ELSEVIER

Full text provided by www.sciencedirect.com

ScienceDirect

Allergy and hypersensitivity
Mechanisms of allergic disease

Editorial overview
Cezmi A Akdis

Current Opinion in Immunology 2006, 18:718-726
Available online 9th October 2006

0952-7915/%$ — see front matter
(© 2006 Elsevier Ltd. All rights reserved.

DOI 10.1016/j.c0i.2006.09.016

Cezmi A Akdis

Swiss Institute of Allergy and Asthma Research
(SIAF), Obere Strasse 22, CH-7270 Davos,
Switzerland

E-mail: akdisac@siaf.unizh.ch

Cezmi A Akdis is Professor of
Immunology and Director of the Swiss
Institute of Allergy and Asthma
Research (SIAF). He is the chairman
and coordinator of the Scientific
Programme Committee of the
European Academy of Allergology
and Clinical Immunology (EAACI) and
Assembly Member of the Global
Allergy and Asthma European
Network (GA2LEN). His research
interests include: mechanisms of
peripheral tolerance to allergens;
effector mechanisms of allergic
inflammation; mechanisms of curing
allergy and asthma; and the
development of better vaccines for
the curative treatment of allergy.

Introduction

The immune system is a highly interactive network that makes its decisions
based on input from all organs, tissues, infections, normal flora bacteria, and
many or even any environmental agents. General rules of immunity versus
tolerance as well as co-evolutionary development apply to the allergen-
specific immune response, because rules for regulators and effectors of this
have probably been developed in a co-evolutionary manner with helminths,
mites, insect venoms, foods and other allergens. IgE sensitization against
allergens showed a steep increase of up to 50% in the population together
with an increase in clinical allergic disease of up to 30% in some commu-
nities, particularly during the past three decades; reasons for these epi-
demics, underlying mechanisms and novel treatment approaches will be
intensely investigated and reported in this issue of the journal.

What makes a protein an allergen?

In diseases that involve the immune system such as allergy, autoimmunity,
transplantation rejection, cancer and infections, antigens are either the direct
or the indirect cause of the disease and can be targeted for the treatment [1].
Investigation of what makes a protein an allergen has been a prerequisite for
understanding allergic disease to develop strategies for immune intervention.
Allergens are almost always proteins, but not all proteins are allergens. A
protein that has allergenic activity should display two properties: induction of
the IgE response, which involves the sensitization phase including T cell, B
cell and dendritic cell cooperation, and induction of a clinical response to the
same or similar protein on subsequent exposures, which involves immediate-
and late-phase responses [2] (see Figure 1). However, this simplistic descrip-
tion avoids the more complex issues during the first confrontation of the
allergens with the immune system, including the biochemical properties of
the allergen, other innate immune response stimulating substances around the
allergen at the time of exposure (within the same extract or co-exposure with
an infection or a vaccine), stability of the allergen in the tissues, digestive
system, skin or mucosa, and finally dose and time of stay in lymphatic organs
during the interaction with the immune system (see Box 1).

More than 1000 allergen sequences have been identified from various
sources. Despite increasing knowledge of the structure and amino acid
sequences of the identified allergens, only a few biochemical characteristics
can be associated with allergenicity. For example, characteristics that
predispose some food proteins to become allergens include: the abundance
of the protein in the food, high numbers of linear IgE binding epitopes, and
the resistance of the protein to digestion and processing of the food [3].
Currently, studies investigating allergenic properties generally focus on
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Figure 1
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Factors that lead to allergic inflammation include activation and migration of Th2 cells, eosinophils, Th1 cells, NKT cells and inflammatory
dendritic cells (DCs) in the submucosal tissue of the bronchi. Type 1 hypersensitivity reactions, characterized by mast cell degranulation and

basophil entry into submucosal tissue followed by degranulation, and type IV hypersensitivity responses with a contribution of T cells

and NKT cells efficiently cooperate. This induces the activation of resident tissue cells such as smooth muscle cells, fibrocytes, macrophages

and epithelial cells, release of proinflamatory cytokines and chemokine:
between migrating inflammatory cells and resident tissue cells with mul

s, and an increase in bronchial hyperresponsiveness. A ping-pong effect
Itiple proinflammatory cytokines and chemokines augments the

inflammation. Local IgE production by B cells, the role of NKT cells, basophil entry into tissues and strong eosinophil predominance are
features of asthma that have not been demonstrated in atopic dermatitis.

soluble proteins, despite the fact that natural exposure
normally occurs to insoluble and aggregated particulate

forms of many allergens that might have different
properties.

