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Summary

Background Peanut is a most common and potent food allergen. Many peanut allergens have
been characterized using, in particular, IgE-binding studies.

Objectives We optimized an in vitro functional assay to assess the capacity of peanut allergens
to degranulate humanized rat basophilic leukaemia cells, RBL SX-38 cells, after sensitization
by serum IgE from peanut-allergic patients. We thus compared the activity of the main peanut
allergens, i.e. Arah 1, Ara h 2, Ara h 3 and Ara h 6, purified from roasted peanut.

Methods Sera of 12 peanut-allergic patients were collected and total and peanut-specific IgE
were measured. They were used to sensitize RBL SX-38 cells and the degranulation was
induced by incubation with ranging concentrations of a whole peanut protein extract or of
purified peanut allergens. The mediator release was quantified by the determination of -
hexosaminidase activity in the supernatant. The intensity of the degranulation was expressed
as maximum release and as EC50, corresponding to the dose of allergen that induced 50% of
the maximum release.

Results For each serum, only 10IU/mL of human IgE was necessary to sensitize the cells and
obtain an optimal degranulation. With all the allergens, the release was positively correlated
with the concentration of allergen-specific IgE in the serum used to sensitize the cells. The
medians of EC50 obtained for Arah 2 and Ara h 6 were 2.1 and 2.8 pm, respectively, while they
were much higher for Ara h 3 and Ara h 1 (65 and 150 pm, respectively).

Conclusion The RBL SX-38 release assay proved to be sensitive, specific and reproducible. It
allowed the comparison of the degranulation potential of different peanut allergens. For all
the sera tested, Ara h 2 and Ara h 6 were more potent than Ara h 1 or Ara h 3.
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Introduction

12]. The 11S globulin Ara h 3/4, naturally present in
peanut as proteolytically plant-processed polypeptides

Peanut allergy is a most common food allergy, with a
prevalence of 0.2% in the general paediatric population
and 0.4% among adults [1]. Clinical symptoms are usually
severe [2] and a majority of fatalities due to food-induced
anaphylaxis are caused by peanut [3, 4].

Peanut, Arachis hypogaea, belongs to the Leguminosae
family and its kernel contains around 25% proteins (w/w).
In the past decade, several peanut allergens have been
identified. Ninety percent of peanut-allergic patients are
sensitized to Ara h 1, which belongs to the 7S globulin
protein family [5-7], and 80% are sensitized to Ara h 2, a
2S albumin [5, 8-10]. Recently, Ara h 6, another 2S
albumin, was identified as a major peanut allergen [9, 11,

[13], is recognized by IgE of 35% to 55% of peanut-
allergic patients [7, 9, 10, 14].

Most of the studies analysed the IgE-binding capacity
of those proteins using in vitro immunochemical methods
such as enzyme immunoassay or Western blotting. How-
ever, these methods do not provide information on the
ability of the purified protein to elicit an allergic reaction.
For ethical reasons, food challenges and skin testing may
not be appropriate for research purposes. Basophil-
degranulation tests, which require a processing of blood
samples immediately after collection, may also not be
suitable. Therefore, an in vitro functional test using a
humanized stable mast cell line is of considerable interest
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to study the biological activity of purified proteins or to
study the effect of processing or digestion on their
allergenic potential. RBL SX-38 cells are rat mast cells
that stably express the o, B and y chains of the human
high-affinity receptor for IgE, FceRI [15], allowing IgE of
allergic patient sera to bind on their surface. Cells can then
be specifically activated by the allergen to which the
patient is allergic [15, 16].

The aim of this study was to optimize this cell-based
assay and to compare the ability of purified peanut
allergens, i.e. Ara h 1, Ara h 2, Ara h 3, Ara h 6 and a
glycinin-derived fragment, to activate RBL SX-38 cells
following sensitization with IgE of individual sera of
patients with documented peanut allergy.

Materials and methods

Equipment and reagents

All enzyme immunoassays were performed in 96-well
microtitre plates (Immunoplate Maxisorb, Nunc, Roskilde,
Denmark) using specialized Titertek microtitration equip-
ment from Labsystems (Helsinki, Finland). Unless other-
wise stated, all reagents were of analytical grade from
Sigma (St Louis, MO, USA).

