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Type | allergy is a classical Th2-driven hypersensitivity
disease based on IgE recognition of environmental aller-
gens. Exposure of allergic individuals to exogenous
allergens leads to immediate type inflammation caused
by degranulation of mast cells via IgE-allergen immune
complexes and the release of inflammatory mediators,
proteases and pro-inflammatory cytokines. However,
allergic inflammation can occur and persist in the
absence of exposure to exogenous allergens and might
paradoxically resemble a Th1-mediated chronic inflam-
matory reaction. We summarize evidence supporting
the view that autoimmune mechanisms might contrib-
ute to these processes. IgE recognition of autoantigens
might augment allergic inflammation in the absence of
exogenous allergen exposure. Moreover, autoantigens
that activate Th1-immune responses could contribute to
chronic inflammation in allergy, thus linking allergy to
autoimmunity.

Allergy and autoimmunity: two mutually exclusive
forms of hypersensitivity?

The formation of IgE antibodies against environmental
antigens (i.e. allergens) is the hallmark of allergic disease
[1-3]. Immune complexes consisting of IgE and allergens
induce the release of inflammatory mediators, proteases
and cytokines from mast cells and basophils leading to
allergic inflammation within a few minutes [4]. The immedi-
ate type allergic inflammation is therefore, in principle, a
Th2 cell- and IgE-dependent process (Box 1). Allergy is
distinct from other hypersensitivity reactions that are
mediated by antibody classes other than IgE, that is, Type
IT and Type III reactions and from the mainly cell-based
Type IV immune reactions which are dominated by Th1 cell
activation and underlie most autoimmune diseases [1].
According to the underlying T-cell response, IgE-mediated
allergy can be regarded as a classical Th2 disease, whereas
most other hypersensitivity and autoimmune diseases are
dominated by the activation of Thl cells, cytotoxic cells,
complement and the production of inflammatory cytokines
such as IFN-y, IL-12 and IL-17 [5-7].

Epidemiological data indicate that the prevalence of
both allergies and autoimmune diseases increase in paral-
lel. Even if one assumes that the parallel increase of these
hypersensitivities is caused by a reduction in immune
regulatory networks, the parallel increase of Th2- and
Thl-mediated diseases is puzzling because, in theory,
conditions favouring Th2- or Thl-activation should bal-
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ance and even counteract each other as is also proposed
according to the hygiene hypothesis [8,9]. In general, con-
ditions of allergy and autoimmunity can co-occur in
patients, but it is quite surprising that in many allergic
patients chronic allergic inflammation resembles features
of a delayed-type, cell-based (Type IV) hypersensitivity
which is normally a consequence of a Th1 cell activation
[10,11]. Moreover, chronic allergic inflammation can be
observed in allergic individuals even when they are not
exposed to environmental allergens. Symptoms of chronic
allergic inflammation mimicking Thl-like, delayed-type
manifestations can be observed in the skin of allergic
patients (i.e. atopic dermatitis [AD]), the upper and lower
respiratory tract (i.e. chronic allergic rhino-sinusitis,
chronic allergic asthma) and even in the gut [12-15].
The immigration of Th1 cells to skin lesions of AD patients
seems to follow an initial Th2 activation and might be
responsible for the induction of keratinocyte apoptosis
leading to eczema [16-18]. Chronic forms of allergic inflam-
mation typically respond better to T-cell targeted forms of
therapy such as anti-CD4 treatment, cyclosporine and
immunosuppressive drugs than to treatments neutralizing
mast cell and basophil mediators or to anti-IgE strategies
[14]. Tt also speaks against the involvement of IgE-de-
pendent mechanisms in these manifestations, that aller-
gen-derived peptides without IgE reactivity can induce
chronic allergic inflammation by MHC-dependent T-cell
activation [19].

