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a  b  s  t  r  a  c  t

Hundred  years  ago  therapeutic  vaccination  with  allergen-containing  extracts  has  been  introduced  as
a clinically  effective,  disease-modifying,  allergen-specific  and  long-lasting  form  of  therapy  for  allergy,
a  hypersensitivity  disease  affecting  more  than  25%  of  the  population.  Today,  the structures  of most  of
the disease-causing  allergens  have been  elucidated  and  recombinant  hypoallergenic  allergen  derivatives
with  reduced  allergenic  activity  have  been  engineered  to  reduce  side  effects  during  allergen-specific
eywords:
llergy
llergen
llergy vaccination
llergy vaccines

immunotherapy  (SIT).  These  recombinant  hypoallergens  have  been  characterized  in vitro,  in experimental
animal  models  and  in clinical  trials  in allergic  patients.  This  review  provides  a summary  of  the  molecular,
immunological  and  preclinical  evaluation  criteria  applied  for  this  new  generation  of  allergy  vaccines.
Furthermore,  we  summarize  the  mechanisms  underlying  SIT  with  recombinant  hypoallergens  which  are
thought  to be  responsible  for their  therapeutic  effect.
ypoallergens

. Introduction

More than 25% of the population suffer from IgE-mediated
llergy, a hypersensitivity disease affecting multiple organs [1,2].
he symptoms of allergy include mild manifestations such as aller-
ic rhinitis, conjunctivitis but also more severe forms such as
ermatitis, food allergy, asthma and life-threatening anaphylaxis
2]. Hundred years ago, in 1911, the first immunotherapy trial
as published by Noon [3],  who had successfully treated grass
ollen allergic patients by injecting grass pollen extracts subcuta-
eously and found a reduction of allergic symptoms in the treated
atients. In 1935 Cooke and co-workers [4] identified a protective
llergen-specific factor in the serum of patients who  had undergone
pecific immunotherapy (SIT), meanwhile known as “blocking”
gG antibodies which inhibit the binding of IgE antibodies to
llergens.

Since then, specific immunotherapy has been shown to be the
nly disease-modifying and antigen-specific treatment of allergy,
nd its efficacy and long lasting effect was demonstrated in numer-
us clinical trials [5–7]. However, the use of crude allergen extracts
s active components of allergy vaccines limits the broad applica-
Please cite this article in press as: Linhart B, Valenta R. Mechanisms unde
derivatives. Vaccine (2011), doi:10.1016/j.vaccine.2011.11.011

ion of SIT. Allergen extracts are prepared from natural allergen
ources and the amount of allergen molecules in the vaccine
epends on many factors, like the quality of the starting material,
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the extraction method and the stability of the proteins. Therefore
natural allergen extracts often show great variations of allergen
contents, lack important allergens and may  be contaminated with
allergens from other sources or other unwanted substances [8–12].

Since the late nineteen-eighties efforts were made to isolate
the allergen-encoding DNAs from different allergen sources. Con-
sequently, most of the clinically relevant allergens have been
produced as pure recombinant allergen molecules which were
shown to mimic  the epitope spectrum of natural allergen extracts
[13–15]. Allergy vaccines based on recombinant allergens were
successfully tested in several clinical trials and lead to promising
results in the treated patients and may  soon give rise to first reg-
istered allergy vaccines which fulfil the stringent criteria required
for vaccines [16–18].  However, recombinant “wildtype” allergens
which possess a similar allergenic activity as the natural allergens
can elicit IgE-mediated side effects which are a major problem of
allergen-specific immunotherapy [19].

Early attempts to reduce systemic anaphylactic reactions in the
course of treatment were made already in 1940, when adjuvanted
allergen preparations came into use [20]. In 1970, David Marsh
[21] proposed a method for the chemical modification of allergen
extracts by aldehyde treatment, which lead to a reduced allergenic
activity but maintained the immunogenicity. Due to the destruc-
tion of IgE epitopes such allergoids can be applied to patients
rlying allergy vaccination with recombinant hypoallergenic allergen

at higher concentrations but the characterization of allergoids is
extremely difficult because aldehyde treatment leads to the forma-
tion of polymers and standardization with IgE-based assays is not
possible.
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Recombinant DNA technology has not only advanced the field of
llergen characterization but also allowed the rational design and
roduction of well-defined recombinant hypoallergenic allergen
erivatives [13], which were even the first recombinant proteins
o be tested for SIT in a clinical trial in allergic patients ten years
go [22].