Allergic patients

The studied population included 12 peanut-allergic pa-
tients (seven boys and five girls, median age: 10 years)

Table 1. Serological and clinical data for the 12 peanut-allergic patients

recruited at the Paediatric Allergy Unit of the Hospital
Necker-Enfants Malades (Paris, France) (Table 1). All
the patients had confirmed peanut allergy based on an
extensive history, physical examination and objective
clinical manifestations observed after peanut ingestion.
Numerous symptoms were reported involving the skin,
respiratory tract, gastrointestinal tract and cardiovascular
system. Eight patients presented severe symptoms with
anaphylactic shock, angio-oedema or the involvement of
three organs. Four patients had mild to moderate reactions
involving one or two organs.

Sera of 76 peanut-allergic patients recruited in the
same Paediatric Allergy Unit were pooled and used as a
positive control. Sera of 10 milk-allergic patients without
peanut allergy were also pooled and used as a negative
control.

Preparation of whole peanut protein extract and purified
allergens

The whole peanut protein extract (WPPE) was prepared
from commercial roasted peanuts, and Ara h 1, Ara h 2,
Ara h 3, Ara h 6 and glycinin-derived fragment were
purified as described previously [11, 13, 17]. The glycinin-
derived fragment corresponds to a large peptide naturally
generated after the proteolytic plant processing of Ara h 3
in the peanut seed. The molecular weight (MW) of
each purified allergen was determined by MALDI-TOF
mass spectrometry (Voyager DE RP apparatus from PE
Biosystems, Foster City, CA, USA). The values obtained

Specific IgE (IU/mL)

Total IgE Glycinin- WPPE-specific
Sera Symptoms Age Gender (IU/mL) WPPE Arah1 Arah2 Arah3 Arah6 derived fragment IgE/total IgE (%)
51 MM 5 m 2450 1450 790 790 870 730 810 59
470 MM 4 m 10800 2190 1370 1170 1840 1160 1490 20
488 MM 12 f 470 320 160 47 180 75 81 68
658 MM 11 m 710 23 16 11 25 14 15 3
92 S 25 m 1170 790 380 340 550 260 200 68
200 S 9 f 3160 350 180 125 250 145 200 11
314 S 8 m 1540 110 51 44 72 40 70 7
437 S 16 m 380 180 94 52 150 70 91 47
445 S 125 m 490 160 100 64 160 90 130 33
577 S 16 f 560 250 120 51 200 80 110 45
609 S 6.5 f 730 390 250 120 280 190 220 53
631 S 16.5 f 630 160 90 41 130 53 77 25
Pool of peanut- 960 160 88 53 130 72 120 17
allergic patient
sera
Pool of milk-allergic 1320 0 0 0 0 0 0 0

patient sera

Total and specific serum IgE concentrations are expressed in [U/mL. Symptoms: MM, mild to moderate; S, severe, as defined in ‘materials and methods’.

f, female; m, male.
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were 62.7, 16.67 and 18.05, 14.84 and 11.9 kDa for Ara h
1, the two naturally occurring isoforms of Arah 2, Arah 6
and the glycinin-derived fragment, respectively, accord-
ing to published values [11, 18]. The MW of Ara h 3 was
estimated at 130 kDa using gel filtration chromatography.
For the whole protein extract, a mean MW of 100 kDa was
calculated taking into account the estimated proportion
and the measured MW of the different peanut proteins
present in the WPPE [19]. The purity of purified allergens
was confirmed by silver stain electrophoresis (data
not shown).

Determination of total and specific IgE concentrations

The concentrations of total IgE and of IgE specific to
WPPE and to purified peanut proteins were determined
using the enzyme allergosorbent tests described pre-
viously [5, 17]. Briefly, microtitre plates were coated by
passive adsorption of WPPE or purified peanut proteins (5
pg/mL in 50 mm phosphate buffer, pH 7.4, for 24 h at 4 °C).
After saturation for at least 4 h at room temperature with
EIA buffer (0.1m phosphate buffer, 0.1% bovine serum
albumin (BSA), 0.15 M NaCl, 0.01% sodium azide, pH 7.4),
50 pL/well of serial dilutions of individual serum (1/4-1/
2500, in EIA buffer) were dispensed. The total IgE con-
centration was determined using plates coated with an
anti-human IgE (clone LE27, kind gift from J. Grassi [20]).
A standard curve was determined using the same plate
and standard human IgE samples (World Health Organiza-
tion) at concentrations ranging from 10 to 0.08 IU/mL.
After a 24 h incubation at 4 °C and a wash step, a second
anti-human IgE antibody (clone BS17, kind gift from
J. Grassi [20]) labelled with acetylcholinesterase (AChE)
was used as a tracer. After extensive washings, Ellman’s
reagent was used as an enzyme substrate and the absor-
bance was measured at 414 nm.