Interestingly, we have found that patients suffering
from such manifestations of chronic allergic inflammation,
and in particular patients with AD, frequently mount IgE
antibody responses against a variety of human proteins
that are expressed in various cell types and tissues in
addition to exogenous allergens [20]. Furthermore, we
found that the magnitude of IgE autoreactivity is associ-
ated with disease activity and severity [21]. We have then
studied the molecular nature of some of the IgE-reactive
autoantigens and investigated the role of autoreactivity in
allergy [21-23]. Several of the autoantigens were originally
identified with IgE antibodies from allergic patients suffer-
ing from chronic allergic inflammation. Interestingly, some
of these also turned out to be potent activators of Th1l and
cytotoxic T-cell responses [24,25] (Heratizadeh, A. et al.,
unpublished). Here, we propose that immune recognition
of these autoantigens might contribute to allergic inflam-
mation in the absence of exogenous allergen exposure.
Moreover, recognition of IgE-reactive autoantigens, which
potently activate Th1 immunity, could explain the unusual
Thl-like features of chronic allergic tissue inflammation
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Box 1. Definitions: type |, II, lll and IV hypersensitivity

Type I: immediate type reactions resulting from soluble
antigen (i.e. allergen) interacting with cell-bound
IgE.

Type II: antibody reactions with cells or extracellular
matrix components leads to destruction by
complement lysis or Fc-receptor-bearing cells
(opsonisation).

Type lll: immune complex reaction involves soluble anti-
gen, IgG and complement.

Type IV: delayed type reactions are mediated by T cells
and antigen presenting cells (APCs).

Atopy: a tendency to develop immediate-type hyper-
sensitivity reactions to common allergens.

Allergy: the situation of ‘changed reactivity’ to antigenic
stimulation resulting in immunity or hypersen-
sitivity. Nowadays allergy is used synonymously
with IgE-mediated hypersensitivity.

Autosensitization: IgE-mediated sensitization to autoantigens.

and explain the co-occurrence of allergy and autoimmunity
in certain allergic manifestations. Allergy and autoimmu-
nity, therefore, do not seem to represent mutually exclu-
sive conditions.

IgE autoreactivity in allergy and autoimmunity

Long before the discovery of IgE antibodies, it was
described that patients suffering from severe forms of
allergy exhibit immediate type skin inflammation and
lymphoproliferative responses to human dander extracts
[26,27]. However, studies regarding the biochemical
characterization of allergens indicated that reactivity to
environmental allergens has a much more important role
than recognition of human antigens in allergic disease.
Therefore, the concept that autoreactivity could be a
possible pathogenetic factor in allergy lost attention until
the molecular analysis of environmental allergens
revealed surprising sequence and immunological sim-
ilarities with human proteins [28-32]. Furthermore, it
was demonstrated that human proteins with structural
similarity to exogenous allergens cross-reacted with aller-
gen-specific IgE antibodies, induced IgE-mediated effector
cell degranulation, skin responses and lymphoproliferative
responses [28-32]. The occurrence of IgE autoreactivity
was most pronounced in patients suffering from severe and
chronic allergic inflammation, in particular in patients
suffering from AD, a chronic inflammatory skin manifes-
tation with features of a Th1 (i.e. Type IV delayed hyper-
sensitivity reaction) [20,21]. By using IgE antibodies from
patients with such chronic allergic manifestations, cDNAs
coding for ‘autoallergens’ could be isolated and their mol-
ecular nature revealed [21,22].

Independent studies carried out in the field of autoim-
munity showed that several autoantigens, which are
involved in classical autoimmune diseases, also reacted
with IgE antibodies (Table 1).

