
REVIEW Open Access

FAST: towards safe and effective subcutaneous
immunotherapy of persistent life-threatening
food allergies
Laurian Zuidmeer-Jongejan1,18*, Montserrat Fernandez-Rivas2, Lars K Poulsen3, Angela Neubauer4, Juan Asturias5,
Lars Blom3, Joyce Boye6, Carsten Bindslev-Jensen7, Michael Clausen8, Rosa Ferrara9, Paula Garosi10, Hans Huber4,
Bettina M Jensen3, Stef Koppelman11, Marek L Kowalski12, Anna Lewandowska-Polak12, Birgit Linhart13,
Bernard Maillere14, Adriano Mari9, Alberto Martinez5, Clare EN Mills10,15, Claudio Nicoletti10, Dirk-Jan Opstelten11,
Nikos G Papadopoulos16, Antonio Portoles2, Neil Rigby10, Enrico Scala9, Heidi J Schnoor3,
Sigurveig T Sigurdardottir8, George Stavroulakis16, Frank Stolz4, Ines Swoboda13, Rudolf Valenta13,
Rob van den Hout11, Serge A Versteeg1, Marianne Witten3 and Ronald van Ree1,17

Abstract

The FAST project (Food Allergy Specific Immunotherapy) aims at the development of safe and effective treatment
of food allergies, targeting prevalent, persistent and severe allergy to fish and peach. Classical allergen-specific
immunotherapy (SIT), using subcutaneous injections with aqueous food extracts may be effective but has proven
to be accompanied by too many anaphylactic side-effects. FAST aims to develop a safe alternative by replacing
food extracts with hypoallergenic recombinant major allergens as the active ingredients of SIT. Both severe fish and
peach allergy are caused by a single major allergen, parvalbumin (Cyp c 1) and lipid transfer protein (Pru p 3),
respectively. Two approaches are being evaluated for achieving hypoallergenicity, i.e. site-directed mutagenesis and
chemical modification. The most promising hypoallergens will be produced under GMP conditions. After pre-
clinical testing (toxicology testing and efficacy in mouse models), SCIT with alum-absorbed hypoallergens will be
evaluated in phase I/IIa and IIb randomized double-blind placebo-controlled (DBPC) clinical trials, with the DBPC
food challenge as primary read-out. To understand the underlying immune mechanisms in depth serological and
cellular immune analyses will be performed, allowing identification of novel biomarkers for monitoring treatment
efficacy. FAST aims at improving the quality of life of food allergic patients by providing a safe and effective
treatment that will significantly lower their threshold for fish or peach intake, thereby decreasing their anxiety and
dependence on rescue medication.

Keywords: FAST, Food allergy, Specific immunotherapy, Subcutaneous, Sublingual, Fish, Peach, Hypoallergens

Introduction
Although reliable figures are still largely unavailable,
IgE-mediated food hypersensitivity (hereafter referred to
as food allergy) is thought to affect around 1-2% of
adults and 4-8% of children, i.e. roughly around 10 mil-
lion EU inhabitants (reviewed in [1,2]). Recent studies
within the FP6-funded project EuroPrevall [3] showed

tree nuts (hazelnut and walnut), fruits (apple, peach and
kiwi) and peanut are the most common plant foods
causing food allergy, followed by vegetables like carrot,
tomato and celery. After milk and egg, fish and shrimp
are most frequently causing food allergy to animal-
derived foods (pers. comm. M. Fernandez-Rivas).
The clinical presentation of food allergy varies from

mild local symptoms of the oral cavity, usually referred
to as the oral allergy syndrome (OAS), to severe sys-
temic reactions which can include life-threatening ana-
phylaxis. In the U.S., food-induced anaphylaxis is
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estimated to cause about 120,000 emergency room visits
and 3000 hospitalizations each year [4].
The only available treatment for food allergy is avoid-

ance, in conjunction with rescue medication in case of
accidental exposure. However, hidden allergens in com-
posite foods, unwanted contaminations and occasional
poor adherence to dietary restrictions make avoidance
difficult and ineffective. Therefore there is an urgent
need to develop a treatment for food allergy that lowers
the threshold significantly and makes avoidance less
stringent. Allergen-specific immunotherapy (SIT) is the
only treatment available that targets the immunological
cause of the disease. It has proven successful in treat-
ment of insect venom allergies and for respiratory aller-
gies such as rhino-conjunctivitis and asthma to pollen
and house dust mite [5-7], but due to the duration and
invasiveness (i.e. 3-5 years of monthly subcutaneous
injections) and the risk of anaphylactic side-effects, SIT
is a niche treatment compared to symptomatic drugs,
though new alternative routes have been recently suc-
cessfully explored [8].
Over the past decades, major inhalant and food aller-

gens have been identified, purified, cloned and pro-
duced as recombinant proteins. The use of
recombinant allergens to replace biological extracts
will contribute to enhance the efficacy of SIT by better
control over the dosage and elimination of some of the
disadvantages (variability in product quality, difficulty
in standardization of extracts, sensitization to new
allergens) inherent to biological extracts (reviewed in
[9]). The first clinical trials using recombinant aller-
gens of birch, grass and ragweed pollen have demon-
strated that single recombinant proteins can effectively
replace extracts [10,11].
For the development of immunotherapy for food

allergy, most attention has so far been given to peanut
egg and milk, as these foods are important causes of
severe food allergy, mainly in children. Oral immu-
notherapy approaches for several foods (milk, egg, pea-
nut) show desensitization but no tolerance and
commonly have side-effects (well-reviewed in [8]). As
children with transient milk or egg allergy seem to have
IgE primarily directed to conformational epitopes, sensi-
tive to heat or processing [12,13], two clinical trials
focused on investigating tolerance to heated milk and
egg products in this population [14,15]. Preliminary stu-
dies suggested accelerated tolerance induction, so a fol-
low-up study is ongoing. Subcutaneous allergen-specific
immunotherapy (SCIT) as a treatment for peanut allergy
has been evaluated using aqueous peanut extract.
Although a significant level of efficacy was demon-
strated, anaphylactic side-effects, caused by IgE-binding
to the injected allergen, were too frequent and the pro-
ject was abandoned [16,17]. In recent years, sublingual