Culture of RBL SX-38 and RBL 2H3 cells and assessment
of FceRI expression

Culture conditions. Experiments were performed with rat
mast cells expressing the human FceRI o, B and y chains
(RBL SX-38) [15], kindly provided by J. P. Kinet and M. H.
Jouvin (Beth Israel Deaconess Medical Center, Harvard
Medical School, Boston, MA, USA). Geneticin G418 is
used to select and maintain human FceRI-expressing cells.
RBL 2H3 cells (non-transfected cell line, kindly provided
by U. Blank, Inserm, Unité E-0225, faculté¢ de médecine
Xavier-Bichat, Paris, France) were used as negative
control. RBL SX-38 cells were grown as described by
Wantke et al. [21] in Eagle’s minimum essential medium
with Earle’s salts containing 10% decomplemented fetal
bovine serum (FBS), 1% penicillin/streptomycin, 2 mwm
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L-glutamine and 2.4 mg/mL geneticin G418 (all from
Gibco, Invitrogen, Carlsbad, CA, USA) at 37°C in a
humidified 5% CO, incubator. Cells were harvested by
exposure to 0.25% trypsin, 1 mm EDTA (Gibco) for 2 min at
37 °C, followed by centrifugation (400g¢g for 5min) and
resuspension in fresh medium. Pre-confluent cells were
split twice a week at a 1:10 to 1:20 ratio. RBL 2H3 cells
were maintained like RBL SX-38 cells, except that G418
was removed from the culture medium.

Assessment of human FceRlo chain expression by flow
cytometry. Cellular suspensions of 3.5x10° RBL SX-38 or
RBL 2H3 (negative control) were incubated for 1h at 4 °C
with 0.1 pg of a mouse anti-human FceRIoe monoclonal
antibody (clone AER37 from eBioscience, San Diego, CA,
USA) or control isotype, in phosphate-buffered saline
(PBS) (Gibco) plus 1% BSA. After three washes in PBS
plus 1% BSA, cells were incubated with 0.5 pug of F(ab’),
fragments of goat anti-mouse IgG (H+L) antibody con-
jugated to R-phycoerythrin (Jackson ImmunoResearch,
Suffolk, UK). After three washes, cells were finally sus-
pended in 500 pl. of FACSFlow (BD Biosciences, Franklin
Lakes, NJ, USA) and analysed using a Becton Dickinson
FACSCalibur flow cytometer (Erembodegem, Belgium)
interfaced with CellQuest Software.

Assessment of human FceRIB chain expression by Western
blotting. RBL SX-38 or RBL 2H3 (negative control) cells
were lysed in electrophoretic buffer according to Laemmli
[22] (62.5mm Tris pH 6.8, 1% SDS, 10% glycerol). The
protein content of cell lysates was measured using the
BCA kit (Pierce, Rockford, IL, USA) and 5 pg of proteins
were reduced by heating with 2.5% of B-mercaptoethanol
for 10 min at 95 °C. Proteins were then separated by SDS-
PAGE (Mini Protean III system, Bio-Rad, Hercules, CA,
USA) and either stained (Gelcode® Blue Stain Reagent,
Pierce) following the manufacturer’s instructions or trans-
ferred to PVDF membranes. See-Blue™ Plus 2 Pre-Stained
Standard (Invitrogen, Carlsbad, CA, USA) was used as a
MW standard. Membranes were saturated in TBST (20 mMm
Tris, 250 mm NaCl, 0.5% Tween 20) with 5% non-fat dry
milk and then incubated overnight at 4 °C with rabbit
polyclonal anti-human FceRIp antibody (Upstate Biotech-
nology, Millipore, Bedford, MA, USA) diluted to 1 : 10 000.
After washing with TBST, membranes were incubated for
2h with peroxidase-conjugated AffiniPure goat anti-
rabbit IgG (H+L) antibody (Jackson ImmunoResearch)
diluted to 1:25000. After several washes, membranes
were incubated using the ECL West Dura Trial Kit (Pierce)
for 1 min and then revealed on X-OMAT films (Kodak,
VWR, Fontenay sous bois, France).

Human FceRly chain expression could not be assessed
as no specific antibody was commercially available.