The nature and possible importance of IgE-reactive
autoantigens

Table 1 provides an overview of IgE-reactive autoantigens,
which have been described in the field of allergy and
autoimmunity. Certain IgE-reactive autoantigens were
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identified as human homologs of environmental allergens
[28,30-34] (Table 1, yellow). These allergens represented
mainly evolutionarily conserved proteins such as profilin,
an actin-binding protein [28,29], serum albumin [32,33],
manganese superoxide dismutase and a ribosomal protein
[30,31,34]. The homologous autoantigens showed struc-
tural similarity with the corresponding exogenous aller-
gens, and IgE-cross reactivity was detected in many cases.
Furthermore, certain of these cross-reactive autoantigens
induced cell activation and immediate and late phase skin
reactions in sensitized individuals, however mostly to a
much lower degree than the cross-reactive exogenous aller-
gens [30,31]. According to the cross-reactivity hierarchy
(i.e. exogenous allergens reacted stronger than the corre-
sponding autoallergens), one might assume that this type
of ‘autoreactivity’ is based mainly on cross-reactivity with
the exogenous allergen. The reactivity to such cross-reac-
tive endogenous antigens would, therefore, be initiated
and triggered primarily by the exogenous allergen. Never-
theless, it is quite possible that ‘autoreactivity’ because of
cross-reactivity might contribute to the maintenance of
allergen-specific IgE-responses in the absence of exogenous
allergen exposure, and it has been shown that IgE recog-
nition of such cross-reactive endogenous antigens can
cause inflammation [28,30,31].

Several classical autoantigens which are known as tar-
gets in rheumatoid arthritis, systemic lupus erythemato-
sus (SLE), in addition to autoimmune diseases of the skin,
gut, eye and endocrine glands, were also reported to react
with IgE antibodies (Table 1, green). In the case of bullous
pemphigoid, a chronic blistering skin disease, signs of
urticaria are often observed and could be due to IgE-
recognition of autoantigens. In this context, it has been
shown that bullous pemphigoid IgE reproduces the early
phase of lesion development in human skin grafted to
aythmic nude (nu/nu) mice [35]. However, for most of
the other IgE-reactive autoantigens belonging to this sec-
ond group, it has not been demonstrated that IgE reactivity
contributes to the pathology of the disease or is associated
with certain disease phenotypes or disease severity.

