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Summary
Allergen-specific immunotherapy (SIT) is the only specific and disease-modifying approach
for the treatment of allergy but several disadvantages have limited its broad applicability. We
argue that the majority of the possible disadvantages of SIT such as unwanted effects, poor
efficacy and specificity as well as inconvenient application are related to the poor quality of
natural allergen extracts, which are the active ingredients of all currently available allergy
vaccines. Because of the progress made in the field of molecular allergen characterization,
new allergy vaccines based on recombinant allergens, recombinant hypoallergenic allergen
derivatives and allergen-derived T cell peptides have entered clinical testing and hold
promise to reduce the side-effects and to increase the specificity as well as the efficacy of SIT.
Here, we present a refined immunotherapy concept, which is based on the use of peptides
derived from allergen surfaces that exhibit reduced, allergen-specific IgE as well as T cell
reactivity. These peptides when fused to non-allergenic carriers give rise to allergen-specific
protective IgG responses with T cell help from a non-allergenic carrier molecule. We
summarize the experimental data demonstrating that such peptide vaccines can bypass
allergen-specific IgE as well as T cell activation and may be administered at high doses
without IgE- and T cell-mediated side-effects. Should these peptide vaccines prove
efficacious and safe in clinical trials, it may become possible to develop convenient, safe and
broadly applicable forms of SIT as true alternatives to symptomatic, drug-based allergy
treatment.

Background

Type I allergy, an IgE-mediated hypersensitivity disease,
affects almost 30% of the population in industrialized
countries [1, 2]. During allergic sensitization, which seems to
generally occur shortly after birth, allergen exposure triggers
B cells to produce specific IgE antibodies via Th2-mediated
class-switching in genetically predisposed atopic individuals
[3, 4]. Allergen-specific IgE antibodies bind to Fc epsilon
receptor 1 (FceRI) on basophils or mast cells and after cross-
linking by consecutive allergen contact induce a signalling
cascade that leads to the release of inflammatory mediators,
cytokines and proteases. This process is responsible for the
immediate-type symptoms of allergic diseases and also paves
the way for late-phase inflammatory responses caused by
basophils, eosinophils and T cells [2, 5–7]. Several studies

performed with synthetic allergen-derived peptides and
recombinant hypoallergenic allergen derivatives containing
allergen-derived T cell epitopes without IgE reactivity have
demonstrated that there are also IgE-independent mechan-
isms for the activation of T cells which can contribute to late-
phase and chronic allergic inflammation [8–10].

In allergic patients, allergen contact can induce a variety
of different allergic symptoms, which, as mentioned above,
can be caused by IgE-dependent and/or by IgE-independent
mechanisms. These manifestations include allergic rhinitis,
conjunctivitis, asthma, urticaria, food allergy, atopic derma-
titis and systemic life-threatening anaphylaxis.

Currently, the great majority of allergic patients
are treated by symptomatic medication using drugs
that, for example, prevent the degranulation of mast
cells, neutralize certain mast cell mediators, suppress
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T cell activation, exhibit general anti-inflammatory activ-
ity and/or reverse bronchoconstriction or vasodilatation
[11]. However, symptomatic medication fails to target the
mechanisms underlying allergic disease, often has only
short activity, may exhibit several side-effects and often
needs to be administered in combination with other drugs
to address the various pathways of allergic inflammation.
Yet, the pharmacotherapy of allergy dominates over
causative treatment options because symptomatic medi-
cation is inexpensive, easy to administer, can also be
prescribed by non-specialists and does not require exten-
sive diagnostic skills or special knowledge.

