeDALL allergen-chip, starting from 640 ng/ml down to 0.05 ng/ml (Fig. 2A-C). An
IgE-concentration of 2.42 ng/ml corresponds approximately to 1TUA/ml in the ImmunoCAP
[60]. Up to a concentration of 32 ng/ml of the mAb (23.3ISU), a linear correlation between
Ab-concentration in ng/ml and the signal displayed in ISU was found (Fig. 2B and C). At
concentrations higher than 30 ng/ml the curve begins to approach saturation (Fig. 2A).
However, high IgE-levels were measured with high reproducibility (mean signal at 640
ng/ml = 132.021SU, SD = 2.261SU, CV = 1.7%, Table 2). The mean signal detected at the
lowest IgE concentration (0.05 ng/ml) was 0.141SU (SD = 0.011SU) with a signal-to-noise
ratio of 14. The mean background signal detected with sample diluent alone that was used
for dilution of the monoclonal IgE was 0.11SU (SD = 0.011SU). Table 2 summarizes results
for each of the applied concentrations.
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To determine background signals for all allergens on the chip, sample diluent was applied as
negative control, yielding relevant background signals only for the bacterial toxin Plc (Table
1), i.e., 0.22ISU (SD = 0.281SU) calculated after 32 measurements of sample diluent.

For comparison, a dilution series of the same monoclonal human IgE specific to Bet v 1 was
measured by ImmunoCAP (Fig. 2D-F, Table 2). IgE-dilutions from 0.2-312.5 ng/ml were
tested in triplicates. A linear correlation between IgE concentration in ng/ml and UA/ml was
demonstrated up to the highest IgE concentration (312.5 ng/ml) applied (Fig. 2D). At levels
higher than 100UA/ml the calibration-curve begins to approach saturation-level (calibration-
curve not shown). The mean background signal assessed using sample diluent was
0.09UA/ml (SD = 0.0LUA/mI). Signal-to-noise ratios and %CV for all dilutions applied are
shown in Table 2.

A dilution series of a monoclonal human IgG; antibody specific to the timothy grass pollen
allergen Phl p 2 with a concentration range from 0.1 ng/ml to 1 pg/ml was also measured in
triplicates on the MeDALL allergen-chip (Fig. 3A-C, Table 2). From 0 to 10 ng/ml of the
mADb a linear correlation between Ab-concentration in ng/ml and in ISU-G was found (Fig.
3B and C). At higher concentrations, the curve approached saturation-level. At the lowest
concentration measured (i.e., 0.1 ng/ml) the signal-to-noise ratio was 4, indicating that even
very low IgG-concentrations can be reliably measured by the MeDALL allergen-chip. The
mean background signal was 0.02ISU-G (SD = 0.011SU-G). Results for all dilutions tested
are shown in Table 2.

Next, mean variation coefficients and signal-to-noise ratios were calculated for results from
triplicate-measurements of IgE- and (only for the microarray) 1gG-dilutions up to 1 ng/ml or
greater than 1 ng/ml (Table 2). Microarrays and ImmunoCAPs from the same lot were used
for testing antibody dilutions. The results for IgE-detection using the MeDALL allergen-
chip show higher CVs for low concentrations (mean CV for concentrations up to 1 ng/ml =
14.1%, SD = 6.8%) than for higher concentrations (mean CV = 7.7%, SD = 5.5%), but the
mean signal-to-noise ratio for low concentrations was sufficient (mean SNR = 8.5; SD =
3.9) to obtain reliable results even for very low IgE concentrations such as 0.05 ng/ml. For
1gG detection by the MeDALL allergen-chip, both for high and for low antibody-
concentrations, mean %CVs of 14.9% or 16.3% (SD = 7.9% or 10.4%), respectively, were
calculated. Signal-to-noise ratios for the two intervals were 8.1 or 21, hence, also for 1gG
reliable results were obtained both for high and for low antibody concentrations.

Detection of the monoclonal Bet v 1-specific IgE-antibody was also performed by
ImmunoCAP for concentrations from 0.2 to 312.5 ng/ml. At the lowest concentration tested
(0.2 ng/ml), signals (0.16 UA/ml) were already close to the background level (0.09 UA/ml)
whereas with the MeDALL allergen-chip IgE concentrations down to 0.05 ng/ml could be
reliably detected. However, in ImmunoCAP, variation coefficients of 2.7% and 2.3% (SD =
1.4% and 2%) were calculated for high (i.e., greater than 1 ng/ml) and for low (i.e., up to 1
ng/ml) IgE-concentrations. Likewise, mean signal-to-noise ratios were 50.1 (SD = 33.6) for
concentrations higher than 1 ng/ml and 29 (SD = 2.7) for concentrations up to 1 ng/ml
(Table 2, right part).
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3.2.3. Simultaneous presence of blocking IgG antibodies inhibits IgE binding
to allergens on the chip but not in the ImmunoCAP—In order to test the influence
of 1gG antibodies on IgE binding to allergens in chip-based and ImmunoCAP assays, we
used a monoclonal IgE antibody specific for the major birch pollen allergen Bet v 1 and an
1gG antibody recognizing the very same epitope with similar affinity. This experimental set
up allowed for a comparison of the effects of blocking 1gG on allergen-specific IgE binding
for the two technologies. For the MeDALL allergen-chip, three different concentrations of
monoclonal Bet v 1-specific human IgE (312.5 ng/ml, 6.25 ng/ml, 0.8 ng/ml) were mixed
with the monoclonal 19G4 (Bip1) that contains the same variable domains as the IgE-
antibody and hence binds to the same epitope of Bet v 1. The respective IgE-dilutions were
incubated with increasing concentrations of Bipl, ranging from a 1:1 ratio of IgE to 1gG; up
to a 1000-fold (for 312.5 ng/ml IgE), 10,000-fold (for 6.25 ng/ml IgE) or a 100,000-fold (for
0.8 ng/ml IgE) excess of Bipl as compared to the IgE antibody (Fig. 4A-C). At the highest
IgE-concentration (312.5 ng/ml) a strong inhibition of the signal was found already ata 1:1
ratio of IgE and 1gG (mean inhibition 43.8%, SD = 6.6%), increasing to an almost complete
blocking of IgE-binding at a 100-fold and 1000-fold excess of Bipl (Fig. 4A, Table 3). For
lower IgE-concentrations we observed up to a 10-fold excess of Bipl only a moderate
(18.2% for 6.25 ng/ml IgE) or no (for 0.8 ng/ml) decrease of IgE binding (Fig. 4B and C).
From a 100-fold excess of competitive IgG on, strong inhibition of the IgE-signal was
observed (=71% for 6.25 ng/ml IgE, —28.3% for 0.8 ng/ml IgE) that increased to almost
100% inhibition at 1000- or 10,000-fold excess of Bip1, respectively. However, for the
complete range of IgE concentrations applied, Bet v 1-specific IgE could be measured at
more than 100-fold excess of competitive 1gG (Table 3).