The third group of IgE-reactive autoantigens, which
have been termed ‘Hom s antigens’ according to the inter-
national allergen nomenclature [36], was identified in
a disease-oriented approach. Sera from patients with
various manifestations of allergic disease and control
populations were screened for the presence of IgE auto-
antibodies directed against human cells and tissues [20].
It turned out that the majority of patients (i.e. ~60%) with
severe and chronic allergic symptoms, in particular
patients suffering from atopic dermatitis (but not patients
suffering from mild forms of respiratory allergy or non-
allergic individuals) exhibited IgE autoreactivity. The
intensity of IgE autoreactivity was associated with the
severity of atopic disease and was reduced after successful
anti-inflammatory treatment [20,21,37]. Both findings
argue for an important role of IgE autoreactivity at least
as a sign or marker of severe disease. Interestingly, IgE
auto-sensitization could be detected already, early in
childhood, and in certain cases IgE antibodies directed
towards autoantigens were detected earlier than IgE
antibodies towards exogenous allergens, indicating that
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Table 1. IgE-reactive autoantigens in allergy and autoimmunity
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IgE-reactive Disease Biological function Cellular Sequence identity Tissue or organ Evolutionary Molecular Refs
autoantigens association other informations distribution distribution conservation weight
Profilin Allergy Actin-binding Intracellular Profilins All cells Eukaryotic cells 12-17 kDa [28]
protein, participating
in the phosphoinositide
pathway and signal
transduction
Albumin Allergy Serum protein Secreted Serum protein Blood plasma, all Mammals 60-70 kDa [32,33]
Extracellular tissues
Manganese Allergy Atopic Enzyme, that catalyzes Intracellular Manganese All tissues Eukaryotic cells 26.7 kDa [30,34]
superoxide dermatitis the dismutation of Superoxide
dismutase superoxide radicals dismutases
Acidic Allergy Required for the Intracellular Acidic ribosomal All tissues Eukaryotic cells 13 kDa [31]
ribosomal P2 functional activity phosphoprotein
protein of ribosomes type 2
Hom s 1 Atopic Leucine zipper DNA- Intracellular SART-1 Mammalian cells, Mammals 73.4 kDa [22]
dermatitis binding protein, Nucleus skin, lung, liver,
induction of cell cycle gastrointestinal tract,
arrest and apoptosis brain
Hom s 2 Atopic Binds to newly Intracellular Alpha-chain of the Mammalian cells, Eukaryotic cells 23.2 kDa [21,39]
dermatitis synthesized polypeptide nascent polypeptide skeletal muscle,
chains emerging from associated complex brain, skin, liver
the ribosome bone, lung
Hom s 3 Atopic Oncogene, upregulated Intracellular BCL7B Mammalian cells, Eukaryotic cells  20.1 kDa [21]
dermatitis in tumours skeletal muscle,
thymus, placenta, liver
Hom s 4 Atopic Binds calcium Intracellular Calcium-binding Mammalian cells, Eukaryotic cells 54.2 kDa [21,24]
dermatitis proteins skin, lung, brain,
bone marrow, colon,
placenta, liver, heart,
breast
Hom s 5 Atopic Formation of Intracellular Cytokeratin type Il Epithelial cells Mammals 42.6 kDa [21]
dermatitis intermediate
filaments
Dense fine Atopic Transcription Nucleus Lens epithelium- Eye, keratinocytes, Mammals 70 kDa [52]
speckles 70 kDa, dermatitis coactivator, survival derived growth fibroblasts
DFS70 factor factor, P75
30 kDa protein Atopic Unknown Unknown Unknown Human epidermis Unknown 30 kDa [563]
dermatitis
Nuclear Rheumatoid Unknown Nucleus Unknown Granulocytes, non- Unknown Unknown [54,55]
antigens arthritis, SLE organ-specific
Nucleic acid SLE DNA, RNA, tRNA Nucleus Nucleic acid All cells Eukaryotic cells [56,57]
antigens
Antigenic Rheumatoid Immunoglobulin Extracellular Immunoglobulins Blood, body fluids Vertebrates 120 kDa [58,59]
determinants on arthritis, SLE
the Fc fragment
of antibodies
Collagen Rheumatoid Extracellular Extracellular  Human collagen Cartilage, Connective Mammals Unknown [60,61]
arthritis matrix protein type Il, bovine tissue
collagen types Il,
IX and XI
Ro/SS-A SLE foetal loss Ribonucleoprotein Nucleus and  DNA-binding protein  Most cells and tissues Eukaryotic cells  52-60 kDa [62]
cytoplasm
Platelet antigens Asthma Unknown Cell surface Unknown Platelets Mammals 55, 68 kDa [63]
BP180 Bullous Cell-matrix adhesion Trans- Collagen type XVII Skin (hemidesmosome), Mammals 180 kDa [64,65]
pemphigoid molecule, cell surface membrane keratinocytes, brain
receptor
BP230 Bullous Adhesion junction Intracellular Desmoplakin | Skin (hemidesmosome), Mammals 230 kDa [66]
pemphigoid plaque protein keratinocytes
Dsg3 Desmoglein3 Pemphigus Cell adhesion, calcium- Trans- Cadherin Skin (desmosomal), Vertebrates 115 kDa [67]
vulgaris binding glycoprotein membrane epi-dermal keratinocytes
Retinal S antigen Uveitis Binds to photoactivated- Intracellular Arrestin Photoreceptors of Eukaryotic cells 48 kDa [68]
phosphorylated rhodopsin the retina, pineal gland
GADG65 Stiffman Catalyses the conversion Intracellular Glutamic acid Pancreatic islet B Prokaryotic and 65.4 kDa [69,70]
syndrome of glutamate to gamma- decarboxylase cells, nervous system eukaryotic cells
Type 1 diabetes aminobutyric acid (GABA)
mellitus
TSH receptor Graves'disease Regulates the production Trans- Thyrotropin receptor  Thyroid gland Mammals 95-100 kDa  [71]
Thyroid eye of thyroid hormones membrane
disease
Thyro-peroxidase Chronic urticaria  Liberates iodine for Trans- Thyroperoxidase Thyroid gland Mammals 105 kDa [72,73]
Hashimoto’s addition onto tyrosine membrane
thyroiditis residues on thyroglobulin
Thyroglobulin Chronic urticaria  Storage of iodine Secreted Thyroglobulin Thyroid gland Mammals 660 kDa [73]
Insulin, Growth- Allergy Peptide hormones Secreted Endocrine glands Mammals 58 kDa [74]
hormone, 24 kDa
Erythropoietin, 34 kDa
Calcitonin 34 kDa
Tissue trans- Coeliac disease Catalyses the cross linking  Intra- and Protein-glutamine Gut, kidney, retina, Eukaryotic cells  75-85 kDa [75]
glutaminase of proteins, conjugation of  extracellular = gamma-glutamyl brain
polyamines to proteins transferase 2