4 F Blanc etal

Humanized rat basophilic leukaemia cell-degranulation
test

IgE immunopurification. Preliminary experiments with
pooled and some individual sera demonstrated a low
sensitivity and reproducibility of the cell-degranulation
test when using untreated sera. Although pre-incubation
with RBL-2H3 cells, IgG depletion using protein G or
heating with or without glucose (5min at 56 °C, or
45 min at 56 °C and in the latter case with a final glucose
concentration of 2 m to protect IgE from degradation [23])
yielded intermediate results, IgE immunopurification of
sera gave the best results, both in terms of reproducibility
and sensitivity. IgE antibodies were then immunopurified
from all allergic patient sera as follows: anti-human IgE
monoclonal antibodies (clones BS17 and LE27) were
equimolarly coupled to CNBr-activated Sepharose™ 4B
(Amersham Biosciences, GE healthcare, Uppsala, Sweden)
at 1 mg/mL according to the manufacturer’s instructions.
Sera diluted 1:4 (v/v) in coupling buffer (20 mm phos-
phate buffer, 0.4m NaCl, 0.1% BSA, pH 8) were then
incubated for 4 h at room temperature with the gel. After
centrifugation, the supernatant was removed and exten-
sive washes were performed by suspension of the gel in
coupling buffer, followed by centrifugation and removal
of the supernatants. IgE were then eluted with elution
buffer (0.1 m glycine, 0.4 M NaCl, 0.1% BSA, pH 3). The pH
was rapidly neutralized after elution by addition of NaOH
2 m. Total and WPPE-specific IgE were quantified in eluted
fractions as described above.

Release assay

The release assay was adapted from Dibbern et al. [16] and
Hoffmann et al. [24]. G418-selected RBL SX-38 cells were
seeded at 1.2x10°cells/mL (100 pL/well) on a 96-well
tissue culture plate (Corning, New York, NY, USA) in
culture medium without G418 and cultured for 24 h. Cells
were then washed with PBS and sensitized by addition of
100 pL/well of immunopurified IgE from individual hu-
man sera from peanut-allergic patients, diluted in culture
medium without FBS. After a 24-h incubation, cells were
washed three times with NaPIPES buffer (25 mm disodium
PIPES, 100 mm NaCl, 5 mm KCl, 0.4 mm MgCl,, 1 mm CaCl,,
5.6 mMm glucose and 0.1% BSA, pH 7). Degranulation was
induced by incubating the sensitized cells with serial
dilutions of WPPE or purified allergens in NaPIPES buffer
(50 uL/well, 37 °C, 45min). Release was measured by
determining the enzymatic activity of B-hexosaminidase
in the supernatant: the supernatant was transferred to a
96-well plate (30 uL/well) and 50 pL of 4-nitrophenyl N-
acetyl-B-p-glucosaminide (1.3 mg/mL in 0.1 M citric acid
buffer pH 4.5) was added. After a 1-h incubation at 37 °C,
100 pL of 0.2 M glycine solution pH 10.7 was added and
absorbance was measured at 405 nm.

The specificity of the release was assessed by sensitizing
the cells with immunopurified IgE from the pool of milk-
allergic patient sera, and inducing degranulation with
peanut allergens. Sensitization of cells with immunopur-
ified IgE from the pool of peanut-allergic patient sera was
used as a positive control and was performed on each
experimental plate to ensure the repeatability of the assay.

The total content of B-hexosaminidase was quantified
by lysing the cells with 1% Triton X-100. A reference
release was measured after activating the sensitized cells
with a monoclonal anti-human IgE antibody (clone LE27;
100 ng/mL).

After subtraction of the background release, measured
using sensitized but non-activated cells, results were ex-
pressed as a percentage of the total content or as a
percentage of the reference release. The results of specific
degranulations obtained with WPPE and purified allergen
were analysed by determining the highest mediator release
value (MaxR) and the EC50 (the dose giving 50% of this
highest release) for each serum and each allergen by fitting a
one-site competition curve using GraphPad Prism software.