At present, allergen-specific immunotherapy (SIT)
is the only allergen-specific, causative and disease-
modifying treatment of allergy [12–17]. SIT is based on
the repeated administration of the disease-eliciting
allergens with the aim of reducing the sensitivity to
the administered allergens through various immunologi-
cal mechanisms. It has been demonstrated that SIT
modifies the responses of antigen-presenting cells (APCs),
T cells, B cells and effector cells towards allergens.
In the course of injection immunotherapy, allergen-
specific IgG antibodies (i.e. blocking antibodies) are
induced, which compete with IgE for allergen binding
and thereby prevent an allergen-induced activation
of effector cells as well as an IgE-mediated presentation
of allergens to T cells (reviewed in Valenta et al. [17]
and van Neerven et al. [18, 19], Wachholz et al. [20]).
Furthermore, therapy-induced allergen-specific IgG anti-
bodies reduce the boosting of the allergen-specific IgE
responses by allergen exposure, and thus may down-
regulate allergen-specific IgE production [21–23]. SIT is
also associated with the modification of T cell responses,
which may be due to the induction of regulatory T cells,
increases in the ratio of Th1 to Th2 cytokines and/or the
production of cytokines with regulatory activity (IL-10,
TGF-b) [24]. The inhibition of IgE-facilitated allergen
presentation to T cells by SIT-induced blocking antibodies
may also contribute to the down-modulation of both T cell
activation and the release of pro-inflammatory cytokines
[19, 20]. In summary, the advantages of SIT over sympto-
matic pharmacotherapy include the high specificity of
SIT, the objective and proven reduction of allergen-
specific sensitivity in the target organs of allergy (i.e.
nose, eyes, lung, gut, skin), the reduction of IgE and
effector cell responses, the prevention of the progression
of the disease from mild to severe manifestations and the
long-term efficacy of the treatment [13, 15].

Factors limiting the broad application of allergen-specific
immunotherapy

We believe that the majority of disadvantages that limit
the broad applicability of SIT are related to the poor

quality of allergen extracts [25–32]. SIT seems to be less
effective for certain clinical manifestations of allergy such
as asthma, food allergy and atopic dermatitis and for
certain allergen sources such as house dust mites, moulds,
cat, dog and food allergens [12]. In this context, it is well
known that natural allergen extracts from the latter
allergen sources are of particularly low quality.

Until now, allergen extracts represent the active ingre-
dients in all forms of immunotherapy that are currently
approved, such as injection immunotherapy without or
with adjuvants and mucosal forms of SIT such as sub-
lingual immunotherapy (SLIT). Natural allergen extracts
are prepared directly from the raw allergen sources and, if
not modified, contain allergenic material. The injection or
mucosal administration (SLIT) of allergen extracts can
therefore induce a variety of side-effects ranging from
local side-effects to severe systemic side-effects, which in
the worst case may be life-threatening reactions [33–36].
The sublingual forms of treatment show a lower rate of
side-effects than injection immunotherapy. However, SLIT
requires frequent self-administration and significant side-
effects may still occur [37–41].

Because of the allergenic activity of natural allergen
extracts, the dose has to be increased gradually up to a
clinically effective maintenance dose requiring multiple
administrations. Treatment for periods of 2 years or longer
was found to be more effective than the treatment for
shorter periods (e.g. 1 year) [42, 43]. In the case of
sublingual immunotherapy, it is even necessary to admin-
ister the allergen extracts on a daily basis for long periods
[44].

There are many reasons why SIT with allergen extracts
is often not effective. One possibility is that a therapeuti-
cally effective maintenance dose cannot be reached be-
cause of the side-effects. Another possibility is that
important allergens are either not present in the allergen
extracts in sufficient amounts or they exhibit poor im-
munogenicity [21, 31]. Furthermore, it has been reported
that administration of natural allergen extracts can induce
new IgE specificities against allergens present in the
extracts, which were not recognized by the patient before
treatment [45–47].

The administration of natural allergen extracts also
increases initially allergen-specific IgE responses. Often
treatment-induced increases of allergen-specific IgE are
moderate and might be overcome by the induction of high
levels of allergen-specific IgG [21, 48–53]. Treatment-
induced increases of allergen-specific IgE up to the four-
fold baseline levels have been observed in a recent SLIT
study whereas allergen-specific IgG remained very low
[44, 54]. So far, there are almost no studies in which
objective provocation testing (e.g. quantitative skin test-
ing, nasal provocation) was used to investigate whether
the allergen-specific sensitivity changes in patients un-
dergoing sublingual treatment [55–59].
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A further drawback of SIT is that it can only be applied
by highly specialized allergologists who are able to adjust
the treatment to the patients needs and who can handle
the therapy-related side-effects. With the increasing
availability of new component-resolved forms of allergy
diagnosis, correct diagnosis of the disease-causing aller-
gens becomes easier and should facilitate the accurate
prescription of immunotherapy [60–63]. Diagnostic tests
based on the major allergens of the most common allergen
sources are now available, but treatment is still based on
allergen extracts.