. Definition and construction of recombinant
ypoallergens

Since the isolation of the first allergen-encoding cDNAs in the
ate nineteen-eighties a lot of information about the primary and
hree-dimensional structures, IgE and T cell epitopes of clinically
elevant allergens has been collected [23]. Based on this knowledge
pproaches for the preparation of allergen derivatives with low or
o IgE reactivity were tested with a view of targeting selectively
he immune system [24]. Synthetic peptides containing allergen-
pecific T cell epitopes derived from the major cat allergen Fel d 1
ere tested in first immunotherapy trials [25]. These peptides were

hought to target allergen-specific T cells, as they were too small
o induce IgE-mediated allergic reactions or a relevant allergen-
pecific IgG response. Interestingly, clinical trials using T cell
eptides demonstrated then the induction of an IgE-independent
llergic inflammation in the treated patients which indicated that
hese peptides despite their ability to induce tolerance in vitro can
timulate allergen-specific T cells in vivo [26,27]. The first genet-
cally engineered recombinant allergen derivatives which were
ested in clinical trials were constructed from the major birch pollen
llergen Bet v 1 and represented two allergen-derived fragments
nd a recombinant Bet v 1 trimer [28,29]. The basic idea behind the
onstruction of recombinant hypoallergenic allergen derivatives
as to engineer a recombinant allergen derivative which exhibits

educed IgE-reactivity (i.e. the ability to bind allergen-specific IgE
ntibodies) and allergenic activity (i.e., the ability to induce IgE-
ediated mast cells or basophil degranulation). The aim was  to

educe IgE-mediated side-effects in the course of immunotherapy.
espite the fact that most of the hypoallergens lost their native con-

ormation, it has been found that they induce upon immunization
llergen-specific IgG antibody responses, which interfere with the
gE recognition of wildtype allergens [30]. Most of the recombinant
ypoallergens are made in a form to preserve most allergen-specific

 cell epitopes and they generally seem to induce less allergen-
pecific IgE antibodies than the corresponding wild type allergens
pon immunization (i.e., reduced allergenicity which refers to the
bility to induce an allergen-specific IgE antibody response upon
llergen contact) [30,31].  Table 1 provides a summary of the types
f recombinant allergen derivatives which have been made.

The reduction of IgE reactivity can be obtained either by muta-
ion of the amino acid residues involved in IgE-binding, or by the
isruption of the three-dimensional structure of the allergen [23].
he latter approach is based on the finding that the IgE antibody
esponse to respiratory allergens is mainly directed to conforma-
Please cite this article in press as: Linhart B, Valenta R. Mechanisms unde
derivatives. Vaccine (2011), doi:10.1016/j.vaccine.2011.11.011

ional epitopes, probably because during allergic sensitization the
mmune system recognizes these allergens as intact proteins when
hey are taken up via the respiratory mucosa [32]. Several stud-
es have demonstrated that the intact conformation of allergens

able 1
ypes of recombinant hypoallergenic allergen derivatives.

References
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Oligomers [29]
Mosaic molecules/hybrids [31,36–42,59]
Mutants [47–63]
Denatured proteins [65–68]
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is crucial for IgE binding and that the disruption of the three-
dimensional fold leads to a reduction or loss of the IgE binding
capacity [32]. The production of allergen-derived fragments lacking
IgE-reactivity as described for the major birch pollen allergen Bet
v 1 [28] can in principle by applied to other allergens [33–35],  but
may  be limited by the lower immunogenicity of these fragments,
resulting in a low allergen-specific IgG response. Therefore this
strategy was  further developed towards the construction of mosaic
molecules, consisting of re-assembled allergen-derived fragments
within one molecule [31,36–39].  These mosaics retained the lack
of IgE-binding activity of their components due to the loss of
their three-dimensional structure but were able to induce robust
allergen-specific IgG antibody responses. The fusion of a hypoal-
lergenic mosaic molecule and an allergen fragment, derived from
different major grass pollen allergens, respectively, was  shown to
increase the immunogenicity of the included molecules [40]. The
concept of producing hybrid molecules consisting of hypoallergenic
allergen-derived fragments is especially attractive for the construc-
tion of hypoallergenic vaccines for complex allergen sources, like
grass pollen and house dust mite, which contain several major
allergens because it allows to increase the immunogenicity of the
vaccine and at the same time to reduce the number of molecules
which need to be included in the vaccine ([40–42], reviewed in
[43]).

