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Introduction

Allergen Specific Immunotherapy (SIT) is the only attempt to 
cure allergic diseases by using allergen -specific immunological 
mechanisms. The treatment is currently under intense devel-
opment in several aspects including: allergen tyoe and content, 
adjuvantroute of administration, protocols of desensitization etc. 
Allergen-specific immunotherapy is a very effective in the treat-
ment of the type I allergic diseases by both reducing the symp-
toms of allergic rhinitis and/ or asthma, and the use of symptom 
relieving medication as well as improving the quality of life. 
Importantly SIT shows long-lasting benefits, even after cessation 
of the treatment. It has been also shown, that SIT can reduce 
new allergen sensitization risk1 as well as prevent development 
of bronchial asthma in allergic individuals.2 Several mechanisms 
have been proposed to explain the beneficial effects of immu-
notherapy The long-term allergen tolerance is achieved by mod-
ulation of allergen-specific memory T- and B-cell responses as 
well suppression of effector mechanisms. Cellular and molecular 
mechanisms have been demonstrated during an effective SIT, 
which include: increase in allergen-specific suppressive capaci-
ties of both inducible subsets of CD4+ CD25+ forkhead box P3+ 
(FoxP3+) T-regulatory and IL-10-secreting type 1 T-regulatory 
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Allergen specific immunotherapy (SIT) is the only known 
causative treatment of allergic diseases. Recombinant allergen-
based vaccination strategies arose from a strong need to both 
to improve safety and enhance efficacy of SIT. In addition, new 
vaccines can be effective in allergies including food allergy 
or atopic dermatitis, which poorly respond to the current 
treatment with allergen extracts. A number of successful 
clinical studies with both wild-type and hypoallergenic 
derivatives of recombinant allergens vaccines have been 
reported for the last decade. They showed high efficacy and 
safety profile as well as very strong modulation of T and B cell 
responses to specific allergens.
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cellse in the peripheral blood, suppression of eosinophils, mast 
cells and basophiles, as well as the antibody (Ab) isotype change 
from immunoglobulin (Ig) IgE to IgG

4
.3,4

The pioneer clinical trials with the allergen SIT were under-
taken by Noon in 19115 and continued by Freeman in Europe in 
the grass pollen seasonal allergic rhinitis (“hay fever”). The aller-
gens used in the therapy were plainly water-extracted from grass 
pollen mixture. However effective while used in allergy therapy, 
carried a high risk of serious adverse events in patients during the 
allergen desensitization.6 In 1940s, depot- or semi-depot prepa-
rations of the allergen extracts were elaborated. The adjuvants 
(commonly used aluminum hydroxide), which are commonly 
used in vaccines, allow to reduce the number of injections as well 
as to increase the immunotherapy effectiveness, and to limit the 
therapy-related severe adverse events.7

The research to improve efficacy and safety of SIT resulted in 
introduction of allergoids to the allergy specific treatment in the 
1970s.6 The allergoids are prepared by chemical modification of 
the allergenic proteins with use of either formaldehyde or glu-
taraldehyde. The aldehydes acts as protein cross-linkers, produc-
ing high-molecular-weight allergen polymers.8,9 Such modified 
polymeric molecules show the same amount of immunogenicity, 
but less allergenicity, with lessened unwanted reactions ratio, due 
to destruction of IgE epitopes in the allergens and are usually 
administered after absorbtion on adjuvants, like aluminiumhy-
droxide (Alum).6

The next step to reduce the unwanted side effects and improve 
quality of the vaccines was standardization of the extracts. The 
standardization process allows for production of well-character-
ized, non-contaminated extracts of known biologic potency and 
composition.10 Currently used allergen extracts are standardized 
for total allergenic activity and the content of major allergens, but 
they contain many proteins which are not allergens. One particu-
lar allergen source contains usually more than one clinically rel-
evant allergen and constitutes a set of major and minor allergens 
of different clinical importance.11

The composition of allergen extracts is determined to a large 
extent by the quality of the raw material and the method of 
extraction and purification.

Different other options to access the goal of effective and safe 
SIT have been reported. The addition of omalizumab, an anti-
IgE recombinant humanized monoclonal Ab (mAb) approved 
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DNA technology.17 The general steps of the DNA cloning are 
the “reverse transcription” of the protein encrypting mRNA to 
a cDNA strand (cDNA), with the gene of interest, and its sub-
sequent transfer into a microorganism’s genome or plasmid, like 
bacterium Escherichia coli (E. coli) or yeast Pichia pastoris. Each 
bacterium produces 10 to 100 copies of the incorporated DNA. 
The genetic material could be than analyzed and engineered. 
The most known techniques that allowed to work on low-abun-
dance mRNA proteins, are bacteriophages cDNA libraries based 
methods18 and microsequencing of the proteins.19

The first allergen proteins were cloned in 1988: a cDNA 
coding Der p 1, a house dust mite Dermatophagoides pteronys-
sinus major allergen number 120,21 and a white-face hornet 
(Dolichovespula maculata) major allergen number 5 (Dol m 5).22 
The first recombinant allergens were synthetized with no pre-
translational interference in their molecular structure and pre-
sented the same or very similar allergenicity as the wild-type 
proteins, assessed in skin tests, serum IgE-binding assays or baso-
phil degranulation tests, as reported for recombinant house dust 
mite Dermatophagoides farinae allergen 2 (Der p 2), birch Betula 
verrucosa allergen 1 and 2 (Bet v 1, Bet v 2), timothy grass Phleum 
pratense allergen 2 (Phl p 2).19 However, some of the recombinant 
proteins vary in similarity to their native counterparts, as some of 
the wild-type allergens undergo posttranslational modifications. 
As it was shown for house dust mite chitinase -allergen, the pro-
tein purified from homogenized Dermatophagoides farinae mite 
bodies (Der f 18) bound IgE in 54% of the sera from patients 
with Dermatophagoides farinae allergy. The mature molecule 
amino acid sequence contains a single N-glycosylation site.23,24

The genetic engineering enabled modifications of the struc-
ture and subsequently the fate and the function of the gene prod-
ucts. The recombinant allergen proteins can present the reduced 
allergenic activity, increased immunogenicity or both features, 
compared with their natural counterparts.17

The genetic manipulations on allergens and their single epi-
topes opens new prospects for scientific research on immune 
response as well as for clinical diagnostics and treatment of 
immune-mediated diseases.