When control experiments were performed by incubating Bet v 1-specific IgE with an
excess of an antibody specific for an unrelated allergen (i.e., anti-Phl p 2 1gG;) no inhibition
of IgE binding was found, whereas mixing with an excess of two monoclonal 1gG;
antibodies specific for two distinct Bet v 1-peptide epitopes (peptide 2 and peptide 6,
respectively) gave different levels of inhibition (Fig. 5). Monoclonal 1gG specific to Bet v
1-peptide 2 caused 75.5% inhibition, whereas inhibition by the antibody specific for peptide
6 was 47.1% (Fig. 5).

The same inhibitions were performed using the ImmunoCAP system by mixing two
different IgE-dilutions (312.5 ng/ml, 20 ng/ml) with up to a 1000-fold (for 312.5 ng/ml IgE)
or 10,000-fold (for 20 ng/ml IgE) excess of Bipl. Levels of Bet v 1-specific IgE were then
measured using the Bet v 1 ImmunoCAP (Fig. 4 D-E). At high IgE concentrations (312.5
ng/ml), up to a 100-fold excess of Bipl did not result in detectable inhibition and at low
concentrations (20 ng/ml), even 1000-fold excess did not inhibit. At the highest IgG to IgE-
ratios applied, an inhibition of 76% (for 312.5 ng/ml IgE) or 57% (for 20 ng/ml IgE) of IgE
binding was observed (Table 3). An overlay plot of relative inhibitions of IgE binding as
detected by the MeDALL allergen-chip and by ImmunoCAP is shown in Fig. 4F. The levels
of inhibition are displayed in Table 3 and show that the MeDALL allergen-chip is much
more sensitive (>100-fold) in detecting blocking 1gG antibodies than the ImmunoCAP.

Fig. 6 illustrates an important detail when it comes to measuring low concentrations of
highly diluted antibodies. Purified monoclonal human Bet v 1-specific IgE was diluted in a
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sample diluent which contains additives that block non-specific interaction of the antibody
with the surfaces of the test tube and of the microarray, or in PBS, respectively, to a
concentration of 6.25 ng/ml. Then, Bet v 1-specific IgE levels were measured by the
MeDALL allergen-chip. Using sample diluent containing blocking reagents, a mean IgE-
level of 5.661SU (SD = 0.621SU) was measured, whereas using PBS without blocking
reagents, 2.48ISU (SD = 0.19ISU), i.e., a 56.1% lower level was measured. This result
shows that non-specific binding to plastic or other surfaces decreases the availability of
antibodies for binding to their specific target. Such adsorption effects may be misinterpreted
as instability of the purified reactant and can influence results in all types of assays where
highly diluted purified reactants are used (e.g., skin prick testing, cellular assays).

3.2.4. Examples of different progression patterns of allergic sensitization—
Table 4 shows examples for the development of IgE reactivities during early childhood as
detected in serum samples from children of the BAMSE cohort from Sweden [42] at the age
of 4, 8 and 16 years. Displayed are patterns of IgE responses towards respiratory and food
allergens which are detectable early in life, i.e., before the age of 4 years (BAMSE 1), IgE
responses which become detectable between 4 and 8 years (BAMSE 2), later, i.e., between 8
and 16 years (BAMSE 3 and 4) and mixed patterns of IgE responses appearing early and
late in the same child (BAMSE 5).

Screenshots of IgE detection by microarray in serum samples obtained from one study
participant of the Norwegian birth cohort ECA [43] at the age of 10 and 16 years are shown
in Fig. 7. At 16 years, the serum sample exhibits reactivities to some additional allergen
components, mainly from the same allergen source and IgE levels were higher as illustrated
by “warmer” colours (yellow to red).

4. Discussion and conclusions

In the present study we demonstrated recent advances in allergen microarray technology
using the MeDALL allergen-chip as a model. The MeDALL allergen-chip is a more
developed version of the ImmunoCAP ISAC platform in that it contains an expanded
repertoire of allergens that can be used for the detection of allergen-specific IgE as well as
other immunoglobulin isotypes. The MeDALL allergen-chip has been developed as a
research tool for the sensitive detection of IgE-reactivities in samples from children of
different birth cohorts of various European countries to study the evolution of the allergen-
specific antibody responses in childhood. The MeDALL allergen-chip allows the sensitive
detection of allergen-specific IgE towards a large number of clinically relevant allergen
molecules as has been demonstrated by IgE titration experiments and comparison with one
of the most sensitive tools for measuring allergen-specific IgE, the ImmunoCAP assay. To
establish a large panel of clinically relevant allergens on the chip we assembled purified
recombinant and natural allergen molecules from different respiratory and food allergen
sources, such as house dust mite, peanut and wheat, to complement the allergen panel of
ImmunoCAP ISAC (Table 1). Certain molecules were spotted as recombinant, others as
natural proteins purified from allergen extracts. In addition to IgE, calibration for IgG, 1gG4
and IgA has been established for the MeDALL allergen-chip and specific detection of other
isotypes is being developed. This allows us not only to study IgE reactivities in children’s
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sera but should also assess the eventual protective effects of maternal allergen-specific 19G
transferred to the child or of spontaneously developing IgG responses in study subjects.