Allergy epidemics and hygiene

The increasing prevalence of allergic disease in the past
decades seems to be associated with the westernized
lifestyle, but the underlying mechanisms are not com-
pletely understood. Extensive epidemiological studies
under certain circumstances of lifestyles have provided

some insight into possible reasons for the so-called
‘allergy epidemics’. The ‘hygiene hypothesis’ is one of
the main propositions to explain this. Epidemiological
and clinical data support the hygiene hypothesis as a
cause of both allergic and autoimmune diseases [4]. Its
role in other immunologic diseases, such as transplanta-
tion tolerance, chronic infections and cancer, has not been
studied intensely to date. A major theory regarding its
mechanisms of action deals with immune regulation [5].
Infectious agents stimulate a large variety of regulatory
and suppressor cells; they intervene through components
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Box 1 What makes an allergen an allergen

Evidence for distinct structural features of allergens

Allergens belong to few protein families: Several allergens, particularly plant and food allergens, belong to very few of the thousands of
known protein families [47].

Cavities and tunnels that bind ligands and other structural features that provide allergen stability: Some members of allergen families
such as parvalbumin, casein, lactoglobulin, non-specific lipid transfer proteins and Bet v 1 homologues have cavities and tunnels. These are
able to bind metal ions, steroids or lipid ligands [48]. Ligand binding might provide resistance to proteolysis and thermal stability, leading to
increased accessibility to the immune system. Some allergen families possess compact molecules that have a high level of disulphide bond
formation, such as prolamin superfamily and chitinases [49]. Some food allergens such as casein and prolamine are thermostable and do not
change their structure (IgE epitopes) upon heating [50].

Interaction with membranes and other lipids: Eucaryotic cell membrane and lipid binding activity is a common feature for theumatin-like
proteins, phospholipases and lipid transfer proteins [51,52].

Repetitive structures and aggregation: Tropomyosins express series of up to 40 heat-stable repetitive IgE-binding heptads [53]. Glycation
reactions, which occur during roasting of peanuts, might be responsible for the apparent increase in allergenic activity [54].

IgE and T-cell epitope sharing between allergen families: The large extent of cross-reactivity among several allergen families is a well-known

feature, which has implications in diagnosis and treatment [47,55].

Other features of allergens that might contribute to allergenicity

Dose: The abundance of certain allergens inside the extract is a common feature [3].

Suppression of local defenses: House dust mite Der p 1 suppresses local defenses of the lung by inactivating elastase inhibitors [56].
Induction of proinflammatory mechanisms: House dust mite allergens induce proinflammatory cytokines from respiratory epithelial cells; the
cysteine protease allergen Der p 1 activates protease-activated receptor (PAR)-2 and inactivates PAR-1 [57].

Activation of airway epithelial cells: Der p 1 and Der p 5 activate human airway epithelial cells by protease-dependent and protease-

independent mechanisms [58].

Transepithelial allergen delivery: Der p 1 facilitates transepithelial allergen delivery by disruption of tight junctions [59].
Spreading factor: The presence of hyaluronidase, the spreading factor in venoms, may increase allergen exposure to immunologic organs [60].
Chemotaxis and activation of eosinophils: Chemotaxis and activation of human peripheral blood eosinophils is induced by pollen-associated

lipid mediators [61].

Regulation of dendritic cells: Pollen-associated lipid mediators regulate dendritic cells [62].
Cell toxic substances: Direct cell toxic substances, such as mellitin and phopholipases, exist in insect venoms [63].

that are not recognized as antigens, but bind to specific
receptors on cells of the immune system. Recently,
attention has been drawn to the Toll-like receptors [6]
and T cell, immunoglobulin, mucin domain-containing
molecules (TIM) present on T cells, which could express
the function of the virus receptor (as in the case of the
hepatitis A virus and Tim-1, reviewed by Umetsu and
DeKruyff in this issue) [7].

The hygiene hypothesis poses several questions concern-
ing the nature of protective infectious agents, the timing
of their involvement and the mechanisms of protection.
The review by Vercelli in the issue of Current Opinion in
Immunology discusses the current status regarding the
mechanisms of the hygiene hypothesis. A unifying con-
cept for the hygiene hypothesis has not yet emerged, and
might not emerge; however, various aspects of the com-
plex interplay between immune responses of the host,
and the type, dose and variety of the exposed microor-
ganism have been suggested. Several questions remain
unsettled concerning the nature of protective exposures
and infections, many aspects of the mechanisms of pro-
tection, the spectrum of diseases in the scope of the
hypothesis, and the difference between triggering and
protective infections. Although there is potential for the
development of novel preventive and therapeutic strate-
gies, to date practical implications cannot be deduced
from these findings.