Cross-reactive autoantigens comprising human homologs of environmental allergens are indicated in yellow. IgE-reactive autoantigens that have been originally isolated with sera from
atopicindividuals are coloured in purple. Autoantigens characterized in classical autoimmune diseases that were shown to react also with IgE are indicated in green. Blue and orange colours
indicate intracellular and extracellular distribution of the autoantigens, respectively.
Abbreviations: BP, Bullous pemphigoid; GAD65, Glutamic acid decarboxylase isoform 65; Ro/SS-A, Ribonucleoprotein autoantigen Sjogren syndrome type A antigen; TSH, Thyroid-

stimulating hormone.
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IgE autoreactivity might be a result of a primary auto-
sensitization [38].

To identify unambiguously the nature of the autoanti-
gens, we screened a human cDNA library with IgE auto-
antibodies from patients with severe atopic dermatitis and
isolated cDNA clones coding for IgE-reactive autoantigens.
These autoantigens were termed Hom s 1-Hom s 5 (Table 1,
purple) and represented intracellular proteins (Table 1:
intracellular antigens, blue; extracellular antigens,
orange) which are expressed in different cell types and
tissues [21]. Hom s 1 was found to be identical to a
previously identified tumour antigen which induces strong
cytotoxic T-cell responses [22]. Hom s 2 corresponded to the
o chain of the nascent polypeptide associated complex, an
evolutionarily conserved protein which is involved in ribo-
somal protein biosynthesis [25,39]. Hom s 3 is identical to
the B cell lymphoma 7B protein (BCL7B) oncogene [21],
Hom s 4 is a calcium-binding protein [21,24] and Hom s 5 is
a cytokeratin type II [21]. The availability of purified
recombinant autoantigens allowed us to study the possible
role of autoreactivity using in vitro and in vivo models.
When mice were sensitized with alum-adsorbed Hom s 2 or
the corresponding murine protein according to a typical
protocol used for allergic sensitization, autoimmunity
could be induced leading to bronchial airway hyper-reac-
tivity [40]. Furthermore, Hom s 2-sensitized mice devel-
oped IgE autoantibodies, IgE-mediated cutaneous
hypersensitivity and lung inflammation associated with
T-cell reactivity, demonstrating that autosensitization can
indeed be a cause of inflammation and disease. Interest-
ingly, Hom s 2-sensitized mice developed mixed lung path-
ology indicative of a Th2 and Thl activation, and IgG
autoantibody formation [40].

The latter finding was in agreement with results
obtained from in vitro experiments performed with per-
ipheral blood mononuclear cells (PBMC) and T cells from
patients containing Hom s 2 or Hom s 4-specific IgE
antibodies. In these experiments, Hom s 2 and Hom s 4
favoured the production of the Thl cytokine interferon
(IFN)-y in PBMC cultures from atopic persons and even
stronger in non-atopic persons, whereas exogenous aller-
gens induced mainly the secretion of Th2 cytokines and
consistently lower levels of IFN-y [24,25]. These results
were also confirmed at the level of T-cell lines and clones
because Hom s 2-specific T cells mainly belonged to the Th1
phenotype and also Hom s 2-specific CD8 cells were ident-
ified (Heratizadeh, A. et al., unpublished).