Results

Assessment of human FceRI expression

Expression of the human FceRlae and B chains was
confirmed by flow cytometry and Western blotting, re-
spectively. As shown in Fig. 1a, the human FceRIa chain
was detected on RBL SX-38 cells whereas no expression of
human FceRlo chain was observed on RBL 2H3 cells.
Repetitive analysis of RBL SX-38 cells demonstrated that
this expression is stable over time. The mean fluorescence
measured was 817449 vs. 5.54+0.4 (mean+SEM, n=5)
for the RBL SX-38 and the RBL 2H3 cells, respectively.
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Fig. 1. Expression of human FceRlo and P chains on RBL 2H3 and RBL
SX-38 cells. (a) Expression of human FceRlo chain measured by flow
cytometry: RBL SX-38 cells were incubated with mouse anti-human
FceRlIa chain antibody (==) or with isotype control antibody (---), as the
same as RBL 2H3 [mouse anti-human FceRIa chain antibody (—) or
isotype control antibody (-+9]. (b) Expression of human FceRIB chain
measured by Western blot: SDS-PAGE of RBL SX-38 (1) and RBL 2H3 (2)
cell lysates and corresponding Western blots using anti-human FceRIp
chain antibody (RBL SX-38 lane 3 and RBL 2H3 lane 4). MW, molecular
weight.
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The immunoblot of a whole-cell lysate of RBL SX-38 cells
revealed a band corresponding to the 28kDa human
FceRIP chain, whereas this band was not present in the
whole cell lysate of RBL 2H3 cells (Fig. 1b). These results
confirmed that under our experimental culture condi-
tions, both o and B chains of the human FceRI are stably
expressed by RBL SX-38 cells.

Total and specific IgE

No peanut-specific IgE was detected in pooled sera from
milk-allergic patients (control sera). Conversely, all of the
12 peanut-allergic patients had IgE against all the tested
peanut allergens. The concentrations of total IgE and IgE
specific to WPPE, Ara h 1, Ara h 2, Ara h 3, Ara h 6 and
glycinin-derived fragment are reported in Table 1. A high
variability is observed in the concentrations of specific
anti-peanut IgE, which ranged from 23 to 2200IU/mL,
representing 3% to 68% of the total IgE. For all sera,
anti-Ara h 3- and Ara h 1-specific IgE had a higher
concentration than anti-Ara h 2- and Ara h 6-specific
IgE. Interestingly, the anti-Ara h 2- and Ara h 6-specific
IgE concentrations were almost similar.

Release assay

Determination of optimal IgE quantity for sensitization of
cells. We compared the degranulations obtained when
RBL SX-38 cells were sensitized with various dilutions of
IgE immunopurified from sera and then activated by the
anti-human IgE antibody. As shown in Fig. 2 with four
representative sera (i.e. # 51, 92, 470 and 631), the
reference release was maximum when using IgE concen-
trations at 10 IU/mL. The same results were observed with
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Fig. 2. B-Hexosaminidase release of RBL SX-38 cells sensitized with
serial dilutions of sera and activated with anti-IgE monoclonal anti-
bodies. Cells were sensitized with various dilutions of serum 51 (1), 92
(0), 470 (A) or 631 (M) corresponding to total IgE ranging from 30 to
21U0/mL, and the release was induced by addition of anti-human IgE
monoclonal antibodies. Release is expressed as a percentage of the total
cell content of B-hexosaminidase.
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all other individual sera (not shown). Sera were then
diluted to 10 IU/mL of total IgE for all further studies.

Repeatability and reproducibility. Sensitization of cells
with IgE immunopurified from a pool of sera from pea-
nut-allergic patients and degranulation induced by anti-
human IgE antibody were performed on several plates
either on the same day or on different days. Analysis of 28
tests performed on four different days demonstrated a
background release of 4.4%=+0.5 of total release (mean
SEM). The mean reference release obtained was 66% of the
total release, with intra- and inter-assay coefficient of
variation < 10%, ensuring the reproducibility of the test.

Whole peanut protein extract and purified peanut
allergen-specific degranulations

Controls, e.g. RBL SX-38 cells sensitized with the pool of
milk-allergic patient sera or RBL 2H3 cells sensitized with
sera from peanut-allergic patients, did not result in any
significant B-hexosaminidase release after activation with
WPPE or purified peanut allergens (data not shown). With
all sera from peanut-allergic patients and with all peanut
allergens, we observed dose-response curves of degranu-
lation, as shown in Fig. 3 for serum # 445. B-Hexosami-
nidase release increased in parallel with the allergen
concentrations, reaching a peak and then decreasing for
a higher allergen concentration. For each serum and each
allergen, the highest observed release (MaxR) and the
EC50 determined are presented in Table 2. Interestingly, with
six individual sera (i.e. # 92, 200, 437, 488, 609 and 631) and
with the pool of peanut-allergic patient sera, the degranula-
tion curves obtained after activation by purified Ara h 6
reached a first step and then increased again on increasing
the concentrations of allergens. To a lesser extent, similar
curves were observed with the same sera when the degranu-
lation was induced by Ara h 2 (not shown).
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Fig. 3. B-Hexosaminidase release of RBL SX-38 cells sensitized with
serum 445 and activated with ranging concentrations of whole peanut
protein extract (®), Arah 1 (%), Arah 2 (H), Arah 3 ((J), Arah 6 (A) or
glycinin-derived fragment (A). Release is expressed as a percentage of
the reference release.
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Table 2. B-Hexosaminidase reference release and maximum release (MaxR) and EC50 values obtained with RBL SX-38 cells sensitized with human sera,
and activated with WPPE, Ara h 1, Ara h 2, Ara h 3, Ara h 6 and glycinin-derived fragment