Immune response or no response to allergens
Co-evolutionary development of the immune system
together with infections and non-infectious environmen-
tal proteins (allergens) has generated biologically relevant
thresholds and has caused major directions to be taken by
the immune system. With few exceptions, the immune
response against acute viral infections is directed towards
complete neutralization of the microorganism. In con-
trast, the immune response to chronic non-cytopathic
viruses (hepatitis B virus, hepatitis C virus and HIV),
commensal bacteria, helminths and allergens shows dif-
ferent intensities depending on the dose, localization and
innate immune response-stimulating properties of the
microorganism as well as on the response thresholds of
the host.

There are obviously several essential differences
between allergen exposure and acute infections. One
of the main differences is that allergen exposure persists
for the entire life of a patient (mites) or repeats at a certain
time of every year (pollens), except in the case of food
and latex allergy and insect venoms. Another important
difference is that innate immune response-stimulating
substances such as Toll-like receptor-ligands exist in
allergens, but in much lower quantities compared with
acute infections. Allergens are exposed to the mucosal
immune system together with proteins and innate
immune response-stimulating substances of commensal
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bacteria [8]. The human intestinal upper respiratory and
the genital mucosa are colonized by a large number of
microorganisms that inhabit the intestinal tract and that
support a variety of physiological functions. The stepwise
microbial colonization of the intestine begins at birth and
continues during the early phases of life to form an
intestinal microbiota that is different in each individual.
This process facilitates the formation of a physical and
immunologic barrier between the host and the environ-
ment, helping the gastrointestinal tract to maintain a
disease-free state. Probiotics are viable microbial food
supplements that are thought to have a beneficial impact
on human health [9]. As shown in the second part of Box
1, the direct tissue destructing capacity of allergens has
been demonstrated, but again in much lower levels
compared to acute infections. As reviewed by M Akdis
in this issue, the default healthy immune response to
allergens is expected to be no response; however, detect-
able T-cell and antibody (particularly IgG, and IgGy)
responses have been demonstrated in sensitized but
clinically healthy individuals. If an immune response
develops, the immune system shows allergen-specific
tolerance by using multiple mechanisms in order to keep
the intensity of the inflammation low and tissue destruc-
tion small.

Multifacets of ignorance and regulation of allergen-
specific immune responses

The overall evaluation of the studies regarding the con-
trol of T- and B-cell responses against allergens suggests
that immunological ignorance and active suppression are
not entirely distinct, but rather represent linked mechan-
isms of peripheral tolerance [10]. Immunological ignor-
ance suggests that 'T" cells ignore self or foreign antigens
that stay strictly outside secondary lymphatic organs or
reach them only for a short period of time and below a
minimal quantitative threshold [11]. As discussed above,
the most common features of proteins that make them
allergens are their high expression (dose), their structural
features and related factors in the tissues, and their
resistance to digestion (stability) (Box 1) to overcome
immunological ignorance.

The mucosal surfaces of the respiratory, the gastroin-
testinal and the genital tract, which cover a total of
300 m? in contact with external environment, represent
major sites of antigen exposure. Discrimination between
pathogenic antigens, towards which a protective immune
response has to be established, and harmless antigens,
such as food, airborne antigens or the commensal bac-
terial flora that should be ignored, is the most challenging
task of the mucosal immune system. Induction of muco-
sal tolerance or immunological ignorance of environmen-
tal harmless proteins as well as infectious agents by
secretory IgA antibodies are two main mechanisms
[12] (see Figure 2). Allergen-specific T regulatory (T'reg)
cells, reviewed by Akdis, Umetsu and DeKruyff, and
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Larché in different contexts, represent the dominant T-
cell subset against mucosal allergens in the healthy
immune response and after allergen-specific immu-
notherapy (SIT) [13]. They not only suppress aller-
gen-specific immune response development but also
directly or indirectly regulate B cells by induction of
[gG,4 by interleukin (IL)-10 and IgA by transforming
growth factor (T'GF)-B. In addition, they suppress mast
cells, basophils, eosinophils and resident tissue cells, and
contribute to the maintenance of peripheral tolerance as
well as down-regulating thresholds of proinflammatory
events in the tissues [10].