To address the question of whether autoantigen specific
T cells might contribute to tissue injury, supernatants from
IgE-reactive autoantigen-stimulated human PBMCs were
analyzed for the presence of factors capable of damaging
epithelial cells. It was found that supernatants from Hom s
2- and from Hom s 4-stimulated PBMCs contained high
levels of IFN-y and that these supernatants induced
damage to respiratory epithelial cells in vitro in addition
to keratinocytes in an IFN-y-dependent manner [24,25].
Hom s 1, 3 and 5 have not yet been investigated regarding
their ability to stimulate T cells or to cause tissue damage.
However, Hom s 1 has been earlier identified as an import-
ant tumour antigen and as a prominent target for cytotoxic
T cells [41]. Likewise, Hom s 3, the BCL7B oncogene and
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Box 2. Mechanisms triggering autosensitization and IgE
autoreactivity

Several mechanisms could potentially give rise to autosensitization
and autoreactivity. Some of the mechanisms listed remain to be
proven experimentally.

e Cross-reactivity and mimicry: cross-reactivity with an autoantigen
that has structural similarity with an originally sensitizing
exogenous allergen, structure or epitope

e Escape from self-tolerance: intracellular autoantigens which have

escaped central and peripheral tolerance so that genuine auto-

sensitization can occur.

Altered self: autoantigens that are altered because of denaturation

become antigenic and cause autosensitization.

Presentation in a particularly immunogenic fashion by certain

types of APCs (e.g. professional dendritic cells).

Activation of certain T-cell subsets by proteolytic fragments

derived from autoantigens.

e Defect in regulatory T-cell function.

e Intrinsic capacity of certain autoantigens to elicit certain cytokine
responses.

Hom s 5, a cytokeratin II, have also been speculated to be
possible tumour antigens. It is, therefore, conceivable that
the Hom s autoantigens induce Th1 and/or cytotoxic T-cell
responses leading to tissue damage also by IgE-indepen-
dent mechanisms.

Immune recognition of autoantigens might, therefore,
contribute to the pathology of allergy via IgE-independent
in addition to IgE-dependent mechanisms (Box 2).

Autoantigens can trigger IgE-dependent inflammation
in allergy

The IgE-reactive autoantigens which are summarized in
Table 1 might induce IgE-dependent allergic inflammation
in a manner similar to exogenous allergens (i.e. by the
activation of mast cells, basophils and eosinophils in
addition to Th2 cells) (Figure 1).

One can speculate that auto-sensitization in a manner
similar to sensitization to exogenous allergens occurs
already, early in childhood, and is directed against a
defined set of antigens [42]. Later on, immune responses
(i.e. secondary immune responses) might be boosted by
antigen contact, or diminish in the absence of antigen
exposure [37,43]. Whether or not an atopic person can
become sensitized against a certain autoantigen might
be determined by the availability of the autoantigen and
by conditions favouring or counteracting (e.g. tolerance
mechanisms) the sensitization during the critical period
(Figure 1). The release of these autoantigens during the
course of tissue damage could boost IgE autoantibody
production similarly to the exposure to exogenous aller-
gens, which increases allergen-specific IgE antibody levels
[43]. In fact, it has been found that IgE autoantibody levels
increase after allergic inflammation and tissue damage
[21,37].