A series of experiments was performed using well defined monoclonal antibodies with
known specificities to different allergens. In some of these experiments measurements were
done with the MeDALL allergen-chip and by ImmunoCAP in parallel in order to study
characteristics and special features of these two systems. The ImmunoCAP system was
chosen as a reference because it has been widely used by clinicians for measuring allergen-
specific IgE responses in the birth cohorts. Both, ImmunoCAP and the MeDALL allergen-
chip were found to have almost equal background signals for IgE detection, which are in the
range of 0.1 (SD = 0.01) ISU or UA/ml, respectively. At the lowest IgE-concentrations
applied, i.e., 0.05 ng/ml for the MeDALL allergen-chip and 0.2 ng/ml for ImmunoCAP,
signal-to-noise ratios were 14 and 27.1, relative variation coefficients were 7.1% and 3.7%,
respectively. These results imply that with both technologies, low IgE-concentrations can be
reliably measured, and, with the MeDALL allergen-chip, even at higher sensitivity (Table
2). When detecting IgG using the microarray, almost no relevant background signal
(0.02ISU-G, SD = 0.01ISU-G) and a sufficiently high SNR (4 for 0.1 ng/ml IgG) were
observed, allowing detection of IgG-concentrations even lower than the smallest
concentration tested in the present series. Likewise, when looking at higher concentrations
of IgE or IgG, low inter-assay variations were observed (Table 2). However, Fig. 2A
demonstrates that at IgE concentrations higher than approximately 30 ng/ml, the linear
relation between antibody concentration and ISU is no longer observed. Therefore, IgE
levels higher than 301SU measured with the chip correspond to increasingly higher
concentrations of IgE in ng/ml (Fig. 2A). In the ImmunoCAP there is still a linear relation
between antibody concentration in ng/ml and UA/ml up to 300 ng/ml of IgE (Fig. 2D). This
difference between the two systems is due to the fact that on the microarray, only 50-200 fg
of protein are immobilized per spot whereas in ImmunoCAP, 1-2 ug of protein, i.e.,
10,000,000 times more, are coupled. Consequently, the quality of the protein preparations
used and the assessment of antibody-binding capacity to the allergen spots are critically
important issues for microarray technology since signal intensities decrease in relation to the
proportion of spotted allergen molecules that are denatured.

Apart from the detection of IgE reactivities to defined allergen molecules for diagnosis of
allergic sensitization, the measurement of blocking 1gG, or antibodies of any other isotype
than IgE, is an important aspect, e.g., for the assessment of the immunological efficacy of
specific immunotherapy or of potentially protective effects of maternal IgG that are
transferred to the child via the placenta or through breast milk or of spontaneously
developing allergen-specific 1gG responses. Quantification of IgG that binds to a given
allergen does not provide information as to whether it inhibits IgE binding to the same
allergen. In order to study how different systems for measuring allergen-specific IgE (i.e.,
microarray versus ImmunoCAP) can provide information regarding the presence of blocking
IgG, IgE responses were detected before and after addition of competing IgG. Using
ImmunoCAP, at 312.5 ng/ml of Bet v 1-specific IgE, no effect was observed on detected
allergen-specific IgE-levels with up to a 100-fold excess of blocking 1gG (Fig. 4D). This is
due to the fact that a relative excess of allergen is used and therefore, all antibody isotypes
specific for Bet v 1 can bind independently from each other. Therefore, the potential
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therapeutic effect of allergen-specific 1gG cannot be judged by using ImmunoCAP, neither
by measuring IgE before and after induction of 1gG, nor by direct assessment of IgG.
Performing the same experiment using the MeDALL allergen-chip, a 1:1 ratio of IgE (312.5
ng/ml) and competing 1gG showed a decrease of the IgE-signal of 44% (Fig. 4A, Table 3).
This means that the allergen microarray integrates all antibodies binding to the same epitope
into a net IgE value (or value of any other isotype detected). Since blocking IgE from
binding to allergen reduces the allergic reaction, it may be assumed that IgE levels measured
by microarray should better reflect the potency of IgE to mediate an allergic reaction upon
allergen contact. However, the allergen-specific IgE signal is completely abolished only at a
1000-fold or higher excess of blocking antibodies, depending on the absolute allergen-
specific IgE level. Relative inhibition of IgE signals detected for all IgE-concentrations
investigated and for both CAP and MeDALL allergen-chip are plotted in Fig. 4F showing
that at an IgE-concentration of 0.8 ng/ml (microarray) or 312.5 ng/ml (ImmunoCAP),
similar findings are obtained for both systems. Moreover, the figure illustrates that at higher
IgE concentrations, IgE levels measured are more strongly decreased by the presence of
blocking IgG (regarding the relative excess of 1gG) than at lower concentrations. This
observation becomes clear when considering that, assuming a given number of epitopes
available for antibody-binding, at high antibody-concentrations, the saturation-level is
approached, especially when the number of epitopes is restricted as in the microarray.