The association between serum and mucosal secretory
IgA levels and development of allergy has been recently
questioned. Antigen-specific secretory IgA antibodies in
the gut were decreased in a mouse model of food allergy,
suggesting a role for secretory IgA in ignorance to food
antigens. Peyer’s patch CD3" cells were primarily
involved by favoring IgA production through the release
of IL.-10 and TGF-B, and low IL-10 production in Peyer’s
patches favored the symptoms of food allergy [14]. Aller-
gen-specific secretory IgA was found to protect sensitized
children from development of allergic symptoms during
the first two years of life, suggesting a possible ignorant
role of secretory IgA against allergens [15]. In addition,
increases in allergen-specific IgA has been reported in
SITs performed via sublingual or subcutaneous routes
[16,17].

Remodeling in asthma, which might be the consequence
of excessive repair processes following repeated airway
injury, includes increased deposition of several extracel-
lular matrix proteins in the reticular basement membrane
and bronchial mucosa, as well as increases in airway
smooth muscle mass, goblet-cell hyperplasia and new
blood vessel formation [18]. Consequently, the airway
wall in asthma is usually characterized by increased
thickness and markedly and permanently reduced airway
calibre. A major Tre, cytokine, TGF-B, is a potent
regulator of fibroblast and myofibroblast function and
controls the production of several extracellular matrix
proteins, including collagens, proteoglycans and tenascin
[19]. Other potential sources of TGF-B include eosino-
phils, macrophages, mast cells, neutrophils, endothelial
and epithelial cells, as well as smooth muscle cells and the
fibroblasts themselves [19].

Airway remodeling might represent a continuum from
inflammation to scarring, but it could also be a protective
response to altered airway immunology caused by
ongoing cellular activation and tissue damage. The thick-
ening of the subepithelial lamina reticularis (basement
membrane) in bronchial asthma has been related to an
increase in fibroblasts in correlation with TGF- expres-
sion. Treatment of mice with anti-T'GF-B antibody in the
allergic lung inflammation model significantly reduced
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Factors that could play a role in down-regulation of asthmatic inflammation. First, allergen ignorance related factors: increased basement
membrane thickness that acts as a physical barrier between allergens and the immune system cells, mucosal IgA production against allergens,
and mucus production in physiological quantities. Second, inflammatory cell and cytokine clearance related factors: clearance of airway tissue
inflammatory cells by migration towards lumen, and induction of bronchial epithelial cell apoptosis and shedding. Third, suppression of
inflammation: generation of regulatory dendritic cells (DCs) that have decreased proinflammatory and antigen-presenting cell (APC) capacity,
production of Treg cells that directly or indirectly suppress effector cells and inflammatory DCs and induce IgG, and IgA production

by B cells, and generation of other suppressor cytokines released from tissue-infiltrating cells and resident tissue cells, as well as the suppressor
role of surfactants that contribute to multiple suppressor mechanisms that control allergic inflammation.

peribronchiolar extracellular matrix deposition, airway
smooth muscle cell proliferation, and mucus production
in the lung [20]. There is clear evidence that lamina
reticularis thickening starts early in asthma, even at the
time of first diagnosis [21], which suggests that a barrier
between activated epithelium or mucosal allergens and
inner tissues (i.e. immune system cells) occurs with the
aim of down-regulation of the allergen-induced inflam-
matory response. It appears that the immune system

naturally tries to decrease allergen burden before the
initiation of a visible disease, and continues to do so
during allergic inflammation. These mechanisms resem-
ble features of immune response to chronic helminth
infections in order to decrease the antigenic burden of
the helminths and to mechanically keep them away from
tissues (e.g. keeping them in fibrous sacks etc.). It is
generally accepted that the cyst stage of helminths occurs
with the contribution of both tissue factors and parasite
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factors [22]. The efforts of the immune system and lung
fibroblasts to increase lamina reticularis thickness might
indeed aim to make a mechanical barrier between the
allergens (mites and pollens) and the submucosal tissues,
particularly the immune system.

Development of the IgE response to helminths has been
commonly observed, although there is no typically
accompanying allergic disease. Even though helminths
themselves are strong Th2 inducers, there is increasing
evidence that helminth infections can protect the host
against Th2-mediated allergic pathologies. Parasite infec-
tion does not prevent allergen sensitisation, but restricts
the Th2 effector phase responsible for inflammation most
probably related to Tge, cell activity [5]. IL-10-producing
B cells were suggested as an underlying mechanism for
the prevention of anaphylaxis during Schistosoma mansoni
infection, suggesting the control of mast cell degranula-
tion threshold by IL.-10 [23]. Helminth infections are also
accompanied by high levels of helminth-specific [gG,4 as a
link for IL.-10, peripheral tolerance and suppression of
allergic reactions [24].