therapy has gained a considerable share of the market
for the treatment of respiratory allergies in the form of
extract-based drops or tablets. Side-effects are reported
to be minimal and efficacy has been demonstrated. The
first reports of SLIT with food allergens, date from
2003, in kiwi [18,19]. More recently, SLIT using hazel-
nut [20,21] and peanut extract [22] has been reported
for the treatment of hazelnut and peanut allergy and
peach peel extract enriched for LTP was used in a SLIT
trial to treat peach allergy [23,24]. These treatments
resulted in a significant but moderately increased toler-
ated dose and systemic side-effects have so far rarely
been reported. Despite these quite promising results, in
FAST we have decided to target SCIT, the main reason
for this being the expected higher efficacy and better
compliance and safety, facilitated by performing treat-
ment in an outpatient clinical environment.
To increase safety and develop effective SCIT for the

treatment of food allergy, the allergen can be modified
in such way that it exhibits significantly decreased IgE-
binding potency, i.e. that it becomes hypoallergenic, but
retains T-cell reactivity. In addition, these hypoallergens
can be absorbed to aluminium hydroxide, which
increases safety due to its depot effect and furthermore
increases efficacy by its adjuvant effect.
There is still some disagreement concerning the

immunological basis of the beneficial effect of immu-
notherapy. Allergic patients can typically be distin-
guished from healthy subjects by the presence of
allergen-specific IgE antibodies, but a (usually not
observed) decrease in specific IgE can not explain the
beneficial effect of SIT. The current knowledge on the
characteristics of the allergic immune response and its
modulation by SIT has developed dramatically beyond
the level of serum IgE antibodies, in particular knowl-
edge on other isotypes such as IgG4 and IgA, on various
subsets of helper T-cells (Th-cells) and on the role of
innate antigen presenting cells (like dendritic cells
(DCs). Essentially there are two extremes for explaining
the beneficial effect of SIT: inhibition of allergic reac-
tions by blocking IgG4 and IgA antibodies or by a shift
from Th2 to Th1/Treg. FAST aims at induction of both
using hypoallergenic but immunogenic recombinant
allergens. Although double-blind placebo-controlled
food challenge (DBPCFC) will always remain the pri-
mary read-out for establishing efficacy, it is not an
appropriate tool to use at many (early) time-points dur-
ing treatment. However, reliable early (composite) bio-
markers for efficacy that correlate with the outcome of
the DBPCFC are not (yet) available. To improve and
identify relevant (composite) biomarkers for monitoring
efficacy of immunotherapy it is important to further
unravel the mechanism of protection in patients
responding favorably to immunotherapy. In depth
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monitoring of humoral and cellular immune parameters
will help identify such (early) biomarkers for efficacy.
Within this context it is the objective of the EU-

funded collaborative project FAST to develop a safe and
effective immunotherapy against persistent and life-
threatening food allergies. The project includes 15 part-
ners from 11 different countries. To address all the
main objectives indicated above, the partnership first
focuses on producing and testing a number of different
mutant (hypo-) allergens (and wild-type allergens for
comparison). Additionally, there are three companies,
two partners from the pharmaceutical industry (BIAL,
Spain and HAL Allergy, The Netherlands) and one bio-
tech company (BIOMAY, Austria) that will focus on the
production of the chosen hypoallergens under good
manufacturing practice (GMP) for the clinical trials. In
the consortium there are six clinical centers participat-
ing in six countries, chosen on the basis of expertise
and geographic background. Lastly, allergen-specific
MHC class II tertramers/multimers will be developed as
well as mouse models for immunotherapy with
hypoallergens.

The allergens
Ninety percent of all food allergies are caused by ± 10
foods. Allergy to some of these foods i.e. milk and egg,
are outgrown in the vast majority (milk) or up to 50%
(egg) of children before the age of five. Although these
are certainly relevant, persistent food allergies that stay
throughout adulthood perhaps represent a more impor-
tant target for developing immunotherapy (IT). Most
attention for the development of IT for food allergy has
so far been given to peanut and despite being usually
outgrown, also to egg and milk. Apart from prevalence,
the main reason for this focus is high risk of severe
reactions induced by these foods. Allergy to fruits, like
peach, and to tree nuts, fish and shrimp are also high
on the list of candidates to develop novel therapies:
allergy against these foods is prevalent, persistent and
potentially life-threatening and avoidance negatively
affects a healthy diet. For the development of a new
concept for the treatment of severe persistent food aller-
gies based on recombinant hypoallergens, the best pro-
spects for reaching clinical testing at Phase IIb level
within the life-time of an EU project are treatments tar-
geting food allergies that are dominated by a single
major allergen. As described above, in the case of severe
allergies to peanut but also to tree nuts there are at
least three major allergens, so multiple recombinant
allergens would be needed. Therefore, in the FAST pro-
ject we target two foods, one from animal origin, fish,
and one from plant origin, peach. Severe reactions to
fish and peach are both linked to a single dominant
allergen, parvalbumin (Cyp c 1/Gad c 1) and lipid

transfer protein (Pru p 3) respectively. Peach was chosen
as a representative of all fruit allergies linked to lipid
transfer protein. Both the natural and recombinant wild-
type (WT) are compared to hypoallergenic variants pro-
duced in FAST.
Two ways of rendering allergens hypoallergenic are

used in FAST. Recombinant technology allows modifica-
tion by site-directed mutagenesis and with this method
hypoallergenic mutants have been successfully developed
for several food allergens. These include the major pea-
nut allergens Ara h 1, 2 and 3 [25], the major fish aller-
gen Cyp c 1 [26,27] and the major fruit allergen Pru p 3
([28] and own observation). Another approach is chemi-
cal modification. Since the 1970s, allergen extracts are
treated with glutaraldehyde resulting in cross-linked
proteins with reduced allergenicity, (also known as aller-
goïds) and hypoallergenicity can also be induced by
reduction/alkylation in allergen molecules containing
disulfide bridges. Here for the first time, we will apply
this concept to recombinant food allergens.

