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Abstract: The mucosal immune system, present along the respiratory, gastrointestinal and genitourinary tract,
has to discriminate between harmful pathogens and innocuous antigens, such as food, airborne antigens or the
commensal bacterial flora. Therefore the mucosal immune system has acquired two opposing immunological
functions, i.e. the induction of immunity and defence of mucosal pathogens, and the induction and
maintenance of tolerance to environmental antigens and bacterial flora. As described for autoimmunity a
breakdown or failure of tolerance induction is believed to lead also to allergies and food enteropathies. Based
on the physiological role to prevent hypersensitivity reactions, tolerance induction via the mucosa has been
proposed as a treatment strategy against inflammatory diseases, such as allergies.

The aim of our research is to develop mucosal allergy vaccines based on the induction of mucosal tolerance
and/or the induction of counter-regulatory immune responses with or without the use of certain mucosal
antigen delivery systems, such as lactic acid bacteria. The use of recombinant allergens instead of allergen
extracts with varying allergen content and composition may be essential for improvement of the treatment
efficacy. In the present review we give examples of different animal models of type I allergy/asthma. Using
these models we demonstrate that recombinant allergens or hypoallergenic variants thereof can be successfully
used to induce mucosal tolerance in a prophylactic as well as a therapeutic treatment regime.

That the concept of mucosal tolerance induction/mucosal vaccine delivery may in principal also function in

humans is supported by recent clinical trials with locally (sublingual) applied immunotherapy.

"STATE OF THE ART"
Type I Allergy

Type I allergy is a genetically determined immunological
disorder, leading to clinical symptoms such as
rhinoconjunctivitis, allergic asthma or atopic dermatitis,
which meanwhile afflicts more than 25 % of the population
in industrialized countries. Sensitization to normally
harmless environmental antigens (pollen, house dust mite
etc.) is thought to be the prerequisite for initiating the
inflammatory cascade in type I allergy/asthma. Repeated and
continuous allergen-aerosol exposure causes inflammation of
the airway mucosa and submucosa, which is orchestrated by
Th-2 type T-cells. These cells produce Th-2 cytokines (IL-4,
IL-5, IL-9, IL-13, IL-15), which regulate both IgE
production and airway inflammation. IL-4 induces germ line
transcription of C€ in human and additionally Cyl exons in
murine B cells, leading to IgE and IgGl antibody class
switching [1], whereas IL-13 is required for optimal
induction of IgE synthesis, particularly in situations where
IL-4 production is low [2]. Moreover IL-13 can induce IgE
class switching of human B cells in the absence of IL-4 [3].
Once allergen-specific IgE antibodies are bound to basophils
and tissue mast cells, allergen contact leads to cross-linkage
of IgE and release of histamine, leukotrienes and other
mediators of acute allergic inflammation.
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Allergic asthma is characterized by bronchial
inflammation and airway hyperreactivity. Eosinophilic
infiltration into the airways represents a hallmark of allergic
asthma. Large numbers of eosinophil granulocytes can be
found in bronchoalveolar lavages (BAL) and induced sputum
of allergic patients after airway challenge with an allergen
[4]. In asthmatic subjects, high levels of both IL-5 and
eotaxin can be found in the sputum after spontaneous
exacerbation or allergen inhalation [5] . Additionally IL-13
is believed to play a central role in allergic airway
inflammation and hyperreactivity [6].

The expression of an allergic phenotype depends on
various factors, such as the genetic predisposition [7], the
nature of the allergenic proteins [8], environmental factors,
including changes in lifestyle and nutrition [9]. Evidence is
accumulating that "western life style", which is associated
with reduced microbial exposure due to high hygienic
standard, significantly contributes to the constant increase of
allergies [10, 11]. This phenomenon has been described by
the "hygiene theory" [12]. In particular the relation between
the composition of the intestinal flora and the prevalence of
allergic diseases has been epidemiologically documented,
showing that infants from countries with a high prevalence
of allergy (Sweden or England) have a lower intestinal
colonization with certain lactic acid bacteria than children
from countries where allergic diseases are less prevalent (e.g.
Estonia, Nigeria) [13, 14]. Reasonable explanations for the
hygiene theory included a lack of counterregulatory
mechanisms by Thl cells. Lately the importance of reduced
immunosuppression due to regulatory T cells and the
production of anti-inflammatory/immunosuppressive
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cytokines has been hold responsible for hyperreactivity
reactions/allergic immune responses [15].