The results obtained in this study illustrate that there is a fundamental difference between
allergen microarrays and the ImmunoCAP system for detecting and measuring allergen-
specific IgE. In the traditionally used system for detection of allergen-specific IgE, the
ImmunoCAP system, there is a relative excess of allergen molecules (1-2 ug of the
respective allergen molecule) as compared to the average concentrations of allergen-specific
IgE antibodies in serum. Since there is a large amount of allergen coupled to a large surface,
antibodies of all isotypes can bind simultaneously. By contrast, allergen microarrays contain
only approximately 5 attomol of protein per spot, corresponding to, e.g., 100 fg in case of a
protein of 20 kDa. This means that, compared to ImmunoCAP, one spot of the microarray
contains 10,000,000 times less protein.

This difference in immobilized allergen amounts between the two test systems has an
important impact on the test results and must be considered for their interpretation. As long
as antibody levels are relatively low, both systems yield comparable results but as soon as
allergen-specific antibody levels rise, the relatively limited number of epitopes present per
spot on the microarray prevents the binding of some of the antibodies that are specific to the
respective allergen. As a consequence, in the microarray saturation levels are already
reached at lower antibody concentrations which may get close to the in vivo situation of
allergic patients where only a part of the circulating IgE is bound to the effector cells of the
allergic reaction (e.g., mast cells, basophils, antigen presenting cells) via their specific
receptors. This assumption needs to be confirmed in clinical studies comparing chip results
with in vivo sensitivity in patients (e.g., titrated skin tests). Importantly, in case allergen-
specific antibodies other than IgE are simultaneously present in serum samples or other
biological fluids (e.g., tears, breast milk), competition between IgE and other isotypes will
become detectable as a reduction of IgE binding when these isotypes represent true blocking
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antibodies recognizing the same epitope or affect IgE binding by other mechanisms such as
steric hindrance. On the microarray, like in the in vivo situation where only small amounts of
allergen enter the body, several parameters will determine which isotype will bind better to
the allergen, among them concentration and affinity of the respective antibodies. Regarding
allergy diagnosis, it is thus reasonable to assume that the microarray will more closely
reflect the biological situation in the patient after incorporation of allergen. Likewise, for
successful specific immunotherapy (SIT), higher titers of allergen-specific 1gG, rather than
IgE antibodies will be induced, and therefore 1gG will occupy more epitopes on the allergen
molecule than the corresponding IgE. If allergen-specific antibodies in such patients are
measured by microarray, one will observe increases of allergen-specific IgG levels and, in
those cases where these allergen-specific 1gG antibodies can block IgE binding to the
allergen, a reduction of IgE binding will be detectable (Lupinek & Valenta, unpublished).
Therefore, allergen-microarrays may be useful for the measurement of the successful
induction of therapeutically active IgG by SIT and should eventually become a new
surrogate marker for therapeutic success of SIT, provided that clinical studies confirm the
theoretical assumption based on the in vitro results. Test systems such as the ImmunoCAP,
which, due to the presence of large amounts of allergen on the solid phase, can
accommodate the simultaneous binding of IgE and other isotypes and therefore do not
mimic the biological situation (i.e., clinical sensitivity of the patient upon allergen
encounter). Yet, they offer the possibility to quantify allergen-specific antibodies which
allows, e.g., IgE quantification in order to assess the effect of allergen avoidance or
therapeutic IgE depletion on allergen-specific IgE levels.
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HDM house dust mite
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ISU ISAC standardized units (for IgE-detection)

ISU-G ISAC standardized units (for 1gG-detection)

MeDALL mechanisms for the development of allergies
SNR signal-to-noise ratio

UA/mI units antigen per milliliter
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A

Fig. 1.

Dgtection of allergen-specific IgE and 1gG by the MeDALL allergen-chip. A serum sample
from an allergic individual was tested for the presence of allergen-specific IgE (A) and 19gG
(B) using the MeDALL allergen-chip. Each of the allergen molecules on the chip was
spotted in triplicates (groups of three dots aligned vertically), signal strength is visualized in
false colours with increasing fluorescence intensities from blue to red/white.
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Fig. 2.

Mgasurement of monoclonal human Bet v 1-specific IgE antibody levels using the
MeDALL allergen-chip and by ImmunoCAP. Different concentrations of a monoclonal
human IgE antibody specific to Bet v 1 (x-axes) were tested. Bet v 1-specific IgE-levels
measured by the MeDALL allergen-chip (A-C) are shown on the y-axes in ISAC
standardized units (1ISU). Bet v 1-specific IgE-levels measured by Bet v 1-ImmunoCAP (D-
F) are shown in units antigen per milliliter (UA/ml). Mean levels +/- standard deviations of
triplicate measurements are shown.
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Fig. 3.

0.3

Measurement of different concentrations of a monoclonal human Phl p 2-specific 19G4
antibody. Different concentrations of a monoclonal human 1gG; antibody specific to Phl p 2
(x-axes) were measured and are shown on the y-axes in ISAC standardized units for IgG
(ISU-G). Graphs for IgG-concentrations of 0-1 pug/ml (A), 0-10 ng/ml (B) and 0-0.3 ng/ml

(C) are shown. Error bars indicate mean levels +/- standard deviat
measurements.