Finally, SIT has to compete with symptomatic pharma-
cotherapy, which does not require a detailed identification
of the disease-causing allergens.

Unwanted immunological effects during allergen-specific
immunotherapy

Figure 1 gives a brief overview regarding the immunolo-
gical mechanisms underlying the unwanted effects during
immunotherapy. The most severe and best-known un-
wanted effects during SIT result from the cross-linking of
mast cell and basophil-bound IgE by the administered
allergen (Fig. 1, left, upper image). If the allergen becomes
systemically spread in the body, it can cross-link mast
cells and basophils to release large amounts of biologi-
cally active mediators, which may cause life-threatening
anaphylactic reactions. If the allergen remains bound to
an adjuvant locally, mediator release will be limited to the
injection site and only local side-effects will be observed.
The effects of mast cell and basophil degranulation
typically occur immediately (i.e. o30 min after the aller-
gen administration). Mast cell and basophil products (i.e.
mediators, cytokines) may also exhibit chemotactic activ-
ity and induce the migration of basophils, eosinophils and
T cells to the site of allergen exposure and cause activation
of these inflammatory cells, which can give rise to late-
phase inflammation after several hours [6]. There are at
least two more IgE-dependent mechanisms for unwanted
side-effects during SIT. First, it is possible that the
administered allergens become presented by IgE antibo-
dies via Fce receptors on APCs (Fig. 1, left, lower image),
which will activate allergen-specific T cells to proliferate
and release pro-inflammatory cytokines. Second, admin-
istration of allergens may induce allergen-specific IgE
antibody production either by boosting of already exist-
ing B epsilon cells or by inducing de novo an allergen-
specific IgE response [45–47]. The more the administered
allergen resembles the structure of the natural allergen the
more it will be able to boost already existing IgE responses
and to exhibit sensitizing capacity. Allergens, which have
been modified in their structure by chemical treatment or
recombinant DNA technology to reduce their IgE reactiv-
ity, may give rise to the induction of milder IgE responses
[22]. There is also good evidence that the route of admin-

istration has an impact on the induction of IgE responses
because it was found that mucosal application (e.g. nasal
administration, sublingual administration) induces high
IgE boosts [44, 64]. The induction of allergen-specific IgE
antibodies during SIT is unwanted because it is known
that increased IgE antibody levels up-regulate receptors
for IgE on mast cells, basophils and APCs and prolong
their survival, which consecutively cause increases of
allergen sensitivity in the target organs of allergy [65–68].

It has become increasingly apparent that non-IgE-
mediated side-effects can also occur during SIT. In the
past, when patients received immunotherapy with
allergoids, which represent chemically denatured allergen
extracts with reduced IgE reactivity, side-effects and, in
particular, late-phase side-effects were still observed de-
spite a reduction of IgE reactivity (Table 1) [69, 70]. The
unambiguous demonstration of non-IgE-mediated side-
effects was given, observing patients who had received T
cell epitope-containing peptides without IgE reactivity.
These patients showed late-phase side-effects, which
occurred hours after the injection of the peptides (Table
1) [8, 71]. Late-phase side-effects were also observed when
patients received immunotherapy with recombinant aller-
gen derivatives of the major birch pollen allergen, Bet v 1,
which showed a more than 100-fold reduced IgE reactivity
compared with the natural Bet v 1 allergen [22, 72].
In fact, it could be demonstrated in an atopy patch test
model that the rBet v 1 derivatives indeed induced IgE-
independent but T cell-mediated cutaneous inflammation
[10]. All these findings indicate that certain late-phase
side-effects during SIT are independent from IgE and
result from the activation of allergen-specific T cells by
allergen-derived T cell epitopes (Fig. 1, right lower image).