Fish
For the development of immunotherapy for fish allergy,
we will focus on the major allergen from carp (Cyprinus
carpio), the parvalbumin (Cyp c 1). Parvalbumins are
small, acidic calcium-binding buffer proteins found in
fast muscle of lower and higher vertebrates. They have
been identified as the major fish allergens [26]. Parval-
bumin is a 3 EF-hand calcium-binding protein. It has
remarkable stability to heating and digestion, which
explains why, despite cooking and exposure to the gas-
trointestinal tract, it can sensitise patients [29]. A wild-
type recombinant (r) and three hypoallergenic mutants
representing of Cyp c 1 have been developed by our
partner in Vienna [26,27]. Wild-type rCyp c 1 was
shown to be highly cross-reactive to other fish parvalbu-
mins like from cod, salmon and tuna, ensuring broad
coverage of fish allergies. For many patients IgE binding
was Ca2+-dependent; mutating the two functional Ca2
+-binding sites resulted in loss of most of the secondary
structure and hypoallergenicity in dot-blot-inhibition (n
= 4) and a ~100-fold reduction in biological activity in
basophil histamine release (BHR; n = 1) compared to
the wild-type recombinant protein. We are producing
and purifying the natural and wild-type rCyp c 1, the
hypoallergenic double mutant and a chemically modified
wild-type rCyp c 1 (so-called allergoïd, produced by glu-
taraldehyde treatment) for pre-clinical evaluation in
FAST (Figure 1).

Peach
For peach (Prunus persica) allergy, we focus on its major
allergen, the non-specific lipid transfer protein (LTP)
Pru p 3. LTPs have been identified as the culprit of
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severe fruit allergy mainly for fruit-allergic patients in
Mediterranean countries [30,31]. Sensitization is usually
caused by peach LTP and cross-reactivity between
highly homologous LTPs results in clustered fruit aller-
gies. 50-95% sequence identity commonly gives rise to
IgE cross-reactivity, however, not always leading to clini-
cal fruit allergy. Both apple and strawberry LTP (Mal d
3 and Fra a 3, respectively) are approximately 80%
homologous to peach LTP [32], but where apple allergy
is common among LTP-sensitized peach allergic
patients, strawberry allergy is not. Therefore, Fra a 3
may be a naturally occurring hypoallergen. For Pru p 3,
several charged surface-exposed amino acids in three
regions across the molecule have been proposed to play
a role in IgE binding [33,34]. The structure of LTP is
highly dependent on its four disulfide bridges. Mutation
of a single cysteine in each pair forming a disulfide
bridge has been shown to significantly reduce the aller-
genicity of the major Parietaria weed LTP, Par j 1 [35]
and very recently for Pru p 3 [28]. All in all, we are
using five different strategies to produce hypoallergenic

LTP for safe treatment of fruit allergy; we produce and
purify wild-type natural and rPru p 3 and rPru p 3-
mutants (surface-exposed amino acids and disulfide
bridges), chemically modified wild-type rPru p 3 (reduc-
tion/alkylation and glutaraldehyde treatment) and rFra a
3, all tested for hypoallergenicity. These constructs are
summarized in Figure 2.
All (hypo-)allergen preparations as described above are

physico-chemically characterized by far UV CD-spectro-
scopy, mass-spectrometry and size-exclusion chromato-
graphy/dynamic light scattering. Stability is tested and
hypoallergenicity is assessed in patients’ sera (n = 30,
selected as described below) with ImmunoCAP (CAP)-
inhibition and BHR. Furthermore the capacity of wild-
type molecules (recombinant and natural), mutants and
allergoïds, to stimulate T-cell proliferation (using
PBMCs from fish/fruit-allergic patients) and induce IgG
antibodies in rabbits and/or mice is assessed.
On the basis of these analyses, using a weight-of-evi-

dence approach, the most appropriate hypoallergenic but
still immunogenic molecule is selected for GMP produc-
tion, toxicity testing and subsequent clinical trials.

Clinical studies
In the consortium there are six participating clinical
centers in six countries: Odense (OUH, Denmark), Łódź
(MUL, Poland), Reykjavik (LSH, Iceland), Madrid
(HCSC, Spain), Athens (NKUA, Greece) and Rome (IDI,
Italy). These centers have been chosen on the basis of
their specific expertise in food allergy and DBPCFC and
their geographic background.
The methodology will be identical to those of the clinical

studies performed within the EU-funded integrated project
EuroPrevall [3] that were coordinated by the partner from
Madrid (including standardized case record forms (CRFs),
methods for skin prick testing (SPT) and double-blind pla-
cebo-controlled food challenges (DBPCFCs). From the
clinical studies of EuroPrevall, we have concluded that fish
allergy is observed across Europe but it is especially fre-
quent in Iceland, Spain, Greece, Italy and Poland. More-
over, the Danish groups have published studies with 30+
codfish allergic patients [36,37]. Peach allergy caused by
LTP is frequently found in Spain, Italy and Greece.
Together, these centers therefore provide the necessary
expertise and cover some of the most important areas for
fish and peach allergy in Europe. All clinical studies and
clinical trials will be performed with the approval of the
local ethics committees, and according to the national and
European regulations.