In the variety of allergen sources only some sequences or sec-
tions (epitopes) are responsible for their immunogenicity and 
allergenicity. The concept and terms of recombinant allergen-
based component-resolved diagnostics (CRD) and immuno-
therapy (CRIT) was created in 1999 by Valenta. This approach 
advocates the use of well-defined allergens (components), for 
diagnosis of IgE-mediated allergy. Accordingly, application of the 
component-resolved immunotherapy is aimed to treat the patient 
with the clinically relevant allergens from a specific source only.25

Clinical Applications of Recombinant Allergens  
in Allergy Diagnostics

Currently, commercially available serum IgE binding tests 
contain purified or recombinant allergens. The recombinant 
allergens based in vitro assays give brand new opportunities to 
search for the particular epitopes of the clinical relevance in the 
allergic patient diagnostics as well to search for the mechanistic 

for use in patients with moderate-to-severe perennial allergic 
asthma, to subcutaneous immunotherapy (SCIT) showed ben-
efit in the patients in terms of SIT-related systemic and severe 
reactions. However the data obtained indicate that omalizumab 
pretreatment increased SCIT safety, the mechanism is not clear 
and the studies have been too short-term to finally determine this 
issue.12 Toll-like receptor (TLR) agonists designed to respond to a 
variety of pathogens and to induce T helper 1 (Th1) and regula-
tory T-cell (Treg) responses, applied either in combination with 
allergen or alone, might also be useful in designing a novel and 
effective immunotherapy in the future.12

Confirmed clinical relevance of a particular allergen protein in 
a patient accounts for a possibility of individually tailored aller-
gen-specific immunotherapy. Compared with allergen extracts, 
the recombinant allergens cocktails can be composed with high 
quality and precise quantity of relevant allergen as well as with 
high technical reproducibility of the mixture. The component-
resolved immunotherapy preparations may be based on the indi-
vidually composed mixtures of allergenic epitopes, however more 
immediate commercial prospect is the application of standard 
allergen cocktails derived from one source, or in some cases, like 
for Fel d 1, Art v1 or Bet v 1 – dependent allergy, containing single 
relevant allergen.

Other techniques to create hypoallergenic extracts included 
point mutations on the allergen IgE binding site, reducing the IgE-
mediated effects; major allergens fusions, such as bee venom Api m 
1 and Api m 2, to delete B-cell epitopes while preserving T-cell epi-
topes; DNA shuffling to maintain the T-cell epitopes but decrease 
the allergenicity of the substance;12 bacterial cell surface (S-layer) 
protein and the major birch pollen allergen Bet v 1 fusion (rSbsC-
Bet v 1) to enhance the Th1-like immune response.13

Another modification of molecules introduced into the allergy 
research is application of allergenic peptides. The peptides loose 
the features of IgE-binding epitopes while retain features of the T 
lymphocyte epitopes. Aimed to target exclusively the T cell recep-
tor (TCR) are supposed to increase the efficacy of the immune 
tolerance induction and to reduce the IgE-mediated side effect of 
the immunotherapy.14 The use of recombinant DNA technology 
appears to provide a realistic means of achieving improvements 
in obtaining precisely defined preparations.15 The genetic modi-
fications result in hypoallergenicity of the allergen derivatives—
recombinant allergens and peptides. Natural allergen extracts can 
thus be substituted by pure recombinant wild-type allergens or 
single recombinant fusion proteins consisting of several wild-type 
allergen.16

Different routes of the SIT delivery have been also under 
investigation to improve SIT safety and efficacy, such as oral, 
sublingual, nasal, bronchial, epicutaneous, intraepithelial and 
intralymphatic.12

Recombinant Allergens Design— 
Allergen Engineering

Establishing the protein molecular structure as well as the 
immune function of a certain natural allergen and its epitopes 
enabled cloning of allergen proteins with use of recombinant 
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The use of microarray tests allows a parallel analysis of IgE 
binding to large numbers of single allergens or peptides,39 how-
ever the technique has also evident limitations, as some allergenic 
sources (almond, walnut) or some important allergens in certain 
allergen sources are still missing, e.g., peanut Ara h 6 antigen. 
However, the large amount of data from a single microarray test 
becomes a challenge for interpretation in the terms of its clinical 
significance.26

Refinement of IgE-based testing may help elucidate the cor-
relation or lack of correlation between allergenic sensitization 
and allergic disease, however the practical use and selection 
of allergenic components need to be evaluated in large studies 
including well-characterized allergic patients and healthy, non-
sensitized controls and with representation of different geograph-
ical regions.37 Selected clinical trials (completed and ongoing) 
with wild-type allergen or hypoallergenic derivative vaccines are 
listed in Table 1.

Recombinant Allergen Vaccines in Clinical Studies

The first clinical studies with recombinant allergens have deliv-
ered very encouraging results.15 DNA recombination technol-
ogy opened new prospects to generate allergen derivatives with 
reduced IgE-reactivity, hypoallergenic, with reduced risk of 
triggering undesirable allergic reactions during the course of 
immunotherapy, but with retained immunogenic vaccine activ-
ity. However numerous allergens have been cloned for research 
purposes, only a few have been applied in clinical studies.

