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Abstract: Food allergies represent a risk for many people in in-
dustrialized countries. Unrecognizable allergenic proteins of 
foodstuffs may be present as ingredients that are not labeled 
or as unknown cross-contamination. Such hidden allergens can 
cause severe reactions in allergics, even at minute quantities, 
sometimes with fatal outcome. For the verification of the pres-
ence of allergenic food constituents, analytical methods such as 
ELISA and PCR have been developed. However, these tests cannot 
measure allergenic potential. For this reason, a test system that 
measures the biological activity of allergens has been developed. 
It is based on the cellular mechanisms of the type I allergy. Rat ba-
sophilic leukemia cells (RBL-2H3) were transfected with the genes 
of the human high affinity receptor for IgE. The resulting cell line 
expressed the human receptor α-chain and could bind allergen-
specific IgE from allergic subjects, in contrast to the parent cell 
line. After cross-linking of receptor-bound, allergen-specific hu-
man IgE by allergens, the cells released measurable inflammatory 
mediators. These cells were used for the analysis of a variety of al-
lergen extracts, including extracts prepared from foods contain-
ing allergenic hazelnut and peanut. The comparative validation 
with existing ELISA and PCR for hazelnut and peanut demonstrat-
ed similar sensitivity and specificity. The established cell line will 
be a novel tool in the detection of allergens in complex mixtures, 
especially to address the issue of their allergenic potential, which 
cannot be accomplished by classical analytical methods. This will 
add valuable information about the allergenic potential of food 
constituents to the risk assessment of foods.

Zusammenfassung:  Allergene Lebensmittelbestandteile stellen 
für viele Nahrungsmittelallergiker in industrialisierten Ländern 
ein reales Gesundheitsrisiko dar, wenn sie als nicht deklarierte 
Zutaten oder unerkannte Kontaminationen in Lebensmitteln 
enthalten sind. Diese so genannten versteckten Allergene kön-
nen, teilweise in geringsten Mengen, schwere Reaktion bei sen-
sibilisierten Personen auszulösen, manchmal auch mit tödlichem 
Ausgang. Zum Nachweis allergener Lebensmittelbestandteile 
wurden bereits verschiedene analytische Methoden, wie z. B. 
ELISA- und PCR-Verfahren, entwickelt. Allerdings sind diese Me-
thoden nicht in der Lage, das allergene Potenzial solcher Be-
standteile zu erfassen. Um jedoch die biologische Aktivität von 
Allergenen messen zu können wurde ein Testsystem entwickelt, 
das auf dem Mechanismus der Typ-I Allergie basiert. Dazu wurden 
basophile Leukämiezellen der Ratte mit den Genen des humanen 
hochaffinen Rezeptors für IgE transfiziert. Die daraus resultieren-
de Zelllinie exprimiert einen chimären Rezeptor (mit der IgE-bin-
denden humanen a-Kette) stabil auf ihrer Oberfläche und ist so-
mit in der Lage, auch allergenspezifisches IgE aus Allergikerseren 
zu binden, was mit der Ausgangszelllinie nicht möglich ist. Die 
Vernetzung des rezeptorgebundenen IgEs durch das Allergen 
führt in der Folge zur Freisetzung entzündungsauslösender Me-
diatoren, die im Zellkulturüberstand gemessen werden können. 
Diese transfizierte Zelllinie wurde zur Analyse einer Vielzahl von 
Allergenextrakten eingesetzt, darunter auch Extrakte von Le-
bensmitteln, die Haselnuss- oder Erdnussallergene enthielten. 
Der Vergleich des biologischen Testsystems mit den ELISA- und 
PCR-Verfahren für Hasel- und Erdnuss ergab eine ähnliche Sensi-
tivität und Spezifität. Die etablierte Zelllinie ist ein neues, wert-
volles Hilfsmittel für den Nachweis von Allergenen in komplexen, 
zusammengesetzten Lebensmitteln und im Besonderen zur 
Erfassung des allergenen Potenzials solcher Nahrungsmittelbe-
standteile. Somit kann dieses neue Nachweisverfahren helfen, 
zusätzliche wichtige Informationen für die Risikobewertung von 
Lebensmitteln zu gewinnen.
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1. Introduction