Allergic patients for evaluation of candidate allergen
molecules
Clinical centers will enroll fish (parvalbumin) and/or
peach (LTP) allergic patients. The aim is access to

Figure 1 Four different (hypo-)allergenic constructs are
proposed in developing a construct for fish SIT. A/B: n/r wild-
type Cyp c 1 and the Calcium-binding site double mutant as
described before [26,27], C: glutaraldehyde treated rCyp c 1
(involves covalent linking of free amino-groups, as shown).
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biological samples for the evaluation of hypoallergeni-
city and T-cell reactivity of parvalbumin- and LTP-
variants described in the previous section. In addition
the patients are screened for MHC II alleles to select
appropriate candidates for evaluating the relevance of
T-cell epitopes. For both fish and peach we aim at
inclusion of 30 patients, evenly spread over the rele-
vant clinical centers, respectively. The sample size has
been calculated on the basis of the expected reduction
in allergenicity of the candidate molecules.
Patients are recruited at the 6 clinical centers involved

in the project. Inclusion is based on age (between 12
and 65) and a convincing clinical history for fish or
peach, a positive SPT and DBPCFC with fish or peach,
and a positive serum IgE test to rCyp c 1 (in case of
fish) or rPru p 3 (in case of peach). Patients with severe
anaphylaxis are excluded from DBPCFC to establish
their current reactivity to the foods. They will be
included in the clinical trials.

Phase I/IIa clinical trials
Phase I/IIa clinical trials using hypoallergenic recombi-
nant fish parvalbumin or peach LTP will be carried
out in Denmark and Spain, respectively. The main
objectives of the Phase I/IIa trials will be dose-finding
and to assess safety and pharmaco-dynamics. Safety
will be assessed with a careful recording of all adverse
events and adverse reactions. For pharmaco-dynamics
allergen-specific IgE, IgG/G4, IgA and T-cell prolifera-
tive responses will be monitored. Adult subjects aller-
gic to fish parvalbumin and to peach LTP recruited by
the above mentioned clinical partners will be invited to
participate. 24 individuals with a proportion active:pla-
cebo of 3:1 will be included for DBPCFC. The hypoal-
lergens will be tested in subgroups of patients at
different dosing schemes for 3 months in a staggered
manner at intervals of 2 weeks to allow for intermit-
tent safety reviews.

Phase IIb clinical trials
If no major side-effects are reported in Phase I/IIa trials,
Phase IIb trials will be performed. Patients will be
recruited according to the inclusion limits described
above. The studies will be randomized, double-blind pla-
cebo controlled (DBPC), with a proportion of active and
placebo treatments of 2:1.
The primary outcome of Phase IIb trial is the response

to DBPCFC performed after the treatment that will be
compared to the pretreatment challenge by survival ana-
lysis. The estimated total number of patients needed is
105 per trial, 70 active and 35 placebo subjects. For fish
this means that 12 active and 6 placebo subjects should
be recruited in each clinical center (total number 108),
and for fruit the respective figures will be 24 active and
12 placebo per center (total 108). Treatment at mainte-
nance dose will last for 6 months (monthly injections).
Safety and tolerability will be assessed by careful

recording of adverse events. Investigators will evaluate
the nature and severity of the events, in attempt to
determine the causal relationship with the immunother-
apy. Registry and classification of adverse events will be
performed in accordance with local regulations. The pri-
mary outcome of efficacy in the Phase IIb trials will be
the response to the intake of fish or peach assessed by a
standardized DBPCFC that will be performed before the
start of the treatment and at the end of it. DBPCFC per-
formed after the treatment will be compared to the pre-
treatment challenge by survival analysis. Secondary
outcomes of efficacy will be changes in SPT reactivity
(to a fish/peach extract), in specific IgE, IgA and IgG4

(to the respective purified allergen) in biological activity
of IgE (BHR) and in T-cell reactivity.

Immunology
For adequate monitoring and future improvement of
immunotherapy for food allergy, it is necessary to estab-
lish which immune mechanisms are protective. First,

Figure 2 Seven different (hypo-)allergenic constructs are proposed in developing a construct for peach SIT. wt and rPru p 3 (sequence
shown), a “natural hypoallergenic” rFra a 3 (changes in sequence compared to Pru p 3 are underlined), rPru p 3 sur: a surface mutant (3 amino
acids mutated to Alanin), rPru p 3 cys: 4 cysteines mutated to serine, rPru p 3 G: glutaraldehyde treated rPru p 3 (involves free amino-groups,
indicated), rPru p 3 RA: reduced and alkylated rPru p 3 (involves all cysteines). The known IgE-binding sites of Pru p 3 are boxed, H1-4 indicate
the a-helices.
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this will be studied in a mouse model of food allergy
immunotherapy. Later, comprehensive immunological
studies during Phase IIb clinical trials will be carried out.

Immunotherapy with hypoallergens in a mouse model
A model of food hypersensitivity, first described by
Hugh Sampson et al. [38] is used to evaluate the poten-
tial of hypoallergens to treat mice sensitized with puri-
fied nCyp c 1 or nPru p 3. In this model, C3H/HeJ mice
are orally sensitized by repeated intra-gastric administra-
tion of allergen in combination with cholera toxin as
adjuvant, followed by challenge with a single large dose
of allergen to provoke an allergic reaction. The charac-
terization of the allergic responses is based on well-
established in vivo parameters (symptomatic scoring,
vascular leakage and immediate type skin tests) and in
vitro tests (measurement of allergen-specific immuno-
globulin in serum and mucosal secretions (ELISA), cel-
lular responses in spleen and lymph node cells (T cell
proliferation and cytokine secretion assays), plasma his-
tamine levels and histological tests (intestine and lung
sections). Pilot experiments using varied feeding proto-
cols and different antigen concentrations are performed
to establish an optimal sensitization (characterized by
highest production of IgE) and challenge regime. The
latter will be important also to elaborate a symptomatic
scoring system that can be used to confirm the benefits
of the treatments being proposed.
The model will be used to assess both subcutaneous

immunotherapy with the selected hypoallergenic parval-
bumin and lipid transfer proteins. Apart from evaluation
of these candidate molecules for human trials, the
mouse model is used to investigate the immune
mechanisms of subcutaneous immunotherapy for food
allergy. All animal experiments are carried out according
to national and European regulations.