Allergenic molecules applied in the clinical studies either 
retain the wild-type allergen structure or are modified. Clinical 
trials with the recombinant hypoallergens showed reduced IgE-
mediated side effects or even lacked these effects during the aller-
gen-specific immunotherapy. On the other hand, there could be 
observed the late-phase side effects, most likely resulting from the 
activation of allergen-specific T cells, as the hypoallergenic mol-
ecules possess a decreased allergen-specific IgE-binding capacity 
or do not bind the IgE at all.16,40 Moreover, different vaccination 
routes are subjected to estimation and comparison in the stud-
ies. Currently, the clinical application of recombinant allergens, 
however promising, is not yet well established.

A double-blind placebo-controlled (DBPC) clinical trial per-
formed by Jutel et al. in 2005 evaluated the use of mixture of five 
different wild-type recombinant allergens of timothy grass Phl 
p 1, Phl p 2, Phl p 5a, Phl p 5b and Phl p 6 in the treatment of 
periodic allergic rhinitis. The study was undertaken in 62 grass 
pollen allergic patients suffering from rhinoconjunctivitis with 
or without asthma and for the first time the clinical efficacy of a 
recombinant vaccine was reported.17 Adsorbates of the five aller-
gens were combined in approximately equimolar amounts and 
supplied in 3 dilutions. The highest concentration (strength 3) 
contained 50 μg/mL total protein. The initial dose contained 
0.02 μg total protein. The dose was increased to 0.16 μg in 
the second injection and then doubled at subsequent injections 
to a maximum of 40 μg total protein (0.8 mL) 10 μg Phl p 1 
( = 0.38 nmoles), 5 μg Phl p 2 ( = 0.48 nmoles), 10 μg Phl p 
5a ( = 0.35 nmoles), 10 μg Phl p 5b ( = 0.38 nmoles), and 5 μg 

of the allergen specific immune response. While the IgE bind-
ing to certain allergenic proteins can be predictive for aller-
gic disease, some of the allergens, like cross-reactive profilins 
or certain glycan structures, are only weakly associated with 
clinical reactivity. As it was shown for apple allergens (Mal d) 
or hazelnut allergens (Cor a) hypersensitivity, presence of IgE 
specific to certain epitopes may correlate with the clinical sever-
ity of the allergic reactions. Noteworthy, the reactions can be 
geographically differentiated.26 In some cases hypersensitivity 
to one single epitope can be responsible for the majority of aller-
gic reactions, like in cat-dander (Felis domesticus) major allergen 
protein 1 (Fel d 1), allergy to birch Bet v 1 or mugwort (Artemisia 
vulgaris) sole main allergen number 1 Art v 1.27-29 CRD might 
result than in precised and targeted immunotherapy in such 
patients. Unfortunately, most of the common allergenic sources 
is much more reach in immunoreactive proteins, like in pol-
lens or house dust mites. Grass pollen has 11 different allergens 
identified, some of them occur also as different isoforms and 
only some of these allergens have major general importance in 
grass pollen sensitization prevalence. The group 1 and 5 aller-
gens of Phleum pratense are strong candidates for inclusion in a 
therapeutic vaccine.17,30 The house dust mites contain above 30 
allergenic proteins inducing specific IgE in the house dust mite 
allergic patients.31

Another important feature of the CRD is possibility of differ-
entiation between the true allergen hypersensitivity (co-allergy) 
and the cross-reactivity between certain epitopes that, originate 
from even seemingly unrelated allergens. The cross-reactivity 
between epitopes results from their structural similarity and may 
induce the cross-binding of the IgE and allergic response in a 
patient primarily non-sensitized to a certain allergenic protein. 
The allergen cross reactions are an often observed phenomenon 
in patients with allergy. Pollen-food syndromes have been descri-
bedn32 latex-vebetable or latex-fruit syndromes33,34 as well as cross 
sensitizations to house dust mite species and other invertebrates 
allergens, and many other.35 Some of the allergens (or epit-
opes) are common between species, families or even kingdoms. 
Homologous molecules of the birch pollen major allergen Bet v1 
can be found in pollen of evolutionary related Fagales.

Trees, like alder Aln g 1, hornbeam Car b 1, chestnut Cas s 1, 
hazel Cor a 1, beech Fag s 1, oak Que a 1 and Apiaceae vegetables 
(e.g., celery Api g 1, carrot Dau c 1), as well as in Rosaceae fruits, 
like apple Mal d 1, cherry Pru av 1, apricot Pru ar 1, pear Pyr c 
1, legumes, nuts, and seeds (e.g., hazelnut Cor a 1, soybean Gly 
m 4, peanut Ara h 8).36 So far, 28 major groups of cross-reactive 
proteins have been identified: 6 groups of pathogenesis-related 
proteins, 11 groups of various enzymes (e.g., proteases, glycolytic 
enzymes, etc.) and others, such as transport proteins, protease 
inhibitors, regulatory or structural proteins.36

The most ubiquitous allergens are called panallergens. Known 
panallergens presently comprise only a few protein families, 
including profilins, polcalcins and non-specific lipid transfer pro-
teins (nsLTP).36

The differential diagnostics of the hypersensitivity response 
ethiology is essential to apply the most efficient prophylaxis and 
treatment in the patient.37,38
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IgG4 grass pollen specific antibody concentrations together with 
a significant decrease in IgE. Specific IgE levels were not signifi-
cantly different between groups at the beginning of the study, 
but thereafter the active treatment group showed a downward 
trend with values significantly lower than the baseline. The treat-
ment related adverse events were observed in association with 78 