Interestingly it was found, that oligomerization of allergens may
yield hypoallergenic oligomers for certain allergens by a mecha-
nism of altered IgE epitope presentation [44]. The fusion of three
full-length copies of an allergen-encoding gene was shown for the
major birch pollen allergen Bet v 1 and resulted in a Bet v 1 trimer
[29]. The trimer turned out to be a highly immunogenic protein
in allergic patients but showed a strongly reduced allergenic activ-
ity [22,45,46].  When the hypoallergenic nature of the molecule was
further analyzed it was  found to form high molecular weight aggre-
gates leading to altered presentation of IgE epitopes to effector
cell-bound IgE which was proposed as a mechanism responsible
for the hypoallergenicity [44].

Several hypoallergens were obtained by insertion of mutations
in the wildtype sequence [47–63]. Hypoallergens derived from the
major grass pollen allergen Phl p 5 and Phl p 6 were generated
by introducing deletions in order to disrupt the protein structure
[60,63]. Amino acid exchanges represent a widely used method
for the generation of hypoallergens, whereby different strategies
have been applied. The mutation of cysteins which are involved in
the formation of disulfide bonds stabilizing the protein structure
has been shown to disrupt the allergen conformation and IgE epi-
topes and abolish IgE recognition. Allergens belonging to the family
of Ca-binding proteins nicely illustrate the relation between IgE-
binding and allergen structure. As their conformation depends on
the presence of protein-bound calcium, it was  shown that depletion
of calcium from these allergens lead to the loss of IgE reactivity [64].
The same effect was  observed when mutating the calcium-binding
domains, as shown for the cross-reactive grass pollen allergen Phl
p 7 and the major fish allergen Cyp c 1 [55,58].

The strategies described above allow the production of well-
defined molecules (regarding their biochemical and immunological
characteristics as well as the production process) in a stable and
reproducible way, which cannot be achieved by chemical modifica-
tions of the corresponding recombinant wildtype allergen [65,66].

Beside the loss of conformation and therefore IgE reactiv-
ity, amino acids, which are directly involved in the allergen–IgE
interaction, were targeted by site-directed mutagenesis [67,68].
However, IgE epitopes are difficult to identify, as IgE directed to
rlying allergy vaccination with recombinant hypoallergenic allergen

a conformational epitope normally does not bind to linear peptides
[69]. Therefore more elaborated methods for IgE epitope mapping
studies have to be applied, like the co-crystallization of allergen-
IgE complexes or competition experiments using antibody probes

dx.doi.org/10.1016/j.vaccine.2011.11.011
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Table  2
Methods for the preclinical evaluation of hypoallergens.

in vitro in vivo

IgE reactivity Immunoblot, ELISA,
quantitative IgE assays,
solid-phase competition
assays

T  cell reactivity Proliferation of PBMC, T
cell lines, clones, cytokine
secretion

Atopy patch test

Allergenic activity Histamine release, basophil
activation

Skin testing, nasal
provocation

Immunogenicity Allergen-specific IgG
measurement by ELISA and
quantitative measurement

Immunization of
animals

Allergenicity Allergen-specific IgE
measurement by ELISA,

Immunization of
animals
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Table 3
Characteristics of hypoallergenic derivatives.