Changes in immune response during immunotherapy
As outlined in the introduction, the immune mechanism
of allergen-specific immunotherapy has only been stu-
died in some detail for treatment of respiratory allergies
[5,6] and to a lesser extent, bee venom allergy [7]. For
the treatment of food allergy, only a limited number of
well-designed immunotherapy studies (two SIT studies
for peanut [16,17] and two SLIT studies for hazelnut
and peach, respectively [20,21,23] have been performed,
without detailed mechanistic studies. Immunological
investigations were limited to IgE and IgG serology. In
this project, we aim to treat with the major active com-
pound only and also monitor serum antibodies to this
major allergen. This will establish whether there is a
correlation between efficacy and IgG and IgA responses
to the active compound.

Additionally we will study what exactly happens to
allergen-specific IgE. Rise and fall of IgE-titers and
changes in specificity will be studied. Additionally, it is
important to investigate what causes the inhibition of
early and late-phase reactions in the presence of rela-
tively stable IgE titers; is it qualitative changes in IgE
(which will be monitored by measuring biological activ-
ity in histamine release tests) or potentially blocking
effects of IgG and/or IgA antibodies.
The number of clinical trials where allergen-specific

T-cell responses were monitored and characterized in
detail is very limited. In order to adequately monitor
and improve efficacy of food allergy SCIT, it is essential
to acquire in depth knowledge on the mechanism. To
establish the role of different Th-cell subsets in the
mechanism of protection induced by immunotherapy,
blood samples will be obtained prior to, during and
after completion of therapy to analyze T-cell prolifera-
tion (FACS analysis), cytokine production (Luminex/
ELISPOT/ELISA) and surface marker expression (FACS
analysis) to determine the phenotype of allergen-specific
T-cells. To be able to selectively focus at allergen-speci-
fic T-cells, food-allergen-specific tetramer (or ultimer)
reagents will also be developed (see below).
With all these studies we can further elucidate the

immune mechanism of allergen-specific immunotherapy
and hopefully identify useful (early) biomarkers for
efficacy.

T-cell epitopes of parvalbumin and LTP
To be able to study the phenotype of allergen-specific
T-cells in healthy and allergic subjects and follow
changes in phenotype during SCIT, parvalbumin- and
LTP specific MHC class II (MHC II) tetramers will be
developed. Essentially, there are two unknowns: 1)
which MHC II molecules are most relevant for antigen
presentation in case of parvalbumin and LTP 2) which
T-cell epitopes play a dominant role in parvalbumin-
and LTP-specific T-cell responses? Since the beginning
of the FAST project, three papers have addressed the
latter question for peach LTP [39-41] all pointing to the
regions Pru p 312-27 and Pru p 357-80 as carrying impor-
tant T-cell epitopes. Immuno-purified MHC II mole-
cules covering a large part of the Caucasian population
(twelve different HLA-DR and HLA-DP4 molecules) will
be used to perform binding studies with overlapping
peptides spanning the sequence of Cyp c 1 and Pru p 3
using the HLA express system [42]. Affinity of binding
to MHC II, the capacity to stimulate T-cells, and the
prevalence of the particular MHC II molecule among
Europeans and their availability for production as tetra-
mers will decide which T-cell epitopes will be custom-
ordered. The aim is to have sufficient (HLA-) coverage
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to be able to study differences between healthy and
allergic T-cell responses and changes during immu-
notherapy. This will provide the tools to identify and
characterize parvalbumin- and LTP-specific T-cells at
epitope level.

Concluding remarks
The FAST project will increase our understanding on
how to bring the treatment of food allergy to a higher
level, i.e. by adding an alternative to the spectrum of
treatment modalities for food allergy that is currently
restricted to avoidance and rescue medication, and SLIT
or OIT. Overall, allergy is recognized as a major disease
affecting around 30-40% of the population. Food allergy
is estimated to affect about 5% of the population, but
additionally it also is a major disease because of its great
impact on the quality of life. Food allergy is potentially
life-threatening and the risk of accidental intake causes
great fear and ultimately leads to social isolation. The
FAST project aims at significantly lowering thresholds
and consequently improving quality of life of food
allergy sufferers.
FAST investigates the development of novel therapies

for the treatment of food allergy by combining the prin-
ciples of traditional allergen-specific immunotherapy
with biotechnology (hypoallergenic recombinant aller-
gens). Standardization of allergen extracts has been a
major challenge over the past decades. The introduction
of highly purified products will end the situation where
standardization of variable biological products puts an
increasing burden on quality control departments and
regulatory authorities.
The research proposed in FAST aims at the develop-

ment of treatment for diseases that start in early child-
hood, using top clinical, biotechnological and
immunological research. The strategy chosen will not
involve children up to the stage of Phase IIb clinical
trials. Phase I/IIa clinical trials will be carried out in
adults only. Moreover, children enrolled in Phase IIb

clinical trials will not be under 12. FAST aims to
develop a novel therapy for food allergy that will have a
positive impact on the diet of food allergic patients
improve their quality of life, allowing them to stop
avoiding fish and fruit which are important components
of a healthy “non-obese” diet.
Once more the importance of child health is

addressed. As mentioned food allergy is a disease that in
most cases starts in very young children. The FAST pro-
ject aims to develop a therapy for food allergy that in
the future can also be safely used in children.
Obviously, the approach chosen by FAST is applicable

to the treatment of other food but also respiratory aller-
gies. Moreover, successful therapy is the first step
towards allergen-specific preventive immunotherapy or

vaccination. FAST targets a chronic disease that is
potentially life-threatening by anaphylactic shock. Food
allergy is currently untreatable, avoidance being the only
remedy. It will do so by using the established (subcuta-
neous) route of administration. It will use established
(chemical modification) and emerging (mutants) meth-
ods to achieve hypoallergenicity, aiming at increased
safety of the treatment. It aims at replacing extracts by
highly purified recombinant allergens. This will allow
more accurate administration of active ingredients,
which will hopefully improve efficacy. The mechanism
of action will be investigated with a major focus on the
potential role of allergen-specific regulatory T-cell. To
be really able to study these cells at the level of specific
epitopes, food allergen specific tetramers will be devel-
oped. Overall, the project aims at developing a novel
strategy to replace avoidance and rescue medications as
the only way to treat food allergy: allergen-specific
immunotherapy with biotech hypoallergens.