Methods. Author manuscript; available in PMC 2015 December 22.

ions of triplicate



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Lupinek et al. Page 21
A 100
80+ IgE-conc.: 312.5ng/ml
60- E
7 <
2 S IgE-conc.: 312.5ng/ml
40 40-
20 20+
0 0 T T T T T
N N N N N
8 & & & &
Q & < N R R
n & G 3 N &
= 9 & o +@ )
Ny e KN &
8
N~
B E "
6 6
54 IgE-conc.: 6.25ng/ml 51
5 4 § 4-
7] S
34 31 IgE-conc.: 20ng/ml
2+ 2-
14 14
0 01— r r T T r
N N N RN N N N N N N N N
& & & & & §f & & & & &
& & & & @ R & & & KX KN
& v : & v 4% & \4 > & 4 Q
S © © A 4 S Na > oM ot &+
ISR s & o I\ s S
N I o® i O
RN K
C 107 Bip1-excess (concentration)
0.8- F
|gE-c0nC.: 0.8nglm| 1 B R )
o 067
7] 80+ -e- Chip, 312.5ng/ml
0.4+ - & Chip, 6.25ng/ml
] 604 -4~ Chip, 0.8ng/ml
0.2 5 -+ CAP, 312.5ng/ml
€ 407 - CAP, 20ng/ml
0.0 ®
N “]
& & & & & X N 1l
¢+ > G"\ ¢ & G"\ @ 0
\9 '\°~ QQ‘
N 201+— T T T r T T
Bip1-excess (concentration) oF i o \@*' &G‘. QQQ* @g\-
NS by S
N KN
Bip1-excess
Fig. 4.

Simultaneous presence of blocking IgG reduces detected Bet v 1-specific IgE-levels.
Relative excess of Bipl compared to the respective IgE concentration and (in parenthesis)
absolute concentration of Bipl in ng/ml or pg/ml is shown on the x-axes. Bet v 1-specific
IgE-levels detected by the MeDALL allergen-chip (A-C) or by ImmunoCAP (D-E) are
displayed on the y-axes in ISU or in UA/ml after subtraction of background signals. IgE-
concentrations applied are mentioned in the respective diagrams. Relative inhibition (F) of
IgE-signals (y-axis) is plotted against levels of relative Bipl-excess (x-axis). The respective
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IgE-concentrations applied for detection by MeDALL allergen-chip or ImmunoCAP are
displayed in the legend. Mean results of triplicates +/- standard deviations are shown.
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Fig. 5.

Begt v 1-specific IgE (312.5 ng/ml) was co-incubated with an excess of two different
monoclonal antibodies binding to two distinct Bet v 1-peptides, or of a monoclonal antibody
specific for the grass pollen allergen Phl p 2 (x-axis). Degree of inhibition of IgE-binding to
chip-coupled Bet v 1 is shown on the y-axis. Bars show mean values of triplicates +/-
standard deviation.
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Fig. 6.

Ef?‘ect of different diluents on detected IgE-levels. Monoclonal Bet v 1-specific IgE was
diluted to a concentration of 6.25 ng/ml in a sample diluent containing blocking agents or in
PBS (x-axis) and measured by the MeDALL allergen-chip. IgE-levels are displayed in ISU
(y-axis). Mean results of triplicate determinations +/- standard deviations are shown.
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A

Fig. 7.
Screenshots illustrating the evolution of an IgE-reactivity profile over time. Serum samples

from a study participant of the Norwegian birth cohort ECA, obtained at (A) 10 years and
(B) 16 years, were analyzed for IgE-reactivities using the MeDALL allergen-chip. Every
allergen-molecule was spotted in triplicates (groups of three dots aligned vertically), signal
strength is visualized in false colours with increasing fluorescence intensities from blue to
red/white.
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List of allergens contained on the MeDALL allergen-chip. Allergen-sources, allergen-names according to
IUIS-standard, purification from extracts (natural allergens) or production in expression systems (recombinant
allergens), glycosylation and allocation to different allergen-families are shown. Proteins that were provided
by collaborating groups are highlighted by coloured boxes (column “Allergen™). For wheat allergens, #
indicates the number of the respective clones. Some allergen families represented on the chip by several
allergen molecules are highlighted by coloured boxes (column “Function of the protein/Allergen family”). In
the separate part of the list, allergens that replaced proteins from the first variant of the microarray (Proteins

No. 164-176) are listed.

Table 1

Version 1 of the MeDALL-Chip

No. | Allergen-source Allergen rl?:t%rcgl CCD g(%lg;?g Function of the protein/Allergen family
1 Betv 1 R inh PR-10
3 Betv 4 R inh Polcalcin
4 Alder Alng1 R inh PR-10
5 Oleel R inh Ole e 1-related protein
7 Olee9 R inh Glucanase
8 Japanese cedar Cryjl N CCD inh Pectate lyase
9 Cypress Cupal N CCD inh Pectate lyase
10 Plaal R inh Invertase Inhibitor
11 | Plane tree Plaa?2 N CCD inh Polygalacturonases
13 Phlp1 R inh Grass group 1 (Beta-Expansin)
14 Phlp 2 R inh Grass group 2/3
15 Phlp 4 N CCD inh Grass group 4 (Berberine bridge enzyme)
16 Phl p 5b R inh Grass group 5
Timothy grass
17 Phl p 6 R inh Grass group 5/6
18 Phlp 7 R inh Calcium-binding proteins (Polcalcin)
19 Phl p 11 R inh Ole e 1-related protein
21 | Bermuda grass Cynd1l N CCD inh Grass group 1 (Beta-Expansin)
22 | Ragweed Ambal N inh Pectate lyase
23 Artv1 N inh Defensin-like protein
Mugwort
24 Artv3 N inh
25 | Goosefoot Cheal R inh Ole e 1-related protein
26 | Annual mercury Meral R inh
27 | Plantain Plall R inh Ole e 1-related protein
28 | Wall pellitory Parj2 R inh
29 | Saltwort Sal k1 N inh Pectin methylesterase
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Version 1 of the MeDALL-Chip