Mucosal Immune System/Mucosal Tolerance

The mucosal surfaces of the respiratory, the
gastrointestinal and the urogenital tract, extending to 400
m2, are the largest areas within the body in contact with the
external environment and are thus major sites of antigen
exposure. To discriminate between pathogenic antigens,
towards which a protective immune response has to be
established, and harmless antigens, such as food,
environmental inhalant antigens or the commensal bacterial
flora that should be ignored, is the most challenging task of
the mucosal immune system. In terms of environmental and
food antigens, repeated mucosal exposure results in a state of
a long lasting immunological tolerance, of which a
breakdown or a failure of induction is believed to lead to
allergic diseases or food enteropathies. Also the presence of
the indigenous flora has been shown to be important for the
maintenance of mucosal tolerance. In animals reared under
sterile conditions not only systemic and local immune
responses are more difficult to establish but also the
induction of tolerance seems to be unstable and short lived
[16]. An imbalance in the composition of the indigenous
flora is therefore believed to play a role in the development
of inflammatory bowel diseases and allergies. Thus, based
on the physiological situation to prevent hypersensitivity
reactions, tolerance induction via the mucosa has been
proposed as a treatment strategy against diseases based on
immunological hyperresponsiveness in man.

Since the first experimental descriptions of oral tolerance
many decades ago [17, 18], researcher have gained important
insights into the mechanisms of tolerance. Tolerance can
also be generated through nasal and airway administration of
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antigen [19, 20]. The mechanisms of mucosal tolerance
induction have been described to be differentially regulated
depending on the antigen dose, termed high-dose or low
dose tolerance [21-23]. High doses of oral/mucosal antigen
are thought to cause TCR crosslinking in the absence of
costimulation or concurrently in the presence of inhibitory
ligands, such as FAS-dependent caspase activation, leading
to anergy [24] or deletion [25, 26]. Low dose tolerance is
believed to be primarily mediated by regulatory cells,
through the production of immunosuppressive cytokines:
Th3 cells are a population of CD4+ T cells, which mediate
immunosuppression by the production of TGF-f3, IL-4,
and/or IL-10 [27, 28]. T regulatory 1 cells (Trl) cells
primarily produce IL-10 (after antigen stimulation in the
presence of IL-10 and/or IL-15) and have been shown to
mediate bystander suppression [29-31]. CD4+CD25+
regulatory cells have been originally described as
intrathymically derived regulatory T cells with the ability to
prevent autoreactivity [32, 33]. These cells are characterized
by the expression of the transcription factor Foxp3 [34-36].
Recently it has been shown that these cells can also be
induced in the periphery after feeding tolerogenic doses of
foreign antigen to mice [37]. Finally, also CD8+ T cells —
via the production of TGF-f3 [38, 39], and y/3 T cells [40]
have been identified to act as regulatory cells during oral
tolerance induction. Despite improved characterization of the
phenotypes the function and distinction as well as the
interactions between the different subsets of regulatory T
cells however are still unclear (Fig. 1).