Taken together, increased subepithelial lamina reticu-
laris thickness [21], mucosal IgA production [15], bron-
chial epithelial cell shedding [25], and mucus
production represent mechanisms regulated by the
immune system that attempt to decrease the amount
of allergen exposure (wash-away effect); these might
play a role in immunological ignorance. In addition,
suppressor role of surfactant [26] and transmigration
of inflammatory cells away from the tissues towards
the lumen might have anti-inflammatory and tissue-
protective roles 7z vivo. Rapid and efficient clearance
of airway tissue inflammatory cells through transepithe-
lial migration to the lumen is central to the resolution of
inflammation [27]. Interestingly, bronchoalveolar lavage
cell counts have been thought to be a surrogate marker of
inflammation. This might lead to a false identification of
drugs that could be beneficial by increasing transepithelial
migration of inflammatory cells to lumen (wash-away
effect) (Figure 2).

Early and late phases of allergen-specific immune
response

Differentiation and clonal expansion of 'T" helper 2 (Th2)
cells occurs in response to common environmental anti-
gens (see Figure 1). Cytokines such as IL.-4 and IL.-13
induce immunoglobulin class switching to IgE and
expansion of naive B-cell populations, as well as further
clonal expansion in IgE-expressing memory B cells [28].
The unequal susceptibility to activation-induced cell
death between Thl and Th2 cells that controls the T
cell fate might eventually cause an imbalance in Th cell
subsets leading to a peripheral blood Th2 response in
polyallergic and atopic individuals [29]. This is often
associated with increases in total IgE in the serum and
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peripheral blood, and sometimes tissue cosinophilia. In
monoallergic forms of allergic disease (i.e. insect venom
allergy), allergen-specific Th2 and IgE responses are
confined to the single allergen, serum total IgE is not
increased, and esosinophilia is not observed [30]. These
two types of allergic disease as well as non-IgE-associated
types of asthma and dermatitis show differences in
immune mechanisms [30]. Some epidemiological factors
are different, such as sex and age of onset, but clinical
features are not distinguishable [31].

IgE sensitizes mast cells and basophils by binding to the
high-affinity receptor for IgE (FceRI) expressed on their
surface. Upon crosslinking of the IgE-FceRI complexes
by allergen, mast cells and basophils degranulate to
release vasoactive amines (principally histamine), lipid
mediators (prostaglandins and cysteinyl leukotrienes),
cytokines and chemokines, all of which characterize
the immediate phase of the allergic reaction [2]. Hista-
mine is one of the key factors of the immediate phase of
the allergic reaction, and regulates dendritic cells, T cells
and antibody isotypes via four distinct histamine recep-
tors (HR). HR2 acts as an anti-inflammatory and anti-
allergic receptor, whereas HR1, HR3 and HR4 show
proinflammatory effects [32,33]. In this issue, Grimbal-
deston er al. review novel effector and potential immu-
noregulatory roles of mast cells. They state that mast cells
are not only associated with type-1 hypersensitivity reac-
tions but also play a role in chronic inflammation and
tissue remodelling and even display immune regulatory
roles. IgE also binds FceRI on the surface of dendritic
cells and monocytes, and also binds to the low-affinity IgE
receptor FceRII (CD23) on the surface of B cells. This
enhances the uptake of allergen by these antigen-pre-
senting cells and the subsequent presentation of allergen-
derived peptides to specific CD4" T cells, which drive the
late phase of the allergic reaction [34]. Treatment with
anti-IgE-monoclonal antibody significantly reduces aller-
gen-induced late-phase responses, demonstrating the role
of IgE in enhancing T-cell responses to allergen [35].