Published data on the prevalence of food allergies vary consid-
erably, but it seems that approximately 1–2  % of adults and up 
to 8  % of children are affected (Boden et al., 2005; Zuberbier et 
al., 2004). Minute amounts of the consumed foods can already 
lead to severe reactions in highly sensitized individuals and 
life-threatening and even fatal food-related allergic reactions 
have been reported, as summarized elsewhere (Burks et al., 
1999; Wüthrich and Ballmer-Weber, 2001). Because of the risk 
of severe side effects, immunotherapy as a causative treatment 
for food allergies cannot be undertaken to date (Wild and Lehr-
er, 2001). Hence, strict avoidance of the offending food remains 
the only effective measure to prevent allergic reactions. Al-
though most people concerned are aware of their allergy and 
try to avoid the consumption of the relevant foods, there is still 
the risk of unintentional ingestion due to mislabeling of pre-
packaged foods, allergen cross-contact during manufacture, 
or consuming foods in restaurants and catering. For improved 
transparency of pre-packaged food products in the EU, the 
eleven most frequent foods that potentially elicit severe aller-
gic reactions have to be labeled when used as ingredients (The 
European Parliament and Council, 2003). However, the under-
lying Directives 2000/13/EC and 2003/89/EC do not address the 
problem of unintentional cross-contact during manufacture.

Therefore, sensitive and specific analytical tests are required 
for the identification of critical control points during food pro-
duction and for the verification of obligatory food allergen 
labeling according to the above-mentioned Directives. In the 
past decade, numerous applications of enzyme-linked immu-
nosorbent assay (ELISA) and polymerase chain reaction (PCR) 
methods have been developed to fulfill this task. In our labora-
tory, e. g., several PCR and ELISA tests for important allergens, 
such as peanut, celery (Holzhauser and Vieths, 1999a; Stephan 
and Vieths, 2004; Stephan et al., 2004) and hazelnut (Holzhaus-
er and Vieths, 1999b; Holzhauser et al., 2000; Holzhauser et 
al., 2002) have been developed and validated. Although these 
methods are very sensitive and specific, they do not address 
the issue of the allergenic potential of the detectable food con-
stituents. Moreover, PCR-based techniques can only detect the 
presence of deoxyribonucleic acid (DNA) of the allergenic food 
from plant and animal origin. Based on the assumption that 
detectable DNA was not separated from food proteins, a posi-
tive PCR test is indicative of the presence of the allergenic food. 
Similarly, the ELISA detects proteins, but is still not able to make 
any prediction of their allergenic potential.

Apart from a limited number of clinical trials, such as the 
threshold-based double-blind placebo-controlled food chal-
lenge (DBPCFC), little is known about the allergenic potential 
of trace amounts of proteins that are present in complex food 
matrices. In addition, only few data are available on the impact 
of food processing on the allergenic structures of proteins. It 
would therefore be desirable to have an assay at hand that also 
detected the allergenic potential of the relevant proteins. For 
this, we have developed a biological test, based on the mecha-
nism of type I allergies, that measures the IgE cross-linking 
properties of allergens. Allergen-specific IgE antibodies bind 
to high affinity receptors (FcεRI) on mast cells and basophils. 

Upon the following encounter with allergen, inflammatory 
mediators that are responsible for the observed allergic symp-
toms are released from the cells. Such biological assays, which 
measure the functional properties of allergenic proteins, may 
serve as valuable tools to investigate the biological potential 
of food allergens depending on their concentration and upon 
structural changes due to various conditions of food process-
ing, such as heat and acidic environment.

Since no appropriate human cell lines were available, RBL-
2H3 cells were transfected with the genes of the human FcεRI. 
Stable transfectants express chimeric receptors and bind hu-
man IgE and can be triggered to release mediators (Vogel et 
al., 2005). For our model investigations, hazelnut and peanut 
were selected as important allergenic foods because of their 
high allergenic potential and frequent use in food manufac-
ture. The comparison of the biological assay with established 
immunochemical and clinical methods demonstrated a good 
correlation of the results. We show here that allergens can be 
detected, and their allergenic potential measured, even in 
complex mixtures such as composed foods. Thus, the biologi-
cal assay serves as a valuable novel tool in the risk assessment 
of foodstuffs and may contribute to an increased food safety for 
consumers, in particular those with food allergies.