Past and present attempts for the improvement of
allergen-specific immunotherapy

Already in the 1930s, the first major improvement of SIT
was achieved by the use of adjuvants (e.g. aluminium
hydroxide), which keep the allergens at the injection site,
increase the immunogenicity of the allergy vaccines and
reduce the risk of systemic side-effects [73, 74]. Further-
more, adjuvant-bound allergens induce higher levels of
allergen-specific IgG antibodies than aqueous extracts.
More recently, novel adjuvants (e.g. monophosphoryl
lipid A [21]) have been introduced into the field of SIT,
which may induce stronger humoural and cellular im-
mune responses than the traditional aluminium hydroxide
and may favour Th1 immune responses [75, 76].

In attempts to reduce IgE-mediated side-effects and
thus the potentially life-threatening immediate-type
side-effects of SIT, several research groups started in the
late 1960s to develop procedures for the modification
of allergen extracts. The IgE reactivity of the allergen
extracts was reduced by denaturation using aldehydes
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resulting in allergoids [69, 70, 77, 78], by proteolysis
[79–81] or by conjugation of the extracts to chemical
groups (e.g. using mPEG) [82, 83]. Allergoids representing
denatured allergen extracts with reduced IgE reactivity
but largely retained T cell reactivity are the basis of many
allergy vaccines used today [84].

For many years, considerable efforts have been put
into the development of other routes of administration
besides the traditional subcutaneous application, such
as the sublingual application. These efforts are driven
by the idea of obtaining a more convenient (i.e. non-
injective) form of SIT, which can be self-administered and
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Fig. 1. Mechanisms underlying the side-effects of currently performed immunotherapy (SIT). IgE-mediated unwanted effects (upper panels): allergens
can cross-link effector cell-bound IgE leading to the degranulation and release of mediators causing immediate allergic inflammation (left).
Administration of allergens can induce a de novo IgE response and the boosting of an existing IgE response (right). T cell-mediated side-effects (lower
panels): IgE-dependent (left) or IgE-independent (right) presentation of allergens by antigen-presenting cells (APCs) can activate allergen-specific T cell
responses.
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should also enable to treat patients reluctant to frequent
injections. Numerous immunotherapy trials have been
conducted with allergen extracts, which have been admi-
nistered sublingually in the form of drops or tablets. Even
when given at relevant doses, SLIT seems to be of a lower
clinical efficacy as traditional injection immunotherapy
[55–57]. It requires numerous, often daily applications for
prolonged periods and also exhibits side-effects [37–41].
Furthermore, the immunological mechanisms behind SLIT
are not understood and further elucidation is limited as
long as crude allergen extracts are used, which make a
systematic molecular and cellular analysis difficult, if not
impossible.

In the last two decades, considerable progress has been
made in the field of allergen characterization. The pri-
mary, secondary and tertiary structures of the most
common allergens have been elucidated and research in
the field of molecular allergen characterization has pro-
vided us with recombinant allergens, which can substi-
tute the allergen repertoires of the most common allergen
sources [85]. With the availability of the first allergen
sequences, a new strategy for SIT was developed that was
based on experimental results showing that tolerance
against a complete allergen can be induced using aller-
gen-derived peptides, which are recognized by allergen-
specific T cells [86, 87]. The fundamental idea of using
allergen-derived T cell epitopes was that such peptides
are too small to be recognized by allergen-specific IgE
antibodies, which would eliminate the side-effects due to
IgE recognition. On the other hand, it was expected that
the administration of T cell epitope-derived peptides
would induce immune tolerance against the allergen. In

the beginning of the 1990s, clinical trials evaluating the
concept of SIT with allergen-derived peptides targeting T
cells for treating cat allergy were initiated [88–91]. Since
then, the application of allergen-derived peptides con-
taining T cell epitopes has been tested in several clinical
studies and indeed no immediate type symptoms were
elicited. However, treatment with peptides of the major
cat allergen, Fel d 1, was still associated with adverse
events, primarily the late-onset symptoms of rhinitis,
asthma and pruritus [88–91]. The incidence of late ad-
verse events was related to both peptide dose and the
severity of disease [9, 92, 93]. It could be demonstrated
that side-effects occurring during SIT with ‘T cell pep-
tides’ (i.e. allergen-derived peptides recognized by T cells)
are non-IgE-mediated and result from the MHC-depen-
dent activation of allergen-specific T cells [8, 9]. This
activation seemed to precede the induction of T cell
tolerance and currently doses and application modes are
investigated, which should reduce the side-effects in
favour of tolerance induction. Clinical trials are also
ongoing to further investigate the extent to which ther-
apy with T cell peptides has beneficial effects on IgE-
mediated immediate allergic symptoms (reviewed in
Larche [24]).