Phl p 6 ( = 0.42 nmoles), together with 1 mg/mL Al31 in physi-
ological saline. The vaccine was administered subcutaneously for 
18 mo. A combined symptom–medication score (SMS) adopted 
as the primary end-point showed a 39% improvement in the 
active treatment group, relative to placebo (p < 0.041). Active 
treatment induced highly significant increases in both IgG1 and 

Table 1. Immunotherapy trials with indication of their phase, clinicalTrials.gov ID and route of administration of recombinant wild-type allergen and 
hypoallergen vaccines

Vaccine Target
Specific  
proteins

Route of 
administration

Trial design
Summary of 

results of  
the trial

ClinicalTrials.gov 
ID or/and litera-
ture references

Recombinant 
wild-type 
allergens

Individuals with seasonal 
rhinoconjunctivitis and/

or mild asthma

Birch pollen/
Bet v 1

SCIT
DBPC, phase II, safety 

and efficacy
Positive NCT0041093047

Individuals with birch 
pollen induced allergic 

rhinitis

SLIT
DBPC, phase I, safety, 
tolerability and phar-
macodynamic effects

No publications 
provided

NCT00396149

SLIT
phase I, safety, toler-

ability and pharmaco-
dynamic effects

Positive NCT0088946048

Individuals with birch 
pollen-related allergic 

rhinoconjunctivitis
SLIT

DBPC, phase II, safety 
and efficacy

No publications 
provided

NCT00901914

Individuals with allergic 
rhinoconjunctivitis, with 

or without asthma

Grass pollen/
Phl p 1, Phl 

p 2, Phl p 5a, 
Phl p 5b, Phl 

p 6

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT00309036

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT00671268

SCIT
DBPC, phase II, safety 

and efficacy, dose 
response

No publications 
provided

NCT00666341

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT01353755

SCIT DBPC Positive 17

Peanut-allergic individu-
als

Peanut/Ara 
h 1, Ara h 2, 

Ara h 3
rectal phase I Positive NCT00850668

Hypoallergens

Individuals allergic to 
birch pollen allergens

Birch pollen/
Bet v 1 fold-
ing variant

SCIT
OC, phase II, safety and 

efficacy
No publications 

provided
NCT00266526

SCIT
DBPC, phase II, immu-

nological and histologi-
cal evaluation

No publications 
provided

NCT00841516

SCIT DBPC Positive 40, 42, 43, 44, 45, 46

Individuals with allergic 
rhinoconjunctivitis

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT00309062

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT00554983

DBPC, double blind placebo-controlled; OC, open controlled; SCIT, subcutaneous immunotherapy; SLIT, sublingual immunotherapy; NCT, clinicalTrials.
gov ID (based on National Institutes of Health Clinical trial database - http://clinicaltrials.gov and49,72).
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Linhart et al.41 presented in 2005 results of vaccination with 
hybrid molecule engineered by expression of the cDNA coding the 
4 major grass pollen allergens and containing most of the B-cell 
epitopes of grass pollen. The molecule could be used to diagnose 
allergy in 98% (n = 652) of patients allergic to grass pollen.

injections (10.7%) in the active treatment group and 44 injec-
tions (5.9%) in the placebo group. All the subjects continued 
treatment without further problems and it was concluded that 
the preparation showed a favorable safety when compared with 
findings from other immunotherapy studies.

Table 1. Immunotherapy trials with indication of their phase, clinicalTrials.gov ID and route of administration of recombinant wild-type allergen and 
hypoallergen vaccines

Vaccine Target
Specific pro-

teins
Route of 

administration
Trial design

Summary of 
results of the 

trial

ClinicalTrials.gov 
ID or/and litera-
ture references

Recombinant 
wild-type 
allergens

Individuals with seasonal 
rhinoconjunctivitis and/

or mild asthma

Birch pollen/
Bet v 1

SCIT
DBPC, phase II, safety 

and efficacy
Positive

NCT00410930

[47]

Individuals with birch 
pollen induced allergic 

rhinitis

SLIT
DBPC, phase I, safety, 
tolerability and phar-
macodynamic effects

No publications 
provided

NCT00396149

SLIT
phase I, safety, toler-

ability and pharmaco-
dynamic effects

Positive
NCT00889460

[48]

Individuals with birch 
pollen-related allergic 

rhinoconjunctivitis
SLIT

DBPC, phase II, safety 
and efficacy

No publications 
provided

NCT00901914

Individuals with allergic 
rhinoconjunctivitis, with 

or without asthma

Grass pollen/
Phl p 1, Phl 

p 2, Phl p 5a, 
Phl p 5b, Phl 

p 6

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT00309036

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT00671268

SCIT
DBPC, phase II, safety 

and efficacy, dose 
response

No publications 
provided

NCT00666341

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT01353755

SCIT DBPC Positive [17]

Peanut-allergic  
individuals

Peanut/Ara 
h 1, Ara h 2, 

Ara h 3
rectal phase I Positive NCT00850668

Hypoallergens

Individuals allergic to 
birch pollen allergens

Birch pollen/
Bet v 1 fold-
ing variant

SCIT
OC, phase II, safety and 

efficacy
No publications 

provided
NCT00266526

SCIT
DBPC, phase II, immu-

nological and histologi-
cal evaluation

No publications 
provided

NCT00841516

SCIT DBPC Positive
[40], [42], [43], [44], 

[45], [46]