2. Materials and Methods

2.1 Cell culture and reagents
The conditions for cell culture were as described previously 
(Vogel et al., 2005). Briefly, cell lines were grown in a 4:1 mix-
ture of MEM and RPMI (v/v) supplemented with 5  % fetal calf se-
rum and glutamine. Medium for the transfected cell lines con-
tained 1 mg/ml Geneticin. Cells were harvested for use when 
they had reached at least 95  % confluence. The supernatant of 
the hybridoma IgEL.b4 (ATCC code TIB-141) was used as a source 
of murine IgE that can substitute for rat IgE. Purified polyclonal 
human IgE was obtained from Biogenesis Ltd (Poole, UK). Goat 
anti-human and anti-mouse IgE antibodies were from Nordic 
Immunology Laboratories (Tilburg, NL). Mice were immunized 
with various allergen extracts according to published proce-
dures (Hoffmann et al., 1997; Hoffmann et al., 1999). Sera from 
subjects having allergen-specific IgE and showing a positive 
skin test and/or a clear record of allergic symptoms were taken 
from the serum collection of the Paul-Ehrlich-Institut. Written 
informed consent was obtained from all blood donors. Chemi-
cals were of highest available purity and purchased from Merck 
(Darmstadt, Germany) or Sigma-Aldrich (München, Germany).

2.2 Mediator release from RBL cells
RBL cells were sensitized either with murine IgE, polyclonal 
human IgE or sera containing allergen-specific human IgE at 
pre-determined optimal concentrations as described earlier 
(Hoffmann et al., 1997; Hoffmann et al., 2003). Cross-linking 
was induced either with allergen extracts for analysis of aller-
genic potential or with goat anti-mouse IgE/ anti-human IgE 
as controls. Allergen extracts and controls were dissolved in 
Tyrode’s buffer containing 50  % D2O, which had been added to 
increase and stabilize the secretion of β-hexosaminidase from 
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RBL cells carrying the humanized FcεRI (Maeyama et al., 1986). 
The amount of β-hexosaminidase was measured photometri-
cally and release was determined as the ratio of allergen-spe-
cific release and total mediator content (cell lysis with Triton 
X-100) after correction for spontaneous release of unsensitized 
cells.

2.3 Determination of allergen-specific serum IgE
Specific IgE antibodies to allergens were measured by the CAP-
FEIA system (Phadia AB, Uppsala, Sweden). The determination 
of IgE antibodies is based on WHO standards and the results are 
expressed in kU/l. Depending on the amount of specific serum 
IgE, the read-out is expressed in so-called CAP-classes: class 
0 (no allergen-specific IgE) <0.35 kU/l, class 1 <0.7 kU/l, class 2 
<3.5 kU/l, class 3 <17.5 kU/l, class 4 < 50 kU/l, class 5 < 100 kU/l, 
class 6 >100 kU/l. CAP-classes of 4 and above are considered as 
highly sensitized.

2.4 Preparation of allergen and food extracts
Food samples were frozen in liquid nitrogen and subsequently 
ground with an analytical blender (IKA M20, Staufen, Ger-
many). Sample powders were extracted with phosphate-buff-
ered saline (PBS, 10 mM NaH2PO4 x 2H2O, 70 mM Na2HPO4 x 
2H2O, 150 mM NaCl, pH 7.4), tris-buffered saline (TBS, 100 mM 
Tris(hydoxymethyl)-aminomethan, 100 mM NaCl, 2.5 mM 
MgCl2 x 6H2O, pH 7.4) or 100 mM ammonium carbonate buffer 
(pH 8.0). The crude extracts were centrifuged at 20,000 x g for 
20 min and 4 °C and filtered through 0.45-µm pore size cellu-
lose acetate filters (Millipore, Schwalbach, Germany), protein 
concentrations were determined according to a modified 
Bradford method (Zor and Selinger, 1996) using the Coomassie 
Plus Protein Assay (Pierce, Rockford, IL; USA) and the extracts 
were freeze-dried for storage until use.