Current and New Treatment Against Type I Allergy in
Humans

Specific immunotherapy (SIT) is the first choice of
treatment performed by injection of increasing amount of
allergen extracts in order to induce hyporesponsiveness to
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the respective allergens [41]. Even though SIT is an effective
treatment in many cases of allergic rhinitis and in allergy to
insect venom, certain drawbacks, such as the long duration
of the treatment or the risk of anaphylactic side reactions,
have to be taken into account. Furthermore, aluminium salts
that are used as adjuvants in SIT are potent inducers of Th2
responses, which might reduce the efficacy of this treatment.
Moreover, the use of allergen extracts encounters the
possibility of de novo sensitization against components
present in natural allergen preparations. Therefore, the
concept of a component resolved, patient tailored therapy
using the disease-eliciting allergen in recombinant form [42],
the use of Thl promoting adjuvants [43] as well as a change
to less invasive routes have been suggested for enhanced
treatment efficacy [44].

Sublingual Immunotherapy (SLIT)

Since some years locally applied immunotherapy is used
in practice in Europe [41, 45]. Sublingual (with or without
swallowing) is favored to oral (strait swallow)
immunotherapy, because the doses used are lower and do
not/or less induce gastrointestinal side effects. The
magnitude of the clinical efficacy is reported to range
between 20 % - 50 % reduction of symptoms or medical
scores and was thus superior to the placebo effects. The most
frequent reported side effect was oral-sublingual itching after
antigen intake. The optimum doses for therapy are still
unknown and range from 3-5 to 375 times the doses used in
subcutaneous immunotherapy. Only few studies exist
comparing the local and the subcutaneous immunotherapy.
Subcutaneous immunotherapy was effective for both rhinitis
and asthma, whereas SLIT was associated with decreased
rhinitis symptoms, but asthma scores remained unchanged.
However, since the most effective mode of application and
dosage still remains unclear such comparisons cannot be
used for a general or definite recommendation for one or the
other therapy form [46]. Even though a number of questions
remain to be answered, such as dosage, timing,
immunological responses, the clinical trials so far encourage
further investigations.

Mechanisms of Immunotherapy

The operating mechanisms in immunotherapy are still
not completely understood, and whether local
immunotherapy (SLIT) induces the same immunological
changes than systemic therapy (SIT) is not clear either [41].
The clinical improvement achieved by the common SIT has
been associated with several immunological pathways:
(I) rise in allergen-specific IgG antibodies, in particular
IgG4, which is supposed to block the allergen and IgE-
facilitated allergen presentation to T-cells [47-49] — similar
findings exist after SLIT, though not regularly [41]; (II)
generation of IgE-modulating CD8+ T-cells [50]; (III)
reduction in the number of mast cells, eosinophils, and
release of mediators [51, 52], and (IV) modulation of
allergen-specific T cells: a shift from Th-2 to Th-1 cytokine
pattern with a decrease of IL-4 and IL-5 production
accompanied by an increase of IFN-y (immune deviation)
[53, 54]. (V) Recent studies have demonstrated an increased
IL-10 and TGF-B production in the blood and at mucosal
surfaces after immunotherapy. These cytokines seem to
mediate many anti-allergic properties, such as suppression of
mast cells, eosinophils, T cell responses or influence of B
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cell switching to IgG4, and are thought to be produced by
regulatory T cells being identified by the CD4+CD25+
phenotype [55-57]. A decrease in proliferative responses to
allergens was also found after SLIT, which however was not
associated with changes in the cytokine production profile of
allergen-specific T cell clones [58].

MUCOSAL TOLERANCE INDUCTION FOR
PROPHYLAXIS AND THERAPY

Experimental Models of Type I Allergy

As it has become obvious that allergens can differ in
their immunogenicity as well as their capacity to act as a
tolerogen it seems important that the efficacy of the different
allergen-molecules to act as therapeutic agents is
individually examined. Here examples for mouse models of
clinically important allergies are given, which serve as tools
to study the effects and underlying mechanisms of new
treatment strategies on the basis of mucosal tolerance
induction with recombinant allergens.