A similar T cell epitope-based approach was investi-
gated for the treatment of bee venom allergy. After
immunotherapy with short (11–18 amino acids) and long
synthetic peptides (45–60 amino acids) of the major bee
venom allergen, Api m 1, patients reported no or only
mild adverse reactions [94, 95]. In the study described by
Mueller et al. [95] performed with a mixture of three short
peptides, subcutaneous allergen challenge was tolerated

Table 1. Strategies for improvement of protein- and peptide-based immunotherapy

Strategies IgE reactivity T cell reactivity

Induction of
protective
antibodies

Possible side-effects

ReferencesIgE-mediated T cell-mediated

Approaches retaining IgE and
T cell reactivity based on defined
molecules

Recombinant allergens 1 1 1 1 1 [53, 106, 107]
Hybrid molecules 1 1 1 1 1 [108–113]

Approaches reducing IgE and
retaining T cell reactivity

Chemically modified allergens Reduced 1 1 Reduced 1 [70, 81, 83, 84]
Recombinant allergen
derivatives (mutants, fragments,
oligomers, mosaics)

Reduced 1 1 Reduced 1 Reviewed in
[102, 104–106]

Conjugated allergens (CpG) Reduced 1 1 Reduced 1 [23, 99–101]
T cell epitope-containing peptides – 1 – – 1 [8, 9, 86–95]

Approaches reducing IgE and T cell
reactivity

Peptides derived from surface-
exposed regions of allergens

– – 1 – – [116, 117, 120]
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without systemic allergic symptoms but the number of
patients was very limited.

With the availability of allergen cDNAs, vaccination
with allergen-encoding DNA has been proposed as an-
other innovative strategy. Injection of plasmids that carry
an allergen gene should result in the expression of the
corresponding protein in the host cells and the induction
of an allergen-specific Th1 cell response, which should
prevent from allergen sensitization and protect against
established allergy [96, 97]. However, the approach of
DNA, vaccination was not further pursued in clinical trials
after the finding that this treatment may lead to the
uncontrolled release of allergens in treated animals [98].

With the aim of reducing the allergenicity and enhancing
the immunogenicity of allergen vaccines, the approach of
conjugating allergens to immunostimulatory sequences,
either DNA oligonucleotides containing CpG motifs [99] or
genes encoding bacterial cell surface proteins, has also been
proposed for SIT [100]. Fusion proteins obtained by this
approach showed reduced allergenic activity and an in-
crease in allergen-specific Th1 cell responses [99, 100].
Immunotherapy with a conjugate of the major ragweed
pollen allergen, Amb a 1, and an immunostimulatory
oligonucleotide resulted in a decrease in chest symptoms
and a reduction in nasal symptoms [101].

Another approach that has been successfully applied
for the reduction of IgE reactivity of numerous important
allergens is based on recombinant technologies and
results in the so called ‘recombinant hypoallergenic
allergen derivatives’. With the aim of reducing the IgE-
binding capacity, recombinant allergens have been mod-
ified by the introduction of point mutations, by deletion
of parts of their sequences, by fragmentation, oligomer-
ization, by chemical modification of the recombinant
protein and by fusion of allergen variants (reviewed in
Valenta [16], Linhart and Valenta [102]). Such hypoaller-
genic derivatives are characterized by reduced IgE reac-
tivity and allergenic activity, but they retain
immunogenicity and T cell reactivity of the wild-type
allergens. In fact, the first immunotherapy study, which
has been performed in patients with recombinant aller-
gens, was based on hypoallergenic derivatives of the
major birch pollen allergen Bet v 1 (two recombinant
fragments and a recombinant trimer) [22, 72]. Actively
but not placebo-treated patients developed robust IgG
antibody responses against natural Bet v 1 and Bet v 1-
related pollen and food allergens, which inhibited aller-
gen-induced basophil degranulation and were associated
with an increased ability of the patients to tolerate the
allergen in controlled allergen provocation tests [22,
103]. In a further study conducted with a folding variant
of rBet v 1, reductions in symptom medication scores
were observed [104, 105].