Furthermore, autoantigens which cross-react with
exogenous allergens might maintain or even boost the
allergic immune response to the cross-reactive allergen
[28] (Figure 1). In fact, it has been demonstrated that
the levels of IgE autoreactivity are associated with tissue
inflammation and damage [21]. Moreover, IgE auto-reac-
tivity was higher in patients suffering from allergic tissue
inflammation occurring during exposure to exogenous
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Figure 1. Development of autoreactivity in allergy and its possible pathogenic role. Tissue damage can occur in atopic persons before and after allergic sensitization to
exogenous allergens because of mechanical factors, physicochemical factors or pathogens. In sensitized allergic patients, contact with exogenous allergens leads to allergic
inflammation, which causes tissue damage. As a result of tissue damage because of exogenous factors, autoantigens are released which can cause auto-sensitization,
allergic inflammation via IgE-dependent mechanisms and/or activation of Th1 cells which might lead to IgE-independent tissue damage and perturbation of epithelial
integrity. Damage of the epithelial barrier by Th1-mediated mechanisms could then augment exogenous allergen penetration and allergic inflammation and facilitate the

transition of pathogens through epithelial barriers promoting infections.

allergens or in the absence of anti-inflammatory treatment
[21,37]. IgE auto-reactivity might, thus, also be considered
as a sign of tissue inflammation in allergic patients and be
useful for diagnostic monitoring.

Support for the assumption that autoantigens can con-
tribute to IgE-dependent allergic inflammation comes from
several studies performed in humans and mice. First, it
has been demonstrated that IgE-reactive autoantigens can
induce IgE-mediated basophil degranulation and immedi-
ate type allergic skin reactions in sensitized allergic
patients [28,30,31,34]. Second, it has been shown that mice
can be sensitized to autoantigens in a similar way to
exogenous allergens using sensitization protocols (i.e.
aluminium hydroxide-adsorbed antigen) established for
murine models of allergy. These autoantigens result in
the production of IgE autoantibodies, which cause mast
cell degranulation and skin responses when transferred
into naive mice [40]. IgE-reactive autoantigens have also
been observed to induce specific lymphoproliferative
responses in sensitized patients comparable to those
induced by cross-reactive exogenous allergens, and it is
possible that T-cell activation can be enhanced by IgE-
facilitated antigen presentation as has been shown for
exogenous allergens [44,45]. IgE-reactive autoantigens
might, therefore, induce IgE- in addition to T-cell-mediated
tissue damage.

Non-IgE-mediated inflammation in allergy via
autoimmune mechanisms

Exogenous allergens strongly induce Th2 reactivity, which
might be partly because of particular intrinsic properties of
the antigen [46]. By contrast, certain of the autoantigens

isolated with IgE autoantibodies, for example Hom s 2 and
Hom s 4, failed to induce strong basophil and mast cell
activation, but much to our surprise induced high levels of
IFN-y from in vitro cultured peripheral blood mononuclear
cells [24,25]. The strong induction of IFN-v by certain Hom
s autoantigens seemed to be a distinct feature of these
proteins because exogenous allergens did not induce such a
strong Th1 response (Box 3). Immune recognition of these
autoantigens was not confined to the IgE antibodies of
atopic individuals, but non-atopic individuals instead
raised IgG antibodies against these autoantigens [24]. This
finding is similar to the results obtained for exogenous
allergens, which are recognized by IgG antibodies from
non-allergic persons [47]. The induction of IFN-y (i.e. Th1-
like) in the PBMCs of non-atopic individuals was even
higher than in atopics, which might be explained by the
dominance of Th2 activation in this group [24].

Box 3. Open questions

Why is IgE autoreactivity preferentially associated with certain
manifestations of allergy (e.g. atopic dermatitis)?

Is IgE autoreactivity confined to certain target organs in allergy
(e.g. skin), and if so, what are the mechanisms behind this (e.g.
tissue-specific expression of autoantigens, distribution of circulat-
ing IgE-autoantigen immune complexes, homing of autoreactive
T cells)?

Why are some IgE-reactive autoantigens so potent in inducing
Th1 responses?

Can IgE autoreactivity be used as a diagnostic parameter for the
monitoring of tissue damage in allergic inflammation?