Glycinin-derived

WPPE Arah1 Arah?2 Arah3 Arah6 fragment

Reference MaxR EC50 MaxR EC50 MaxR EC50 MaxR EC50 MaxR EC50 MaxR EC50

Sera Symptoms release (0%0) (pM) (%) (pM) (%) (pm) (%) (pM) (%) (pM) (%) (pm)
51 MM 57 82 2.2 75 190 56 2.3 72 43 66 2.7 68 150
470 MM 63 66 17 85 200 67 2.2 66 100 49 2.9 58 270
488 MM 81 95 9.4 78 8 58 1.5 72 18 56 1.2 71 130
658 MM 85 24 40 18 220 32 3.8 23 170 24 1220 23 3090
92 S 63 98 7 91 74 97 1.3 93 50 47 2.8 95 460
200 S 84 59 18 41 160 35 1.9 44 130 10 2.6 43 950
314 S 69 43 25 43 200 37 2.4 42 180 31 7.9 34 440
437 S 80 79 21 58 230 54 3.2 62 90 30 2.4 56 720
445 S 62 89 13 75 85 80 1.4 76 64 60 3.2 74 260
577 S 69 86 1.2 72 22 65 1.9 68 22 47 3.8 74 200
609 S 55 89 1.3 79 18 48 2.2 82 55 24 0.7 70 150
631 S 66 70 1.5 64 140 71 2 69 65 51 1.8 60 310
Median 67 81 11 74 150 57 2.1 69 65 47 2.8 64 290
Pool of peanut- 66 69 6.4 60 130 44 2.1 59 140 29 2.7 52 440

allergic patient sera

MaxR is expressed as a percentage of the reference release obtained with the anti-IgE antibody. The dose giving 50% of this highest release (EC50) is

expressed as picomolar. Symptoms: MM, mild to moderate; S, severe.
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Fig. 4. Comparison of EC50 values obtained with whole peanut protein
extract (WPPE), Ara h 1, Ara h 2, Ara h 3, Ara h 6 and glycinin-derived
fragment with the 12 individual sera tested. a, b, ¢ and d indicate a
significant difference vs. other groups using anova and Tukey’s post-test
(P<0.05).

The EC50 values obtained using WPPE, Arah 1, Arah 3
and glycinin-derived fragment showed a considerable
variability within the population studied, whereas EC50
obtained with Ara h 2 and Ara h 6 were more uniform,
except for one serum (# 658) (Table 2 and Fig. 4). EC50
triggered by Ara h 2 and Ara h 6 were significantly lower
than those obtained after activation by WPPE, Ara h 1,
Ara h 3 and glycinin-derived fragment. The medians were
2.1 and 2.8 pM (corresponding to 37 and 41 pg/mL, respec-
tively) for Ara h 2 and Ara h 6, respectively, while for the
WPPE, Ara h 3, Ara h 1 and glycinin-derived fragment,
the medians were 11, 65, 150 and 290 pwm, respectively
(corresponding to 1.1, 8.4, 9.4 and 3.5ng/mL, respec-

tively). This implies that, depending on the serum,
5-100-fold more molecules of Ara h 1 and Ara h 3 are
needed to obtain the same release as that obtained with
Arah 2 or Arahé.

It is worth noting that the lowest EC50 values were
observed with sera characterized by the highest percen-
tage of specific vs. total IgE (i.e. sera # 51, 92, 488, 577 and
609). Conversely, sera that needed higher concentrations
of allergens had a low percentage of specific vs. total IgE
(i.e. sera # 314 and 658).

For a given serum, we did not observe a considerable
variation in the MaxR values obtained after activation by
the different allergens. Conversely, for a given allergen,
we observed a considerable variability in the MaxR
depending on the sera used to sensitize the cells. As an
example, MaxR values ranged from 24% to 98% for the
WPPE. The MaxR values were found to be positively
correlated with the percentage of allergen-specific vs.
total IgE in each serum. A significant positive correlation
was observed for the specific releases induced by WPPE,
Ara h 3, Ara h 1 (Fig. 5) and glycinin-derived fragment
(" =0.94, 0.84, 0.78 and 0.69, respectively). Conversely,
this correlation was lower in the case of releases induced
by the 2S albumins Arah 2 and Arah 6 (* = 0.49 and 0.33,
respectively) (data not shown).