In chronic allergic inflammations of lung and skin, the
subepithelial tissue turns into a secondary lymphoid
organ-like tissue with the infiltration of T cells, dendritic
cells and B cells. Activated T cells interact with resident
tissue cells as well as with other migrating inflammatory
cells. They activate bronchial epithelial cells, smooth
muscle cells, macrophages, fibroblasts in the asthmatic
lungs, and epidermal keratinocytes in the allergic skin.
Resident tissue cells contribute to inflammation by secre-
tion of pro-inflammatory cytokines and chemokines [30].
Production of IFN-y and TNF-a together with expres-
sion of FAS-ligand by Thl cells leads to epithelial cell
activation followed by apoptosis, and compromises barrier
function of epithelial cells in the lungs and the skin [30].
It involves two stages. First the pro-inflammatory stage
takes place, with the activation of epithelial cells and the
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release of chemokines and pro-inflammatory cytokines
[36]. This is followed by the eventual death of keratino-
cytes and bronchial epithelial cells, which leads to a
visible pathology including epithelial desquamation in
asthma and epidermal spongiosis in eczema. However, it
represents an anti-inflammatory stage because the highly
active and proinflammatory epithelial cell dies and its
contacts with the inner tissue are broken (Figure 2). The
important role of TNF-a in the pathogenesis of asthma is
now coined by clinical studies of TNF-a antagonists [37].
As reviewed by Umetsu and DeKruyff in this issue, there
has been much progress in understanding the complex
interaction of effector T cells, NK'T cells, other effector
cells, resident tissue cells and Tge, cells in asthma.
Although it is not a common feature, neutrophilic inflam-
mation occurs in severe cases of asthma and at the early
phase of mice models. Th17 cells that are thought to
regulate chronic neutrophilic inflammation have not been
intensely investigated in allergic disease to date [38].

Novel curative treatment strategies
Allergen-SIT faces several problems related to the con-
tent of the vaccine, type of the adjuvant, route of applica-
tion, long duration of treatment, side effects and limited
efficacy [39]. Currently, allergen-SI'T is performed using
vaccines based on allergen extracts, which might contain
allergens as well as non-allergenic or even toxic proteins.
In addition, many extracts derived from natural materials
contain innate immune response triggering substances,
such as lipopolysaccharide, which is detectable and can be
eliminated. However, lipopolysaccharide accompanies
several other innate immune response triggering sub-
stances that are not detectable by conventional methods.
Furthermore, administration of allergen extracts can
cause severe, often life-threatening, anaphylactic reac-
tions as well as new IgE sensitization to other antigens
contained in the extract. Many of the problems associated
with the use of natural allergens and extracts for the
diagnosis and treatment of allergy can be overcome by
using recombinant allergens. Another important issue to
be solved is that current protocols of allergen-SI'T require
at least three years of clinical treatment, and efficacy is
questionable in certain cases. In this issue of Current
Opinion in Immunology, Crameri and Rhyner review novel
strategies based on technological developments in engi-
neering of recombinant allergens to overcome these pro-
blems. Recent developments in the areca are the
protective effect of non-IgE binding fusion allergens
[40,41], use of recombinant Bet v 1 and its derivatives
in birch pollen allergy [42], use of five recombinant grass
pollen allergens [43], and intralymphatic SI'T [44].

The question remains whether the concept of successful
preventive vaccines against infections is applicable to
allergen-SI'T' vaccines for the treatment of allergy.
Anti-infection vaccines that are efficient protect via pro-
tective antibodies [45]. In contrast, vaccines that are not

protective activate T-cell responses. The persistence of
the vaccine antigen to maintain sufficient numbers of
activated effector T' cells is crucial and does not always
happen [46]. In this issue, Larché reviews direct T-cell
targeting in the treatment of allergy and asthma. Whether
the induction of a strong non-IgE (IgG,, 1gG,;) isotype
antibody response or induction of peripheral T-cell tol-
erance together with non-inflammatory IgG, and IgA
isotype antibodies would lead to more efficient SI'T
vaccines is still under debate, although the analysis of
natural immune response supports the latter. In the case
of successful anti-infection vaccines, a complete viral
clearance or toxin neutralization occurs via comple-
ment-activating antibodies. However, allergen exposure
continues life-long and induction of complement activa-
tion might also lead to immune pathology.

Conclusions

Extensive progress has been made in understanding of
mechanisms of allergic disecase with the complex inter-
action of effector T cells, NK'T cells, other effector cells,
resident tissue cells and T're, cells. As observed in natural
immune responses in healthy individuals, peripheral T-
cell tolerance is the key immunological mechanism in
healthy immune response to allergens. Changes in the
fine balance between allergen-specific Tre, and Th2 and/
or Thl cells are crucial in the development and also the
treatment of allergic diseases. In addition to the treatment
of established allergy, it is essential to consider prophy-
lactic approaches before the initial sensitization takes
place. By the application of the recent knowledge in
peripheral tolerance mechanisms, more rational and safer
approaches are awaiting for the treatment, prevention and
cure of allergic diseases.
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