2.5 �Allergen detection and quantification by PCR and ELISA 
methods

The analysis of peanut by a competitive ELISA and of hazelnut 
by PCR and sandwich ELISA was performed as previously de-
scribed (Holzhauser and Vieths, 1999a; Holzhauser and Vieths, 
1999b; Holzhauser et al., 2000).

3. Results

3.1 �Optimization of the RBL mediator release assay in the 
human system

3.1.1 Use of heavy water
During the first mediator release assays with transfected RBL 
cells, hardly any β-hexosaminidase release could be detected 
when the assay was performed according to the protocol estab-
lished for RBL-2H3 cells. A first improvement was to incubate 
the cells with the human IgE during the overnight attachment 
phase to the microtiter plates. The second important change in 
the protocol was the preparation of Tyrode’s buffer with deu-
terium oxide (D2O). Figure 1 shows that the sensitization with 
murine IgE and cross-linking with anti-mouse IgE was more or 
less independent of the presence of D2O, rising from 58  % in Ty-
rode’s buffer without D2O to 65  % with 75  % D2O. The sensitiza-

tion of RBL-2H3 with human IgE did not induce any mediator 
release after cross-linking with anti-human IgE, confirming 
the specificity of the IgE receptors. While the sensitization of 
the transfected cell line RBL-30/25 with murine IgE and cross-
linking with anti-mouse IgE resulted in an almost identical 
curve as was the case with RBL-2H3 cells, a noteworthy media-
tor release from the transfectants in the human system could 
only be observed when D2O was added to the Tyrode’s buffer 
used to prepare the allergen solutions. The release of β-hex-
osaminidase increased from almost undetectable without D2O 
to greater than 70  % with 75  % of D2O from the transfected RBL-
30/25 cell line, showing the steepest rise at D2O concentrations 
of 25  % to 50  %. For reasons of economy, Tyrode’s buffer for all 
subsequent studies with the transfected cell line was prepared 
with 50  % D2O. In addition, a couple of controls showed that Ty-
rode’s buffer with D2O, but without the addition of IgE and anti-
IgE, did not induce any mediator release by itself. Likewise, no 
mediator release could be observed when cells were sensitized 
with IgE from one species and cross-linking was performed 
with anti-IgE specific for the other (data not shown).

3.1.2 Titration and specificity of patients’ sera
Since the amount of allergen-specific IgE in the sera varies 
considerably between the patients, each serum used in media-
tor release tests had to be titrated in order to find the optimal 
dilution for the biological assay. This is shown in Figure 2 for 
a number of sera from patients that were sensitized to hazel-
nut proteins. As previously observed with other allergens, the 
reactivity of each individual serum was quite variable. Some 
of them even led to less mediator release at higher serum con-
centration. The optimal dilution range for most sera was 1:20 to 
1:40 and a pool of the three sera which lead to the highest me-
diator release was prepared.

The biological assay is specific for the allergens tested, pro-
vided the sera contain the allergen-specific IgE antibodies. In the 
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Fig. 1  Influence of deuterium oxide on mediator release from RBL cells. 
Transfected RBL30/25 (triangles) or RBL-2H3 (squares) cells were sensi-
tized with murine (open symbols) or human (filled symbols) IgE and cross-
linked with the appropriate goat anti-IgE antibodies. The graph is repre-
sentative of three independent experiments.
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case of multi-sensitization, the mediator release will be positive 
for the appropriate allergens. This is shown in Table 1 for a cou-
ple of allergens and selected human sera. For the hazelnut stud-
ies, sera from birch pollen-allergic people were selected, since 
the major allergens in hazelnut and birch pollen, Cor a 1 and Bet 
v 1, are cross-reactive. Hence, these sera (CG, SH and WB) are posi-
tive in the birch pollen and hazelnut CAPs and are also able to 
induce mediator release from RBL cells. The amount of media-
tors correlates with the concentration of allergen-specific serum 
IgE. These sera also contain IgE against grass pollen, which is 
often observed with birch pollen allergies, and therefore they 
also react with grass pollen extract in the mediator release assay. 