Discussion

Humanized RBL cells expressing the whole human FceRI
receptor provide an appropriate cell-based test to analyse

© 2009 Blackwell Publishing Ltd, Clinical & Experimental Allergy, 1-9
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Allergen-induced
maximum release
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Fig. 5. Evaluation of the correlation between specific vs. total IgE ratio
(%) and the maximum release, as observed for whole peanut protein
extract (WPPE) (®, ==, r*=0.94), Arah 3 (A, -——-, ¥ =0.84) and Ara h 1
(3d,---, *=0.78), using 12 sera. Specific vs. total IgE ratio was estimated
for each of the different allergen i.e. WPPE, Ara h 3 and Ara h 1. Release
is expressed as a percentage of the reference release obtained using anti-
IgE monoclonal antibody, as defined in ‘materials and methods’.

the functionality of IgE-allergen interactions. It is adapted
to the 96-well plate format, reproducible and allows wide
and rapid screening of human sera. In contrast to the
classic human basophil-degranulation test [25], it does
not require fresh blood cells from a patient for each
experiment. In the present study, RBL SX-38 cells were
sensitized using sera from peanut-allergic patients. After
developments to optimize the assay parameters, it was
used to compare the capacity of WPPE and major purified
peanut allergens, i.e. Arah 1, Arah 2, Arah 3, Arah 6 and
glycinin-derived fragment, to cross-link IgE and trigger
the degranulation of the sensitized cells.

We first observed that untreated sera could not be
directly incubated with RBL SX-38 cells, confirming that
some factors may hamper the binding of IgE to the FceRI
expressed at the membrane of the cells, and adverse
effects for the cells were observed [16, 26, 27]. Those
factors and how they may act on the cells and interfere
with the assay have not yet been identified. However, in
the present study, we demonstrated that the IgE-immuno-
purification of the sera was a simple, rapid and efficient
treatment to remove the interfering factors with regard to
the background release, the sensitivity and reproducibility
of the assay.

Because RBL SX-38 cells stably express the o, 3 and y
chains of the human FceRI receptor at relatively high
amounts, e.g. up to 130000 receptors/cell, the assay is
very sensitive as compared with assays using other
humanized RBL cells [21]. We demonstrated that, what-
ever the serum, the optimal sensitization of cells was
obtained with 11U of IgE per well. This corresponds to
1.5-2 IgE molecules per receptor, suggesting that under
these experimental conditions, all FceRI expressed on the
surface of the cells may bind an IgE molecule. Under these
conditions, using 12 individual sera from peanut-allergic
patients to sensitize the cells, we observed reference
releases ranging from 55% to 85% of the total cellular
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content of B-hexosaminidase after activation with anti-
IgE monoclonal antibodies. This reference release was
significantly higher than that observed with the same cell
line by Dibbern et al. [16], or using classic human
basophil-degranulation tests [10]. The results were also
better than those obtained using other humanized RBL
assays, in particular, those using cells only transfected
with the o chain of the human FceRI [26, 28-30]. It is
worth noting that for some sera, we obtained nearly 100%
of the reference release after activation with WPPE or
purified allergens.

However, a limitation of the cell-based test presented in
our study is that only sera with a percentage of allergen-
specific vs. total IgE > 2% can be used (not shown).

Using the test under the optimized experimental condi-
tions and characterized sera from peanut-allergic patients
(i.e. with known total, WPPE- and allergen-specific IgE
concentrations), we compared the degranulation capacity
of Arah 1, Ara h 2, Ara h 3, Ara h 6 and glycinin-derived
fragment.

For each serum tested, we observed significant degra-
nulation with all the purified allergens. Although not
statistically significant, the medians of the MaxR values
were the highest with Ara h 1 and Ara h 3 and correlated
with the highest concentrations of specific IgE (Tables 1
and 2). Conversely, the medians of MaxR values obtained
with Ara h 6 were the lowest (47% of the reference
release). However, the particular degranulation curves
obtained with this allergen render the evaluation and
interpretation of the MaxR values difficult as release
stabilized in the first instance and then increased again
for high concentrations of Ara h 6 in a second phase. Such
patterns may be explained by the presence and successive
mobilization of anti-Ara h 6-specific IgE of decreasing
affinity. Ara h 2 and Ara h 6 belong to the same protein
family, i.e. 2S albumins, and have conserved structures,
which can result in IgE cross-reactivity [12]. Thus, within
the human polyclonal specific IgE response, the IgE of the
lowest affinity that were mobilized during the second
phase of the degranulation could correspond to Ara h 2-
specific IgE also recognizing Ara h 6 but with the lowest
affinity than Ara h 6-specific IgE.