No. | Allergen-source Allergen rl?:tfjrgl CCD g(%lgaej?fe Function of the protein/Allergen family
30 Hevb1 R inh, skin Rubber elongation factor
31 Hev b 3 R inh, skin | Small rubber particle protein
32 Latex Hevb5 R inh, skin | Acidic protein
33 Hev b 6.01 R inh, skin | Hevein (Prohevein)
35 Altal R inh Acidic glycoprotein
Alternaria
36 Alta6 R inh Enolase
37 Aspfl R inh Mitogillin family (Ribonuclease)
38 | Aspergillus Aspf3 R inh Peroxysomal protein
39 Aspf6 R inh Mn superoxide dismutase
40 | Cladosporium Clah8 R inh Mannitol dehydrogenase
41 Derp1 N inh Group 1 mite allergens (Cysteine protease)
42 Der f1 N inh Group 1 mite allergens (Cysteine protease)
43 Derp2 R inh Group 2 mite allergens (NPC2 family)
44 Der f2 R inh Group 2 mite allergens (NPC2 family)
45 Derp 4 R inh Group 4 mite allergens (Alpha-amylase)
46 Derp 5 R inh Group 5 mite allergens
47 Derp7 R inh Group 7 mite allergens
48 | House dust mite Der p 10 R inh _
49 Der p 11 R inh Group 11 mite allergens (Paramyosin)
50 Der p 14 R inh Vitellogenin (Apolipophorins)
51 Der p 15 R inh Chitin-binding domain
52 Der p 18 R inh Chitin-binding domain
53 Der p 21 R inh Group 21 mite allergens
54 Der p 23 R inh Chitin-binding domain
55 clone 16 R inh Chitin-binding domain
56 | Storage mite Lepd?2 R inh Group 2 mite allergens (NPC2 family)
57 | Blomiatropicalis | Blot5 R inh Group 5 mite allergens
58 Blag 1l R inh Cockroach group 1
59 Blag 2 R inh Aspartic protease
Cockroach
60 Blag5 R inh Glutathione S-transferase
61 Blag7 N inh
62 Anis1 R f Serine protease inhibitor
Anisakis
63 Anis3 R f
64 Feld1 R inh Uteroglobin
65 | Cat Feld 2 N inh Serum Albumin
66 Feld 4 R inh Lipocalin
67 | Dog Canfl R inh Lipocalin
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Version 1 of the MeDALL-Chip

No. | Allergen-source Allergen r?:t(iircgl CCD @R(%%t:J?L Function of the protein/Allergen family
68 Canf2 R inh Lipocalin
69 Canf3 N inh Serum Albumin
70 R inh Lipocalin (Odorant-binding protein)
71 R inh Arginine Esterase (Trypsin-like serine protease)
72 R inh Arginine Esterase (Trypsin-like serine protease)
73 R inh Lipocalin
74 Equcl R inh Lipocalin
Horse
75 Equc3 N inh Serum Albumin
76 | Mouse Musm 1 N inh Lipocalin
7 - N f Storage protein, 7S globulin (Vicilins)
78 Arah1l R f Storage protein, 7S globulin (Vicilins)
79 Arah?2 R f Storage protein, 2S albumin
80 - N f Storage protein, 11S globulin (Legumins)
81 | Peanut Arah3 R f Storage protein, 11S globulin (Legumins)
82 Arah6 N f Storage protein, 2S albumin
83 - N f Storage protein, 2S albumin
84 Arah8 R f PR-10
85 Arah9 R f
% Coratowl | R m
87 | Hazelnut Cora8 R f
88 Cora?9 N f Storage protein, 11S globulin (Legumins)
89 Jugrl R f Storage protein, 2S albumin
90 | Walnut Jugr?2 N CCD f Storage protein, 7S globulin (Vicilins)
91 Jugr3 R f
92 R f
93 R f
94 | Almond N f Storage protein, 11S globulin (Legumins)
95 R f Storage protein, 11S globulin (Legumins)
96 R f Storage protein, 11S globulin (Legumins)
97 R f Storage protein, 7S globulin (Vicilins)
98 R f Storage protein, 11S globulin (Legumins)
99 | Cashew nut N f Storage protein, 11S globulin (Legumins)
100 R f Storage protein, 11S globulin (Legumins)
101 R f Storage protein, 2S albumin
102 | Pistachio R f Storage protein, 7S globulin (Vicilins)
103 | Brazil nut Berel R f Storage protein, 2S albumin
104 | Sesame Sesil N f Storage protein, 2S albumin
105 | soy Glym 4 R f PR-10
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Version 1 of the MeDALL-Chip

No. | Allergen-source Allergen r?:t(iirc:l CCD @R(%%I:J?L Function of the protein/Allergen family
106 Glym5 N f Storage protein, 7S globulin (Vicilins)
107 Glym6 N f Storage protein, 11S globulin (Legumins)
108 Trial4 R f, inh
o e [ + rn
110 Tria19.0101 R f Storage protein, Omega 5 gliadin
111 TriaaATI N f,inh Alpha-Amylase / Trypsin Inhibitors
112 R f Fragment of HMW Glutenin Bx7
113 R f Fragment of HMW Glutenin Bx7
114 R f, inh Fragment of LMW Glutenin
115 f,inh LMW Glutenin
116 Wheat R f Thionins (Alpha-purothionin)
117 R inh Serine protease inhibitors
118 R inh Oxidoreductases (Thioredoxin)
119 R inh Glutathione S-transferases
120 R inh Peroxiredoxins (1-Cys-peroxiredoxin)
122 g};g?” R inh | Dehydrins
123 | Buckwheat Fage2 N f Storage protein, 2S albumin
124 Actd 1 N f Cysteine protease
125 o Actd 2 N f Thaumatin-like protein
Kiwi
126 Actd5 N f Kiwellin
127 Actd 8 R f PR-10
128 | Apple Mal d 1 R f PR-10
129 Prup1 R f PR-10
Peach
131 | Celery Apig1l R f PR-10
132 | Pineapple Anac 2.0101 N CCD f, inh Bromelain ( MUXF3, CCD-Marker)
133 Bosd 4 N f Alpha-lactalbumin
134 Bosd5 N f Beta-lactoglobulin
135 Bos d 6 N f,inh Serum Albumin
136 | Cow’s Milk Bosd 8 N f Caseins
137 Bos d Lactoferrin N f Transferrin
138 N f Alpha-lactalbumin
139 N f Lipocalin (Beta-lactoglobulin)
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Version 1 of the MeDALL-Chip