Individuals with allergic 
rhinoconjunctivitis

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT00309062

SCIT
DBPC, phase III, safety 

and efficacy
No publications 

provided
NCT00554983

DBPC, double blind placebo-controlled; OC, open controlled; SCIT, subcutaneous immunotherapy; SLIT, sublingual immunotherapy; NCT, clinicalTrials.
gov ID (based on National Institutes of Health Clinical trial database - http://clinicaltrials.gov and49,72).
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average cumulative injected dose of 171 μg (range: 69–265 μg) 
of the active preparation. Patients receiving Bet v 1 fragments 
were given an average injection course of 8.5 injections (range: 
7–9) and an average cumulative dose of 168 μg (range: 85–245 
μg). The Bet v 1 trimers retained more of the folded configura-
tion of natural Bet v 1, compared with Bet v 1 fragments, and 
the trimers increase the production of Bet v 1 IgE more than the 
fragments.38

A multicenter, randomized, DBPC recombinant allergen 
study, conducted by Pauli and colleagues (2008) compared a 
recombinant birch pollen allergen vaccine, standard birch pol-
len extract, natural purified birch pollen allergen and aluminum 
hydroxide as placebo in 134 patients with birch allergy. The 
patients were immunized subcutaneously over 2 y. All 3 verum 
groups demonstrated significant and equal improvement in 
symptoms, medication use and skin test reactivity in both pol-
len seasons compared with the placebo group. Interestingly, the 
rBet v–treated individuals presented a greater increase in Bet v 1 
specific IgG1, IgG2 and IgG4 levels as well as a greater decrease 
in the skin test reactivity than the other verum groups. However, 
new sensitizations were reported in the SIT-undergoing patients.47

As concluded by Purohit et al., 2008 in a three-arm DBPC 
study with a recombinant Bet v 1 trimer and an equimolar mixture 
of two recombinant Bet v 1 fragments together, single courses of 
injection immunotherapy with Bet v 1 allergen derivatives showed 
trends toward improved well-being and reduced reactivity to spe-
cific allergen provocation, but did not yield significant improve-
ment in the combined SMS. Therapy with the trimer preparation 
was associated with more local side effects, whereas the Bet v 1 
fragments were more likely to induce systemic reactions. The vac-
cine dosage was increased from 1 to 80 μg in 2-fold concentration 
steps with subcutaneous injections given at 7–14 d intervals.40

Clinical studies with rBet v 1 tablets for sublingual aller-
gen specific immunotherapy (SLIT) has also been initiated, as 
reported by Winther (2009). In this study, patients were ran-
domized to receive rBet v 1 SLIT (at doses from 12.5 μg to 
300 μg) or placebo for 2 weeks.48

The food allergy specific immunotherapy is also under inves-
tigation. There is reported a phase I clinical study of recombinant 
modified peanut allergens (Ara h 1, Ara h 2, Ara h 3), encap-
sulated in heat/phenol-killed E. coli, designed for rectal immu-
notherapy, in the National Institutes of Health’s clinical trial 
database. 16

Peptide Vaccines Clinical Studies

The peptide vaccines have been applied in cat allergy (Fel d 1 
peptides), in bee-venom allergy (Api m 1 peptides) and in rag-
weed allergy (published in an abstract only) clinical studies.50,51

Lack of the secondary structure in the peptide epitopes results in 
the lack of allergenicity of these molecules. The non-allergenic pep-
tides are also able to induce IgG-mediated immune response due to 
chemical coupling to other proteins, like highly repetitive antigens 
in bacteria and viruses, thus enhancing the allergen-specific immu-
notherapy efficiency.52 On the other hand, the constructs may be 
responsible for new immune-related side effects of SIT.53

A clinical study performed to compare the allergenic activity 
of wild-type rBet v 1 with recombinant Bet v 1 derivatives (rBet 
v 1 fragments, dimer and trimer) with potentially reduced ana-
phylactic activity showed that the genetically modified hypoal-
lergenic derivatives of the major birch pollen allergen present 
reduced capacity to induce immediate type skin reactions (Pauli 
et al., 2000).42

In the first DBPC immunotherapy study with recombinant 
allergen preparations, 2 different hypoallergenic derivatives of the 
major birch pollen allergen Bet v 1 and placebo were compared by 
Niederberger and colleagues (2004). The hypoallergenic rBet v 1 
derivatives adsorbed to aluminum hydroxide were formulated: two 
recombinant Bet v 1 (rBet v 1) fragments and a rBet v 1 trimer. 
The vaccines contained either an equimolar mixture of the two 
fragments or a trimer (100 g of protein per ml of adsorbate), or alu-
minum hydroxide alone (placebo). Patients received typically eight 
s.c. injections containing increasing doses (1, 2, 4, 8, 10, 20, 40 and 
80 μg of protein) of the trial preparations or placebo in one to two 
weekly intervals as a preseasonal treatment. Because of the strongly 
reduced allergenic activity of the recombinant allergen derivatives, 
maximal doses of 80 μg of the active preparations per injection were 
tolerated by most of the patients. As reported, the active treatment 
induced protective IgG antibodies that inhibited allergen-induced 
release of inflammatory mediators. A reduction of cutaneous sen-
sitivity as well as an improvement of symptoms in actively treated 
patients was observed and, most important, rises of allergen-spe-
cific IgE induced by seasonal birch pollen exposure were signifi-
cantly reduced in vaccinated patients.43 In another DBPC study, 
genetically modified derivatives of Bet v 1 (Bet v 1-trimer, Bet v 
1-fragments) were applied. In the study, subcutaneous injections 
of aluminum hydroxide–adsorbed allergen derivatives containing 
increasing doses (1–80 μg) of recombinant Bet v 1 derivatives or 
placebo were administered. Vaccination with genetically modified 
Bet v 1 derivatives, but not with placebo, induced Bet v 1-specific 
IgG1, IgG2 and IgG4 and low IgA antibodies in serum, which also 
appeared in nasal secretions. The levels of therapy-induced Bet v 
1-specific IgG4 antibodies in nasal secretions were significantly (p 
< 0.05) associated with reduced nasal sensitivity to natural, birch 
pollen-derived Bet v 1 as objectively determined by controlled nasal 
provocation experiments (Reisinger et al., 2005).44