Reduced IgE-reactivity
Reduced allergenic activity
Preservation of allergen-specific T cell epitopes

immunotherapy [78]. Initially, investigators were therefore keen
RBL-assay

ith defined specificity to block IgE binding [70,71].  Mutational
nalysis introducing single amino acid exchanges might not be suf-
cient to distinguish amino acids involved in IgE binding from those

nvolved in stabilizing the three dimensional fold. Furthermore, it
s a moot point whether this approach ensures the disruption of all
gE epitopes recognized by polyclonal IgE antibodies from allergic
atients.

. Preclinical characterization of recombinant
ypoallergens

Hypoallergens derived from many of the clinically relevant
llergens have been produced, and a number of in vitro and in vivo
ethods for the preclinical evaluation of these molecules were

stablished, which are summarized in Table 2.
While recombinant allergens should mimic  their natural coun-

erparts, and therefore have to be produced in suitable expression
ystems, recombinant hypoallergens are normally well expressed
n Escherichia coli, with the aim to yield high amounts of the
ecombinant proteins, which often accumulate unfolded in inclu-
ion bodies [28]. The development of reproducible expression and
urification protocols resulting in pure, stable proteins soluble
nder physiological conditions is a prerequisite for the further
valuation of the candidate molecules, and it is likely that cer-
ain candidate molecules are already excluded at that stage, e.g.
ecause of low yield. SDS-PAGE, immunoblotting with specific
ntibody probes, mass spectrometry and size exclusion chromatog-
aphy have been established for the estimation of the purity, size
nd integrity of the recombinant hypoallergens, whereby the lat-
er also provides information about the aggregation behaviour
28,29,31,44]. As the binding of IgE antibodies depends on the intact
old of the allergen, the comparison of the secondary structure of
ypoallergens and the corresponding natural allergens is of inter-
st. Circular dicroism (CD) measurement allows the determination
f the secondary structure content of the proteins. CD analysis of
ypoallergens has confirmed that their secondary structure often
iffers from that of the wildtype allergen, often containing an

ncreased amount of random coil conformation typical for unfolded
roteins [28,72].  As these structural features remain constant the
ethod represents an important tool to ensure consistency among

ifferent batches in the production process. The above mentioned
hysicochemical methods should be considered as tools for the
haracterization of the recombinant hypoallergen and the repro-
ucibility of the production method. However, whether a particular
Please cite this article in press as: Linhart B, Valenta R. Mechanisms unde
derivatives. Vaccine (2011), doi:10.1016/j.vaccine.2011.11.011

ypoallergen qualifies as vaccine should not be determined by the
hysicochemical properties but by the immunological features of
he protein.
Reduced allergenicity
Induction of allergen-specific blocking IgG antibodies

We  therefore would like to discuss immunological features of
hypoallergens which make them desirable vaccine candidates and
modes for their evaluation (Table 3). Several in vitro methods for
the measurement of IgE reactivity of hypoallergens compared to
wildtype allergens have been established, and in principle two
test conditions have been proposed, either solid phase immunoas-
says, where the hypoallergens are bound to a membrane, ELISA
plate or on other solid matrix and exposed to serum IgE from
allergic patients, or liquid-phase assays, measuring the reduction
of IgE binding to membrane bound wildtype allergens after pre-
incubation of sera with the hypoallergens [28,29,33,63].  However,
care must be taken when the reduction of IgE reactivity is taken as
a parameter because we  know that IgE reactivity does not always
reflect allergenic activity [29,44,73].

The allergenic activity of hypoallergens refers to their ability to
cross-link receptor-bound IgE on the surface of basophils and mast
cells leading to the release of inflammatory mediators. The classi-
cal in vitro surrogate test for measuring this reaction has been the
histamine release assay, a method which has been established even
before the characterization of IgE antibodies [74]. Recently an assay
measuring by means of flow cytometry the surface expression of
the activation marker CD203c on human blood basophils, which
is up-regulated upon allergen-induced IgE cross-linking has been
developed, and is meanwhile well accepted as a fast and sensitive
method for the estimation of the allergenic activity of allergens
and allergen derivatives [75]. The reduction of allergenic activity
of a given hypoallergen should be evaluated in a representative
population of allergic patients and it should be aimed at a consis-
tently at least ten-fold reduction of allergenic activity compared
to the wildtype molecules. Care should be taken because the sen-
sitivity of patients may  vary. For example, pollen allergic patients
show a strongly increased sensitivity after the pollen season. Those
hypoallergens which are considered suitable candidates for vaccine
formulation often exhibit an even 100-fold or higher reduction of
allergenic activity [76].