No. | Allergen-source Allergen r?:t%rc:l CCD @R(%li,t;ﬁ’i, Function of the protein/Allergen family
140 N f,inh Serum Albumin
141 N f Caseins (a-, -, k-casein)
142 R f Caseins (aS1-casein)
143 R f Caseins (aS2-casein)
144 R f Caseins (B -casein)
145 R f Caseins (k-casein)
146 in N f Transferrin
147 Gald1l N f Ovomucoid
148 | Egg white Gald?2 N f Ovalbumin
149 Gald3 N f Ovotransferrin (Conalbumin)
150 | Egg yolk/chicken | Gald5 N f,inh Serum Albumin
151 | Codfish Gadcl R f Parvalbumin
153 | Shrimp Penm 2 N f Arginine Kinase-like protein
154 Penm 4 N f Calcium-binding proteins (Sarcoplasmic)
155 Apim1 R syst Insect venom, Phospholipase A2
156 R syst Insect venom, Phospholipase A2
157 | Bee R syst Insect venom, Hyaluronidase
158 N syst Melittin
159 N syst Melittin
160 R syst Insect venom, Phospholipase Al
161 | Wasp R syst Insect venom, Antigen 5
162 Vesv5 R syst Insect venom, Antigen 5
163 | Paper wasp Pol d 5 R syst Insect venom, Antigen 5
164 R skin, inh
165 R skin, inh
166 R skin, inh
167 R skin, inh
168 R skin, inh
169 R skin, inh
Bacterial Toxins
170 R skin, inh
171 R skin, inh
172 R skin, inh
173 R skin, inh
174 R skin, inh
175 R skin, inh
176 | Control-protein R - Maltose binding protein
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164

165

166

167

Olive

168

169

170

171

172

173

174

175

Wheat

176

Human

Version 2 of the MeDAL L-Chip (exchanged allergens)

R inh | Superoxide dismutases

R inh | Oleaceae group 6

R inh | Calcium-binding proteins (Polcalcin)

R inh | Glycosyl hydrolases

R f Gamma-gliadins
R (peptide) f Peptides from gamma-gliadin 1
R (peptide) f Peptides from gamma-gliadin 1

R f Gamma-gliadins

R f Gamma-gliadins

R f Gamma-gliadins (Fragment)

R f beta-Amylases

R f | Avenin

R - Human tissue transglutaminase
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Table 2

Results of the detection of dilution series of monoclonal IgE and 1gG4. Dilution series of a monoclonal human
IgE specific to Bet v 1 were tested by the MeDALL allergen-chip (left top) or Bet v 1-ImmunoCAP (right). A
dilution series of a monoclonal human 1gG; specific to Phl p 2 was tested by the MeDALL allergen-chip (left
bottom). Mean results and standard deviations of triplicate measurements are shown in ISU and ISU-G,
respectively, for the microarray and in UA/mI for ImmunoCAP. For each dilution, variation coefficients
(%CV) and signal-to-noise ratios (SNR) are shown. Orange boxes at the bottom of every table display results
obtained for the sample diluent used for diluting the monoclonal antibodies.

MeDALL-chip

Bet v 1-specific monoclonal |gE

IgE-conc. IsU wcy | mean SD
(ng/ml) Mean D %CV | %CV
640 | 132.02 2.26 17 58.5
320 | 102.88 | 16.36 15.9 6.3

32 23.30 1.83 7.9 7.7 515 127 | 227 21.2

3.2 3.12 0.29 9:3 10.8

1.6 1.67 0.07 4.0 25.1

0.8 0.97 0.24 241

0.4 0.51 0.05 9.3

0.2 0.28 0.04 124 | 141 6.8

0.1 0.18 0.03 175

0.05 0.14 0.01 7.1

0 0.10 0.01 10.0

2-specific monoclonal 1gG4

1gG-conc. 0 mean
ngm) e T oo | 2V | wev [ wev

1000 | 181.22 | 15.12 8.3

500 | 161.01 | 16.26 10.1

14.9 7.9
100 | 117.53 | 17.70 15.1

10 31.61 8.21 26.0

1 4.82 1.25 25.8

0.4 2.33 0.03 1.2

0.3 1.64 0.31 18.6 | 16.3 10.4

0.2 111 0.12 10.8

0.1 0.59 0.15 25.0

0 0.02 0.01 50.0
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Bet v 1 ImmunoCAP
Bet v 1-specific monoclonal 1gE
IgE-conc. UA/ml wCy | mean SD
(ngml) [ vean | D %CV | %CV
3125 | 91.20 | 3.35 3.7 27.3
39.1 | 10.57 | 0.29 2.7 36.6
19.5 5.49 | 0.26 4.7 21.4
2.7 1.4 50.1 33.6
7.8 2.16 | 0.05 21 47.1
3.9 1.14 | 0.01 0.9 114.0
2.0 0.63 | 0.01 1.8 54.3
1.0 0.36 | 0.01 3.2
0.5 0.22 | 0.00 0.0 2.3 2.0
0.2 0.16 | 0.01 3.7
0 0.09 | 0.01 6.2
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Table 3