As shown in another study by Niederberger et al. (2007), the 
use of Bet v 1 fragments or Bet v 1 trimers increased IgG1, IgG2 
and IgG4 specific to cross-reactive allergens, like alder pollen, 
hazel pollen, celery, carrot, and apple, with subsequent improve-
ment in oral allergy syndrome symptoms mainly in the verum 
group patients. Actively treated patients had received a cumula-
tive injected dose of 150.0 μg recombinant protein on average 
(range, 4–245 μg).45

Pree et al.,46 demonstrated in 2007 that vaccination with 
folded and unfolded recombinant allergen derivatives of Bet 
v 1 induces IgG against new epitopes. The birch pollen aller-
gic patients received vaccinations with aluminum hydroxide-
adsorbed derivatives of Bet v 1 (an equimolar mixture of two 
hypoallergenic Bet v 1 fragments, hypoallergenic Bet v 1 trimer, 
or aluminum hydroxide alone (placebo). Patients treated with Bet 
v 1 trimer received on average 8.4 injections (range: 7–10) and an 
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(1999). They conclude that short, allergen-derived peptides can 
directly initiate a major histocompatibility complex-restricted 
T cell-dependent late asthmatic reaction, without the require-
ment for an early IgE/mast cell-dependent response in sensitized 
asthmatic subjects.57 The same author confirm that the asthma 
process evoke during peptide vaccination in cat dander-allergic 
patients might involve T cell-dependent airway narrowing with 
no requirement for IgE, mast cells or infiltrating inflammatory 
cells. A randomized, placebo-controlled, crossover study involved 
bronchial and skin biopsies and bronchoalveolar lavage (BAL) 
fluids from 8 cat-allergic subjects who developed significant late 
asthmatic reactions 6 h after intradermal injection of 80 μg of 
Fel d 1 chain 1-derived peptides (FC1Ps). Immunostaining of 
bronchial biopsy specimens showed no changes in the num-
bers of eosinophils, neutrophils, basophils, mast cells, CD3(+), 
CD4(+) or CD8(+) T cells, CD25(+) cells or macrophages, or 
cells mRNA(+) for IL-4, IL-5 or IL-13 when the FC1P day was 
compared with the diluent control day. There were also no sig-
nificant differences in eosinophil numbers, either in BAL fluids 
or in peripheral blood after FC1P challenge. Furthermore, there 
were no significant alterations in the concentrations of histamine, 
histamine-releasing factors, or eicosanoids [LTC(4)/D(4)/E(4), 
PGD(2), PGE(2), TXB(2), PGF(2α)] in BAL fluids. FC1Ps 
induced a significant (p < 0.05) elevation in CD8(+) cells in 
the skin and an unexpected decrease in IL-5 in BAL fluids (p = 
0.043).58

Allergen-derived peptides induce tolerance to subsequent pep-
tide injection in the target organ - the lung, reduce late-phase 
cutaneous responsiveness to whole allergen and alter in vitro T cell 
reactivity. As it was shown, a second injection of cat allergen (Fel d 
1)-derived T cell peptides (1, 2.5 or 5 μg, in three patient groups, 
respectively) was associated with a marked reduction or absence, 
of the late allergic reaction (LAR) and that up to 40 weeks was 
required for return to baseline values. The cutaneous late-phase 
reaction to whole cat dander was also inhibited, even in subjects 
who did not experience an initial LAR. Significant decrease in pep-
tide- and whole allergen-induced proliferation of PBMCs and the 
production of IL-4, IL-13 and IFN-γ in cultures.59

The effect of multiple injections with short overlapping T-cell 
peptides derived from Fel d 1, (90 μg in increasing divided doses)
on the magnitude of the early and late phase skin reactions to 
intact allergens was confirmed in another randomized, placebo-
controlled study of Oldfield and colleagues (2002). Patients in 
the peptide group but not the placebo group had a significant 
reduction in the size of their late reaction to whole cat dander 
measured at baseline and two follow-up periods: 4–8 weeks 
and 3–9 mo. The size of the early reaction to Fel d 1, but not to 
whole cat dander was significantly reduced in patients receiving 
peptides compared with those on placebo. Patients on peptide 
treatment had a significantly greater decrease in the concentra-
tion of interferon gamma and interleukin 13 and in the amount 
of proliferation between baseline and first follow-up than did 
those on placebo, the concentration of interferon gamma and 
of interleukin 4 and 13 and the cell proliferation significantly 
decreased between the baseline and the second follow-up, and 
the concentration of interleukin 10 was significantly higher in 

Simon and colleagues (1996) tested peptide immunotherapy 
in cat-dander allergic humans, using a formation of two synthetic 
peptides, IPC-1 and IPC-2, each of which is 27 amino acids long, 
containing T cell-reactive regions of Fel d 1, in a randomized, 
double-blind, parallel-group study. Forty-two subjects received 
subcutaneous injections of treatment peptides (250 μg) or pla-
cebo weekly for four consecutive weeks. Changes in immediate- 
and late-phase skin test reactivity and in antigen-driven cytokine 
synthesis were assessed. Epicutaneous (end-point titration) and 
intradermal tests were performed with cat extract containing 
Fel d 1, before the first injection, then 2, 6 and 24 weeks after 
the fourth and last injection of peptides or placebo. IL-4, IL-10 
and IFN-γ expression by circulating peripheral blood mononu-
clear cells (PBMC) in response to the cat allergen extract was 
measured. As concluded, the peptide immunotherapy neither 
reduced the immediate- or late-phase skin reactivity to the Fel d 1 
containing cat allergen extract nor modified cat antigen-specific 
cytokine production significantly.54

The effects of immunotherapy with Fel d 1 peptides on the 
response to bronchial provocation tests with a standardized Fel d 
1 cat allergen extract on Fel d 1-specific serum IgE and IgG levels 
and in vitro IL-4 and IFN-γ production was investigated by Pene 
et al. (1998). Patients allergic to cats received 6 weekly injections 
of 7.5 μg (low dose), 75 μg (medium dose), or 750 μg (high 
dose) of Fel d 1 peptides (25 patients) or a placebo (6 patients). In 
this study, the IL-4 release was significantly reduced in the high 
dose-treated group (p < 0.005), whereas it was unchanged in the 
low or medium dose- and in the placebo-treated groups. In all 
groups, IFN-γ, IgE, and IgG levels remained unchanged.