Additional successful immunotherapy studies using
recombinant allergens, allergen derivatives, have been

performed recently (reviewed in Linhart and Valenta
[102], Valenta and Niederberger [106]).

It is assumed that vaccines containing defined amounts
of the clinically relevant allergens in the form of recom-
binant allergens should be at least equally effective as an
allergen extract containing the same components. Several
studies have supported this concept. Recently, a clinical
study has compared the recombinant major allergen of
birch, rBet v 1, with a birch pollen extract containing
the same amount of purified natural Bet v 1 [53]. The rBet
v 1-based vaccine showed even additional advantages
over the birch pollen extract because vaccination with
rBet v 1 induced higher levels of Bet v 1-specific IgG, a
greater reduction of skin sensitivity and no de novo
sensitizations to other allergens were found when com-
pared with the group of patients having received birch
pollen extract.

Grass pollen-allergic patients have also been success-
fully treated with a mix of recombinant grass pollen
allergens [107]. For allergen sources such as grass pollen,
which contain several clinically relevant allergens, hybrid
molecules consisting of the individual allergens have been
developed [108]. These hybrid molecules offer the advan-
tage that they contain the clinically relevant allergens of
the allergen source in the form of one molecule and also
offer as an additional advantage of an increase of the
immunogenicity (i.e. high induction of protective IgG
antibodies) of low immunogenic allergens through
their fusion with other allergens [108–112]. Using this
technology, the IgG responses against weakly immuno-
genic grass pollen allergens such as Phl p 2 and Phl p 6
could be strongly increased when the animals were
immunized. A hybrid molecule containing the major grass
pollen allergens was found to be equivalent to allergen
extracts when used for skin prick testing of allergic
patients [113].

The use of recombinant allergen mixes or hybrid
molecules consisting of several recombinant allergens
(Table 1) will address problems of poor efficacy and poor
specificity of the current traditional allergen extract-
based vaccines. Vaccines based on wild-type recombinant
allergens or hybrids contain the allergen-specific IgE
epitopes and T cell epitopes and hence can be used for
tolerance induction strategies as well as for active vacci-
nation with the goal to induce protective allergen-specific
IgG antibodies. However, such vaccines will in principle
still be able to induce IgE- as well as T cell-mediated side-
effects, such as the degranulation of mast cells, the
boosting of allergen-specific IgE responses and the induc-
tion of T cell activation (Fig. 1). These potential problems
will need to be carefully investigated in clinical studies for
the individual vaccines and dose-finding studies will be
needed to determine the most convenient and safe doses
and application regimens for such recombinant allergen-
based vaccines.
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Utilization of the hapten–carrier concept for the design of
allergy vaccines with reduced or no immunoglobulin E- and
T cell-reactivity: towards side-effect-free allergen-
specific immunotherapy

Based on the work of the Nobel laureate B. Benacerraf
[114, 115], a robust antibody response can be obtained
against a haptenic structure lacking T cell epitopes, if this
structure is covalently bound to an unrelated carrier
molecule, which contains T cell epitopes. In a series of
elegant experiments, Benacerraf and co-workers have
shown that IgG antibody responses can be induced against
haptenic structures when the hapten was conjugated to a
carrier molecule, which provided the T cell epitopes
supporting the antibody production against the hapten.