Author details
1Department of Experimental Immunology, Academic Medical Center,
Amsterdam, The Netherlands. 2Hospital Clinico San Carlos, Facultad de
Medicina-UCM, IdISSC, Madrid, Spain. 3Allergy Clinic, Copenhagen University
Hospital, Gentofte, Denmark. 4Biomay AG, Vienna, Austria. 5BIAL Aristegui,
Bilbao, Spain. 6Food Research and Development Centre of Agriculture and
Agri-Food Canada, St. Hyacinthe, Quebec, Canada. 7Odense University
Hospital, Odense, Denmark. 8Landspitali University Hospital Reykjavik,
Reykjavik, Iceland. 9Center for Molecular Allergology, Istituto Dermopatico
dell’Immacolata, Rome, Italy. 10Institute of Food Research, Norwich, UK. 11HAL
Allergy BV, Haarlem, The Netherlands. 12Medical University of Lodz, Lodz,
Poland. 13Medical University of Vienna, Vienna, Austria. 14CEA, Institute of
Biology Technologies, Paris, France. 15School of Translational Medicine,
Manchester Academic Health Science Centre, Manchester Interdisciplinary
Biocentre, University of Manchester, Manchester, UK. 16National Kapodistrian
University of Athens, Athens, Greece. 17Department of Otorhinolaryngology,
Academic Medical Center, Amsterdam, The Netherlands. 18Department of
Experimental Immunology, Academic Medical Center, Meibergdreef 9 1105,
AZ, Amsterdam, The Netherlands.

Authors’ contributions
LZ and RvR wrote most of the manuscript, and the FAST steering committee
(MFR, LP, AN and RvR) did most of the work designing the project, all other
authors were involved in the design of the study and have read and
approved the manuscript.

Competing interests
The authors declare that they have no competing interests. This study was
funded by the EU (201871).

Received: 28 December 2011 Accepted: 9 March 2012
Published: 9 March 2012

References
1. Rona RJ, Keil T, Summers C, Gislason D, Zuidmeer L, Sodergren E,

Sigurdardottir ST, Lindner T, Goldhahn K, Dahlstrom J, et al: The prevalence
of food allergy: A meta-analysis. J Allergy Clin Immunol 2007, 120:638-646.

2. Zuidmeer L, Goldhahn K, Rona RJ, Gislason D, Madsen C, Summers C,
Sodergren E, Dahlstrom J, Lindner T, Sigurdardottir ST, et al: The
prevalence of plant food allergies: a systematic review. J Allergy Clin
Immunol 2008, 121:1210-1218.

3. Mills EN, Mackie AR, Burney P, Beyer K, Frewer L, Madsen C, Botjes E,
Crevel RW, van RR: The prevalence, cost and basis of food allergy across
Europe. Allergy 2007, 62:717-722.

Zuidmeer-Jongejan et al. Clinical and Translational Allergy 2012, 2:5
http://www.ctajournal.com/content/2/1/5

Page 7 of 9

http://www.ncbi.nlm.nih.gov/pubmed/17628647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17628647?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18378288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18378288?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17573717?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17573717?dopt=Abstract


4. Ross MP, Ferguson M, Street D, Klontz K, Schroeder T, Luccioli S: Analysis of
food-allergic and anaphylactic events in the National Electronic Injury
Surveillance System. J Allergy Clin Immunol 2008, 121:166-171.

5. Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker SM,
Wilcock LK, Staple SQ, Aalberse RC, Till SJ, Durham SR: Grass pollen
immunotherapy induces mucosal and peripheral IL-10 responses and
blocking IgG activity. J Immunol 2004, 172:3252-3259.

6. Plewako H, Wosinska K, Arvidsson M, Bjorkander J, Hakansson L, Rak S:
Production of interleukin-12 by monocytes and interferon-gamma by
natural killer cells in allergic patients during rush immunotherapy. Ann
Allergy Asthma Immunol 2006, 97:464-468.

7. Senti G, Johansen P, Martinez GJ, Prinz Varicka BM, Kundig TM: Efficacy and
safety of allergen-specific immunotherapy in rhinitis, rhinoconjunctivitis,
and bee/wasp venom allergies. Int Rev Immunol 2005, 24:519-531.

8. Nowak-Wegrzyn A, Sampson HA: Future therapies for food allergies. J
Allergy Clin Immunol 2011, 127:558-573.

9. Pauli G, Malling HJ: The current state of recombinant allergens for
immunotherapy. Curr Opin Allergy Clin Immunol 2010, 10:575-581.

10. Pauli G, Larsen TH, Rak S, Horak F, Pastorello E, Valenta R, Purohit A,
Arvidsson M, Kavina A, Schroeder JW, et al: Efficacy of recombinant birch
pollen vaccine for the treatment of birch-allergic rhinoconjunctivitis. J
Allergy Clin Immunol 2008, 122:951-960.

11. Jutel M, Jaeger L, Suck R, Meyer H, Fiebig H, Cromwell O: Allergen-specific
immunotherapy with recombinant grass pollen allergens. J Allergy Clin
Immunol 2005, 116:608-613.