Dibbern et al. [16] showed that the basophil-degranula-
tion activity of sera from peanut-sensitive patients corre-
lated with the percentage of allergen-specific IgE. In
contrast, Marchand et al. [26] found no correlation be-
tween the allergen-specific IgE contents and the elicita-
tion potential of serum. Although we observed various
release intensities in the studied population, the percen-
tage of specific IgE was found to be a good predictor of the
ability of a serum to sensitize the RBL SX-38 cells and to
induce an allergen-specific release.

With regard to allergens, a good indicator of their
allergenic potency is the dose needed to efficiently induce
cell degranulation. In the present study, we calculated



8 F Blanc etal

EC50 values for each allergen and each serum. We showed
that Ara h 2 and Ara h 6 were the most active peanut
allergens in terms of the capacity to cross-link IgE and
induce degranulation. Conversely, Ara h 1, Ara h 3 and
glycinin-derived fragment were less active because higher
doses were required to induce a similar release. Indeed, the
median EC50 of Ara h 1 was 70 times that of Ara h 2. This
is in line with the results of Palmer et al. [31], demonstrat-
ing that a more than 33-fold higher dose of Ara h 1 than of
Ara h 2 was necessary to obtain the same release. This is
also in line with Koppelman et al. [10], who found that Ara
h 2 was the most potent peanut allergen as compared with
Ara h 1 and Ara h 3 using a human basophil-degranula-
tion test. Studies comparing the biological activity of
peanut allergens by skin prick tests and IgE reactivity
showed that Ara h 2 and Ara h 6 were the most frequently
and the most strongly recognized peanut allergens [9-11].
Our results with the RBL SX-38 release assay are in
agreement with those clinical observations and, alto-
gether, these studies demonstrate the high allergenic
potential of 2S albumins compared with other peanut
allergens. This is surprising when considering the propor-
tion of the different allergens in whole peanut, i.e. 14%,
6.5%, 50% and 4.5% of the total protein for Arah 1, Arah
2, Ara h 3 and Ara h 6, respectively [19]. Despite the small
proportion of 2S albumins in the seeds, these proteins may
play a major role in the allergic reaction to peanut.

It could be hypothesized that steric hindrance decreases
the accessibility of IgE epitopes in large molecules such as
Arah 1 or Ara h 3 when compared with Arah 2 and Ara h
6. Conversely, the glycinin-derived fragment is a molecule
of the same size range as Ara h 2 and Ara h 6, and it is very
immunoreactive in view of its IgE-binding capacity (Table
1). However, the glycinin-derived fragment showed very
weak degranulation potential in our assay, suggesting that
steric hindrance on its own is not the only reason for the
lower biological activity.

Neither MaxR nor EC50 correlated well with the sever-
ity of the clinical manifestations of peanut allergy in the
patients in our study. The intensity of the release was
instead correlated with the amount of allergen-specific
IgE vs. total IgE in each patient. This confirms that the
capacity to induce mast-cell degranulation cannot com-
pletely account for the clinical reactivity, i.e. the capacity
of an allergen to elicit an allergic reaction in wvivo.
Furthermore, in this assay, we used IgE immunopurified
from sera. Thus, it does not take into account the com-
plexity that occurs in vivo, for example the role of some
factors like specific IgG that can amplify or dampen IgE-
induced mast-cell activation via Fc receptors [32].

In conclusion, the optimized RBL SX-38 release assay is
a sensitive and reproducible test for comparing the biolo-
gical activity of different peanut allergens. The compar-
ison of EC50 values demonstrated that Arah 2 and Arah 6
were the most potent peanut allergens compared with Ara

h 1 and Ara h 3. In most cases, the intensity of the release
was positively correlated with the relative concentration
of allergen-specific IgE in the sera. This assay is also very
specific and sensitive enough to evaluate the allergenicity
of complex food. It can thus be used to evaluate the effect
of thermal or chemical treatments, processing and/or
digestion on the capacity of food and food allergens to
elicit an allergic reaction because those treatments have
been shown to have an impact on the IgE-binding
capacity [33, 34].
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