The hapten–carrier principle can be used for the design
of allergy vaccines lacking IgE and allergen-specific T cell
reactivity. For this purpose, peptides (between 20 and 40
amino acids) derived from the surface and thus from or
close to the IgE-binding sites of the allergen need to be
selected, which per se show no or only minimal IgE
reactivity. The second selection criterion for these peptides
is that they should contain no or minimal allergen-
derived T cell epitopes (Table 1; Fig. 2). Requirements for
the selection of suitable allergen-derived peptides are the
knowledge about the primary sequence of the allergen,
information regarding the IgE-binding sites on the aller-
gen and/or data regarding the three-dimensional allergen
structure and finally information regarding the T cell
epitopes recognized by allergic patients. Because of the
progress made in the field of allergen characterization, the
data required for the design of peptide vaccines are
available for the most common and relevant allergens
today. The selection is based on the information obtained
from IgE-epitope mapping data, the three-dimensional
allergen structure and/or based on computer programs
allowing the predicting of surface-exposed allergen areas.

We have exemplified the construction and character-
ization of peptide vaccines for two major allergens, i.e. for
the major timothy grass pollen allergen Phl p 1 and for the
major birch pollen allergen, Bet v 1 [116, 117]. It seems to
be sufficient to define one to three allergen-derived
peptides per allergen, which represent o40% of the
complete allergen sequence. Meanwhile, we have applied
the principle to the major grass pollen allergens, Phl p 5,
Phl p 2, Phl p 6, the major cat allergen, Fel d 1, the major
olive pollen allergen, Ole e 1 and for the major mould
allergen, Alt a 1.

Figure 2 gives an overview of the design and an
evaluation of the peptide vaccines. For evaluation
whether the peptides are suitable vaccine candidates, the
allergen-derived peptides are tested for IgE reactivity,
allergenic activity and T cell reactivity, using standard
assays (i.e. IgE reactivity by serology, allergenic activity
using basophil activation assays or skin testing and T cell

reactivity by proliferation assays, cytokine measurements
in supernatants from peripheral blood mononuclear cells
and atopy patch testing). Peptides with low or no aller-
genic activity and with low or no activation of allergen-
specific T cell responses are considered to be suitable
vaccine candidates.

As part of the peptide vaccine evaluation, peptides are
coupled to well-established carrier molecules, which have
already been used for vaccination in humans, such as KLH
(keyhole limpet haemocyanin), a protein from the giant
sea mollusc Megathura crenulata [118, 119]. The peptide
conjugates are then used to immunize animals (e.g. mice,
rabbits) in order to investigate, if they induce IgG re-
sponses against the corresponding allergen and if the IgG
antibodies can block the binding of allergic patients IgE to
the allergen as well as inhibit allergen-induced basophil
activation. Furthermore, the extent to which the peptide
conjugate induces IgE responses against the complete
allergen needs to be established in order to estimate its
allergenicity and compare it with the allergenicity of the
wild-type allergen with the goal to select the conjugates
with the lowest possible allergenicity [116, 117].

Upon immunization, carrier-conjugated peptides may
bind to membrane immunoglobulin molecules on B lym-
phocytes and become internalized and processed in
endosomal vesicles. B cells then present carrier-derived
peptides in association with MHC II molecules to carrier-
specific T cells. This results in a carrier-specific T cell-
response and in the induction of anti-peptide IgG
antibodies (Fig. 2). It has been shown that peptide vacci-
nation can induce for certain allergens even higher titres
of allergen-specific IgG responses, which block IgE-bind-
ing better than those IgG antibodies induced by vaccina-
tion with the natural allergen [116]. However, generally
the titres of anti-allergen IgG may be lower than those
that can be obtained with the complete natural allergen or
with hypoallergenic derivatives. This small disadvantage
should be overcome by the possibility of injecting higher
doses and the advantage of having no risk of side-effects
[116, 117].

Our results indicate that peptides with the characteris-
tics summarized above can be defined for the most
common allergens. We are currently focusing on the
selection of suitable carrier molecules, which can be used
for vaccination in humans and offer advantages over KLH.
As vaccination against viral pathogens is an important
issue, we are currently testing several viral proteins for
their suitability as carrier molecules for the design of
combination vaccines against allergy and viral infections.
In order to avoid the laborious and difficult-to-standar-
dize process of chemical coupling of synthetic peptides to
carrier molecules during the production of the vaccine, we
have designed expression plasmids that allow fusion of
cDNAs coding for one or more allergen-derived peptides
to the cDNA coding for the carrier molecule in order that
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recombinant fusion proteins can be easily expressed and
purified [120]. The fusion of more than one allergen-
derived peptide to the carrier molecule may increase the
immunogenicity of the vaccine.