After in vitro evaluation of the allergenic activity and having
performed the assessment of T cell reactivity and immunogenicity
as well as testing for allergenicity in experimental animal mod-
els, safety studies should be performed in allergic patients which
test the reduced allergenic activity in vivo. In fact, both skin test-
ing and nasal provocations reflect the clinical symptoms of allergic
patients in response to allergens well and therefore represent
important tools to estimate the allergenic activity of hyperaller-
gens [45,77].  Skin tests are easy to perform and allow the titration
of sensitivity. Indeed extensive skin test studies preceded the first
clinical immunotherapy trial with hypoallergenic Bet v 1 derived
fragments and trimer. Both skin prick and intradermal tests in
birch pollen allergic patients demonstrated the reduced capacity of
these molecules to induce immediate type skin reactions leading
to similar results. In addition the end-point titration represents an
important method for estimating the allergenic activity of hypoal-
lergens [46,76].

The tolerization of allergen-specific T cells in allergic patients
has been proposed as one of the mechanisms underlying specific
rlying allergy vaccination with recombinant hypoallergenic allergen

to detect putative tolerogenic allergen-specific T cell epitopes and
to assess their maintenance in the hypoallergens [30,79,80].  These
were therefore initially evaluated regarding their ability to induce

dx.doi.org/10.1016/j.vaccine.2011.11.011
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roliferation of allergen-specific T lymphocytes in vitro [29,30].
BMC from allergic blood donors, but also allergen-specific human

 cell lines and clones have been shown to proliferate in response
o hypoallergens comparable to the corresponding wildtype aller-
ens, although different cytokine patterns could be observed in
ome cases [29,30,63,65]. PBMC seem to be more appropriate for
hese kinds of tests, as only a few allergens contain only one pre-
ominant T cell epitope and the use of T cell clones may  therefore
ot fully reflect the diversity of T cell recognition of allergens and

n particular not the precursor frequency of T cells with a given
pecificity in different patients [81].

Whether the presence of allergen-specific T cell epitopes in
ypoallergens is indeed a desirable feature has come recently

nto question. In fact, when immunotherapy was carried out with
ypoallergens and T cell epitope-containing peptides without IgE
eactivity, it could be shown that IgE-mediated side effects were
lmost completely abolished but still late phase, most likely T cell-
ediated side effects were observed [27,82]. A further investigation

f this phenomenon with hypoallergenic Bet v 1-derived fragments
ontaining the relevant Bet v 1-specific T cell epitopes showed that
hese molecules could also induce a non-IgE-mediated delayed-
ype hypersensitivity reaction in vivo by means of atopy patch test-
ng [83]. The results of this study together with results from earlier
tudies with T cell epitope-containing allergen peptides without IgE
eactivity demonstrated that late phase side effects can be medi-
ted by T cell-mediated mechanisms. As a consequence, researchers
re now evaluating novel generations of hypoallergenic molecules
ith reduced allergen-specific T cell reactivity (reviewed in [84]).

As hypoallergens differ in sequence and structure from the natu-
ally occurring allergens, in vivo immunization protocols in animal
odels had to be developed in order to test the ability of these
olecules to induce an allergen-specific IgG antibody response

85,86,88]. These IgG antibodies should also cross-react with
omologous allergens, block the binding of allergic patients’ IgE to
he allergen and inhibit allergen-induced basophil degranulation
n allergic patients. Previous studies using purified recombinant

ildtype allergens for the immunization of mice showed that the
evelopment of allergen-specific IgG1 antibody responses in mice
orrelated quite well with the immunogenicity of these molecules
n allergic patients [85]. These antibodies inhibited patients’ IgE-
inding to the allergen as well as effector cell activation in vitro
85]. Therefore the mouse model was introduced for the evalua-
ion of antibody responses to hypoallergens [88]. Furthermore, the
nduction of allergen-specific IgE responses upon immunization of

ice with wildtype allergens was comparable to their allergenic-
ty in humans [85,87]. Some mouse studies could provide evidence
or the low allergenicity of hypoallergenic molecules, resulting in
ower allergen-specific IgE antibody responses compared to immu-
ization with the wildtype allergen, an important finding regarding
rophylactic vaccination strategies [13,31]. Besides the mouse, also
abbits as out-bred species were used to study the characteristics
f the IgG antibody responses which are obtained by immunization
ith hypoallergens [30].