Except for serum SH, no peanut-specific IgE was detected in CAP 
analysis, and consequently sensitization of RBL cells with these 
sera did not induce release of mediators in response to peanut 
extracts. For comparison, the results for a serum of a mite-al-
lergic person (JS) without allergies to birch, grass or peanut are 
given, showing positive CAP values and measurable mediator 
release only in response to extracts from house dust mites. The 
correlation between allergen-specific IgE measured by CAP 
and the capability of the sera to passively sensitize RBL cells was 
excellent. The only exemption was serum SH that contained a 
moderate level of peanut-specific IgE, but did not mediate pea-
nut-specific release in the mediator release assay.

3.2 �Analysis of food samples with the mediator  
release assay

The applicability of the mediator release assay has been tested 
for a couple of often consumed foods. In Fig. 3, the analyses of 
hazelnut extracts are shown. Transfected RBL-30/25 cells were 
sensitized with pooled sera from hazelnut allergics and cross-
linked with extracts from different hazelnut varieties (Fig. 3A). 
Virtually no difference could be seen in the allergenic poten-
tial of the hazelnut varieties since all curves run in parallel and 
show almost identical release values for each concentration. 
The analysis of four different batches of PBS extracts prepared 
from the variety Piemonte at different times during one year 
(Fig. 3B) demonstrated a very consistent quality of the extracts. 
One critical issue in the preparation of food extracts can be the 
buffer used for the extraction. Figure 3C, however, shows that 
in the case of hazelnuts there was no marked difference in the 
dose-dependent mediator release, regardless which extraction 
buffer (ammonium carbonate and phosphate- or tris-buffered 

0

10

20

30

40

50

60

70

1:80 1:40 1:20 1:10
serum dilution

-h
ex

os
am

in
id

as
e 

re
le

as
e 

(%
)

PEI017 PEI048 PEI061 PEI062 PEI077

PEI128 PEI153 PEI162 PLI13006 T04

Fig. 2  Titration of sera from hazelnut-allergic patients. Transfected RBL-
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Fig. 3  Analysis of hazelnut ex-
tracts. Transfected RBL-30/25 
cells were sensitized with a se-
rum pool (from three allergics) 
and crosslinked with extracts 
from different hazelnut varie-
ties (A): Mortarella (-Ø-), Nocci-
ole Ordu (-♦-), Piemonte (-▲-), 
San Giovanni (-o-), Tonda Giffio-
ni (-◊-), or Tonda Romana (-∆-). 
Panels B-D show the analysis of 
extracts of the hazelnut variety 
Piemonte, namely (B) different 
batches of PBS extracts (Jan.: -
Ø-; June: -▲-; July: -o-; Dec.: -∆-), 
(C) different extraction proce-
dures (ammonium carbonate 
-Ø-; PBS -♦-; and TBS -▲-) and (D) 
extracts from raw (-Ø-) or roast-
ed (-o-) hazelnuts.
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saline) was used. The influence of food processing on allergenic-
ity is shown in Figure 3D. Roasting of hazelnuts did significantly 
reduce hazelnut allergenicity, most likely due to denaturation 
of heat-sensitive hazelnut allergens. With roasted hazelnut ex-
tract, a more than 100-fold higher protein concentration was 
necessary for a comparable release of mediators that was elic-
ited by raw hazelnut protein extract.