First results indicate that viral capsid proteins are
especially suited for this purpose because they also exhibit
an immuno-modulatory activity towards a Th1 response
and have been shown to increase the immunogenicity of
the conjugated peptide [120]. In a similar approach,
vaccination of healthy adults with a peptide antigen
covalently coupled to highly repetitive virus-like bacter-

iophage particles induced high IgG antibody titres against
the allergen [121].

Outlook, visions and possible advantages of the peptide
vaccines

The possible advantages of peptide allergy vaccines are
summarized in Textbox 1. The peptide vaccines can be
designed for each allergen by selecting appropriate pep-
tides and fusing them to a non-allergenic but immuno-
genic carrier molecule. The peptide vaccines are therefore

Peptides based on
surface-exposed regions

without IgE reactivity
and reduced T cell reactivity

CarrierAllergen

Allergen peptides
coupled to carrier

Vaccination with carrier-bound allergen peptides

IgE

Mast cell

FcεRI

No allergen-specific T cell-
mediated late phase reactions

TCR

Carrier-bound
allergen peptides

APC

Carrier-bound
allergen peptides

Carrier-bound
allergen peptides

Allergen-specific and 
carrier-specific IgGs Carrier-specific T cell help

Anti-peptide IgGs

Bγ cells TH
TCR

IgE

Allergen

TH1 TH2

MHC II

Carrier-specific
T cell epitopes

No cross-link of IgE antibodies

Carrier-specific
T cell epitopes

T cell epitope
Part of IgE epitope

Fig. 2. Immunological effects of immunotherapy performed with carrier-coupled, allergen-derived peptides. Peptides from the allergen surface derived
from or close to IgE binding sites (red) are selected in order to bypass allergen-specific T cell epitopes (green). These peptides are then covalently bound
to allergen-unrelated carrier molecules by chemical coupling or expression as recombinant fusion proteins. Such peptide vaccines will not cross-link
effector cell-bound IgE antibodies and therefore should not induce immediate allergic inflammation. Allergen-derived peptides are selected to have no
or minimal T cell reactivity and hence should not induce T cell-dependent side-effects. The peptide vaccine induces peptide-specific and hence allergen-
specific IgG antibodies receiving T cell help from carrier-derived T cell epitopes. Carrier-bound peptides are tested in experimental animal models to
select those peptide vaccines that induce high-titre, high-affinity allergen-specific IgG responses, which strongly block allergic patients’ IgE binding to
the allergen.
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highly specific for a given allergen. Sensitization to
another unrelated allergen is therefore impossible. As the
peptide vaccines contain little or no allergen-derived T
cell epitopes and lack IgE reactivity, it is expected that
these vaccines do not induce any side-effects, i.e. neither
IgE- nor T cell-mediated inflammation. The peptide vac-
cines contain unfolded allergen-derived peptides, which
represent only a relatively small percentage of the aller-
gen-derived sequences and lack most T cell epitopes. It is,
therefore, expected that these vaccines will not boost the
allergen-specific IgE responses, an assumption, which is
supported by data from animal immunization experi-
ments [117]. Immunotherapy trials are now needed to
deliver the proof of concept in patients, to demonstrate
whether the by-passing of allergen-derived T cell epitopes
is not a disadvantage, to study clinical efficacy and to
confirm the lack of any side-effects. It is envisioned that
the immunization protocol will comprise three to four
high dose administrations per year, which can be given for
long periods without any side-effects.

According to our results, it appears that the peptide
technology can be applied for all common allergens for
which the sequences are available. It should thus be
possible to design peptide vaccines for the most important
and common allergen sources such as mites, pollen,
animals, moulds and even food allergens so that vaccina-
tion can be performed for respiratory and food allergens
as well as for seasonal and perennial allergens. The lack of
any side-effects should also allow that the procedure of
vaccination can be performed safely on the basis of a solid
diagnosis and prescription. We thus hope that the
peptide vaccines will heavily expand SIT and eventually
also break the ground towards prophylactic allergy
vaccination.
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