Animal models for allergic sensitization are considered not too
nformative for the evaluation of hypoallergens because sensitiza-
ion is induced under artificial conditions with high amounts of
llergen, the resulting pathology is often a mixed IgE and delayed
ype reaction and does not fully mimick allergy in patients and most
mportantly, the epitopes recognized by IgE and T cells often differ
ubstantially from those recognized by allergic patients [89].
Please cite this article in press as: Linhart B, Valenta R. Mechanisms unde
derivatives. Vaccine (2011), doi:10.1016/j.vaccine.2011.11.011

. Mechanisms of SIT with hypoallergens

Immunotherapy trials have been performed with hypoallergens
erived from the major birch pollen allergen Bet v 1 [22,65,90,91].
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The first clinical trial using purified recombinant molecules for
allergy vaccination was  conducted as a randomized, double-blind
placebo-controlled injection trial with a mixture of two recombi-
nant Bet v 1-derived fragments and a recombinant Bet v 1 trimer
[22]. Based on the results of this trial, a recombinant hypoallergenic
folding variant of Bet v 1 with similar properties as the recombi-
nant Bet v 1 fragments was developed and successfully evaluated
in clinical trials up to phase III [92,93].

The rBet v 1 fragments and trimer as well as the folding variant
exhibited a more than 100-fold reduced allergenic activity com-
pared to the wildtype allergen [65,76]. When patients received
subcutaneous injections of aluminium hydroxide-adsorbed rBet v
1 derivatives they tolerated doses of up to 80 �g per injections
and cumulative doses reaching milligram amounts confirming
the reduced allergenic activity of the antigens [22,82].  Patients
receiving the active preparations developed high levels of allergen-
specific IgG antibodies which also cross-reacted with Bet v
1-related pollen and food allergens [22,94]. The allergen-specific
antibody response consisted mainly of IgG1, IgG4 and IgG2 anti-
bodies, and was  detected not only in the blood but also in mucosal
secretions [22,95,96].  Only low levels of Bet v 1-specific IgA could
be measured. The allergen-specific IgG response induced by vac-
cination was  directed against new and also sequential epitopes
because the immunogens (i.e., rBet v 1 fragments) represented
unfolded molecules [97]. However, the therapy-induced IgG rec-
ognized areas on the Bet v 1 allergen which overlapped with the
conformational epitopes recognized by IgE and thus strongly inhib-
ited patients IgE binding to the allergens, allergen-induced basophil
activation and immediate symptoms (i.e., skin and nasal sensitivity)
[22,82,95] (Fig. 1). IgG antibodies induced by the Bet v 1 derivatives
were shown to inhibit immediate allergic reactions in an in vitro
model, measuring reduced allergen-specific sensitivity of blood
basophils after addition of the IgG containing sera from patients of
the actively treated groups [22]. According to the in vitro basophil
histamine-release experiments, the reduction of skin sensitivity
and nasal sensitivity to Bet v 1 was  associated with the presence
of IgG specific for the allergen [95]. SIT with the recombinant Bet
v 1 hypoallergens thus induced classical “blocking antibodies” as
described by Stull in 1935 [4] and Loveless in 1940 [98] and are
the result of a new counter IgG and probably T cell response which
antagonizes IgE-mediated allergic inflammation. Subcutaneous SIT
with the hypoallergens thus has vaccination character.