Next, self-prepared model chocolates without hazelnut and 
peanut were spiked with increasing amounts of hazelnut and 
peanut, respectively. The hazelnut spikes ranged from 1  % down 
to 0.001  % in a 10-fold dilution series, the peanut spikes ranged 
from 1  % down to 0.01  %. Sera from mice immunized with either 
hazelnut or peanut extract were pooled and RBL-2H3 cells pas-
sively sensitized with the pooled sera. Subsequently, RBL cells 
were incubated with the corresponding extracts, prepared 
from the hazelnut- or peanut-spiked whole-milk chocolates. 
The unspiked chocolates were analyzed simultaneously. The 
curves of the spiked samples were ideally parallel and the 
calculations of the relative potencies at the half-maximal me-
diator release levels represented the tenfold differences of the 
allergen concentrations in an excellent manner (Fig. 4). The un-
spiked control chocolates did not induce any mediator release, 
even at the highest applied concentration. In addition, Figure 
4A shows that two samples of chocolate contained considera-
ble amounts of hazelnut proteins. Sample A, which originated 
from the cleanup of a chocolate production line, had hazelnut 
between 0.01 and 0.1  %. Sample B, a whole milk chocolate with-
out labeled hazelnut and bought at a local retailer, had hazel-
nut between 0.001 and 0.01 %. In both chocolate samples, low 
levels of hazelnut clearly had cross-linking properties for the 
release of physiologically active mediators. Thus, the allergen-
ic potential of spurious amounts of hazelnut in chocolate was 
demonstrated in vitro. Furthermore, the allergenic potency 
was quantified in comparison to spiked samples. The presence 
of hazelnut was additionally verified with ELISA (Holzhauser 
and Vieths, 1999b) and PCR (Holzhauser et al., 2000). In both 
samples hazelnut was detectable by PCR and ELISA. Moreover, 
hazelnut protein was quantified by ELISA at 35 µg/g (sample A) 
and 4 µg/g (sample B), corresponding to approximately 0.04 % 
and 0.004 % hazelnut, respectively. The calculation of hazelnut 
from quantified hazelnut protein was based on the finding that 

hazelnut protein and whole hazelnut from spiked samples cor-
related at a ratio of approximately 1:10. Quantification of ha-
zelnut in chocolate by ELISA and relative potency of hazelnut 
measured in RBL cell assay were in complete agreement. The 
mediator release of peanut-sensitized RBL 2H3 cells after cross-

Tab. 1  Test of specificity of selected sera towards different extracts of inhalant allergens.

Serum JS CG SH WB

diagnosed allergy/
investigated extract

mites birch, grass birch, grass birch, grass, mites

release1 CAP2 release CAP release CAP release CAP

birch pollen 0.2 <0.35 39.5 63.0 27.1 49.7 30.0 54.3
grass pollen 0.3 <0.35 23.8 75.0 30.9 97.7 10.8 10.0
hazelnut 0.2 <0.35 41.0 25.2 22.7 14.2 3.5 4.6
peanut 0.2 <0.35 1.8 1.2 0.7 10.6 2.6 <0.35
Dermatophagoides farinae 26.8 66.0 2.6 4.5 0.3 <0.35 n.d.3  >100
Dermatophagoides pteronissinus 23.1 61.0 0.5 1.0 0.4 <0.35 n.d. 84.4

1 release: maximal mediator release at optimal concentrations of serum and allergen, given in % of total cellular β-hexosaminidase content
2 allergen-specific serum IgE in kU/l
3 n.d.: not determined
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Fig. 4  Detection of hazelnut and peanut in chocolate preparations in the 
murine system. RBL-2H3 cells were sensitized with murine hazelnut- (A) or 
peanut-specific (B) serum pools and cross-linked with extracts from mod-
el chocolates spiked with the specified amounts of hazelnut or peanut, 
respectively. In panel A, curve A and curve B represent whole milk choco-
late samples with unknown amounts of hazelnut that were also detected 
and quantified by PCR and ELISA, respectively.
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linking by extracts from chocolate with increasing amounts 
of peanut (Fig. 4B) had similar characteristics as that of the ha-
zelnut-sensitized cells; the semi-quantitative determination of 
the allergenic potency of peanut in chocolate was also compa-
rable.