Inhibition of IgE binding as measured by microarray and by ImmunoCAP after addition of blocking IgG.
Different concentrations of monoclonal human Bet v 1-specific IgE (chim.IgE; concentrations indicated in
coloured boxes) were incubated with increasing concentrations of blocking 1gG (relative excess compared to
IgE and, in parentheses, absolute concentrations of IgG indicated in the left columns) and measured by
microarray (left tables) or ImmunoCAP (right tables). Absolute responses after subtraction of background
signals are indicated in ISU for the MeDALL allergen-chip and in UA/ml for ImmunoCAP. Relative
inhibition was calculated for every IgE-concentration applied (baseline responses indicated in red numbers).

chim. IgE =

Blocking 1gG |

MeDALL-chip

Absoluteresponse % Inhibition

Mean SD  Mean sb

0x (0 ng/ml)

92.86 2.72 0.00 2.92

1x (312.5 ng/ml)

52.15 6.13 4384 6.60

10x (3.1 pg/ml)

20.05 139 7841 150

100x (31.2 pg/ml)

2.60 0.42 97.20 0.46

1000x% (312.5 pg/ml)

0.32 0.02 99.66 0.02

chim. IgE — 6.25 ng/ml
Absoluteresponse % Inhibition
Blocking 19G | Mean SD Mean o]
0x (0 ng/ml) 5.58 062 000 11.17

1x (6.25 ng/ml)

5.04 0.46 956  8.28

10x (62.5 ng/ml)

4.56 0.74 1823 13.27

100x (625 ng/ml)

1.62 0.20 7095 352

1000x (6.25 pg/ml)

0.18 0.03 96.83 0.62

10,000x (62.5 pg/ml)

0.02 0.02 9958  0.27

chim. IgE — 0.8 ng/ml
Absoluteresponse % Inhibition
Blocking 19G | Mean SD  Mean sb
0x (0 ng/ml) 0.65 0.10 0.00 16.14

1x (0.8 ng/ml)

0.65 0.06 0.00 861

10x (8 ng/ml)

0.68 013 -464 20.10

100x (80 ng/ml)

0.46 014 2835 2237

1000 (800 ng/ml)

0.09 0.04 8557 6.25
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chim. IgE — 0.8 ng/ml
Absoluteresponse % Inhibition
Blocking 19G | Mean SD  Mean SD
10,000x (8 pg/ml) 0.03 0.00 9588 0.00
100,000x (80 pg/ml) 0.00 0.01 100.00 0.89

Bet v 1 ImmunoCAP

chim. IgE —

Absoluteresponse % Inhibition
Blocking 19G | Mean SD Mean SD
0x (0 ng/ml) 91.11 3.35 0.00 3.67
1x (312.5 ng/ml) 83.14 2.30 8.74 253
10x (3.1 pg/ml) 90.91 395 022 434
100x (31.2 pg/ml) 91.74 541 -0.70 5.94
1000x (312.5 pg/ml) 21.54 116 7636 1.27

chim. IgE — 20 ng/ml

Absoluteresponse % Inhibition
Blocking 19G | Mean SD  Mean SD
0x (0 ng/ml) 5.39 0.26 0.00 4.76
1x (20 ng/ml) 5.59 010 -3.71 190
10x (200 ng/ml) 5.84 0.06 -834 1.02
100x (2 pg/ml) 6.05 020 -1211 3.75
1000x (20 pg/ml) 6.17 0.08 -14.34 152
10,000x% (200 pg/ml) 2.29 0.26 57.48 483
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Table 4

Detection of early and late sensitization patterns in birth cohorts. IgE-reactivity profiles of five children from
the BAMSE-cohort at the age of 4, 8 and 16years, assessed by the MeDALL allergen-chip are displayed.
White boxes show IgE-levels below 0.3ISU, green boxes display IgE-levels = 0.3 and <1ISU, > 1 and <10ISU
or higher than 10I1SU (from bright to dark green). The first column shows codes of study participants.

1gE detected at

Individual Allergen
4years | 8years | 16years

Betv1 8.35

Actd8 0 0.73 0.46
Alng1 4.28 0 1.63
Arah8 0.22 2.55 1.82

Cor a 1.0401

Cor al.01

BAMSE 1

Phl p 2
Phl p 4 48
Phlp5 0.19
Canf2 3.22
Betv 1
Actd8 0 0.27 2.75
Alng1l 0 0 0.85
Apigl 0 0 9.53
Arah8 0
Cor a 1.0401 0
Coral.01 0
Mald 1 0
Prup1 0 0 8.43

BAMSE 2 Betv 2 0 3.39 3.62
Phl p 12 0 1.37 1.24
Hevb8 0 7.05
Meral 0 6.29 2.69
Prudu 4 0 2.3 8.41
Trial2 0 1.45 4.29
Canf5 0 1.53
cants o| o3
Canf6 0 0
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IgE detected at
Individual Allergen
4years | 8years | 16years
Cynd1
Phip1 0
Phip2 0 3.54 8.2
Phlp 4 0 0.36 3.79
Cupal 0 0.57 0.65
Equcl 0
Feld1 0
Feld 2 0
Feld 4 0
Musm 1 0 0 2.99
Betv 1 0 0.15 7.08
Arah8 0 0 1.02
Cor a 1.0401 0 0.11 1.01
Mald 1 0 0.1 1.08
Glym4 0 0 0.49
Cynd1 0 0.11 3.9
BAMSE3 | Phip1l 0 0.99 -
Equcl 0 0 3.09
Canf5 0 0 0.97
Canf6 0 0.15 5.03
Feld1 0 0
Feld 4 0 0.13
Musm 1 0 0
Cynd1 0 0.17
Phip1l 0 0.19
BAMSE 4 | Phip4 0 0.11
Phlp5 0 0
Phip6 0 0
Betv 1 0 0
Cor a 1.0401 0 0
Cynd1
BAMSE 5
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