Birch Pollen Allergy

Birch pollen, containing the major allergen Bet v 1,
belong to most important airborne allergens responsible for
eliciting seasonal allergic symptoms. We have established a
mouse model of birch pollen allergy aiming at mimicking
the natural route of sensitization in man. Using one systemic
injection of Bet v 1, adsorbed to aluminium hydroxid,
followed by an aerosol sensitization with birch pollen extract
the mice developed strong allergen-specific IgE and IgG1
antibody levels, positive skin tests in vivo and IgE mediated
basophil degranulation in vitro. IgE/IgG1l antibody
formation was associated with an enhanced Th2 like
cytokine production pattern (IL-4, IL-5) of splenocytes. In
particular with respect to airway inflammation aerosol
sensitization promoted local production of IL-5 and eotaxin
leading to enhanced eosinophilic influx in bronchoalveolar
lavages and lung tissues. Airway inflammation was further
associated with an enhanced airway hyperreactivity upon
challenge with the bronchoconstrictor methacholine [59, 60].
Very recently we demonstrated that similarly to the aerosol
sensitization also the subcutaneous route is very efficient in
inducing systemic as well as local Th2-biased immune
responses, whereas the intraperitoneal sensitization route
rather favors Th1/ThO immune responses [61]. Depending on
the route of sensitization the nature of the antigen presenting
cells at the site of antigen contact may determine the quality
of the immune response: in this respect it was shown that
dendritic cells in the skin and in the epithelium of the
mucosa of the respiratory tract favor Th2 responses, whereas
peritoneal macrophages favor the induction of Th0/Thl
immune responses [61]. Such information might also be
taken into consideration while performing preclinical studies
on potential anti-allergy treatment/vaccines.

Latex Allergy

Latex allergy is particularly high among individuals with
frequent exposure to latex products, such as health care
workers and patients with spina bifia, who have undergone
multiple surgeries during childhood [62]. As treatment
against latex allergy is not routinely available, there is
interest of developing new measures in particular for patients
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at risk of frequent latex allergen exposure. A mouse model
of latex allergy was established, using two major latex
allergens, Hev b 1 and Hev b 3 for sensitization. Similarly
as it has been described for latex allergic patients, mice
displayed high allergen-specific IgE/IgG1 antibody levels,
positive skin tests, as well as IL-4/IL-5 production upon
allergen challenge in vitro. Additionally, T cell epitope
mapping experiments identified two immunodominant
peptides in Hev b 1 and Hev b 3 mice that are also major T
cell epitopes in latex sensitized patients. Thus, we concluded
that this model represents immunological characteristics
comparable to those of human latex allergy [63].

Venom Allergy

Allergy to insect venom develops in dependence of the
frequency of insect stings and is therefore regarded as a "non-
atopic" allergic disease. Prophylactic treatment strategies
might therefore be of interest for people at high risk to
frequent exposure to stinging insects. In order to mimic
sensitization to wasp venom in man, mice were systemically
immunized with the natural venom preparation with and
without the use of the adjuvant AI(OH)3. Systemic allergen
application without the adjuvant led to comparably high
IgE/IgG1 antibody responses and cytokine levels (IL-4, IL-5)
as sensitization with AI(OH)3. Moreover, the IgE binding
profile of mice immunized with wasp venom with or
without adjuvant was similar to that of wasp venom allergic
individuals, indicating the clinical relevance of the
experimental model [64].

Mucosal Tolerance for Prophylaxis
Bet v 1 and Hypoallergenic Variants of Bet v 1

Using our murine model of birch pollen allergy we
demonstrated that oral as well as nasal application of
recombinant Bet v 1, the major birch pollen allergen,
prevented the formation of allergen-specific antibody
responses of all isotypes, associated with negative type I
skin tests and absent IgE mediated basophil release [65].
Also lymphocyte proliferation and cytokine production was
markedly reduced by the oral and nasal pre-treatment.
However, with respect to the suppression of IL-5 and IFN-y
the intranasal route was superior to the oral one, which
might be explained by a lack of enzymatic/acidic degradation
of the protein. Furthermore the mucosal pre-treatment
prevented airway inflammation as well as airway
hyperresponsiveness.