These studies were finally extended to the human system, 
where the transfected cell line RBL-30/25 was sensitized with a 
serum pool from five patients with an allergy against hazelnuts. 
Degranulation was induced by a variety of commercial samples 
containing or not containing hazelnut proteins. The results, 
shown in Figure 5, demonstrate that neither the negative con-
trols (chocolate matrix or extraction buffer) nor samples with-
out hazelnut proteins (cereals or peanut flakes) could induce 
a measurable release of β-hexosaminidase. The analysis of ex-
tracts of nougat or hazelnut chocolates, however, resulted in an 
increased mediator release in a dose-dependent fashion. From 
the known concentration of protein in the hazelnut extract, it 
was estimated that the biological assay was able to detect hazel-
nut allergens down to approximately 0.001 %. In addition, most 
samples were analyzed by hazelnut-specific PCR and ELISA and 
the comparison of the results is shown in Table 2. In samples 
where hazelnut was detected by ELISA and PCR, specific release 
of mediators was also measurable. Moreover, there was a quan-
titative correlation between the amount of hazelnut present in 
the sample, as measured by ELISA, in comparison to the maximal 
dilution of sample extracts that would still result in 5 % specific 
mediator release compared to total release. It was demonstrated 
that the biological assay can be used as a tool in the analysis of 
the allergenic potential of foods in a semi-quantitative manner.

4. Discussion

A biological test system, based on the mechanism of type I al-
lergies, has been developed that allows to determine the aller-
genic potential of extracts from a variety of sources (Vogel et 
al., 2005). Here it is shown that its use can be extended to the 
analysis of allergens in complex matrices such as composed 
foods. The transfected cell line binds human IgE and can be 

induced to release mediators after the cross-linking of recep-
tor-bound IgE molecules by allergens. In contrast to the rat cell 
line, a noteworthy release is only observed in the presence of 
deuterium oxide. There is evidence that D2O has a variety of 
effects in mammalian cells although the exact mechanisms 
are unknown (Lowe et al., 1995; MacDonald et al., 1991). With 
respect to mediator release from mast cells, the stabilizing ac-
tivity towards microtubules (Gillespie and Lichtenstein, 1972) 
and reactive oxygen species formed during signal transduc-
tion (Thannickal and Fanburg, 2000) are discussed. As stated 
by Maeyama et al. (1986), D2O could also have an effect during 
the initial phases of signal transduction by influencing the 
interaction of membrane components or the activity of phos-
pholipase C. After several rounds of recloning and selection of 
high-releaser clones, it has become obvious that in the case of 
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Fig. 5  Detection of hazelnut in food samples with transfected RBL cells. 
RBL-30/25 cells were sensitized with a hazelnut-specific pool of sera of 
five allergics and cross-linked with extracts from the specified extracts 
from commercial food samples as well as negative controls (chocolate 
matrix and extraction buffer). Columns represent the positive controls 
for assay performance, where cells were sensitized with murine IgE, poly-
clonal human IgE or the serum pool and cross-linked with the appropriate 
anti-IgE antibodies.

% Mediator release human

Sample
ELISA (ppm  
hazelnut protein)1 PCR1 max. release	 > 5 % at dilution

Peanut flakes – –  4.5 %	 ./.
Mixed cereals 701 +  6.6 %	 1:20
Cereals with chocolate n.d.2 n.d.  4.2 %	 ./.
Nougat-chocolate bar 16,120 +++ 32.5 %	 1:240
Hazelnut chocolate 17,123 +++ 23.1 %	 1:325
Hazelnut extract n.d. n.d. 40.0 %	 1:50,000
Chocolate matrix – –  3.7 %	 ./.
Buffer – –  2.1 %	 ./.

1 �– below limit of detection (ELISA: ~ 1 µg hazelnut per gram chocolate; PCR: ~2–4 µg hazelnut per gram 
chocolate, 1 µg/g equals 1 ppm)

2 n.d. not done
./. not applicable

Tab. 2  Comparison of assays for 
hazelnut detection in foods.



Allergenic potential of foods 323

polyclonal human IgE and anti-human IgE cross-linking, D2O 
could be omitted from the Tyrode’s buffer (unpublished obser-
vations). However, when using human sera, especially those 
with lower concentrations of allergen-specific IgE, it is still nec-
essary to have D2O present in the buffer used in the steps after 
sensitization.