Norman and colleagues (1996) induced in allergic humans the 
counterpart of murine experimental T-cell tolerance. T-cell lines 
from cat-allergic humans were used to map T-cell epitopes for 
Fel d 1. Two peptides of 27 amino acids each were synthesized to 
contain the dominant epitopes. Ninety-five cat-sensitive patients 
were randomized into placebo, 7.5, 75 and 750 μg groups. As 
concluded, the T-cell reactive treatment peptides safely improved 
allergic responses to cats. Linear trend analysis indicated a sig-
nificant dose response effect: p = 0.05 for nose and 0.03 for lung 
symptoms. Allergic side effects occurred an hour or more after 
the first 750 μg dose in 16 of 24 patients but required little or no 
treatment with one exception.55

In a multicenter, randomized, DBPC study of 133 cat allergic 
patients chronically exposed to cats or who had failed previous 
conventional cat immunotherapy synthetic cat allergen peptides 
(IPC-1 and IPC-2, ALLERVAX CAT) were generated and admin-
istered to the patients subcutaneously, in doses 75 or 750 μg of each 
peptide (Maguire, 1999). Most of adverse events were late allergy 
responses, commonly associated with respiratory symptoms, and 
these events declined with successive injections. However, the 
vaccination improved tolerance to cats and improved pulmonary 
function in cat allergic patients with reduced FEV1.56

Intradermal administration of short overlapping peptides 
derived from chain 1 of the cat allergen Fel d 1 (FC1P) (40 μg) 
that did not cross-link IgE, elicited isolated late asthmatic reac-
tions with no visible early or late cutaneous response in 9/40 
cat-allergic asthmatics, as showed by Haselden and colleagues 



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com	 Human Vaccines & Immunotherapeutics	 1541

(p < 0.01) and IFN-γ (p < 0.01), and increased the production 
of IL-10 (p = 0.02). A transient, but modest, increase in allergen-
specific IgG was also observed.65

Another Vanguard Vaccination Approaches in 
Clinical and Preclinical Studies

Attempts have been undertaken to modify recombinant allergens 
in order to improve therapeutic efficacy in SIT while reducing 
allergic side-effects using modular antigen-translocation (MAT) 
technology, for intracellular targeting of allergens to the major 
histocompatibility class-II (MHC-II) presentation pathway to 
enhance antigen presentation, or vaccines consisting of nonal-
lergenic peptides fused to carriers.66

Martin, Gomez et al. applied the major cat allergen Fel d 1 
fused to a TAT-derived protein translocation domain and to a 
truncated invariant chain for targeting the MHC class II path-
way (MAT-Fel d 1). The immunogenicity of such constructs was 
assessed in mice. The mice were immunized thrice with 30 pmol 
intralymphatically (i.l.) or 300 pmol s.c. recombinant Fel d 1, 
TAT-Fel d 1 or MAT-Fel d 1. The potential safety was estimated 
by cellular antigen stimulation test (CAST) using basophils from 
cat-dander-allergic patients. The MAT-Fel d 1 allergen enhanced 
protective antibody and Th1 responses in mice, while reducing 
human basophil degranulation. Immunotherapy using MAT-Fel 
d 1 allergen showed the potential to enhance SIT efficacy and 
safety and allows shortening the SIT.67 Zaleska et al. showed 
results of MAT-Fel d 1 vaccine, applied intranodally. MAT-Fel d 
1 vaccine adsorbed to alum was administered by 3 intralymphatic 
injections in increasing dose (1, 3 and 10 μg) into inguinal, sub-
cutaneous lymph node within 2 mo with 4 weeks intervals. The 
Fel d 1-specific T-cell tolerance was maintained in the treated 
group, compared with the placebo group yet after 12 mo after the 
therapy had stopped. Relative changes in the level of specific IgE 
in serum of treated patients measured by ELISA were contrary 
to the lack of drug related side effects and to the improvement of 
allergen tolerance in nasal provocation test.68

Focke and colleagues reported an approach for the ratio-
nal design of B cell epitope-derived peptide allergy vaccines to 
avoid a secondary, specific treatment-related sensitization in the 
patients. Accordingly, the three-dimensional (3-D) structure of 
birch pollen allergen Bet v 1, six peptides comprising 25–32 pref-
erably solvent-exposed amino acids were synthesized, lacking the 
IgE-inducing secondary structure. The in vivo allergenic activity 
of the peptides was studied by SPT in five birch pollen-allergic 
patients and a grass pollen allergic patient without birch pollen 
allergy. The peptide-based allergy vaccine was evaluated in a 
mouse model for birch pollen allergy. Prophylactic vaccination 
was performed with a mixture of the six peptides, 5 μg each. 
As concluded, the results indicate the mechanistic importance of 
blocking antibodies for allergy vaccination.69