Hypoallergenic variants of allergens — characterized by
reduced IgE binding capacity but retained T cell stimulating
activity - are suggested for risk free and improved treatment
strategies against allergies. Several examples for natural or
genetically constructed allergen derivatives exist [66, 67],
among which fragments of Bet v 1 have been produced [68].
These Bet v 1 fragments have been also used for mucosal
tolerance induction. The fragment that contained the major T
cell epitope led to a comparably strong immunosuppression
and prevention of airway inflammation as the whole Bet v 1
molecule. Interestingly and in contrast to tolerance induction
with Bet v 1, airway hyperreactivity upon challenge with
methacholin was not influenced by mucosal pre-treatment
with the fragment [60].
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The underlying mechanisms seemed to differ in
dependence of the conformation of the molecules. Only the
whole Bet v 1 molecule led to upregulation of TGF-f3 and
IL-10 mRNA and Foxp3 (Winkler & Wiedermann,
submitted for publication) and tolerance was transferable
with CD4+ and CD8+ regulatory T cells [59], whereas the
fragment seemed to act via cytokine independent
mechanisms. Nevertheless, the efficacy of tolerance
induction with both molecules was long lasting, i.e. over a
period of one year (Winkler & Wiedermann, submitted for
publication).

Hev bl, Hev b 3

Intranasal pre-treatment with both recombinant Hev b 1
and Hev b 3 led to significant reduction of lymphocyte
proliferation and cytokine production in vitro (IL-4, IL-5,
IFN-y). Also allergen-induced degranulation of rat basophils
was reduced after intranasal pre-treatment with both
molecules. However, in comparison to tolerance induction
with Bet v 1, pre-treatment with Hev b 1 and Hev b 3 was
less effective in suppressing specific antibody responses,
indicating that allergens have varying tolerogenic properties
and require individual doses for successful treatment [63].

Vesv 5

Intranasal application of recombinant Ves v 5 (one of the
major allergens of wasp venom) prior to sensitization led to
suppression of IgE/IgG1 and IgG2a antibody levels, directed
not only against Ves v 5 but also towards the whole venom.
The use of the whole wasp venom for mucosal pre-treatment
was less effective than Ves v 5. Moreover, the fact that
intranasal application of higher venom doses (> 10 ug) was
lethal for the mice indicated a favorable use of Ves v 5 for
mucosal tolerance induction. Additionally, IL-4, IL-5, IFN-
y but also IL-10 levels were significantly reduced after the
pre-treatment. Studies on the mechanisms revealed that —
despite suppressed IL-10 protein levels - IL-10 mRNA
levels, along with TGF-B mRNA - were significantly
increased in the tolerized mice. Using a neutralizing 1L-10
receptor antibody we investigated whether the decreased IL-
10 levels could be explained by an increased consumption
due to upregulated receptor expression. Indeed, blockage of
the IL-10 receptor led to abrogation of the decreased IL-10
levels - along with decreased 1L-4 and IFN-y, indicating that
IL-10 — probably together with TGF-3 - was one of the key
mediators of immunosuppression. This assumption was
further supported by the fact that tolerance was transferable
with splenocytes. Furthermore, immunosuppression was
also elicitable against the non related allergen Bet v 1[64].
This phenomenon is known as bystander suppression,
mediating unspecific suppression via the regulatory
cytokines IL-10 and/or TGF-3 [22].