Is there a role for the IgE-reactive autoantigens beyond allergic
inflammation (e.g. in other autoimmune diseases)?

L]

L]
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Figure 2. The transition from allergy to autoimmunity. Short-term exposure to exogenous allergens gives rise to acute allergic inflammation characterized by IgE-
dependent mast cell and basophil degranulation, in addition to Th2 cell activation with little or no Th1 activity. Chronic exposure to exogenous allergens will initially lead to
prolonged allergic inflammation and liberation of autoantigens because of tissue damage (see Figure 1) which then can activate Th1 cells and might, thus, cause IgE-
independent tissue damage and inflammation. This autoimmune mechanism could lead to a transition from acute to chronic allergic inflammation dominated by signs of

Th1 activation in autosensitized persons.

Because the Hom s antigens induced stronger IFN-y
production in the PBMC of non-atopics compared to those
of atopics, it is quite possible that they also have a role in
other autoimmune diseases (Box 3). Another interesting
question is why autoantigens such as Hom s 2 and Hom s 4
induce such strong Th1 activation and if this property is an
intrinsic feature of these proteins. At present, our results
indicate that most individuals contain Th1l memory cells
specific for the Hom s autoantigens. It remains to be
studied if these antigens per se can initiate strong Thl
responses or whether other factors need to be involved.
Among the factors influencing the development of a strong
Th1 response might be the site where the autoimmune
response is initiated, the dose, condition and structure of
the autoantigen, adjuvant factors, type or state of the
antigen presenting cells and the targeting of certain T-cell
subsets by antigen derived peptides [48]. Interestingly, the
Hom s antigens described so far represent intracellular
proteins. It is, therefore, possible that they can give rise to
autoimmune responses because they have escaped central
tolerance mechanisms. It is also possible that epithelial
surfaces are exceptionally prone to tissue damage through
physicochemical processes facilitating the release of intra-
cellular proteins acting in the context of damage-associ-
ated molecular-pattern molecules (DAMPs) and as such
become denatured and therefore antigenic [49]. The latter
assumption is supported by our observation that certain
autoantigens react better with IgE when they are
denatured [50]. Finally, it has been shown that AD
patients also show Th1l reactivity to exogenous allergens
[16,17]. Hence, these patients might be especially prone to
mount Thl responses also to the IgE-reactive autoanti-
gens. As shown in Figure 2, we suggest that tissue damage
occurring during acute allergic inflammation, and even-
tually because of other factors, might lead to the release of
autoantigens which can induce strong Th1l cell activation
and the release of IFN-y. This process would explain the
appearance of Th1l-delayed-type manifestations in chronic
allergic inflammation as a transition from allergy to auto-
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immunity in auto-sensitized patients (Figure 2). It has also
been shown that there is a strong appearance of Th1 cells
in lesions of chronic allergic inflammation in atopic der-
matitis patients [16,17], which makes it tempting to specu-
late that lesional Th1l cells might have specificity for
autoantigens. The observation that Hom s 2 induced strong
induction of IFN-vy was confirmed at the level of T-cell lines
and clones showing that most of the T cells specific for Hom
s 2 belonged to the Th1 subset and produced high levels of
IFN-y (Heratizadeh, A. et al., unpublished). In addition,
CDS8" T cells specific for Hom s 2 have been found and an
earlier publication has shown that another autoantigen,
Hom s 1, is a target for cytotoxic T cells [41]. As yet, we have
not found evidence for the recognition of autoantigens, and
in particular of Hom s 2, by Th17 cells, which have been
reported as potent inducers of autoimmunity and tissue
inflammation [51].

In summary, the available data demonstrate that Hom s
autoantigens induce the secretion of IFN-y, which can
damage epithelial cells by an IgE-independent mechanism.
IFN-y-dependent epithelial cell damage has indeed been
discussed as an important pathomechanism in chronic
forms of atopy such as atopic dermatitis and chronic
asthma bronchiale [13,18] (Figure 1).
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