Other new approach, applied in mice, was changing the IgE-
binding epitopes of Fel d 1 without disrupting T-cell epitopes, by 
inserting duplications of T-cell epitopes (DTE) on both polypep-
tide chains of Fel d 1 and by disrupting disulphide bonds link-
ing the two chains. The hypoallergen with the most reduced IgE 

peptides treated patients, however, none of these values differed 
significantly between groups.60

To evaluate the effect of T cell peptide therapy on the aller-
gen-induced cutaneous late-phase reaction, the allergen-induced, 
late-phase skin biopsies before and after T cell peptide therapy 
for evidence of alterations in the pattern of local recruitment of 
Th1, T-helper type 2 (Th2) and T regulatory cells were studied 
(Alexander, 2005). Treatment with allergen-derived T cell pep-
tides (incremental doses of Fel d 1 peptides—0.1, 1, 5, 10 and 25 
mg; amount of each peptide in an 11-peptide mixture) resulted 
in allergen-dependent recruitment to the skin of CD4+/IFN-γ+ 
(p = 0.03) and CD4+/CD25+ cells (concluded as Th1 profile), 
but not in CD4+/IL-10+ or CD4+/CTLA-4+ cells (regarded 
as Th2/T regulatory cells), to cutaneous late-phase reaction 
sites.61 The same author performed a pilot study to determine 
whether overlapping Fel d 1-derived T-cell peptides treatment 
affects allergen-induced nasal and bronchial reactions, as well 
as asthma/rhinitis quality of life (QOL). However the treatment 
(approximately 300 μg in increasing, divided doses) appeared to 
have potential for inhibiting upper and lower airway outcome 
measurements in cat allergic patients, as concluded, larger, dose-
ranging, studies are required to confirm the clinical efficacy of 
peptide allergen therapy.62

Specific immunotherapy with honeybee venom, however 
highly effective, carries a risk of serious adverse events during the 
treatment. The study of Mueller et al. (1998) investigated the 
immunologic mechanisms and clinical effects of immunotherapy 
with T-cell epitope peptides of the major bee venom allergen, the 
phospholipase A2 (PLA) in SIT of 5 bee venom-allergic individ-
uals. As reported, no allergic side effects were caused by the pep-
tide immunotherapy, administered in increasing doses, up to a 
maintenance dose of 100 μg. The subsequent allergen (bee sting) 
challenge with PLA was without systemic allergic symptoms. 
The production of TH2 and TH1 cytokines was inhibited, while 
B cells were not affected in their capacity to produce specific IgE 
and IgG4 antibodies, in a fashion similar to that of conventional 
immunotherapy in successfully treated patients.63 To evalu-
ate the safety and immunogenicity of an allergen-derived long 
synthetic overlapping peptide (LSP) immunotherapy, a DBPC 
phase I clinical trial in patients hypersensitive to bee venom was 
performed by Fellrath and colleagues (2003). The peptides were 
administered in a dose-escalating protocol to a maintenance dose 
of 100 μg per a peptide. The immunotherapy was safe and able 
to induce Th1-type immune deviation (IFN-gamma secretion 
assessed), allergen-specific IL-10 production, and T-cell hypore-
sponsiveness.64 Also in an open, controlled study of Tarzi et al. 
(2006), the treatment with an HLA-DR-based PLA(2) peptide 
vaccine (TCR epitope) in subjects with mild honeybee allergy 
was assessed. Treated volunteers received nine incremental doses 
of peptide mixture at weekly intervals to a cumulative dose 
of 431.1 mg of each peptide, administered by the intradermal 
route as follows: 0.1, 1, 5, 25, 50, 50, 100, 100 and 100 μg. 
The safety and effectiveness of the peptide vaccine was reported. 
Proliferation of venom-stimulated PBMCs decreased in treated 
subjects compared with controls (p = 0.01). Peptide treatment 
reduced the production of IL-13 by PLA(2)-stimulated PBMCs 
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Conclusions

Several forms of recombinant vaccines for S IT have been 
approached inclincal trials. They include wild-type allergens or 
molecules with reduced allergenic activity, increased immunoge-
nicity, or both. In additioon, peptide fragments of corresponding 
T-cell epitopes of the specific allergens to induce immunologic 
tolerance and decrease allergenicity are under clinical invesiga-
tion. Current clinical data with these approaches are very prom-
ising. However, this new technology demands an individual 
approach to the patients. In the mono-sensitized patients stan-
dard cocktails of relevant major allergens provide optimal cure. 
In the polisensitized subjects component resolved approach could 
be more effective. However, although there are a number of very 
successful phase II clinical trials the major problem to overcome 
is the of the very demandingphase III studies, which are neces-
sary before the treatment can be offered as the clinical routine.
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reactivity, rFel d 1 (DTE III) was selected for the vaccination. 
Groups of sensitized mice were therapeutically treated (s.c.) with 
50 μg rFel d 1, 50 or 200 μg rFel d 1 (DTEIII) in phosphate 
buffered saline (PBS), or PBS only (sham treatment). Mice from 
the verum groups produced increased serum levels of rFel d 1-spe-
cific IgG1 and IgG2a compared with the sham-treated mice. The 
200 μg rFel d 1 (DTE III) treatment tended to reduce airway 
hyperresponsiveness. All mice tolerated treatment with rFel d 1 
(DTE III), in contrast to only four of ten treated with rFel d 1. 
Compared with rFel d 1, the hypoallergen showed a tendency of 
reduced SPT reactivity.70

Niespodziana et al. reports the results of a pre-clinical study 
of cat allergy specific immunotherapy with fused proteins of the 
hepatitis B virus-derived PreS domain and 2 nonallergenic Fel d 
1-derived peptides, expressed in E. coli. The recombinant fusion 
proteins contained less than 40% of the Fel d 1 sequence and exhib-
ited not only strongly reduced IgE-mediated immune response, 
but also were lacking many of the specific T-cell epitopes.71
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