Mucosal Tolerance for Therapy

It is well recognized that tolerance induction in already
primed organisms is much more difficult to achieve than in
naive ones - however this approach is most relevant to
clinical disease. Among the allergens tested Bet v 1 proved
to be the strongest tolerogen when intranasally applied after
sensitization. Five times higher antigen concentrations
applied in closer intervals than in naive animals were
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Table 1. Mucosal Tolerance for Prophylaxis and Therapy
BALB/C mice Treatment Effects Mechanisms Reference
Betv 1 Prophylaxis IgE, IgG1, I1gG2a ! TGF-B mRNA, IL-10 1 Wiedermann et al.
(i.n., oral) mRNA, Foxp3 mRNA 1999 (ref. [65]),
Winkler submitted
IL-4, IL-5, IFN-y ! Adoptive cell transfer +
Lung inflammation !
Airway reactivity !
Bet v 1 hypoallergenic Prophylaxis (i.n.) IgE, IgG1, IgG2a ! TGF-B mRNA, IL-10 - Wiedermann 2001
fragment (ref. [60]),
mRNA, 1 Winkler submitted
IL-4, IL-5, IFN-y i Foxp3 mRNA
Lung inflammation 1 Adoptive cell transfer N
Airway reactivity T
Betv1 Therapy IgE, IgGl, ! TGF-B mRNA, Winkler et al. 2002
(in.) IL-10 mRNA, 1 (ref. [69]),
Foxp3 mRNA Winkler submitted
IgG2a <
IL-4, IL-5, IFN-y l
Lung inflammation !
Hevb 1,3 Prophylaxis IgE, 1gG1, IgG2a ! IL-10 (supernatants) ! Hufhnagl et al. 2003
(in.) (ref. [63])
IL-4, IL-5, IFN-y ! TGFB mRNA -
Vesv5s Prophylaxis IgE, 1gG1, IgG2a ! IL-10 mRNA 1 Winkler et al. 2003
(in.) (ref. [64])
Adoptive cell transfer +
IL-4, IL-5, IFN-y N
bystander suppression +

Examples for murine models of type I allergy using recombinant allergens for intranasal (i.n.) or oral application prior (prophylaxis) or after (therapy) sensitization. IL=
interleukin; TGF = transforming growth factor; Bet v 1 major birch pollen allergen; Hev b 1, Hev b 3 major latex allergens; Ves v 5 major wasp venom allergen.

necessary to achieve immunosuppression. Even though it
was postulated that ongoing T cell responses are more easily
affected than established antibody levels, our results showed
that lymphocyte proliferation and cytokine production (IL-5,
IFN-y) as well as allergen-specific antibody responses were
suppressed after the mucosal treatment. Furthermore, airway
inflammation - characterized by the presence of IL-5 and
eosinophils in lung tissues and bronchoalveolar lavages -
was significantly reduced by the intranasal treatment [69].
Preliminary data indicated that tolerance induction in the
primed animals — as in the naive — was associated by
increased IL-10 mRNA and/or TGF- mRNA, probably via
the interaction of Foxp3 expressing regulatory cells. Most
importantly - as in naive animals - tolerance induction was
long lasting in primed animals as well (up to 6 months)
(Winkler & Wiedermann submitted for publication) (Table
1).

FUTURE ASPECTS
Multisensitivities

There is substantial clinical evidence that many allergic
patients become co-sensitized to several unrelated allergens:
about 43 % of initially monosensitized children develop
allergy and asthma to non-cross reactive allergens after a
survey period of 10 years [70]. In these patients with
multiple sensitivities conventional immunotherapy is not
recommended, since the efficacy of the treatment is rather
low and the risk to anaphylactic side reactions is increased.
Thus, there is a clear necessity to improve treatment
strategies for poly-sensitized patients.

We have established a model of polysensitization to the
major birch and grass pollen allergens Bet v 1, Phl p 1 and
Phl p 5. Intranasal pretreatment with a mixture of the
immunodominant peptides of the three allergens led to
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suppression of IgE and IgE- mediated basophil release
against all three allergens along with a decrease in Th2
cytokines and airway inflammation. These data indicate that
it is possible to simultaneously induce tolerance towards
several non-cross reactive allergens [71]. Another application
for polytolerance induction is the pollen-fruit/food syndrome
in patients with tree pollen pollinosis [72]. The oral allergy
syndrome - elicited by fruit, nuts and vegetable food cross
reactive with the inhalant allergen Bet v 1 - occurs in 70 %
of birch pollen allergic patients and is often resistant to
treatment by conventional immunotherapy. Studies are on
the way to prove whether production of novel allergen
constructs — such as hybrid peptides or chimeric molecules,
containing the immunodominant sequences of several
allergens - may even enhance the efficacy of poly-tolerance
induction. Such new constructs could be the basis for a
novel form of a "mucosal polyvalent allergy vaccine" for
prophylaxis and therapy of patients with developed - or at
risk to develop - multisensitivities.