The correlation of mediator release with data from im-
munochemical analysis and clinical observation is very good, 
provided that the sera used in the biological test system are 
evaluated and carefully chosen (Hoffmann et al., 2003; Vogel et 
al., 2005; Kaul et al., 2006). This is no problem for more preva-
lent allergies, since enough patients can be recruited for blood 
donation. In the case of peanut, however, the availability of 
adequate sera has been limited. Although allergies to peanut 
are often severe, even sera from highly allergic patients did 
not lead to a measurable mediator release (similar to serum 
SH in Table 1). The reason for this observation is presently un-
clear and under investigation. Despite this drawback, the me-
diator release assay gives consistent results with coefficients of 
variation between 10-15 % and a sensitivity that can detect low 
amounts of allergenic proteins (10–9–10–11 g) and in some cases 
even in the femtogram-range (Hoffmann et al., 1995). The com-
parison of three cell-based assays, namely mediator release 
from RBL-2H3 or transfected RBL-30/25 cells and stripped hu-
man basophils, respectively, resulted in almost identical data 
(Hoffmann et al., 2003; Kaul et al., 2006). Since the method us-
ing stripped basophils requires freshly prepared human cells, 
its application in routine analysis is restricted for practical and 
ethical reasons. However, the assays based on the RBL cell lines, 
grown in permanent culture, can be used alternatively. In cases 
where sera from allergic persons are not available, RBL-2H3 
cells can be sensitized with sera from immunized mice. Some-
times, it may be difficult to immunize mice with certain aller-
gens. In these cases, the transfected cell line can be applied for 
the analysis with appropriate human sera.

The applicability of the biological test system has been 
shown for a couple of questions such as the analysis of allergen 
extracts used for diagnosis and therapy (Hoffmann et al., 2003), 
characterization of clinically relevant allergens (Mittag et al., 
2004; Mittag et al., 2005), or the evaluation of mutated protein 
molecules that should have a reduced allergenicity (Gader-
maier et al., 2005; Wallner et al., 2005). As demonstrated in the 
present publication, the method has been extended to address 
the biological activity of allergens in complex mixtures such as 
foods. The preparation of the samples follows established pro-
cedures and so far all extractions performed yielded reproduc-
ible results that were in agreement with ELISA and PCR meth-
ods. The limit of detection of the cell-based assays (RBL-2H3, 
RBL-30/25) was comparable to that of ELISA and PCR, namely in 
the range of 0.01 to 0.001 % for hazelnut and peanut in complex 
food matrices such as chocolate, which corresponds to 10–100 
ppm (mg/kg). In a threshold-based double-blind placebo-con-
trolled food challenge (DBPCFC) with peanut, 2 mg of peanut 
flour induced objective symptoms and 5 mg peanut lead to se-
vere systemic reactions in one study subject (Hourihane et al., 
1997). In another threshold-based DBPCFC study with hazel-
nut-allergic subjects, 6.4 mg hazelnut elicited objective symp-
toms in one study subject (Wensing et al., 2002). Based on the 

assumption that 100 g of a foodstuff that contains traces of pea-
nut and hazelnut would be eaten at once, objective symptoms 
for peanut and hazelnut would be expected at a concentration 
of 20 ppm and 64 ppm respectively. These quantities of aller-
genic peanut and hazelnut were reliably detectable with the 
biological test systems described in this study.

Taken together, we have shown that the cell-based media-
tor release assays are suitable for the determination of the al-
lergenic potential of proteins in a variety of settings. Because of 
the difficulties encountered in clinical threshold studies, inves-
tigation of the allergenic potential of traces of allergenic foods 
in a clinical setting is impossible on a routine basis. Since im-
munochemical methods only quantify potentially allergenic 
proteins, and PCR can only verify the presence of the allergenic 
food, a biological assay that measures potential allergenicity 
and determines the allergenic potency semi-quantitatively can 
serve as a valuable supplement in the risk assessment of foods 
that contain molecules with unknown allergenic potential. 
Thus, the functional assay contributes to an increased level of 
safety for the allergic consumers.
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