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

13. Jarvinen KM, Beyer K, Vila L, Bardina L, Mishoe M, Sampson HA: Specificity
of IgE antibodies to sequential epitopes of hen’s egg ovomucoid as a
marker for persistence of egg allergy. Allergy 2007, 62:758-765.

14. Lemon-Mule H, Sampson HA, Sicherer SH, Shreffler WG, Noone S, Nowak-
Wegrzyn A: Immunologic changes in children with egg allergy ingesting
extensively heated egg. J Allergy Clin Immunol 2008, 122:977-983.

15. Nowak-Wegrzyn A, Bloom KA, Sicherer SH, Shreffler WG, Noone S,
Wanich N, Sampson HA: Tolerance to extensively heated milk in children
with cow’s milk allergy. J Allergy Clin Immunol 2008, 122:342-347.

16. Nelson HS, Lahr J, Rule R, Bock A, Leung D: Treatment of anaphylactic
sensitivity to peanuts by immunotherapy with injections of aqueous
peanut extract. J Allergy Clin Immunol 1997, 99:744-751.

17. Oppenheimer JJ, Nelson HS, Bock SA, Christensen F, Leung DY: Treatment
of peanut allergy with rush immunotherapy. J Allergy Clin Immunol 1992,
90:256-262.

18. Mempel M, Rakoski J, Ring J, Ollert M: Severe anaphylaxis to kiwi fruit:
Immunologic changes related to successful sublingual allergen
immunotherapy. J Allergy Clin Immunol 2003, 111:1406-1409.

19. Kerzl R, Simonowa A, Ring J, Ollert M, Mempel M: Life-threatening
anaphylaxis to kiwi fruit: protective sublingual allergen immunotherapy
effect persists even after discontinuation. J Allergy Clin Immunol 2007,
119:507-508.

20. Enrique E, Pineda F, Malek T, Bartra J, Basagana M, Tella R, Castello JV,
Alonso R, de Mateo JA, Cerda-Trias T, et al: Sublingual immunotherapy for
hazelnut food allergy: a randomized, double-blind, placebo-controlled
study with a standardized hazelnut extract. J Allergy Clin Immunol 2005,
116:1073-1079.

21. Enrique E, Malek T, Pineda F, Palacios R, Bartra J, Tella R, Basagana M,
Alonso R, Cistero-Bahima A: Sublingual immunotherapy for hazelnut food
allergy: a follow-up study. Ann Allergy Asthma Immunol 2008, 100:283-284.

22. Kim EH, Bird JA, Kulis M, Laubach S, Pons L, Shreffler W, Steele P, Kamilaris J,
Vickery B, Burks AW: Sublingual immunotherapy for peanut allergy:
clinical and immunologic evidence of desensitization. J Allergy Clin
Immunol 2011, 127:640-646.

23. Fernandez-Rivas M, Garrido FS, Nadal JA, Diaz de Durana MD, Garcia BE,
Gonzalez-Mancebo E, Martin S, Barber D, Rico P, Tabar AI: Randomized
double-blind, placebo-controlled trial of sublingual immunotherapy with
a Pru p 3 quantified peach extract. Allergy 2009, 64:876-883.

24. Garcia BE, Gonzalez-Mancebo E, Barber D, Martin S, Tabar AI, az de
Durana AM, Garrido-Fernandez S, Salcedo G, Rico P, Fernandez-Rivas M:
Sublingual immunotherapy in peach allergy: monitoring molecular
sensitizations and reactivity to apple fruit and Platanus pollen. J Investig
Allergol Clin Immunol 2010, 20:514-520.

25. Bannon GA, Cockrell G, Connaughton C, West CM, Helm R, Stanley JS,
King N, Rabjohn P, Sampson HA, Burks AW: Engineering, characterization
and in vitro efficacy of the major peanut allergens for use in
immunotherapy. Int Arch Allergy Immunol 2001, 124:70-72.

26. Swoboda I, Bugajska-Schretter A, Verdino P, Keller W, Sperr WR, Valent P,
Valenta R, Spitzauer S: Recombinant carp parvalbumin, the major cross-
reactive fish allergen: a tool for diagnosis and therapy of fish allergy. J
Immunol 2002, 168:4576-4584.

27. Swoboda I, Bugajska-Schretter A, Linhart B, Verdino P, Keller W,
Schulmeister U, Sperr WR, Valent P, Peltre G, Quirce S, et al: A recombinant
hypoallergenic parvalbumin mutant for immunotherapy of IgE-mediated
fish allergy. J Immunol 2007, 178:6290-6296.

28. Toda M, Reese G, Gadermaier G, Schulten V, Lauer I, Egger M, Briza P,
Randow S, Wolfheimer S, Kigongo V, et al: Protein unfolding strongly
modulates the allergenicity and immunogenicity of Pru p 3, the major
peach allergen. J Allergy Clin Immunol 2011, 128:1022-1030.

29. Bugajska-Schretter A, Grote M, Vangelista L, Valent P, Sperr WR, Rumpold H,
Pastore A, Reichelt R, Valenta R, Spitzauer S: Purification, biochemical, and
immunological characterisation of a major food allergen: different
immunoglobulin E recognition of the apo- and calcium-bound forms of
carp parvalbumin. Gut 2000, 46:661-669.

30. Fernandez-Rivas M, Gonzalez-Mancebo E, Rodriguez-Perez R, Benito C,
Sanchez-Monge R, Salcedo G, Alonso MD, Rosado A, Tejedor MA, Vila C,
et al: Clinically relevant peach allergy is related to peach lipid transfer
protein, Pru p 3, in the Spanish population. J Allergy Clin Immunol 2003,
112:789-795.

31. Salcedo G, Sanchez-Monge R, Diaz-Perales A, Garcia-Casado G, Barber D:
Plant non-specific lipid transfer proteins as food and pollen allergens.
Clin Exp Allergy 2004, 34:1336-1341.