Mucosal Antigen Delivery Systems

We have previously tested several mucosal adjuvants for
their capacity to modulate allergic immune responses. We
demonstrated that immunomodulation can be achieved by
the use of mucosal adjuvants, such as cholera toxin [59],
cholera toxin subunit B [73], or certain bacterial components
(CpG motifs) [74]. In the latter case this new generation of
immunomodulators has been tested also in human in vitro
systems [75] and the evaluation of CpG-ODNs for treatment
of allergic diseases in humans is in progress [76].

Lately the role of lactic acid bacteria to be used as
mucosal antigen delivery vehicles for mucosal vaccination
has been exploited, since many lactic acid bacteria are
industrial probiotics or food bacteria with a history of safe
use, or are even part of the normal gut microbiota and
therefore attractive candidates for human use. On the basis of
recent epidemiologic and clinical studies, prevention of
allergic diseases has been linked to the presence of certain
lactic acid bacteria (LAB) [14, 77]. Recent experimental
studies have shown a reduction of IgG1 or IgE when certain
LAB were injected or orally applied together with the
particular allergen [78, 79]. In the mouse model of birch
pollen allergy we could demonstrate that intranasal co-
application of Lc. Lactis and L. plantarum strains with the
recombinant Bet v 1, prior and after sensitization with the
allergen, resulted in a shift from Th-2 to Th-1 responses,
characterized by a marked reduction of the IgE/IgG2a ratio
accompanied with increased IFN-y production. Successful
immunomodulation was further demonstrated by
suppression of allergen-induced basophil degranulation [80].
These results indicated that combined mucosal application of
LAB with a specific allergen could be another prophylactic
and therapeutic approach against allergy. The construction of
recombinant LAB for local delivery of an antigen could
further enhance this protective/immunostimulatory effect and
could present a useful tool for mucosal vaccination against
type I allergy. Recently it has been demonstrated that
treatment with recombinant LAB strain expressing the house
dust mite Der p 1 reduced Th2 cytokines in sensitized mice
[81]. Similarly, recombinant Lc. Lactis and L. plantarum
strains expressing Bet v 1 have also been constructed and
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preliminary data indicate that mucosal administration of
these strains prior or after sensitization, results in a
significant suppression of allergic immune responses
(Mercenier & Wiedermann, submitted for publication).

CONCLUDING REMARKS

Improvement of conventional immunotherapy by
changing the route of application has been already realized
with the concept of local/sublingual immunotherapy. Such
as conventional immunotherapy, also sublingual
immunotherapy is performed with allergen extracts, which
may encounter a risk for adverse reactions or de novo
sensitization to several allergenic molecules within the
natural allergen preparations. Therefore the concept of a
patient tailored treatment using recombinant allergens or
hypoallergenic variants is being promoted and some clinical
trials using recombinant allergens for conventional
immunotherapy have already been performed [82]. Studies in
mouse models — which are the favoured experimental models
to study human type I allergic diseases [83] — have revealed
promising results on mucosal tolerance induction with
recombinant allergens or hypoallergenic variants.
Nevertheless, a major challenge remains to evaluate whether
these experimental studies will hold true for human use.

The construction of new chimeric allergen molecules,
which may allow simultaneous treatment of several allergies
could be a tremendous improvement for the treatment of
multi-sensitized individuals. Following the concept of
polyvalent paediatric vaccines to prevent most dangerous
infectious diseases, prophylactic application of a "mucosal
polyvalent allergy vaccine" — covering the most common
allergens — could be a future strategy of early allergy
prevention in atopic individuals or children at risk.
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