Previous SIT studies performed with natural pollen extracts
demonstrated the reduction of CD23 expression on B cells from
treated patients [99]. Facilitated antigen presentation to T cells
has been described as an important effector mechanism of the
low affinity receptor for IgE [100]. Allergen-uptake of antigen-
presenting cells via CD23 has been shown to result in T cell
activation and the release of pro-inflammatory cytokines. Allergen-
specific IgG antibodies induced by SIT with pollen extracts could
inhibit IgE-facilitated allergen uptake via CD23 and the activation
of allergen-specific T cells [101–104]. A similar inhibiting effect
was also found for IgG antibodies induced by vaccination with
hypoallergens [105] using an IgE-facilitated allergen binding (FAB)
assay [106]. Depletion experiments showed that the inhibition of
IgE/allergen binding to CD23 was only mediated by IgG and not by
other antibody classes like IgA or IgM [101]. Furthermore, the block-
ing activity of allergen-specific IgG was  associated with the number
of newly recognized Bet v 1-specific peptide epitopes, emphasizing
the important role of epitope specificity of the vaccination-induced
antibody response besides simply measuring allergen-specific anti-
body levels [105].
rlying allergy vaccination with recombinant hypoallergenic allergen

It is well known that IgE responses to respiratory allergens
increase after allergen contact, e.g. after nasal exposure to allergens
during the pollen season, due to the activation of allergen-specific
epsilon memory B cells [107,108].  It could be observed, that in

dx.doi.org/10.1016/j.vaccine.2011.11.011
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Fig. 1. Therapeutic effects of vaccination with hypoallergens mediated by blocking antibodies. (A) Vaccination with hypoallergens induces allergen-specific IgG antibodies,
which  inhibit IgE binding to the allergen. (B) Blocking IgG antibodies bind to the allergen and inhibit IgE-mediated effector cell degranulation, and hence the immediate
allergic symptoms. They prevent the allergen-uptake by IgE via Fc�-receptors on antigen-presenting cells, the presentation of allergen-derived peptides to Th1 and Th2 cells,
a ergic reactions. They also inhibit the activation of allergen-specific memory B� cells and
t antigen presenting cell; Th, T helper cell, B�, memory B� cell; EO, eosinophil granulocyte.)
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Table 4
Possible mechanisms of subcutaneous SCIT with hypoallergens.

1. Induction of allergen-specific ‘blocking IgG’ antibodies, which:
-inhibit immediate allergic symptoms
-inhibit IgE-facilitated allergen presentation to T cells
-inhibit the boosting of allergen-specific IgE memory responses
nd  thus the activation of allergen-specific T cells, which may reduce late phase all
herefore the boost of allergen-specific IgE antibody responses. (MC, mast cell; APC, 

atients treated with the Bet v 1 derivatives the seasonally induced
ise of IgE responses after the birch pollen season was blunted [22],
imilar as was observed for SIT with natural pollen allergen extracts
109] and for SIT with CpG-conjugated Amb  a 1 [110]. Although
here is not yet formal experimental proof it may  be assumed that

 blunting of IgE rises in the course of continuous SIT will lead
o a reduction of allergen-specific IgE levels and thus play a role
egarding the long-term effects of SIT even after discontinuation of
reatment [6].

The possible mechanisms of subcutaneous immunotherapy
ith hypoallergens are summarized in Table 4. In summary, it

eems that the majority of protective mechanisms induced by SIT
ith hypoallergens operates via the induction of allergen-specific
Please cite this article in press as: Linhart B, Valenta R. Mechanisms unde
derivatives. Vaccine (2011), doi:10.1016/j.vaccine.2011.11.011

gG antibodies which inhibit immediate, late phase allergic inflam-
ation as well as the boosting of the underlying allergen-specific

gE response (Fig. 1). In light of the observation, that the residual
ide effects observed in the course of treatment with recombinant
2.  Possible tolerization/modulation of allergen-specific T cells

hypoallergens is of the late phase type and most likely medi-
ated by allergen-specific T cells it may  be considered to further
improve these molecules by the elimination of allergen-specific
T cell epitopes. The T cell help for the induction of allergen-
specific antibodies without activating allergen-specific T cells may
rlying allergy vaccination with recombinant hypoallergenic allergen

be achieved by using carrier molecules which contain allergen-
derived peptides for focusing the blocking IgG response towards
the IgE epitopes of allergens [84,111–115].

dx.doi.org/10.1016/j.vaccine.2011.11.011
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