32. Zuidmeer L, Salentijn E, Rivas MF, Mancebo EG, Asero R, Matos CI,
Pelgrom KT, Gilissen LJ, van Ree R: The role of profilin and lipid transfer
protein in strawberry allergy in the Mediterranean area. Clin Exp Allergy
2006, 36:666-675.

33. Garcia-Casado G, Pacios LF, Diaz-Perales A, Sanchez-Monge R,
Lombardero M, Garcia-Selles FJ, Polo F, Barber D, Salcedo G: Identification
of IgE-binding epitopes of the major peach allergen Pru p 3. J Allergy
Clin Immunol 2003, 112:599-605.

34. Pacios LF, Tordesillas L, Cuesta-Herranz J, Compes E, Sanchez-Monge R,
Palacin A, Salcedo G, az-Perales A: Mimotope mapping as a
complementary strategy to define allergen IgE-epitopes: peach Pru p 3
allergen as a model. Mol Immunol 2008, 45:2269-2276.

35. Bonura A, Amoroso S, Locorotondo G, Di Felice G, Tinghino R, Geraci D,
Colombo P: Hypoallergenic variants of the Parietaria judaica major
allergen Par j 1: a member of the non-specific lipid transfer protein
plant family. Int Arch Allergy Immunol 2001, 126:32-40.

36. Hansen TK, Poulsen LK, Stahl SP, Hefle SL, Hlywka JJ, Taylor SL, Bindslev-
Jensen U, Bindslev-Jensen C: A randomized, double-blinded, placebo-
controlled oral challenge study to evaluate the allergenicity of
commercial, food-grade fish gelatin. Food Chem Toxicol 2004,
42:2037-2044.

37. Sten E, Hansen TK, Stahl SP, Andersen SB, Torp A, Bindslev-Jensen U,
Bindslev-Jensen C, Poulsen LK: Cross-reactivity to eel, eelpout and ocean
pout in codfish-allergic patients. Allergy 2004, 59:1173-1180.

38. Li XM, Serebrisky D, Lee SY, Huang CK, Bardina L, Schofield BH, Stanley JS,
Burks AW, Bannon GA, Sampson HA: A murine model of peanut
anaphylaxis: T- and B-cell responses to a major peanut allergen mimic
human responses. J Allergy Clin Immunol 2000, 106:150-158.

39. Pastorello EA, Monza M, Pravettoni V, Longhi R, Bonara P, Scibilia J,
Primavesi L, Scorza R: Characterization of the T-cell epitopes of the major
peach allergen Pru p 3. Int Arch Allergy Immunol 2010, 153:1-12.

40. Tordesillas L, Cuesta-Herranz J, Gonzalez-Munoz M, Pacios LF, Compes E,
Garcia-Carrasco B, Sanchez-Monge R, Salcedo G, Diaz-Perales A: T-cell
epitopes of the major peach allergen, Pru p 3: Identification and
differential T-cell response of peach-allergic and non-allergic subjects.
Mol Immunol 2009, 46:722-728.

41. Schulten V, Radakovics A, Hartz C, Mari A, Vazquez-Cortes S, Fernandez-
Rivas M, Lauer I, Jahn-Schmid B, Eiwegger T, Scheurer S, et al:
Characterization of the allergic T-cell response to Pru p 3, the
nonspecific lipid transfer protein in peach. J Allergy Clin Immunol 2009,
124:100-107.

Zuidmeer-Jongejan et al. Clinical and Translational Allergy 2012, 2:5
http://www.ctajournal.com/content/2/1/5

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/18206508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18206508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18206508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14978133?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14978133?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14978133?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17069100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17069100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16318993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16318993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16318993?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21277625?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20859201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20859201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19000581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19000581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16159631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16159631?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11729348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11729348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11729348?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17573723?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17573723?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17573723?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18851876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18851876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18620743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9215240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9215240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9215240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1500630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1500630?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12789247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12789247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12789247?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17125821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17125821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17125821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16275379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16275379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16275379?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18429351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18429351?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21281959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21281959?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19183164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19183164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19183164?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21243936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21243936?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11306930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11306930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11306930?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11971005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11971005?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17475857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17475857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17475857?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21571358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21571358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21571358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10764710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10764710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10764710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10764710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14564363?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14564363?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15347364?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16650053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16650053?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13679821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/13679821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18242709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18242709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18242709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11641604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11641604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11641604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15500940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15500940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15500940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15461598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15461598?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10887318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10887318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10887318?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20357479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20357479?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19054565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19054565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19054565?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19356790?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19356790?dopt=Abstract


42. Wang XF, Kerzerho J, Adotevi O, Nuyttens H, Badoual C, Munier G,
Oudard S, Tu S, Tartour E, Maillere B: Comprehensive analysis of HLA-DR-
and HLA-DP4-restricted CD4+ T cell response specific for the tumor-
shared antigen survivin in healthy donors and cancer patients. J
Immunol 2008, 181:431-439.

doi:10.1186/2045-7022-2-5
Cite this article as: Zuidmeer-Jongejan et al.: FAST: towards safe and
effective subcutaneous immunotherapy of persistent life-threatening
food allergies. Clinical and Translational Allergy 2012 2:5.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Zuidmeer-Jongejan et al. Clinical and Translational Allergy 2012, 2:5
http://www.ctajournal.com/content/2/1/5

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/18566409?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18566409?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18566409?dopt=Abstract

	Abstract
	Introduction
	The allergens
	Fish
	Peach

	Clinical studies
	Allergic patients for evaluation of candidate allergen molecules
	Phase I/IIa clinical trials
	Phase IIb clinical trials

	Immunology
	Immunotherapy with hypoallergens in a mouse model
	Changes in immune response during immunotherapy
	T-cell epitopes of parvalbumin and LTP

	Concluding remarks
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


